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RELM test rules

1.  Test region: California plus adjacent regions

2.  Test region divided into Nc = 7682, 0.1˚ x 0.1˚ cells

3. Magnitude range M ≥ 5

4.  Time period: 5 years 1/1/06 - 12/31/10

5. Participants submitted the probability λim of the occurrence of an earthquake 
in cell i, probabilities were submitted for 41 magnitude bins with ΔM = 0.1



Map of the test region, the 
coast of California, major 
faults, and the 31 
earthquakes with M ≥ 4.95 
that occurred in the test 
region. Also shown are the 
square regions where large 
scale maps are given in 
subsequent slides.

california:"
the test region"
& earthquakes



1.  Remove magnitude dependence:#

λi is the probability of occurrence of a M ≥ 4.95 earthquake in cell i

2.  Remove dependence on total number of earthquakes forecast (normalize all 
forecasts over area to the same value:#

3.  Consider only the 22 cells in which earthquakes occurred,and  neglect the multiple 
occurrence of earthquakes in a cell: Nce

4.  Introduce a normalized probability λin (skill score) for the occurrence of an 
earthquake in cell i#

our approach



•  Bird & Liu Ebel et al. Helmstetter et al. Holliday et al.

Ward combined Ward geodedic Weimer & 
Schorlemmer



•  Normalized probabilities of occurrence λin of an earthquake with M ≥ 4.95 for the 22 cells in 
which earthquakes occurred during the test period. Seven submitted forecasts are given: (1) Bird 
and Liu (B and L), (2) Ebel et al. (Ebel), (3) Helmstetter et al. (Helm.), (4) Holliday et al. (Holl.), (5) 
Ward combined (W-C), (6) Ward geodetic (W-G), (7) Wiemer and Schorlemmer (W and S). The 
highest (best) probabilities are in red. Perfect skill λin = 1.00, No skill λin = 22/7682 = 2.86×10-3.

Cell ID       EQ ID                    B and L        Ebel           Helm.          Holl.          W-C         W-G         W and S 

- A -  1,7,8,16,24 1.99E-02 2.20E-02 1.17E-01 3.32E-02 1.87E-02 1.28E-02 1.24E-01

- B -  2 1.41E-02 3.40E-02 7.20E-02 3.32E-02 1.08E-03 1.86E-03 4.99E-02

- C -  3 7.40E-03 6.59E-03 7.41E-03 3.32E-02 8.93E-04 1.54E-03 7.91E-03

- D -  4 3.54E-02 3.29E-02 6.97E-02 3.32E-02 9.50E-04 1.64E-03 3.59E-02

- E -  5 7.23E-03 1.10E-03 2.29E-03 9.72E-05 9.25E-04 1.59E-03 1.58E-07

- F -  6 9.37E-03 2.85E-02 3.07E-02 3.32E-02 5.29E-03 8.12E-03 4.55E-02

- G -  9,10 9.11E-03 5.49E-03 2.55E-02 3.32E-02 2.25E-02 1.27E-02 2.38E-02

- H -  11 3.42E-04 5.49E-03 9.15E-04 1.62E-04 3.77E-04 6.49E-04 2.06E-04

- I -  12 2.14E-03 1.10E-03 3.65E-03 2.05E-04 1.14E-03 1.96E-03 9.89E-03

- J -  13 1.68E-03 8.78E-03 1.11E-02 3.32E-02 8.11E-03 5.12E-03 1.13E-02

- K -  14 3.12E-02 2.20E-02 3.30E-02 3.32E-02 1.93E-02 1.17E-02 5.90E-02

- L -  15 2.07E-03 5.49E-03 6.93E-03 3.32E-03 4.80E-03 5.45E-03 2.64E-03

- M -  17,18 1.74E-03 2.20E-03 5.78E-03 3.32E-02 3.88E-03 4.61E-03 5.38E-04

- N -  19 5.83E-02 6.59E-03 1.49E-02 3.32E-02 1.65E-02 1.23E-02 7.44E-03

- O -  20 1.25E-02 1.43E-02 9.45E-03 3.32E-02 9.30E-04 1.60E-03 1.62E-02

- P -  21 6.48E-03 3.29E-02 2.71E-02 3.32E-02 9.03E-04 1.55E-03 7.46E-03

- Q -  22,25,28 2.88E-02 2.20E-02 2.84E-02 3.32E-02 1.66E-02 1.30E-02 5.23E-02

- R -  23,26 3.06E-02 1.54E-02 1.43E-02 1.73E-04 1.78E-02 1.38E-02 1.58E-02

- S -  27 2.13E-02 5.49E-03 1.26E-02 3.32E-02 9.55E-03 7.93E-03 1.19E-02

- T -  29 1.83E-02 1.32E-02 2.43E-02 3.32E-02 6.35E-03 3.90E-03 4.99E-02

- U -  30 1.26E-02 3.07E-02 1.03E-01 3.32E-03 1.61E-02 5.47E-03 5.16E-02

- V -  31 6.76E-03 1.54E-02 5.55E-03 3.32E-02 1.54E-02 1.43E-02 2.64E-03



•  Comparisons of the forecasts: Column 1: The number of maximum cell probabilities Nλmax. Column2: 
The mean cell probabilities forecast λin. Column 3: The maximum likelihood scores. The best scores 
in each category are red. 

