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ABSTRACT

Even though Abu Dhabi government has taken a number of steps to reduce the number of
road accidents, and fatalities as well as injuries associated with them, the city has continued
to experience high number of traffic accidents especially at the intersections. According to
Abu Dhabi’s Police Traffic Engineering Department, in 2013 for instance, of all the 1400
severe traffic accidents, signalized intersections were responsible for 240 traffic accidents
which was the highest contribution by a single factor. On the other hand, red light violation
(RLV) is considered one of the major contributors of traffic accidents in many cities
including Abu Dhabi. Several studies done elsewhere have attributed this to reaction times
after activation of red light but not in Abu Dhabi which may help the authorities implement
appropriate signal phasing timings at the intersections. Moreover, in an effort to homogenize
Abu Dhabi City’s Road traffic rules with those of international rules, Abu Dhabi government
removed the 20 kph speed buffers on all roads in 2018. This was implemented in such a way
that the enforcement speed and the posted speed have the same value. However, few studies
have examined the effect of implementing policies to the safety performance at the
signalized intersections. The study aims at improving the safety performance of these
intersections by determining operational and geometric factors affecting safety performance
of the Abu Dhabi’s Signalized intersection; determining the effect of drivers’ reaction time;
determining the effect of removal of speed buffers on the safety performance of Abu Dhabi’s
Signalized intersections; ascertain the recommendations used by road safety audit staff while
evaluating signalized intersections; and proposing practical and feasible safety performance
indicators that could act as a standard to the administrative authorities for developing the
signalized intersections. The objectives were achieved via quantitative research
methodology (objectives 1 to 3) and qualitative research (Objective 4 and 5). The data were
analysed via descriptive and inferential statistics (negative binomial regression) and thematic
analysis. The result shows that when compared to other intersections, 3-leg intersections
tend to be more sensitive to variations of the geometric and operational factors. This is such
that the size of the mid-island (major direction), the size of separation between through and
left and number of lanes in minor left are negatively related with number of accidents. The
size of mid-island (minor direction), number lanes in the main through, number of pedestrian
crossings, intersection speed, and average hourly traffic are positively related at this
intersection. In terms of objective 2, the research found that most of the red violations and
hence traffic accidents occur between less than 1s to 2 to 3 seconds after activation of red
light at the intersections which indicates drivers’ reaction is a major contributor safety
performance of these intersections. In terms of objective 3, the study found that introduction
of speed buffers indeed reduced traffic accidents, and thus improved the safety performance
of the intersections. In terms of objectives 4 and 5, the research found that: there is the poor
implementation of guidelines by the auditors. Based on the above results, it is recommended
that other emirates in UAE should consider implementing the policy; safety manual should
be improved to conform to the internationally renowned manuals.



ANALISIS PRESTASI KESELAMATAN PERSIMPANGAN BERISYARAT DI ABU
DHABI MENGGUNAKAN PENDEKATAN PENYELIDIKAN GABUNGAN

ABSTRAK

Biarpun kerajaan Abu Dhabi telah mengambil langkah untuk mengurangkan jumlah
kemalangan jalan raya dan kaitannya dengan kematian dan kecederaan, bandar itu masih
menunjukkan jumlah kemalangan jalan raya yang tinggi, terutamanya di persimpangan.
Menurut Jabatan Kejuruteraan Trafik Polis Abu Dhabi, pada 2013, persimpangan
berisyarat adalah punca 240 daripada 1400 kemalangan serius jalan raya yang merupakan
faktor penyumbang tertinggi. Pelanggaran lampu merah (Red light violations) adalah punca
utama kemalangan jalan raya di banyak bandar, termasuk Abu Dhabi dan beberapa kajian
telah mengaitkan keadaan ini dengan masa tindak balas pemandu selepas lampu merah
diaktifkan. Walau bagaimanapun, tidak ada kajian seperti itu dijalankan di Abu Dhabi.
Pada 2018, kerajaan Abu Dhabi mengalih penampan berkelajuan 20 kph di semua jalan
sebagai sebahagian daripada usaha untuk menyesuaikan peraturan jalan raya bandar
dengan peraturan antarabangsa. Kini kelajuan penguatkuasaan dan kelajuan yang
ditetapkan mempunyai nilai yang sama. Di sebalik perubahan ini, beberapa kajian telah
melihat kesan dasar tersebut terhadap prestasi keselamatan persimpangan berisyarat.
Kajian ini bertujuan menambah baik prestasi keselamatan persimpangan ini dengan
mengenal pasti faktor-faktor operasi dan geometri yang mempengaruhi keselamatan
persimpangan berisyarat di Abu Dhabi, menentukan kesan masa tindak balas pemandu,
menganalisis kesan pengalihan penampan kelajuan dan mencadangkan indikator prestasi
keselamatan yang praktikal dan boleh dilaksanakan untuk digunakan oleh pihak berkuasa
pentadbiran apabila membangunkan persimpangan berisyarat. Objektif kajian dicapai
melalui gabungan kaedah penyelidikan kuantitatif (objektif 1 hingga 3) dan kualitatif
(objektif 4). Data telah dianalisis menggunakan statistik deskriptif dan inferensi (regresi
binomial negatif) dan teknik analisis tematik. Keputusan telah menunjukkan bahawa apabila
dibandingkan dengan jenis persimpangan lain, persimpangan tiga cabang lebih terdedah
kepada perubahan dalam faktor geometri dan operasi. Ini bermakna saiz separuh pulau di
laluan utama, jarak antara lorong yang dilalui dan lorong kiri serta bilangan lorong di
laluan sisi membelok ke kiri semuanya didapati ada kaitan negatif dengan bilangan
kemalangan. Sebaliknya, saiz separuh pulau dalam laluan sisi, bilangan lorong yang
melewati laluan utama, bilangan lintasan pejalan kaki, kelajuan persimpangan dan purata
lalu lintas setiap jam terdapat kaitan positif dengan bilangan kemalangan. Berhubung
dengan objektif kedua, kajian mendapati bahawa kebanyakan pelanggaran lampu merah
yang menyebabkan kemalangan berlaku antara O hingga 2 hingga 3 saat selepas
pengaktifan lampu merah, menunjukkan bahawa masa tindak balas pemandu adalah faktor
penting yang mempengaruhi prestasi keselamatan persimpangan berisyarat. Berkenaan
objektif ketiga, keputusan menunjukkan bahawa pengenalan penampan kelajuan
sememangnya membawa kepada penurunan kemalangan jalan raya dan penambahbaikan
prestasi keselamatan persimpangan. Bagi objektif keempat dan kelima, kajian mendedahkan
bahawa pelaksanaan garis panduan oleh juruaudit adalah lemah. Berdasarkan penemuan
ini, adalah disyorkan agar bahagian lain di UAE menerima pakai dasar ini dan manual
keselamatan perlu dikemas kini agar sejajar dengan piawaian antarabangsa.
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CHAPTER1

INTRODUCTION

1.1 Background

Every country tries to ensure that motorists and civilians can safely use the roads and
intersections. As such, nations globally endeavour to adapt and implement plans, initiatives,
rules, and traffic regulations to reduce road accidents (Atchley et al., 2014). Traffic safety
authorities and the traffic police are responsible for these tasks (Batool et al., 2012).

To ensure the responsibility of ensuring pedestrian and motorist safety, these
authorities assess all significant traffic safety-specific aspects, suggested standards and
recommendations (Wiegmann et al., 2007).

Several aspects of traffic safety characteristics include human-specific factors, road
geometry and vehicle factors (Hassan et al., 2012; Reveron and Cretu, 2019; Alshamsi,
2021). Considering these aspects, the human factor (or aspect) is considered the foremost
cause of most traffic accidents (Das, 2022). Research suggests that road mishaps are
primarily caused due to human factors, accounting for 90 to 95% of traffic accidents in
several nations (Sayed et al., 2022).

It is critical to understand that safety is assessed using safety performance metrics.
This research uses the mean of traffic accidents at intersections as the performance metric.
Hence, traffic safety characteristics are compromised if the count of accidents is higher and

vice-versa (Cunto and Saccomanno, 2008). Several aspects impact traffic mishaps at



intersections, impacting safety characteristics: geometric aspects of the intersection,
operating conditions, and driver demographics (Fortuijn, 2009).

Further, regulations and guidelines are specified; driver compliance is critical. Geometric
aspects comprise intersection geometry such as leg count (3-leg, 4-leg, and several
intersections), pedestrian crossing count, mid-island area, and other factors (Morency et al.,
2012). Operational factors comprise traffic flow regulation at an intersection, like maximum
permissible speed, signal control, and average hourly traffic (Yang et al., 2019).

The primary issue concerning traffic incidents is the potential to cause injury and
death. Global research estimates that over 3,600 individuals lose their lives to road accidents
daily (Ankit et al., 2018; Global Burden of Disease (GBD) Eastern Mediterranean Region
Transportation Injuries Collaborators, 2018). Furthermore, accidents cause millions of
injuries annually (World Health Organization, 2018). Despite the human factor being
significantly correlated with traffic accidents, several engineering aspects like signal control
and road geometry share noteworthy correlations with road mishaps, specifically close to
intersections.

Several traffic safety guidelines have been proposed considering the substantial rise
in fatal road accidents and overall injuries (Chung et al., 2010). Such measures facilitate
specifying countermeasures that enhance traffic movement on the road. Countermeasures
comprise engineering aspects like road design changes or enforcement-specific measures
like amending the laws to change how individuals drive on the roads (Haworth et al., 2012).
Further to the change implemented by nations, the World Health Organization (WHO) has
advocated for enhancing road safety. The WHO drafted a post-accident response plan for
2011 to 2020, which suggested that government and other authorities, including civil society

bodies, consider and devise safer road safety guidelines (Ouni and Belloumi, 2018) like rapid



response for accidents, enhancing vehicular safety and road safety handling (World Health
Organisation, 2018).

The United Arab Emirates has nationally considered road safety enhancement. The
authorities have devised several traffic-mishap mitigation approaches that improve the
nation’s competitiveness globally (Al-Shayeb and Hatemi-J, 2016). To this effect, the UAE
government endeavoured to reduce traffic fatalities to three in 100000 individuals by 2021
from six in 100,000 in 2015 (Ankit et al., 2018). Local bodies corresponding to every
Emirate devised operational and tactical measures to meet this milestone, including building
expert working groups from numerous government bodies (Ankit et al., 2018). Such strategy
initiatives comprise safety and awareness, education, vehicular safety, engineering, and
emergency action. Several aspects targeted enhancing intersection-specific safety in the
country.

Considering that several traffic incidents are witnessed at intersections, the safety
authorities of every Emirate (specifically in Abu Dhabi) have enhanced non-controlled
(specifically 3- and 4-leg intersections) to include signal-based control. Notwithstanding this
initiative, research by Essa and Sayed (2018) suggests that signal-enabled intersections
witness additional traffic incidents in Abu Dhabi if the implementation is improper. It has
been suggested that additional conflict points at such intersections than usual signal-less
counterparts are responsible for additional incidents (Al-Ghafli et al., 2013). High-speed
movement might deem such conflict points critical.

Studies also suggest that road accidents in Abu Dhabi have been witnessing
increasing severity despite the initiatives implemented by Abu Dhabi authorities (Traffic
Engineering Department and Road Safety-Abu Dhabi Police, 2019). It suggests the

inadequacy of the present Road Safety Manual (standard) enforced by the authorities.



Numerous aspects like outdated recommendations, improper execution of recommendations
and substandard road safety manuals might be responsible for severe accidents.

The present work reduces the gap by assessing road safety standards used by auditors
to evaluate signal-enabled intersections. Additionally, this study recommends feasible real-
world safety characteristics and metrics that the traffic administration may use as a reference

for devising signal-enabled intersections.

1.2 Problem statement and justification

The Abu Dhabi government has devised several plans for reducing road accidents,
deaths, and injuries at intersections. Nevertheless, additional efforts are required since
numerous accidents still happen at intersections (Alkheder, 2023). The Traffic Engineering
Department of the Abu Dhabi Police (2019) suggested that signal-enabled intersections
(specifically the 3- and 4-leg variants) witness a majority of the overall road accidents in
Abu Dhabi. The department indicated that in 2013, 17% (240/ 1400) of the overall road
accidents were witnessed at signal-enabled intersections (Table 1.1) (Traffic Engineering
Department and Road Safety-Abu Dhabi Police, 2019). By 2018, the number had reduced
to 7%, as listed in Table 1.1 (Traffic Engineering Department and Road Safety-Abu Dhabi
Police, 2019). Therefore, a comprehensive assessment is critical to assess the aspects

contributing to traffic incidents at signalized intersections.



Table 1.1: The number of severe road accidents in Abu Dhabi City between 2013 to 2021

Red Light Running (RLR) Accidents

Total
Number Probability
Number .
Year of RLR _ . of causing
of Accidents Minor Moderate Serious .
Accidents . . . Fatality at least one
Injury Injury Injury -
serious
injury
2013 1,409 240 354 106 19 6 10%
2014 1,246 160 236 102 23 6 18%
2015 1,112 114 184 99 14 2 14%
2016 1,014 112 126 64 12 2 12%
2017 918 93 129 76 12 3 16%
2018 940 66 109 70 5 4 13%
2019 901 52 32 35 9 3 23%
2020 873 48 32 32 8 3 22%
2021 758 59 47 50 3 3 10%

(Source: Traffic Engineering Department and Road Safety, Abu Dhabi Police, 2022)

It is critical to assess the effect of road geometry and operational factors on traffic
and pedestrian accidents (safety performance metrics) to help Abu Dhabi traffic safety
authorities to pinpoint the critical reasons that compromise safety at signal-enabled
junctions.

In addition to geometry and operating conditions, human aspects like non-
compliance to red signals are among the primary contributors to intersection-specific traffic
accidents. Data from Dubai strengthens the argument because it suggests that red-light non-
compliance has massively increased road accidents in the nation (Table 1.1).

Data from 2011 indicate that red-light violations caused 6% of the overall traffic
incidents, which increased to over 17% in 2013 (240 out of 1406, Table 1.1) (Goldenbeld,
2016). The metric is more worrying if cities (specifically larger cities) are evaluated

individually.



For instance, 2016 data indicates that red-light non-compliance led to 46% of road
accidents in Dubai and Abu Dhabi (Goldenbeld, 2016). Research suggests that human
reaction time at the dilemma zone is the primary contributing aspect responsible for such
traffic violations in global cities (Harth et al., 2022; Wang et al., 2022). In this case, for a
signal transition from green to amber, a driver choosing to maintain the same speed at the
intersection entrance might have a near-miss or accident after the signal turns red.

Numerous works have indicated that red-light non-compliance is chiefly because of
human reaction time (Harth et al., 2022; Wang et al., 2022). Significantly fewer studies
evaluated this factor in the Abu Dhabi context. The present work helps reduce this gap by
assessing the correlation concerning the duration between red light onset and violation time
(which indicates individual reaction duration concerning the halting decision during signal
transition) and road accidents at signal-enabled junctions in Abu Dhabi.

Further, regarding road speed policies, the Abu Dhabi Police announced new rule
enforcement in 2018, whereby the roads would not have a speed buffer. The eliminated speed
buffer might be included in the speed limit. Hence, for a road with an initial buffer and speed
limit of 20 km/hr and 60 km/hr, respectively, a driver would not be held for rule violation
for a driving speed up to 20 km/hr more than the prescribed speed limit. This new
recommendation suggests the elimination of the speed buffer by integrating the band into
the speed limit. Hence, the updated speed threshold becomes 80 km/hr, devoid of a speed
buffer. Any driver moving faster than the limit would be non-compliant and fined.

This recommendation was implemented to keep Abu Dhabi City’s traffic guidelines
consistent with international rules. Local authorities indicate that conformance to this new
guideline is expected to reduce traffic incidents at signal-enabled junctions in Abu Dhabi.

Nevertheless, considering that four years have passed since this guideline was implemented,



the author declares to the best of their knowledge that previous research has not evaluated
the practical impact of this new traffic safety guideline in Abu Dhabi. The present work
bridges this knowledge gap by assessing the contribution of this initiative towards traffic
safety enhancements for signal-based intersections (3- and 4-leg intersections, including
other types such as signal-regulated roundabouts or junctions with raised curbs between the
intersection).

Moreover, the authorities and road traffic bodies typically devise operational traffic
factors to ensure traffic safety at the recommended levels. Some operational aspects
comprise delay (which might be measured as cost-based, considering the nation’s economy)
and safety (evaluated based on fatalities and road accident-based injuries). Operations are
typically affected by human factors, geometric aspects of signalized intersections, and signal
regulation at such intersections.

To manage several road safety and delay-specific aspects, local authorities enforce
several regulations that help enhance road safety and movement efficiency at intersections.
Additionally, intersections are made significantly efficient by enhancing vehicular traffic
handling capacity concerning signal-regulated intersections. The measures are implemented
through traffic signals, changing road geometry factors, and building roads with more lanes.
Notably, most instances concerning higher traffic handling concerning junctions need not be
based on increasing the number of lanes or changing road geometry factors. Enforcing
specific signal phasing systems usually suffices. Traffic capacity is significantly impacted
by signal timing and phasing. Capacity optimisation at signal-regulated intersections
happens when maximum demand is enabled by providing the relatively highest green
interval duration. Nevertheless, even the slightest modification concerning signal phasing

and timing might compromise traffic safety, increasing accident likelihood.



Considering the specified arguments, the authorities must implement efficacious
road accident and safety evaluation measures for signal-regulated intersections for the
below-mentioned reasons:

1. Evaluating the primary causes of road accidents at junctions and proposing

countermeasures to prevent or reduce such incidents.

2. Finding hot intersections that witness most traffic accidents

3. Assessing how mitigation measures can help reduce road accidents

4. Finalising solutions and determining their impact on road safety enhancement

5. Gauging the economic impact of fewer injuries and fatalities and the value of

engineering enhancements required for better traffic safety.

Hence, this study aims to reduce the discussed gaps by devising several performance
characteristics that road safety experts or traffic personnel can use to devise safety guidelines
pertaining to signal-regulated intersections. Moreover, this research could be used as a
reference for future work concerning traffic safety. Academicians may use this study to offer
suggestions for traffic safety enhancement to reduce road accidents.

Some probable guidelines include using red lights for signal-enabled junctions,
frequent audits of road safety aspects and regulating road speed buffers. Moreover, the
quantitative approach employed for this study could be used for future works for data

assessment.

1.3 Research hypothesis

To facilitate the safety enhancement of road intersections in Abu Dhabi, road
regulations for all roads comprised the removal of speed buffers and speed limit

enhancement by an identical number. Nevertheless, there is minimal evidence that previous
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works have not assessed the effects of such experiments. The research asserts that high
driving speed is a significant contributory aspect concerning road accidents. This assumption
is regarded as valid because higher speed leads to a reduction in the practical field of view,
leading to higher sight distance, followed by reduced human reaction. Hence, a driver
moving faster than the recommended safe speed might miss critical road information,
increasing the likelihood of accidents or unforeseen movements.

Hence, the significant aspects leading to traffic accidents at signal-regulated
intersections comprise human driving, the operational environment, road geometry, and
rules like speed buffers. This research evaluates how the specified factors impact the safety

characteristics of intersections in Abu Dhabi and how these junctions can be made safer.

1.4 The rationale of this research

Despite the UAE’s conformance to international codes and standards for road design
for safety improvement, merely the technical characteristics of the roads are not enough;
human factors must also be accounted for. Hence, drivers must abide by the rules and codes
devised for road safety. In this regard, UAE emirates (specifically Abu Dhabi) have

implemented standards to control the effects of human factors correlating with road



accidents. These guidelines comprise (but are not restricted to) eliminating speed buffers,
use of pedestrian pathways at intersections, and using several signal-phasing approaches.
38 signalized intersections changed the

operation from Split Phasing to two
approach lead-lag protected left turn

DOT  added flashing Speed Tolerance is been added to the
green interval at the end existing speed signs.

of green interval to all Speed Limit Increased at 3 Enforcement Speed = Posted Speed
signalized intersections in main corridors in Abu Dhabi

Abu Dhabi.
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Figure 1.1: Actions affected the Traffic signal Operations (Source: Traffic Engineering and

Road Safety Department, Abu Dhabi Police. UAE)

Notwithstanding such actions, distractions while crossing signal-regulated
intersections frequently lead to incidents or accidents. For example, a majority of signalized
junctions witness a critical transition during the green-red signal change. Drivers moving
towards an intersection should carefully implement the appropriate driving decision (Gates
et al., 2007; Gates and Noyce, 2010). In such circumstances, drivers typically face anxiety
because a wrong decision might lead to adverse consequences. Drivers near intersections
have a higher likelihood of rear collisions if they apply sudden brakes when they are required
to move, while drivers at some distance from the red signal might run the red light if they
move when they should have stopped (Gates et al., 2007; Gates and Noyce, 2010). Such
conditions create a dilemma zone that is critical to road incidents at signal-regulated

intersections.
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With the formulation, enforcement, and adherence concerning safety rules and
guidelines (like 1000 dhs penalty for crossing a red light, 12 black points on a driver’s file,
and vehicle impoundment for 30 days), Abu Dhabi has seen fewer traffic accidents (refer to
Table 1.1). Figure 1.1 and Table 1.1 indicate a decrease in traffic incidents between 2013
and 2021 in Abu Dhabi. Nevertheless, the table suggests the likelihood of at least one critical
injury or death fluctuates.

The Department of Transport in Abu Dhabi employs two signal phasing patterns, i.e.,

split and lead-lag phasing sequences (Figure 1.2).
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Figure 1.2: Types of Signal phasing sequence used in Abu Dhabi

From 2013 to 2021, the Traffic Engineering and Road Safety Department reported
an overall reduction in road accidents in Abu Dhabi. Nevertheless, considering the top-

ranked intersections by accidents, the lead-lagged phasing approach correlated with the

11



severest accidents (Figure 1.3), suggesting potential issues with such a signalling approach
in Abu Dhabi.
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Figure 1.3: The number of severe accidents that have occurred at signalized intersections in
Abu Dhabi City according to the type of system used (Data source: Traffic Engineering

and Road Safety Department, Abu Dhabi Police, UAE, 2022)
1.5 Research questions

1. How do operational and geometrical aspects correlate? What is the correlation
between accident likelihood and severity at various signalized intersections?
2. How do time elapsed post red signal onset and violation incidence correlate for a

traffic accident?
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3. The authorities in Abu Dhabi endeavour to deploy cameras to identify red-light
violations for most signal-regulated intersections.

4. Identify the effects of eliminating the speed buffer on the specified speed limits
and the inclusion of the buffer within the limit.

5. Identify the standards that should be used by road safety assessment personnel
when auditing signalized intersections. Abu Dhabi-authorised road-safety
auditors must adhere to the Abu Dhabi Road Safety Auditing Manual.

6. What are the various safety performance factors employed for enhancing safety

at signal-regulated intersections?

1.6 Research objectives

1) Objective 1: To ascertain the geometrical and operational aspects impacting road
intersection safety (specifically 3- and 4-leg intersections, including other types) in
Abu Dhabi.

a. The evaluated operational aspects comprise Signal Regulation, Average
traffic flow, the speed limit at intersections (low and high-speed
intersections), and pedestrian crossing count.

b. The evaluated geometrical aspects comprised: Mid Island size (m), the
distance between through and left, Ped Crossing count, Number of Free Right
Number of lanes: “Main through", Main left", Minor through", Minor left."

2) Objective 2: To ascertain the impact of driver reaction time (determined as the time
between the initiation of the red signal and violation occurrence) and the road

accident; it comprises the following:
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a. Assessing how red-light violations correlate with several accident categories
(serious or property damage accidents).
b. Ascertaining the correlation between red light violations and traffic levels
c. Ascertaining the time characteristics for the period between red light
initiation and accident occurrence:
I. At 4-Leg Intersection
ii. At 3-Leg Intersection
iii. At Different intersection
Iv. Lead Lag Signal Control
v. Splitsignal Control
3) Objective 3: To evaluate if eliminating speed buffers and enhancing the speed limit
by an identical value enhances traffic safety characteristics at signal-regulated
intersections (3- and 4-leg intersections and other categories like roundabouts).
4) Objective 4: To ascertain the recommendations used by road safety audit staff while
evaluating signalized intersections.
5) Objective 5: To devise standard feasible real-world safety performance metrics for
administrative bodies to help build signal-regulated intersections and enhance

operations concerning service metrics.

1.7 Scope of this research

This work evaluated several aspects that impact traffic safety performance at
signalized intersections in Abu Dhabi. This work uses several aspects comprising the

geometry of intersections (3- and 4-leg intersections, including other categories), traffic
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volume (flow), and signal regulation type. Moreover, the signalized intersections were also
evaluated to understand the impact of demographic indicators.

Qualitative and quantitative approaches concerning data gathering and evaluation
were used to fulfil research objectives. The Abu Dhabi Traffic Police traffic safety database
was used as the source of quantitative data, which was assessed using descriptive and
inferential statistical approaches like negative binomial regression. Interviews were
performed to gather qualitative information. The objective was to use expert opinion to
determine the primary aspects leading to road accidents, specifically at signal-enabled
intersections.

This study evaluates Abu Dhabi’s (Figure 1.4) road junctions (comprising 3- and 4-
leg intersections, including other categories). The intersections evaluated are specified as
follows: this research evaluated 83 intersections comprising 16 and 55 intersections of the
3- and 4-leg categories, respectively, including 12 other types. Additionally, of these 118
junctions, the Lead-lagged phasing control (only signal entries or approaches) was
implemented at 36 intersections. Further, 47 intersections were regulated using the split
phasing approach. As specified previously, this study also evaluated demographic aspects
impacting the safety characteristics of signalized intersections. Demographic aspects
comprise age, gender, and driver experience. Gender-specific data comprised 485 and 108

male and female drivers in the 2013 to 2021 evaluation period.
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Figure 1.4: Abu Dhabi City (the research area, Source: Google map)

1.8 Thesis outline

This study has been split into five chapters, as specified below:

e Chapter 1: This chapter presents the research topic, including the study background,
study objectives, issues, scope, contributions, and study importance.

e Chapter 2: It comprises an assessment of similar studies from the literature. This
chapter also delineates a short description of the numerous aspects impacting road
safety at signal-regulated intersections, various theoretical frameworks employed for
detailing the safety problems concerning road systems and the determination of
safety performance metrics. Moreover, a summary of the auditing technique for
traffic safety at signal-enabled intersections has been specified. A mathematical
framework for ascertaining the safety performance metrics is also presented.

e Chapter 3: This chapter specifies the technique and processes employed for fulfilling

research objectives. Numerous conceptual frameworks employed for detailing the
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safety challenges concerning road networks and the determination of safety
performance metrics have been specified in this chapter.

Chapter 4: This chapter details and deliberates on research outcomes.

Chapter 5: This chapter lists the significant conclusions from this study. Moreover,

this chapter specifies suggestions for future studies.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The chapter reviews of the earlier studies related to the problems being investigated
and the objectives study. This study also presented the various models that were used for
highlighting the relationship between traffic incidents and the road geometric design, road
condition, driver behaviour, and others. Some of the models reviewed in the chapter include
Poisson’s regression model, Multiple Linear Regression, Negative Binomial regression

model and the Nested Logit Regression.

2.2 Systematic Review

In order to understand the trends of studies relating to the safety performance of
roads, systematic literature review was carried out. The literatures reviewed in the study
were acquired from different online databases like Google Scholar, PubMed, Scopus, Web
Science and ProQuest. During research of the databases, more than 9920 articles relating to
the research retrieved in the initial. These articles were published from 1960 to 2020.
duplicate and non-relevant articles were then eliminated. This resulted into obtaining ~120
relevant articles. These articles were subjected to abstract review where content of each
paper was reviewed. The review showed that 97 articles did not meet the inclusion criteria
and had to be eliminated. The final list had 23 articles. The flow diagram for the systematic

literature review is shown in Figure 2.1.
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Figure 2.1: Systematic literature review

A number of factors can affect traffic safety at the signalized intersections. These are

discussed as below.

One of the most commonly used factors in measuring the quantity of traffic in the

2.3 Factors affecting the traffic safety at the Signalized intersections

2.3.1 Average Annual Daily Traffic (AADT)

19

roads is average daily traffic (ADT) volume. This is generally “the volume of traffic moving
in both directions of a highway for the most average traffic day of the year for 24 hours”

(Huntsinger, 2022). Basically, it entails counting the number of the vehicles passing a given




point on a highway for the 365 days of a year, then dividing the total count by 365 (Wang et
al., 2013; Keehan, 2017; Raja et al., 2018;). It can also be counted with any repeated daily
counts samples in a duration as short as one week instead of counting for a whole year
(Lowry and Dixon, 2012; Siddiquee and Hoque, 2017; Huntsinger, 2022;). However, due to
the short duration calculation does not take into the account the seasonal fluctuations, and
other sources of biasness (Lowry and Dixon, 2012; Siddiquee and Hoque, 2017; Huntsinger,
2022). As such, the annualised ADT calculated this way are often corrected by applying a
number of adjustment or correction factors (Lowry and Dixon, 2012; Wang et al., 2013;
Keehan, 2017; Siddiquee and Hoque, 2017; Raja et al., 2018; Huntsinger, 2022). The factors
can be collected from the nearby permanent data collection stations. The result ADT is often
referred to as average annual daily traffic (AADT), and it is used the factor used in the
description of the traffic volume properties for the planning purposes (Lowry and Dixon,
2012; Wang et al., 2013; Keehan, 2017; Siddiquee and Hoque, 2017; Raja et al., 2018;
Huntsinger, 2022) . It is mainly used in the allocation of funds for the maintenance of a road
(Wang et al., 2013; Keehan, 2017; Raja et al., 2018).

AADT is often calculated using data collected from the continuous count stations
using United States Federal Highway Administration (FHWA) formula stated below

(Huntsinger, 2022):
_ 1 n

Where:
VOL = represents daily traffic for day k, of day of the week i, and month j
J = Month of the year

i = Day of the week
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k = the occurrence order number of the day of the week

n = the number of days of that day of the week during that month.

It is important to note that the above technique of determining AADT overcomes the
missing data resulted from isolated days (Huntsinger, 2022).

The AADT data is often published in annual reports and stored in the database that
can be accessed by the public (Lowry and Dixon, 2012; Keehan, 2017; Raja et al., 2018;
Huntsinger, 2022). Such a data can also be used to create traffic map which can help the
planners have a quick glance of the traffic situation of a given highway or city (Lowry and
Dixon, 2012; Keehan, 2017; Raja et al., 2018; Huntsinger, 2022). The data can also be easily
compared with those of the previous years to know the trend and hence can be used in future
planning purposes (Lowry and Dixon, 2012; Keehan, 2017; Raja et al., 2018; Huntsinger,
2022).

It is, however, important to note that even though the data is important in planning
purposes it is not often used in the design of the design properties of a road (Huntsinger,
2022). This is mainly because it does not reflect the traffic variations that occur over months
of the year, days of weeks, or hours of the day (Huntsinger, 2022). The design of roadways

is often based on the daily hourly traffic volume instead (Huntsinger, 2022).

2.3.2 Number of lanes entering the intersection

Number of lanes is one of the factors that affect safety performance of a highway or
road intersection. Research has shown that as the number of lanes approaching or entering
an intersection increase, the rate of the traffic accidents occurring in an intersection reduce
(Hong et al., 2005; Wong et al., 2007; Haleem and Abdel-Aty, 2010). This means that

intersections with higher names per road are generally safer compared to those associated
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with fewer lanes. A study by Hong et al. (2005) which examined the effect on number of
lanes and mid island barrier on the traffic safety performance showed that intersections with
fewer lanes entering an intersection are generally associated with higher traffic accidents
compared to those with more lanes.

Results has also shown that intersection legs, and the number of through lanes in the
minor and major approaches also affect safety performance of intersections. A study by
Haleem and Abdel-Aty (2010) which compared safety performance of 3-leg and 4-leg
intersections showed that 3-leg intersections with more through lanes in the minor approach

have poor safety performance than the 4-leg counterparts with same configuration.

