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Abstract. An objective method is developed for estimations of both spatial 
intensity of the point locations and spatial variation of a characteristic 
parameter of the distributions for the attached marks. Its utility is 
demonstrated by means of analyses of seismological and ecological data 
sets. 
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1. Introduction 

For a data set of marked point pattern we have developed a method for 
estimating both the intensity rate of point locations and the spatial variation 
of a parameter which characterizes a distribution for the attached marks. The 
exponential form of 2-dimensional cubic B-spline function is used for 
estimating the both of these. Generally quite many parameters are required 
for representing a surface by the combination of B-spline bases, so that the 
maximum likelihood estimate for such case usually produces a rapidly 
fluctuated surface. Thus we had to resolve two conflicting aims in surface 
estimation, which are to produce a good fit to the data but to avoid too much 
rapid local variation. A log likelihood function is a measure of the goodness of 
fit, while a measure of the rapid local variation of a surface can be given by 
roughness penalties such as the integrated squared first or second derivatives. 
The weights of the penalties are considered as the hyperparameters of the 
prior probability of parameters in the likelihoods. The optimal hyperparameters 
are determined by using the objective Bayesian procedure suggested and 
developed by Good (1965) and Akaike (1979); that is, evaluating the type II 
maximum likelihood or minimizing Akaike Bayesian Information Criterion 
(ABIC). Since the calculation of the integral of the posterior with respects to 
parameters for the non-Gaussian likelihood is not easy, we approximate the 
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