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such incidents. This study proposes a competing risk mixture hazard-based model to ana-
lyze the effect of various factors on traffic incident duration and predict the duration
sequentially. First, topic modeling, a text analysis technique, is used to process the textual
features of the traffic incident to extract time-dependent topics. Given four specific clear-
ance methods and the uncertainty of these methods when used during traffic incidents, the
Incident duration prediction proposed mixture model uses the multinomial logistic model and parametric hazard-based
Competing risk mixture model model to assess the influence of covariates on the probability of clearance methods and on
Topic modeling the duration of the incident. Subsequently, the performance of estimated mixture model in
sequentially predicting the incident duration is compared with that of the non-mixture
model. The prediction results show that the presented mixture model outperforms the
non-mixture model.
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1. Introduction

Traffic incidents are main contributors to traffic congestion, particularly non-recurrent congestion, not only on express-
ways but also on urban arterial networks (Owens et al., 2010). Over the past two decades, various traffic incident manage-
ment systems have been deployed in many cities and expressway traffic management centers worldwide to reduce traffic
incidents and alleviate the related congestion. Traffic flow management, as well as providing accurate and timely informa-
tion for travelers during traffic incident clearance periods, are two key aspects of efficient traffic incident response (Al-Deek
and Kanafani, 1993; Lou et al., 2011). The response strategy during the clearance period depends largely on the duration of
an incident. Thus, accurate prediction of traffic incident duration has attracted research attention.

Using limited data, many studies (Chung, 2010; Zhan et al., 2011) on traffic incident duration prediction focus on “one
time” prediction, which means that at the time when an incident is reported and the traffic control center receives the initial
information about the incident, the incident duration is predicted but not updated subsequently. In fact, the residual incident
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duration at one point is mainly dependent on the following: (1) the length of time of the incident, (2) the measurements
conducted, and (3) the information about the traffic incident at that time. These factors mean that the expected residual
incident duration should be updated as the traffic control center receives new information, which helps in efficient traffic
incident management.

Traffic incident duration is usually defined as the time between incident notification and incident clearance, mainly
including three stages: preparation, travel, and clearance, although which are not included in every incident (Sun and
Chilukuri, 2010). Preparation delay and travel time are combined to be considered as response time (Hou et al., 2012).
During the past two decades, several methods have been used to model traffic incident duration or clearance time prediction,
which is typically the longest stage of traffic incident duration.

Smith and Smith (2001) investigated the application of three models (i.e., stochastic, nonparametric regression, and clas-
sification tree) on traffic incident clearance time prediction, but these models inefficiently predicted the clearance time of
future incidents.

Various decision tree models have been applied in traffic incident duration predictions. A rule-based supplemental model
was combined with an ordered probit model to predict incident duration with different time ranges based on the incident
information obtained in 2001 and 2002 (Lin et al., 2004). Similar methods were applied based on the data from 2003 to 2006
(Kim et al., 2008). The results indicated that the combined model can improve prediction accuracy. Recently, a rule-based
tree model, a multinomial logit model, and a naive Bayesian classifier (Kim and Chang, 2012) were combined to develop
a hybrid model for predicting freeway traffic incident duration in Maryland. With the ability to readily accommodate incom-
plete information, various Bayesian classifiers (Boyles et al., 2007; JiYang et al., 2008; Li and Cheng, 2011) were also used to
model traffic incident duration prediction, and the results showed that under certain conditions, the Bayesian classifier-
based models can provide a useful approach to traffic incident prediction. Zhan et al. (2011) applied the M5P tree algorithm
to predict the lane clearance time of freeway incidents. As shown in the test results, the developed model can generally pro-
vide better prediction results than the traditional regression and decision tree models.

Survival analysis models have been used to predict traffic incident duration and other fields in transportation (Haque and
Washington, 2015; Hasan et al., 2013). Chung (2010) developed a log-logistic accelerated failure time (AFT) model based on a
two-year accident duration dataset and tested the temporal transferability; the results indicated that the developed model
can provide reasonable prediction through the mean absolute percentage error (MAPE) measurement. Similarly, based on a
different dataset from an expressway in China, the Weibull (Kang and Fang, 2011) and log-logistics AFT model (Wang et al.,
2013a) were used to model the traffic duration and predict the duration of future incidents, with a reasonable prediction
accuracy, as shown through the MAPE. The log-logistics AFT model was also used in the incident duration prediction for
in-vehicle navigation systems with similar prediction accuracy based on the MAPE (Hu et al., 2011). Based on the incident
dataset from Beijing, China, Li (2014) developed a series of AFT models that analyze and predict different incident duration
stages, considering the unobserved heterogeneity, time-varying covariates, and the relationship between consecutive traffic
incident duration stages. The results show that the developed model can generally achieve reasonable prediction results,
except for very short or very long extreme values. Subsequently, Li et al. (2014) applied a mixture competing risks model
that predicts the incident duration for the same dataset as this paper (incidents in Singapore). However, the developed model
is static in that it does not consider the sequential nature of the information, as happens now by including the textual stream.
This apparent small difference implies that, (1) the time sequential model proposed in this paper is more practical and pro-
vides the possibility for implementation in the real world, (2) the information extraction may include more factors which
will influence the traffic duration.

All the aforementioned traffic incident duration prediction models were developed based on the assumption that when a
model predicts the duration of an incident, all the possible information has already been acquired. However, during the ini-
tial stage of a traffic incident, limited information (e.g., incident location, time, weather, and traffic conditions) may be
known about the incident; after the traffic response team arrives at the incident site, more information can be acquired.
With more and more information about incident and traffic condition available, more dynamic analysis models of incident
evolution have been developed (Imprialou et al., 2014; Sun and Chilukuri, 2010; Yang et al., 2014). Thus the traffic incident
duration prediction model also should accommodate new information as the information arrives in its own time sequence.

First, using the data on 109 large-scale incidents that occurred between 1989 and 1990 on six major Chicago freeways,
Khattak et al. (1995) developed a time-sequential methodology to predict the incident duration as traffic operation centers
receive the incident information. The results show that this approach can offer a reasonable balance between the values of
early and accurate incident duration prediction.

Subsequently, Wei and Lee (2007) applied artificial neural network (ANN)-based models and data fusion techniques to
develop a time-sequential traffic incident duration prediction procedure, which mainly included two different adaptive
ANN-based models. This study showed that the developed models can provide a reasonable prediction based on the perfor-
mance of the MAPE, which was mostly under 40%. Lee and Wei (2010) employed ANNs and genetic algorithms to construct
two models to provide a sequential prediction of accident duration from accident notification to clearance, with mostly less
than 29% of the MAPE at each time point.

Qi and Teng (2008) applied a hazard-based model to develop a time-sequential procedure that included different hazard-
based duration regression models with different variables for each stage, according to the specific information available. This
study found that the incident duration prediction accuracy increased as more information became available and was incor-
porated into the developed models.
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