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Comparing models and assessing goodness-of-fit of earthquake forecasts can 
be done using tests developed by CSEP. However, most current earthquake 
forecast evaluation metrics do not give additional weight to large magnitude 
events. To this end, magnitude weighted goodness-of-fit scores for earthquake 
forecasting have recently been introduced, such as potency weighted 
log-likelihood and the Q-score. We further investigate the Q-score, emphasizing 
model fit for the 5% largest earthquakes. Under certain regularity conditions, the 
expectation of the Q-score approaches 1. The Q-score is evaluated for 21 CSEP 
next-day gridded forecasts for California from 2012, 2014, and 2017. This is in 
conjunction with the log-likelihood scores to assess how well different models 
perform, both for predicting the largest events but also in terms of overall fit. ● The ETAS_DROneDayMd models have the highest Q and L-scores in the years 

where a forecast was available.

● STEPJAVA is the model with the highest Q-score in some of the time periods, 
but it is the only model that we analyzed for which the L-score diverges every 
year. The STEP and STEPJAVA models, as seen in Figure 3 seem to forecast 
more magnitude 6 earthquakes than the rest of the models. 

● However, STEP does seem to a good fit to the observed data, evidenced by 
the relative high L-scores, while also having a high Q-score. 

● Conducting a more thorough evaluation using other scores in addition to the 
Q and L-scores needs to be conducted in order to explore if the magnitude 
distribution of these models are affecting these scores.

CSEP Forecasts
● Daily forecasts produced by 21 models ranging from the dates of 01 August, 

2008 to 31 August 2018 for the California region. The cumulative rate from 
January 1st to December 31st is used in the evaluation of the models. 

● Models have been operated in a fully prospective fashion, independently of 
the modelers (Zechar et al., 2010).

● Forecasts are grid-based, covering a 0.1°×0.1° latitude, longitude space grid 
with 0.1 magnitude bin intervals, which range from 3.95 to 8.95 and one 
open-end bin for magnitudes over 8.95.

Q-Score
The Q-score proposed by Schoenberg and Schorlemmer (2024, 2025) is defined 
as:

● Let                                                      be the conditional intensity aggregated over 
the magnitudes for the point process N.

●
● The Q statistic can be defined as:

Asymptotics of Q

● These assumptions help form the conditions for a null hypothesis; in 
practice, one may set the null hypothesis that Q = 1, and evaluate if the value 
of Q for a given model and a given dataset exceeds 1 by a statistically 
significant margin. 

The Q-score is a new magnitude-weighted goodness-of-fit score in the context 
of earthquake forecasting. We explore some of the properties in order to 
construct the conditions for a null hypothesis. The Q-score, in conjunction with 
the L-score,  is calculated for various models through various time periods in 
order to have a more comprehensive evaluation of the model’s performance.

Figure 1: ComCat catalog events above magnitude 3.95 in California. (a) 50 events in the year 
2012, with a 5.6 magnitude of the largest event. (b) 44 events in the year 2014, with a 6.8 
magnitude of the largest event. (c) 18 events in the year 2017, with a 5.08 magnitude of the 
largest event.

Figure 2: Q-scores and L-scores of the models for the three different years. 
Models are in descending order based on the Q-score. The red dashed line 
indicates a Q-score of 1. The purple bars are the model's Q-score, and the 
orange bar its corresponding L-score. NOTE: STEPJAVA* uses a waterlevel of 
10^-6  to calculate the L-score. In reality, all log-likelihood scores for 
STEPJAVA diverge to infinity. Models with a Q-score above 1, and an L-score 
close to 0 should be considered good fits to the observed data. Forecast model 
data was obtained from  https://zenodo.org/records/15076187.

Figure 3: Plot of the annual magnitude distribution for the models available. (a) 
is for the forecasts during the year 2012, (b) is for the year 2014, and (c) is for 
the year 2017. The 'X' markers indicate the observed number of events.
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● While the Q-score may be useful in highlighting models that forecast higher 
rates where the largest events occur, it is not a proper score and should not 
be used independently from other evaluation scores for a comprehensive 
evaluation of goodness of fit.

● The L-score gives a general goodness-of-fit score between the model's 
forecast and the observed events, it does not explicitly weight large 
magnitude events more than the other events.
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