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Traffic conflicts were used to evaluate safety performance of a three-leg unsignalized intersection. With the aid of a video camera,
data were collected at the intersection and 15-second time span was used in each observation to overcome the drawbacks of
traditional methods of traffic conflict analysis. Time to collision (TTC), a widely accepted indicator, was used to identify whether
an interaction between two vehicles was a traffic conflict. By using Poisson regression, a prediction model for traffic conflicts at the
intersection was developed. Based upon the model, assuming that other factors remain constant, when time headway or speed of
eastbound traffic on major road, which is crossed by left-turning traffic from minor road, increases, the number of traffic conflicts
at the intersection decreases. When volume of left-turning traffic on minor road or speed of left-turning vehicles on minor road
increases, the number of traffic conflicts at the intersection increases if other factors remain constant. Explanations for the influence
of the factors, which were represented by independent variables of the prediction model, were then analyzed in detail.

1. Introduction

Compared with capacity analysis, safety performance eval-
uation is far more difficult, and, up to now, there are still
no widely accepted standards as to how safety performance
of all kinds of road facilities should be evaluated. This has
led to the phenomenon that road facilities are planned and
designed mainly based upon capacity analysis and safety is
little considered partly because of the lack of suitable analysis
tools [1, 2]. Although traffic accidents are regarded as an
effective index to evaluate safety performance, its drawbacks,
such as rarity of traffic crashes and covering up in accident
report, impair its feasibility and often make its applications
very difficult [3, 4].

Studies showed that there was close relationship between
traffic conflicts and traffic accidents [5, 6] and, as a result,
traffic conflict analysis has been used to evaluate safety
performance of various facilities [7, 8]. Various methods
were used to model relationship between traffic conflicts

and all sorts of impacting factors such as traffic volumes,
geometric designs, and traffic control devices, which partly
explained some of the underlying causes of traffic conflicts
[9–13]. Besides, microsimulationmodels were also developed
to predict traffic conflicts, which were then used to evaluate
safety performance [14–17].

Compared with segments, at-grade intersections are
places where traffic conflicts occur with much more fre-
quencies because of the rather complicated traffic situations
[18]. This is especially the case for unsignalized intersections,
where, without guidance of traffic signals, drivers have to
choose the right time to pass the intersecting road all by
themselves and the self-organizing traffic flows usually result
in traffic conflicts [19, 20].Therefore, it is appropriate to study
safety performance of unsignalized intersections using traffic
conflict analysis, which is based upon data concerning traffic
conflict.

In order to understand the mechanism of safety perfor-
mance of unsignalized intersections, researches were carried
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Figure 1: Geometric designs of the three-leg intersection.

out to study the relationship between traffic conflicts and
impacting factors and meaningful conclusions were drawn
as to how characteristics of traffic flows from different
approaches impact traffic conflicts and safety of unsignalized
intersections. These studies however were based upon aggre-
gate data, which could not describe the exact characteristics
of traffic conditions, when traffic conflicts occurred. For
example, traffic flow rates are usually rather volatile and
therefore the data for traffic volumes, which were aggregated
over one or two hours, might have little relationship with the
actual traffic situations which caused those traffic conflicts in
just a few seconds.

Thus, themodels and their conclusions, whichwere based
on such aggregate data, were only appropriate to be used
for analysis of such intersections where traffic demands were
high and stable so that values of the variables in the models
could reflect the actual situations underwhich traffic conflicts
took place. For unsignalized intersections, traffic volumes are
usually low and unstable and this is especially true for minor
road approaches. As far as such intersections are concerned,
the conventional methods of traffic conflict analysis are no
longer appropriate.

In consideration of the deficiency discussed above, a new
method of data collection for traffic conflict analysis, which
was carried out by the aid of a video camera, was put forward.
Instead of using data aggregated within hours, the method
for traffic conflict analysis was based upon data recording
events and indexes within 15 seconds. Using the method,
safety performance of a three-leg unsignalized intersection
was evaluated by analyzing traffic conflicts between vehicles
on major road and turning vehicles from minor road.