2.3.3 Middle island width

One of ways through which safety of intersections can improved is through the
introduction of middle islands which generally act to by channelling traffic to the desired
direction thereby reducing congestion at the intersection (Maji et al., 2015). They are also
used separate left turn movements from the right turn movements (Maji et al., 2015). In
doing so, conflict zone is eliminated and chances of conflicts occurring at the intersection
are significantly reduced, thereby improving the safety performance of the intersection (Maji
et al., 2015). This shows the efficiency of middle islands in enhancing safety of the
intersections depends on discipline among the drivers using the intersection (Maji et al.,
2015). This is such that with discipline drivers or the traffic directions and instructions will
be followed, and this improves the safety performance of the intersection.

Even though these islands have been used to improve safety performance of
intersections, not many studies have examined the effect of their sizes on the safety

performance of intersections. This study has contributed to literature by examining the effect
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of the size of the middle islands (width of the middle) on traffic safety performance of Abu

Dhabi intersections.

2.3.4 Factors affecting the safety at pedestrian crossing

One of the factors that affect safety performance is the pedestrian crossing. Even
though a number of actions have been taken to improve pedestrian safety such as better
vehicle design, effective speed management, traffic re-routing as well as reduction in
walking distances, pedestrian accidents are still one of major safety concerns when it comes
to design of the intersections (Martin, 2006; Rasanen et al., 2007; Basile et al., 2010;
Perumal, 2014; Demiroz et al., 2015; Bendak et al., 2021).

A study conducted in the city of Sharjah, United Arab Emirates (UAE) showed that
pedestrian accidents contribute significantly towards deterioration of safety performance of
traffic in United Arabs Emirates (Bendak et al., 2021). Between 2015 and 2017, for instance,
the number of pedestrians who have died or got injured in United Arabs Emirates as a result
of traffic accidents is 24% of the fatalities (Bendak et al., 2021). This is higher the world
average of 23% (Bendak et al., 2021). This indicates that pedestrian accidents and associated
fatalities is a major problem in United Arabs Emirates, and hence, appropriate actions should
be taken to prevent such accidents.

A number of factors affect the safety pedestrians crossing in a highway or an
intersection. Firstly, speed limits. The higher the speed limit of an intersection, the higher
the pedestrian accidents) (Martin, 2006; Rasénen et al., 2007; Basile et al., 2010; Perumal,
2014; Demiroz et al., 2015; Bendak et al., 2021). Another factor is the presence or absence
of footbridges. the presence of dedicated pedestrian foot bridges for crossing highways as

well as dedicated lanes for pedestrian walking reduce accidents associated with the
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pedestrian the highway (Martin, 2006; Rasanen et al., 2007; Basile et al., 2010; Perumal,
2014; Demiroz et al., 2015; Bendak et al., 2021). The third factor is pedestrian behaviour
such as following traffic rules. The pedestrian may choose to follow traffic rules such as
waiting for appropriate signal, waiting large enough gap in traffic to safely cross (Martin,
2006; Rasénen et al., 2007; Basile et al., 2010; Perumal, 2014; Demiroz et al., 2015; Bendak

etal., 2021).

2.3.5 Signal phasing sequence (Lead Lag phasing, Split phasing)

Research has shown that signalized intersections are safer than non-signalized ones.
In fact, when compared to split phasing, lead lag signal phasing can significantly improve
the safety and traffic performance of a signalized intersection (Shawky et al., 2017). It is,
however, important to note that most traffic engineers are reluctant to implement it as it tends
to violate drivers’ experience, and thus causing accident (Buckholz, 1993; Shawky et al.,
2017). This negates the very safety it was supposed to improve. This was demonstrated by
Shawky et al. (2017) who showed that when lead-lag signal phasing was first implemented
on a previously split phasing intersections in Abu Dhabi (United Arabs Emirates), “some
drivers on the lag approach kept doing the same and accelerating once the through movement
starts to move thinking that their dedicated signal head is changed to green as well” (Shawky
etal., 2017).

It is for this reason that split phasing signalling is recommended in some instances.
This type of signalling tends to perform better than lead-lag in left turn parts of the
intersection. A research conducted by Al-Ghafli et al. (2013) showed that replacing split
phasing signalling with lead lag signalling in left turn and through movements can result into

significant increase in traffic accidents.
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2.3.6 Type of separation between through direction and left direction

Another factor that may affect safety performance of signalized intersection is the
separation distance between the through direction and branches from the intersection or the
separation distance between the branches. A study by Ceder and Eldar (2002) examined the
optimal distance between two branches of uncontrolled split intersection. The researchers
found that the distance separating the two branches of an intersection affects the traffic
performance regardless of type of separation. This is such that the shorter the separation
distance the higher longer the blocking queue and hence the higher the chance of occurrence
of conflicting situations at the intersection (Ceder and Eldar, 2002). When this happens then
traffic passing through the intersection is blocked and hence reduction in the safety

performance of the intersection (Ceder and Eldar, 2002).

2.3.7 Other Factors

A few factors that could cause accidents in any region include driver age and
behavior; policies that control the traffic operations and operational factors like the allowable
speed buffer. In addition, other factors like the intersection (road) geometry design play a
vital role in improving the safety performance of the roads and intersections. Vayalamkuzhi
(2016) determined the impact of the road’s geometric design on road safety performance
with the help of the Negative binomial and Poisson regression models. They noted that the
geometric design of the roads like the road curvature, road gradient and the number of lanes
could significantly impact the safety performance of the signalized intersections.

Zewde (2017) used a negative binomial regression model to understand how the road
geometry affected the safety performance of the Ethiopian roads. They found a positive

correlation between the number of road accidents and the length of the road. They also noted
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that the sharpness of the road curvature and the number of curvatures significantly influence
the safety performance of the Ethiopian roads. This is attributed to the fact the sharper the
road curvature, the more unsafe the bend is, and this increases the number of traffic
accidents.

Agent (1975) investigated the relationship between the number of lanes and the road
accidents occurring on the Kentucky highways. They noted that roads (or road sections) with
higher number of lanes have higher frequency of fatal road accidents. This is attributed to
the considerable increase in the number of traffic lanes that are related to the roads and the
road sections with many lanes.

Imprialou and Quddus (2019) carried out a study to determine the effectiveness of
reducing the speed buffers owing to the change in laws/regulations, presence of special
transition zones, dynamic message signs, and variable speed buffers that could help in
decreasing the traffic conflicts. Owing to the correlation between the vehicle velocity,
absorbed energy after impact, and kinetic energy, they concluded that the driver’s speed
while approaching the intersection can affect the severity of the traffic accidents. They found
that implementation of speed buffer programs at the signalized intersections significantly
decreased accident frequency.

Wang and Sharma (2017) examined the effect of braking properties of the
approaching cars on traffic safety especially in determining the decision zone and stopping
distance for a few specific intersections. The study found that a short decision zone indicated
a shorter braking distance and faster reaction times, which could lead to many traffic

conflicts.
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2.4 Accident theoretical models

Different theoretical models are used to examine the safety issues occurring in the
road systems and in identification of the numerous safety performance indicators. All these
models can help in planning the traffic infrastructure to decrease the number of accidents
and traffic incidents. Here, the 3 kinds of safety models (accident-based models, conflict
models, and non-accident non-conflict models) were reviewed (Figure 2.2). They are

described as follows.
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Figure 2.2: Accident theoretical models

2.4.1 Accident based models

The accident-based models use accident data to examine the traffic accident
accidents and factors that cause them. These models help in predicting road accidents at the
intersections and even in other accident scenarios. Table 2.1 presents the accident-based
models. The models use concepts like the Annual Average Daily Traffic (AADT) to

determine the road safety specialist predictive utility (Abdel-Aty and Radwan, 2000). Some
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other models like the Negative Binomial (NB) models are also used to determine the
relationship between traffic accidents and responsible factors (Abdel-Aty and Radwan,
2000; Bakhshi and Ahmed, 2021; Chen and Huang, 2020; Khattak et al., 2021; Miaou and
Lum, 1993; Park and Lee, 2021; Poch and Mannering, 1996; Wang et al., 2021; Yan et al.,
2020; Zhang et al., 2021). A number of studies used the Poison models to predict road
accidents and determining the relationship between the road accidents and the responsible
factors (Bakhshi and Ahmed, 2021; Khattak et al., 2021; Wang et al., 2021; Zhang et al.,
2021). The primary objective of using the accident-based models was that the likelihood of
an accident taking place in any area depended on the number of observed accidents that
could occur in the same or similar region (Cai et al., 2020). Shown below is typical form of
Poisson’s regression accident-based model.
LnY = Bo + BiXi+ PaXa + ... + BnXn (2.2)

Wherein:

Y = Independent variable.

X1, X2 ... Xn = Predictor variable.

Bo, By PeiiviE e n = regression coefficients

The predictive models have been significantly improved by using the earlier accident
data. In their study, Lee et al. (2015) stated that the accident data can be used to develop a
predictive road accident model. They combined the macro and micro-level traffic accident
data derived from different geographical units. They also developed some models using the
intersection traffic accident data related to the pedestrians, severe, total, and bicycle
accidents (which means, micro-level data) and macro data (containing 7 spatial units). The
results noted in their study indicated that the pedestrian, severe, total, and bicycle accident

models along with the ZIP-code arrangement data showed the maximal predictive value. It
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was also concluded that when the pedestrian accident models were coupled with the census
tract-based data, they showed a better performance than the competing models. These results
showed a high implication since they presented the benefit of using the accident data. The
study used the macro-level variables like commuters who walked, or used bicycles, the
proportion of a particular age group, population density, and others, as a substitute for the
accidents, thereby indicating that the data that was related to the accident data offered a better
predictive utility.

A few authors in the past (Haleem and Abdel-Aty, 2010; Lee et al., 2017) used the
road accident data to determine the factors that lead to accidents at the traffic intersections.
Haleem and Abdel-Aty (2010) examined different approaches used to analyse the severity
of accident injuries in Florida. They used the data from 2003 to 2006 from the 3 and 4 legged
non-signalized intersections. Thus, they studied the data from 2,043 non-signalized
intersections. The study examined 3 approaches. In Approach 1, they conducted an ordered
probit analysis for 5 injury levels. In the 24 model, they applied a combined technique that
dealt with the non-serious vs serious levels along with a binary probit model. Finally, in the
3" model, the study fit the data in the nested logit. After deriving all the results, the study
noted that many factors affected the accident severity. Particularly, the results indicated that
factors like the number of right and left lanes on primary approach, driver’s age, the width
of the right and left shoulder, and the downstream and upstream distances to the closest
signalized intersection affected the accident severity. The study used the data collected from
the non-signalized intersections; however, it influenced other works since it presented the
conclusion that the raw accident data is useful for making inferences regarding road

accidents and could help in determining techniques for improving intersection safety.
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Lee etal. (2015) used the accident data to predict road accidents. They used a discrete
technique that could handle the ordered data. Their study aimed to use a series of Bayesian
approaches for the multiple/single collusion cases and the high/medium/low-speed road
collision cases. Their results indicated that a poor condition of the pavements could increase
the severity of the high-speed traffic collisions at the intersections. However, poor pavement
conditions reduced the road accident severity on low-speed roads. Furthermore, the results
also highlighted the fact that a pitiable pavement condition increased the severity of the
multiple-vehicular collisions on high or low-speed roads.

The Big Data technique has significantly transformed the science and engineering
sectors including transport system (Shi and Abdel-Aty, 2015). Shi and Abdel-Aty (2015)
established the practicality of using a proactive real-time traffic monitor where big data
technique was applied. In this regard they adopted a Microwave Vehicle Detection System
(MVDS) that could cover 70 miles on one highway in Orlando to monitor the transport
system. The MVDS is regarded as a Big Data source due to its continuous usage, the scale
of use and beneficial information. The study used the Bayesian inference and random forest
techniques to predict road accidents. The results noted in the study indicated that this data
could be used to analyze the road accidents and could offer the engineers a more predictive
value. Though this study did not primarily focus on the signalized intersection, some other
studies could examine these intersections in future.

There has been a lot of concern with regards to the use of accident models if the
accident data was not easily available. The presence of zeros, if used in the prediction
models, is quite challenging. Several studies have considered the use of the zero inflated
negative binomial models that could help to overcome the limitations related to the zero

incidents in predictive models (Kumara and Chin, 2003). Though the zero inflated negative
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binomial models show a lower predictive power, they could help in determining the
conditions related to accidents.

In a few cases, the accident data quality is very poor, which can hinder the use of this
data to make inferences regarding road safety. Imprialou and Quddus (2019) mentioned that
it is very important to use good quality road accident data if it would be used for making
accurate accident analyses and, subsequently developing effective countermeasures. Despite
the critical nature of the accident data, it is often neglected by studies. Imprialou and Quddus
(2019) reviewed the existing publications to determine the data quality that was used for
addressing the questions related to road accidents, such as how, when, where, and others.
They noted that most of the data quality problems arose from the inaccuracies related to the
accident location and time, erroneous identification of the accident causes, incomplete user
demographics, difficulty while linking the data to the traffic data owing to the inconsistencies
in databases and severity misclassification. In the past, some studies (Essa and Sayed, 2018;
Imprialou and Quddus, 2019) noted that although the data showed a higher predictive utility,
the data quality had to be improved before it was considered valuable.

As stated earlier mentioned, the accident model usage was more important in
identifying the factors associated with road accidents than in predicting accidents. Thus, the
study aimed to use this data to identify safety performance as an indicator. Hence, they
considered this theoretical framework in this study as it focused on the SPIs at different
signalized intersections. The study examined the accident models with regards to how they

could be used for improving the safety at the signalized intersections.
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Table 2.1: A review of different accident-based models

Reviewed Models

Considered Variables

Statistical Tool

Abdel-Aty and
Radwan, 2000

Miaou and Lum, 1994
Bakhshi and Ahmed,
2021

Lee et al. (2015)

Lee etal. (2017)
Haleem and Abdel-Aty,
2010

Zhang et al., 2021

Shi and Abdel-Aty
(2015)

AADT per lane

Degree of horizontal curve
Shoulder width

Median width

Lane width (m) per no. of lanes
Urban section (Urban zone, non-
Urban zone)

Number of lanes on major
direction (Through, Right, Left)
Number of lanes on minor
direction (Through, Right, Left)
Weather condition (Rainfall,
Temperature)

Driver’s age group

Gross domestic product index
Number of hazmat transportation
vehicles

Hazmat drivers per vehicle

Negative Binomial
(NB)

Poisson Models
binary probit model
nested logit
regression model
binary probit model

Several studies like Abdel-Aty and Radwan (2000) extensively used the Negative

Binomial (NB) model to determine the relationship between traffic accidents and their
contributing factors. The Poisson model could also help road safety specialists in predicting
road accidents and determining the relationship between the accidents and contributory
factors (Miaou, 1994). Cai et al. (2017) also used the Poisson lognormal model for
comparing the various geographic units and analyzing the accident-based issues, so that they

could offer safety guidance during the road planning activities in Florida.

2.4.2 Conflict models

The traditional methods of assessing the safety performance of any intersection are
based on statistical analyses that require accident data. However, in many cases the accident

data may be under-reported and omit important accident-related factors (Figure 2.3).

32



Therefore, the statistical based approaches are not easily applied to making comparisons of
intersection designs under different road classifications especially newly opened

intersections.

f Crashes
Serious Conflicts

Slight Conflicts

Fatal

Severe injury —— Potential Conflicts

Slight injury - Encounters

Damage only

Figure 2.3: The safety pyramid integrating accident severity into the safety hierarchy.

(Source: Kronprasert, N.; Sutheerakul, C.; Satiennam, T.; Luathep, P, 2021)

Traffic conflicts are regarded as a measure of a traffic accident potential and
operational issues at a highway (Fu et al., 2020). Amundsen and Hyden (1977) stated that a
traffic conflict could be noted when 2 or more road users approached one another such that
there was a collision risk if they did not change their direction. In the past 5 decades, the
surrogate or non-accident measures of traffic safety generated a lot of interest (Zheng et al.,
2014). The various traffic conflict methodologies analysed the safety scenarios based on the
road traffic events. In their study, Guido et al. (2011) noted that the traffic conflict analysis
helped in identifying the probable area of improvement in the traffic intersection. Many
studies used the traffic conflict models to predict road accidents as a means for developing
safety measures for reducing road accidents (Cai et al., 2020; Campisi et al., 2020; Fu et al.,
2020; Wang et al., 2020). These traffic conflict models could be used if the traffic data was
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unavailable (Lu et al., 2008). Thus, the studies do not have to wait to collect the data for
predicting road accidents.

Different approaches can be used to develop traffic conflict models that ranged from
simulation, field observations and video recordings. The field observations recorded the
“near-miss” events at the conflict locations (Eisele and Frawley, 2005). A ‘narrow escape’
or a ‘near-miss situation is described as any unplanned event that could cause but did not
cause any human injuries, vehicular damage, disruption of normal traffic operations and
damage to the surroundings. On the other hand, an accident is described as any unplanned
event that causes human injuries, vehicular damage, disrupts normal traffic operations,
damages the surroundings, or leads to all the above.

The second approach (such as simulation) includes collection of long-term data and
other factors like environmental conditions to simulate the probability of causing a traffic
conflict (Pirdavani et al., 2010). The third approach involves the use of video equipment to
record the occurrence of conflicts or near-miss scenarios (Figure 2.4).

Guo et al. (2016) used a traffic conflict model to predict the safety of the traffic
intersections. This model was implemented at the novel outside of the left-turn lane in
particular specialized intersections in different urban regions and metropolitans in China.
Though the novel outside left-turn lane designs significantly improved the capacity, and the
efficiency of the left-turn advances, they displayed a few negative safety effects. The study
noted that the intersections with the outside left-turn lanes showed a higher number of traffic
conflicts compared to those without these left-turn lanes.

Signalized intersections are important aspects of any transport design. Thus, the
safety of these intersections is of major concern. Owing to the higher number of disputes

related to these regions, many studies have examined the factors like timing, signaling
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systems, lane design, vehicle approach speed, and others for ensuring traffic safety at the
signalized intersections. The traffic safety data derived from the USA indicated that =20%
of the traffic fatalities occurred at these intersections (Pirdavani et al., 2010). Some studies
showed that the implementation of countermeasures of decreasing the speed buffers at the
signalized intersections could significantly decrease the frequency and severity of the

injuries related to road accidents (Wu et al., 2020).

Figure 2.4: Illustrative example depicting a traffic conflict using the video analytics

technique (High-rise used for traffic monitoring in Trieste 2017)

Alghafli et al. (2013) investigated the operational conditions of the traffic accidents
and their severity and frequency at the intersections. They observed that the implementation

of the lead and lag signal phasing sequence significantly increased the probability of serious
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injuries or fatalities. Furthermore, they noted that many other important factors affected the
severity of the traffic accidents at the signalized intersections such as the vehicular speed,
number of left lanes and the traffic signal sequences.

Sha et al. (2016) applied the traffic conflict method to assess the safety of the
pedestrians at the signalized crosswalks, with the help of visual data derived from the 3-
legged intersections in Shanghai, China. Sha et al. (2016) used this technique for detecting
pedestrian and vehicle violations. Both these studies observed that the pedestrian-vehicle
conflicts were caused by the vehicles that turned right at the intersections with an allowable
right-turn phase. These vehicles were responsible for >60% of the overall conflicts.

Wang et al. (2019) proposed a novel predictive model that was based on the bivariate
Extreme Value Theory (EVT) framework. For this purpose, they used an unmanned UAV
for collecting the videos at different intersections in Feng Xian, China. Thereafter, they used
the Kanade-Lucas-Tomasi (KLT) technique that helped in mining all data from these videos
by relying on the metrics like Maximum Deceleration Rate (MaxD), Post-Encroachment
Time (PET), minimum Time-To-Collision (mTTC), and Time-to-accident (TA). They used
the MaxD, mTTC, and PET metrics to measure the evasive actions of the driver; whereas
the TA helped in determining the driver’s fault to the react perceive. The study estimated the
marginal probability of the accidents based on the above metrics with the help of the
Univariate EVT models. Their results indicated that the proposed model was more effective
in the cases where the accident data was either inconclusive or unavailable.

AlRajie and Ismail (2016) deployed a traffic conflict model to predict road conflicts.
The study was unsure about the efficiency of tools used for the traffic microsimulation during
road safety analysis. Hence, they studied the use of the traffic microsimulation techniques

while forecasting the disagreements ensuing between the cyclists and the right-turning
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vehicles at the different signalized intersections. They also assessed if the use of the attuning
models used for the traffic microsimulation defined the driver’s driving behaviour at the
signalized intersections, thereby improving the traffic conflict prediction. Their results
indicated that the VISSIM predicted the value since this model predicted the traffic conflicts.
The results also highlighted the significant relationship between the simulated conflicts and
the actual conflicts. The researcher determined a secure link between the calibrated models
that simulated the actual conflict. AlRajie and Ismail (2016) presented their results that

highlighted the use of conflict models in the prediction of road accidents.

Table 2.2: A review of the conflict-based models

Method Reviewed Models Considered Variables
e The total count of the
. . . conflicts (near-miss)
Field observation | e Eisele and Frawley (2005) e The rate of distribution of the
conflicts.
e Network geometry
« AlRajie and Ismail (2016) | ® Traffic stream data
. ¢ Signal Timing
. ! e Caietal. (2020) . '
Simulations Ny o Driver behaviour data
e Campisi et al., (2020) . =
e Sha et al. (2016) e Time-to-collision (TTC)
' e Post-encroachment-time
(PET)
o Traffic conflicts technique
e Guo etal. (2016) (TCT)
Videorecording | ¢ Wang et al. (2019) e Time to collide (TTC).
e The total count of the
conflicts

2.4.3 Non-accident non-conflict models

The non-accident non-conflict models were developed for overcoming the
limitations regarding the use of accident-based models in actual applications. These models

were not dependent on the conflict or accident data, but instead on the site characteristics
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(Anarkooli etal., 2021; Zheng et al., 2021). The non-accident non-conflict models integrated
the observable characteristics before determining the probable road safety issues (Wang et
al., 2019). Some of these observable characteristics included the road geometry, traffic
conditions, lighting, environmental and roadway conditions, lateral clearance, sight distance,
condition of the pavement surfaces, and the speed of approaching traffic (Yuan and Lu,
2008). Candappa et al.(2015) suggested a prior analysis before developing the non-accident
non-conflict models. Ranking of different parameters also helps in identifying the various
safety issues related to the severity of traffic accidents (Cheng et al., 2018).

Compared to the accident-based models, the non-accident models are easier to
implement as they are dependent on the data derived after surveying the site rather than using
the historical accident data that was collected in the past (Lu et al., 2008). The techniques
that use real-time data are easily implemented since they offer a safety condition in real-time
and use some data sources that simplify data analysis (Yuan and Lu, 2008). This further
allows the field safety engineers to adopt the different road safety processes.

In the past, several studies used non-conflict, non-accident models to predict the
occurrence of traffic accidents at an intersection. Mohammed (2012) described a new
approach that assessed and improved the safety performance at unsignalized intersections.
This technique is based on the existing condition of the unsignalized intersections like the
traffic control devices, lighting conditions, sight distance, pavement surface conditions, and
others. They also proposed a safety index that presented a diagnostic view of the safety
performance of these unsignalized intersections. They deployed this model in Fallujah city,
Iraq, after conferring with the safety engineers about its utility regarding its safety

performance.
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In another study, Yuan and Lu (2008) used a non-accident non-conflict model to
predict road accidents at different intersections without using any accident data. They stated
that though the traffic accident analysis is usually carried out with the help of raw traffic
data, it is not always possible to use these applications. This could be attributed to the fact
that these applications require a large data quantity, which is not always available, or the
data could be inconclusive. Hence, in the absence of sufficient data, like accident history,
the study found it very difficult to carry out traffic accident analysis. To resolve these issues,
Yuan and Lu (2008) proposed a new approach that can help in analysing traffic accidents
without using any accident data. The study used metrics such as the condition of pavement
surfaces, road geometry design, sight distance, and others, to develop the non-accident non-
conflict model. This model was used on a project that was sponsored by the Department of
Transportation, China, entitled the ‘Safety Design of Highway Intersections’.

Yuan et al. (2008) proposed another technique for assessing the safety of the highway
intersections using the existing factors like the condition of the pavement surface, sight
distance, road geometries, traffic control, signal phasing, and others. This is a non-conflict,
non-accident model that can be used to highlight the safety performance of the highway
intersections, based on the field conditions determined earlier. They also ranked the
corresponding countermeasures depending on the cost-benefit analysis. Their findings
indicated that this model is very useful and could be applied by the safety engineers in the
field for improving road safety performance at highway intersections.

Yuan and Lu (2009) carried out a similar study where they developed a non-accident,
non-conflict model using the existing conditions at the intersections like traffic signal timing,
sight distance, phasing, traffic control devices, pavement surface condition, road geometrics,

and others. Initially, the study surveyed the above-mentioned conditions and developed a
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safety index that highlighted the safety performance at the intersections. The study also
ranked the corresponding countermeasures that were recommended based on the cost-benefit
analysis.

Table 2.3 presents the summary of the different Non-Accident Non-Conflict Models.

Table 2.3: Review of the non-accident, non-conflict models

Reviewed Models Considered Variables Remarks

This model is

e Lighting conditions simple and cost
e Mohammed (2012) * Slght_dlstance . effective for

e Traffic control devices .
e Yuan and Lu (2008) o predicting the
e Yuan etal. (2008) e Pavement surface conditions road accidents
e Yuan and i_u (2009) o Road_Geometries _ if the accident

: e Traffic Control Phasing data was
e Traffic signal timing inconclusive

As the historical data did not present any real-time information related to the area of
study, there was a need to develop the non-accident, non-conflict model. As mentioned
above, this model was not dependent on the traffic conflict or accident data but used the
observable and available site characteristics (Lu et al., 2008) such as the traffic conditions,
environment and roadway conditions, lateral clearance, sight distance, road and intersection
geometrics, lighting, pavement surface condition, and the speed of approaching traffic, and
others (Yuan and Lu, 2008). However, some information could also be derived through
interviews, like the environmental condition noted on the earlier day, nature of the traffic
occurrences on the earlier day, and techniques that could help in improving the conditions
that were identified by the non-conflict, non-accident models or any other models (accident
models or the conflict models). Interviewing the experts working in the traffic department
revealed many techniques that could be used for improving the conditions determined by the

non-conflict and non-accident models.
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2.4.4 A summary of the different theoretical accident models

In this study, the study drew a lot of inferences after reviewing the studies published
in the literature. They also determined the differences in the application of the safety
performance models under varying conditions (Table 2.4). The applicability of the different
models depended on the road conditions like the intensity and frequency of traffic on the
roads. A very complex road design and traffic interactions significantly affected the use of
the non-accident, non-conflict models, as the study environment required a higher expert
judgement.

However, no single model was designed for the general application. It was noted that
the application of the accident-based and conflict-based models needed modification factors
related to the local regions. Most of the models could be applied to the regional areas and
could not help in analyzing the traffic safety in different countries or regions. If these models
are used in other areas, they need to be calibrated using the local data, except in the case of
the non-conflict, non-accident model that relied on expert judgement.

It was noted that the conflict models were based on the subjective definition of a
conflict. Before using these models, the study needs to define the characteristics of the
conflict. Hence, they need to accurately identify the nature and type of conflict. Video
recording of the data was the recommended strategy that could help in determining the
conflicts on the roads. For improving the statistical consistency, these defined near-miss
accidents and conflicts need to achieve a particular statistical significance level. The main
objective was to deploy scientific approaches to define the conflicts and eliminating the

subjective perspective of the study.
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Table 2.4: A summary of the safety performance models under varying conditions

Accident Models

Conflict Models

Non-accident, non-Conflict

Models

Highly objective while

judging accidents

Subjective while
determining the near-miss

cases

Require Professional judgment

Can be used in various

traffic conditions and

high/ low traffic volume

Preferrable when traffic

volume is low-to-moderate

Can be used under conditions
requiring professional analysis,

especially design issues

Can be

adequate

used when
research is
conducted as accidents

are not frequent

Can be used under buffered
time circumstances; since
the analysis of ‘near-miss

cases require a few days

Requires a short to long

duration for research. The
models offer instant design data

for roads and intersections

Any inference made

using a  short-term
accident frequency s
unreliable as accident

occurrences are often

random.

Video footage is generally
used for determining the
predefined conflicts;
however, observations can

be used in-some cases.

Requires expert judgment

Is not useful if accident
data is not available or is

inconclusive.

Can be used if accident data
is inconclusive or

unavailable.

Is useful even if the accident
but,

requires professional judgment

data is not available,

Finally, when using the accident models, the study needs to include measures for

eliminating the random factors that cause accidents. Their aim must be to ensure that all

probable causes of the accident have been identified and then accurately simulated.

Thus, as shown in the above table, the non-conflict, non-accident models were very

helpful in deriving the data regarding the probable safety issues within a short duration. They

can be implemented easily and require the expertise and experience of the field safety
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engineers for conducting the surveys in the specified regions. On the other hand, the accident
models are complex and require a lot of time for collecting and analysing the data. The data
derived from the non-accident; non-conflict model is analysed with the data derived from
the accident models for acquiring a very favourable safety evaluation that can be studied

more thoroughly in future.

2.5 Red-light camera system violation (running violation)

Red-light running, also called red-light camera signal violation refers to the state
where the road users like cyclists or drivers enter the intersection after the signal has turned
on (which is, the signal turned red). The user is said to enter the intersection if they cross the
stop lines at a signalized intersection (Zhang et al., 2021). This red-light signal violation is
also be applied to pedestrians, if they enter the intersection when the pedestrian’s signal turns
on (which is, becomes red) (Zhang et al., 2021). However, there are few exclusions to this
definition. For instance, when road users accidentally enter the intersection when the signal
turns red (which is, those users who wish to turn left), but get ignored, are not considered as
red-light violation perpetrators (Zhang et al., 2021).

Many factors are responsible for the red-light violation, such as demographic issues
like the gender and age of the driver, vehicle condition and the road condition, in addition to
user behavioural factors, like the driver’s attitude and their speeding habit (Zhang et al.,
2021). In some cases, the red light is violated due to unintentional factors such as if the driver
is drowsy, sick, distracted or loses sudden control of the vehicle, vehicle malfunction or
user’s inability to access the intersection. The study also noted that the younger drivers (aged
from 18 to 25 years) were more likely to violate the red-light signals, compared to older

drivers (Zhang et al., 2021).
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2.6 Efficiency of the automated red-light signal camera system

A few studies evaluated the effectiveness of the red-light signal camera system in
preventing accidents at the signalized intersections by determining the decrease in the traffic
accident frequency or comparing the average number of multiple accidents before and after
the red-light signal camera system was installed (Meuleners et al., 2018). They carried out a
comparative analysis to determine the overall number of traffic accidents before and after
the installation. This was done to understand the regulatory effect of the red-light signal
camera system. In this technique, if the number of traffic accidents after the installation was
higher than those before the installation, the red-light signal camera system was deemed
ineffective for controlling the red-light violations (Meuleners et al., 2018). However, if the
number of road accidents/ red-light violations were lower after the installation than before,
the system was very effective in controlling the road accidents and red-light violations
(Meuleners et al., 2018).

Many studies examined the effectiveness of installing an automated red-light signal
system in controlling accidents. Meuleners et al. (2018) noted that the installation of this
automated system helped in significantly decreasing the number of traffic accidents by 22%.

Walden (2011) studied the efficiency of the red-light violation camera system that
was installed in Texas, USA. They observed a >23% decrease in the number of traffic
accidents within 1 year after the installation of this automated red-light camera system. In
the second year, this decrease rose to 27% in comparison to Year 1; while in Year 3 this
value was 21%.

