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  August 1, 2009, a CSEP 
experiment in Italy started 

  EU testing center is at ETH Zurich 

  First testing region in EU is Italy  

  18 five-ten years forecasting 
models have been submitted (M 5+) 

  5 three-months models (M 4+) 

  5 one-day models (M 4+) 

The CSEP experiment 
in Italy!
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  Each model submitted for earthquake forecasting in the Italian testing 
region run in the CSEP EU Testing Center at ETH Zurich for the predefined 
time of the experiment. Models cannot be withdrawn from the test without 
the agreement of the board of directors of the CSEP EU Testing Center. 

  The forecasts must be based on a predefined spatial grid with 0.1 deg 
spacing. Each forecast consists of a seismicity rate for each magnitude bin 
in each cell and the defined time window; it is assumed a Poisson 
distribution for the number of events.  Only earthquakes with depth less than 
30 km are considered.   

  Masking of areas and magnitudes is allowed; a model has to provide 
forecast for the whole area and all magnitude bins; however, it can mask a 
subset of bins to limit the area and magnitudes for which the model is 
considered valid. This subset will be tested separately.  

The CSEP experiment in Italy!
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  The following testing classes are defined for the Italian testing region:  
  5- and 10-year models: These models define a forecast rate for each 
magnitude bin in the range M5-9 (0.1 magnitude unit steps) for the 
period 1 April 2009 to 1 April 2014 and 1 April 2019. The forecasted 
rates at each bin must be received by the testing center before 1 April 
2009. 
  3-months model. These models define a forecast rate for each 
magnitude bin in the range M5-9 (0.1 magnitude unit steps) for 
consecutive 3-month periods (starting at midnight UTC of 1 January 1 
April, 1 July, and 1 October). Models must be implemented at the CSEP 
EU Testing Center as code that can independently and automatically 
compute forecast rates, based on predefined authoritative input data.  
  1-day forecasts. These models define a forecast rate for each 
magnitude bin in the range M4-9 (0.1 magnitude units steps) for 
consecutive 1-day periods starting at midnight UTC. Models must be 
implemented at the CSEP EU Testing Center as code that can 
independently and automatically compute the forecast rates, based on 
predefined authoritative input data.  

The CSEP experiment in Italy!
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  The testing center will not distribute the codes supplied; however, in the 
interest of advancing the science of earthquake forecasting, open-source 
codes are highly preferable. In the event that the codes cannot be made 
open source, the testing center and modeler will work on a case-by-case 
basis on finding a solution that fits the needs of both sides.  In any case, the 
board of directors will decide which models to include on the basis of 
scientific publications or reports. For the long-term testing class (5/10 years 
forecast and M5-9), numerical tables in ForecastML format (template can be 
downloaded at eu.cseptesting.org) containing the forecasts will be accepted. 

  The official bulletin for future earthquakes that will be used for evaluation 
of the forecasts is the INGV bulletin; the reliability of the bulletin in terms of 
homogeneity and spatio-temporal completeness has been checked since 16 
April 2005 (see www.completenessweb.org). The INGV ML magnitude scale 
will be considered the reference scale for model development and testing. 
No declustering will be applied to the observations.  

The CSEP experiment in Italy!
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Operational Earthquake Forecasting is the 
process of  providing communities with authoritative 
information about the time dependence of  seismic 

hazard that can be used for decision-making 
(International Commission on Earthquake Forecasting for 

Civil Protection, 2009; Jordan et al., 2011) 

ICEF	
  &	
  OEF	
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ICEF Findings & Recommendations 
  Development of Operational Earthquake Forecasting capability 

  Scientists need to assess hazard at different time scales 

 Recommendation: “DPC should support development of earthquake 
forecasting methods based on seismicity changes to quantify short-
term probability variations.” 

  Authoritative models require testing 

 Recommendation: Forecasting methods intended for operational use 
should be scientifically tested against the available data for reliability 
and skill, both retrospectively and prospectively. All operational 
models should be under continuous prospective testing. 

 Recommendation: The international infrastructure being developed to 
test earthquake forecasting methods prospectively should be used as 
a tool for validating the forecasting models for Italy.  

