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a b s t r a c t

In order to analyze crash data, many new analysis tools are being developed by
transportation safety analysts. The Negative Binomial–Generalized Exponential distribu-
tion (NB–GE) is such a tool that was recently introduced to handle datasets characterized
by a large number of zero counts and is over-dispersed. As the name suggests, this three-
parameter distribution is a combination of both Negative binomial and Generalized
Exponential distributions. So far, nobody has used this distribution in the context of a
regression model for analyzing datasets with excess zeros. This paper therefore describes
the application of the NB–GE generalized linear model (GLM). The distribution and GLM
were applied to four datasets known to have large dispersion and/or a large number of
zeros. The NB–GE was compared to the Poisson, NB as well as the Negative Binomial–
Lindley (NB–L) model, another three-parameter recently introduced in the safety
literature. The study results show that for datasets characterized by a sizable over-
dispersion and contain a large number of zeros, the NB–GE performs similarly as the NB–L,
but significantly outclass the traditional NB model. Furthermore, the NB-GE model has a
simpler modeling framework than the NB–L, which makes its application relatively
straight forward.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Crash data are usually characterized by over-dispersion, which means that the sample variance is larger than the sample mean
(Lord and Mannering, 2010). Depending on the characteristics of the data, the level of dispersion can be so large that traditional
statistical models, such as the Poisson-gamma or the Poisson-lognormal, cannot effectively be used for analyzing such datasets
(Lord and Geedipally, 2011). The high level of dispersion can be influenced by the proportion of observations that have a value equal
to zero as well as data that are characterized by very long tails (observations with a large number of crashes).

To overcome this problem, researchers have proposed different tools for analyzing datasets with a large number of zeros
and long tails. They include the zero-inflated (ZI) models (Shankar et al., 1997, 2003), the Negative Binomial–Lindley (NB–L)
model (Geedipally et al., 2012; Hallmark et al., 2013; Xu and Sun, 2015), the Poisson-weighted exponential model (Zamani
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et al., 2014), the Poisson Inverse Gaussian (PIG) (Zha et al., In press), the Negative Binomial–Crack (NB–CR) distribution
(Saengthong and Bodhisuwan, 2013), and the Sichel (SI) model (Zou et al., 2013; 2015). Lord et al. (2005), (2007) and Lord
and Geedipally (2011), (2014) provide discussions about the advantages and limitations of these distributions and models.

To continue the research on the application of three-parameter models for analyzing datasets with excess zeros, this
paper documents the development and application of the Negative Binomial Generalized Exponential (NB–GE) generalized
linear model (GLM). This model, which has never been developed before, is based on the recently introduced NB–GE
distribution (Aryuyuen and Bodhisuwan, 2013). The distribution and model were evaluated using four different datasets.
The NB–GE model was compared to the Poisson, NB and NB–L models. Finally, this paper provides information about the
application of NB–GE GLM under a Bayesian framework.

1.1. Background

This section is divided into two parts and describes the characteristics of the NB–GE distribution and the GLM.

1.1.1. NB–GE distribution
As the name implies, the NB–GE distribution is a combination of NB and GE distributions. The NB–GE distribution was

first introduced by Aryuyuen and Bodhisuwan (2013), where they presented the basic properties of the new distribution
such as the mean, variance, skewness and kurtosis. They also presented an approach to find the parameters of the mixed
distribution via the maximum likelihood estimate (MLE), but not for the GLM, similar to how Zamani and Ismail (2010)
showed how to estimate the parameters of the NB–L distribution. Estimating the coefficients of the NB–L GLM turned out to
be more complex than solving the parameters of the distribution because of the non-linear relationship between the
covariates and the estimated parameters, as described in Geedipally et al. (2012).

Similar to the NB–L distribution (Lord and Geedipally, 2011), this mixed distribution also has a thick tail and works well
when the data contains a large number of zeros or is highly dispersed. The traditional NB and NB-exponential distributions
are the special cases of the NB–GE distribution.

The probability mass function (pmf) of Negative Binomial distribution is given by

P Y ¼ y; μ;ϕð Þ ¼ ΓðϕþyÞ
ΓðϕÞΓðyþ1Þ
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where, μ¼ mean response of the observation; and, ϕ¼ inverse of the dispersion parameter ϖ (i.e., ϖ¼1/ϕ).
The Generalized Exponential distribution has the probability density function (pdf) as follows (Aryuyuen and

Bodhisuwan, 2013):

f Z ¼ z; α; λð Þ ¼ αλð1�eλzÞα�1e� λz; α; λ40; z40 ð2Þ
where, α ¼ shape parameter; and, λ ¼ scale parameter.

The exponential distribution is the special case of the GE distribution (i.e., when α¼1).
The moment generating function of the GE distribution is given as (Aryuyuen and Bodhisuwan, 2013):

Mz tð Þ ¼ Γðαþ1ÞΓ 1� t
λ
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The mean and variance of the GE distribution are given as (Gupta and Kundu, 1999):

EðZÞ ¼ 1
λ
ðψðαþ1Þ�ψð1ÞÞ ð4Þ

VarðZÞ ¼ 1
λ2
ðψ 0ðαþ1Þ� ψ 0ð1ÞÞ ð5Þ

where, ψð:Þ¼digamma function; and ψ 0ð:Þ¼ derivative of the digamma function ψð:Þ.
The NB–GE distribution arises by combining the NB and GE distributions. The pmf of NB–GE distribution, is given as

(Aryuyuen and Bodhisuwan, 2013):

f X ¼ x; r; α; λð Þ ¼ rþx�1
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The shape parameter ‘r’ dictates the mean and variance of the NB–GE distribution. For the moments, skewness, and other
details, the reader is referred to Aryuyuen and Bodhisuwan (2013).

1.1.2. NB–GE generalized linear model
The NB–GE distribution is defined as a mixture of NB and GE distributions such that

PðX ¼ x; μ;ϕ; αÞ ¼
Z

NBðx;ϕ; zμÞGEðz; α; λÞdz ð7Þ
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