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Questions to Address 

• 1.     Present a proposed approach for 
including potential time dependence in the 
recurrence model. 

• 2.     What functional forms should be 
considered to capture time dependent 
behavior? 

• 3.     What values of recurrence coefficient of 
variation should be considered for the DCPP-
area faults? 
 



Introduction 

• Earthquake recurrence model – a leading 
factor in hazard estimation. 

• Use of the Poisson rate as a reference. 
• Time dependence and the role of the 

equivalent Poisson rate. 
• Goal:  present an approach and framework for 

TI Team and PPRP consideration. 



• Outline: 
– Time dependence and equivalent Poisson rate 

under lognormal distributions. 
– Range of coefficients of variation in California 
– Definite example for the Hosgri fault using a 

reasonable nominal recurrence rate and time 
since the most recent event (MRE). 

– Generalize to uncertain RI and time since the 
MRE. 
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A:  Lognormal PDFs, 
long term mean (LTM) 
700 yrs (0.00143 annual 
rate), 5 CV values. 
 
B:  CDFs.  97.5% points 
marked with circles. 
 
C:  30 yr conditional 
probability (CP).  
Dashed = Poisson (time-
independent) rate.  
 
D:  Hazard expressed as 
a ratio of the Poisson 
estimate.  For 
reasonable CVs the 
time-independent CP 
underestimates the 
actual hazard.  
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Curves in C and D end at 97.5% point of CDF 



Mean est: 0.38 

<0.4 

0.4<=cov<0.6 

So what is a reasonable CV? COV estimates including dating uncertainty 

Example from Hokuri Creek, South Island, 
New Zealand 



Paleoseismic Resolution of the COV  

Hog Lake, San Jacinto 
fault:  Well resolved, 
nearly random in time. 

Bidart Fan, San 
Andreas fault:  Weakly 
constrained, time 
predictable 

Note:  A new, potentially more regular event 
set is pending for Hog Lake. 



Paleoseismic site CV, 
best California records. 
 
Subset of sites with 7 or 
more intervals 
 
San Andreas NW of San 
Bernardino (Pitman site) 
generally at least weakly 
time-predictable 
(CV<0.8) 
 
High CV at Hog Lake, 
Burro Flats may be 
related to slip rate 
changes nearby. 
 
 
 

Base map:  SCEC VDO, faults colored by rupture rate. 



Resolution declines with 
the number of intervals 
(Coachella, Pitman, Bidart). 
 
Paleoseismic CV for 
California faults at all sites 
is most consistent with 
time-predictability. 
 
 

California faults, 5 or more 
intervals. 

For DCPP:  Technically 
defensible to explore time 
dependent models with 
CV in 0.4 to 0.8 and a 
mode of ~0.6 (Time 
independent branch 
covers CV 1.0.) 



Weibull model – 
alternative. 
A:  PDFs.  Weibull with 
CV=1.0 = exponential 
distribution. 
 
B:  CDFs 
 
C:  30 yr CP.  Note that 
with CV=1.0 hazard is 
exactly that of Poisson 
(dashed). 
 
D:  Equivalent Poisson 
rate.  Note that Weibull 
hazard increases 
monotonically for 
CV<1.0.  Extreme 
Poisson ratios occur at 
extremes of the cdf 
(time since 
MRE>>mean). 

Curves in C and D end at 97.5% point of CDF 
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Lognormal vs. Weibull 
 
Lognormal is longer 
tailed; still has 
reasonable short 
interval weight. 
 
Weibull is more 
centered on the mean 
for comparable CV. 
 
Log-normal hazard is 
limited and declines for 
open intervals long 
compared to the MRE.  
Decline should call into 
question the mean 
parameter.  
 
In absolute terms the 
Weibull 30-yr CP is 
much higher. 
 



Equivalent Poisson rate, CV: 0.6, Lognormal model 

Generalize to unknown mean recurrence rate and time since  MRE 

Left:  Same data, 
contoured 
Take-home:  
without having to 
know the MRE or 
RI, a bounded 
range of 
equivalent Poisson 
rates can be 
estimated.   

Consider a range of 
mean recurrence 
rates.  For the Hosgri 
fault,  LTM=1000 yrs 
would give ~2 m 
average event 
displacement. 
 
Consider a range of 
times since the MRE.  
2000 yrs ~= 2x mean 
RI for 2 m events. 

Low probabilities: 
short time since MRE 
and long RI 

Minimum time to MRE from historical record no M 7+ event in 241 years at SLO Mission. 



Equivalent Poisson rate, CV: 0.4, Lognormal model 

Narrower pdf, higher 
maximum Poisson 
equivalent rate 
 
Peak of 2.9 



Equivalent Poisson rate, CV: 0.4, Lognormal model 

Narrower pdf, higher 
maximum Poisson 
equivalent rate 
 
Peak of 2.9 

Blue line = profile on 
contours at LTM=700 
yrs. 



Equivalent Poisson rate, Lognormal model, CV=0.8. 
Larger model CV -> 
broader PDF -> 
smaller probability 
gain relative to 
Poisson rate.  Here 
max ~1.5 compared 
to ~1.9 with CV=0.6. 
 
