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Abstract: Few studies have been carried out in UAE relating red light violations to a number of
factors, such as speed limit violations, geometric design of the intersection, and the elapsed time
from the onset of red signal until the time of the violation to the occurrence of the accident. This
study bridges this gap by attempting to investigate the relationship between the elapsed time from
the onset of red signal and the occurrence of the accident. To achieve this objective, Poisson’s
regression, between occurrence of accident and elapsed time from the onset of red signal and the
occurrence of the accident at various geometric designs of intersections (3-leg and 4-leg), was carried
out. The research found that at 4-leg intersections, almost all red light violation related accidents
occur between 1 to 2 s from onset of red light until its violation time. The research also showed that at
3-leg intersections, most of red light violation related accidents occur in less than 1 s from the onset of
red light until violation time. It was also found that at lead lag signalized intersections, regardless of
the type of the intersection, most accidents tend to occur between 2 to 3 s from the onset of red light.
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1. Introduction
1.1. Background
It is estimated that traffic crashes result in 20 to 50 million avoidable injuries and
fatalities per year [1]. Red light violation has been and is still considered one of the
major factors resulting in traffic accidents around of the world. Some of these traffic
accidents turn out to be fatal while others result in significant property damage. In United
Arabs Emirates’ cities, such as Dubai, red light violations contributed to 46% of road
traffic accidents in 2016 [2]. In 2011, the United Arabs Emirates’ national average of
traffic accidents associated with red light violations was approximately 6% [2]. This
is a huge percentage to be contributed by factor alone. In United States, for instance,
red light running (red light violation) resulted in 697 fatalities in 2013 [3]. During the
same time, approximately 127,000 people sustained severe injuries as a result of red-light
violations [4]. In 2012, 683 individuals lost their lives as a result of red light violations and
133,000 people sustained serious injuries in the United States of America [5]. In 2015, more
than 771 individuals lost lives in the United States as a result of traffic accidents involving
red light violations [6]; 137,000 were seriously injured as result of red light violations in
the same period [6]. In the United Kingdom, 140,000 traffic accidents occurred in 2015 as a
result of traffic violations [6]; these accidents resulted in more than 1730 fatalities and over
186,000 people sustained serious injuries [6].
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Regardless of red light violations contributing significantly towards traffic accidents
in United Arabs Emirates (UAE), to the best of the authors’ knowledge, not many studies
have been carried out in UAE relating red light violations to a number of factors, such as
speed limit violations, geometric design of the roads, and the relationship between the
elapsed time from the onset of red signal until the time of the violation, and the occurrence
of the accident. This study bridges this gap by attempting to investigate the relationship
between the elapsed time from the onset of red signal until the time of the violation and
the occurrence of the accident.
1.2. Literature Review
1.2.1. Red Light Running
Red light running (RLR), according to Cohn et al. [6], Zhang et al. [4], Goldenbeld [3]
and Jantosut et al. [7], is a situation where a driver, cyclist or motorcyclist enters an intersection at any time after the red light signal has already turned red. A vehicle, motorcyclist
or cyclist is considered to have entered an intersection when they cross the stop line on
the intersection [3]. Red light running or violation also applies to pedestrians. However,
there are exceptions to this definition. For instance, road users who are unintentionally in
the intersection when the signal changes to red, such as those waiting to turn left, are not
considered red light violators or red light runners [3,8–10].
1.2.2. Red Light Camera System
It is without doubt that RLR is a major cause of road accidents around the world [6].
As result, there is a need for reducing such types of accidents. Research has shown that
removing traffic violations can reduce injury associated with traffic accident by as much as
40 percent [6]. One of ways through which authorities reduce RLR is by installation of RLR
camera detection systems at signalized junctions (intersections).
The main objective of installing RLR camera systems, as noted by Baratian-Ghorghi
et al. [11], is improving intersections’ safety by capturing the details of red light runners
using a camera-computer system. Red light cameras, as noted by Cohn et al. [6] and
Baratian-Ghorghi et al. [11], are automated photo detection systems designed to capture
images (photos) of red light runners (violators). They mainly consist of three elements,
namely: a computer, cameras, and sensors (also known as triggers) [3,12,13]. The camera
may take video images or still images [6]. These cameras may be installed on all arms
(or corners) of an intersection in such a way that vehicles approaching the intersection
from any direction can be photographed from a number of angles [6,14]. They may also be
installed on one arm of an intersection where red light running is most rampant [6].
1.2.3. Effectiveness of Red Light Camera System
Effectiveness of RLR camera systems in preventing accidents is often evaluated (measured) by examining the reduction in the crash (accident) frequencies (or average number