2. Data Collection

The unsignalized intersection for the study was in the
suburbs of Nanjing City, Jiangsu Province, which has a large

population and lies in the east of China. It was a typical three-
leg intersection with moderate traffic volumes on the major
road and low traffic volumes on the minor road and volatility
of the traffic volumes was so great. Its geometric designs were
shown in Figure 1. The major road was a provincial trunk
road with two lanes in each direction (eastbound direction
or westbound direction), and the minor road, which was
connected to the major road from the south, was a country
road also with two lanes in each direction. Left-turning
vehicles fromminor road, which came from south approach,
crossed the path of eastbound vehicles on major road, which
came from west approach, and then merged with westbound
vehicles on major road, which came from east approach.

Almost no vehicles on major road were observed to
turn right or left and therefore traffic conflicts caused by
turning vehicles from major road were not studied. Besides,
traffic conflicts caused by right-turning vehicles from minor
road were seldom observed because of the rather small flow
rates of right-turning vehicles from minor road and the
relatively easier performance of right-turning maneuvers.
Thus, traffic conflicts caused by right-turning vehicles from
minor road were not included in the analysis. Based upon
reasons discussed above, the paper mainly focused on traffic
conflicts between through vehicles on major road and left-
turning vehicles from minor road.

It was also observed that there were very few pedestrians
and bicyclists at the intersection. Therefore, influence of
pedestrians and bicyclists was rather small and their influence
was ignored in the study. In addition, westbound vehicles on
major road were rarely in conflict with vehicles from minor
road and their influence was also ignored.

Several safety indicators have been used to identify traffic
conflicts and time to collision (TTC), a widely accepted
indicator, was used in the paper. TTC is defined as the
expected time for two vehicles to collide if they remain at their
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present speed and on the same trajectory. In the study, when
TTC is no more than 2 seconds, the interactions between
through vehicles on major road and left-turning vehicles
from minor road were classified as traffic conflicts. Because
sever traffic conflicts were rarely observed, they were not
studied in the paper.

To facilitate data collection, a video camera was used to
record vehicle movements at the intersection from the top
of a high building in the vicinity. Later on, digital video
files obtained from the field were played on the computer
screen for many times to collect data such as traffic conflicts,
vehicles types, time headway, and running speed. Whenever
any evasive maneuvers were observed while left-turning
vehicles from minor road were crossing the intersection,
the corresponding part of the video files would be replayed
several times to determine if such abnormal maneuvers were
caused by conflict between through vehicles on major road
and left-turning vehicles fromminor road, and if so, location
of the conflict point was also estimated, based upon which
distance between the conflict point and the vehicle making
evasive maneuvers was measured. And the distance was
subsequently divided by speed of the vehicle before its evasive
maneuvers to obtain TTC.

Theoretically speaking, the ideal method to study traffic
conflicts microscopically is to use elementary units of expo-
sure, which studies each encounter that may cause traffic
conflicts and thus is able to explore contributing factors
underlying traffic conflicts microscopically by analysis of
individual events based upon a binomial model [21, 22].
However, the method assumes that vehicles arrive according
to a Poisson process, which does not hold true in many
circumstances where the arrival of vehicles lacks suitable
randomness due to frequent appearance of platoons in the
traffic stream. In the study, platoons of several vehicles were
often observed on major road, and in such cases, leading
vehicles influenced movements of following vehicles, which
made the use of elementary units of exposure unsuitable.
Therefore, in order to overcome the limitation, analysis
of frequency of traffic conflicts within a given time span
was applied by Poisson regression, which is able to explore
impacting characteristics of platoons that may influence
occurrence of traffic conflicts.

Most of the vehicle platoons lasted no more than 15
seconds, which was chosen as time span of each observation,
whose frequency of traffic conflicts was used to develop
a Poisson regression model. In all, 159 observations were
obtained and 33 traffic conflicts were identified.

3. Statistical Method

Values of traffic conflicts within a short period of time are
small nonnegative integers, so count data models should be
used in the analysis. Among the various count data models,
Poisson regression is by far themost popular one.ThePoisson
model assumes that the dependent variable is Poisson dis-
tribution. The Poisson distribution approximates rare-event
count data. One requirement of the Poisson distribution is
that the mean of count process equals its variance.