Additionally, Park et al. (2018) also investigated the effectiveness of installing the
automated red-light violation camera system at the signalized intersections in reducing the

red-light violations and the resulting accidents, after comparing the frequency of traffic
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accidents before and after the deployment of this automated system. They observed that 24
out of the 27 intersections that were studied showed a significant decrease in the number of
red-light violations and the relative side-impact accidents. On the other hand, 10 out of the
27 observed intersections showed a minor increase in the number of rear end accidents.
Furthermore, the study also noted that the installation of the automated systems was
responsible for a 25% decrease in the number of traffic accidents associated with red-light
violations. They reached this conclusion after carrying out a comparative analysis of the
number of accidents before and after the deployment of the automated system. They also
noted that before the installation, around 585 traffic accidents took place at all the
intersections within one year, which decreased to 413 (which is, a 30% decrease) after the
automated system was installed. They also noted that before the installation, 263 side hit
vehicle collisions took place due to red-light violations that decreased to 151 collisions
(which is, a 43% decrease) after the automated system was installed. They presented
additional data regarding the statistics of rear hit accidents, where they stated that 105 rear
hit accidents occurred every year before the installation of an automated system every year,
which increased to 113 accidents (which is, 5.2% increase) after the system was installed.
Despite the slight increase in the average number of rear hit accidents, 65% of the surveyed
intersections showed a decrease in the frequency of rear collisions after the automated red-

light signal camera system was installed.
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2.7 Relationship between the elapsed time from the onset of the red signal until its

violation and traffic accident occurrence

2.7.1 Dilemma zone in traffic signal

The reaction of the drivers (determined by the elapsed time from the onset of the red
signal until its violation) is often affected by dilemma zone. As traffic light changes from
green to yellow, the drivers approaching the intersection must quickly on whether to continue
through the intersection or stop (Gates and Noyce, 2010; Gates et al., 2007). When faced
this situation drivers often experience anxiety as there are some serious consequences if
incorrect decision is made. For instance, drivers who are close to the interaction risk getting
rear-ended if they abruptly stop when they supposed to proceed, and drivers who are further
away from the intersection risk running red-light if they choose to proceed when they ought
to have stopped (Gates and Noyce, 2010; Gates et al., 2007). This situation is what is known
as dilemma zone.

According to Gates et al. (2007) there are two types of dilemma zones: type | and
type Il dilemma zones. The first type of dilemma zone (type I) occurs in situations where the
time between yellow and all red is insufficient. This causes a situation where some drivers
cannot safely clear an intersection without considerable acceleration (Gates and Noyce,
2010; Gates et al., 2007). It also causes a situation where some drivers cannot stop in time
without uncomfortable braking in case light turns red (Gates and Noyce, 2010; Gates et al.,
2007; Hurwitz, 2009). This type of dilemma zone can be corrected or resolved by increasing
time interval between yellow and red signals (Gates et al., 2007; Li et al., 2010).

The second type of dilemma zone (also known as type Il dilemma zone) is caused

mainly by driver behavior, and it is the most common type of dilemma zone as discussed by
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Gates et al. (2007) and Kang et al. (2020). According to Papaioannou et al. (2021), this is
dilemma zone “is the area upstream from the stop line between where more than 10% and
less than 90% of drivers would choose to stop, in response to the yellow light indication™.
As further discussed by Papaioannou et al. (2021), location and size of indecision zone in an
intersection depends on a number of factors, however, it mainly occurs between 2.5 and 5.5
seconds upstream of the stop line.

This zone is also known as the indecision zone. As postulated by Wu et al. (2013)
and Tang et al. (2015), this type of dilemma zone can be resolved implementing driving
warning indicators such as flashing amber (yellow) light), green signal count down,
overlapping signal indication and flashing green, and blank out overhead dynamic advance
warning system. All these interventions are meant to warn drivers of an impending signal
change and hence are needed to stop (Bak et al., 2021; Gates and Noyce, 2010; Gates et al.,
2007; Hurwitz, 2009; Pawar et al., 2022). As such Wu et al. (2013) state that implementation
of these interventions can help drivers a the intersections have an understanding of the traffic

signals.

2.7.2 Previous literature on driver reaction time and occurence of red-light

violations

Very few studies have examined the relationship between the elapsed time after the
onset of a red signal to its violations and the occurrence of traffic accidents. However, a few
studies did study this relationship indirectly. For example, Bonneson et al. (2002) determined
the relationship between elapsed time after the onset of the red signal until its violation (red-

light running). They noted that most red-light violations (which is, > 90%) occurred within
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2s after the red light turned on. They also noted that half of these red-light violations occurred
within 0.5s after the red light was turned on at the signalized intersections.

McCartt and Hu (2014) used the logistic regression model to determine the
correlation between the time elapsed after the red signal turns on and it is violated. They
noted that 39% of the red-light violation cases occurred within 0.5s after the onset of the red-
light signals at the signalized intersections. They also noted that 86% of red-light violations
occurred within 1.5s after the red light was turned on.

Even Yang and Najm (2006) used the logistic regression technique to determine the
connection between the time that elapses after the red light is turned on and the number of
red-light violations. They noted that 94% of the red-light violations occurred within the
initial 2s, while only 3% of the red-light violations took place after 5s of the onset of red
lights. A similar study was conducted by some other studies (Wang and Sharma 2017) who
noted that 94% of red-light violations took place between 1-2s after the onset of red light.
They also observed that =50% of these violations took place within 0.5s after the onset of
red light. As the red-light violations can be directly related to the occurrence of traffic
accidents at the signalized intersections, it could be concluded that most of the traffic
accidents related to red-light violation occurred within 2s of the red-light turning on.

The relationship between the time elapsed between the onset of the red signal to its
violation and occurrence of the traffic accident can be investigated using different accident-
based models like Poisson regression, Logistic regression, Linear regression, and others.
Yang and Najm (2006) used the following logistic model to determine the relationship

between the elapsed time after the onset of the red-light signal and its violation:

elaxtB1Xi+ BXip+-... BiXik)

Pi = 1+ ele+PBiXin+ BaXip+....BXik) 23
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(2.4)
i.  Piis adependent variable, where the probability of yi = 1. Yang and Najm (2006)
considered Pi = 1 (where 1 is the speed of violating vehicle > PSL (Posted Speed

Limit) or it indicates the time elapsed from the onset red light signal > 2s after the

user violated the red signal). Thus, 2 dependent variables are used in the study, as

follows:
e Speed of the vehicle that violates the red light (if it is higher or lower than the PSL).
e Time elapsed after the onset of a red light
Here.
o = Constant term
B = Coefficients related to the explanatory variables (or independent variable) - x1 to xk.
Yang and Najm (2006) used different explanatory variables (independent variables) like
vehicle year, driver’s age and gender, violation time and location.
. i=1,...... n individuals.

In addition to logistic regression, many regression models could be used for
modelling the traffic data. However, it must be noted that the logistic regression model is
only used if the dependent variables were binary. If the dependent variables were not binary,
many other accident-based regression models can be used, like multiple linear regression,
nested logit regression, Poisson regression and NB regression models. All these regression

models have been discussed in the Method Section.
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2.8 Safety performance function

There have been several studies conducted to determine the effectiveness of reducing
speed limits enacted due to changes in laws/regulations, special transition zones, variable
speed limits, and dynamic message signs. The results from these studies have confirmed that
the driver's speed affects the severity of accidents due to the relationship between vehicle
velocity, absorbed energy upon impact and kinetic energy according to Wang and Sharma
(2017).

In order to evaluate the safety performance of signalized intersections before and
after implementation of an intervention policy, Miaou and Lord (2003); Carriquiry and
Pawlovich (2004); Guo et al. (2020); Salah (2020); Tang et al. (2020); Wu et al. (2020); Lan
and Srinivasan (2021) recommend Empirical Bayes (EB) technique for traffic related
problems. The technique controls for the effects of potential confounding factors such as the
long-term trends, exogenous changes in traffic volume and regression-to-the mean
(Carriquiry and Pawlovich, 2004; Chakraborty et al., 2020; Khattak and Fontaine, 2020; Li
etal., 2021; Lord et al., 2021; Shahdah, 2020; Srikanth and Srikanth, 2020; Ali et al., 2021).
Empirical Bayes technique is mainly used to determine to expected number of accidents
before implementation of a treatment and comparing the results with the actual recorded
number of accidents after implementation of the treatment (Carriquiry and Pawlovich, 2004;
Guo et al., 2020; Lan and Srinivasan, 2021; Miaou and Lord, 2003; SALAH, 2020; Tang et
al., 2020; Wu et al., 2020).

EB involves five steps: determination of the safety performance function (SPF),
determination of overdispersion parameter (¢), determination of the relative weights (o), the

expected number of accidents if the treatment were not implemented (x) and the

effectiveness index (6) (Chen et al., 2021; Ibekwe et al., 2020; Lyon et al., 2020; Persaud et
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al., 1999; Shahdah, 2020; Wood and Donnell, 2020). These factors are often determined as
follows:
SPF=Bo+B1X1+P2X2+PsXs+E (2.5)
Where:

SPF = Safety Performance function

Bo = Constant

Bi = Coefficients

X1 = Enforcement speed

X2 = Average Hourly traffic volume

X3 = Number of lanes

The use Empirical Bayes (safety performance function) helps highlight the
performance of an intervention policy before and after the intervention. Therefore, to

highlight all the safety aspects at the signalized intersections, Empirical Bayes may be used.

2.9 Road safety auditing on Signalized intersections

Based on all the information derived from the above-mentioned theoretical models,
the study concluded that the accident models could be used for evaluating (auditing) the road
safety parameters at the signalized intersections and determining some solutions for the
problems. It was attributed to the fact that data presented by the accident models could be
used by the traffic authorities for making informed decisions related to the steps that could
be implemented for alleviating the safety issues noted at the signalized intersections (Komol
etal., 2021; Mondal et al., 2020; Rahim and Hassan, 2021; Zheng et al., 2021). For example,
they could accurately identify the sections of the signalized intersections (like the main left,

minor left, main through or minor through) that faced a higher frequency of traffic accidents,
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using the theoretical accident models (Arun et al., 2021; Fu and Sayed, 2021a, 2021b; Komol
et al., 2021; Mondal et al., 2020). They could also determine the human factors that led to
traffic accidents at the signalized intersections and other intersections. This information
would help in evaluating (auditing) the traffic safety at these signalized intersections.

However, it must be noted that out of the above-mentioned theoretical models, the
Road Safety Auditors generally relied on expert opinions to determine the traffic safety
factors and identifying the probable safety issues (which are, Non-Accident Non-Conflict
Models). Road Safety Auditing (RSA) includes a formal safety performance analysis,
followed by the examination of the roads, intersections and any road plans proposed by
different people (audit team). These safety audits help in assessing any size of projects, like
a minor or a mega project. Furthermore, the auditing process includes many stages, wherein
the different teams play a vital role by contributing to the general objectives of the audit
plans. Specifically, the auditing team must examine the signalized intersection, wherein they
must consider the drivers, pedestrians, and the probability of the occurrence of a traffic
accident owing to the site status. This auditing process can differ in different regions. In this
study, the authors considered 3 models used in Denmark, Norway, and United Kingdom.
They studied the variations in the RSA procedures used in these countries after
understanding the role played by every entity, from the initial to the last stages. As this study
relies more on the SPIs, the authors have primarily focused on the set of SPIs, safety factors
and duration of the road safety analysis.

Just to note that in the UK, the SPIs that were determined after the completion of the
RSA process on the signalized intersections included 7 major parameters. These parameters
were described as SPIs and included the speed of the vehicle, alcohol, and drug usage, use

of daytime running lights, use of protective systems, roads joining the intersections, passive
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safety (vehicles), and trauma management. On the other hand, in Norway, the SPI factors
included the accidents, probability of the occurrence of an accident, sight distance of the
traffic signs and all markings on the surface of the roads. However, the Danish model
focused on the design and experience of the auditing team.

After evaluating the 3 models, the authors noted that the auditors reassessed the same
intersections after 12 months since the inception of the project. The main risk factors that
were included were the probable hazards that the motorists would experience after the
intersection was reopened for use. Particularly, in the UK, the guidelines stated that the
auditing team must reassess the intersection within a short period of its opening, after an
accident and shortly before their contract expired (Niaki et al., 2014). This was not
implemented in the Danish and Norwegian models, as both these models stated that the
reauditing process must be rapid, despite the occurrence of any accident at the site.

The traffic audit model used in Abu Dhabi was similar to the 3 models described
above. Abu Dhabi’s RSA manual included 5 stages, which are, feasibility design audit stage,
preliminary design stage, followed by the detailed design stage, site opening stage and post-
construction monitoring stage. Though each stage was carried out differently, they shared a
few similarities with the above 3 models (Danish, Norwegian and UK).

The differences between the processes were with regards to the people involved in
the project like auditors or engineers. Specifically, the engineers involved in the Abu Dhabi
model had to possess road safety expertise and professionalism in the field. This helped in
ensuring that all road safety precautions were considered before Stage 1 was implemented.
However, the RSA model used in the UK did not require the auditors or engineers to possess
professionalism or safety expertise, since they were expected to possess general expertise

along with other skills.
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The difference between all the above models, including the Abu Dhabi model, can
be noted in the last stage. In the case of the Abu Dhabi model, the last stage was divided into
2 sub-stages, wherein the first was the data-based investigation in the safety at the
intersection; while the second included the study regarding the probability of the occurrence
of an accident owing to some modifications that were proposed for the road. The previous 3
models only included one last stage where the engineers and clients determined the safety
and evaluated the budget used for the complete project.

Despite all the benefits, Abu Dhabi’s RSA model showed some limitations. In this
model, the post-construction monitoring stage was carried out after a year, where the
engineers assessed the accidents and challenges that took place due to the design of the
intersection. Though this period was similar to that used by other international road safety
measures, it was decreased to 6 months, where the SAAED and the Abu Dhabi Police,
provided data derived from the traffic accidents and road accidents (Belcher 54). The
SAAED and police had to carry out post-construction monitoring, which was the last step
before the road was declared safe.

In conclusion, the 3 models (Danish, Norwegian and UK) of RSA that evaluated the
signalized intersections, adhered to the RSA standards recommended by the international
bodies, with a few minor differences. All involved entities have been described in the 3
models; however, the difference lies in the role played by every entity during the RSA. The
last stage of the RSA includes the monitoring process, which considers different SPIs. The
auditing team studies the SPIs even if the project has been completed. All 4 models showed
that there was no fixed set of SPIs. In this study, the authors did not define any major SPIs

even after the intersections were opened for public use.
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2.10 Limitations of accident-based models and importance of qualitative data

(interviews)

In the past, a few studies (Shi and Abdel-Aty 2015; Siddigi and Sharan 2015) used
accident-based and non-accident-based models to identify the main factors that affected the
number of traffic accidents occurring at the signalized intersections and proposing some
solutions for the observed issues. Moreover, in some cities such as Abu Dhabi, the
municipalities relied more on Standards in designing the roads. Most of these designs have
similar geometrical features such as the number and location of mast arms if the signal heads,
number of signal heads, the shoulders, medians, etc. On the other hand, the operation of the
signalized intersections may change after a while from opening of the intersection such as
changing the signal phasing type and adaptive control unit; or it can get affected by other
factors such as the speed of the corridor. However, the determination of the other factors
and the solution for these issues requires the perspectives and opinions of academicians and
other experts from the transport department. Hence, the study collected qualitative data in

this work.

2.11 Research gap (significance of this study)

Abu Dhabi is a very modern city, which is attributed to the recent infrastructural
developments carried out in the city. One such infrastructural development includes
improving the roads in the city. However, many traffic congestions are noted at the
intersections. To improve the traffic flow within the city and preventing any delays caused
because of traffic congestions, the Department of Transport, Abu Dhabi, deployed a

signalized phasing system at the different intersections. However, as shown in Table 1.1 and
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as mentioned by the Traffic Engineering and Road Safety Department, the deployment of
the Lead-lagged signal phasing system (between 2013 and 2021) at the intersection was one
of the Top 10 reasons for increased traffic accidents in the city. This indicates that though
the Lead-lagged signal phasing system enhances the traffic flow and decreases the traffic
delay, it leads to many accidents. Thus, it is essential to determine the factors contributing
to these accidents and propose ways for decreasing these accidents.

In this regard, the Abu Dhabi government has undertaken numerous initiatives for
minimizing road accidents and number of fatalities and injuries occurring at the road
intersections. However, despite their efforts, the road intersections are still responsible for
many severe traffic accidents, red-light violations and property damage related to the road
accidents (AlKheder, 2023). According to the Traffic Engineering Department in Abu Dhabi
Police (2019), the accidents taking place at the signalized intersection (especially the 3-leg
and 4-leg intersections) are mainly responsible for a significant portion of the total road
accidents occurring in Abu Dhabi city. In order to help the traffic safety authorities in Abu
Dhabi determine the major factors that have affected the safety performance at the signalized
junctions in the city, the impact of the road geometric and operational conditions on traffic
accidents, and the number of pedestrian accidents (safety performance indicators) need to be
examined.

In 2018, the Abu Dhabi Police declared that a new traffic rule would be implemented.
This entailed removal of the speed buffers from all roads in the municipalities. The removed
speed buffer would then be added to the speed limit. Initially, if a road intersection had a
speed buffer of 20 kph and the road speed limit is 60 kph, the driver would not be charged
for exceeding the speed limit by up to a maximum of 20 km/hr. In the new proposal, the

speed buffer would be removed, and the buffer amount added to speed limit. Therefore, the
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new speed limit would be 80 km/hr without any speed buffer. If a driver exceeds this limit,
he would be prosecuted. This decision was made for homogenizing the road traffic rules in
Abu Dhabi City as per the international rules. According to the local authorities, the
implementation of this rule would decrease the number of accidents at the signalized road
intersections in Abu Dhabi. However, despite a number of years passing after
implementation of the rule, to the best of the author’s knowledge, a few studies (if any) have
studied the real effect of this initiative on traffic safety in Abu Dhabi. This study helps in
bridging this gap by examining the success of implementation of this initiative in improving
the traffic safety performance at the signalized intersections (3-leg intersections, 4-leg
intersections, and other forms of signalized intersections like signalized roundabouts or
intersections that have raised curbs in the middle of the intersection).

It has been shown that the red-light violations (or red-light running) have
significantly contributed to traffic accidents. In 2011, for instance, the red-light violation-
related traffic accidents were responsible for 6% or more of the total traffic accidents
(Goldenbeld 2016). However, this value is even worse in the major cities. For example, in
2016, 46% of road accidents that occurred in Abu Dhabi and Dubai were due to red-light
violations (Goldenbeld 2016). Studies show that the main contributing factor that led to the
red-light violation in cities across the world was the human factor such as the reaction of the
driver at the dilemma zone (Harth et al., 2022; Wang et al., 2022). This means that when the
signal changes from green to amber, the driver’s decision to keep the same speed and they
enter the intersection after the signal turn red may cause an accident or a near miss.

Though many studies have showed that the red-light violations are mainly due to the human
reaction time after the onset of red light, very few studies investigated this factor in Abu

Dhabi. This study helps in bridging the gap by investigating the relationship between the
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elapsed time after the onset of red light and the time when the violation occurred (which
forms the measure of the human reaction time), leading to traffic accidents at different road

intersections in the Abu Dhabi City.

2.12 Summary

The study intended to understand the road safety factors for determining the SPIs, by
using the safety performance models. These models consider all probable causes of traffic
conflicts, accidents, and incidents, that involve traffic and people using the intersections.
The study used 3 perspectives of the safety performance models for improving intersection
safety, which are, accident-based, conflict, and non-accident non-conflict models. Out of
these, the accident-based models consider the probability of any occurrence of accidents in
the region after determining the number of accidents in the same or similar region and
associating it with other factors (human behaviour, road geometry, weather, and road
conditions). It must be noted that these models cannot effectively predict road accidents but
are used to identify the factors associated with the accidents. On the other hand, the traffic
conflict analysis helps in determining the ‘near-miss cases that can be noted within a short
time, and the authors do not have to wait for a long time to derive the accident data.

The accidents that occur at the signalized intersections can be easily predicted by the
non-accident, non-conflict models. This model evaluation is based on the personal judgment
and perspectives of the traffic safety experts. In many cases, the traffic safety experts only
focus on the intersection geometry, road characteristics and type of traffic control systems
used. Most of the models can be used only in the local areas, and not to analyze the traffic

safety parameters in other areas or countries. If the models must be used in other regions, it
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needs to be calibrated to those areas, except the non-accident non-conflict model, since it
solely relies on the judgement of the road experts.

This indicated that the combination of the accident-based and the non-accident, non-
conflict models can be used for a more accurate RSA process. Furthermore, the 4 stages of
RSA indicated that no defined set of SPIs were used for assessing the safety performance of
the intersection after its opening. Hence, in this study, the authors proposed some safety
indicators using the accident-based models and conflict models for improving the non-
accident non-conflict-based model, proposed by the RSA for monitoring the safety

performance at the different intersections.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

This chapter specifies the approaches, methods, and processes employed to achieve
the study objectives. The first subsection presents several research techniques (qualitative
and quantitative), research design formulation, data gathering methods, and data assessment
approaches.

This study relied on three different research methodologies, including gquantitative
and qualitative approaches, towards the fulfilment of the study objectives. Creswell and
Creswell (2017) indicated that quantitative techniques comprise gathering and analysing
data. This approach is employed for evaluating hypotheses validity using numerous
statistical analysis methods (Creswell and Creswell, 2017). In contrast, the qualitative
approach comprises comprehending different viewpoints and perspectives concerning the

subject matter (Sim, 1998).

3.1.1 Research methodology used in this study

This paper relied on both qualitative and quantitative research approaches
(sequential research) to fulfil the objectives specified in Chapter 1. Objectives 1 to 3
warranted using quantitative research methods since numerical data gathering and
assessment were necessary. The objectives comprised evaluating the impact of geometric
road characteristics on the safety aspects concerning signalized intersections in Abu Dhabi;

ascertaining the correlation between the time between red signal onset and traffic violation
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and the causality concerning traffic accidents at intersections in Abu Dhabi; and ascertaining
if the elimination of speed buffers followed by an equivalent increase in speed limit would
enhance traffic safety characteristics specific to signalized junctions.

This work employed the qualitative research approach to fulfil Objectives 4 and 5,
as specified in Chapter 1. It facilitated the development of safety experts' perspectives
concerning approaches to enhance the safety characteristics of signalized intersections in
Abu Dhabi based on the issues found during the quantitative phase. Briefly, these targets
comprised: ascertaining various standards used by road safety auditors during their
inspection of signalized intersections, suggesting practical safety performance metrics
capable of being used as standards by the authorities for devising signalized intersections
and enhancing the operations concerning service characteristics. Figure 3.1 depicts the

research approach used for this research.
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Figure 3.1: The sequential mixed method (Creswell and Creswell, 2017)




This study was performed in two phases (stages). The first stage comprised the
quantitative aspect (stage 1 or phase 1) that helped fulfil Objectives 1 to 3. The Empirical
Bayes (EB) and Poisson regression statistical approaches were used for fulfilling the
specified objectives. The other part of this work comprised qualitative assessment performed
through interviews to determine the opinion and thoughts of traffic safety experts concerning
efficacious traffic handling to reduce traffic accidents at signal-regulated junctions in Abu
Dhabi.

The interviews were conducted in two parts 1 and 2. The first comprised questions
concerning the decision approaches for enhancing or changing signalized junctions. This
information could facilitate a comprehensive understanding of the lack of safety
characteristics concerning the decision approaches. The second part of the interviews
comprised questions on the importance of variables ascertained during the first phase.

Additional information is provided later in the chapter (Phase II: Qualitative data).
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Figure 3.2: The phases of this present study

3.1.2 Research strategy

Numerous research approaches can be employed to fulfil study objectives,
including case studies, surveys, interviews, ground assessments, archival and action
research, and experimental research (Naim, 2018). Researcher Naim (2018) indicates that

the archival research approach comprises gathering and evaluating stored data from global
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databases like OECD, CompStat, the World Bank and other government authorities like the
Abu Dhabi police traffic accident database. Research works can collect such data from
published works in journals, reports, books, periodicals, or other sources. This approach
facilitates collecting both quantitative and qualitative data. In contrast, surveys comprise the
use of questionnaires for data collection. These questionnaires are circulated within the target
set required to answer questions concerning the research subject. Interviews are typically
based on telephonic or in-person interactions between respondents and interviewers, who
ask questions concerning the research area.

Moreover, virtual interviews can be conducted using virtual meeting software to
fulfil COVID-19 social distancing requirements. The respondents are required to answer to
the best of their ability. Several interview questions might be open-ended.

This research work can use data gathered from laboratory experiments that might be
based on field studies. Experimental studies typically compare real-world data with the
control data. Moreover, case-study-based works using a research strategy approach require
academicians to assess a problem in the practical context. This study evaluated the aspects
contributing to traffic accidents at intersections in Abu Dhabi. The objective is to enhance
road safety at such junctions.

This work employs three approaches (archival research and interviews) to achieve
the research goals. The case study technique was used to evaluate a challenge that impacted
the community in a practical context. This challenge comprises traffic mishaps occurring at
signalized intersections in the practical context of Abu Dhabi. This work is based on primary
and secondary data sources. The Abu Dhabi Traffic Police and Abu Dhabi Municipality
databases were secondary sources. Interviews helped gather primary data from transport

sector stakeholders.
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The archival research approach comprised performing statistical evaluation on
secondary data about accidents at several Abu Dhabi intersections. The Abu Dhabi Traffic
Police database was the data source, while traffic volume and traffic accident management
data were gathered using the Abu Dhabi Municipality database. It should be noted that the
two databases were archives. Archival research comprised a literature review to gather
secondary data indicating traffic accident patterns in Abu Dhabi. Data was gathered using
libraries and online sources like Google Search, Google Books, Scopus, Google Scholar,
ProQuest, PubMed and the Web of Science collection. Additionally, reports, journals,
conference briefs and books were assessed.

Snowball and keyword methodologies were used to gather precise data from the
specified sources. The keyword approach comprises specifying keywords associated with
the research problem in search engines (Siddigi and Sharan, 2015). The search results are
evaluated, and specific relevant works are shortlisted (Siddigi and Sharan, 2015). The
snowballing approach comprises processing research citations and bibliographies to access

related articles (Spanos and Angelis, 2016).

3.2 Phase I: Quantitative data analysis

As specified before, this research is based on the quantitative research approach to
address the three quantitative objectives. Briefly, the objectives comprised — evaluating the
impact of road geometry on the safety characteristics of signalized intersections in Abu
Dhabi; Ascertaining the correlation between the "elapsed time between the onset of a red
signal and time of traffic violation" and the time of traffic accidents at intersections in Abu
Dhabi; and, evaluating if the elimination of speed buffers, followed by an equivalent increase

in speed limits, enhances safety characteristics at signalized intersections.
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Abu Dhabi is distinct from most major cities in several nations because the driving
speed at intersections is highest compared to developed nations; for instance, intersections
might have a limit of 100 km/h at the entrance, which equals the highway speed limits
outside the United States. Furthermore, it is unlikely that the speed buffer has been
eliminated and the corresponding speed limit has increased equivalently. Hence, the
enforced driving speed equals the limit prescribed on the sign. Also, the signalling protocol
has been altered directly based on existing systems without implementing the change or
Issuing warnings to drivers, considering the objective of enhancing traffic efficiency. Also,
the new signalling approach is employed in cities with a speed limit of 60 kph (40 mph).

It should be noted that Abu Dhabi has implemented intelligent systems to enforce
traffic rules at intersections, identify red light violations, and use the gathered data to

determine the time a vehicle requires to enter the intersection after the signal turns red.

3.2.1 Data Collection:

To fulfil the initial three objectives (quantitative aspects), several data sources would
be used to ascertain the safety characteristics at signalized intersections in Abu Dhabi (Figure
3.3). The principal data sources comprised data from the Department of Transport (DoT),
the Department of Urban Planning and Municipalities, and the Abu Dhabi Police. The police
department has the responsibility to use the Federal Traffic Database to maintain the data
pertaining to traffic accidents. The DoT maintains the data pertaining to intersection-specific
signal phasing techniques, whereas the Department of Urban Planning and Municipalities

gathers information concerning road and intersection design rework.
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Figure 3.3: Data Collection Process

After reviewing Abu Dhabi signalized intersection, the intersections have been
classified into three categories: 4 leg signalized intersections, 3 leg signalized intersections
and others (different types of signalized intersections). Just to highlight, the different types
of signalized intersection those which do not have common geometrical conditions such as
a signalized roundabout, raised islands in the middle of the intersections or diverted entrance

compared to the through directions (Figure 3.4).
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Figure 3.4: Type of Signalized Intersections

In the context of signalized intersections, the speed limit for the primary transport
corridors has been enhanced to 80 kph from 60 kph. Such corridors comprised 17 signalized
intersections in 2011. The authorities eliminated the speed buffer in 2018, followed by an
equivalent increase in the speed limit, including displaying the upgraded limit on road signs.
Hence, 100 kph is the new speed limit for these corridors. Hence, this study categorises
signalized intersections as high-speed and low speed, as depicted in Figure 3.5.

High Speed Intersection Low Speed Intersection

Figure 3.5: Types of Intersection based on the speed limit
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Signalized intersections were assessed individually to ascertain the number of lanes;
physical visits and aerial images obtained from Google Earth were used to determine the
lanes in the forward and left directions (Figure 3.6).

In order to differentiate major road and minor road directions, it is presumed that the
pathways leading to the island (Abu Dhabi) and abroad are major while the roads at the side
are minor. Nevertheless, the case is different for the corniche roads, which comprises only
3-leg intersections; here, the straight roads are considered major, while the remaining

direction to the left is considered minor.
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Figure 3.6: Direction of movements determination and number of lanes

To ascertain the separation category distinguishing the through and left directions at
signalized intersections, the sites were evaluated physically or using aerial photos obtained
from Google Earth. The separations were categorised based on the three predominant types:
first comprises the physically raised middle island separating through from left. An extra

signal pole comprising two signal heads was considered separately (Figure 3.7).
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Figure 3.7: Sample intersection in Abu Dhabi for Signal Separation by Curb

The other category comprises the left and through pathways separated by ceramic
study and road indications. The last category does not consider any separation pertaining to
the left and through directions, indicating that every lane at the intersection is considered

identical (Figure 3.8).

Physical Curb Separation Road Marking Separation

Figure 3.8: Type of separation between through and left direction

Ascertaining the dimensions of the middle island comprised of physical inspections

or aerial information obtained using Google Earth (Figure 3.9).
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Figure 3.9: Estimating the size of the middle island using aerial satellite images on Google

Earth

To determining the type of number of zebra pedestrian crossing, each intersection
was inspected separately either by site visit or by aerial photo from google earth (Figure
3.10). Due to different developments around the intersection, the number of pedestrian
crossings varies. Moreover, all the pedestrian crossings in the were provided by dedicated
signal for pedestrian and has been tested for non-conflict movements with other vehicle

green direction by the Department of Transport in Abu Dhabi.

1 Pedestrian Crossing 2 Pedestrian Crossing 3 Pedestrian Crossing
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Figure 3.10: Number of Pedestrian Crossing
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To ascertain the signal phasing pattern, timing, and cycle time, the transport
department supplied data concerning the signal phasing pattern, which is typically fixed in
most circumstances. Nevertheless, signal timing and cycle duration can vary due to manual
or automatic peak-hour interventions. Hence, this study only evaluated the signal phasing
pattern. The Transport Department in Abu Dhabi employs two categories, i.e., Lead-Lag and
Split phasing sequences.

To ascertain traffic levels, the Abu Dhabi Department of Transport supplied daily
traffic averages for 2016, which was the most recent dataset available at the time of
requisition (late 2020). This set considered intersection-specific data, which is within the
purview of this study. Considering the developing nature of Abu Dhabi, several construction
works on roads created diversions or road closures at several signalized intersections.

In the context of traffic accidents and the accountability of handling such incidents,
we assume that every nation or major city has individually tailored handling methods based
on the capabilities, financial strength, and government competence necessary for such tasks.
Before 2008, all traffic accidents in Abu Dhabi were within the purview of the Police
Department, which was the sole body that issued reports. Nevertheless, after 2008, this
responsibility was outsourced to SAAED Company to handle minor traffic accidents free of
injuries to any individual. Hence, if no party involved in the traffic accident required
ambulance or hospital services, the accident was categorised as minor and injury-free. A
minor traffic accident report comprising property damage usually suffices.

Suppose any party involved in the traffic accident required hospital services,
including the issuance of a medical file. In that case, the traffic accident is categorised as
severe, which requires a severe accident report comprising a description of the injuries.

Injuries are categorised as minor, medium, or serious, as specified by the emergency report
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issued by the doctor. In the case of fatalities considering any party in the traffic accident,
direct impact, or accident-related death within the next 30 days is reported as death because
of the traffic accident. If the 30-day window elapses, the traffic accident is not attributed as

the direct cause of death; however, the degree of injury specified by the doctor is recorded.

