" | Aftersnock and Foreshock
Probabllities in California

Morgan Page, USGS




USGS Domestic Aftershock Forecasts

lemporal forecasts produced automatically for M4+ mainshocks in the Continental US

Initial forecast ~20 min after mainshock, then regularly updatec

Forecast “pin” on

LUSGS event page

Aftershock Forecast

According to our forecast, the
chance of at least one aftershock
within the next year:

M7+ <1%
M 6+ 2%
M 5+ 23%
M 4+ 94%
M 3+ >99%

Interactive graphics showing aftershock probabilrties
and number uncertainty
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Forecast table

Summary Commentary ‘

Forecast Table

According to our forecast, the expected number of aftershocks:

. within
Magnitude (M) of aftershock 1Day
M7 1in 200 chance
or higher of 1 or more
M6 5% chance
or higher of 1 or more
M5 41% chance
or higher of 1 or more
M4 Expect about
or higher 6
M3 Expect about
or higher 60

within
1 Week

2% chance
of 1 or more

19% chance
of 1 or more

82% chance
of 1 or more

Expect about
20

Expect about
200

Model

within
1 Month

4% chance
of 1 or more

33% chance
of 1 or more

Expect about
4

Expect about
40

Expect about
399

Parameters

within
1 Year

10% chance
of 1 or more

55% chance
of 1 or more

Expect about
9

Expect about
90

Expect about
898

The rate of aftershocks is expected to decline with time. However, the probabilities in the longer time windows are higher because the rates are being

summed over a longer time period.
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carthquake Notification Service (ENS)
now supports aftershock forecast messages

Sat, Feb 21 at 11:33 AM

Aftershock forecast for
mainshock 5.9 km (3.7 mi) W
of Cobb, California

<1% chance of M5+ quakes
within the next 7 days near
mainshock https://ens-
eg.usgs.gov/bfmpnc/oaf 5.9

Sign up for texts or emails here:
https://earthquake.usgs.gov/ens/

km (3.7 mi) W of Cobb,

USGS ENS OAF B8 Inbox - Caltech  February 21, 2026 at 11:33 AM
@ Aftershock forecast for mainshock 5.9 km (3.7 mi) W of Cobb, California
To: Undisclosed recipients:;

USGS Aftershock Forecast: What we think will happen next

According to our forecast, for seven days beginning 2026-02-21 19:33:09 UT, there is a less than 1% chance of one
or more aftershocks that are larger than magnitude 5, which can be damaging. There will likely be smaller
aftershocks within the next week, with up to 2 magnitude 3 or higher aftershocks. Magnitude 3 and higher aftershocks
are large enough to be felt nearby. The number of aftershocks will decrease over time, but a large aftershock can
temporarily increase

the number of aftershocks.

This forecast applies to the area where the earthquake and aftershocks are already occurring.

Detailed forecast and updates at https://earthquake.usgs.gov/earthquakes/eventpage/nc75316827/oaf/overview




The Basics of Earthquake Forecasting
The Statistical Seismologist’s Approach
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What do changing earthquake probabilities look like in time”
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-oreshocks do not appear to be (strongly) predictive of future earthquake size,
out foreshock/aftershock statistics predict orders of magnitude changes in the

earthquake rate.




Case Study #1: 2016 Bombay Beach Swarm
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Major forecast uncertainties

High background rate continues
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Major forecast uncertainties

High background rate continues
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Major forecast uncertainties
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Major forecast uncertainties
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UCERF3 Forecast following Bombay Swarm

What faults are likely to be triggered!
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M>6.7 Participation Probability
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UCERF3 Forecast following Bombay Swarm

How are probabllities elevated compared to long-term rate!
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Major forecast uncertainties
lead to factor of 30 difference In hazard estimate

September 27, 2016 + &

U.S. Geological Survey (USGS)

Earthquake Swarm Activity Near Bombay Beach

An earthquake swarm near Bombay Beach, California, started on 2016
Sept. 26 at 4:03 am (PDT) in the Brawley Seismic Zone, which lies near
the southern terminus of the San Andreas Fault.

The swarm includes 142 events so far (as of 26 Sep 2016, 11:31PM PDT) in
the magnitude range M1.4 to M4.3. Relocations of these events show that
they are occurring in the depth range 4 to 9 km.

The earthquakes are occurring near a set of north-northeast trending
cross-faults in the Salton Sea. The cross-faults are part of a fault network
that connect the southernmost end of the San Andreas fault with the
Imperial fault. Some of the cross-faults are oriented such that they add
stress to the San Andreas fault and the San Jacinto fault system when
they rupture in small earthquakes like those in the ongoing swarm.

Earthquake Swarms & Probabilities

Swarm-like activity in this region has occurred in the past, so this week’s
activity, in and of itself, is not necessarily cause for alarm.

Preliminary calculations indicate that, as of 10:00 am (PDT) Sept. 27, 2016,
there is a 0.03%-1% chance (1in 3000 to 1in 100) of a magnitude 7 or
greater earthquake being triggered on the Southern San Andreas fault
within the next next seven days through October 4, with the likelihood
decreasing over time. This probability range is estimated using several
models developed in California to assess foreshock/aftershock
probabilities.

Learn more at: http://earthquake.usgs.gov/
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Case Study #2:

Ridgecrest
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UCERF3-ETAS Results

100,000 10-year simulations starting immediately after M7 .1
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UCERF3-ETAS Scenarios

...and the worst of 100,000 simulations
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Aftershock forecasting results are very sensitive to how mainshock fault Is modeled

Milner et al., 2020
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Connected section clusters
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The fault system forms a complex, connected network

Are earthquakes near major faults
more dangerous? Are they larger or
more likely to trigger a large
earthquake?



Are earthquakes near major faults more dangerous?

In the instrumental catalog, we do
not see that earthquakes near
major faults are larger.
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Are earthquakes near major faults more dangerous?

In the instrumental catalog, we do
not see that earthquakes near
major faults are larger.
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Are earthquakes near major faults more dangerous?

Post-CFM3.0 Earthquakes (2004-2018)
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Conclusions

Aftershock Forecast The USGS rapidly produces public aftershock forecasts
following M4+ earthquakes in the continental US.

According to our forecast, the
chance of at least one aftershock
within the next year:

M7+ <1%
M 6+ 2%
M 5+ 23%
M 4+ 94%
M 3+ >99%



Conclusions

Aftershock Forecast The USGS rapidly produces public aftershock forecasts
following M4+ earthquakes in the continental US.

According to our forecast, the
chance of at least one aftershock
within the next year:

M 7+ <1%
-115.7° ~-115.6°
MG+ 2% ;35 1N @ swarm situation, ad-hoc forecasts can
M 5+ 23% be produced, but there remains large
M 4+ 94% uncertainty regarding the swarm duration.
M 3+ > 99%
Salton Sea 33.3°
Contributed by _L_J_S_,6
S —————— o 1990-2016
® 2001 swarm
A 2009 swarm
! © 2016 swarm I33'25°




Aftershock Forecast

According to our forecast, the
chance of at least one aftershock
within the next year:

M7+ <1%

M 6+ 2%

M 5+ 23%
M 4+ 94%
M 3+ >99%

The USGS rapidly produces public aftershock forecasts

Conclusions

following M4+ earthquakes in the continental US.
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1335 1N @ swarm situation, ad-hoc forecasts can
be produced, but there remains large
uncertainty regarding the swarm duration.

Fault-based models like
UCERF3 can produce
forecasts that take Iinto
account hazardous faults
nearby.

hese models assume non-
Gutenberg-Richter behavior
on faults & are very sensitive
to uncertainties in fault
proximity.
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