In a Poisson regression model, the probability that
an unsignalized intersection experiences 𝑦𝑖 traffic conflicts
during a fixed time period is given by

𝑝 (𝑦𝑖) =
𝜇𝑦𝑖𝑖 𝑒
−𝜇𝑖

𝑦𝑖!
, 𝑖 = 1, 2, 3, . . . , 𝑛, (1)

where 𝜇𝑖 is the expected number of traffic conflicts for
observation 𝑖 and 𝑛 is the number of observations.

Poisson models are estimated by specifying the Poisson
parameter 𝜇𝑖 (the expected number of traffic conflicts) as
a function of explanatory variables. The most common
relationship between explanatory variables and the Poisson
parameter is the log-linear model:

𝜇𝑖 = exp (𝛽
x𝑖)

𝛽 = (𝛽0, 𝛽1𝑥𝑖1, 𝛽2𝑥𝑖2, . . . , 𝛽𝑘𝑥𝑖𝑘)
 x𝑖 = (𝑥0, 𝑥𝑖1, 𝑥𝑖2, . . . , 𝑥𝑖𝑘)

 ,
(2)

where 𝑥𝑖𝑙 (𝑙 = 0, 1, 2, . . . , 𝑘) are the explanatory variables for
observation 𝑖 and 𝛽𝑖𝑙 (𝑙 = 0, 1, 2, . . . , 𝑘) are the coefficients for
the explanatory variables.

Thismodel is estimable by standardmaximum likelihood
methods. Maximum likelihood estimates produce Poisson
parameters that are consistent, asymptotically normal, and
asymptotically efficient. The likelihood function is given as

𝐿 (𝛽) = ∑
𝑖

exp [− exp (𝛽x𝑖)] [exp (𝛽
x𝑖)]
𝑦𝑖

𝑦𝑖!
. (3)

To facilitate the process of manipulation and estimation, the
log of the likelihood function is used and it is written as

LL (𝛽) =
𝑛

∑
𝑖=1

[− exp (𝛽x𝑖) + 𝑦𝑖𝛽
x𝑖 − ln (𝑦𝑖!)] . (4)

As with most statistical models, the estimated parameters
can be used to make inferences about how influential factors
impact traffic conflicts, which in turn will help us to under-
stand safety performance of an unsignalized intersection
under various situations.

4. Data Analysis Results

In the study, a prediction model for traffic conflicts was
developed to explore various factors that impact safety
performance and contribute to traffic conflicts at the selected
three-leg unsignalized intersection. The dependent variable
of the model is the total number of traffic conflicts identified
at the selected intersection within each 15-second interval.
Eight independent variables were initially considered. The
descriptive statistics of these variables are given in Table 1.

Stepwise regression method was used to choose appro-
priate independent variables in the Poisson model. The
regression results are given in Table 2. Four variables were
found to be statistically insignificant and were excluded from
the model. The best model has four independent variables.
The independent variables include the time headway of
eastbound traffic on major road, the volume of left-turning
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Table 1: Descriptive statistics of variables for model development.

Variables Min Max Mean Standard deviation Observations
Number of traffic conflicts (conflicts/15
seconds) 0 2 0.21 0.45 159

Eastbound traffic volumes on major
road (vehicles/15 seconds) 1 8 2.46 1.37 159

Volume of left-turning traffic on minor
road (vehicles/15 seconds) 1 6 1.6 0.98 159

Time headway of eastbound traffic on
major road (seconds) 0.24 36.94 9.14 7.18 159

Percentage of trucks on major road (%) 0 1 0.31 0.35 159
Percentage of trucks on minor road
(%) 0 1 0.09 0.28 159

Speed of eastbound vehicles on major
road (km/hour) 20.4 78.46 46.99 10.89 159

Speed of left-turning vehicles on
minor road (km/hour) 1.1 21.79 11.25 4.45 159

Trajectory of left-turning vehicles from
minor road — — — — 159

1 (normal) — — — — 85 (53.5%)
0 (abnormally curved) — — — — 74 (46.5%)
—: not applicable.

