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Summary

• The CSEP consistency tests based on a Poisson 
likelihood are inappropriate for clustering models. 

• To overcome this problem, the possibility of testing 
models that are defined only by simulations within 
CSEP has been raised. 

• We review the deficiencies of the Poisson likelihood 
and consider how the testing of simulation-based 
models might differ from the present simulation-
based testing of standard CSEP models.
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Poisson assumption

• The CSEP Poisson 
likelihood is  inappropriate 
because it doesn’t allow 
for clustering, and the 
arbitrary  gridding of the 
test region makes it 
haphazard in its 
application.

• N-test: Poisson likelihood 
underestimates the 
uncertainty in the number 
of target earthquakes for 
clustering models Figure 1. Distribution of forecast event 

numbers in an ETAS model forecast (blue) 

compared to a Poisson distribution with the 

same mean.  

ftp://ftp.gns.cri.nz/pub/davidh/NZ-OEF/
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Fix for Poisson assumption

• N-test could possibly be fixed by using negative binomial 

distribution if the modeller could supply the dispersion 

parameter.

• Accommodating simulation-based models within CSEP 

offers a more general fix.

• Simulations can reflect the true likelihood of the model, 

and in principle preserve the clustering properties and 

associated space-time correlations.
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Consistency tests of simulation-based models

• A wide range of consistency 
tests is possible, but not like 
existing tests.

• Tests can include clustering 
behaviour

• General approach is to 
compare a statistic – or  the 
distribution of a statistic –
computed from the real 
catalogue with the 
distribution of the same 
statistic computed from 
numerous simulations of the 
model. 

• Each time-period results in a 
p-value.

Example: Tests of inter-event time distribution 

based on a family of Kolmogorov-Smirnov 

statistics for forecasts of period 1, 7, 30 and 

365 days starting 1-hour before the 

Christchurch M6.3 earthquake using 

preliminary and final input catalogs. 

(Christophersen et al. 2016) 
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Consistency tests continued
• For multiple time-

periods compare 
distribution of p-
values to a 
uniform (0,1) 
distribution. 

• The shape of the 
cumulative 
distribution of p-
values shows how 
the model 
deviates from the 
data.

Figure. Schematic of cumulative distribution of p-values for a single statistic 

over successive test periods (points) and uniform distribution (dashed line): 

(a) Under-prediction and (b) over-prediction of statistic by the model; (c) 

Under-dispersion and (d) over-dispersion of statistic in the model simulations
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Information gain

• For simulation-based forecasts, a transparent estimate 

of information gain seems difficult without resorting to a 

grid.

• Standard CSEP information gain (likelihood ratio) 

statistic is not restricted to a Poisson likelihood. 

• For a broad class of models, it tends to the true 

likelihood ratio as the size of cells and bins and the 

length of test periods are all reduced to zero. 

• Are proposals to make it more accurate, e.g. 30-
minute and event-based testing, worth the 
resources they would consume?