Registered Accidents Data in Abu Dhabi Police Database

e B

Road Severe Accidents

(Ambulance should respond to treat the injuries) Road Minor Accidents

v
i Property Damage
Injuries (Vehicles or Infrastructure Damage)
—~ g
. ) Moderate . . .
Minor Injury Injury serious Injury Fatality

Figure 3.11: Accident Reporting in Abu Dhabi
After data collection, individual data sheets comprising varying aspects are collated
using the "VLOOKUP" function in Microsoft Excel. Additional data processing was
conducted to eliminate inconsistencies, outliers, or unnecessary data. The cleaned dataset

was then evaluated using several analytical methods.

3.2.2 Multicollinearity

This research comprises performing many regression assessments. Nevertheless,
multicollinearity concerning the independent variables is a primary concern. It comprises a
significant correlation concerning two or more predictor variables used in the regression.
Consequently, it becomes challenging to ascertain the effects of individual variables (among

the correlated variables) or the regression, leading to reduced model accuracy. Moreover,
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variables exhibit high variance (extreme sensitivity due to minor changes), leading to
reduced precision, which affects the regression model's statistical characteristics. Hence, it
Is critical to identify multicollinearity issues and ensure that one or more variables are
removed from the regression.

This study used Pearson correlation assessment and Variable Inflation Factor (VIF)
to assess multicollinearity. The objective is to ascertain if the VIF and Pearson correlation
exceed the 10 and 0.8 thresholds, respectively. Values exceeding these thresholds indicate
multicollinearity. This study's results and discussion section (Chapter 4) outlines the

outcomes of such assessments.

3.2.3 Operational, geometric, and demographic road characteristics affecting safety

at signalized intersections

This research evaluated the overall traffic accident count, property damage, and
severe accidents occurring at signalized intersections between 2013 and 2021.
The operational aspects impacting the safety characteristics assessed in the research
comprised:
i.  Signal regulation
ii.  Average traffic volume (hourly)
iii.  The speed limit at the intersection (low and high speed)
The Geometric aspects impacting safety characteristics comprised:
i.  Dimensions of the middle island (m),
ii.  Distance between through and left lanes
iii.  Pedestrian crossing count

iv.  Number of free right lanes
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V.  Number of lanes: “Main Through", Main Left", Minor Through",
Minor_Left"
The demographic aspects evaluated for this study comprised:
i.  Driver gender

ii.  Driver age

Descriptive statistics were used to this end, and the outcomes are indicated in the

results, analysis, and discussion section.

3.2.4 Model (s) used to examine operational, geometric, and demographic factors.

Several accident-specific frameworks help comprehend the impact of operational and
geometric road characteristics on the safety performance at signalized intersections in Abu
Dhabi. Such frameworks include nested logit regression, Poisson regression model, multiple
linear regression, and negative binomial (NB) regression (Ouni and Belloumi, 2018). Such
frameworks are employed to evaluate the probability of traffic accident occurrence for an
area of interest. Several aspects, like road geometry and design, signal phasing category,
driver response, and others, are used (Ouni and Belloumi, 2018). These frameworks have
unique benefits and drawbacks that are discussed in Chapter 2.

Abdel-Aty et al. (2000) indicated that the multivariate regression approach used to
ascertain the aspects impacting traffic accident occurrence is ineffective. The subpar efficacy
is due to the framework's non-normal distribution of errors, the likelihood of correlation
between variance and the average traffic accident frequency, and the non-negativity of the
predicted variable (Abdel-Aty et al., 2000). Ouni and Belloumi (2018) contrasted the Nested
Logit and Poisson regression approaches to understand the correlation between traffic
accident occurrence and geometric road characteristics. The researchers indicated that the
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Poisson approach provided better results. Basu and Saha (2017) studied and evaluated the
outcomes produced by several regression models. Also, Cai et al. (2017) performed a
comparative assessment of road safety in the UAE and the US.

This discussion highlights that two distinct statistical techniques (i.e., NB and
Poisson regressions) were used to model the linkage between traffic accident occurrence and
geometric road characteristics, driver response, vehicle speed, driver age and experience,
weather situation, and road conditions that collectively impact traffic accident likelihood
(Abdel-Aty et al., 2000). Further, numerous studies have used such methods to ascertain the
aspects contributing to traffic accidents. Abdel-Aty et al. (2000) employed the NB model to
ascertain the correlation between traffic accidents and the factors responsible for such events.
Road safety experts benefit from the Poisson approach to ascertain the probability of traffic
accidents and comprehend the correlation between such incidents and the contributing
factors (Miaou, 1993). An interesting study by Cai et al. (2017) employed the Poisson
lognormal framework for a comparative assessment of several geographical areas and an
understanding of traffic accident-specific concerns in order to provide safety guidelines to
road safety experts in Florida, USA.

This discussion indicates that researchers prefer using NB and Poisson regression
approaches to model and estimate traffic accidents. The choice concerning NB or Poisson
use is based on the properties of descriptive statistics concerning the predicted variable. If
the predicted variable has equal mean and variance, or these two have nearly equal values,
Poisson is the recommended approach. However, if the difference is significant, data is best
modelled using the NB regression approach. Additional information concerning the

approaches and the study technique is specified below.

77



Negative binomial and Poisson’s regression models:

Negative binomial and Poisson’s regression models are similar, and are often
presented by the equation:
Log (Ai) = Bo + PXi + & (3.2)
Here, Ai denotes the expected traffic accident rate for a specified period (dependent
variable); B is a vector parameter (coefficient) that needs to be evaluated on the basis of the
independent variable. xi denotes the vector parameter corresponding to a predictor variable
(a variable that impacts the likelihood of traffic accidents at signalized intersections) (Abdel-
Aty et al., 2000). This study used the following independent variables:

i. Road geometry: Roads with 3- and 4-legged intersections. All aspects
concerning such road geometries like main left, through, minor left and minor
through, middle island dimensions, and "separation between the through road
and turn roads" were employed for this regression system (Figure in
Appendix C).

ii.  Traffic volume

iii.  Speed

iv.  Driver experience

The symbol ¢ refers to an error term. It must be noted that the exponential value of €
shows a gamma distribution with a mean of 1 and a variance of a2 (Abdel-Aty et al., 2000).
For Poisson regression,
Mean = variance
For negative binomial regression (NB),
Variance = mean + (o x meanP)

The value of p can either be 1 or 2.
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In cases where p = 1, the negative regression is referred to as NB1, and in cases where

p = 2, the negative regression is referred to as NB2..

Details of the model employed and comparison between Poisson and Negative binomial

regression for discrete data

As specified before, the Poisson and NB regression approaches can be employed to
assess issues concerning discrete results like traffic accident count at various intersections.
Nevertheless, it is critical to understand how well the data fits the selected model. Poisson is
the recommended approach if the variance and mean of the dataset are identical or nearly
equal. In contrast, the NB regression is the preferred approach if the mean differs
significantly from the variable.

A dataset can be evaluated using the likelihood test or residual plots to ascertain the
recommended modelling technique. Residual plots comprise building a graph of
standardised residuals and the values predicted using the regression. The Poisson approach
Is suitable when the residuals are in the -2 to 2 range. For all other cases, the NB regression
is the recommended approach.

The difference between the two models (NB and Poisson) can be evaluated for
statistical significance using the chi-square goodness of fit test. For a statistically
significant value (p <= 0.05), NB is the recommended approach.

Descriptive aspects of the dependent variable (overall traffic accident count) were
evaluated to ascertain the recommended model for the present study. As indicated in Table
4.1 (Chapter 4) and Figure 3.12, there is a significant difference between the variance and
mean values. The mean is significantly lower than the variance, suggesting that NB

regression should be used for this study.
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sum TotalWumbercflccidents2013, detail

Total Humber of Accidents (2013-2021)

Percentiles Smallest

1% o] o]

5% o] o]
10% o] o] Obs 83
5% | o] Sum of Wgt. 83
50% 21 Hean 37.16867
Largest Std. Dew. 69 63578

T5% 36 138
a0% 76 145 Variance 4849 142
95% i0%9 205 Skewness 5.910726
959% 575 575 Furtosis 44 52415

Pedestrain accidents

Percentiles Smallest

1% o] a

5% o] o]
10% o] o] Obs 83
25% 0 u] Sum of HWgt. 83
50% o] Hean 1.036145
Largest Std. Dew. 1.580721

75% 2 5
50% 3 [ Variance 2.498678
55% 4 7 Skewness 1.5504595
55% 7 7 Furtosis T.146746

sum TotalMumbercflccidents2013 if Intersection =2, detail

Total NHumber of Accidents(2013-2021)

Percentiles Smallest

1% o] o]

5% o] o]
10% o] o] Cbs 16
25% o] o] Sum of Wgt. 16
50% g Hean 54.4375
Largest Std. Dew. 143.1293

75% 239 38
40% 138 51 Variance 20486
45% 575 138 Skewness 3.291627
459% 575 575 Furtosis 12.46372
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. gum TotalNumberocffcoccidents2013 if Imtersection =1, detail

Total MNumber of Rccidents(2013-2021)

Percentiles Smallest

1% o] o

5% o] o
10% 4 o Cls 55
5% 14 o Sum of Wgt. 55
50% 22 Hean 32 54545
Largest Std. Dewv. 37.03643

TE% 36 o4
0% Ta i08 Variance 1371 .6597
55% 108 145 Skewness 2.663345
559% 205 205 Furtosis 11.20283

Figure 3.12 : Comparison of mean and variance for the different dependent variables

The independent and dependent variables were represented using proxies for
modelling using STATA:
Proxy for road safety = Number of traffic accidents = dependent variables
Proxy measuring road geometric conditions equals orientation of the intersection

(main through, main left, minor through, minor left) equals independent variables

The model:
Log (M) = Po+ PXi + £ (3.2)
Log (1) = o+ B1(MT) + B2 (ML) + Ba(MNT) + Bs(MNL) + ... (3.3)
Where:

¢ = Error term

Bo = constant term

MT, ML MNT, MNL..... are independent variables such as: number of lanes in the
(Main through, main left, minor through, and minor left); driver age; size of the island;
number of Pedestrian crossing; number of free rights; driver gender; signal Control; average

Traffic volume (hourly); speed limit of the intersection (in terms of low speed and high
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speed), and many others. More details are given the next sections. The model was applied in

two intersections (3-leg and 4-leg).
Probability distribution:

The probability distribution of k number of accidents occurring at t time interval was
expressed as:
Pi (K) = [(e™Y x (L)< + k! (3.4)

Here, e = exponential term, while k = number of accidents occurring at the t time interval.

3.2.5 Correlation between the elapsed time after the onset of a red signal and traffic

violations and traffic accidents

Figure 3.12 depicts the general definition of the time elapsed after red signal onset:
the period between the signal turning red and the instance when the vehicle's rear license
plate crosses the solid line (while the signal remains red). It is determined using cameras

monitoring intersections; traffic authorities record such information.

| | | Red Light Enforcement
-4| Active

Green Yellow

——
—_— — — — = =
—

\
[ Solid Line Elapsed Time After The
onset of Red Signal

Time vehicle entered
the intersection

Figure 3.13: Measuring the elapsed time after the onset of red signal.
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The NB regression approach is employed to comprehend the correlation concerning
the time between red signal onset and traffic violations and traffic accidents specific to
signalized intersections in Abu Dhabi. It is similar to the approach used in this work to fulfil
Objective 1; which was to assess the impact of geometric road characteristics, i.e., lane or
streets pertaining to 3- and 4-leg intersections and other categories, on traffic accidents, red-
signal traffic violations, and damage to property as safety performance aspects. The Poisson
regression approach was employed since traffic accident-related data was continuous (not
binary).

The present study gathered data from the Abu Dhabi Traffic Police traffic accident
database. Data comprised traffic accident occurrence, red signal traffic violations, the time
between red signal onset and signal violation, vehicle speed at the time of signal violation at
3- and 4-leg intersections, and other intersection categories in Abu Dhabi. The study
evaluated 16, 55, and 12 intersections of the 3-leg, 4-leg, and other categories, respectively,
amounting to 83 intersections. The traffic regulation systems at these junctions followed split
phasing (47) and lead-lag phasing (36).

This research assessed the overall traffic accident count and total red-signal crossing
violations pertaining to signalized intersections from 2015 to 2020. This dataset was selected
because red light violation data was recorded by the Abu Dhabi Police beginning in late
2014. The approach was modified in 2021, and it could alter data instances. Figure 3.14

depicts the data obtained from the Abu Dhabi Police.

Number of violation | IP (Intersection Number) | Vheicle Spotted Speed (km/hr) | Elapsed (Time in millisecond)

1 135 113 80
2 135 70 2237
3 41D 79 1597

Figure 3.14: Data Provided by Abu Dhabi Police for Red-light Violators
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3.2.5.1 Regression models used

In order to ascertain the correlation between red-signal traffic violations and various
traffic accidents categories, the regression models are specified below:
Models used: Poisson’s model
Dependent variables: traffic accident occurrence (1), and red-light violations (RLR)
Independent variables: severe accidents (SA), property damage (PD), fatal accidents
(FA), Average speed.
The model:
Log (Ai) = Pxi+¢
Log (RLR) = B1(A) + B2 (B) + Bs(C) + Bs(D) + Ps(E) + Pa(F) + ¢ (3.5)
Where:
A = Sum of < 1s = less 1 second elapsed after the onset of the red light to its violation
B = Sum of 1- 2s = 1- 2s elapsed after the onset of the red light to its violation
C = Sum of 2- 3s = 2- 3s elapsed after the onset of the red light to its violation
D = Sum of 3- 4s = 3- 4s elapsed after the onset of the red light to its violation

E = Sum of > 4s = more than 4 s elapsed after the onset of the red light to its violation

3.2.6 Determining the effect of the speed buffer policy on traffic safety at signalized

intersections

This work aimed to ascertain if eliminating speed buffers, followed by an equivalent
increase in the speed limit, enhanced safety characteristics concerning signalized
intersections (3- and 4-leg intersections, including other varieties like roundabouts). After
removing speed buffers, the EB methodology was employed to evaluate road safety

characteristics and compare those with the new data. It is an effective method because it
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facilitates regulating the impact concerning the likely confounding factors such as exogenous
changes in traffic levels, regression-to-the mean, and long-term patterns concerning traffic
accidents and numbers. Usually, the EB methodology is employed to ascertain the likely
traffic accident count before measures are implemented. The data is contrasted against the
actual traffic accident count after implementing the interventions. The predicted traffic
accident numbers were evaluated in this study to understand the difference between existing
levels and those after implementing changes to the speed buffer.
The treatment effect when assessing the traffic accident concern using EB is specified as
follows:
B-A
Where:
B = Expected traffic accident count before changing the speed buffer policy
A = Actual traffic accident count after implementing the new speed buffer and
limits policy
It should be understood that traffic accident count before implementing changes to
the speed buffer policy could have been employed; however, traffic accidents are impacted
by various factors other than speed buffers. Such aspects comprise traffic levels, traffic
accident reporting patterns, and "regression-to-the-mean", which might impact traffic safety.
Hence, it is critical to eliminate the likely impact of such variables on the model. Therefore,
the safety performance function (SPF) is used to ascertain the likely traffic accident count if
the safety buffer was not used. The implementation is specified below:
i. Determining the Safety Performance Function (SPF),

ii.  Determining the overdispersion parameter (¢),

iii.  Determining the relative weights (o),
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iv. Determining the probable number of accidents if the treatment is not applied () and.
v. Determining the effectiveness index (6).
Here, the study determined the above-mentioned factors using the below equation:
SPF=Bo+B:1X1+P2X2+E (3.6)
Where:
SPF = Safety Performance function
Bo = Constant
Bi = Coefficient
X1 = Enforcement speed
X2 = Average traffic volume per hour or Number of lanes
E = Error term (gives the difference between the actual and estimated values).
The above coefficients were determined using the NB regression before removing
the speed buffer data. Then, the weights were calculated using the below equation:
o =1+ (1 + (SPF/4)) (3.7)
The expected number of accidents after implementing the speed buffer policy were estimated
as:
= (o % SPF) + (1-a)(X) (3.8)
Where:
7 = Expected number of accidents if the speed buffer policy was not implemented
A = Actual number of accidents after removing the speed buffer (recorded)
¢ = Dispersion
The expected traffic accident count before the speed buffer was enforced (w) was
contrasted against the actual recorded traffic accident count after the policy was enforced (1)

to ascertain the efficacy of eliminating the speed buffer from the speed rules.
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3.2.7 Sources of data

Several data sources were evaluated to contrast the safety characteristics at signalized
intersections before and after the enforcement of the speed buffer (Figure 3.2). Data were
obtained from the Department of Urban Planning and Municipalities, the Department of
Transport (DoT), and the Abu Dhabi Police.

The Abu Dhabi Police must archive traffic accident data in the Federal Traffic
Database; the DoT maintains the intersection-specific signal phasing information, whereas
the data pertaining to road works and intersection rework is maintained by the Department
of Urban Planning and Municipalities.

The speed buffer and limit policies were modified on the 11th of August 2018,
whereby the buffer was eliminated, and the speed limit was increased equivalently. This
study evaluated data pertaining to the August 2016 and December 2020 period. The two
years between 1st August 2016 and 1st August 2018 were the "before period™, while the two
years between 1st January 2019 and 31st December 2020 comprised the "after period."
Furthermore, between August 2016 and December 2020, severe accidents (as indicated
below) were recorded at signalized intersections in Abu Dhabi.

1. Type 1: Accidents that involved pedestrians
2. Type 2: Rear-End Accidents
3. Type 3: Accidents where the vehicles were hit at a Right Angle

4. Type 4: Accidents occurring due to vehicle Roll-Over

3.2.8 Validation

The guantitative evaluation step comprised the use of Empirical Bays (EB) and NB

regression approaches. The NB approach helped ascertain the correlation between the time

87



elapsed between red signal onset and rule violation and the occurrence of the road incident
pertaining to intersections in Abu Dhabi. The model also recorded the impact of geometric
road characteristics on traffic safety characteristics pertaining to signalized intersections.
The EB approach facilitated a comparison of traffic safety efficacy pertaining to signalized
intersections pre- and post-enforcement of speed buffers. Both these approaches were

employed previously; they were found effective and reliable.

3.2.9 Validity and reliability

The present work employed the comparative analytical approach to contrast two
datasets between two durations to evaluate the validity and reliability of the method and data.
Data spread (standard deviation) and normality evaluations were performed for validity and
reliability assessments, including time series data evaluation to pinpoint outliers and

normalise data.

3.3 Phase I1: Qualitative data analysis (interviews)

As specified previously, this paper used a hybrid research approach comprising both
quantitative and qualitative methods. The quantitative aspects have already been discussed.
This section addresses the qualitative aspects. Qualitative research comprises the use of non-
numerical data to fulfil research objectives. Academicians indicate that qualitative is an
umbrella research approach where several interpretive research methods are implemented
for fulfilling research or study objectives. Such interpretive methods typically help facilitate
an understanding or describing natural processes (Williams and Moser, 2019; Le, 2016;
Moser and Korstjens, 2017; Bryman, 2017; Clark and Vealé, 2018; Aspers and Corte, 2019;

Mcgrath, Palmgren, and Liljedahl, 2019; Mohajan, 2018; Silverman, 2020).
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The qualitative process is applied to comprehend population characteristics and
perspectives, including the understanding of social processes in their environment (Le, 2016;
Bryman, 2017; Moser and Korstjens, 2017; Clark and Vealé, 2018; Mohajan, 2018; Aspers
and Corte, 2019; Mcgrath et al., 2019; Williams and Moser, 2019; Silverman, 2020).
Nevertheless, this approach does not evaluate causal associations, which is the primary
objective of quantitative research. Further, the qualitative methodology facilitates gathering
detailed information concerning the problem in question. Data is evaluated in more detail
than fundamental causal mathematical associations. It is typically accomplished based on
interviews where stakeholders offer detailed information concerning the problem's scope and
environment.

It should be noted that the data gathered based on the qualitative methodology
typically pertains to a local perspective and stays relevant for a short duration. It is because
individual perspectives and views concerning their environment evolve rapidly. The
dynamics of the social environment typically cause these changes.

Considering the strengths of the qualitative approach to help collect detailed
information pertaining to social systems, it was used to fulfil study Objectives 4 and 5. These
objectives warrant a comprehensive understanding of the systems that Abu Dhabi's traffic
authorities presently use to evaluate the safety characteristics concerning road junctions in
the city. These questions cannot be answered through quantitative techniques alone because
the dynamics are much more complicated than simple mathematical associations in the
environment.

Additionally, Objectives 4 and 5 were fulfilled using qualitative approaches because
a relatively small sample can still offer valuable and high-quality data (a representative

dataset concerning the collective perspective on the problem in question). Objectives 4 and
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5 required more high-quality data than quantity; hence, the participants for the study should
be able to provide relevant information. A small sample size offering comprehensive
information concerning the safety characteristics concerning intersections in Abu Dhabi was

sufficient for fulfilling the objectives of this research.

3.3.1 Participant selection and sampling

Participant selection for the qualitative approach comprised two sampling methods:

snowball sampling and non-random (purposive sampling).

Purposive sampling

This study used purposive sampling (as against an entirely random selection of
people). Specific inclusion conditions were used to finalise study participants (Campbell,
Greenwood, Prior, Shearer, Walkem, Young, Bywaters, and Walker, 2020; Denieffe, 2020;
Etikan, Musa, and Alkassim, 2016; Sharma, 2017). Individuals with in-depth understanding
and experience concerning the safety evaluation processes and standards in use in Abu Dhabi
were selected. Moreover, people with knowledge concerning the evaluation of present
patterns of traffic safety characteristics were selected.

The specified criteria helped finalise the target population: civil and transportation
engineers, traffic safety auditors, and safety marshals. Moreover, the selected individuals
were required to have 10 or more years of experience in traffic safety handling. To ensure
that the selected individuals had comprehensive information, the interview was performed
in two parts: the pilot (preliminary stage) and the primary interview. The initial (preliminary)
interview primarily comprised evaluating the ability of the participants to answer the
required research questions. It comprised telephonic conversations with potential

interviewers. Table 3.1 provides a summary of the final set of interviewees.
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Table 3.1: Characteristics of participants selected for interviews

Participant

Knowledge and Skills

Region/Organisation

Traffic safety auditors

Transportation
engineering.

United Arab Emirates, Abu
Dhabi. Those with knowledge of
how safety audits are conducted
in other countries were also
included.

Those working at organisations
such as the Integrated Traffic
Centre in the Department of
Municipality and Transport, the
Road Safety Unit of the Abu
Dhabi municipality, Internal
Roads and Infrastructure
Department of the Al-Ain City
municipality, the Traffic
Engineering and Road Safety
Department of the Abu Dhabi
Police Department, Tatweer
Middle East and Africa L.L.C,
and Parsons International.

Civil Engineers

Transportation
engineering, traffic
safety, and the
correlation between
geometric road
characteristics and traffic
safety (at least 10 years'
experience safety
auditing intersections).

Those working with
organisations such as the
Integrated Traffic Centre in the
Department of Municipality and
Transport, the Road Safety Unit
of the Abu Dhabi municipality,
the Internal Roads and
Infrastructure Department of the
Al Ain City municipality, the
Traffic Engineering and Road
Safety Department of the Abu
Dhabi Police Department,
Tatweer Middle East and Africa
L.L.C, and Parsons International.
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Those working with
organisations such as the Abu
Dhabi Traffic Police Department,
the Integrated Traffic Centre of
the Department of Municipality
and Transport, the Road Safety
Traffic safety and safety | Unit of the Abu Dhabi

auditing procedures of municipality, the Internal Roads
Abu Dhabi and Infrastructure Department of
the Al Ain City municipality, the
Traffic Engineering and Road
Safety Department of the Abu
Dhabi Police Department,
Tatweer Middle East and Africa
L.L.C, and Parsons International.

Traffic marshals and
police

The listed individuals were selected for this study because they possess a
comprehensive understanding of traffic safety characteristics and audit in Abu Dhabi,
specifically the intersections and roads. Moreover, they can provide expert opinions
concerning the latest international audit standards well known for their safety characteristics
auditin

To ensure that the responses were collected from people who were knowledgeable
and experienced in traffic issues affecting Abu Dhabi, the study interviewed 3 Civil and
Environmental Engineering PhD degree holders, having >10 years of research experience.
A pilot interview was also conducted on how to improve quality of signalized intersections
in Abu Dhabi. This involved 2 civil engineers with >15-year research experience in road
safety issues. It is, however, important to note that the study mainly targeted the road safety
auditors in Abu Dhabi, who worked in different organizations and departments, like the
Integrated Traffic Centre in Department of Municipality and Transport, Road Safety Unit in
Abu Dhabi Municipality, Internal Roads and Infrastructure in Al Ain City Municipality, and

the Traffic Engineering and Road Safety Department in Abu Dhabi Police, Tatweer Middle
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East, and Africa L.L.C, Parsons International. These jobs were held by traffic safety experts,
road safety specialists, and others. All respondents were highly experienced, with their
experience ranging between 7 and 27 years. The study conducted the interviews virtually

using the Zoom or Microsoft Teams Applications, from June to July 2020.

Snowball sampling technique

This study used purposive and snowball sampling approaches for participant
recruitment. It primarily asked the already recruited members to offer recommendations
concerning potential participants. This method was used because the researcher believed that
the existing participants could provide information about other individuals having the
knowledge required to participate in this research (Leighton, Kardong-Edgren,
Schneidereith, and Foisy-Doll, 2021; Naderifar, Goli, and Ghaljaie, 2017; Parker, Scott, and
Geddes, 2019).

This technique was used since it ensured that individuals fulfilling the inclusion
conditions could be easily identified for participation in this study (Leighton et al., 2021;
Naderifar et al., 2017; Parker et al., 2019). The authors could fast-track data collection using
this technique. This process was iterated till saturation was achieved, where the existing
participants did not recommend other individuals (Leighton et al., 2021; Naderifar et al.,

2017; Parker et al., 2019).

3.3.2 Data Collection Method

3.3.2.1 Semi-structured interviews

The authors employed semi-structured interviews to gather research data.

Nevertheless, it is critical to understand the different varieties of interviews, including the
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reason for choosing semi-structured interviews. Such studies can be conducted based on
three interview categories: unstructured, semi-structured and structured interviews.

The structured format is the most rigid among the listed categories since it comprises
a fixed set of questions with restricted answer choices. The participants select from the given
choices to answer questions. This approach is employed when researchers have a strong
foundation concerning the research problem; it is typically used for quantitative research.
This approach is helpful for ascertaining straightforward correlations in the social context
(Bryman, 2017; Moser and Korstjens, 2018; Roulston and Choi, 2018; Swain, 2018). For
this reason, the specified variety was unsuitable for the present problem.

The other category comprises semi-structured interviews that are relatively less rigid.
Nevertheless, like the former category, the researchers fix the question set before
administering the interview (Bryman, 2017; Moser and Korstjens, 2018; Roulston and Choi,
2018; Swain, 2018). Moreover, questions may have single- or multiple-choice answers,
including the ability to add questions during the interview (Bryman, 2017; Moser and
Korstjens, 2018; Roulston and Choi, 2018; Swain, 2018). This approach offers two benefits:
the participants have more liberty to give answers (which is not the case for multiple choice
questions); moreover, considering that responses can still be limited, data assessment is
relatively straightforward for semi-structured interviews (Adeoye-Olatunde and Olenik,
2021; Husband, 2020; Kallio et al., 2016; Roulston and Choi, 2018). Additionally,
researchers can include new questions during the interview (Bryman, 2017; Moser and
Korstjens, 2018; Roulston and Choi, 2018; Swain, 2018). Question addition is done if the
researcher requires additional clarifications on the emerging questions (Bryman, 2017;

Moser and Korstjens, 2018; Roulston and Choi, 2018; Swain, 2018).
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Unstructured interviews comprise the third category; these are the least rigid among
the three. Questions are posed during the course of the interview. Participants are free to
express their thoughts because there is no need to answer using multiple choices. Participants
freely express their opinion and views (Bryman, 2017; Moser and Korstjens, 2018; Roulston
and Choi, 2018; Swain, 2018). Though this approach offers freedom, there is a major
disadvantage: evaluating data gathered using such interviews is very challenging. It is
because there are a variety of answers, views, thoughts, and perspectives concerning the
problem being addressed. Hence, determining themes and subthemes is very challenging.
Hence, this study did not use this approach (Bryman, 2017; Moser and Korstjens, 2018;
Roulston and Choi, 2018; Swain, 2018).

As specified before, the semi-structured approach was used for this study because it
was deemed most suitable for gathering quantitative data (along with unstructured
interviews). The process was also employed in this research because data assessment is
significantly straightforward despite the limitations concerning participant responses.
Moreover, participants can offer their perspectives even without having an expressive
answer to a multiple-choice question. For specific questions, interviewees can express

opinions without restriction, allowing the collection of highly detailed perspectives.

3.3.2.2 Questionnaire design

The questionnaire was split into five sections. Section 1 required the participants to
answer personal questions regarding their auditing license and overall road safety audits
performed in a year. The answers suggested that the most experienced interviewees
performed more than 400 audits annually. The second section comprised questions

concerning road safety standards used by the interviewees during road safety audits. In this
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section, the respondents were asked to express their opinion concerning the standard road
safety guidelines in the Abu Dhabi Road Safety Manual.

Moreover, the respondents were required to provide improvement suggestions. The
third section comprised questions concerning safety aspects used by respondents to evaluate
intersections. Questions were posed concerning the bodies that helped conduct the design
audit when the signalized intersections were opened. Section 4 comprised questions
concerning gaps in the implemented decision-making process. Lastly, the fifth section
comprised questions concerning safety characteristics and monitoring. Interviewees were
questioned on factors like audit frequency concerning signalized intersections, their
perspectives concerning red light policing, and other aspects. The other phase of the research
approach endeavoured to understand the opinions of several specialists on the factors

ascertained during the first phase.

3.3.3 Qualitative data analysis

Data analysis primarily comprises comprehending the information within the
gathered data, specifically information that helps fulfil research objectives. Thematic
analysis is a typical method employed for evaluating qualitative data; the present study used
this approach. This process comprised identifying similar themes and sub-themes from the
gathered data. This process usually comprises six steps: data familiarisation, data decoding,
theme and sub-theme assessment, defining the obtained themes and sub-themes, and
reporting the outcomes. Additional steps may be required based on the nature of the gathered
data. For example, transcription must be performed before data familiarisation if video or

audio information is recorded. The present study required eight steps for thematic
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assessment, as depicted in Figure 3.14. This assessment was performed based on the

recommendations by Rosenthal (2016).

Transcribing the interviews

NS

Familiarising the data

NS

Identifying ideas and generating codes

NS

Researching codes and ideas

NS

Searching for themes in the data

NS

Reviewing the themes and subthemes

)

Defining and refining the themes and subthemes

NS

Compiling the results

Figure 3.15 Methodology of the thematic analysis
In the next step, ideas were collected, and codes were devised for the gathered data.
In this context, sequences and meanings were obtained from the information provided by the

interviewees. Several reviews were conducted on the interview datasets to devise the codes.

97



It was critical to note the perspectives and opinions of the respondents concerning the
questions posed to them. All ideas were recorded, and several coding approaches were used
for each data item. In the context of this study, codes and ideas are critical because they
facilitate data organisation. In this step, answers to questions asked in the interview were
coded based on the problems determined during Phase 1.

The researchers noted that the coding patterns and ideas were effective. The variables
recorded in Phase 1 proved useful during the subsequent phase. Some studies (Ankit et al.,
2018; Ouni and Belloumi, 2018) suggest that research reports or reviews should verify the
opinions provided during interviews and whether they differed from the codes specified in
the study. This step was critical because it sensitised the assessment of the minor differences
inherent to the dataset.

Step 5 comprised identifying themes based on the codes produced during the
previous step, facilitating encoding and collecting different datasets. Hence, this study
comprised a variety of codes determined during Step 4. Step 5 was more than just a
straightforward identification of codes because different themes were built by sorting the
codes. Assessments were conducted to understand how. these codes could be collated to
provide a central theme. It was found that several codes were independent and did not belong
to a theme or subtheme, warranting a need to classify them as miscellaneous. Hence, Step 5
determined primary themes, sub-themes, and miscellaneous codes.