•  Perfect skill λin = 1.00, No skill λin = 22/7682 = 2.86×10-3.

| Nλmax | | λin | Ltest

Bird and Liu 3 1.53×10-02 -126

Ebel et al. 1 1.51×10-02 -123

Helmstetter et al. 4 2.84×10-02 -114

Holliday et al. 8 2.45×10-02 -123

Ward combined 0 8.55×10-03 -141

Ward geodetic 0 6.53×10-03 -141

Wiemer and Schor. 6 2.66×10-02 -129



comparison of scoring methods



Map of the test region, the 
coast of California, major 
faults, and the 22 
earthquakes with M ≥ 4.95 
that occurred in the test 
region. Also shown are the 
square regions where large 
scale maps are given in 
subsequent slides.

southern 
california only:"
the test region"
& earthquakes



Bird & Liu Ebel et al. with aftershocks Ebel et al. Helmstetter et al. with 
aftershocks

Helmstetter et al.  Holliday

Kagen et al. with aftershocks Kagen et al. Shen et al. with aftershocks Shen et al.

Wiemer & Schorlemmer

Ward Simulation model Ward Combined model with Mmax 
= 8.1

Ward Geodetic model with 
Mmax = 8.1

Ward Seismic model with 
Mmax = 8.1

Ward Geologic model with Mmax 
= 8.1

Ward Geodetic model with 
Mmax = 8.5

RELM forecast comparison test
January 1, 2006 – December 31, 2010



- A - - G - - J - - K - - L - - M - - N - - Q - - R - - S - - T - - U - - V -

1,7,8,16,24 9,10 13 14 15 17,18 19 22,25,28 23,26 27 29 30 31

B and L 2.17E-02 9.91E-03 1.83E-03 3.40E-02 2.25E-03 1.89E-03 6.34E-02 3.13E-02 3.33E-02 2.32E-02 1.99E-02 1.37E-02 7.36E-03 2.03E-02

Ebel-AS 2.60E-02 6.50E-03 1.04E-02 2.60E-02 6.50E-03 2.60E-03 7.79E-03 2.60E-02 1.82E-02 6.50E-03 1.56E-02 3.64E-02 1.82E-02 1.59E-02

Ebel 2.60E-02 6.50E-03 1.04E-02 2.60E-02 6.50E-03 2.60E-03 7.79E-03 2.60E-02 1.82E-02 6.50E-03 1.56E-02 3.64E-02 1.82E-02 1.59E-02

Helm.-AS 1.34E-01 2.92E-02 1.27E-02 3.79E-02 7.94E-03 6.62E-03 1.71E-02 3.26E-02 1.64E-02 1.45E-02 2.79E-02 1.18E-01 6.36E-03 3.55E-02

Helm. 1.34E-01 2.92E-02 1.27E-02 3.79E-02 7.94E-03 6.62E-03 1.71E-02 3.26E-02 1.64E-02 1.45E-02 2.79E-02 1.18E-01 6.36E-03 3.55E-02

Holl. 2.90E-02 2.90E-02 2.90E-02 2.90E-02 2.90E-03 2.90E-02 2.90E-02 2.90E-02 1.51E-04 2.90E-02 2.90E-02 2.90E-03 2.90E-02 2.28E-02

Kagen-AS 9.80E-03 1.19E-02 7.13E-03 1.20E-02 4.73E-03 4.53E-03 9.03E-03 1.10E-02 1.03E-02 8.35E-03 8.69E-03 1.19E-02 7.79E-03 9.01E-03

Kagen 9.80E-03 1.19E-02 7.13E-03 1.20E-02 4.73E-03 4.53E-03 9.03E-03 1.10E-02 1.03E-02 8.35E-03 8.69E-03 1.19E-02 7.79E-03 9.01E-03

Shen-AS 2.29E-02 2.35E-02 5.20E-03 2.38E-02 8.75E-03 2.76E-03 1.59E-02 2.34E-02 1.90E-02 9.20E-03 8.80E-03 6.96E-03 1.76E-02 1.44E-02

Shen 2.29E-02 2.35E-02 5.21E-03 2.38E-02 8.76E-03 2.76E-03 1.59E-02 2.34E-02 1.90E-02 9.21E-03 8.82E-03 6.96E-03 1.76E-02 1.44E-02

Ward-SIM 1.85E-02 2.39E-02 1.35E-02 1.66E-02 1.25E-03 1.02E-03 2.45E-02 1.04E-02 6.84E-03 9.50E-03 1.13E-02 4.08E-02 5.12E-03 1.41E-02