of crashes) when before and after installation (of the camera system) crash frequencies
are compared. In this technique, comparison of the total accidents before and after installation of the camera system is used to determine the effectiveness of the system. This
technique was employed by Walden [15] when the researcher evaluated the effectiveness
of enforcement of RLR camera systems in Texas. Walden [15] found that one year after
installation of the automated camera system, traffic crashes at signalized junctions reduced
by more than 23%. In the second year, the reduction was 27% when compared to the year
1 reduction. In third year, Walden (2011) recorded a 21% reduction in crashes associated
with red light violation.
When evaluating implantation of automated traffic camera systems in Iowa,
Hallmark et al. [16] found that this system resulted in a reduction of red light running crashes by over 40% in non-rear end crashes per quarter (every 3 months). This
was found after comparing the frequency of these types of accidents before and after
the cameras were installed.
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In another study, while investigating the effect of installing camera systems on reduction of RLR in Arlington County, Virginia, MaCartt and Wu [17] found that installation of a
camera system resulted in a 39% reduction of RLR occurring at least 0.5 s after the start of
the red light. They also found that this system resulted in 86% violations occurring more
than 1.5 s after the light turning red.
When evaluating the impact of implementation of red light camera systems as a way
of reducing traffic accidents within Miami–Dade County, Florida, Llau et al. [18] found
that within one year, the system resulted in more than a 40%, 3%, and 19% reduction in
rear end crashes, right angle turn crashes, and a reduction in injuries associated with these
types of crashes, respectively.
Park et al. [19] evaluated the effectiveness of automated camera systems by comparing
crash frequencies before and after implementation of RLR camera systems. Twenty-four out
of 27 intersections involved in this study recorded a reduction in side impact crashes [19].
Ten out the 27 intersections, however, recorded an increase in rear end accidents when
automated camera systems were installed [19].
1.2.4. Factors That Affect Red Light Running
Red light violation is often affected by a number of factors: demographic factors,
such as driver age, occupancy and seat belts; human behavioral factors, such as speeding;
unintentional factors, such as drowsiness and distraction; vehicular characteristics; and
characteristics of the intersection [20]. Younger drivers are more likely to be involved in
RLR when compared to older ones. Drivers are also more likely to be involved in RLR
when alone in the vehicle [20].
1.2.5. The General Techniques Used in Evaluating Factors Influencing Traffic Safety
Factors affecting traffic safety can be examined using a number of techniques, some
of which are: logistic regression model and Poisson regression model [20]. These two
regression models are discussed in detail as below.
1.3. Logistic Regression Model
To the best knowledge of the authors, there are no studies that have directly determined the relationship between the elapsed time from the onset of red signal until the time
of the violation and the occurrence of the accident; however, this relationship has been studied indirectly by the previous researchers. For example, a study by Bonneson, et al. [20]
studied the relationship between elapsed time until the start of red-light and RLR. The
study found that most of the RLR (94.2%) occur within the 2.0 s after the start of red
light [20]. The study also found that half of the RLR occur within the first 0.5 after the onset
of red light [20]. A study by McCartt and Hu [20], which employed logic regression in
determining the relationship between time period from onset of red light to the violation
found that 39% red light violations (and consequently accidents associated with them)
occur at approximately 0.5 s from the onset of red light. The study also found that 86% of
the red light violations occur within 1.5 s from the start of red light.
A study by Yang and Najm [21] also employed logistic regression to evaluate the
relationship between red light violations and elapsed time from onset of red light until
violation, and a number of factors, such as driver age, intersection type and environmental
factors. Two logistic regressions models were developed by the researchers since there were
two dependent variables, and the objective of the study was to determine the relationship
between, age, vehicle year, violation location and violation time on the two dependent
variables: (a) “elapsed time between the onset of red signal and the time of violation”
and (b) the speed of the vehicle. The study found that 94% of the red-light violationrelated accidents occurred within 2 s after red light onset. The study also recorded only 3%
violation-related accidents occurred 5 s after the red light onset [22]. The study also found
that young drivers (30 years and below) were more likely to run the red light [22].
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The typical logistic model employed by Yang and Najm [21] is shown in Equations (1) and (2).
In their research, Yang and Najm [21] had two dependent variables: (1) Elapsed time from the
onset of red signal, and (2) average speed at the violation. The explanatory (independent) variables
were accident occurrence, geometrical and other operational characteristics of the intersections.
Since there are two dependent variables, which are dichotomous, logistic regression is proposed.
The model is stated below.
pi =
pi =
i.