Step 6 reviewed the identified subthemes, themes, and miscellaneous codes in Step
5. These artefacts were evaluated and refined. Similar pieces were merged, while others were
designated specific themes. Hence, this research verified the data about every theme. There
were two sub-steps: review, subtheme, theme, and miscellaneous code refinement. The first

sub-step comprised a review of the coded information, whereby an evaluation of the codes
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pertaining to such artefacts was performed, followed by building a coherent sequence. The
next sub-step was a continuation of the first and comprised building identifiable themes.

Additionally, the coherent sequences developed during the previous section were
evaluated. For this paper, the intrinsic data validity pertaining to themes and sub-themes was
ascertained. The objective was to assess if the data from the themes and subthemes
represented the overall dataset. Adjustments were made to adequately represent an ignored
or misrepresented dataset. Finally, a clear thematic structure was developed.

Step 7 comprised defining and enhancing the subthemes and themes from the
thematic map, as evidenced in Step 6. Moreover, the objective was to determine the
fundamentals pertaining to all themes and their corresponding data representations.

The final step merged the results gathered during the thematic evaluation. The data
were extracted to validate the study findings. The primary objective here was to gather the

themes clearly and briefly, pinpointing conclusions from the dataset.

3.3.4 Data Validity

The use of statistical tools is challenging for interview-based data because there is
not much quantitative information; consequently, validity assessments like the correlation
matrix cannot be completed. For such instances, data validity was evaluated through one-
on-one interviews, both physical and virtual (conducted using Microsoft Teams or Zoom)
between June and July 2020. Applicants' preferences were considered. One-on-one
interviews helped respondents offer precise information. Moreover, doubts could be clarified

immediately if either of the two individuals in the interview did not understand an aspect.
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3.3.5 Data Reliability

As specified before, interviews were used to gather data for this paper. The questions
were standardised to ensure the reliability of the data-gathering instrument (i.e., the survey
questionnaire). Hence, the participants were required to answer identical questions in
sequence. Moreover, the study offered a fixed duration of 45-60 mins for finishing an

interview. This method ensured that the qualitative assessment was repeatable.

3.4 Summary

This work employed two evaluation techniques: inferential statistics and thematic
assessment for quantitative and qualitative data, respectively, to fulfil study objectives. NB
regression was chosen for inferential statistics. Moreover, quantitative data was also

evaluated using descriptive statistics.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, the study presented the results, and then analyzed and discussed the
collected data for developing a proper set of safety performance indicators. These indicators
could guide the road safety experts and traffic engineers during the implementation and
development of signalized intersections in Abu Dhabi, thereby avoiding unsafe activities at
these intersections. The study collected both the qualitative and quantitative data for this
purpose. The data findings and discussion has been presented below.

The study investigated 83 intersections, of which 16 were 3-legged intersections, 55
were 4-legged intersections, and 12 were different types of intersections. Furthermore, out
of these 83 intersections, 36 were controlled by a Lead - lagged signal control (only signal
entries or approaches); while 47 intersections were controlled with the split phasing system.

This is summarised in Table 4.1 below.

Table 4.1: Number of intersections and signal controls examined

3Leg 4-Leg Other

Intersection intersections intersections intersection Total
16 55 12
Lead-Lag 36 83
Split phasing 47
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4.2  Checking multi collinearity of the regression variables

One of the major problems of regression analysis is multi-collinearity. It is a situation
where two or more variables used in a regression model are highly correlated. Therefore, it
becomes difficult to know the effect of each variable (the correlated variables) in the
regression model. The main problem with multi-collinearity is that it generates high variance
among the variables (high sensitivity to small changes) which reduces their precision, and
thus resulting into weak statistical power of your regression model.

Multi collinearity among the variables used in the regressions below checked using
VIF and Pearson correlation analysis. The results show that no correlation coefficient is
greater than 0.8, and no VIF value is greater than 10 (Tables 4.2 and 4.3). These results
indicate the absence of multi-collinearity among the variables used in the regression analysis,

and hence the regression analysis could proceed.
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Table 4.2: Pearson’s correlation among variables used in regression model

Size of Size of

TotalNo.  Mid Mid  No.of No.of  No.of  No.of  No.of
. Free Lanes Lanes Lanes Lanes
Variables of Island Island Ped. . . . . .
accidents main minor  crossing Right Main Main Minor— Minor
- . Thro’ left Thro’ Left
drive drive
Total number
of accidents 1.000
Size of Mid
Island main -0.019 1.000
drive
Size of Mid
Island minor -0.083 0.101 1.000
drive
No. of
Pedestrian 0.145 0.053 0.046 1.000
crossing
Free Right 0.145 0.072 0.078 0.650  1.000
No. of Lanes L NS 0386  -0.042 0261 0296  1.000
Main Thro
No. of Lanes 0.025 0.111 0039 0342 0341  0.403 1.000
Main left
No. of Lanes 0.192 0.103 0017 0444 0355  0.119 0294  1.000
Minor Thro
No.ofLanes ;) 0.363 0082  -0.238 -0.127  0.076 0273 0201  1.000
Minor Left
Table 4.3: VIF analysis of the variables
Variable VIF 1/VIF
Number of Pedestrian crossing 2.05 0.488
Free Right 1.83 0.546
No of Lanes Main left 1.68 0.595
No of Lanes Minor Through 1.6 0.625
No of Lanes Main Through 1.52 0.656
Size of Mid Island main drive 1.49 0.672
No of Lanes Minor Left 1.4 0.714
Size of Mid Island minor drive 1.03 0.967
Mean VIF 1.58
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4.2.1 Operational and Geometrical Conditions affecting total number of accidents

at signalized intersections

The geometrical and operational factors considered in the research included: size of
mid-island main direction, size of mid-island minor direction, number of pedestrian zebra
crossing, number of lanes main through, number of lanes main left, number of lanes minor
through, number of lanes minor left, separation between through and left, average hourly
traffic, signal control type and intersection speed.

Signal Control categorized split phasing and lead lag signal phasing. The speed limit
was categorized to high speed (Speed limit is 100 kph) and low speed intersections (80 kph).
The separation between through direction and left direction was categorized into no

separation, marking separation and kerb separation (Physical separation).

4.2.1.1 Operational and Geometrical Conditions effecting total number of accidents

For 4-Leg signalized intersections, the mean and variance of “Total number of
Accidents” are respectively 35.54 and 1371. As those are not equal, we should use negative
binomial instead of Poisson Regression. The calculated chi-square figure having two degrees
of freedom for the complete model is shown accompanied by the number of observations
employed in the study and is preceded by the p-value for the chi-square. This represents a
check of the entire model to see whether estimated coefficients are realistic or not. In case
of this study estimated Poisson Regression model is spurious because chi-square could reject
the null hypothesis (Results of regression analysis in table 4.4).

For 3-Leg signalized intersections, the mean and variance of “Total number of
Accidents” are respectively 54.43 and 20486. As those are not equal, we should use negative

binomial instead of Poisson Regression. The calculated chi-square figure having two degrees
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of freedom for the complete model is shown accompanied by the number of observations
employed in the study sand is preceded by the p-value for the chi-square. This represents a
check of the entire model to see whether estimated coefficients are realistic or not. In case
of this study estimated Poisson Regression model is not spurious because chi-square could
not reject the null hypothesis (Results of regression analysis in table 4.4).

For different signalized intersections, the mean and variance of “Total number of
Accidents” are respectively 35 and 934. As those are not equal, we should use negative
binomial instead of Poisson Regression. The calculated chi-square figure having two degrees
of freedom for the complete model is shown accompanied by the number of observations
employed in the study sand is preceded by the p-value for the chi-square. This represents a
check of the entire model to see whether estimated coefficients are realistic or not. In case
of this study estimated Poisson Regression model is not spurious because chi-square could

not reject the null hypothesis (Results of regression analysis in table 4.4 and Appendix D).

105



Table 4.4: Results of the negative binomial model highlighting the relationship between

the number of traffic accident occurrences and road geometry

Variables 4-Leg 3-Leg Diff
Size of mid-island main direction Not Sig. -1.136*** Not Sig
[0.362]
Size of mid-island minor direction Not Sig. 0.718** Not Sig
[0.336]
Number of pedestrian zebra crossing 1.022%** 0.998* Not Sig
[0.383] [0.584]
Separation between through and left Not Sig. -2.337*** Not Sig
[0.696]
No of lanes main through Not Sig. 0.766** Not Sig
[0.390]
No of lanes main left Not Sig. Not Sig Not Sig
No of lanes minor through Not Sig. Not Sig Not Sig
No of lanes minor left Not Sig. -1.157%** Not Sig
[0.427]
Average hourly traffic Not Sig. 0.001** Not Sig
[0.000]
Signal type -0.814* Not Sig. Not Sig.
Intersection speed Not Sig. -9.658** Not Sig
[4.729]
Constant Not Sig. 10.185%> Not Sig
[4.151] Not Sig
Likelihood-ratio test of alpha=0 1046°30 Y 0.000 0.000
55 16 12

Standard errors in brackets
*** n<0.01, ** p<0.05, * p<0.1

4.2.1.2 Size of Mid-Island Main Direction

At 4-leg intersections and at different intersection, the size of mid island on the main
direction was not significant where the p>0.05. However, at 3-leg intersections, the size of

middle island at the main direction has a coefficient of -1.136 which is highly significant
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shown by the p-value i.e., 0.000, which shows that for 1 m size of the mid-island of major
direction, the number of accidents will fall by 1.136 units.

The bigger middle Islands at 3-leg intersections improve safety by channelling the
lanes in the middle of the intersection to the desired direction thereby reducing congestion
at the intersection (Maji et al., 2015). They are also used separate left turn movements from
the right turn movements (Maji et al., 2015). By doing so, conflict zone is eliminated and
chances of conflicts occurring at the intersection are significantly reduced, thereby
improving the safety performance of the intersection (Maji et al., 2015). It is for this reason

that increase in size of such middle islands improves safety of the 3-leg intersections.

4.2.1.3 Size of middle island on the minor direction

At 4-leg intersections and at different intersection, the size of middle island on the
minor direction was not significant where the p>0.05. However, at 3-leg intersections, the
size of middle island at the main direction has a coefficient of 0.718 which is highly
significant shown by the p-value i.e., 0.05, which shows that for 1 m size of the mid-island
of minor direction, the number of accidents will rise by 0.718 units.

Even though bigger islands improve safety performance of an intersection, by
channelling traffic to desired direction thus reducing chances of conflicts occurring, when
they are too big on smaller roads, the eat into space that ought to have been used for traffic.
These increases the amount of traffic on a single channel. With more traffic on a single
channel, risk of accidents increases. Moreover, as the size of the middle island on the minor
direction increases, the distance to be covered by main direction to clear the intersection
increases. Though, higher probability to misunderstand the traffic signal guidance and a

chance to great a conflict especially the heavy traffic times. This is the reason for the positive
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relationship between the size of the mid-island of minor direction and the number of

accidents.

4.2.1.4 Number of Pedestrian Zebra Crossing

At 4-leg intersections, the number of pedestrian zebra crossing has coefficient of
1.022 which is significant at p-value 0.01. This shows that for every increase in the number
pedestrian zebra crossing by a factor of 1 unit, the number of accidents occurring at 4-leg
intersections increases by 1.022 units. At 3-leg intersections, number of pedestrian zebra
crossing has a coefficient of 0.998 which is highly significant shown by the p-value i.e., 0.1.
This means that for every increase in the number pedestrian zebra crossing by a factor of 1
unit, the number of accidents occurring at 3-leg intersections increases by 0.998 units.

The higher the number the zebra crossing at the intersection, the higher the number
of pedestrians crossing the intersection. Research has shown that the higher the number of
pedestrians crossing a highway or an intersection, the higher the chance of traffic accident
occurring. This is mainly attributed to pedestrian behaviour such as following traffic rules.
The pedestrian may choose to follow traffic rules such as waiting for appropriate signal,
waiting large enough gap in traffic to safely cross ( Martin, 2006; R&sanen et al., 2007; Basile
etal., 2010; Perumal, 2014; Demiroz et al., 2015; Bendak et al., 2021). But when they choice

to violate the traffic rules, they risk both their lives and those other road users.

4.2.1.5 Number of lanes on main through

At 4-leg and different intersections, the number of lanes main through was not
significant where the p>0.05. However, at 3-leg intersections, the number of lanes main

through has a coefficient of 0.766 which is highly significant shown by the p-value i.e., 0.05,
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which shows that for every increase in the number lanes in the main through by 1 unit, the
number of traffic accidents increase by 0.766 units.

Increase in the number of lanes increases the traffic in the affected roadway. With
the increase in the traffic, the chance of missing any traffic guidance is high. Therefore,
occurrence of traffic accidents or incidents increases significantly. This may be the reason
for this positive relationship. This result is consistent with Haleem and Abdel-Aty (2010)
study which showed that intersection legs, and the number of through lanes in the minor and

major approaches also affect safety performance of intersections.

4.2.1.6 Number of lanes on main road left direction

At 3-leg 4,-leg and at different intersections, the number of lanes main left was not

significant where the p>0.05.

4.2.1.7 Number of lanes on minor road through direction

At 3-leg 4,-leg and at different intersections, the number of lanes minor through was

not significant where the p>0.05.

4.2.1.8 Number of lanes minor road left direction

At 4-leg intersections, the number of lanes minor road left direction was not
significant where the p>0.05. However, at 3-leg intersections, the number of lanes minor
road left direction has a coefficient of -1.157 which is highly significant shown by the p-
value i.e., 0.05. This indicates that for every increase in the number lanes in the minor left
by 1 unit, the number of traffic accidents reduces by 1.157 units.

Increases the number of lanes the minor left of an intersection improves traffic flow

and vice versa. This is because it increases the rate at which traffic accumulates after the
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intersection gets cleared. With more traffic on the minor left having more options, the

congestion at the intersection will significantly reduce.

4.2.1.9 Separation between through and left

At 4-leg intersections and at different intersections, the type of separation between
through and left movements was not significant where the p>0.05. At 3-leg intersections, on
the other hand, the separation between through and left has a coefficient of -2.337 which is
highly significant shown by the p-value i.e., 0.01, which shows that for changing from no
separation to road marking separation between through and left, the number of accidents will
fall by 2.337 units.

The more space between the left movements and the through movements create an
insolation to drivers on left movement lanes which reduces the influence of the main
direction movements especially when their they are separated in signal phase (Ceder and
Eldar, 2002). It is for this reason that there is a negative relationship between the separation
between through and left, and the number of traffic accidents. If the separation is less, the
more influence on the vehicles on the left turn movements to start the movements with the

through movements.

4.2.1.10 Average Hourly traffic (AADT)

At 4-leg intersections and at different intersection, the average hourly traffic (AADT)
was not significant where the p>0.05. At 3-leg intersections, the average hourly traffic has a
coefficient of 0.001 which is highly significant shown by the p-value i.e., 0.05. This indicates
that for every increase in average daily traffic of 1 unit, the number of traffic accidents

increases by 0.001 units.
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The higher the traffic, the higher the chance of conflict, and the higher the chance of
traffic accident. This explains the reason why an increase in average hourly traffic leads to
an increase in traffic accidents. With information about the variation in hourly traffic and
accident, appropriate authorities can take necessary design decisions to reduce the traffic

(Huntsinger, 2022).

4.2.1.11 Signal control type

At 4-leg intersections, signal control type has a coefficient of -0.814 which is highly
significant shown by the p-value i.e., 0.05, which means that that if the signal control type
changed for Lead Lag signal phasing to split phasing system, the number of accidents
decrease by -0.814 units. At 3-leg intersections and at different intersections, on the hand,
the signal control type was not significant where the p>0.05.

Research has shown that signalized intersections are safer than non-signalized ones.
In fact, when compared to lead lag signal phasing system, split phasing can significantly
improve the safety and traffic performance of a signalized intersection (Shawky et al., 2017).
It is, however, important to note that most traffic engineers are reluctant to implement it as
it tends to violate drivers’ experience, and thus causing accident (Buckholz, 1993; Shawky
et al., 2017) which may negate the very safety it was supposed to improve. However, once

properly implemented, the system can significantly reduce traffic accidents.

4.2.1.12 Intersection speed limit

At 3-leg intersections, the speed limit has a coefficient of -9.658 which is highly
significant shown by the p-value i.e., 0.05. This shows that if the intersection speed is

reduced by 1 unit, the number of traffic accidents at a 3-leg intersection reduces by 9.658
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units. At 4-leg intersections and at different intersections, on the hand, the signal control type
was not significant where the p>0.05.

A higher intersection speed limit reduces the drivers’ reaction time which means that
drivers have short time to decide otherwise an accident may occur. Because of the reduction

in drivers’ reaction time, the chance of traffic accident occurring significantly increases.

4.2.2 Operational and Geometrical Conditions factors affecting the Pedestrian

safety at the signalized intersection

The geometrical and operational factors that may affect the safety of the pedestrians
at signalized intersections include intersection speed, number of pedestrians, number of
pedestrian zebra crossing, hourly traffic volume, red-light violations. The speed limit was
categorized to high speed (Speed limit is 100 kph) and low speed intersections (80 kph). The
results of determining the factors affecting pedestrian safety are discussed below. The

regression results are shown in Table 4.5 and figures in Appendix D.
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Table 4.5: Results of the negative binomial model highlighting the relationship between

the number of pedestrian accident occurrences and road geometry

Variables 4-Leg 3-Leg Different
1 Average Hourly Traffic 0.001*** 0.001** Not Sig.
[0.000] [0.001]
2 Total Number of Red-Light
Violations 0.001* Not Sig. Not Sig.
[0.000]
3 Number of Ped Crossing Not Sig. 1.172%* Not Sig.
[0.467]
4 Speed -1.211** -2.234* Not Sig.
[0.550] [1.269]
Constant Not Sig. -4.510** Not Sig.
[2.271]
Observations 55 16 12

Standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

4.2.3 Average hourly traffic volume

At 4-leg intersections, the average hourly traffic volume has a coefficient of 0.001

which is significant shown by the p-value i.e., 0.01. This indicates that, for the increase in

average hourly traffic by 1 unit, the number of pedestrian accidents increases by 0.001 units.

At 3-leg intersections, the average hourly traffic volume has a coefficient of 0.001 which is

significant shown by the p-value i.e., 0.05. This shows that for the increase in average hourly

traffic by 1 unit, the number of pedestrian accidents increases by 0.001 units. At different

intersections, however, the average hourly was not significant where the p>0.05.

The positive relationship between average hourly traffic at 4-leg and 3-leg

intersections was expected. This is because, as the number of number traffic increases, the

risk of a pedestrian being involved in an accident also increases. This may contribute to an
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increase in the chance of having careless drivers on the road, and high traffic (and associated
rush). During high traffic some drivers may fail to give way at pedestrian crossing resulting

in an increase in the risk of the pedestrian being knocked down.

4.2.4 Number of red-light violations

At 4-leg intersections, the number of red-light violations has a coefficient of 0.001
which is significant shown by the p-value i.e., 0.01. This indicates that, for the increase in
red light violation by 1 unit at 4-leg intersection, the number of pedestrian accidents
increases by 0.001 units. At 3-leg and different intersection, however, average hourly was
not significant where the p>0.05.

A positive relationship between the number of red-light violations and pedestrian
accidents at 4-leg was expected. This is because skipping a red light by a motorist may
increase the chance of pedestrians getting knocked down even if they had right of way, and

thus increasing the number of accidents.

4.2.5 Number of pedestrian zebra crossing

At 4-leg and different intersection, however, average hourly was not significant
where the p>0.05. At 3-leg intersections, however, the number of pedestrian zebra crossings
has a coefficient of 1.172 which is significant. This indicates that, for every increase in
number of pedestrian crossing 1 unit at 3-leg intersection, the number of pedestrian accidents
increases by 1.172 units.

Availability of pedestrian crossing is an indicator of absence of pedestrian
footbridges whose lack (deficiency) at an intersection has been associated with increase in
pedestrian accidents. the presence of dedicated pedestrian foot bridges for crossing highways

as well as dedicated lanes for pedestrian walking reduce accidents associated with the
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pedestrian the highway (Basile et al., 2010; Bendak et al., 2021; Demiroz et al., 2015; Martin,

2006; Perumal, 2014; Ré&sénen et al., 2007).

4.2.6 Intersection speed

At 4-leg intersections, the intersection speed has a coefficient of -1.211 which is
significant shown by the p-value i.e., 0.05. This indicates that, for every increase in
intersection speed of 1 unit, the number of pedestrian accidents decreases by 1.211 units. At
3-leg intersections, the intersection has a coefficient of -2.234 which is significant as shown
in Table 4.3. This shows that, for every increase in intersection speed of 1 unit, the number
of pedestrian accidents decreases by 1.211 units. At different intersections, however, the
average hourly was not significant where the p>0.05.

This result in consistent with that of the previous studies which indicated that the
higher the speed limit of an intersection, the higher the pedestrian accidents) (Basile et al.,
2010; Bendak et al., 2021; Demiroz et al., 2015; Martin, 2006; Perumal, 2014; Réasanen et

al., 2007).

4.3 Effect of demographic factors on safety performance of the intersections

This is examined using descriptive statistics and the results and results are shown in

Table 4.6.
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Table 4.6: The effect of demographic factors on safety performance of the intersections

Demographic data about the at fault Driver at the Accidents

Less

Intersection Unknown than 18to | 30to | 46to | Greater Female | Male Unknown
age 18 30 45 60 | than 60 gender
IP11 2 0 18 21 7 2 5 44 1
IP33B 0 0 14 13 10 0 10 27 0
IP76 0 0 15 13 4 1 9 24 0
IP28A 0 1 12 12 3 0 7 21 0
IP75D 0 0 12 6 7 2 4 23 0
IP57Q 0 0 10 14 2 1 5 22 0
IP11A 0 0 11 9 3 0 2 21 0
IP26 0 1 10 11 1 0 5 18 0
IP40 0 0 10 6 1 6 20 0
IP58B 0 0 10 5 3 2 3 17 0
P44 df 0 10 1 0 5 14 0
IP135 0 0 10 1 0 5 13 0
IP9 0 0 10 2 4 0 18 0
IP52A 0 0 & 3 1 2 15 0
IP75A 0 0 11 2 3 1 2 15 0
IP59 0 0 4 10 2 0 3 13 0
IP20 0 0 6 8 3 0 4 13 0
P43 0 0 7 6 3 0 2 14 0
IP35A 0 0 7 4 2 1 1 13 0
IP71 0 0 il 4 2 1 6 8 0
IP1E 0 0 5 6 2 0 2 11 0
IP49A 0 0 3 9 1 0 3 10 0
P97 0 0 3 9 2 0 4 10 0
P2 1 1 3 6 2 0 5 7 1
IP60B 0 1 8 2 2 0 2 11 0
IP6A 0 0 5 6 2 0 3 10 0
IP4 0 0 3 4 3 1 3 8 0
IP69 0 0 9 2 0 0 1 10 0
IP7A 0 0 6 3 2 0 1 10 0
IP79 0 0 4 5 2 0 2 9 0
IP10A 0 0 2 6 1 0 3 6 0
IP43A 0 0 7 2 0 0 2 7 0
1P92 0 0 6 3 0 0 1 8 0
IP70 1 0 5 2 0 0 1 7 0
IP86 0 0 1 6 1 0 0 8 0
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0
0

0
0

0

0

0

0

0

0
0

IP10
1P130

IP47
IP47A
IP11C

IP13
IP16
IP17
IP35
IP48A

IPSA
IP127

IP18
IP19
IP24A
IP28C
1P42P

1P128

IP14

IP3
IP46A

P49
IP6

P72
IP1
IP118

IP34A

IP15
1P23
IP33A

P42

P32

IP34
IP57P

IP113

IP114

IP116

1P129

IP140

IP145B
IP145C
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P24 0 0 0 0 0 0 0 0 0

1P25 0 0 0 0 0 0 0 0 0
1P28B 0 0 0 0 0 0 0 0 0
IP40B 0 0 0 0 0 0 0 0 0
IP47C 0 0 0 0 0 0 0 0 0
IP55C 0 0 0 0 0 0 0 0 0
IP60A 0 0 0 0 0 0 0 0 0

Average
per 0.1 0.09 4.0 3.8 1.4 0.3 1.7 7.8 0.04
intersection

4.3.1 The effect gender on safety performance of intersections

From the Table 4.6, it is observed at the all the 83 intersections, more men tend (an
average of 7.8 per intersection) to be involved in traffic accidents than females (1.7 per
intersection). The accident rate is 4.6 to 1. This means for every 6 accidents, 5 are lively to
be involve male drivers and 1 involve female drivers. Even though more much higher
percentage of drivers at fault being male, this should not necessarily mean that male drivers
are more dangerous drivers than females at the intersections. This is obviously because there
are more male than female drivers in Abu Dhabi. In fact, there are approximately 776,771
registered male drivers and 129,808 female drivers in Abu Dhabi as of the year 2020
translating into ratio of 6 to 1 (Male to Female). Additionally, time of exposure needs to be
taken into consideration. However, meaningful conclusions can be made soon as following
data are available (de Albuguerque and Awadalla, 2020):

a) The percentage value in the green cell is compared to the percentage value in the blue
cell.

b) The percentage value in the yellow cell is compared to the percentage value in the
orange cell.

c) Percentage values in the grey cells are compared.
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All in all, the above results is consistent with the result a study carried out by Al-
Balbissi (2003) who examined the role of gender in road traffic accidents in Jordan in 2003.
Al-Balbissi (2003) found that on average male drivers are likely to be involved in traffic
accidents than the female drivers. In fact, Al-Balbissi (2003) stated that male drivers are
almost 4 times likely to involve in traffic accidents than their female counterparts. DeJoy
(1992) explained the observation. According to DeJoy (1992), male drivers especially the
young male drivers (drivers aged between 18 and 24) are more optimistic when making
judgments while driving and female drivers tended to be less optimistic when making
judgments while driving. In fact, DeJoy (1992) stated that female drivers’ pessimism while
making judgments when driving was significantly higher than the average for the motorists.
Because male drivers tended to make more optimistic judgments while driving, they were
likely to be involved accidents than female drivers. DeJoy (1992) explained that male drivers
tend to perceive driving behaviors to be much less serious and unlikely to result into
accidents. This perception makes them (male drivers) likely to make miscalculated

judgments some of which may result into accidents.

4.3.2 The effect age on safety performance of intersections

From the Table 4.6, it is also observed at the all the 83 intersections, more at fault
drivers are recorded among the young and middle-aged drivers (between 18 and 30, and
between 30 and 45 with an average of 4 accidents per intersection each) than in older drivers
(with an average of 1.3 for between 45 and 60, and 0.2 for 60 and above). This finding is
consistent with that of DeJoy (1992) who studied how gender and age affect people’s driving

habits and found faults in young drivers than in old drivers.
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DeJoy (1992) attributed this to the fact that younger male drivers (drivers aged
between 18 and 24) are more optimistic when making judgments while driving, and as a
result, are more likely to make to make miscalculated judgments some of which may result
into accidents. Experience also plays a significant role in the traffic accident occurrence
among the driver age groups (Libertiny, 1997). Younger drivers are generally not as
experienced as the older drivers and as result, more accidents are associated with younger

drivers than older drivers (Issa, 2016; McCartt et al., 2009).

4.4 Relationship between the time elapsed after the onset of red light and its violation

and the occurrence of traffic accident

4.4.1 Descriptive statistics

Table 4.7 to 4.9 have presented a summary of the data statistics used to determine
the relationship between the time elapsed after the onset of red light and its violation and the

occurrence of the traffic accident.

Table 4.7: Summary of the statistics noted at 4-leg intersections (33 signalized

intersections)

Variables Mean | Std. Dev. | Min Max
Total Accidents 5.82 5.79 0 22
Accidents associated with property damage 91 1.16 0 5
Severe Accidents 491 5.34 0 21

Number of violations 1297.33 | 1179.77 3 4599
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Table 4.8: Summary of the statistics noted at 3-leg intersections (11 signalized

intersections)

Variables Mean | Std. Dev. | Min | Max
Total Accidents 3.82 3.82 0 10
Accidents associated with property damage | 1.64 2.80 0 9
Severe Accidents 2.18 2.36 0 7

Number of violations 1789 | 1153.38 185 3709

Table 4.9: Summary of the statistics noted at different intersections (5 signalized

intersections)

Variables Mean Std. Dev. Min Max
Total Accidents 3.60 2.88 0 6
Accidents associated with 0.40 0.55 0 1
property damage
Severe Accidents 3.20 2.59 0 6
No of violations 2870 2831 247 7321

The above results indicated that the number of red-light violations was the highest
(2870 each) at different types of intersections even though they had the minimal number of
observations (which is, 5 in comparison to 33 violations noted at the 4-leg intersections that
accounted for 1297 violations). With regards to the total number of accidents, each 4-leg
intersection accounted for 5.8 accidents during the duration of the study. However, in terms
of the property damage, the 3-leg intersections showed the highest damage, with an average
of 1.64 per intersection. Also, in terms of the number of severe accidents, the 4-leg

intersections caused the maximal number of accidents, which is, an average of 4.9 per

intersection.
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4.4.2 Relationship between the red-light violations and different types of accidents

Table 4.10 describes the relationship between the number of red-light violations and
various types of resultant accidents.

The results shown in Table 4.10 indicated that in the case of the 3-leg and 4-leg
intersections, the Red Light Running (RLR) was positively associated with the total number
of accidents. RLR was also positively associated with the number of severe accidents, which
is, the higher the RLR, the more the number of severe accidents. Additionally, the red-light
violations were positively related to the property damage, which is, the higher the RLR, the
more the property damage resulting due to the violations. In some countries like France,
RLR was not the primary cause of severe accidents at the intersections. Here, the number of
traffic accidents that occurred at the intersections was low despite a higher RLR. In the case
of different intersections (which is, roundabouts and others), the total number of accidents
and RLR was negatively related. However, it was seen that the RLR was positively related
to the number of severe accidents.

It was also seen that the fatality resulting due to the accidents was positively related
to the RLR at the 4-leg intersections. In the case of the 3-leg and other intersections, the
relationship between the RLR and fatal accidents was negative. These variations could be
attributed to the different observations. The study considered only 5 instances of different
types of intersections, while 10 observations were considered for the 3-leg intersections.
Thus, the results indicated that the 4-leg intersections were the most dangerous type of

intersections in Abu Dhabi.
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Table 4.10: Relationship between the red-light violations and various types of accidents

Variables 4-Leg 3-Leg Different intersections
Total Accidents 0.01* 0.11%** -0.73%**
[0.00] [0.00] [0.02]
Severe Accidents 0.04*** 0.01 0.56***
[0.01] [0.01] [0.02]
Property Damage Accidents 0.05*** 0.07 0.09
[0.01] [0.03] [0.05]
Fatal Accidents 0.25*** | -2.81*** -2.40%**
[0.01] [0.08] [0.04]
Constant 6.83*** 1.22%%* 8.93***
[0.01] [0.01] [0.01]
Number of sites investigated 33 10 5
Standard errors in brackets
*** n<0.01, ** p<0.05, * p<0.1

4.4.3 Relationship between the red-light violations and signal crossing speeds

without causing any accidents

Table 4.11 highlights the relationship between the red-light violations with the speed
at which the signal was violated, without causing any accidents.

Table 4.11 presents the relationship between the RLR and the speed of the vehicles,
without causing any accident. The factors showed a positive relationship. Thus, even though
the vehicle did not cause an accident, the average speed of the vehicle was regarded as a
factor that led to red light violations. Hence, one method of avoiding the RLR was
introducing a low vehicle speed limit at the road intersections, particularly the 3-leg and the

4-leg intersections.
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Table 4.11: Relationship between red-light violations and vehicle speed without accidents

Variables - @
4-Leg intersection | 3-leg intersection
Average of Speed -0.06*** -0.14*>**
[0.00] [0.01]
Constant 9.52*** 14.21%**
[0.15] [0.25]
Number of sites investigated 5 4
*** n<0.01, ** p<0.05, * p<0.1

4.4.4 Relationship between the red-light violations and speed of vehicles crossing the

signals and causing accidents

Table 4.12 highlights the relationship between the red-light violations with the speed
at which the signal was violated while causing an accident.

