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Traditional accident analysis typically explores non-time-varying (stationary) factors that affect accident oc-
currence on roadway segments. However, the impact of time-varying (dynamic) factors is not thoroughly in-
vestigated. This paper seeks to simultaneously identify pre-crash stationary and dynamic factors of accident
occurrence, while accounting for unobserved heterogeneity. Using highly disaggregate information for the po-
tential dynamic factors, and aggregate data for the traditional stationary elements, a dynamic binary random
parameters (mixed) logit framework is employed. With this approach, the dynamic nature of weather-related,
and driving- and pavement-condition information is jointly investigated with traditional roadway geometric and
traffic characteristics. To additionally account for the combined effect of the dynamic and stationary factors on
the accident occurrence, the developed random parameters logit framework allows for possible correlations
among the random parameters. The analysis is based on crash and non-crash observations between 2011 and
2013, drawn from urban and rural highway segments in the state of Washington. The findings show that the
proposed methodological framework can account for both stationary and dynamic factors affecting accident
occurrence probabilities, for panel effects, for unobserved heterogeneity through the use of random parameters,
and for possible correlation among the latter. The comparative evaluation among the correlated grouped random
parameters, the uncorrelated random parameters logit models, and their fixed parameters logit counterpart,
demonstrate the potential of the random parameters modeling, in general, and the benefits of the correlated
grouped random parameters approach, specifically, in terms of statistical fit and explanatory power.

1. Introduction occurrence. Considering the physical characteristics of a roadway seg-

ment, stationary factors remain constant over time and space, and are

Traditional accident analysis typically focuses on exploring and
quantifying the impact of influential factors to crash-related implica-
tions (accident occurrence, frequency, rate, injury-severity, etc.). A
better understanding of the mechanisms involved in accident occur-
rence can possibly be achieved through the investigation of factors
whose effect varies over time or space. In this paper, a fundamental
distinction — based on the different nature of the explanatory factors — is
made between stationary and dynamic factors affecting accident
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associated with design or functional elements of the roadway. Dynamic
elements on the other hand, can vary over time or space, and include
factors that cannot be known a priori, such as weather or environmental
conditions (Kepaptsoglou et al., 2015). The rigorous investigation of the
stationary characteristics in the literature, has provided significant in-
sights pertaining to ongoing advances in roadway design and safety
policy. However, the effect of dynamic factors in accident prediction
has not been thoroughly investigated. In fact, not controlling for
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dynamic factors in accident analysis can result in poor model ex-
planatory power and low-accuracy forecasts. Interestingly, a fair
amount of previous work focused on the impact of dynamic factors on
accident occurrence, which was, however, characterized by significant
dynamic data aggregation (to an extent that cannot reflect the variation
and intensity of the related phenomena over their entire range, as
disaggregate data would allow for).

A review of past research reveals that the effect of the prominent
stationary elements on accident occurrence (Ahmed et al., 2012), fre-
quency (Shankar et al., 1995; Abdel-Aty and Radwan, 2000; Shankar
et al., 2002; Anastasopoulos and Mannering, 2009; Abdel-Aty et al.,
2009; Wu et al., 2014; Lee et al., 2015), rates (Zhou and Sisiopiku,
1997; Davis, 2000; Hauer, 2001; Hess and Polak, 2003; Anastasopoulos
et al., 2008; Anastasopoulos et al., 2012a; Anastasopoulos et al., 2012b;
Yu et al., 2013; Anastasopoulos, 2016; Zeng et al., 2017), or injury-
severities (Abdel-Aty, 2003; Abdel-Aty and Keller, 2005; Milton et al.,
2008 Savolainen and Ghosh, 2008; Rana et al., 2010; Anastasopoulos
et al., 2011; Abdel-Aty et al., 2011; Yu and Abdel-Aty, 2014b; Sarwar
and Anastasopoulos, 2016; Yasmin et al, 2016; Sarwar and
Anastasopoulos, 2017; Fountas and Anastasopoulos, 2017), such as
roadway geometrics and aggregate traffic characteristics, has been ex-
plored extensively (Hadi et al., 1995; Ivan and O’mara, 1997; Milton
and Mannering, 1998; Karlaftis and Golias, 2002; Lee and Mannering,
2002; Anastasopoulos and Mannering, 2009; Anastasopoulos et al.,
2011; Park and Abdel-Aty, 2015, 2016; Shi et al., 2016). These studies
have shown that an abundance of roadway geometrics (such as number
of lanes, horizontal and vertical curve elements, median and shoulder
information, cross-section specific characteristics, etc.), traffic char-
acteristics (traffic volume, truck traffic, traffic composition, etc.), and
roadway functional characteristics (access control, speed limit,
roadway functional class, etc.), constitute influential factors in accident
analysis (see Lord and Mannering, 2010, and Mannering and Bhat,
2014, for a comprehensive overview of the methodological approaches
and relevant factors).