b.

iii.

1
1+

e−(α+β1 Xi1 + β2 Xi2 +....βk Xik )

(1)
(2)

Pi = Depend variable = probability of yi which is equal 1: In the case of Yang and
Najm [20], “Pi = 1 (1 = speed of the violating vehicle > PSL (Posted Speed Limit) or
elapsed time since the onset red light > 2 s when violator ran red light)” (p 30). In
summary, there are two dependent variables:
a.

i.
ii.

e(α+β1 Xi1 + β2 Xi2 +....βk Xik )
1 + e(α+β1 Xi1 + β2 Xi2 +....βk Xik )

Speed of the violating vehicle when the light violation took place (whether it
was above or below the posted speed limit)
Elapsed time since the onset red light
α = Constant term.
β = Coefficients associated with explanatory variables (independent variable) x1
to xk. In the case of Yang and Najm [21]), the explanatory (independent variables constituted: age, vehicle year, gender of the driver, violation location and
violation time).
i = 1, . . . . . . n individuals.

Yang and Najm [21] explained that logistic regression analysis is employed in such
kind of cases since the two dependent variables are dichotomous.
1.4. Poisson Regression
Logistic regression is only applicable in cases where dependent variables are binary. In
cases where dependent variables are binary, other types of crash-based regression models
can be employed. These regression models are: multiple linear regression, nested logit
regression, negative binomial regression and Poisson’s regression [22]. Abdel-Aty et al. [22]
employed negative binomial regression in examining the correlation between road traffic
accidents and factors believed to be contributing towards the crashes. Poisson regression
can also be used to examine the occurrence of road crashes and its association with road
conditions (wet or dry), driver experience, driver age, road geometric conditions, and other
factors [23]. For instance, Cai [24] employed Poisson lognormal regression model to carry
out a comparative study on several crash-based issues with intension of providing safety
guidance in the planning of Florida roads so as to enhance safety.
A typical example of Poisson’s regression model is shown in Equation (3). In this
regression model, the dependent variable is assumed to follow Poisson distribution. Additionally, all other variables are assumed to be independent [25]. It is defined as shown in
Equation (3).
λi = βxi + ε
(3)
In this equation:
λi = frequency of traffic accident occurrence at time t interval;
xi = factors being examined for their influence on accident occurrence;
β = vector parameter;
ε = error variable (error term).
The error term (ε) exponential value is assumed to have a gamma distribution with a
mean of 1 and a variance of α2 [26].

