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(My) background

� T. Gneiting’s HITS group working on forecast evaluation

� Evaluation based on scoring rules/functions is common in
meteorology and economics

� (How) can we use them in a point process/spatial setting?



Consistent scoring functions

� Assign score/loss S(𝑥, 𝑦), where 𝑥 is the forecast and 𝑦 is the
outcome

� Consistency ensures that the true value minimizes the score/loss
on average

� Example: S is consistent for the mean if

𝔼𝑌 ∼𝐹 S(mean(𝐹), 𝑌 ) ≤ 𝔼𝑌 ∼𝐹 S(𝑥, 𝑌 ) for all 𝑥

� S(𝑥, 𝑦) = (𝑥 − 𝑦)2 is consistent for the mean

� S(𝑥, 𝑦) = |𝑥 − 𝑦| is not consistent for the mean (but for the median)



M4+ earthquakes in Italy

We get {
predicted means of model LM, FCM, LG, SMA, LRWA

observed counts (0, 1, 2, …) of M4+ earthquakes

⇝ Which model issues the best predictions?

⇝ How well do the predictions represent reality?



Model Scores

Quadratic score

S(𝑥, 𝑦) = (𝑥 − 𝑦)2

Poisson score (preferred)

S(𝑥, 𝑦) = 𝑥 − 𝑦 log 𝑥

Overall mean scores S

Model Poisson Quadratic

LM 2.71 0.841

FCM 2.80 0.846

LG 3.02 0.847

SMA 2.73 0.844

LRWA 2.69 0.842



The Poisson Score S(𝑥, 𝑦) = 𝑥 − 𝑦 log 𝑥

� Commonly used in CSEP methodology as Poisson log-likelihood

� Consistent for the mean. Connection to Poisson distribution is
purely formal

� Forecasts 𝑥 don’t need to come from a Poisson model

� Observations 𝑦 don’t have to be Poisson

� Evolve T-test (Rhoades et al. 2011) into Diebold-Mariano test of
equal predictive performance (measured in terms of Poisson
score)



Are forecasts and outcomes compatible?

� Reliability quantifies how good forecasts represent outcomes

� The forecast 𝑋 is mean-calibrated for the outcome 𝑌 if

conditional mean of 𝑌 given 𝑋 equals 𝑋

𝔼[𝑌 |𝑋] = 𝑋

� Estimate conditional mean 𝑋rc and plot 𝑋rc vs. 𝑋 in a reliability
diagram
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High level overview
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Summary

� Evaluate earthquake forecasts in the form of predicted mean
counts

� The Poisson scoring function is convenient, no distributional
assumptions are needed

� For forecasts in other formats (e.g. quantile forecasts), ‘simply’
change the scoring function
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