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Outline 

•  Retrospective tests of the operational 
earthquake forecasting model for Canterbury 

•  A software tool for creating and optimizing 
multiplicative hybrid CSEP models 



GNS Science 

Retrospective tests of operational forecast 
model for Canterbury 

•  Operational “EE” model is an additive mixture of short-and-
medium-term time varying models in maximum combination 
with an additive mixture of long-term models.  

•  An earlier “AVMAX” operational model involved the average of 
STEP and EEPAS_0F in maximum combination with PPE. 

•  The models are calculated in one-year segments out to fifty 
years, with associated time lags of 0 – 49 years. 

•  The NZ earthquake catalogue satisfies the necessary 
magnitude completeness from about 1986. 

•  We test the model(s) over the period 1986-2012, treating the 
forecasts for each time-lag as a separate class. 

•  We compare the hybrid and individual models in each class, 
using the T-test. 
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Component Models and hybrid model weights: 
EE (..) and AVMAX [..] 

Short-term 
•  STEP   (0.36) [0.5] 
•  ETAS   (0.19) 
 
Medium-term 
•  EEPAS_0F  (0.24) [0.5] 
•  EEPAS_1F  (0.21) 

Long-term 
•  NSHM_BG (0.58) 
•  PPE   (0.13) [1.0] 
•  PPE_from_1840  (0.16) 
•  PPE_Declus  (0.12) 

Reference 
•  SUP  
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Experiment design 
NZ CSEP test region, M>4.95, 1986 Sep 4 – 2012 Sep 3 

Lag-dependent test period 
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N-tests for hybrid models 
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N-tests (continued) 
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Information gain per earthquake (T-tests) 
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T-tests (continued) 
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Without Canterbury earthquakes (to Sep 2009) 
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What do these three forecasts have in 
common? 
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ANSWER:  
They all come from 
the same alarm-type 
forecast and 
therefore have the 
same Molchan 
diagram. 

What do these 
forecasts have 
in common? 
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MHYBRID – multiplicative hybrid software tool 

•  Forms optimal multiplicative hybrids between an 
existing CSEP likelihood model and one or more 
alarm-type CSEP models. 

•  Allows for order-preserving transformations of the 
alarm-type models (e.g. log, log-power, normal-
quantile), or for discrete alarm levels (e.g. 0-1 
binary). 

•  Measures the information gain per earthquake of the 
optimal hybrid likelihood model over the original 
likelihood model. 

•  Can also be used to create a likelihood model from 
an alarm-type model. 
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Example: PPE and fault locations 

•  Fault locations can be treated as a binary 
variable (i.e., a cell has value 1 if a mapped fault 
passes through it, and 0 otherwise). 

•  Alternatively, fault cells can be represented by 
associated continuous variables (e.g. fault 
average slip rate, or length of fault passing 
through cell). 

•  MHYBRID  can readily establish whether any of 
these representations can improve the IGPE of 
the PPE model in multiplicative combination with 
it. 



GNS Science 

Model  Neq E(Neq) Log-
likelihood 

IGPE Std error 
 

PPE 102  109.5 -828 
 

0 0 

Hybrid  102 102.0 -785 0.40 0.10 

Optimal hybrid model: Multiply PPE rate by 3 on faults, by 0.5 off-faults. 
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Status of MHYBRID software 

•  Pre-release version 0.7 is being tested. 
•  So far tested only on small problems (2 models, 

3 time-steps). 
•  Version 1.0 source code will be made freely 

available to CSEP researchers. 
•  Reading in and transforming model forecasts are 

the most time-consuming operations; 
optimization is rapid. 

•  Size of data structures is a limiting element. At 
present only 3 models and 200 time-steps 
allowed. 

•  A step towards a more flexible hybrid modelling 
tool. 