Safety 2021, 7, 53

5 of 11

Probability distribution associated with k number accident occurrences at time t
interval is given by:
Pi (k) = [(e(λi)t) × (λi)k] ÷ k
(4)
In this equation:
k = Accident occurrence at t time interval [27];
e = exponential factor
The relationship between elapsed time from onset of red light until time of violation
and occurrence of crashes as already mentioned was determined using Poisson’s regression
with accident occurrence as the dependent variable. The independent variables for these
regression models were the various elapsed times from the onset of red light to violation.
These elapsed times included sum of less 1 s elapsed times, sum of 1 to 2 s elapsed
times, sum of 2 to 3 s elapsed times, sum of 3 to 4 s elapsed times, and sum of greater
than 4 s elapsed times. The regression analyses were carried out at different geometric
configuration of the intersections (4-leg, 3-leg, and different configurations) and at different
signal controls (split and lead lag) signal controls.
2. Materials and Methods
Poisson’s regression was used to determine the relationship between time from onset
of red light until red light violation and occurrence of crashes. The research also examined
the effects of traffic volume on the red light violation, relationship between red light
violation, and accident severity (fatality and property damage). Considered were the
effect of speed on red light violation with and without crashes. Poisson regression was
used because in determining the relationship between time from onset of red light until
time of violation and occurrence of crashes, the time lapse (time from onset of red light
until time of violation) data was not binary but continuous. Accident occurrence data
is also continuous. Additionally, Poisson’s regression has been employed in the past by
many researchers in determine traffic occurrence and road geometric factors. For instance,
Joshua and Garber [28] used linear regression and Poisson’s regression to investigate the
correlation between road geometric factors and occurrence of accidents. They noted that of
the two models, linear regression accurately determined the required correlation.
2.1. Data Source and Type
The data used in this study were collected from Abu Dhabi Traffic Police accident
database. The data included the occurrence of accidents, red light violations, elapsed time
from the start of red signal to violation, and speed at the time of violation of red light at 3-leg
and 4-leg intersections in Abu Dhabi. These data were for 33 4-leg intersections, 11 3-leg
intersections, and 5 different types of intersections, which gives a total of 49 intersections.
The traffic controls in these intersections were either lead lag or split phasing. Of these
controls 30 were lead lag phasing control systems and 19 were split phasing type of signal
control. The data covered a period of 5 years from 2015 to 2020. The red light violations
between 2015 and 2020 in these intersections ranged from 3 violations in some intersections,
such as intersection 10A, to 7321 violations in intersection 71.
The elapsed time from the start of red light to RLR is measured using image processing
technique that uses red-light violation cameras to automatically record vehicle license plates
during red light violations.
2.2. Research Limitation
The study employed an archival research strategy since the data used were obtained
from government archives and no primary data was collected. The limitation of this
strategy is that the authors did not participate in the collection of data and thus their
inputs as well as issues encountered during data collection were not accounted for during
data collection. It is, therefore, proposed that future studies consider collecting up to date
primary data as opposed to secondary data.
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2.3. Validity and Reliability
The research employed Poisson’s regression model in determining the relationship
between elapsed time from red light onset and accident occurrence. This method has
been applied by many previous researchers and has been proven to be reliable and valid.
Additionally, all the steps followed in achieving the objectives of the study have been stated
in the article.
3. Results and Discussion
3.1. Descriptive Statistics
Tables 1–3 above show the summary statistics of red light violations, severe accidents,
total accidents, and associated property damage at different intersections. The results above
show that red light violations are highest (2870 each) in different types of intersections
despite the fact that they had the least observations (5 compared to 33 in 4-leg intersection
but only accounted for 1297). In terms of total accidents, 4-leg intersections accounted
for 5.8 accidents each during the study period. In terms of more property damge, 3-leg
intersection contributed the most with an average of 1.64 per intersection. In terms of severe
accidents, 4-leg intersection contributed the most with an average of 4.9 per intersection.
Table 1. 4-leg intersections summary statistics.
Variable

Obs

Mean

Std. Dev.

Min

Max

Total Accidents
Accidents associated
with property damage
Severe Accidents
No. of violations

33

5.82

5.79

0

22

33

0.91

1.16

0

5

33
33

4.91
1297.33

5.34
1179.77

0
3

21
4599

Table 2. 3-leg intersections summary statistics.
Variable

Obs

Mean

Std. Dev.

