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P rospective likelihood ratio test ("Double S  curves") for two 
models  applied to C hina. T he firs t is  the source model for 
the G S HAP  project. T he second is  based on smoothed 
seismicity from 1950-1999. Forecast based on smoothed seismicity from 1850 to 1992. White circles  

show earthquakes  after 1992.

Forecast based on maximum horizontal shear s train rate from S C E C  
C rustal Deformation Model 2.0.

Likelihood test
Prob

Cell Region Mag range Rate
Expec
ted 0 1 2 3 4 etc

1 1 4.95 - 5.95 2.0 2.0 0.14 0.27 0.27 0.18 0.09
2 1 5.95 - 6.95 0.2 0.2 0.82 0.16 0.02 0.00 0.00
3 2 4.95 - 5.95 1.0 1.0 0.37 0.37 0.18 0.06 0.02
4 2 5.95 - 6.95 0.1 0.1 0.90 0.09 0.00 0.00 0.00

Likelihood = log(0.18 * 0.82 * 0.37 * 0.90)

Simulations

* R2=(L22-L02)-(L21-L01)
     - Simulated using H2

     - Scored using H2 and H1

* R1=(L12-L02)-(L11-L01)
     -Simulated using H1

     -Scored using H2 and H1

* α = fraction of R1 greater than zero 
     -Probability that R <=0 if H1 is true
     -Probability of falsely rejecting R2 in favor of R1

* β = fraction of R2 less than zero
     -Probability that R >= 0 if  H2 is true
     - Probability of falsely rejecting R1 in favor of R2

* "Strong" model has large α, small β

Agreements 2003

 * Forecast = vector of rates: quakes per year (or day) in bins of lat, lon, 
    mag, orientation.
 * Forecasters provide numbers, not programs
 * All quakes count: no distinction between foreshocks, main shocks, and  
    aftershocks.
 * Bins of 0.05 deg *0.05 deg * 0.1 mag
 * Two main "menu items:"

 - Five year forecast of m>5, no updates
 - Five year forecast of m>4, updated daily

 * Special orders ok if there are multiple models, and sufficient 
    earthquakes for test 

* Double Log Likelihood Ratio
* R = (L2-L02)-(L1-L01)
- L1=Log likelihood score for given hypothetical catalog, evaluated using hypothesis 1
- L01 = Log likelihood score for observed catalog, evaluated using hypothesis 2
- R=0 if hypothetical catalog is observed catalog

Regional Earthquake Likelihood Models 
(RELM)

* Collaboration between Southern California Earthquake Center 
(SCEC) and USGS

* To produce suite of credible source models for southern California
     - Test assumptions about earthquake nucleation and termination
     - Explore range of uncertainty in hazard and risk

Some assumptions to test

* Magnitude limited by fault length
* b-value varies spatially
* Earthquake probability increases with time since "last 
   earthquake"
* Earthquake probability depends on estimate of Coulomb  stress

- Dislocation model of big quakes
- Isotropic model based on smaller quakes

How to interpret SS curves

 * Compare two models with equal prior status: each is "null 
    hypothesis"for the other

 * Plotted so that data favoring H2 are to right, those favoring H1 
    are to left

 * α is probability that H1 could look more favorable to H2 than 
    actual data; if α is less than 0.05, reject H1

 * β is probability that H2 could look less favorable to H2 than 
    actual data; if β  is less than 0.05, reject H2

 * Reversibility: swapping H1 and H2 swaps α and β . That is 

   α12=β21


