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a  b  s  t  r  a  c  t

Crashes  occurring  on  rural  two-lane  highways  are  more  likely  to  result  in severe  driver  incapacitating
injuries  and  fatalities.  In  this  study,  mixed  logit  models  are  developed  to analyze  driver  injury severities
in  single-vehicle  (SV)  and multi-vehicle  (MV)  crashes  on rural  two-lane  highways  in  New  Mexico  from
2010  to  2011.  A series  of  significant  contributing  factors  in  terms  of  driver  behavior,  weather  conditions,
environmental  characteristics,  roadway  geometric  features  and  traffic  compositions,  are  identified  and
their  impacts  on  injury  severities  are  quantified  for these  two  types  of crashes,  respectively.  Elasticity
analyses  and  transferability  tests  were  conducted  to better  understand  the  models’  specification  and
generality.  The  research  findings  indicate  that  there  are  significant  differences  in causal  attributes  deter-
mining  driver  injury  severities  between  SV  and MV crashes.  For  example,  more  severe  driver  injuries
and  fatalities  can  be observed  in MV  crashes  when  motorcycles  or trucks  are  involved.  Dark  lighting
conditions  and dusty  weather  conditions  are  found  to significantly  increase  MV  crash  injury  severities.
However,  SV  crashes  demonstrate  different  characteristics  influencing  driver  injury  severities.  For  exam-
ple, the  probability  of having  severe  injury  outcomes  is higher  when  vans  are  identified  in  SV crashes.
Drivers’  overtaking  actions  will  significantly  increase  SV  crash  injury  severities.  Although  some  common
attributes,  such  as alcohol  impaired  driving,  are  significant  in both  SV  and  MV  crash  severity  models,
their  effects  on  different  injury  outcomes  vary  substantially.  This  study  provides  a  better  understanding
of  similarities  and  differences  in significant  contributing  factors  and  their  impacts  on driver  injury  sever-
ities  between  SV  and  MV  crashes  on  rural  two-lane  highways.  It  is  also  helpful  to  develop  cost-effective
solutions  or  appropriate  injury  prevention  strategies  for rural  SV and  MV  crashes.

© 2014  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Crashes occurring on rural two-lane highways are more likely
to result in severe driver incapacitating injuries and fatalities
(Khorashadi et al., 2005; Nordfjærn et al., 2010). According to sta-
tistical data released by the Local and Rural Road Safety program,
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there were 19,259 people killed in crashes on rural highways, which
accounted for nearly 57% of total crash-related fatalities in the U.S.
in 2009, while the annual vehicle miles traveled (VMTs) on rural
highways are only approximately 34% of these on entire highway
networks (Federal Highway Administration, 2010). In New Mexico,
although crashes occurring on rural highways accounted for only
20% of total crashes, those rural crashes resulted in 222 fatali-
ties which constitute almost 65% of total crash-related fatalities in
2010 (New Mexico Department of Transportation (NMDOT), 2010).
Compared to crashes occurring in urban areas, rural two-lane
highway-related crashes are associated with a series of significant
attributes, such as high speed, low seatbelt usage rate, poor pave-
ment conditions, etc. (Cafiso et al., 2010; De Oña et al., 2011, 2013;
Karlaftis and Golias, 2002; Khorashadi et al., 2005). Additionally,
72% fatal crashes in the United States occur on two-lane highways
(NHTSA, 2011), These data indicate that it is critical to investigate
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the unique characteristics and attributes associated with rural two-
lane highway crashes in order to better understand their significant
causal factors determining driver injury severities.

Numerous research efforts have been undertaken to inves-
tigate various contributing factors and their impacts on crash
frequencies and severities on rural roads, including rural two-
lane highways (Abdel-Aty and Radwan, 2000; Bella, 2013; Brown
and Cline, 2001; Cafiso et al., 2010; De Oña et al., 2011; Farah
et al., 2009; Gårder, 2006; Hu and Donnell, 2011; Ivan et al., 1999;
Park et al., 2012; Siskind et al., 2011; Travis et al., 2012; Zajac
and Ivan, 2003; Zhang and Ivan, 2005). For example, Farah et al.
(2009) analyzed drivers’ passing decisions on two-lane rural high-
ways using an interactive driving simulator. De Oña et al. (2011)
studied the impacts of a variety of causal factors, such as crash
type, driver age and lighting condition on crash injury outcomes
on Spanish rural highways. Karlaftis and Golias (2002) found that
rural road geometry and traffic volume are significant attributes
for the risk of traffic crashes, regardless of the number of lanes.
Since substantial differences have been observed in injury char-
acteristics between single-vehicle (SV)-involved and multi-vehicle
(MV)-involved crashes, those two types of crashes have been inves-
tigated, respectively (Chen and Chen, 2011; Geedipally and Lord,
2010; Ivan et al., 1999; Savolainen and Mannering, 2007; Ulfarsson
and Mannering, 2004). For instance, in Ulfarsson and Mannering’s
study (2004), SV and two-vehicle crashes were modeled, respec-
tively, since their differences could not be accurately captured by
one model. Injury severities of rural SV crashes were analyzed by
Xie et al. (2012) and they found that explanatory variables, includ-
ing driver age, seat belt usage and speed were closely related to
driver injury severities.