Min

Max

Total Accidents
Accidents associated
with property damage
Severe Accidents
No. of violations

11

3.82

3.82

0

10

11

1.64

2.80

0

9

11
11

2.18
1789

2.36
1153.38

0
185

7
3709

Table 3. Different intersection summary statistics.
Variable

Obs

Mean

Std. Dev.

Min

Max

Total Accidents
Accidents associated
with property damage
Severe Accidents
No of violations

5

3.60

2.88

0

6

5

0.40

0.55

0

1

5
5

3.20
2870.20

2.59
2831.71

0
247

6
7321

3.2. Crash with Red Light Running
From Table 4, it is observed that in 4-leg and 3-leg intersections, red light running (RLR)
is positively correlated with total accidents. Red light running is also positively correlated
with severe accidents, which means the higher the RLR, the higher the number of severe
accidents. Red light violation is also positively correlated with property damage, which is
an indication that the higher RLR, the higher the instances of property damage. In some
countries, such as France, red light violation does not seem to be a major factor causing
accidents at the intersections [29]. In this country, traffic accidents at the intersections are
relatively low despite the large RLR [29].
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Table 4. Correlation between red light violations and different types of accidents.
(1)

(2)

Variables

4-Leg

3-Leg

Total Accidents

0.01 *
[0.00]
0.04 ***
[0.01]

0.11 ***
[0.00]
0.01
[0.01]

Different
intersection
−0.73 ***
[0.02]
0.56 ***
[0.02]

0.05 ***

0.07

0.09

[0.01]
0.25 ***
[0.01]
6.83 ***
[0.01]

[0.03]
−2.81 ***
[0.08]
7.22 ***
[0.01]

[0.05]
−2.40 ***
[0.04]
8.93 ***
[0.01]

33

10

5

Severe Accidents
Property Damage
Accidents
Fatal Accidents
Constant
Number of sites
investigated

(3)

Standard errors in brackets
*** p < 0.01, * p < 0.1.

In different types of intersections (roundabout and others), RLR and total accidents
are negatively correlated. However, the RLR is positively correlated with severe accidents.
The results also show that accident fatality seems to be positively related with red
light violations at 4-leg intersections. In 3-leg and different intersection types, however, the
relationship between red light violation and accident fatality is negative. This difference
in result may be associated with the observations. For different types of intersections,
only 5 observations were considered, and in 3-leg intersections, only 10 observations were
considered. Overall, these results show that the most dangerous intersections in Abu Dhabi
are 4-leg intersections.
3.3. Red Light Running without Crash
Table 5 above shows the relationship between RLR (red light running) and speed
when without a crash. The results show a positive relationship between these variables.
This indicates that even if crash has not occurred, average speed is still a major contributor
towards red light violations. Therefore, one way of avoiding RLR is by introducing lower
speed limits at the intersections, especially at the 3-leg and 4-leg intersections.
Table 5. Relationship between red light violation with speed.

Variables
Average of Speed
Constant
Number of sites investigated

(1)

(2)

4-Leg intersection
−0.06 ***
[0.00]
9.52 ***
[0.15]
5

3-leg intersection
−0.14 ***
[0.01]
14.21 ***
[0.25]
4

*** p < 0.01.

3.4. Red Light Running with Crash
Table 6 shows the relationship between RLR (red light running) and speed accompanied by crash. The results show a negative relationship between RLR and speed. This
result as well as the previous result (relationship between RLR and speed not accompanied
by crash) indicate that regardless of whether a traffic accident occurs or not, speed at which
a vehicle approaches an intersection has a major contribution towards RLR. This is such
that the higher the average approach speed, the higher the red light violations. Therefore,
red light violations can be reduced by introducing a lower speed limit at the intersections.
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Table 6. Relationship between red light violation with speed with crashes.