The results indicated a negative correlation between the RLR and the vehicle speed.
The results presented in tables 4.12 and table 4.13 indicated that irrespective of the
occurrence of a traffic accident, the speed of the vehicle approaching the intersection is a
primary factor that led to RLR. Thus, the higher the average speed of the approaching
vehicle, the higher was the probability of red-light violation. Hence, red-light violations can

be decreased by introducing a low-speed limit at all the intersections.

124



Table 4.12: Relationship between red-light violations and speed of the vehicle with

accidents
Variables 4-leg 3-leg Different intersections
Average Speed 0.01*** | -0.01*** 0.07***
[0.00] [0.00] [0.00]
Constant 6.59*** | 8.04*** 3.63***
[0.02] [0.05] [0.10]
Number of sites investigated 28 7 4

*** n<0.01, ** p<0.05, * p<0.1

4.4.5 Relationship between the red-light violations and the traffic volume

Table 4.13 presents the relationship between the red-light violations and the traffic

volume at the intersections.

As shown in the table, the RLR and traffic volume were negatively related, which
was expected. A higher traffic volume decreases the speed of the vehicles, which consumes

a lot of space at the intersections. Hence, the vehicles that want to violate the red lights do

not have sufficient space for speeding and running the red light.

Table 4.13: Relationship between the red-light violations and traffic volume

Variables 4-leg 3-leg Different intersection
Average Speed 0.01*** 0.02*** 0.07***
[0.00] [0.00] [0.00]
Traffic volume -0.00*** -0.01%** -0.01%**
[0.00] [0.00] [0.00]
Constant 7.25%** 6.31%** 12.79***
[0.03] [0.06] [0.12]
Number of sites investigated 27 6 3

*** p<0.01, ** p<0.05, * p<0.1
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4.4.6 Relationship between the time elapsed after the onset of red light and its

violation and the occurrence of traffic accident

Table 4.14 presents the results of the Poisson regression model that described the
relationship between the time elapsed after the onset of a red light and its violation, leading
to traffic accidents, at various geometric configurations of the road intersections (which are,
4-leg, 3-leg, and different types of intersections), controlled by differing signal controls

(which are, lead-lag and split).

Table 4.14: Relationship between the time elapsed after the onset of red light and its

violation and the occurrence of traffic accident using the Poisson model

Variables 4-Leg 3-Leg Different Lead lag Split
Sum of < 1s -0.01 0.05%* -1.74 0.00 -0.00
[0.00] [0.01] [44.04] [0.00] [0.00]
Sum of 1 to 25 0.01** 0.00 141 -0.00 -0.00
[0.00] [0.00] [36.12] [0.00] [0.00]
Sum of 2 to 3s -0.01 -0.01 4.31 0.01** -0.01
[0.00] [0.00] [110.29] [0.00] [0.00]
Sum of 3 to 4s 0.01 -0.01 -9.08 -0.02%%* 0.01
[0.01] [0.02] [232.34] [0.01] [0.01]
Sum of > 4s 0.00 -0.01 -0.00 0.00
[0.00] [0.00] [0.00] [0.00]
Constant -0.00 1.04%* 105.52 1.51%** 1.05%**
[0.00] [0.42] [2,620.13] [0.15] [0.23]
Traffic Volume -0.01%%* -0.01%%* 0.00%** 0.00 0.00%**
[0.00] [0.01] [0.00] [0.00] [0.00]
Property damage 0.50%** 0.62%** 0.32%* 0.12%* 0.02%**
[0.07] [0.07] [0.04] [0.02] [0.04]
Speed 0.05%** 0.08*** 0.05%** 0.07*** | 0.04%**
[0.01] [0.04] [0.02] [0.06] [0.02]
Number of sites
investigated 30 11 5 29 17
*** n<0.01, ** p<0.05, * p<0.1

126




4.4.7 Relationship between the time elapsed after the onset of red light and its

violation and occurrence of a traffic accident at the 4-leg intersections

Table 4.14 presents the results of the Poisson regression model that described the
relationship between the time elapsed from the onset of red light to its violation, leading to
traffic accidents at the 4-leg intersections (regression result 1). A positive relationship was
noted at the 4-leg intersections when 1-2s had elapsed after the onset of red light to its
violation, which led to traffic accidents. No other relationship was noted between other time
values that elapsed after the onset of red light to its violation (<1s, 2- 3s, 3-4s, and >4s),
leading to traffic accidents. This indicated that at the 4-leg intersections, the majority of the
red-light violation-based accidents took place when only 1-2s had elapsed from the onset of
the red light to its violation. Almost no accidents occurred when <1s, 2-3s, 3-4s, and >4s had
elapsed from the onset of the red light to its violation.

Similar results were reported by Yang and Najm (2006), who used the logit
regression model (rather than the Poisson’s regression model used in this study) for
investigating the relationship between the RLR and the time elapsed from the onset of the
red light to its violation, leading to traffic accidents. They studied the effect of various factors
like intersection type, driver’s age and other environmental factors that led to RLR. They
noted that 94% of the RLR-based accidents took place within 2s of the red-light violations.
They also observed that only 3% of the RLR-based accidents took place 5s after the onset of
the red light. In another study, Bonneson et al. (2002) used the logistical regression technique
to determine the relationship between the time elapsed after the onset of the red light and its
violation that led to traffic accidents. They also noted that a majority of the red-light
violations (94.2%) occurred within 2s of the onset of the red signal. Their findings also

indicated that =50% of the RLR violations occurred within the first 0.5s after the onset of
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red light. Thus, they concluded that a majority of the RLR-based accidents also occurred

within 2s of the onset of the red signal at the 4-leg intersections.

4.4.8 Relationship between the time elapsed after the onset of red light and its

violation and the occurrence of a traffic accident at the 3-leg intersections

Table 4.14 presents the results of the Poisson regression model that described the
relationship between the time elapsed after the onset of red light to its violation, leading to
traffic accidents at the 3-leg intersections. The results indicated a significant and positive
relationship (coefficient =0.033) between the variables when <1s elapsed after the onset of
the red-light to its violation and the occurrence of traffic accidents. No other relationship
was noted between other time values that elapsed after the onset of red light to its violation
(1-2s, 2- 3s, 3-4s, and >4s), leading to traffic accidents. This indicated that at the 3-leg
intersections, the majority of the red-light violation-based accidents took place when <1s
had elapsed after the onset of red light to its violation. Similar results were reported by Yang
and Najm (2006) and Bonneson et al. (2002), who used the logit regression model (rather
than the Poisson’s regression model used 1n this study) for investigating the relationship
between the RLR and time elapsed from the onset of the red light to its violation, leading to
traffic accidents. They noted that 94% of the red-light violations occurred within 2s of the

onset of the red signal, till its violation.

4.4.9 Relationship between the time elapsed after the onset of red light and its

violation and the occurrence of traffic accidents at the Signalized intersections

Table 4.14 (Regression Result 3 and 4) presents the results of the Poisson regression
model that described the relationship between the time elapsed from the onset of a red light

to its violation, leading to traffic accidents at the lead-lagged and split-phase signalized
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intersections. The results indicated a positive relationship between the variables when 2-3s
elapsed after the onset of red light and its violation at the lead-lag signalized intersections
(irrespective of the intersection type). Thus, it was concluded that at the lead-lag
intersections, irrespective of the intersection time, a majority of the accidents occurred
between 2-3s after the onset of the red light. However, a negative relationship was noted
between the variables when 3-4s had elapsed after the onset of the red light to its violation,
leading to traffic accidents at the lead-lag signalized intersections. This is attributed to the
fact that after 3s, the driver would have passed the intersection and was relatively safe (which
IS, out of this intersection).

Earlier reports have shown that in the cities in UAE, like Dubai, the red-light
violations were responsible for 46% of the traffic accidents in 2016. The results in the above
table highlighted the fact that the red-light violations often led to traffic accidents, which
further resulted in property damage, serious injuries, or death. All these issues can be
decreased by the installation of camera systems in the different intersections in Abu Dhabi.
A few studies in the past showed that the installation of the camera systems could
significantly decrease the number of traffic accidents and the resulting injuries occurring at

the intersections.

4.5 Effect of removing the speed buffer on traffic safety at Signalized intersections

4.5.1 Determination of Empirical Bayes factors

As mentioned in Chapter 3 (Research Methodology), the study used the Empirical
Bayes (EB) process for investigating the effect of removing the speed buffer and adding the
deducted value to the speed limit at the signalized intersections in Abu Dhabi. The research

has discussed the factors used for modelling the EB equation below. All these factors have
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been used for studying the effect of removing the speed buffer at the 4-leg, 3-leg, and other

types of intersections.

4.5.2 Estimating Safety Performance Functions (SPF)

The study calculated this factor using the NB regression model as follows:
Log (SPF) = Bo+ B1X1 + P2 X2+ B3 X3+ E (4.1)

Where:
SPF = Safety Performance function = Safety performance function here is measured via the
number of traffic accidents per hour
Bo = Constant
Bi = Coefficients
X1 = Speed limit
X2 = Average Hourly traffic volume
X3 = Number of lanes in the minor through (configuration) Previous findings of the study
indicated the number of lanes in this intersection configuration is associated with most traffic
accidents.
Xs = The number of Pedestrians Crossing

The variables in the above equation (4.1) we determined by regressing total accidents
against other functions that may cause the accident. These include average hourly traffic,
speed limit, and number lanes in the minor through configuration (road geometric condition).
It is important to note that the total number of accidents chosen was the accident before
removal of the speed buffer, the regression model employed was Negative Binomial
regression. However, because the number of lanes and average hourly traffic volume may

be related, 3 regressions analyses were carried out. In regression 1, all the variables were
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included after testing for collinearity. In Regression 2, variable 2 (average hourly traffic
volume) was removed from the model. In Regression 3, variables 2 (average hourly traffic
volume) and 1 were used as the dependent variables. These models are shown below.

It is important to note that multi-collinearity between number of lanes in the “minor-
through” configuration and the average hourly traffic volume was determined and no
multicollinearity was detected. The Correlation and VIF functions associated with the

variables as shown in Table 4.15.

Table 4.15: Pearson correlation between the variables

Number
Number of of lanes | Average Number of
. Speed on hourly .
accidents - . . pedestrians
limit minor traffic .
before crossings
through | volume
direction
Number of accidents
d
before
Speed limit 0.0174 1
Number aF1elres of 00166 | 02903 | 1
minor through direction
Average hourly traffic 0114 0.075 0.4473 1
volume
Number of pedestrians | 4919 | 92549 | 08039 | 0.3943 1
crossings
Table 4.16: Variance inflation factor (VIF) Table

Variable VIF 1/VIF

Number of lanes in the minor

through direction 3.08 0.325145

Number of pedestrians crossings 2.84 0.35166

Average hourly traffic 1.26  0.792975

Speed limit 1.1 0.910333

Mean VIF 2.07
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From the above two tables it observed that except for correlation between number of
pedestrian crossing and number of lanes, none of the correlations has a coefficient more than
0.8 (Table 4.17). When variation of inflation factor was further checked, is observed that
none has a value of greater than 10 (Table 4.18). Therefore, there is no evidence of

collinearity between the variables included in the below regression.

45.3 Determination of SPF function

After checking multi collinearity among the variables in the data, regression analysis
was carried out to determine the SPF function. The regression model is shown below.
Regression model 1:
Log SPF = o + B1X1 + B2 X + BaXa+ PaXa+ E (4.2)

The results are shown in the table below

4.5.4 Effect of removing the speed buffers at the 4-leg intersections

The results for the effects of removing speed buffers at 4-legged intersections are
shown in Table 4.-19 and 4-20. Table 4-19 are the regression results for determining SPF
functions, and table 4.23 shows the results of the effects of removing speed buffers on 4-leg

intersection.
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Table 4.17: Regression analyses used to determine coefficients for SPF function at 4-leg

intersection

Variable Regression 1
1 Speed limit 0.001
[0.016]
2 Number of lanes in the minor through direction 1.824***
[0.467]
3 Average hourly traffic Volume -0.000
[0.000]
4 Number of pedestrians crossings -1.733***
[0.470]
Constant 1.319*
[0.729]
Observations 24

Standard errors in brackets
*** n<0.01, ** p<0.05, * p<0.1
Taking results of regression 1 (Also note that results of regression 1 and 2 are almost

similar), therefore choosing either of the two will not affect the final answer.
SPF model at the 4-leg intersections (Table 4.22)
Bo=1.319
B1=1.814
P2=0
B3 =-1.733
Hence,
Log (SPF) = 1.319 + 1.824X3 — 1.733 X4 + E (4.3)
Dispersion (¢) = 0.126
Weights
o =1+ (1 + (SPF/0.126)
The expected number of accidents after implementing the Buffer policy was determined as:
= (o X SPF) + (1-a)(V) (4.4)
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Where:
A = Actual number of accidents recorded after removing the buffer
n = Expected number of accidents if the buffer was not implemented

All the above equations and factors were used to understand the effect of removing
the speed buffers at different intersections. The below sections have presented the results.

Table 4.18 presents the EB results indicating the expected number of road accidents
if the speed buffers were removed. The table presents the values of SPFs, o, and actual
number of accidents after the implementation of the speed buffer policy. The results showed
that the removal of the speed buffers at the signalized intersections improved the traffic
safety performance of intersections in Abu Dhabi. It was noted that the removal of the speed
buffers and the addition of the speed buffer value to the speed limit at the intersections
improved the safety performance of the intersections studied. As seen in Table 4-20, actual
numbers of accidents recorded in the intersections are generally lower than the expected
number of accidents had the speed buffer policy not implemented.

This was expected as removal of the buffer on the speed limit means that indicated
speed limit would higher than the one before the buffer was implemented. A higher speed
limit means that the driver’s reaction time increased. This has a positive effect on the overall
safety performance of the intersections as drivers now have relatively high-speed allowance

before violating the speed limit.
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Table 4.18: SPF, expected number of number of accidents and percentage change in the

number accidents because of implementation of speed buffers at 4-leg intersection.

Expected
Actual
Expected no. of No. of Percentage
No of Pedestrian no. of accidents e change in
IP - Constant SPF a l-a - accidents
Lanes Crossing accidents  nearest number of
recorded b
) whole o) accidents
number
1P10 3 4 1.319 -0.141 2.185 -1.18 1.5 2 1 -33%
IP10A 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
IP11 4 4 1.319 1.683 0.134 0.87 2.8 3 3 6%
1P118 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
IP11A 3 4 1.319 -0.141 2.185 -1.18 1.5 2 1 -33%
1P19 0 3 1.319 -3.88 -0.072 1.07 1.4 2 1 -26%
IP28A 2 3 1.319 -0.232 9.286 -8.29 18.7 18 2 -89%
1P33B 3 4 1.319 -0.141 2.185 -1.18 2.7 3 2 -25%
1P35 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
1P36 0 0 1.319 1.319 0.165 0.84 1.1 2 1 5%
1P4 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
1P40 1 4 1.319 -3.789 -0.074 1.07 1.4 2 1 -26%
1P44A 0 0 1.319 1.319 0.165 0.84 0.2 1 0 -100%
1P46A 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
IP57Q 3 4 1.319 -0.141 2.185 -1.18 3.9 4 3 -22%
1P58B 3 4 1.319 -0.141 2.185 -1.18 3.9 4 3 -22%
1P59 3 4 1.319 -0.141 2.185 -1.18 2.7 3 2 -25%
IP5A 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
1P63 3 4 1.319 -0.141 2.185 -1.18 1.5 2 1 -33%
IP75A 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
IP75D 3 4 1.319 -0.141 2.185 -1.18 1.5 2 1 -33%
1P76 2 4 1.319 -1.965 -0.152 1.15 0.3 1 0 -100%
1P79 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
1P86 3 4 1.319 -0.141 2.185 -1.18 1.5 2 1 -33%

135



4.5.5 Effect of removing the speed buffers at the 3-leg intersection

The results for calculation of SPF at 3-leg intersections are shown in Table 4.20.
From the results it observed that coefficients associated with all the variables are not
significant. This indicates that the number of lanes in the minor direction of the streets (2017-
2018), average hourly traffic, and number of pedestrians had little effect on the number of
accidents recorded that time. This may not be true and may be a result of small sample size
(only 11 intersections were involved in the study). This result makes it difficult to determine
SPF values. Because of this, it was assumed that factors affecting SPF at 4-leg intersection
were similar to those in 3-leg and different intersection. This was made on the justification
that these intersections are in the same jurisdiction and hence factors affecting their safety
performance may be similar. It is important to SPF function can be obtained from other
intersections with the same jurisdiction.
Therefore, equation 4.3 still applies in 3-leg intersection. The equation is restated as
follows:
Log (SPF) =1.319 + 1.824X3 - 1.733 Xa + E (4.5)
Using the above equation and dispersion value, the expected effect of speed buffers
was estimated as shown in Table 4.25. Just like in 4-leg intersections, the results in Tables
4.25 show that the removal of the speed buffers at the signalized intersections and adding
the removed value to the intersection speed limit improved the traffic safety performance of
3-leg in Abu Dhabi. As seen in Table 4.20, the change in number of accidents when expected
and actual accidents were compared were all negative indicating an improvement in safety
of the intersection in terms of reduction on traffic accidents. This was expected an expected
results as removal of the buffer on the speed limit means that indicated speed limit would

higher than the one before the buffer was implemented. A higher speed limit means that the

136



driver’s reaction time increased. This has a positive effect on the overall safety performance
of the intersections as drivers now have relatively high-speed allowance before violating the

speed limit.

Table 4.19: Regression analyses for determining coefficients for SPF function at 3-leg and

different intersections

Variables Regression 1 Regression 2
Speed Before -0.000 0.032
[0.046] [0.040]
No of Lanes in the Minor
Through -3.469 -1.376
[2.994] [1.333]
Average Hourly Traffic 0.002
[0.002]
Number of Ped Crossing 1.674 0.342
[1.335] [0.459]
Constant -10.757 -2.251
[8.338] [1.871]
Observations 11 11

Standard errors in brackets
et 20, OF 0. Q5=
p<0.1
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Table 4.20: SPF values, expected accidents and percentage in accident number after

implementation of speed buffers at 3-leg intersection

Expected

Expected no. of Actual Percentage
. - No. of .

No of  Pedestrian no. of accidents - change in

- Constant SPF o l-a - accidents
Lanes  Crossing accidents nearest number of
recorded b
P) whole 2 accidents
number )
1P2 0 2 1.319 -2.147 -0.138 1.14 3.7 4 3 -19%
1P26 1 4 1.319 -3.789 -0.074  1.07 0.3 1 0 -100%
1P28C 0 4 1.319 -5.613 -0.049 1.05 13 2 1 -24%
IP3 0 0 1.319 1.319 0.165 0.84 11 2 1 -5%

IP41C 3 4 1.319 -0.141 2185  -1.18 15 1 1 -33%
IP49A 0 0 1.319 1.319 0.165 0.84 0.2 1 0 -100%
IP54A 0 2 1.319 -2.147 -0.138 1.14 0.3 1 0 -100%
IP55C 0 2 1.319 -2.147 -0.138 1.14 14 2 1 -30%
IP60A 0 2 1.319 -2.147 -0.138 1.14 0.3 1 0 -100%
1P60B 3 4 1:319 -0.141 2185  -1.18 0.3 1 0 -100%

4.5.6 Effect of removing the speed buffers at the different intersection

The results for calculation of SPF different type intersections are shown in Table
4.22. From the results it observed that coefficients associated with all the variables are not
significant. The results indicate that the number of lanes minor the streets, average hourly
traffic, and number of pedestrians had little effect on the number of accidents recorded at
that time. Therefore, just like in the 3-leg intersection, it was assumed that factors affecting

safety of 3 leg intersection as number of lanes and number of pedestrians crossing also affect
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safety performance of different intersection. This the means that the SPF equation remains
the same as in the previous two cases as:
Log (SPF) = 1.319 + 1.824X3 - 1.733 X4 + E (4.6)
The expected number of accidents associated with this type of intersection were
determined using the above equation, and results compared with those the actual accidents.
These are shown in Tables 4.24. The results show that the removal of the speed buffers at
the signalized intersections and adding the removed value to the intersection speed limit
improved the traffic safety performance of different intersections. The table shows that the
percentage change in number of accidents when expected as result of implementation of the
speed buffer policy were all negative indicating an improvement in safety of the intersection

in terms of reduction on traffic accidents.

Table 4.21: Calculation of SPF functions for the different intersection

Variables Different Different
Speed Before 0.204 0.272
[0.295] [0.302]
No of Lanes in the Minor
Through -3.331 -3.107
[7.752] [4.689]
Average Hourly Traffic -0.000
[0.000]
Number of Ped Crossing 3.353 2.277
[11.556] [7.025]
Constant -17.435 -18.907
[26.064] [18.157]
Observations 10 10

Standard errors in brackets
*** n<0.01, ** p<0.05, *
p<0.1
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Table 4.22: SPF values, expected accidents and percentage in accident number after

implementation of speed buffers at different intersection

Expected Actual
Expected no. of Percentage
. . No. of .
No of  Pedestrian no. of accidents h change in
IP - Constant  SPF o l-a - accidents
Lanes Crossing accidents  nearest number of
recorded .
(p) whole accidents
number @)
IP135 3 4 1.319 -0.141 2.185 -1.18 0.3 1 0 -100%
IP1E 4 4 1.319 1683 0134 0.87 1.1 1 1 -8%
1P20 5 4 1.319 3.507 0.069 0.93 1.2 2 1 -15%
1P44 3 4 1.319 -0.141 2.185 -1.18 15 2 1 -33%
IP47A 0 1 1.319 -0.414 -1.688 2.69 0.7 1 0 -100%
IP52A 0 0 1.319 1319 0.165 0.84 0.2 1 0 -100%
IP57R 0 2 1.319 -2.147  -0.138 1.14 0.3 1 0 -100%
1P69 3 4 1.319 -0.141 2185  -1.18 0.3 1 0 -100%
IP71 0 2 1.319 -2.147  -0.138 1.14 1.4 2 1 -30%
IP72 0 0 1.319 1319 0.165 0.84 0.2 1 0 -100%

4.6 A summary of the results derived after interviewing 10 safety auditors in Abu

Dhabi, UAE

In this study, this research aimed to find appropriate solutions for the issues that were
identified using the quantitative research technique. A qualitative research (interviews)
technique was used to identify the issues that increased the number of traffic accidents at the
Abu Dhabi intersections. For this purpose, knowledgeable and experienced people working
in the transport industry in Abu Dhabi were interviewed. The qualitative aspect of the study

was based on 3 objectives, which is, 1) Assessing the standards used by the Abu Dhabi Road
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auditors for auditing the road safety in the city to identify the related problems
(shortcomings) and suggesting probable solutions for resolving the issues; 2) Determining
the safety indicators that could be used for assessing the existent intersections and
prioritizing countermeasures; 3) Examining the various safety performance monitoring
mechanisms. All the codes, themes and summary of the data derived from the above

interviews have been discussed in the following sections.

4.6.1 Issues related to Abu Dhabi’s road safety auditing standard manual (the
standard manual used by Abu Dhabi Road auditors for auditing the road

safety) and the proposed solutions

As mentioned above, the research used a qualitative research technique that was
based on 3 objectives. Out of the 3 objectives, Objective 1 included the examination of the
standards used by road safety auditors for auditing the safety of the roads in Abu Dhabi. The
standard manual that is used by these auditors is called the Abu Dhabi Road Safety Manual.
In this objective, it was aimed to identify the issues related to the standard and determine
solutions for the problems that were identified. After the thematic analysis of the data derived
from the interviews, 3 different themes were identified (as mentioned in Table 4.23). Based
on these themes, various codes related to the standard could be identified. These codes have
been summarized in Table 4.23. Furthermore, the respondents also proposed a few solutions
to the identified issues that have also been presented in Table 4.23. Thus, Table 4.23 presents
asummary of the different themes, issues, and datasets (which is, proposed solutions) related

to Objective 1 of the qualitative technique used in this study.
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Table 4.23: Themes, codes and datasets related to issues identified by the Abu Dhabi road

safety auditors using the safety auditing standard manual and proposed solutions

Themes

Abu Dhabi Road Safety

Manual must be
improved

The Road Safety
Manual IS good;

however, it is not

implemented properly

International  manuals

can be used as a basis for

improving the Abu
Dhabi Road Safety
Manual

Codes (Issues)

 Checklist
« Manual lacks parameters
e This manual is a good

beginning

Poor implementation

o UK GG-119

e LSS Program

o USA model

o Ireland model

« Netherland model

o Sweden model

« Several books and Road

Safety Manuals

Data Set (Proposed solutions)
“I believe that the Abu Dhabi

Road Safety Manual should be

reviewed periodically and
updated every 5 years”
“The manual should be

periodically updated every 2
years”

“The manual is good enough.
However, the main problem is
the

related  to system

implementation”

“UK GG-119 (earlier called the
HD19) forms the basis for our
manual”

“In Step 1, the best standards
that have proved effective in
should be

other countries

selected”

According to the data map that was constructed using the above themes, it was noted

that the Abu Dhabi Road Safety Manual was the standard manual that was used for auditing.
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However, the auditors stated that the manual should be improved from its existing state as it
lacks all prerequisite parameters that define a good road safety manual. They also suggested
that the Abu Dhabi Road Safety Manual needs to be refined and improved every 2 years.
Furthermore, the data derived from the interviews indicated that skipping a few sections in
the manual was considered as poor implementation and hence, the manual was outdated and
ineffective. The research concluded that if the auditors were taught ways of determining the
critical factors while auditing road safety, it could indirectly improve the road auditing
process. Some of the international manuals (UK GG-119, LSS Program, Ireland model, and
USA model, and others) were regarded as very effective as they could be used for improving

the effectiveness of the Abu Dhabi Road Safety Manual.

4.6.2 The safety indicators that are used for assessing the traffic safety at the

existing Signalized intersections and suggesting some countermeasures

In this research, a qualitative research technique was used (interviews) for fulfilling
Obijective 4 of the study, which is, determining the different safety indicators that could help
in assessing the existing signalized intersections and suggesting countermeasures. These
were based on the results of quantitative research carried out earlier. The quantitative
technique was used for understanding that the signalized intersections were generally
affected by a majority of traffic accidents, particularly the 4-leg intersections compared to
3-leg intersections. The above quantitative research findings and identified various themes
were evaluated. Table 4.24 presents a summary of these themes. The factors (codes) included
in Table 4.24 were also evaluated. The road safety auditors in Abu Dhabi were interviewed
and the responses helped to identify many safety indicators that could be used for assessing

the existing intersections and suggest some countermeasures. All the safety indicators have
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been described in brief in Table 4.24. Thus, Table 4.24 describes the themes, codes and
datasets related to the identified safety indicators that can be used for assessing the existing
signalized intersections and suggesting countermeasures.
Table 4.24: Themes, codes and the datasets related to the identified safety indicators that
can be used for assessing the existing signalized intersections and suggesting
countermeasures

Themes Codes Data Set (Proposed safety indicators)

“Every aspect is significant and there are

too many aspects to be listed”
Who can be hurt and

Many “One cannot physically list each probable
how?

parameters need issue”

to be considered “Everything that affects the safety and

severity of the accidents must be

considered.”

“A physical separation must be provided
\ Signs phy p p

11 for the vehicles turning left if the
o Illumination

« Road Marking intersection uses a lead-lagged operation
Some
« Pavement  markings, traffic signal
parameters to be
roadside barriers “ The roads must be adequately lit at night”
considered o
» Delineation “The radius and visibility of the curves in

» Channelisation the road with a speed buffer must be

« Intersection Geometr
y checked”
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Signal phasing

Other significant

Parameters

« Cause of accident
« Improved geometry
« A vital parameter

» Coordinated Corridor

« Traffic Flow

e movements

« Capacity

« Horizontal and Vertical
Alignment

o Cycling Facilities

« Traffic Calming

« Expected traffic
volume

o Geometry design of the

intersection

“A majority of the fatal traffic accidents in
Al Ain are caused because of phasing
problems...”

Stage-2 must consider the Traffic Signal

phasing and timing

A major issue is pedestrian volume and
demand corridors that must be considered
for ensuring that the median waiting areas
are enough for accommodating the
cyclists, pedestrians, and pushchairs. Thus,
the minimum width of the corridor must be

2.1m

The data map that is drawn from the above-mentioned themes indicated that

numerous parameters had to be studied to determine the safety indicators. These safety

indicators were used for assessing the existing signalized intersections. Thus, the questions

that who can be hurt and how helps in understanding which of the safety indicators must be

used for evaluating the intersections. The primary important parameters are Illumination,

Road Marking, Signs, Expected traffic volume, Delineation, geometric design of the

intersection, and others. A poor signal phasing technique was regarded as a major cause of

traffic accidents. Hence, an effective signal system affects road efficiency and road safety.
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Hence, the research suggested that the Abu Dhabi Transport Department can benchmark the
systems used in countries like the UK, Japan, USA, and others, as they prioritize the safety

of signalized intersections.

4.6.3 Gaps existing in the decision-making process that ignore the safety concerns

Objective 3 included the determination of the gaps existing in the decision-making
process that ignore the safety aspect. When the thematic analysis of all data derived was
conducted after interviewing the respondents, the themes and codes will be identified. They
also identified the gaps described in Table 4.25. In particular, 3 themes along with many
codes in their analysis were determined. Table 4.25 presents the themes, codes and datasets
related to the gaps existing in the decision-making process that ignore the safety concerns.

Table 4.25: Themes, codes and the datasets related to the gaps existing in the decision-
making process that ignore the various safety concerns
Theme Codes Data Set

RSA is not conducted early during the
Not carrying out RSA IS fine;

planning process. Generally, the development
RSA early = however, people do

and construction processes are already
enough not follow it

underway before the RSA is carried out.

People do not consider all comments in the
 Designers skip
reports
Not respecting  audits
RSA is not considered a component of their
recommendation ¢ Lack of
decision-making process.
experience

Hence, they do not carry out RSA
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The contractors and consultants face severe
There is no liability
time and cost pressure for reducing the RSA
Underestimating  if people ignore RSA
process to a simple tick-box exercise. Some
RSA Stakeholders are not
of them completely avoid the process to save
aware of the RSA
time and money.

The data map indicated that the RSA process was severely ignored. This is attributed
to the gaps existing in the decision-making process and ignorance of safety concerns
highlighted during auditing. The data also showed that RSA was considered insignificant
and was not carried out during the early stages of the construction process. Many people did
not realize its significance and ignored it. Additionally, the RSA could not be forced under
law. This led to the development of many gaps in the decision-making process and resulted

in safety issues.

4.6.4 Review of the safety performance monitoring

During the interviews, it was aimed to review the safety performance monitoring. In
Table 4.26, the themes and codes related to safety performance monitoring were described.
A thematic analysis was carried out and identified 3 themes related to safety performance
monitoring, where the intersections were monitored after 36 months. It was noted that
analyzing the accident data was the best technique for monitoring the traffic safety of the
signalized intersections. Furthermore, the red-light enforcement helped in improving road
safety. Table 4.26 presents the codes and the data (opinions expressed by the respondents)

related to the safety performance monitoring process.
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Table 4.26: Themes, codes and datasets related to the safety performance monitoring

Theme

Monitoring of
intersection after 36

months

Accident data
analysis is an
effective technique
for monitoring the
safety of the
signalized

intersection

Police red-light
enforcement helps in
improving the road

safety

process
Codes

TR 540 of the RSA

manual

LSS program

monitoring.

« Accident frequency,

« Accident Severity

« Road users complain

« Time delays and LOS

« Number of RLR
Violations

» Data accident

« Effectively controlling
the driver behaviour

« Police red-light
enforcement is
necessary

« Decreases the number

of accidents
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Data Set
TR-540 of the RSA manual for
UAE states that the intersections
must be monitored 36 months

after the completion of a project

Analyze the accident history and

red-light violations.

This can help. There is a decrease
in the number of accidents at the
Twam, Khabisi and Al Ain Mall
signals.

It is regarded as an effective
enforcement solution that helps in
reducing the number of Red-light
Crossing Violations and traffic

accidents



The data map indicated that the signalized intersections must be monitored 36
months after the construction process, as mentioned in TR 540 of the RSA manual. The
datasets showed that data analysis was a significant safety and monitoring process.
Furthermore, the data showed that the police red-light enforcement helps in improving road

safety, which decreases the number of traffic accidents.