Furthermore, a significant portion of previous work has been de-
voted on the simultaneous investigation of stationary and dynamic
characteristics, in estimating accident prediction models. In these stu-
dies, dynamic elements include weather-related and pavement surface
characteristics, whereas stationary elements include roadway geo-
metrics and traffic conditions. For example, a number of studies ex-
plored the combined effect of roadway/pavement/traffic characteristics
and weather-related (precipitation, and snow depth) factors (see
Theofilatos and Yannis, 2014 for an extensive review of such studies),
by estimating count data models of accident frequencies (Fridstrgm
et al., 1995; Levine et al., 1995; Shankar et al., 1995; Andreescu and
Frost, 1998; Shankar et al., 2004; Eisenberg, 2004; El-Basyouny and
Sayed, 2006; Abdel-Aty and Pemmanaboina, 2006; Caliendo et al.,
2007; Brijs et al., 2008; Yannis and Karlaftis, 2010; Wang et al., 2015;
Wang and Abdel-Aty, 2016), or discrete outcome models of accident
injury-severity (Yu and Abdel-Aty, 2014a; Aron et al., 2015). However,
these studies did not account either for the effect of dynamic (and
possibly rapid) variations in weather-related and environmental char-
acteristics, or for the joint effect of the dynamic and stationary char-
acteristics on the accidence occurrence mechanism. Interestingly, in the
vast majority of these studies, the effect of weather-related (tempera-
ture, precipitation, wind) and environmental (lighting conditions, sur-
face visibility) factors on the accident occurrence mechanism is in-
vestigated on the basis of aggregate information corresponding either at
the time of the accident, or at a pre-specified extensive time period
within the time of the accident. Such considerations cannot account for
possible fluctuations of time variant characteristics, leading to sig-
nificant loss of information, which is critical for the identification of
pre-crash dynamic factors. Even though the dynamic nature of such
factors is captured through real-time detailed data, the previously
employed modeling schemes cannot adequately control for possible
unobserved heterogeneity interactions between the stationary and the
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dynamic characteristics.

As opposed to previous studies that explored stationary and dy-
namic factors (through aggregated data) on accident frequencies, the
intent of this paper is to investigate the simultaneous impact of sta-
tionary and pre-crash dynamic factors that may lead to an accident on a
specific highway segment, by using highly disaggregate information
(which allows capturing the effect of detailed time-varying dynamic
weather and environmental characteristics). To account for the dy-
namic factors and the underlying unobserved heterogeneity, a dynamic
random parameters (mixed) logit framework is employed, using data
collected from Washington’s highway segments with and without ac-
cidents, between 2011 and 2013.

A fundamental limitation of the conventional random parameters
logit approach arises from the restrictive formulation of the covariance
matrix for the random parameters, which does not allow for possible
correlations among the explanatory variables to be reflected in the
parameter estimates (Greene, 2012; Yu et al., 2015). Not accounting for
correlation effects among the dynamic and stationary factors may result
in misspecification issues (e.g., biased parameter estimates, inconsistent
predictions, and erroneous inferences), because the underlying un-
observed heterogeneity will only be partially captured (Anastasopoulos
and Mannering, 2009; El-Basyouny and Sayed, 2009; Mitra and
Washington, 2012; Coruh et al, 2015; Sarwar et al., 2016;
Anastasopoulos and Mannering, 2016; Anastasopoulos et al., 2016,
2017). To address this limitation and to account for panel effects, a
correlated grouped random parameters binary logit model with dy-
namic and stationary explanatory parameters is estimated — for the first
time, to the authors’ knowledge — and the results are compared with the
fixed and uncorrelated random parameters modeling counterparts, in
terms of statistical fit, explanatory power, and forecasting accuracy.

2. Methodological approach

To simultaneously account for stationary factors, for the dynamic
nature of the time-varying explanatory parameters (i.e., pre-crash dy-
namic factors), and for the possibility of systematic variations of the
parameter effects across the highway segments (i.e., unobserved het-
erogeneity), a dynamic binary random parameters (mixed) logit model
is employed. Not addressing these modeling specification issues is im-
portant, as they can cause significant model misspecification, in terms
of inconsistent parameter estimates and outcome probabilities
(Washington et al., 2011). To that end, the accident occurrence func-
tion, A;,, that determines whether an accident, i, occurred or not on a
highway segment, n, can be written as:

Ain = ’3an + ﬁiDt,n + &in (1)

where, X, are vectors of the observable stationary (stable over time for
the same highway segment, but varying across highway segments)
characteristics that determine the accident occurrence, D, , are vectors
of the observable dynamic (variable over time for the same highway
segment, and varying across highway segments) characteristics in a
specific time interval t that determine the accident occurrence, 3 are
vectors of estimable parameters for discrete outcome, i, and ¢;, is the
disturbance term.

The introduction of random parameters in the accident occurrence
function allows the estimation of a separate vector of s for each ob-
servation, as (Greene, 2012):

Bi=B+T6 (2

where, B denotes the mean value of the random parameters vector, I' is
a symmetric matrix (also referred to as Cholesky matrix; for further
details see: Greene, 2012) whose elements are used for the computation
of the standard deviations of the random parameters, and & denotes a
randomly distributed term with mean equal to zero and variance equal
to one. In an effort to examine different distributional assumptions with
respect to the disturbance term, both probit and logit model
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