Variables
Average Speed
Constant
Number of sites
investigated

(1)

(2)

(3)

4-leg
0.01 ***
[0.00]
6.59 ***
[0.02]

3-leg
−0.01 ***
[0.00]
8.04 ***
[0.05]

Different intersection
0.07 ***
[0.00]
3.63 ***
[0.10]

28

7

4

*** p < 0.01.

3.5. Red Light Violation and Traffic Volume
Table 7 shows the relationship between RLR and traffic volume. The results indicate a negative correlation between RLR and traffic volume. This is an expected result.
Higher traffic volume results in a reduction in traffic speed and also consumes space at the
intersection. Therefore, those wishing to run a red light have no space to do so.
Table 7. Relationship between red light violation and traffic volume.

Variables
Average Speed
Traffic volume
Constant
Number of sites
investigated

(1)

(2)

(3)

4-leg
0.01 ***
[0.00]
−0.00 ***
[0.00]
7.25 ***
[0.03]

3-leg
0.02 ***
[0.00]
−0.01 ***
[0.00]
6.31 ***
[0.06]

Different intersection
0.07 ***
[0.00]
−0.01 ***
[0.00]
12.79 ***
[0.12]

27

6

3

*** p < 0.01.

3.6. Relationship between Elapsed Time from Red Light Onset and Accident Occurrence
The results of the regression analysis of the relationship between elapsed time from red
light onset and accident occurrence at different geometric configurations of the intersections
(4-leg, 3-leg, and different types of intersection) and at different signal controls (lead lag
and split) are shown in Table 8 below.
3.6.1. At 4-Leg Intersection
The results of the relationship between elapsed time from onset of red light until
time of violation and traffic accident occurrence at 4-leg intersection are shown in Table 1
(regression result 1). At 4-leg intersection, a positive correlation between “1 to 2 s from the
onset of red light until its violation” and the traffic accident occurrence is observed. It is
also observed that there is no relationship between other elapsed times from the onset of
red light until violation (<1 s, 2 to 3 s, 3 to 4 s, and >4 s) and the traffic accident. This means
that at 4-leg intersections, almost all red light violation related accidents occur between 1
to 2 s from onset of red light until its violation time, and almost none of these accidents
occur at <1 s, 2 to 3 s, 3 to 4 s, and >4 s from onset of red light until violation time.
This result seems similar to results found by Yang and Najm [21], who instead of
using Poisson’s regression model employed logit regression to evaluate the relationship
between RLR and elapsed time from start of red light until violation, and considered driver
age, intersection type, and environmental factors. The study found that 94% of the red
light violation related accidents occurred within 2 s after red light onset. The study also
found that only 3% of red light violation related accidents occurred 5 s after the red light
onset. The results of another study carried out by Bonneson et al. [19] also coincide with
the results of this study despite using a different technique (logistic regression). The study
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found that most of the red light violations (94.2%) and consequently accidents associated
with red light violations occur within the 2.0 s after the start of red light [19]. The study also
found that half of the RLR often occur within the first 0.5 s after the onset of red light [19].
Accordingly, this means that most accidents also occur within the first 2 s after the start of
red light signals.
Table 8. Poisson regression results for the relationship between elapsed time from red light onset and accident occurrence.

Variables
Sum of < 1 s
Sum of 1 to 2 s
Sum of 2 to 3 s
Sum of 3 to 4 s
Sum of >4 s
Constant
Traffic Volume
Property damage
Speed
Number of sites
investigated

(1)

(2)

(3)

(4)

(5)

4-Leg
−0.01
[0.00]
0.01 **
[0.00]
−0.01
[0.00]
0.01
[0.01]
0.00
[0.00]
−0.00
[0.00]
−0.01 ***
[0.00]
0.50 ***
[0.07]
0.05 ***
[0.01]

3-Leg
0.05 **
[0.01]
0.00
[0.00]
−0.01
[0.00]
−0.01
[0.02]
−0.01
[0.00]
1.04 **
[0.42]
−0.01 ***
[0.01]
0.62 ***
[0.07]
0.08 ***
[0.04]

