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This study concentrates on road geometry related causes of traffic crashes. The goal is to find out how
to renovate the existing road geometry in order to reduce the number of traffic crashes in an effective
manner. Traffic crash data and road geometry data for the national highways in Hokkaido were used in
this study. There are several reasons to focus on national highways in Hokkaido. First, vehicle traffic is
a life line for the rural areas due to less frequent transit service. Traffic crashes in rural area have high
effect on life of people in Hokkaido. Second, rural road accounted for the half of the traffic crashes
occurred in Hokkaido. Also, rural crashes have high fatal crash ratios due to high speed traffic. Third,
there are a few studies referred to the causal relation between number of crashes and road geometries
clearly in Japan. When analyzing the effects of road geometry on traffic crashes, a study area with
less compounding road factors such as cross roads and pedestrian crosses is preferable. Forth, digital
database regarding road geometries, traffic crashes and traffic conditions for 16 years are available for
the national highways in Hokkaido. Owing above mentioned factors, rural sections of the road are
selected for this study. In addition to the road geometry, effects of winter season on traffic crashes have
to be included. Numerous studies have concentrated on the effects of road geometry on traffic crashes.
In such studies, reported effects of variables on traffic crashes differ study to study, and methodologies
used are not always suitable. Due to filling needs and shortcoming listed above, this study is designed
as a traffic crash data analysis, with the hypothesis that the traffic crashes in rural roads are affected
by road related and weather variables. Objectives are to find the effects of road geometry on traffic
crashes as a function of season, and to develop a better performing methodology to do so. Different
road segment types or lengths, different regression model distributions, and combination of parametric
with non-parametric models were used to find a better performing traffic crash prediction model.

This dissertation is divided into 7 chapters and the details are explained hereafter. Chapter 1 introduces
the background, problem statement, objectives, outline, and scope of this study. This chapter highlights
the current traffic crash situation in Hokkaido. Lay down arguments in favor of this study. Chapter
ends with a description of the structure of this dissertation.

Chapter 2 summarizes the literatures related to this study. Reviewed literature included literature on
traffic crashes occurred on rural roads, head-on crashes, and traffic crash analysis methods. Under
traffic crash analysis methods, uses of parametric and non-parametric approaches in literature are re-
viewed. Nature previous studies their empirical settings and methodology were summarized.

Chapter 3 presents the use of parametric approach to model head-on crashes. Poisson regression model
(PRM) as a parametric model was used to relate head-on crashes with road geometry variables. As a
comparison study, single vehicle crashes were also modeled with PRM. Fixed-length road segments,
of four different lengths, were used to create 4 PRMs. Results of developed PRMs identified several
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critical variables affecting head-on crashes. The model proposed in this study is potentially capable of
identifying the causal factors of head-on and single vehicle crashes.

Chapter 4 presents the combine use of parametric and non parametric approaches. Negative binomial
regression model (NBRM) was used to relate traffic crashes. Road geometry and cross section variables
were used as independent variables and crash data for 16 years was used as the dependent variable.
In addition, this study developed a methodology to combine variables using non parametric approach.
Combination variables for road geometry and cross-section variables were developed using the Chi-
squared automatic interaction detection (CHAID) model. Homogeneous, and 1-km road segments
were used in two separate NBRMs. Homogeneous road segments were divided based on the horizontal
alignment of the road. Results indicated that the use of homogenous road segments would increase the
model accuracy. Further the combination effects were found have a significant effect on traffic crashes.
Chapter 5 presents a similar attempt as in chapter 4. However, in this chapter traffic crash data was
limited to 5 years (1997-2002) and homogeneous road segments were computed in two methods; one
based only on the horizontal alignment of the road and the other based both horizontal alignment and
the vertical alignment of the road. In addition to the homogenous road segments a 1 km fixed length
road segments was also used. Accordingly three NBRMs were developed, correlating the road geom-
etry and cross section variables with traffic crashes. The NBRM with homogeneous road segments,
which were divided based only on the horizontal alignment, had the largest value. of log-likelihood
ratio, largest value of the coefficient of determination (R2), and the highest number of significant vari-
ables. '

Chapter 6 presents the use of non parametric approaches to model non intersectional, rural traffic
crashes in national highways. A non parametric approach called, hierarchical tree based regression
model (HTBRM) was used in the study. CHAID algorithm was used for HTBRM. CHAID model
can produce a non binary tree this means that CHAID model can capture the complex relationship
between independent variables and traffic crashes. In addition CHAID model can process incomplete
databases and produce predicted values for the road segments with missing variable data. Traffic crash
data for 5 years (1997-2002) with two fixed length road segments (1 km, and 3 km) were used to create
two sets of CHAID models (winter, non-winter). In contrast with the NBRM results in the previous
chapters, CHAID model have identified several complex relationship between the number of traffic
crashes variables such as slope, bendiness, and average shoulder width.

Chapter 7 concludes this dissertation, highlighting the main contributions of this study along with
some recommendations on future research directions. This study contributed with developing several
traffic crash prediction models. Since the developed traffic crash prediction models used a large crash
database covering 6 national highways, the conclusions would be reliable. Further parametric, non
parametric, and combined parametric models approaches were used to create a reliable traffic crash
prediction model. Several causal factors to traffic crashes such as winter months, tunnels, slopes and
total curved length were identified from the models. This study contributed with creation of combina-
tion variables. A methodology to use non parametric model called CHAID to compute * combination
variables” was developed. Such created combination variables were used in a parametric model,
NBRM. When the combination variables were used in the NBRM, the combination variables were
found to be significantly affecting the number of traffic-crashes. This study contributed with road seg-
ment selection for the traffic crash analysis. In creating the traffic crash prediction models, various
homogeneous and fixed length road segments were used. The use of homogenous road segments is de-
sirable over the fixed length road segments, as it increased the model accuracy. This study contributed
with use of CHAID model in traffic crash prediction model. CHAID models developed have identified
the effects of slopes, tunnels bridges in winter. However the NBRM model developed with same data
in chapter 5 did not find any significant effect with respect to tunnels or slopes. Future studies have to
find suitable counter measures for the causal factors identified in this study.
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