As before we can 
estimate the 
equivalent rate gain 
without knowing the 
MRE or actual fault 
recurrence rate. 
 
CV=0.8 is an upper 
bound for large 
California SS faults 



Wider pdf, lower 
maximum Poisson 
equivalent rate. 
 
Even lognormal CV 1.0 
has a wide range of 
increased equivalent 
Poisson rate. 

Equivalent Poisson rate, Lognormal model, CV=1.0 



Equivalent Poisson rates are similar for similar ratios of LTM and time since the MRE. 

Circles at LTM=time since MRE, 10,000 yrs vs. 1000 



LTM: 7000 yrs LTM: 700 yrs 

Compare 30 yr conditional probability for 7000 and 700 year nominal recurrence. 

Relative Poisson equivalent rate ratios are essentially identical, but the 30 year CP 
is smaller by an order of magnitude.  E.g., 5% => 0.5%.  Gain in precision by using 
the Poisson equivalent rate for lower slip rate faults may not be worth the 
trouble. 



Path for improving the estimate of Poisson equivalent 
rate 

If more or less likely ranges of 
long-term mean recurrence 
rate can be proposed, the 
equivalent Poisson rate can be 
improved. 
 
Example:  If M7.1 to 7.6 is 
considered twice as likely as 
<M7.1 or >M7.6 … 

M-d figure from NAA Day 3, WS-2 



Improving equivalent 
Poisson rate estimates 

A PDF on likely recurrence rates can be 
crafted (LTM plot, lower left) 
 
Likewise a pdf for time since the MRE 
comes from the recurrence model and 
nominal rate (discrete CCDF, left 
bottom frame).  Fixed pdf for all LTM. 
 
The joint probability (colored plot and 
contours, left) indicates preferred 
areas of equivalent Poisson rate. 
 
 

LTM is a participation-style PDF (RI from events at a point), 
not a source MFD. 



Histograms of equivalent Poisson rates 
inside 0.9, 0.8 0.7, and 0.5 contours.  
Average equivalent rate is less than 1.0. 
 
A:  Inside highest probability zone the 
equivalent Poisson rate averages only 
0.58 (lower hazard than Poisson). 
B, C:  at lower levels, the equivalent 
Poisson rate is more uniform up to ~1.6. 
 
D:  The mean over the upper 50% of 
contours (RI focused on M7.1 to 7.6 
events) is bi-modal, including a mode 
near 1.6x the Poisson rate.  Key point:  
1.6 is not the best estimate among 
probable values. 

A. B. 

C. D. 

CV=0.6, Lognormal model 

Dependence of the mean on the 
contour level makes the result 
subjective. 



Improving equivalent Poisson rate estimates 

Lognormal, CV 0.6 

A. B. 

C. D. 



CV=0.8, Lognormal Model 
Equivalent Poisson weight average is 
near 1.0 with a mode near 1.4.  

Concentration of probability works 
because the slip rate is reasonably well 
known and thus meaningfully shapes 
pdfs for LTM and time since MRE. 



Lognormal, CV=0.6, all contour levels 

These histograms argue for a likelihood-style weighting. 



One more modification:  The probability 
of a time since the MRE depends on the 
long term mean.  
 
PDF for time since MRE changes with 
each row of the long term mean. 
 
Interpretation:  We know nothing about 
the MRE, and want to scale its 
probability by a presumptive long-term 
mean. 





• Available data for DCPP-area faults do not prove that time 
dependence applies. 

• Time dependence is technically defensible (other California sites 
are) .  Time dependence implies a minimum upper equivalent 
Poisson rate of 1.5 to 1.8. 

•  A bounded equivalent Poisson rate can be proposed for a 
reasonable range of time-dependent models without explicit 
knowledge of the MRE or recurrence rate. 
– California paleoseismic sites indicate CV bounds of 0.4-0.8, with a 

mode near 0.6. 
– The Hosgri fault slip rate usefully bounds recurrence rate and time 

since the MRE. 
– Time dependence implies a minimum upper equivalent Poisson rate of 

1.5 to 1.8. 
– Higher values of equivalent Poisson rate correspond to improbably 

small recurrence CVs. 
– Works because we know something about slip rate and slip per event. 

• Low slip rate faults (Los Osos, San Luis Bay, Shoreline) may not be 
worth implementation; increases would be fractions of a percent. 

Conclusions 



Questions to Address 
• 1.     Present a proposed approach for including potential 

time dependence in the recurrence model. 
– Joint probability across reasonable LTM and range of times since 

the MRE. 
– Evaluate a likelihood based parameterization to summarize 

histograms of possible equivalent Poisson values. 
• 2.     What functional forms should be considered to capture 

time dependent behavior? 
– Lognormal is sufficient to prove the usefulness of the approach; 

document alternatives in the report. 
• 3.     What values of recurrence coefficient of variation 

should be considered for the DCPP-area faults? 
• CV=0.4 at small weight, 0.6-0.8 with main weighting. 
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