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Abstract

The Fisher dispersion index is very widely used to measure the departure of any univariate count distribution from the
equidispersed Poisson model. A multivariate extension has not yet been well defined and discussed in the literature.
In this paper, a new definition of the multivariate Fisher index through the generalized dispersion index is proposed.
This is a scalar quantity, defined as a ratio of two quadratic forms of the mean vector and the covariance matrix. A
multiple marginal dispersion index and its relative extension for a given reference count distribution are discussed,
and the asymptotic behavior and other properties are studied. Illustrative examples and practical applications on count
datasets are analyzed under several scenarios. Some concluding remarks are made, including challenging problems.
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1. Introduction

The univariate concepts of over- and under-dispersion with respect to the Poisson distribution are widely used in
practice; see, e.g., Kokonendji [27] for a review. A simple measure, the ratio of variance to mean, is the Fisher [16]
dispersion index which makes it possible to classify distributions and make inference; see, e.g., Mizère et al. [38] for
statistical tests and also Weiß et al. [51] in count time series. There are many interpretable mechanisms leading to5

univariate over- and also under-dispersed distributions. But what is the meaning of over-, equi- and under-dispersion
in a multivariate framework? Such an extension is not an easy task.

Consider for instance the bivariate data set described in [14] counting the number of live-born (y1) and dead-born
(y2) piglets along births. Data came from a farm in Lleida (Spain) at 9-year follow-up, and the objective of the analysis
was the early detection of Porcine Reproductive and Respiratory Syndrome. This is a viral disease with negative10

impact on sow reproduction, being associated to a decrease in the number of live-born piglets (y1) and an increase
in the number of dead-born piglets (y2). The number of analyzed births was n = 889 (sample size), coming from
female pigs with a parity from 3 to 5, recorded during outside outbreak periods. The empirical dispersion indexes
of live-born and dead-born piglets were 0.94 and 1.95, respectively, with a correlation coefficient equal to −0.18.
Descriptive statistics are shown in Table 1 (Dataset No 10). In this example one marginal is underdispersed, the other15

is overdispersed and the correlation is negative. This is not a usual behavior for bivariate count distributions. In
general, comparison of only the marginal dispersion indexes ignores the crucial dependency information. Therefore,
the first question that arises is how to appropriately define a bi/multivariate dispersion index by giving a reference and
taking into account the correlation structure. A multivariate dispersion index could be a powerful descriptive tool for
outbreak detection.20
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