These previous studies provided in-depth insights and verified
the necessity to analyze contributing factors of driver injury sever-
ities in SV and MV-involved crashes, respectively. In this study,
mixed logit models are developed to identify significant attributes
in terms of driver behavior, environmental characteristics,
vehicle–infrastructure interactions, etc. and quantify their impacts
on driver injury severities in rural two-lane highway related SV
and MV  crashes. Random parameters associated with significant
variables are identified and their indeterminate effects on driver
injury outcomes are analyzed for both SV and MV crashes. Crash
data including information regarding crashes, vehicles, and drivers,
were collected on rural two-lane highways in New Mexico from
2010 to 2011 and utilized to extract various attributes including
roadway geometric features, driver behavior, weather conditions,
environmental characteristics, traffic compositions and dynamics,
etc. More than 80% of rural highways are two-lane highways in New
Mexico (United States Road Assessment Program (USRAP), 2006),
and this study specifically concentrates on rural two-lane highway-
related crash injury severity investigations. Elasticity analyses and
transferability tests were conducted in order to better under-
stand the quantitative impacts of significant contributing factors on
driver injury severities and the models’ generality. The model spec-
ifications and estimation results indicate that there are significant
differences in causal attributes determining driver injury severities
between SV and MV  crash models although certain contributing
factors are found to be identical in both models.

This paper is organized as follows. Previous studies regarding
rural SV and MV  crash injury severity analyses and related research
methodology are summarized in Section 2. In Section 3, a brief
description of data is presented, followed in Section 4 by an explicit
explanation of the proposed mixed logit model structures and
specifications for SV and MV  crashes. Section 5 provides model
estimation results and discussions. Model specification justification
and transferability tests are detailed in Section 6. Finally, con-
clusions and future research recommendations are presented in
Section 7.

2. Literature review

A number of studies have been conducted to investigate con-
tributing factors and their impacts on crash frequencies and
severities on rural two-lane highways based on different model-
ing approaches (Abdel-Aty and Radwan, 2000; Bella, 2013; Cafiso
et al., 2010; Karlaftis and Golias, 2002; Kashani and Mohaymany,
2011; Pardillo-Mayora et al., 2010; Park et al., 2012; Persaud and
Mucsi, n.d.; Persaud et al., 2004). For example, Cafiso et al. (2010)
developed a comprehensive model based on a unique combina-
tion of exposure, geometry, consistency and context variables for
rural two-lane highways. Park et al. (2012) proved the positive
impact of wider edge lines of two-lane rural highways via empir-
ical Bayes, time series and generalized linear regression analyses.
They recommended prevalent installation of the wider edge lines.
Bella (2013) explored the effect of driver perception of roadside
configurations on two-lane rural roads. Abdel-Aty and Radwan
(2000) investigated significant variables for accident occurrence on
rural two-lane highway segments divided with homogenous traf-
fic flow and geometry features, and concluded that these features
were significantly related to crash occurrences. Some studies also
investigated specific types of crashes occurring in rural two-lane
highways (Farah et al., 2009; Gårder, 2006). Farah et al. (2009) ana-
lyzed drivers’ passing decisions on rural two-lane highways using
an interactive driving simulator. Gårder (2006) studied head-on
crashes on rural two-lane highways in Maine and concluded that
wider shoulders and more travel lanes are usually associated with
more severe crash injury outcomes.

Most of the existing studies have investigated rural crash injury
severities by integrating SV and MV-involved crashes together
as a whole. More recently, researchers started to explore SV
and MV  crash characteristics separately to better understand the
unique contributing factors for SV and MV  crash injury outcomes.
Savolainen and Mannering (2007) developed a nested logit model
and a multinomial logit model to analyze motorcyclists’ injury
severities in SV and MV  crashes, respectively. Chen and Chen (2011)
investigate a various explanatory variables for truck-involved SV
and MV  crashes on rural highways in order to develop more effec-
tive strategies for severe truck driver injury prevention. Chiou
et al. (2013) modeled driver injury severities in two-vehicle crashes
around signalized intersections in Taiwan based on a bivariate
generalized ordered probit model. Geedipally and Lord (2010)
employed Poisson-gamma models to explore the separate model-
ing effect of SV and MV  crashes on predicting confidence intervals.
They proved the necessity of the separation of SV and MV  crashes in
highway accident analysis. Ivan et al. (1999) analyzed the distinc-
tiveness of contributing factors in determining SV and MV crash
severities on rural roads.

In terms of research methodology, various econometric model-
ing approaches have been applied to analyze crash injury severities
and significant contributing factors. Due to the ordinal nature of
injury outcomes (for example, ranging from no injury, to injury
and fatal), ordered choice models became popular in crash injury
severity modeling (Kaplan and Prato, 2012; Mohamed et al., 2013;
Pai and Saleh, 2008). Alternatively, multinomial logit models have
also been applied to overcome some limitations of ordered choice
models during the past decades (Hu et al., 2010; Hu and Donnell,
2011; Shankar and Mannering, 1996). Furthermore, nested logit
models have been employed for crash severity analyses in order
to partially address the endogenous correlations among different
severity outcomes (Abdel-Aty and Keller, 2005; Lee and Mannering,
2002). Those studies provided in-depth insights into significant
causal factors determining crash severities, however, most of them
are based on the assumption that all parameters estimated in the
models were constant across observations and overlook their het-
erogeneous impacts on crash injury outcomes. In order to address



Download English Version:

https://daneshyari.com/en/article/572256

Download Persian Version:

https://daneshyari.com/article/572256

Daneshyari.com

https://daneshyari.com/en/article/572256
https://daneshyari.com/article/572256
https://daneshyari.com

