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Earthquake Prediction and 
Forecasting

• Pre-Event Mitigation
– Prediction

• Presently not viable
– Forecasting

• Causative faults
• Recurrence rates
• Empirical and/or deterministic assessments of earthquake effects
• Probabilistic hazard estimate

• Post-Event Mitigation
– Early warning

• Issued before arrival of damaging ground motions or tsunami
– Near-realtime

• Strong shaking information to help direct emergency response
– Basic research

• Improved forecasts, better constrained ground motion estimates, 
updated building code and practice
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Earthquake Prediction

• Must be testable by means of 
specific statements regarding:

– Location
– Size
– Time
– Issued in a testable time frame 

(ideally one that could allow 
authorities to act)

• Short term
– Hours to several weeks
– Goals: evacuation orders, protect 

critical facilities
– Needs: precursory phenomena, 

physics
– Outlook: not good

• Intermediate term
– Weeks to a few years
– Goals evacuation orders, protect 

critical facilities, planning
– Needs: precursory phenomena, 

recurrence rates, physics
– Outlook: better

• Long term
– Years to decades
– Goals: probabilistic statements 

(forecasts), urban planning
– Needs: geologic and seismologic 

investigations, recurrence rates, 
physics

– Outlook: good

Models of Earthquake Occurrence
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Predicted to occur 
in 1988

2004 Parkfield
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Dilatancy Model

Based on laboratory observations of rock fracture

Stage I – elastic strain build up

Stage II - development of micro-cracks

Stage III - influx of H2O (minimally hydrostatic)

Stage IV - micro-cracks close & H2O is expelled (local super-lithostatic)

Predicts a clear progression of geophysical observables that might be used for 
earthquake prediction.

Main problem is that not all geophysical changes are universally observed.
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Haicheng and Tangshan
• Haicheng, 1975

– Ms7.3
– Precursors led to Chinese 

authorities issuing EQ 
warning with evacuation 
order

– Considerable destruction 
but loss of life was greatly 
reduced

• Tangshan, 1976
– Ms7.6
– 200 km from Haicheng
– One year later
– No precursors
– No warning (prediction)
– > 250,000 killed

Tilt 
150km

Electric Potential 
15 km

Animal Behavior 
150 km

Ground Water Chages
150 km

Foreshocks

Radon Gas 
78 km

Japanese Precursors
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Pre-Event Quiescence

EM Precursors?

•1994 Northridge – no detectable 
anomalies at 80 km distance

•2004 Parkfield – no detectable 
anomalies above back ground 
sunspot and seasonal signals
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•Where are the faults?

•What is the fault segmentation?

•What is the earthquake history on each fault 
(recurrence rate) ?

•What is the influence from other nearby 
earthquakes?

Earthquake Forecasting

Seismic Gaps Hypothesis
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Seismic Gaps in Japan
Tokai Gap

Special Study Zones
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Forecasting earthquakes using Gutenberg-
Richter

• Assumptions
– Seismicity occurs randomly 

in time
– Average rates of seismicity

can be quantified
– No inter-dependency 

between previous, nearby 
earthquakes

• Model
– Poisson distribution

Δt forecast interval – usually 
30 years
λ is the # of events of a given 
magnitude in a year

tetP Δ⋅−−=Δ λλ 1),(



10

Gutenburg-Richter Relationship:

Log (number) = a + b*(magnitude)

Log (N) = a + b*M

Gutenberg-Richter Relationship

y = -0.8583x + 7.2356
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Example

11)12
1,800( 67 =−= −eP

89.01)365
1,800( 2.2 =−= −eP

There are 800 magnitude to 5-5.9 events globally per year.

λ = 800

The probability of at least one event in this magnitude range in a 
given month is;

The probability of at least 1 event in a given day is;

And in a given hour;

09.01))24365(
1,800( 09.0 =−=⋅

−eP
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Northern California Seismicity Rates
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•Earthquakes are not mutually 
exclusive

•e.g. in a given time window 
there are probabilities for 
occurrence of an NHF and RC 
events. If in this time period the 
RC fault slips it is not true that 
the NHF event cannot occur.

•They are statistically independent
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Reasenberg & Jones, 1989

From our Homework

1984 Morgan Hill Seq.
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• Poisson Model
– Assumes random occurrence
– Probability of occurrence does not change 

with time
– Can be applied to seismicity catalogs

• Time Dependent Model
– Assumes quasi-periodicity of characteristic 

seismicity (takes into account rate and time of 
previous event)

– Probability of occurrence accumulates with 
passing time

– Applied to fault-specific cases
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Pallet Creek Recurrence
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Poisson vs. Conditional Probability
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Putting it all 
together
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USGS Hazard Map

tetP Δ⋅−−=Δ λλ 1),(

Based on Poisson Probability 
for one or more events

Rewrite for λ

t
P

Δ
−−

=
)1ln(λ

10% probability of 
exceedance in 50 years 
gives a return period of

1/λ=475 years



20

We have so far assumed no fault interaction

How can nearby earthquakes affect 
forecasts?

Was Parkfield in a Stress Shadow?

Toda and Stein, 2001

http://quake.wr.usgs.gov/research/deformation/modeling/people/ross.html
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Lead up to Landers

Stein et al., 1992
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Lead up to 
Izmit

http://pubs.usgs.gov/fs/2003/fs039-03/fs039-03.pdf