ICEF	
  &	
  OEF	
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The 1-day forecasts (the palette represents the rate of M 4+) 
Daily forecasts released at 8:00 AM (no overlaps) 

OEF	
  in	
  Italy:	
  L’Aquila	
  aftershocks	
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The 1-day forecast since May 19  
(2 independent models: Lombardi-Marzocchi & Murru-Console-Falcone) 

Background probability for M4+= 0.007% 
Probability gain on May 19= about 500 
Probability gain on May 28= about 5000 

OEF	
  in	
  Italy:	
  Emilia	
  2012	
  aftershocks	
  

The plot shows the expected density of events with M 4+ per km2 
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In January 2013, INGV established a Center for Seismic Hazard 
(Centro di Pericolosità Sismica, CPS) 
Coordinators: W. Marzocchi, C. Meletti  

CPS goals:   

1.  to promote innovative reasearches for seismic hazard 

2.  to provide authoritative seismic hazard assessment at different 
time scales: long-term (50 years), mid-term (5-10 years), 
short-term (1-7 days). 

OEF	
  in	
  Italy:	
  The	
  Center	
  for	
  Seismic	
  Hazard	
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OEF	
  in	
  Italy:	
  Cassandra	
  

CASSANDRA v01: the example of the recent seismic sequence @ Pollino 

!
Evolution of the daily probability with time for the selected area 
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OEF	
  in	
  Italy:	
  Cassandra	
  

ENSEMBLE forecasting 
model. Each model is 
weighted according to its 
forecasting performances 

Selected models (constraints)  
-  They must be submitted to at least 
one CSEP experiment  earthquake 
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OEF	
  in	
  Italy:	
  Cassandra	
  

Marzocchi, Zechar, Jordan, BSSA, 2012  
RELM/CSEP experiment.  
Forecasting time window: 5 years 
Target earthquakes: M5+ 

(−217:8) is slightly better than the BMA forecast (−218:6),
though nearly identical to that of the SMA forecast (−217:8)
andnot quite as goodas thegSMAforecast (−217:6). (Wenote
that these cumulative log-likelihoods do not include the re-
sults from the first round of testing because, by definition,
we cannot identify one best model before any earthquakes
have occurred.) That BMA is not better than Helmstetter is
a simple demonstration that ensemble models are not always
superior to the best candidate model evaluated a posteriori,
especially when the performance of one model overwhelms
the performances of the others. For example, in the extreme
case that the data-generating model is included in the set of
candidate models, the BMA ensemble would be the average
of the data-generating model and noise.

On the other hand, Figure 3c,d (without Helmstetter)
demonstrates that using an ensemble forecast can indeed be
better than using the best model from previous rounds of test-
ing.With this reduced set of forecasts, BMAgives a cumulative
log-likelihood of −228:5, whereas using the best model from

preceding rounds gives −237:6; gSMA (−222:3) and SMA
(−218:4) are considerably better. In this example, the SMA
andgSMAensemble forecasts are superior to theBMAensem-
ble forecast and the best model. This result is particularly
noteworthy because BMA is widely used.

Beyond their intrinsic appeal of being based on out-of-
sample predictive performance, we conclude that BMA,
SMA, and gSMA are all superior to a standard average of
the models. Consider a simple example: if we add 10 models
that perform terribly (log-likelihood close to minus infinity),
BMA, SMA, and gSMA would assign them zero weight,
while a simple average would consider these models just as
reliable as much better models.

Final Remarks

The CSEP experiment is a unique attempt to quantita-
tively evaluate the performance of earthquake forecast mod-
els. Here, we provide new tools to measure performance and

Figure 3. (a) Log-likelihood at each testing phase (after the first) for the forecast that performed best through the previous round (circles),
the BMA forecast (stars), the SMA forecast (triangles), and the gSMA forecast (squares). (b) Cumulative log-likelihood ratio of each ensemble
forecast to the best model. Symbols falling below the horizontal line indicate that the best model is better than the ensemble, and those above
the line favor the ensemble. Shaded regions indicate the strength of the difference between the models following the Bayes factor classifica-
tions mentioned in the text. (c–d) Same as (a–b), but without Helmstetter.

2582 W. Marzocchi, J. D. Zechar, and T. H. Jordan



INGV CSEP meeting, Los Angeles, 7-9 May, 2013 

CSEP global test (Taroni, Zechar, Marzocchi, 2013, in preparation) 
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Cumulative loglikelihood of three 1-day forecasting models (used to assign weights) 
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Ongoing... (to be finished before the end of 2013)  
  Moving from earthquake occurrence to seismic hazard (in terms of shaking intensity) 

  Weekly probabilities (suggested by Civil Protection) 
  Which GMPE should be used? CSEP testing? 
  A communication/decision making protocol shared with Civil Protection (who has 
to say/do what)  

  We are running tests on preliminary catalog 
  Any difference with CSEP tests? 
  We update the forecasts using overlapping time windows. How to perform tests? 
(and how to calculate weights?) 

  Providing forecasts including epistemic uncertainties  

  The consistency problem (evaluating the ‘degree of consistency’) 

  How possibly incorporate ‘predictions’  

Next challenges  


