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Abstract
Stochastic models of point patterns in space and time are widely used to issue fore-
casts or assess risk, and often they affect societally relevant decisions. We adapt the 
concept of consistent scoring functions and proper scoring rules, which are statis-
tically principled tools for the comparative evaluation of predictive performance, 
to the point process setting, and place both new and existing methodology in this 
framework. With reference to earthquake likelihood model testing, we demonstrate 
that extant techniques apply in much broader contexts than previously thought. In 
particular, the Poisson log-likelihood can be used for theoretically principled com-
parative forecast evaluation in terms of cell expectations. We illustrate the approach 
in a simulation study and in a comparative evaluation of operational earthquake 
forecasts for Italy.
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1 Introduction

In many situations, scientific forecasts of uncertain future quantities provide critical 
input to societally relevant decision making. For example, criminologists develop 
methods for forecasts of criminal offences (Mohler et al. 2011; Flaxman et al. 2019; 
Zhuang and Mateu 2019), epidemiologists assess when and where people catch dis-
eases (Meyer and Held 2014; Schoenberg et al. 2019), and seismologists use statisti-
cal models to study and forecast earthquake behaviour (Ogata 1988, 1998; Zhuang 
et al. 2002; Bray and Schoenberg 2013). The relevant events in these examples—
criminal offences, infections, and seismic events—occur as random point patterns in 
space and time. In probabilistic terms, they are modelled as realizations of point pro-
cesses (Daley and Vere-Jones 2003). Beyond the development of new point process 
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