
Contents lists available at ScienceDirect

Case Studies on Transport Policy

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

Effects of foggy conditions on driver injury levels in U.S. highway-rail grade
crossing accidents

Wei Haoa, Bahman Moghimib, Xianfeng Yangc, Camille Kamgab, Yubian Wangd, Lin Xiaod,
Zhi Liue,⁎

a Changsha University of Science and Technology, China
b City College of New York, New York, NY, 10031, United States
c The University of Utah, United States
d National Research Council/Federal Highway Administration, United States
e Shandong University, China

A R T I C L E I N F O

Keywords:
Injury severity
Fog-related accidents
Highway-rail grade crossings
Mixed logit model

A B S T R A C T

Foggy conditions are considered to be potentially dangerous for drivers and have been paid considerable at-
tention recently. However, few studies have addressed the influence of fog-related conditions on injury severity
in accidents, particularly at highway-rail grade crossings. This study estimates the effect of foggy conditions on
driver injury severity at highway-rail grade crossings. Compared to accidents occurring during clear conditions,
fog-related accidents tend to result in more severe injuries. Older drivers are more likely to suffer severe injuries
in foggy than in clear conditions as a result of their poorer vision and reaction times. In foggy conditions, drivers
were found to be willing to drive at speeds that were too high for them to be able to stop to avoid obstacles that
they may be able to identify and react to. In addition, drivers in foggy conditions are more likely to be severely
injured in accidents occurring in open space areas with passive control device due to low traffic volumes and
higher expected vehicle speeds. Drivers are more likely to experience high level injury in accidents during early
morning in winter. Finally, drivers tend to suffer more severe injuries in accidents during peak-hours as a result
of the fatigue that they experience at these times.

1. Introduction

The influence of weather conditions on transportation operations
and safety is an important research topic. Adverse weather conditions
can have significant impacts on visibility distance, driving behavior,
vehicle performance, traffic flow characteristics, and traffic safety. The
effects of different weather conditions on traffic operations and safety
have been paid considerable attention by transportation researchers
(Cools et al., 2010)

Among adverse weather conditions, fog is considered to be the most
hazardous and the one that drivers most fear. Approximately 600
fatalities and 16,300 injuries occur each year in fog-related crashes as
reported by Federal Highway Administration (FHWA) (Brooks et al.,
2011). Driving in fog can be risky for drivers of all abilities as it can
result in a substantial reduction in visibility. A 16% increase in personal
injuries was found to occur in accidents during heavy fog compared
with clear weather conditions (Yan et al., 2014).

Vehicle-train collisions at highway-rail grade crossings are

considered to be the most dangerous accidents for vehicle drivers be-
cause the average weight ratio of trains to motor vehicles is around
4000 to 1 (Yan et al., 2010). The Federal Railroad Administration (FRA)
database (FRA, 2011) on which this study is based indicates that there
were 381 highway–rail crossing accidents during fog-related weather
conditions in the United States between 2002 and 2011.

Several studies have shown that weather conditions have a sig-
nificant influence on accidents, but few addressed the influence of fog-
related weather conditions on the injury severity level in accidents,
especially at highway-rail grade crossings. In general, the literature
revealed that the risk of traffic fatalities is much higher in accidents
occurring during foggy weather conditions. Each of these studies are
reviewed next.

Mueller and Trick (2012) studied the influence of driving experi-
ence on speed compensation when driving in foggy conditions. It was
found that experienced drivers drove faster than novice drivers in clear
visibility conditions, however, they reduced their speed more in re-
duced visibility conditions. Compared to experienced drivers, novice

http://dx.doi.org/10.1016/j.cstp.2017.08.008
Received 7 December 2016; Received in revised form 4 July 2017; Accepted 30 August 2017

⁎ Corresponding author.
E-mail addresses: weihaocsust@yahoo.com (W. Hao), smoghim000@citymail.cuny.edu (B. Moghimi), x.yang@utah.edu (X. Yang), hao@utrc2.org (C. Kamga),

yubian.wang@dot.gov (Y. Wang), lin.xiao.ctr@dot.gov (L. Xiao), liuzhisdu@yahoo.com (Z. Liu).

Case Studies on Transport Policy xxx (xxxx) xxx–xxx

2213-624X/ © 2017 Published by Elsevier Ltd on behalf of World Conference on Transport Research Society.

Please cite this article as: Hao, W., Case Studies on Transport Policy (2017), http://dx.doi.org/10.1016/j.cstp.2017.08.008

http://www.sciencedirect.com/science/journal/2213624X
http://www.elsevier.com/locate/cstp
http://dx.doi.org/10.1016/j.cstp.2017.08.008
http://dx.doi.org/10.1016/j.cstp.2017.08.008
mailto:weihaocsust@yahoo.com
mailto:smoghim000@citymail.cuny.edu
mailto:x.yang@utah.edu
mailto:hao@utrc2.org
mailto:yubian.wang@dot.gov
mailto:lin.xiao.ctr@dot.gov
mailto:liuzhisdu@yahoo.com
http://dx.doi.org/10.1016/j.cstp.2017.08.008


drivers had longer response times to hazards and greater speed and
steering variability.

Ni et al. (2012) studied age-related differences in collision detection
performance influenced by fog conditions. This study found that during
inclement weather conditions with bad visibility, especially foggy
conditions, older drivers may have an increased crash risk due to a
decreased ability to detect impending collisions. In addition, Ni et al.
(2010) studied age-related car following performance, which is main-
taining a safe distance behind a vehicle, in simulated fog conditions.
The study's results show that older drivers may be at greater risk for
collisions in high fog density and at moderate speeds.