Table 2: Poisson regression model for prediction of traffic conflicts.

Variable Coefficient Standard
error 𝑧 𝑝 > |𝑧|

Time headway of
eastbound traffic on major
road

−0.091 0.035 −2.640 0.008

Volume of left-turning
traffic on minor road 0.283 0.145 1.950 0.051

Speed of eastbound
vehicles on major road −0.103 0.021 −4.910 0.000

Speed of left-turning
vehicles on minor road 0.114 0.044 2.580 0.010

Constant 1.466 1.141 1.290 0.199
Log likelihood −61.577
LR 𝜒2(4) 50.78
Prob > 𝜒2 0.000
Pseudo 𝑅2 0.292

traffic on minor road, the speed of eastbound vehicles on
major road, and the speed of left-turning vehicles on minor
road. The expected number of traffic conflicts for a specific
scenario from the Poisson regression is expressed by

𝑌 = exp (1.466 − 0.091𝑋1 + 0.283𝑋2 − 0.103𝑋3

+ 0.114𝑋4) ,
(5)

where 𝑌 is expected number of traffic conflicts for a spe-
cific scenario (conflicts/15 seconds); 𝑋1 is time headway of
eastbound traffic on major road (seconds); 𝑋2 is volume of
left-turning traffic on minor road (vehicles/15 seconds); 𝑋3

is speed of eastbound vehicles on major road (km/hour); and
𝑋4 is speed of left-turning vehicles onminor road (km/hour).

The coefficient for time headway of eastbound traffic
on major road is very significant with 𝑝 value equal to
0.008. The value of the coefficient is negative, indicating
that traffic conflicts at the intersection will increase with
the decrease of time headway of eastbound traffic on major
road assuming that all other factors remain constant. This
is in agreement with conclusions of published papers that
more traffic volumes lead to more accidents and traffic
conflicts. Time headway is the reciprocal of traffic volume
and, therefore, more eastbound traffic volume on major road
leads to decrease of time headway of eastbound traffic. This
means that there is less opportunity for drivers of left-turning
vehicles from minor road to select a gap in the conflicting
traffic flow, which is large enough for them to cross the
major road safely. Under more stressful situations, drivers
may behave more aggressively and thus cause more traffic
conflicts.

The coefficient for volume of left-turning traffic onminor
road is significant with 𝑝 value equal to 0.051. The positive
value of the coefficient means that increase of volume of left-
turning traffic onminor roadwill lead tomore traffic conflicts
at the intersection if other factors remain constant. This is
easy to understand. Left-turning vehicles on major road are
in potential conflict with through vehicles on major road and
their increase will obviously lead to more traffic conflicts.

The coefficient for speed of eastbound vehicles on major
road is extremely significant with 𝑝 value equal to 0.000. The
negative value of the coefficient indicates that the number of
traffic conflicts at the intersection decreases with the increase
of speed of eastbound vehicles on major road. This may be
explained by the psychological phenomenon that drivers of
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left-turning vehicles from minor road may become cautious
out of concern for their own safety when they are confronted
with faster speed of eastbound vehicles on major road. This
in turn will lead to more safe driving behavior and cause the
decrease of the number of traffic conflicts.

The coefficient for speed of left-turning vehicles onminor
road is also extremely significant with 𝑝 value equal to 0.000.
The value of the coefficient is, however, positive, indicat-
ing that the number of traffic conflicts at the intersection
increases with the increase of speed of left-turning vehicles
on minor road. While driving at a higher speed, drivers
of left-turning vehicles on minor road are faced with far
more stressful situations if they happen to be in conflict with
through vehicles onmajor road, whichmay cause the number
of traffic conflicts to increase. Besides, this phenomenon
might also be explained by the relationship between speed
of left-turning vehicles on minor road and risky behavior
of drivers of these vehicles. According to the law on road
traffic safety, drivers of left-turning vehicles should decelerate
or stop before reaching the conflict point to yield the right-
of-way to through vehicles on major road. Therefore, it is
expected that left-turning vehicles should have slow speed
when they approach the major road and thus higher speed of
left-turning vehicles on minor road might be related to more
aggressive driving behaviors of the drivers of those vehicles,
whose riskier behaviors could bring more traffic conflicts.