Ward -C81 1.57E-02 1.89E-02 6.81E-03 1.62E-02 4.03E-03 3.25E-03 1.39E-02 1.39E-02 1.49E-02 8.01E-03 5.33E-03 1.36E-02 1.29E-02 1.13E-02

Ward-G81 1.38E-02 1.37E-02 5.50E-03 1.26E-02 5.85E-03 4.95E-03 1.32E-02 1.40E-02 1.48E-02 8.52E-03 4.19E-03 5.87E-03 1.53E-02 1.02E-02

Ward-S81 1.70E-02 2.78E-02 5.41E-03 2.22E-02 3.75E-03 2.30E-03 1.33E-02 1.38E-02 1.86E-02 9.43E-03 7.03E-03 1.86E-02 1.33E-02 1.33E-02

Ward-GL81 1.76E-02 1.83E-02 1.06E-02 1.59E-02 1.17E-03 1.34E-03 1.57E-02 1.41E-02 1.10E-02 5.58E-03 5.46E-03 2.14E-02 8.33E-03 1.13E-02

Ward-G85 1.38E-02 1.37E-02 5.50E-03 1.26E-02 5.85E-03 4.95E-03 1.32E-02 1.40E-02 1.48E-02 8.52E-03 4.19E-03 5.87E-03 1.53E-02 1.02E-02

W and S 1.64E-01 3.14E-02 1.49E-02 7.78E-02 3.48E-03 7.09E-04 9.81E-03 6.89E-02 2.09E-02 1.57E-02 6.58E-02 6.81E-02 3.48E-03 4.19E-02



comparison of scoring methods - socal



• Count number of small eqs since last large eq (natural time) = n

• Use Weibull probability law with N (expected number) as parameter

• Select best parameters based on backtesting

• Use spatial forecast to allocate probability in space

• Account for finite correlation length of earthquake interactions

• Example following



Scatter Plot
1997-present

Observed Frequency vs. 
Computed Probability

Temporal 
Receiver Operating 

Characteristic
1997-present

Natural Time Weibull Forecast
Optimized 12 month California-Nevada Probabilities

Probabilities (%)  vs.  Time for Magnitude ≥ 6
Optimal forecasts via backtesting, 

using common validation and 
verification testing procedures.

Bootstrap Error
Analysis



Method	   Answers	  the	  Question	   Comments	  

Bias	  

How	  did	  the	  frequency	  of	  “yes”	  
events	  compare	  to	  the	  observed	  
frequency	  of	  “yes”	  events?	  

Indicates	  tendencies	  toward	  
underforecasting	  (Bias<1)	  or	  
overforecasting	  (Bias>1).	  	  Only	  
measures	  relative	  frequencies.	  

Mean	  Error:	  
	  	  	  	  Mean	  Abs.	  Error	  
	  	  	  	  Mean	  Square	  Error	  
	  	  	  	  RMS	  

What	  is	  the	  average	  forecast	  
error?	  

Does	  not	  measure	  magnitude	  of	  
errors.	  	  It	  is	  possible	  to	  get	  a	  
perfect	  score	  for	  a	  bad	  forecast	  if	  
there	  are	  compensating	  errors.	  

Receiver	  Operating	  
Characteristic	  (ROC);	  
Area	  Skill	  

How	  well	  does	  the	  forecast	  
discriminate	  between	  events	  and	  
non-‐events?	  

Measures	  the	  ability	  of	  the	  
forecast	  to	  discriminate	  between	  
two	  alternative	  outcomes	  
(resolution).	  Conditioned	  on	  the	  
data.	  

Reliability,	  Resolution,	  
Sample	  Skill	  
(Scatter	  Plots)	  

	  How	  well	  did	  the	  forecast	  values	  
correspond	  to	  the	  observed	  
values?	  

Plots	  the	  forecast	  values	  against	  
the	  observed	  values.	  
An	  accurate	  forecast	  will	  have	  
points	  near	  the	  diagonal.	  
Conditioned	  on	  the	  forecast.	  





discussion

1.  The general RELM test worked well. The magnitude minimum, cell size and 
time period were appropriate

2.  It would be best to separate the forecasts of number of events from the 
forecasts of the locations of the events.

3.  The relative values of alarm based versus continuous forecasts should be 
considered. Continuous forecasts are best for insurance purposes.

4.  There is no unique scoring that determines the best forecasts.

5. Other types of forecasts (e.g., NTW) provide time-dependent view of 
earthquake hazard





Pattern Informatics (“PI”) Forecast



forecasts	  

Consider 3 Forecast Hypotheses

  Pattern Informatics (“PI”): Future large earthquakes where largest recent changes in 
seismicity have occurred

  Relative Intensity (“RI”):    Future large earthquakes where most recent seismicity 
has occurred

  National Seismic Hazard Map (“NSHM”): Future large earthquakes based on 
smoothed seismicity map used in the official NSHM













summary	  –	  part	  I	  

Molchan Testing

• 3 Forecasts A,B,C

• Choose one forecast as reference, e.g., C

• Compute relative scores of A,B with respect to C

• Results depend on which forecast is chosen as reference


