
Vol.:(0123456789)

Annals of the Institute of Statistical Mathematics (2024) 76:679–709
https://doi.org/10.1007/s10463-024-00903-y

1 3

A delineation of new classes of exponential dispersion 
models supported on the set of nonnegative integers

Shaul K. Bar‑Lev1 · Gérard Letac2 · Ad Ridder3

Received: 5 July 2023 / Revised: 20 February 2024 / Accepted: 26 February 2024 /  
Published online: 22 April 2024 
© The Institute of Statistical Mathematics, Tokyo 2024

Abstract
The aim of this paper is to delineate a set of new classes of natural exponential fami-
lies and their associated exponential dispersion models whose probability distribu-
tions are supported on the set of nonnegative integers with positive mass on 0 and 
1. The new classes are obtained by considering a specific form of their variance 
functions. We show that the distributions of all these classes are supported on non-
negative integers, that they are infinitely divisible, and that they are skewed to the 
right, leptokurtic, over-dispersed, and zero-inflated (relative to the Poisson class). 
Accordingly, these new classes significantly enrich the set of probability models for 
modeling zero-inflated and over-dispersed count data. Furthermore, we elaborate 
on numerical techniques how to compute the distributions of our classes, and apply 
these to an actual data experiment.
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