Journal of Multivariate Analysis 143 (2016) 194-207

Contents lists available at ScienceDirect

Multlvaruate
Analysis

Journal of Multivariate Analysis

journal homepage: www.elsevier.com/locate/jmva

Multivariate families of gamma-generated distributions with @CmssMark
finite or infinite support above or below the diagonal

Narayanaswamy Balakrishnan?, Miroslav M. Risti¢ >

2 McMaster University, Hamilton, Ontario, L8S 4K1, Canada
b University of Nis, Faculty of Sciences and Mathematics, Serbia

ARTICLE INFO ABSTRACT
Artic{e history: In this paper, we introduce two new families of multivariate distributions with finite
Received 29 July 2014 or infinite support above or below the diagonal generated by McKay’s bivariate gamma

Available online 28 September 2015 distribution and show that their conditional distributions are univariate gamma- and

beta-generated distributions. We derive the Shannon entropies of the introduced families
of bivariate distributions. We then focus on the special cases of bivariate gamma-

AMS 2000 subject classifications:

62E99 exponentiated exponential distributions, and discuss their properties. Finally, we illustrate
Keywords: the usefulness of the proposed bivariate gamma-exponentiated exponential distributions
McKay’s bivariate gamma distribution with a real dataset.

Gamma-generated distribution © 2015 Elsevier Inc. All rights reserved.

Beta-generated distribution
Shannon entropy

1. Introduction

We introduce here two families of multivariate distributions with finite or infinite supportona < x <y < b (support
above the diagonal) and a < y < x < b (support below the diagonal), respectively, where a and b can be finite or infinite
numbers. Let F be the cumulative distribution function (cdf), f be the corresponding probability density function (pdf), and
F be the survival function given by F (x) = 1— F(x). The first family of multivariate distributions is given by the joint density
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wherer > 1,X = (X1, X2, ...,X%),0 <Xy < --- <X < b,and §; > Ofori =1, 2, ..., r.The second family of multivariate
distributions is given by the joint density
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wherer > 1,X = (X1, X2, ..., %), a < X < --- <Xy < b,and §; > Oforalli € {1, 2, ..., r}. These families of distributions

have two or more additional parameters that control shapes and skewness properties of the introduced distributions.
These families of distributions can be motivated as follows. First motivation is similar to the motivation of Jones and
Larsen [11] who considered a possible application of the multivariate families of distributions defined above the diagonal.
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In the case of bivariate distributions defined above the diagonal, Jones and Larsen [ 11] have noted that one natural scenario
toobtain X; < Y;, foralli = 1,2, ..., n,is to consider X as a minimum and Y as a maximum of some quantity. They refer
to [10] in which an example with minimum and maximum temperatures is given.

Second motivation follows from the joint distribution of the upper and lower record values, respectively. Let Xy ), . . .,
Xumy, - - - and Xy, . .., Xy, - . ., be the upper and lower record values, respectively, from a sequence of i.i.d. continuous
random variables with parent distribution F. Then, the joint pdf of the upper record values Xyn,), - - -» Xu(m,) is given by (1)
with §; = my, 6 = my —mj_q,fori = 2,3,...,r,and m; < my.q fori = 1,2,...,r — 1. Similarly, the joint pdf of the
lower record values Xim,), - . ., Xy(m,) is given by (2) with §; = my, §; = m; — mj_y,fori = 2,3,...,r,and m; < mj;4 for
i=12,...,r—1.

Some other multivariate and bivariate distributions with support above the diagonal have also been studied in the
past. McKay [ 15] introduced a bivariate gamma distribution, while Mihram and Hultquist [ 16] generalized this distribution
and introduced the Beta-Stacy distribution. Two more forms of multivariate gamma distributions have been introduced
by Mathai and Moschopoulos [14] and Furman [7]. Jones and Larsen [11] introduced a family of multivariate distributions
and used it for modelling ordered multivariate data.

The rest of this paper is organized as follows. In Section 2, we provide some connections between the introduced families
of bivariate distributions and McKay’s bivariate gamma distribution. The conditional pdfs of X, given Y = y, and of Y,
given X = x, are derived. The Shannon entropies are derived in Section 3. In Section 4, the special case of bivariate gamma-
exponentiated exponential distribution is considered and its properties are discussed. In Section 5, we discuss the estimation
of the model parameters of bivariate gamma-exponentiated exponential distribution through maximum likelihood method.
An illustration with a real dataset is finally made in Section 6.

2. Bivariate families and their properties

Let us now consider the bivariate case of the families given in (1) and (2). First bivariate family of distributions is given
by the joint pdf of the form
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wherea < x <y < b,§ > 0and v > 0. Direct integration yields the marginal pdf of the random variable X as
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which shows that the marginal distribution of the random variable X belongs to the family of gamma-generated random
variables with parameter §, introduced by Zografos and Balakrishnan [21]. These authors showed that the cdf of the random
variable X is given by
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justifying the name gamma-generated family. Similarly, we can show that the marginal pdf of the random variable Y is
given by
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which implies that the marginal distribution of the random variable Y also belongs to the family of gamma-generated
random variables with parameter § + v.

In an analogous manner, we can consider the other bivariate family of distributions with joint pdf of the form
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wherea <y < x < b, > 0and v > 0. We can show that the corresponding marginal pdfs of random variables X and Y
are, respectively, given by
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In this case, we observe that the marginal distributions of the random variables X and Y belong to the family of univariate
distributions introduced by Risti¢ and Balakrishnan [18].
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