Different
−1.74
[44.04]
−1.41
[36.12]
4.31
[110.29]
−9.08
[232.34]

105.52
[2620.13]
0.00 ***
[0.00]
0.32 **
[0.04]
0.05 ***
[0.02]

Lead lag
0.00
[0.00]
−0.00
[0.00]
0.01 **
[0.00]
−0.02 ***
[0.01]
−0.00
[0.00]
1.51 ***
[0.15]
0.00
[0.00]
0.12 **
[0.02]
0.07 ***
[0.06]

Split
−0.00
[0.00]
−0.00
[0.00]
−0.01
[0.00]
0.01
[0.01]
0.00
[0.00]
1.05 ***
[0.23]
0.00 ***
[0.00]
0.02 ***
[0.04]
0.04 ***
[0.02]

30

11

5

29

17

*** p < 0.01, ** p < 0.05.

3.6.2. At 3-Leg Intersection
The regression results of the relationship between elapsed time from start of red
light until RLR and traffic accident occurrence at 3-leg intersection are shown in Table 1.
Observed at the 3-leg intersection, there is a positive and significant (coefficient value
is 0.033) relationship between “less than 1 s from the onset of red light until” its violation
and the traffic accident occurrence. The results also show that there is no relationship
between other elapsed times from the onset of red light until its violation (1 to 2 s, 2 to 3 s,
3 to 4 s, and >4 s) and the traffic accident occurrence. This means that at 3-leg intersections
most red light violation related accidents occur less than 1 s from the onset of red light.
Just as in 4-leg intersections, this result is similar to results of Yang and Najm [21] and
Bonneson, et al. [19] who used logit regression to evaluate the correlation between RLR
and elapsed time from the start of red light until violation, and found that 94% of the red
light violation related accidents occurred within 2 s of red light onset.
3.6.3. At Signalized Intersection
Table 8 (regression results 3 and 4) show the regression results of the relationship
between elapsed time from onset of red light until its violation and traffic accident occurrence at lead lag and split signalized intersections. Observed at lead lag signalized
intersections (regardless of the type of intersection), there is a positive and significant
relationship between 2 to 3 s from the onset of red light until its violation and the traffic
accident occurrence. This result shows that at lead lag signalized intersections, regardless
of the type of the intersection, most accidents tend to occur between 2 to 3 s from the onset
of red light. The results, however, show a negative relationship between 3 to 4 s from the
onset of red light until its violation and the traffic accident occurrence. This means that
after 3 s since the onset of red light, no or very few accidents occur at lead lag signalized
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intersections. The reason for this may be that after 3 s, the driver might have cleared the
intersection and is already out of danger (out of the intersection).
It is without doubt that in United Arabs Emirates cities, such as Dubai, red light
violations contributed to 46% of road traffic accidents in 2016 [1,30]. From the above results,
it is observed that these red light running results into traffic crashes, which may result into
property damage, injury or even death. These can be reduced by implementing camera
systems in Abu Dhabi intersections. Studies by Walden [14] and Carnis [31] have shown
that implementation of camera system can significantly reduce traffic accidents and their
associated injuries at intersections.
4. Conclusions
Red light violations contribute significantly towards traffic accidents in United Arabs
Emirates (UAE). It is, however, the occurrence of traffic accidents at signalized intersections
that is often affected by elapsed time from the onset of red light until its violation. In this
regard, the research found that at 4-leg intersections, almost all red light violation related
accidents occur between 1 to 2 s from onset of red light until its violation time; almost none
of these accidents occur at <1 s, 2 to 3 s, 3 to 4 s, and >4 s from onset of red light until
violation time. At 3-leg intersections, most of red light violation related accidents occur in
less 1 s from the onset of red light until violation time. At lead lag signalized intersections,
regardless of the type of the intersection, most accidents tend to occur between 2 to 3 s
from the onset of red light. The results also show that after 3 s, from the onset of red light,
no or very few accidents occur at lead lag signalized intersections.
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