4.7 Summary of all findings observed in the study

4.7.1 Summary of the findings of quantitative research

The primary issues related to the 3-leg and 4-leg intersections in Abu Dhabi have
been summarized below:

a. At 4-leg intersections:

I. The higher the number of pedestrian crossings at the intersections
leads to higher number of traffic accidents. Therefore, more road
elements should be considered by the driver when driving at the
signalized intersections.

b. At 3-leg intersections, the study found that the safety performance of 3-leg
intersection (measured in terms of number of number of accidents occurring
at the intersection) is influenced by:

i. The larger the middle island in the main direction, the safer the
intersection. This is because a bigger island in the main direction
gives the left turn movements more sight distance to view the through
movements from the opposing direction.

ii. Large middle islands are not suitable for minor roads in the

intersection as they eat into space that ought to have been used for
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traffic resulting in congestion. Also, the bigger island on the minor
roads leads to an increase in the distance to be covered by main
direction vehicles to clear the intersection.

iii. The higher the number the zebra crossing at the intersection, the
higher the number of pedestrians crossing the intersection, which
leads to more distraction to the drivers at the intersections.

iv. Adding more lanes in the main through results into increase the space
between the driver and the signal head and other roads elements which
increase the chance to miss information that need to be considered
and lead to accidents.

v. Increase in the number lanes in the minor left results in decrease in
the number of traffic accidents.

vi. Changing the type of separation between the left movements and
through movements from no separation to physical separation
decreases the number of accidents.

vii. Increase in average daily traffic increases the number of traffic
accidents.

viii. Decreasing intersection speed results in a decrease in the number of

traffic accidents.

4.7.2 Summary of the findings of qualitative research (interviews)

The qualitative research yielded the following results:
i. The Abu Dhabi Road Safety Manual does not contain prerequisite parameters that

can make it very effective. Hence, it needs to be improved.
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Vi.

Vil.

The parameters highlighted in the Abu Dhabi Road Safety Manual is not properly
implemented, hence the assigned auditors notice traffic safety issues while auditing.
Signal phasing plans considered to be a main contributor to accidents and engineers
should be careful when implementing.

The safety indicators, include factors like who can be hurt in the traffic accidents at
the intersections and how are they hurt; geometric design of the signalized
intersections; visibility of the road and intersections; and efficiency of the signal
phasing system implemented at the signalized intersections.

Accidents data and red-light violations are good indicators in monitoring the safety
performance of an intersection.

It was seen that the RSA is generally ignored by the contractors. This is attributed to
the gaps present in the decision-making process and complete disregard for the safety
issues arising during the auditing process.

The intersections have to be monitored 36 months after their construction, according

to TR 540 of the RSA manual.
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CHAPTERS

CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

Despite the deployment of many measures, Abu Dhabi still endures traffic accidents
that have resulted in injuries and fatalities, particularly at signalized intersections. This

research used quantitative and qualitative approaches to address this issue.

5.2  Summary of main findings

The following are the key objectives of the quantitative research:

For Objective 1, this study determined the operational parameters (intersection speed
and signal type) along with various geometric road characteristics that affect the safety
aspects of signalized intersections in Abu Dhabi. The regression findings indicated a direct
correlation between traffic volume and traffic accidents at all types of intersections
(including 3- and 4-legged intersections) and under different operational conditions
(including intersection speeds and signal types). A significant relationship was noted
between traffic accidents and traffic volume at low-speed and high-speed intersections.
Additionally, a positive association was noted between traffic accidents and traffic volume
at the split and lead-lag types of intersections.

The influence of geometric road characteristics on the safety aspects of intersections

are defined as follows:
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At 4-leg intersections, a direct relationship was noted between the high number of

pedestrian crossings at these intersections and the increasing number of traffic accidents.

Hence, drivers need to consider road characteristics when driving through signalized

intersections.

At 3-leg intersections, the following factors were found to affect their safety aspects,

which was measured in terms of the frequency of accidents that occur at the intersections):

The size of the middle islands that were built in the main direction (all middle islands
that were studied ranged between 2 to 150 m) was related to the safety of the 3-leg
intersection. This is because a larger middle island in the main direction offers the
drivers who wished to make left turn movements additional sight distance to watch
the through movements coming from the opposite direction.

Furthermore, larger middle islands are inappropriate for minor roads at the
intersection because they occupy the area that needs to be used for traffic, causing
congestion (and taking up space that could be used to add more lanes). Additionally,
the larger middle islands on minor roads increase the travel distance of the main route
vehicles that pass through the crossroads.

The intersection's safety performance declines when there is an increase in the
number of pedestrian crossings, which leads to an increase in the number of
pedestrians using the intersection. Furthermore, an increase in the number of
pedestrian crossings indicates an increasing number of pedestrian crossings at the
intersection, which further results in a higher probability of pedestrian-associated
traffic accidents, thereby decreasing the safety performance of these intersections.

As a result, these pedestrian crossings must be replaced by pedestrian footbridges.
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iv.  Increasing the number of lanes on minor left roads reduces the number of traffic
accidents. A decline in the number of conflicting moments at these intersections can
be achieved by adding more lanes, which improves traffic flow at those intersections.

v.  There is a decrease in the number of traffic accidents when the kind of separation
between the left and through movements is changed from ‘no separation’ to ‘physical
separation’. A physical barrier prohibits overlapping, driving on the wrong side of
the road, and other behaviors that are frequently linked to a higher rate of accidents.

vi.  As everyday traffic rises, more traffic accidents occur on the road. This could be
attributed to the fact that there was an increase in the number of conflicts at the
intersections owing to the increasing traffic, which further increased the probability
that a traffic accident would occur at the intersection.

With regard to Objective 2, this study found that red-light violations led to a
significant increase in the number of traffic accidents in the UAE. In addition, it has been
determined that the amount of time that passed after the start of the red light affected the
frequency of traffic accidents at the signalized intersections. It was noted that the majority
of red-light violations at the 4-leg intersections occurred within 1-2 s of the onset of the red
light. Additionally, very few crashes happened within less than 1's, 2-3 s, 3-4 s, or >4 s after
the light turned red.

On the other hand, the majority of traffic accidents involving red-light violations at
3-leg intersections occurred within less than one second of the onset of the red light.
Irrespective of the type of intersection, the majority of crashes at lead-lag signalized
intersections occurred 2-3 s after the onset of the red signal. The findings also showed that
at the lead-lag signalized intersections, 0 or very few traffic accidents occurred if >3 s had

passed since the onset of a red signal.
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The study evaluated the traffic safety performance at all kinds of signalized
intersections when speed buffers were removed for Objective 3. The results showed that the
elimination of the speed buffers and the addition of a buffer value to the speed limit
significantly decreased the number of traffic accidents, thereby improving the safety
performance of all intersections. Thus, it is advised that other UAE emirates consider the
implementation of this policy.

With regard to Objective 4, the findings of the qualitative analysis demonstrate that
the Abu Dhabi Road Safety Manual, which is currently used by the Abu Dhabi authorities,
should be updated. This is because participants claimed the manual was out-of-date and
lacked the necessary elements for proper implementation. The findings also show that the
authorities have not properly implemented the road safety handbook. The implementers omit
some sections of the manual because they follow their judgement as to what is correct rather
than what is described in the manual. Based on internationally recognized road safety
manuals such as the UK GG-119, LSS Programme, Ireland model, USA model, etc., the
experts in the field who participated in this study advised that the current handbook needs to
be updated.

Regarding Objective 5, the study concluded that the Abu Dhabi Road Safety Manual
lacked the necessary components which could define it as an excellent and useful handbook.
Therefore, it is necessary to upgrade the Abu Dhabi Road Safety Manual. The investigation
also found that road safety auditors did not effectively implement the Abu Dhabi Road Safety
Manual. The respondents responded that a poor signaling system at intersections was the
leading cause of traffic accidents in Abu Dhabi. The findings also indicate that the RSA was
mostly overlooked. Additionally, there were numerous gaps in the decision-making process,

and the respondents claimed that traffic authorities usually disregarded the safety issues that
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they noted after their auditing procedure. Based on the TR 540 of the RSA manual, findings
showed that the crossings were monitored after 36 months. The following safety indicators
were incorporated into the study: Identifying who might be injured and how they might be
injured after a traffic accident at different signalized intersections, geometric designs of all
intersections, visibility at the road and intersections, and the efficiency of the signal phasing
system that is implemented at these intersections. The study evaluated the frequency of the
4 different categories of traffic accidents that occur at high- and low-speed intersections. The
study was able to comprehend the impact of eliminating the speed buffers policy on the
safety performance of the signalized intersections because no additional changes were made
to the signal plan, signal timings, or road characteristics before and after the study. Thus, it
was concluded that the policy changes may be ascribed to the slow average speed of traffic,
which, as was already indicated, increased the average number of traffic accidents and the
ensuing casualties.

A lower vehicle speed reduced the drivers' braking distance and response times,
which further increased the probability of the occurrence of traffic accidents at the signalized
intersections. The increase in the RLR events indicated that drivers were engaging in unsafe
driving practices. The mean number of RLR events would, however, decline if speed barriers
were removed from the highways. The relationship between these statements might be
established by observing that when the frequency of risky driving movements decreased,
their severity increased. According to this analysis, there were fewer traffic violations and
the number of traffic accidents.

According to the study, RLR was an important factor that led to an increase in the
number of traffic accidents across the world. The Abu Dhabi Police Department and

Municipality are therefore advised to take action to decrease the number of traffic accidents.

156



Additionally, it is advised that a red-light camera system be installed at a few defined
signalized intersections to reduce the number of red-light violations.

The main goal of installing the red-light signal camera system was to increase traffic
safety at the signalized intersections through the collection of all data related to red-light
violators using a computerized camera system. This system is automated for identifying and
capturing photos and images of red-light runners or red-light violators. The computerized
camera system included 3 key components, i.e., camera, computers, and automatic sensors
or triggers. This camera was capable of recording both video and static photographs. The
cameras were set up at the corners of signalized intersections so that they could record the
data (from all angles) regarding the moving vehicles approaching the signalized intersections
from all directions. The camera system could be set up at specific regions of the signalized

intersections which reported a high number of red-light violations.

5.3 Research Contribution

This study has made a few suggestions that could significantly add to the knowledge
related to signalized intersections. One such suggestion included the removal of speed
buffers and increasing the buffer duration of the initially posted speed limit values, thereby
generating a new speed limit value (which has to be strictly enforced). This could be more
effective in improving intersection safety rather than adding a speed buffer to the posted
speed limits. This could be attributed to the fact that with the speed buffers, the drivers tend
to exceed the speed limits as they know that the speed buffer could easily cover them. Thus,
a majority of the drivers fail to maintain their speed limits within the allowed buffer values,
which further leads to speed limit violations. This might be explained by the driver's

disregard for speed buffers or their lack of understanding or ignorance about them. As a
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result, nations like the UAE that have speed buffers on their posted speed limits could

consider removing them and replacing them with a new limit that is strictly enforced.

Furthermore, this study highlighted the fact that road safety assessment manuals
should be regularly updated to reflect changes in technology, traffic volume, geometric road
characteristics, and operational conditions. Due to numerous changes in road and traffic
technologies, a manual that was designed 20 years ago may no longer be applicable. As a
result, road authorities across the world should consider updating their road safety

assessment manuals.

5.4 Recommendations and proposed solutions

According to the above-mentioned findings, the majority of traffic accidents
occurred at signalized junctions (especially at 4-leg intersections). Male drivers were also
shown to be more involved in traffic accidents than female drivers. This study also revealed
that these issues were mostly caused by several factors, including poor intersection signal
systems, improper traffic RSA implementation, disregard for the RSA during the traffic
safety auditing processes, poor geometric road characteristics, driver ignorance etc. Other
solutions (both short and long-term) could be derived if the recommendations presented

below were considered.

5.4.1 Quantitative research recommendations

I. According to the study, there was a direct correlation between the frequency of traffic
accidents at the 4-leg intersections and minor roads, also known as minor through
roads. This showed that there was an increased probability of a traffic accident when
a minor road crossed the 4-leg intersection. This might be explained by increased
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traffic volumes and drivers' reluctance to reduce their speed while driving on the
roads. When a minor road passes through the intersections, the motorists driving on
the street assume they have the "right of way" and do not take any safety precautions
when crossing these intersections. This issue could be resolved by following the
suggestions proposed in this study that if the minor road crosses the 4-leg
intersections, the minor through road should be replaced by an overpass. An overpass
presents a long-term solution to reduce the frequent occurrence of traffic accidents
at signalized intersections. Another short-term solution could be offered by
deploying traffic officers and a signal phasing system for controlling the traffic at
these intersections. This can reduce the number of traffic accidents at the four-leg
intersections.

The findings also demonstrated a higher likelihood of traffic accidents occurring
when the main street crossed the 4-leg intersection (main street through). This is
attributed to increased traffic volume and the drivers' unwillingness to slow down
while driving on the streets. As a result, the study proposed that traffic authorities in
Abu Dhabi construct an overpass on the "main through™ sections to facilitate driving
on 4-leg intersections. Therefore, when the "main through street” section of the
intersection is connected to other streets by an overpass, the traffic passing through
the "main through" street would not be exposed to other vehicles passing on the other
sections of the 4-leg intersections, which could subsequently decrease the number of
traffic accidents occurring on the main through street. The reduction in intersection
traffic accidents could considerably increase traffic safety. Furthermore, the overpass
could restrict pedestrian movement, which could decrease pedestrian-associated

traffic accidents. This study recommended the addition of pedestrian bridges to the
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overpass construction on the "main through™ traffic arteries to improve the pedestrian
crossings at 4-leg intersections to solve the issues related to pedestrian movement.
It has been found that the size of the middle island also affected the safety of these
intersections, wherein a larger middle island at the 4-leg intersections decreased the
frequency of traffic accidents. Therefore, the size of the middle island at these
intersections must be kept as large as is practically possible. This discourages
impatient drivers from overlapping, cutting traffic, turning, and making U-turns in
non-designated zones.

Furthermore, the number of pedestrian crossings must be eliminated or decreased at

these intersections.

5.4.2 Recommendations based on the interview findings

The study identified the following problems in the Abu Dhabi Road Safety Manual and

suggested a few changes based on the interview results:

The respondents observed that the current Abu Dhabi Road Safety Manual did not
possess the necessary parameters for improving its effectiveness. It was therefore
determined that the handbook has to be revised and improved. This procedure must
be implemented every two years. The manual has to be modified so that it complies
with the popular and internationally renowned manuals, such as UK GG-119, the
LSS Programme, the Ireland model, the Sweden model, the Netherlands model, and
the USA model.

The study found that the designated traffic auditors did not adequately implement the
Abu Dhabi Road Safety Manual during the auditing procedure. To resolve this

problem, the study proposed that auditors have to be constantly trained, which could
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allow them to improve their performance and identify what was crucial for the

auditing process. This step would significantly enhance road audits.

The following list of safety indicators can be used to evaluate the current signalized

intersection and prioritise the countermeasures:

Determining the likely accident victims and the dangers they might encounter at
signalized intersections. This includes determining all the likely elements that could
affect the severity and safety of a traffic accident or collision.

Each aspect of the intersection needs to be considered, including channelisation,
intersection design, illumination, delineation, road markings, road signs, roadside
barriers, and pavement markings.

It is necessary to improve the geometric design of the signalized intersections by
establishing a physical barrier or separation for vehicles turning left instead of using
the lead-lagged operating traffic signal; installing adequate street/road lighting; and,
measuring the radius of the curves, and determining the proper speed buffers that can
be safely navigated at the curves. It is necessary to increase the visibility at all
intersections and roads.

The study recommended that the current signal phasing system be replaced with a
more effective signal phasing system since a poor signal phasing system is primarily
responsible for traffic accidents at signalized intersections, especially the 4-leg
intersections. The Abu Dhabi Transportation Department needs to establish
standards that are followed in countries that prioritise the safety of signalized
junctions, such as the UK, Japan, the USA, etc.

There are some gaps in the decision-making process, where traffic authorities dismiss

traffic safety issues. The study also found that RSA was generally disregarded. Both of these
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elements contribute to gaps in decision-making processes. The respondents also noted that
the traffic authorities usually believed that the RSA was insignificant, and hence, RSA
implementation was improper or delayed. This issue could be resolved by conducting
frequent refresher training programs related to the importance of RSA. Additionally, the
importance of RSA must also be highlighted.

I. The intersections need to be monitored every 36 months, based on TR 540 of the

RSA manual.
ii. The data also showed that police red-light enforcement could help in enhancing road

safety, and also decreasing the number of traffic accidents.

5.4.3 Research Limitation

The study had some restrictions. First, secondary sources (archives) were used to
acquire the data that was employed for statistical analysis. The researcher had no control
over how the data was obtained or saved. This suggests that the researcher had no control
over variables like instrument breakdown, biases, data loss, data manipulation, and other
variables that could have affected the accuracy of the data that was collected from the
collection regions (intersections). This indicates that the reliability of the findings is
dependent on the reliability of secondary data. If this data contained any hidden errors, they
would have to be considered in the analysis.

Second, the investigation involved the collection of primary data that included the
opinions and viewpoints of many specialists, including seasoned civil engineers. However,
the reliability of such statistics depends on respondents' willingness to give accurate
responses. To minimize the impact of limitations on the study, only the people who fulfilled

the inclusion criteria defined in this study were asked to participate in this study. The
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participation of all respondents in this study was voluntary. Furthermore, to assess the
consistency of the participant's responses, the same question was posed twice (in different

formats)
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APPENDIX A

1.1 Geometrical and Operation Conditions at signalized intersections in Abu Dhabi

Island

1.1.1 Geometrical Conditions:

Size of Mid Island

Size of Mid Island

Ip (m) (m) Separation between | Number _of
Main Direction Minor Direction through and left Ped Crossing
IP11 3 3 1 4
IP33B 2 2 0 4
IP76 2 2 0 4
IP28A 2 2 0 4
IP75D 11 2.5 0 4
IP57Q 2 2 0 4
IP11A 3 3 1 4
IP26 3 3 1 2
IP40 2 4 1 4
IP58B 2 2 0 4
IP44 60 20 3 4
IP135 75 60 0 4
IP9 10 3 2 4
IP52A 10 100 0 1
IP75A ] 2.5 0 4
IP59 2 2 1 4
IP20 28 3 2 4
P43 2 2 1 4
IP35A 2 2 0 4
IP71 65 65 0 4
IP1E 28 4 1 4
IP49A 10 2 0 4
IP97 11 2 1 4
IP2 2 2 1 3
IP60B 2 2 1 2
IP6A 2 3 0 2
IP4 3 2 0 4
IP69 31 55 0 2
IP7A 2 3 1 2
IP79 2 60 0 4




Size of Mid Island

Size of Mid Island

Separation between

Number of

IP m m -
Main %)izection Minor(Di)rection through and left | Ped Crossing
IP10A 2 2 0 4
IP43A 15 2 1 4
IP92 11 2 0 4
IP70 11 60 2 4
IP86 11 2 0 4
IP10 3 2 0 4
IP130 2 2 1 4
IP47 2 2 1 4
IP47A 150 4 0 4
IP11C 3 3 0 3
IP13 2 2 0 4
IP16 80 30 0 6
IP17 4 3 0 4
IP35 3 2 0 4
IPASA 9 9 0 4
IPSA 3 3 0 4
IP127 2 2 0 4
IP18 2 2 0 4
IP19 8 2 0 3
IP24A 2 4 0 3
IP28C 11 21 0 4
IP42P 2 2 0 4
IP128 2 2 0 4
IP14 2 2 0 4
IP3 2 2 1 4
IP46A 2 2 0 4
IP49 2 2 1 4
IP6 3 3 0 4
IP72 12 65 0 4
IP1 28 4 1 4
IP118 6 3 2 4
IP34A 5 2 0 3
IP15 2 2 0 4
P23 2 2 0 4
IP33A 3 2 0 4
P42 2 2 0 4
IP32 2 2 0 4
IP34 8 3 0 3
IP57P 2 2 0 4
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1.1.2 Operational Conditions:

: Average Hourl
IP Intersection Speed S'gni! Control Tgrjaffic /
ype (Vehrhr)
IP11 Low Speed Intersection Lead Lag 4909
IP33B Low Speed Intersection Split 4210
IP76 High Speed Intersection Lead Lag 5378
IP28A High Speed Intersection Lead Lag 5673
IP75D High Speed Intersection Lead Lag 3628
IP57Q High Speed Intersection Lead Lag 4203
IP11A Low Speed Intersection Lead Lag 6923
IP26 Low Speed Intersection Lead Lag 3828
IP40 High Speed Intersection Lead Lag 5621
IP58B High Speed Intersection Lead Lag 4401
IP44 Low Speed Intersection Lead Lag 5831
IP135 High Speed Intersection Lead Lag 2084
IP9 Low Speed Intersection Lead Lag 5381
IP52A Low Speed Intersection Lead Lag 4403
IP75A High Speed Intersection Lead Lag 4137
IP59 High Speed Intersection Lead Lag 4397
IP20 Low Speed Intersection Split 4247
P43 Low Speed Intersection Split 8980
IP35A Low Speed Intersection Split 4978
IP71 High Speed Intersection Split 3210
IP1E Low Speed Intersection Lead Lag 6503
IP49A Low Speed Intersection Lead Lag 4554
IP97 High Speed Intersection Lead Lag 2919
IP2 Low Speed Intersection Lead Lag 2254
IP60B Low Speed Intersection Lead Lag 3080
IP6A Low Speed Intersection Lead Lag 1663
IP4 Low Speed Intersection Split 5306
IP69 Low Speed Intersection Split 807
IP7A Low Speed Intersection Lead Lag 3518
IP79 Low Speed Intersection Split 2234
IP10A Low Speed Intersection Split 6745
IP43A Low Speed Intersection Split 8955
P92 High Speed Intersection Split 5806
IP70 High Speed Intersection Split 6377
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: Average Hourl
IP Intersection Speed Signal Control Tgaffic ’
Type (Veh/hr)
IP86 High Speed Intersection Lead Lag 4008
IP10 Low Speed Intersection Split 7752
IP130 High Speed Intersection Lead Lag 3862
P47 Low Speed Intersection Split 8310
IPA7TA Low Speed Intersection Split 1950
IP11C Low Speed Intersection Split 2807
IP13 Low Speed Intersection Split 2989
IP16 Low Speed Intersection Split 1809
IP17 Low Speed Intersection Split 6449
IP35 Low Speed Intersection Split 8537
IP48A Low Speed Intersection Split 1438
IP5A Low Speed Intersection Split 5009
IP127 Low Speed Intersection Split 2043
IP18 Low Speed Intersection Split 7109
IP19 Low Speed Intersection Lead Lag 3409
IP24A Low Speed Intersection Lead Lag 3825
IP28C High Speed Intersection Lead Lag 3915
IP42P Low Speed Intersection Split 3924
IP128 Low Speed Intersection Split 1840
IP14 Low Speed Intersection Split 4917
IP3 Low Speed Intersection Lead Lag 2664
IP46A Low Speed Intersection Split 3254
IP49 Low Speed Intersection Split 5501
IP6 Low Speed Intersection Split 2888
IP72 Low Speed Intersection Split 2129
IP1 Low Speed Intersection Split 3874
IP118 Low Speed Intersection Lead Lag 4390
IP34A Low Speed Intersection Split 5304
IP15 Low Speed Intersection Split 3554
IP23 Low Speed Intersection Split 3394
IP33A Low Speed Intersection Split 3724
P42 Low Speed Intersection Split 4090
IP32 Low Speed Intersection Split 2281
IP34 Low Speed Intersection Split 5304
IP57P Low Speed Intersection Split 3681
IP113 Low Speed Intersection Lead Lag 350
IP114 Low Speed Intersection Lead Lag 809
IP116 Low Speed Intersection Lead Lag 1860
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: Average Hourl
IP Intersection Speed Signal Control Tgaffic ’
Type (Veh/hr)
IP129 Low Speed Intersection Split 1730
1P140 Low Speed Intersection Split 209
IP145B Low Speed Intersection Split 3217
IP145C Low Speed Intersection Lead Lag 2756
IP24 Low Speed Intersection Split 2632
IP25 Low Speed Intersection Split 782
IP28B Low Speed Intersection Split 2354
IP40B Low Speed Intersection Split 765
IP47C Low Speed Intersection Lead Lag 3245
IP55C Low Speed Intersection Lead Lag 3267
IP60A Low Speed Intersection Lead Lag 2435

1.13

Intersection Condition:

IP Intersection Status
IP11 Clear
IP33B Clear
IP76 Clear
IP28BA Clear
IP75D Clear
IP57Q Clear
IP11A Clear
IP26 Clear
IP40 Clear
IP58B Clear
IP44 Clear
IP135 Clear
IP9 Clear
IP52A Clear
IP75A Clear
IP59 Clear
IP20 Clear
IP43 Clear
IP35A Clear
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IP71 Clear
IP1E Clear
IP49A Clear
IP97 Clear
IP2 Clear
IP60B Clear
IP6A Clear
IP4 Clear
IP69 Clear
IP7A Clear
IP79 Clear
IP10A Clear
IP4A3A Clear
IP92 Clear
IP70 Clear
IP86 Clear
IP10 Clear
IP130 Clear
IP47 Clear
IP47A Clear
IP11C Clear
IP13 Clear
IP16 Clear
IP17 Clear
IP35 Clear
IP48A Clear
IP5A Clear
IP127 Clear
IP18 Clear
IP19 Clear
IP24A Clear
IP28C Clear
IP42P Clear
IP128 Clear
IP14 Clear
IP3 Clear
IP46A Clear
IP49 Clear
IP6 Clear
IP72 Clear
IP1 Clear
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IP118 Clear

IP34A Clear

IP15 Clear

IP23 Clear

IP33A Clear

IP42 Clear

IP32 Clear

IP34 Clear

IP57P Clear

IP113 Clear

IP114 Clear

IP116 Clear

IP129 Clear

IP140 Clear
IP145B Clear
IP145C Clear

IP24 Clear

IP25 Clear

IP28B Clear

IP40B Clear

IP47C Clear

IP55C Clear

IP60A Clear

IP36 Had Construction Between 2013 - 2021

IP39 Had Construction Between 2013 - 2021
IP41A Had Construction Between 2013 - 2021

IP38 Had Caonstruction Between 2013 - 2021

IP41 Had Construction Between 2013 - 2021

IP63 Had Construction Between 2013 - 2021
IP37A Had Construction Between 2013 - 2021
IP39A Had Construction Between 2013 - 2021
IP38C Had Construction Between 2013 - 2021
IP44A Had Construction Between 2013 - 2021
IP41C Had Construction Between 2013 - 2021
IP57R Had Construction Between 2013 - 2021
IP134A Had Construction Between 2013 - 2021
IP111 Had Construction Between 2013 - 2021
IP134 Had Construction Between 2013 - 2021
IP63A Had Construction Between 2013 - 2021
IP44C Had Construction Between 2013 - 2021
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1.1.4 Accidents At Signalized Intersection

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

2014

12

2013

14
9
13
8
11
6
11
2
6
3
1
8

2
6
2
4
4
8
7
2
5
2

0
3

5
3
3
2
3
3

1
1

IP

IP11
IP33B

IP76
IP28A
IP75D
IP57Q
IP11A

IP26
IP40
IP58B

P44
IP135

IP9
IP52A
IP75A

IP59

IP20

IP43
IP35A

IP71
IP1E
IP49A

IP97
IP2
IP60B

IP6A
IP4

IP69
IP7A
IP79
IP10A
IP43A

IP92
IP70
IP86
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2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

2014

2013

0
2
3
1
1
1
0
1
1
1
2
2
1
"
il
1
1
0
2

2
1

3

0
0
1
1
1
1
1
1
1
0
0
0

IP

IP10
IP130

P47
IPA7TA
IP11C

IP13

IP16

IP17

IP35
IP48A

IPSA
IP127

IP18
IP19
IP24A
IP28C
IP42P

IP128

IP14

IP3
IP46A
IP49

IP6
IP72

IP1
IP118

IP34A
IP15
IP23

IP33A
P42
P32
P34

IPS7P

IP113

IP114

IP116
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IP 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
IP129 0 0 0 0 0 0 0 0 0
IP140 0 0 0 0 0 0 0 0 0
IP145B 0 0 0 0 0 0 0 0 0
IP145C 0 0 0 0 0 0 0 0 0
IP24 0 0 0 0 0 0 0 0 0
IP25 0 0 0 0 0 0 0 0 0
IP28B 0 0 0 0 0 0 0 0 0
IP40B 0 0 0 0 0 0 0 0 0
IP47C 0 0 0 0 0 0 0 0 0
IP55C 0 0 0 0 0 0 0 0 0
IP60A 0 0 0 0 0 0 0 0 0

Total Total number
Number of of Property Total N_umber Pedestrian
IP nger Damage of Accidents N ocillnts

Accidents Accidents (2013-2021)

(2013-2021) (2013-2021)
IP11 49 45 94 |
IP33B 37 71 108 1
IP76 32 4 36 2
IP28A 27 2 29 1
IP75D 27 8 35 1
IP57Q 26 38 64 0
IP11A 23 7 30 3
IP26 23 115 138 2
IP40 21 20 41 0
IP58B 20 7 27 1
P44 19 43 62 0
IP135 18 91 109 0

IP9 18 58 76 2
IP52A 17 47 64 2
IP75A 17 8 25 1

IP59 16 1 17 0
IP20 15 14 29 2
IP43 15 9 24 7
IP35A 14 8 22 5
IP71 14 12 26 0
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Total Total number
Number of of Property Total N.umber Pedestrian
IP nger Damage of Accidents accidents
Accidents Accidents (2013-2021)
(2013-2021) (2013-2021)
IP1E 13 25 38 0
IP49A 13 49 62 1
P97 13 10 23 0
IP2 12 8 20 1
IP60B 12 39 ol 1
IP6A 12 6 18 0
IP4 11 194 205 6
IP69 11 6 17 0
IP7A 11 27 38 1
IP79 10 6 16 0
IP10A 9 9 18 4
IP43A 9 13 22 3
IP92 9 5 14 1
IP70 8 8 16 0
IP86 8 9 17 0
IP10 7 17 24 8
IP130 7 30 37 0
P47 7 26 33 0
IP47A 7 22 29 3
IP11C 6 5 11 3
IP13 6 19 25 2
IP16 6 29 35 2
IP17 6 24 30 2
IP35 6 11 17 0
IP48A 6 4 10 0
IPSA 6 32 38 2
IP127 5 84 89 1
IP18 5 9 14 3
IP19 5 11 16 2
IP24A 5 570 575 2
IP28C 5 4 9 1
IP42P 5 4 9 0
IP128 4 16 20 0
IP14 4 10 14 2
IP3 4 3 7 2
IP46A 4 13 17 0
IP49 4 11 15 0
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Total Total number
Number of of Property Total N.umber Pedestrian
IP nger Damage of Accidents accidents
Accidents Accidents (2013-2021)
(2013-2021) (2013-2021)
IP6 4 21 25 0
IP72 4 1 5 0
IP1 3 18 21 0
IP118 3 142 145 0
IP34A 3 33 36 0
IP15 2 12 14 1
IP23 2 2 4 0
IP33A 2 23 25 0
IP42 2 6 8 0
IP32 1 68 69 0
IP34 1 7 8 0
IP57P 1 3 4 0
IP113 0 0 0 0
IP114 0 0 0 0
IP116 0 0 0 0
IP129 0 1 1 0
1P140 0 0 0 0
IP145B 0 0 0 0
IP145C 0 0 0 0
P24 0 11 11 0
IP25 0 4 4 0
IP28B 0 0 0 0
IP40B 0 0 0 0
IP47C 0 0 0 0
IP55C 0 0 0 0
IP60A 0 0 0 0
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1.1.5 Demographic Data of at fault Driver’s at the signalized intersections (2013 to