The influence of visibility obstruction on crashes due to fog and
smoke were explored by Abdel-Aty et al. (2011). This study analyzed
the effect of fog and smoke using a multilevel ordered logistic model
based on accident data from Florida between 2003 and 2007. Crashes
occurring in foggy or smoky conditions were found to result in more
severe injuries and involve more vehicles than those occurring during
clear weather. These crashes occurred more often on high-speed roads,
undivided roads, roads with no sidewalks two-lane rural roadways and
at night on roads with no street lights.

Brooks et al. (2011) studied speed choice and driving performance
in simulated foggy conditions. This study used a driving simulator-
based method with simulated fog conditions. It found that drivers were
willing to drive at speeds that were too high for them to be able to avoid
obstacles that they may have been able to identify and react to. The
research concludes by noting that safety could be improved if drivers
were convinced to drive at lower speeds than they would choose on
their own or the vehicle's ability to identify and react to hazards that
the driver cannot see was enhanced

Drivers were found to have decreased car-following performance
(failure to maintain a safe following distance) under simulated foggy
conditions (Kang et al., 2008). Another study (Edwards, 1998) looked
at the relationship between accident severity and recorded weather.
The study found that speed was a major contributing factor in many
crashes which occur in foggy conditions.

Although recent studies on highway crashes have paid attention to
drivers’ safety in foggy conditions, most have focused on a particular
driving scenario and lack a systematic analysis of driver’s injury se-
verity according to different weather conditions. To overcome previous
limitations in the literature, this study aims to estimate the effect of fog
conditions on driver’s injury severity using data from the FRA database.
Using a mixed logit modeling approach, the current research finds the
determinants of driver injury severity in fog conditions at highway-rail
grade crossings compared with clear weather conditions.

The steps undertaken in this study are as follows.

(1) A crash characteristics analysis examines the characteristics of fog-
related crashes compared to crashes which occur in clear visibility
conditions. The factors investigated include temporal distribution,
crash types and various geometric, traffic, and human factors and
environmental conditions.

(2) An injury severity modeling analysis estimates the effects of various
traffic situations and environmental conditions on injury severity
given that a fog-related crash has occurred.

2. Methodology descriptions

The methodology in this research includes developing, estimating
and analyzing statistical models that predict the probability of injury
severity levels in highway-rail grade crossing accidents. Many metho-
dological techniques have been applied to analyze crash-severity data.
A comprehensive study of injury severity level models and approaches
can be found in Savolainen and Mannering (2007). The following
subsections discuss the mixed logit model methodology used in the
current study, as well as the calculation of elasticity, and the likelihood
ratio test.

2.1. Mixed logit model

Mixed logit models are utilized to calculate the probability of dis-
crete driver-injury severity outcomes conditioned on a highway-rail
grade crossing accident having happened and having been reported to
police (Mannering and Bhat, 2014). The mixed logit model (Mannering
and Bhat, 2014) addresses several limitations: 1) it allows for a com-
prehensive and total relaxation of the independent and identically
distributed (IID) condition, 2) it avoids the violation of the in-
dependence from irrelevant alternatives (IIA) condition, and 3) it al-
lows for heterogeneity in parameter effects.

The data provide three injury severity outcomes: PDO (Property
Damage Only), injury, and fatality. To derive an estimated model’s
discrete outcomes, this study follows the approaches of Milton et al.
(2008), Brooks et al. (2011), Morgan and Mannering (2011), and begins
with the following function for determining driver-injury severity:

= +S β X εin i in in (1)

Where, Sin is a severity function determining the driver-injury severity
category i in highway-rail grade crossing accident n, Xin is a vector of
explanatory variables which affect driver-injury severity category i in
highway-rail grade crossing accident n, βi are the coefficients of the
explanatory variables, and εin is an error term which is assumed to be
generalized extreme value distributed. In order to obtain the mixed
logit model, random parameters are introduced with f β φ( | )i , where φ is
a vector of variables of the chosen probability density function using
mean and variance. As in McFadden and Train (2000), the resulting
mixed-logit injury-severity probabilities are:
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Where, P i φ( | )n is the probability of injury severity i conditional on
f β φ( | )i . If the variance in φ is determined to be significantly different
from zero, and it will be accident-specific variations of the effect of X on
injury severity across each crash observation n, with the density func-
tion f β φ( | )i used to determine the values of βi across crashes (Train,
2003).

Maximum likelihood estimation of mixed logit models is computa-
tionally cumbersome because of the required numerical integration of
the logit model over the distribution of the random, unobserved para-
meters (Milton et al., 2008). As a consequence, simulation-based
maximum likelihood approaches are typically employed using Halton
draws, which have been proven to give a more useful distribution of
draws for numerical integration than purely random draws (see Bhat,
2003; Train, 2003). Details of the evolution of simulation-based max-
imum likelihood methods for estimating mixed logit models can be
found in McFadden and Ruud (1994), Geweke et al. (1994).

To evaluate the effects of individual parameter estimates on injury-
severity outcome probabilities, elasticities can be calculated from the
partial derivative for each individual observation n (n subscripting
omitted) as:

=
∂

∂
×E

P i φ
X

X
P i φ

( | )
( | )X

P i φ

ki

ki( | )
ki (3)

Where, P i φ( | )is the probability of injury-severity outcome i and Xk is the
value of variable K. Elasticity values can be roughly interpreted as the
percent effect that a 1% change in Xki has on the injury-severity out-
come probabilityP i φ( | ). For indicator variables, a pseudo elasticity
could be calculated which gives the percent change on the injury-se-
verity outcome probability of the parameters with values ranging from
zero to one (Morgan and Mannering, 2011).

2.2. Likelihood ratio tests

To test if there are significant differences between parameter
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