With the prediction model for traffic conflicts, safety
performance of the three-leg unsignalized intersection can be
evaluated and analyzed. For example, if other factors remain
constant, a one-unit increase in time headway of eastbound
traffic on major road will result in 1 − exp(−0.091) = 8.70%
fewer traffic conflicts at the unsignalized intersection, and a
one-unit increase in volume of left-turning traffic on minor
road will result in exp(0.283) − 1 = 32.71% more traffic
conflicts at the unsignalized intersection. Similarly, assuming
that all other factors remain constant, a one-unit increase
in speed of eastbound vehicles on major road will result
in 1 − exp(−0.103) = 9.79% fewer traffic conflicts at the
unsignalized intersection, and a one-unit increase in speed of
left-turning vehicles onminor road will result in exp(0.114)−
1 = 12.08% more traffic conflicts at the unsignalized inter-
section.

5. Discussions

The aim of this study is to evaluate safety performance
of a three-leg unsignalized intersection by analyzing traffic
conflicts between different traffic flows at the intersection.
With the assistance of a video camera, the research team
collected traffic conflicts and many other related data. In
order to better understand what causes traffic conflicts to
occur during a very short time, time span of 15 seconds was
used in each observation, which is quite different from the
time spans used by conventionalmethods of conflict analysis.
Time to collision (TTC), a widely accepted indicator, was
used to identify whether an interaction between two vehicles
is a traffic conflict.

By using Poisson regression, a predictionmodel for traffic
conflicts was developed to evaluate safety performance of

the unsignalized intersection under various situations. Eight
independent variables were initially considered. The best
model has four independent variables and they include the
time headway of eastbound traffic onmajor road, the volume
of left-turning traffic on minor road, the speed of eastbound
vehicles on major road, and the speed of left-turning vehicles
on minor road.

The model can be applied in analysis of safety per-
formance of the unsignalized intersection. Based upon the
model, assuming that other factors remain constant, when
time headway of eastbound traffic on major road or speed
of eastbound vehicles on major road increases, the number
of traffic conflicts at the intersection decreases. Nevertheless,
when volume of left-turning traffic on minor road or speed
of left-turning vehicles on minor road increases, the number
of traffic conflicts at the intersection increases if other factors
remain constant. Explanations for the influence of the factors
were analyzed in detail. In addition, the model was also
used to specify quantitatively safety impacts of the various
factors. Examples were given as to how traffic conflicts at
the intersection will change due to one-unit increase of an
independent variable.

6. Conclusions

Safety performance of a three-leg unsignalized intersection
was analyzed by using traffic conflict analysis. A prediction
model was developed to evaluate expected number of traffic
conflicts within 15 seconds. The study provided some quan-
tified results regarding impacts of some influencing factors
upon safety performance of unsignalized intersections. The
method in this paper can be used as a reference when similar
researches are to be carried out in the future.

Eight independent variables were initially considered.
And although four variables were found to be statistically
insignificant and were excluded from the model, this did not
mean that the excluded variables had nothing to do with
traffic conflicts. For example, abnormal trajectory of left-
turning vehicles from minor road was found to be in greater
danger of experiencing a traffic conflict. Besides, trucks were
found to be involved in traffic conflicts more frequently than
cars. Further researches can be carried out to explore impacts
of those excluded factors. Other factors such as geometry
designs, weather conditions, road surface conditions, and
visibility should also be explored in further researches.

The following limitations shall be considered when sim-
ilar researches are to be carried out in the future. Firstly, the
sample size was small, and, as a result, reliability of the model
was not analyzed by using independent sample(s). Secondly,
severe traffic conflicts were not analyzed because of scarcity
of data. Thirdly, 2 seconds was used as the TTC indicator
for traffic conflicts and was slightly higher than 1.5 seconds,
which is widely used. Selecting a relevant “high” threshold
value might lead to a biased evaluation.
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