2021)
Less | 18 | 30 | 46
IP Unknown than | to | to | to Greater Female | Male Unknown
age 18 30 | 45 | 60 than 60 gender
IP11 2 0 18 | 21| 7 2 5 44 1
IP33B 14 | 13 | 10 10 27
IP76 0 0 15|13 | 4 1 9 24 0
IP28A 1 12 | 12 | 3 7 21
IP75D 0 0 12 6 7 2 4 23 0
IP57Q 0 0 10 | 14 2 1 5 22 0
IP11A 0 0 11 9 3 0 2 21 0
IP26 0 1 10 | 11 1 0 5 18 0
IP40 0 0 10 | 9 6 1 6 20 0
IP58B 0 0 10 | 5 3 2 3 17 0
IP44 f 0 7 |10 | 1 0 5 14 0
IP135 0 0 -y N 0 5 13 0
IP9 0 0 ==y W 4 0 18 0
IP52A 0 0 5 8 3 1 B 15 0
IP75A 0 0 | 2 3 1 2 15 0
IP59 0 0 4 |10 | 2 0 3 13 0
IP20 0 0 6 8 3 0 4 13 0
P43 0 0 7 6 3 0 2 14 0
IP35A 0 0 7 4 2 X 1 13 0
IP71 0 0 7 4 2 1 6 8 0
IP1E 5 6 2 2 11
IP49A 0 0 3 9 1 0 3 10 0
IP97 0 0 3 9 2 0 4 10 0
IP2 1 1 3 6 2 0 5 7 1
IP60B 0 1 8 2 2 0 2 11 0
IP6A 0 0 5 6 2 0 3 10 0
IP4 0 0 3 4 3 1 3 8 0
IP69 0 0 9 2 0 0 1 10 0
IP7A 0 0 6 3 2 0 1 10 0
IP79 0 0 4 5 2 0 2 9 0
IP10A 0 0 2 6 1 0 3 6 0
IP43A 0 0 7 2 0 0 2 7 0
IP92 0 0 6 3 0 0 1 8 0
IP70 1 0 5 2 0 0 1 7 0
IP86 0 0 1 6 1 0 0 8 0
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0
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1.2 Results of the negative binomial model highlighting the relationship between the

number of traffic accident occurrences and road geometry

1.2.1 At4-Leg intersection

Negative binomial regression Humber of obs = 55

LE chiZ {11} = 15.44

Dispersion = mean Prokb > chil = 0.1633

Log likelihood = -239.6555 Pseudo R2Z = 0.031z2
TotalHumberoficoocidents2013 Coef. Std. Ere. = D=z [85% Conf. Interwall
SizecfMidIslandmMainDire -.0161612 0356366 -0.45 0.650 —.0860077 .0536853
SizecfMidIslandmMinorDir -.004z248 0135367 -0.31 0.755 -.03085971 0224011
HunberofPedCrossing 1.02234%9 .3828614 2.67 0.008 .2T715544 1.772743
Separationbetweenthroughandl 1138057 .3137473 0.36 o.717 -.5011278 7287382
HoLanesMain Throught 0261974 .3167069 0.08 0.934 -.5945368 . GB469316
HMolLanesMain Left -.4356334 . 3457938 -1.26 0.z208 -1.113377 .24211
NoLanesHinor Throught 220359 206406 1.07 0.286 -.1841583 . G6249383
HoLanesHMinor Left —.089235 .2848855 -0.31 0.754 —. 6476004 . 46591304
BverageHourlyTrafficVehhr .0oo1z1s .000055%1 1.23 0.21% —.0000723 .0003162
Signal —-.B14Z405 . 4454519 -1.83 0.068 -1.68733 .0588489
Speed -.574D313 4871796 -1 23 0.21% -1 4859686 .3416238
_cons .5441434 1.747502 0.54 0.58%9 -2 .480898 4 369185
flnalpha - . 2425946 1586062 —. 6318557 1466665
alpha . Ta458455 1558244 .H5316044 1.157968

Likelihood-ratio test of alpha=0: chilzarZ (01) = 1046.3% Probe=chikarZ = 0.000
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1.2.2 At 3-Leg intersection

Negative binomial regression Nurber of obs = 1a
LE chiz{10) = 38.41
Dispersion = mean Prokb = chil = 0.0000
Log likelihood = -43.327012 Pseudo R2 = 0.3071
TotalWumberoficcidents2013 Coef. Std. Errc. = b=z [55% Conf. Interwall
SizeofMidIslandmMainDire -1.135958 .3624396 -3.13 0.o002 -1.846326 -.4255892
SizeofMidIslandmMinorDir 7178208 .3355616 2.14 0.032 0601321 1.37550%9
NumberofPedCrossing .9882926 .5844873 1.71 0.088 -.1472816 2.143867
Separationbetweenthroughandl —2.336865 6960615 -3.36 0.001 -3.70112 —. 9726095
NoLanesMain Throught .T6E0T78E .3897984 1.87 0.043 .oozoeTs 1.530063
HoLanesMain Left —.074418%5 525399 -0.14 o.8a7 -1.104182 9553443
NoLanesHinor Throught .3062231 .28B66375 1.07 0.285 -.2555762 .8680224
¥NoLanesMinor Left -1.156603 4265074 -2.71 o.oo7 -1.5952542 - . 3206635
AverageHourlyTrafficVehhr .0008863 .0004173 2.1z 0.034 .0000&84 .0017041
Signal -.7781536 . 7863964 -0.53 0.322 -2.315%462 .TE3155
Speed -5.657777 4.729334 -2.04 0.041 -18.9271 —.3884524
_cons 10.13544 4.151076 2.44 0.0158 1.999485 18.2714
flnalpha -2.629215
alpha .0721351
Likelihood-ratio test of alpha=0: chibarl(0l) = 0.0e+00 Prok:r=chibar2 = 0.500
Warning: convergence not achiewed
1.2.3 Different intersection
Negative binomial regression Mumber of cbs = 12
LR chiZ (11} = 45 64
Dispersion = mean Prob chil = 0.oo00
Log likelihood = 730.10571 Bseudo RZ = D.:451%
TotalNumberofAccidents2013 Coef. S5td. Err. = P=l=z]| [95% Conf. Intervall]
SizecfHMidIslandmMainDire .0523613 .2585351 0.36 0.721 —.4143582 5950808
SizecfMidIslandmMinorDir .03659423 .2422365 0.15 0.873 —-.4378326 B1i7172
NumberofPedCrossing .hz241868 1.8288597 0.51 0.613 -2 660386 4 508759
Separationbetweenthroughandl -1.088437 8.562229 -0.13 0.8%% -17.8701 15. 69322
NoLanesMain Throught 4.117047 5. 5685591 0.43 0.667 -14 . 63705 22.87114
HoLanesMain Left 3.287128 6.159871%9 0.53 0.596 —-8.862138 15.436359
HoLanesHinor Throught -8.5005z24 30.78147 -0.2% 0.772 -65.2311 51.430035
HoLanesMinor Left 13.55032 58.85087 0.23 0.818 -101.8737 128.9743
MverageHourlyTrafficVehhr .ooz3zavT 00559684 0.23 0.815 -.017z20% 0218664
Signal 18.303539 68.1549 0.27 0.7a8 =-115.2776 151.8847
Speed -1.682545 14 9245 -0.11 0.%10 —-30.53402 27.56853
_cons -47 .96802 170.0826 -0.28 o.778 —381.3238 285.3877
f1lnalpha -10.892593 24 9576 —-559 80853 38.02307
alpha .oooolse .0004639 1.06e-26 3.26e+l6
Likelihood-ratioc test of alpha=0: chikar2(0l) = 0.0e+00 Probk>=chikar2 = 0.500

Warning:

convergence not achieved
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1.3 Results of relationship between the time elapsed after the onset of red light and its
violation and the occurrence of traffic accident

131 4-Leg
Hegative binomial regression Humber of obs = 33
LE chil(4) = 3.146
Dispersion = mean Frob > chil = 0.5321
Log likelihood = -267.09641 Fseudo R2Z = 0.005%
Noofwvioclations Coef . Std. Err. = Bx|=| [95% Conf. Intervall
Totalkeocidents 0054842 0042145 2.258 0.024 .001223%9 0177446
Severboccidents 0486754 00475596 10.23 0.000 0353468 .058004
minor -.0042442 .000733% -5.78 0.000 - .0056826 -.0028058
faital .2678541 0099531 26.91 0.000 2483465 . 2873617
_cons 6.823642 0078061 874 .14 0.000 6.808342 6.838941
flnalpha 2006423 .214176 —.219134%9 .G204195
alpha 1.222187 2617632 . 8032133 1.85%708
Likelihood-ratio test of alpha=0: chikar2 (01} = 3.l1e+04 Prok>=chibar2 = 0.000
1.3.2 3-Leg
Hegative binomial regression Humber of obks = 15
LR chilZ(4) = i0.24
Dispersion = mean Prok = chil = 0.0365
Log likelihood = -124 . 75153 PFseudo R2 = 0.0354
Noofvioclations Coef. Std. Err. = Bx|=| [95% Conf. Interwall
TotalAocidents .0237071 .00159687 12 .04 0.000 0158484 0275657
Severhccidents .2340336 .0070164 33.35 0.000 .2202816 .24T7T7856
minor -.2367091 0051354 -46_0%9 0.000 - 2487743 - . 2266438
faital -1.562573 0369896 —42 24 0.000 -1.635072 -1.430075
_cons T.806749 0083346 936.67 0.000 T.790414 7.823085
flnalpha -. 7638737 .3412028 -1.43261% —-.0851286
alpha . 4658583 .1589522 .238683 .909256
Likelihood-ratio test of alpha=0: chikar2(0l) = 1.4e+04 Probk>=chibkar2 = 0.000
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133 4-Leg

Negative binomial regression HNumber of cbs = 5
LE chiZil) = 0.33
Dispersion = mean Prok » chi2 = 0.5321
Log likelihood = —-39.700532 Pseudo R2 = 0.004%9
Noofwiolati~s Coef. S5td. Err. = Bx|=| [95% Conf. Interwall]
LZyerageofSp--d —-.0644107 .0036511 -17.45 0.o0o0 —-.0716451 -.0871763
_cons 9. 522744 .1447275 65.80 0.o0o0 9.239083 9.806404
flnalpha -.044002%5 . 0600576 -1.1416596 1.05369
alpha .B569512 .5359478 .3192772 2.868215
dkelihood-ratio test of alpha=0: chikarZ (0l) = 4105.84 Prob®*=chibarZ = 0.000
134 3-Leg
Negative binomial regression Number of obs = 4
LE chi2{l) = 1.16
Dispersion = mean Prok > chil = 0.2805
Log likelihood = —-32.276%9 Pseudo R2 = 0.0177
NHoofviolati~s Coef . S5td. Err. -1 P=l=] [95% Conf. Interwval]
AveragecfSp-d —-.1356224 .00435%88 -27 .68 0.000 —-.145223%9 -.12e020%
_cons 14.21423 .2485453 57.1%9 0.000 13.7270% 14.70137
{1lnalpha -. 72612239 . 660053949 -2.013817 JBeT5707
alpha . 483781 .3153245 .13267598 1.763977
Likelihood-ratioc test of alpha=0: chikar2(0l) = 1862.63 Prob>=chikarZ = 0.000
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1.4 Relationship between red-light violations and speed of the vehicle with accidents

1.4.1 4-leg

Log likelihood = -15687 517 Eseudo R2 = 0.0204

Hoofwviolations Coef Std. Err. = E=|=z]| [95% Conf. Imterwvall

AveragecfSpeed 0126717 0004305 25.83 o.oo00 .0117102 0136331
_cons 6.593685 0243035 271 .31 o.oo00 6. 546051 6._64131%9

142 3-leg

Log likelihood = -5056.4636 Eseudo R2 = 0.0303

Woofwviolations Coef . S5td. Err. = =g - [95% Conf. Inmterwvall

LyveragecfSpeed .0108573 0006154 17.81 o.ooo 0057512 .0121635
_cons T7.03273 .0303555 231 .68 o.oo0 6.973235 T.092226

1.4.3 Different

Log likelihood = -1178.2787 Fseudo BRI = 0.5131

Noofwviolations Coef _ Std. LEExX L = P=l=| [55% Conf. Interwvall

EverageofSpeed .0g70878 .0016674 40.24 0.ooo .0838198 .0703557
_cons 3.625082 .100&6598 36.00 0.ooo 3.427714 3.82245
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1.5 Relationship between the red-light violations and traffic volume

151 4-leg
Log likelihood = -17814.42 Fseudo ERI = 0.0316
Noofviolations Coef. Std. Errc. = Bxl=z| [55% Conf. Interwvall
Everagecfipeed .0100125 .000485 20.65 0.000 003062 .010%63
AyrerageHourl ywolume -.0000681 3.12e-06 -21.82 0.000 -.0000742 -.0000&62
_cons 7.010506 .0254452 238.0% 0.000 6.9527395 7.068218

1.6 Results of the negative binomial model highlighting the relationship between the

number of pedestrian accident occurrences and road geometry

16.1 4-Leg
Negative binomial regression Number of obs = 55
LE chiz(4) = 20.34
Dispersion = mean Prob = chiZ = 0.0004
Log likelihood = -70.805846 Dseudo R2 = 0.1256
Pedestrainaccidents Coef S5td. Err. -1 Bx|z] [55% Conf. Interwvall
bverageHourlyTrafficVehhr .000388 .0001036 3.75 0.o00 .0001851 .0o0s91
TotalNumberofRedLightViolat .0003138 0001604 1.96 0.0580 -5.13e-07 .00D&282
NumberofPedCrossing .45866593 .6813191 0.67 0.501 -.87665917 1.79403
Speed -1.2110a7 5499166 -2.20 0.028 -2.288854 -.1332206
_cons —-2.486842 2.712517 -0.52 0.353 -7.803278 2 .829535
f1lnalpha —.4428475 56387459 -1.548022 662327
alpha . 6422052 .3621234 .2126682 1.5353
Likelihood-ratic test of alpha=0: chikar2(0l) = 9.07 Prokr=chikarZ = 0.001
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1.6.2 3-Leg

Negative bkinomial regression HNumber of obs = 16
LE chiZ(4) = 13.659
Dispersion = mean Prok = chiz2 = 0.0083
Log likelihood = -12. 660863 Pseudo R2 = 0.3510
Dedestrainaccidents Coef. Std. Err. = bE=|=| [85% Conf. Interwvall
bverageHourlyTrafficVehhr .ooio7z8 .000s014 2.14 0.032 .ooo0%01 .0020555
TotalNumberofRedLightVioclat .0003137 .0oo2784 1.13 0.2a0 -.000232 .0008594
HumberofPedCrossing 1.171636 4672134 2.51 0.012 .2559145 2.087358
Speed —-2.233614 1.269047 -1.76 o.o078 —-4.720%9 .2836717
_cons -4 .510086 2.270581 -1.59% 0.047 -8.960342 -.055983
flnalpha —-8.330003 35.27286 -T77.46353 &0.80352
alpha .0002412 .0085068 2.28e-34 2. 55e+26
Likelihood-ratic test of alpha=0: chikar2(01l) = 0.0e+00 Probk>=chikarl 0.500
Warning: convergence not achiewved
1.6.3 Different
Hegative binomial regression Humber of obks = 12
LE chiz2(4) 2.52
Dispersion = mean Prob = chil = 0.641%9
Log likelihood = -12. 942547 Eseudo BRI = 0.0886
Pedestrainaccidents Coef Std. Err. = Bxlz| [95% Conf. Interwvall
bverageHourlyTrafficVehhr —.0oooo07a4 .0003146 -0.25 0.803 —.0006545 .0o0s3g1
TotalNumberofRedLightViolat —.0000864 .0003073 -0.28 0.779 —.000&B88 .000515%9
HumberofPedCrossing .092061 .3343031 0.28 0.783 -.85631612 . 7472831
Speed -T7.958487 39.0365 -0.20 0.838 -84 .46863 68 .55166
_cons T7.915527 39.0852 0.20 0.840 —68.70965 84 54071
flnalpha —-.0226945 1.506144 —-2.974683 2.929294
alpha .8775611 1.472348 .0510636 18.71441
Likelihood-ratio test of alpha=0: chikarZ(dl) = 0.35 Probr=chikarl = 0.164

Warning: convergence not achiewed
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1.7 Regression results for the determination of the SPF functions for 4-leg

intersections

1.7.1 4-Leg

Negative binomial regression Number of obs = 24
LR chiZ (4) = 14.7%
Dispersion = mean Prob = chiz = 0.0052
Log likelihood = -31.723%8 Pseudo R2 = 0.18%0
Before320172018 Coef. Std. Err. = B=|=z| [35% Conf. Interwval]
SpeedBefore 0076068 .0146217 0.52 0.603 -.0210511 .0362647
NoLanesHMinor Throught 1. 305612 . 482691 2.70 0.007 .359555 2 251669
bverageHourlyTrafficVehhr .0000306 .0001577 0.13 0.846 —.0002785 .00033%8
HumberofPedCrossing -1.276757 . 4536696 -2.81 0.005 -2.165933 -.3875804
_cons .7541978 . 7168055 1.08 0.293 -.6507151 2.159111
f1lnalpha -8.345517 63.78371 -133.3593 116. 6682
alpha 0002375 .015146 1.21=-58 4 . E6e+50
1.7.2 3-Leg
Negative binomial regression Humber of obs = 10
LR chiZ(4) = 6.36
Dispersion = mean Prob = chil = 0.1737
Log likelihood = -9 .1664Z261 PFseudo RI = 0.2576
Before320172018 Coef . Std. Err. = B=|=]| [85% Conf. Interwall
SpeedBefore —-.0004311 .0458221 -0.01 0.352 -.0%902407 .0893785
NolLanesMinor Throught -3.468714 2.89893727 -1.16 0.247 -5.33631 2.3%98883
BverageHourlyTrafficVehhr .0015%25%% .0016226 1.1% 0.234 -.0012503 .00511
HumberofPedCrossing 1.673%32 1.335154 1.28 0.210 -.9429221 4. 290786
_cons -10.757 8.337651 -1.2% 0.157 -27.05%857 5.584577
f1lnalpha -.4880503 1.482035 -3.33%2786 2.416685
alpha .613822 . 9057059 .033614% 11.20865
Likelihood-ratio test of alpha=0: chikarZ{0l) = 0.9%8 Prok>=chikar2 = 0.161
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1.7.3 Diffferent intersection

Negative binomial regression Number of obs = 10
LR chiZ{4) = 4490
Dispersion = mean Frob = chi2 = 0.2973
Log likelihood = -4 . 2671182 Pseudo RI = 0.3643
Before320172018 Coef . Std. Err. = P=|=| [85% Conf. Interwvall
SpeedBefore L2044365 .2954381 0.69 0.48% -.3746115 . 7834848
HoLanesMinor Throught -3.3314%5%8 T.7515985 -0.43 0.667 -18.52511 11. 86211
AverageHourlyTrafficVehhr -.000126%9 .00D4822 -0.27 0.784 -.0010328 .00077s
HumberofPedCrossing 3.352963 11 .55621 0.2%9 0.772 -13. 2968 26.00273
_cons -17.4348%9 26.06352 -0.867 0.504 -68.51924 33.645486
flnalpha -10.7473 264 1452 -528. 4623 506. 9677
alpha .0D00215 .D05&8 3.1le-230 1.5=+220
Likelihood-ratio test of alpha=0: chikarl (01l) = 0.0e+00 Frobk>=chikarZ = 0.500

Warning: convergence not achiewed
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APPENDIX B

2.1 Elapsed time from the onset of red signal until its violation and traffic accident

occurrence data used for elapsed time study:

2.1.1 Accidents Data:

2015 - 2020 Injuries
Propert
IP Severe DarFr)1 agg Tptal minor | moderate | severe | fatal
Accidents . Accidents
Accidents
2 7 1 8 11 4 2 1
3 2 0 2 2 1 1 0
4 0 2 2 0 0 0 0
9 2 0 2 2 0 0 0
10 0 0 0 0 0 0 0
11 16 5 21 23 8 3 0
19 2 . 3 2 0 0 0
20 4 0 4 4 5 1 0
26 4 3 [ 6 4 0 0
35 0 0 0 0 0 0 0
36 10 0 10 16 10 3 0
40 5 1 6 10 4 0 0
44 4 1 5 5 2 0 0
59 11 0 11 21 14 4 2
63 3 3 6 2 2 0 0
69 0 0 0 0 0 0 0
71 5 1 6 10 0 0
72 0 0 0 0 0 0 0
76 11 2 13 49 14 2 1
79 2 0 2 2 1 0 0
86 5 0 5 11 4 0 0
118 2 1 3 0 3 0 0
135 6 0 6 5 5 2 0
10A 2 0 2 1 2 0 0
11A 5 0 5 3 3 1 0
1E 1 2 3 0 1 0 0
28A 10 0 10 18 10 4 0
28C 2 0 2 5 2 0 0
33B 21 1 22 40 16 3 0
41C 1 9 10 0 1 1 0
41D 0 0 0 0 0 0 0
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44A 3 1 4 5 1 0 0
46A 1 2 3 1 1 0 0
47A 0 0 0 0 0 0 0
49A 1 2 3 0 1 0 0
52A 3 4 7 3 3 1
54A 0 0 0 0 0 0 0
55C 0 0 0 0 0 0 0
55D 0 0 0 0 0 0 0
57Q 13 2 15 33 9 3 0
57R 1 0 1 1 0 0 1
58B 12 1 13 17 13 1 0
5A 1 1 2 0 1 0 0
60A 0 0 0 0 0 0 0
60B 5 1 6 6 4 1 0
6A 2 1 3 1 4 1 0
75A 7 0 7 8 1 1 1
75D 8 2 10 8 6 0 0
7A 2 0 2 3 1 2 0
2.1.2 Elapsed time data:
Number Elapse time (Time from Red to vehicle A
of Red- passing) A
IP Light Speed_s at
. ] <1ls lto2s | 2to3s | 3tods | >4s violation
Violation
2 185 2 108 51 5 19 33.2
3 834 14 418 230 38 134 47.2
4 2542 1 1382 1020 94 45 33.6
9 135 21 70 37 3 4 50.8
10 135 32 44 49 7 3 42.6
11 894 40 507 289 24 34 37.9
19 35 10 13 7 2 3 32.7
20 1435 155 655 359 60 206 47.3
26 1988 66 1267 485 56 114 57.3
35 162 39 5 9 4 105 35.1
36 1579 13 880 581 84 21 33.6
40 1674 58 779 575 110 152 53.5
44 3206 94 965 1164 396 587 60.2
59 3215 138 1782 934 139 222 58.9
63 799 10 458 225 40 66 36.0
69 7321 407 3274 2133 439 1068 54.0
71 247 69 70 52 12 44 55.7
72 783 48 398 188 32 117 46.0
76 1933 247 942 512 89 143 56.8
79 1856 86 949 466 71 284 49.9

211




86 165 35 71 36 8 15 54.6
118 57 12 20 5 20 44.3
135 2999 224 1592 823 112 248 65.2
10A 3 1 2 39.0
11A 368 13 229 77 11 38 42.6

1E 1207 87 653 306 29 132 50.3
28A 2969 463 1413 834 117 142 70.3
28C 284 56 103 66 8 o1 58.8
33B 1655 52 1008 460 46 89 42.8
41C 3709 246 792 853 368 1450 32.8
41D 1595 53 99 491 213 739 48.0
44A 1434 324 300 649 127 34 43.5
46A 90 17 24 22 2 25 45.2
47A 2603 266 1165 793 133 246 36.8
49A 3139 66 2047 864 95 67 41.6
52A 1919 121 602 638 148 410 48.6
S54A 209 6 105 61 10 27 53.8
55C 1192 44 590 308 81 169 54.8
55D 1685 259 622 500 152 152 39.4
57Q 1597 64 999 413 34 87 46.9
57R 578 165 198 147 19 49 33.2
58B 4599 41 2881 1294 216 167 50.2
5A 282 140 106 15 21 31.2
60A 2774 125 1007 1111 222 309 50.2
60B 3260 141 1460 1082 229 348 39.3

6A 34 7 10 6 1 10 56.4
75A 717 7 452 187 24 47 70.1
75D 2747 154 1164 1033 197 199 38.8

7A 2014 44 1040 687 A2 18t 40.5
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APPENDIX C

4.1 Number of accidents per intersection between before and the implementation of

the Buffer
Average Count of Intersecti
g Red-light Accidents Signal
Speed L on Speed
Violations
Befzore Be;ore Aflter Afzter Before After
Intersecti | Afte | Befor | Afte | Befor 10/8/201 | 1/1/201 Signal
on r e r e 2016 - 2017- 6- 9- Intersecti
2017 | 2018 | 21 | 2020 | 108501 | 1/1/202 | onSpeed | CONO!
3 1 Type
Low
IP10 38 43 6 125 0 0 1 1 0 2 Speed split
Low
IP10A 38 0 18 0 3 1 0 0 4 0 Speed split
1P11 a0 | 41 | 84 | 1 4 6 3 3 10 6 Low Lead
Speed Lag
1P118 o | 4 | o | s7 1 1 0 0 2 0 Low Lead
Speed Lag
Low Lead
IP11A 44 46 27 67 1 2 1 2 3 3 Speed Lag
High Lead
1P135 68 72 120 864 i 2 0 2 3 2 Speed Lag
1P19 2| 0 |6 | o 0 0 1 0 0 1 o Lead
Speed Lag
IPLE o | 61 | o | 33 3 0 1 0 3 1 o Lead
Speed Lag
1P2 60 | 50 | 40 | 108 ) 0 2 0 2 2 o Lead
Speed Lag
Low
1P20 0 52 0 491 2 0 1 0 2 1 Speed split
Low Lead
1P26 59 43 121 240 3 4 3 2 7 5 Speed Lag
High Lead
IP28A 69 72 290 1657 2 0 2 1 2 3 Speed Lag
p2sc | 58 | 59 | s0 | 221 0 1 0 0 1 0 High Lead
Speed Lag
1P3 35 | 47 | 18| 72 0 1 1 0 1 1 Low Lead
Speed Lag
Low
1P33B 43 44 41 275 7 1 0 3 8 3 Speed Split
Low
1P35 36 35 22 129 1 1 0 0 2 0 Speed Split
1P36 37 37 53 125 4 6 1 0 10 1 0 0
Low
1P4 33 43 28 30 2 0 0 0 2 0 Speed split
1P40 54 | e8 | 82 | 165 2 0 1 2 2 3 High Lead
Speed Lag
IP41C 34 32 349 765 2 0 1 0 2 1 0 0
1P44 51 | 69 | 379 | 197 2 0 1 2 2 3 Low Lead
Speed Lag
IP44A 45 44 22 1397 2 2 0 0 4 0 0 0
Low
IP46A 51 45 15 65 0 0 0 0 0 0 Speed split
IP47A 35 38 127 1047 1 0 1 2 1 3 Low
Speed Split
Low Lead
1P49A 36 40 50 448 0 1 0 0 1 0 Speed Lag
ps2A | 43 | a7 | 274 | 322 0 0 0 0 0 0 Low Lead
Speed Lag
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Low Lead

IP54A 60 57 20 38 Speed Lag

Low Lead

IP55C 52 0 122 0 Speed Lag

High Lead

IP57Q 43 43 40 258 Speed Lag

IP57R 43 29 222 348 Low | ead

Speed Lag

High Lead

1P58B 56 57 110 71 Speed Lag

High Lead

1P59 55 61 171 556 Speed Lag
Low

IPS5A 35 25 2 3 Speed Split

IP60A 50 65 295 575 Lo e

Speed Lag

Low Lead

1P60B 48 43 47 698 Speed Lag
Low

1P63 33 39 35 38 Speed Split
Low

1P69 0 52 0 2939 Speed Split

Low Lead

IP6A 57 0 33 0 Speed Lag
High

1P71 55 56 115 131 Speed Split
Low

1P72 12 52 68 181 Speed Split

High Lead

IP75A 64 70 14 31 Speed Lag

High Lead

IP75D 37 38 172 700 Speed Lag

IP76 59 63 255 612 high ead

Speed Lag
Low

1P79 24 52 57 365 Speed Split

Low Lead

IP7A 63 49 45 185 Speed Lag

High Lead

1P86 46 58 20 119 Speed Lag

Low Lead

1P9 45 51 19 117 Speed Lag
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APPENDIX D

5.1 Summary of Comments for Interview Questions

Reviewer Name Background Institute / Company
1 Dr. Hany Hassan Academic Louisiana State University
2 Dr. Mohamed Shawky Academic Ain Shams University
3 Dr. Daniel Albuquerque Academic United Arab Emirates University
4 Eng. Mohamed Hanafy Expert TEC Engineering, INC.
5 Eng. Nenad Stojic Expert TEC Engineering, INC.
No | Comment Reviewer | Action Taken
This is not clear. | am not sure 1st : ) _
1 _ ) Wording was adjusted for clarity
what does this mean. Reviewer
So, what do you want from this
Info? | was expecting that you 1st ]
2| _ _ Three more questions were added
will ask a question based on that | Reviewer
info
This is not a good title for the
section. You need to select a title | 1st )
3 _ ) ) Changed the heading
that explain the questions covered | Reviewer
in this part.
| would suggest that you provide
multiple choices instead of open-
ended questions in most of the Lst Since the methodology was
S
4 | survey questions. You can still _ interviewing, | think multiple choice
Reviewer

give them an option to add
anything. This will be easier for

you to analyze the responses later

questions may not be appropriate.
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This question needs to be

1st
5 | rephrased. It is not clear what ) Rewrote the question for clarity
) Reviewer
does it mean?
L : 1st :
6 | This is similar to question 8 _ Removed question 8
Reviewer
| would suggest you ask one ) )
o ) 1st Adjusted the questions such that one
7 | question in each point separately ) _ _
) Reviewer | question was asked at a time
S0 no one can skip the answer
It is not clear. You need to explain | 1st )
8 ) ) Added an example of a near miss
what you mean by near miss cases | Reviewer
o The word newly was adjusted to
n
9 | Newly should be defined carefully ) mean intersections that were
Reviewer o
constructed within the last 36 months
Define the owners because we are ) )
) - Defined owners as the Abu Dhabi
talking about signalized 2nd _I )
10 | ' _ i municipality based on the reviewer's
intersections that’s mainly owned | Reviewer )
— p— suggestion
by AD municipality as i think
Not clear question, need 2nd . . )
11 . _ The question was rewritten for clarity
modifications Reviewer
Changed the wording of the heading
1 Define for example signals 2nd to Existing Signalized intersection
constructed before year 2015 Reviewer | (Intersections that were constructed
more than 36 months ago)
) ) One of the objectives was rewritten to
Consider making the background | 3rd o )
13 ) aid in improving the background of
clearer Reviewer ) )
the interview
Consider making questions ard Some of the questions were rewritten
r
14 | simpler, clearer, as well as more ) for clarity while others were broken
S Reviewer . .
concise/direct. down into several questions
- Consider using closed-ended 3rd Rewrote some of the interview
questions, rather than open-ended | Reviewer | questions for clarity
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If your objectives can be broken

down into 4 well-defined parts,

The sections were broken down into

consider grouping questions by 3rd
17 _ four parts to represent each of the
part, and make sure reader Reviewer o _ ]
) _ objectives of the interview
understands which questions are
related to which part.
) o . 3rd Improved on the wording, syntax, and
18 | Consider revising text writing ) _
Reviewer | grammar of the entire work
Do you really want to collect ard The basis of interviews is to
r
19 | information on what auditors ) determine what the interviewees
] Reviewer .
"think"? think.
20 The reviewer suggested a few 4th Included the examples which were
parameters for Part 3 question 3 Reviewer | suggested by the fourth reviewer.
’1 The reviewer suggested a few 4th These suggestions were included in
parameters for question 4-part 3 Reviewer | the question
- The reviewer suggested a few 4th These suggestions were included in
parameters for question 5-part 3 Reviewer | the question
Part 5 question 1 This question Sth : _
23 ) Rewrote the question for clarity
not clear. Reviewer
. Part 5 question 3. The reviewer 4th Included a few examples suggested
made a few suggestions Reviewer | by the fourth reviewer.
“Near miss” terminology not )
5th Gave an example of near miss to
25 | clear, maybe better to use “traffic ] . )
Reviewer | improve clarity.

violations™.
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5.2 Summary of Responses for Interview Questions

David George

Dhabi city internal roads be
improved?

Question Interviewee 1
Internal Roads and Infrastructure, Al Ain City
1 | Department R
Municipality
2 | Job Title Road Safety Specialist
Years of experience in road safety
3 - 27
auditing
Accident investigation and prevention, street
lighting, highway design, materials
4 | Background technical fields Iabo_ratqry, traf_flc S|gnal_s, estimation office,
on-site in a resident engineer office,
surveying, transport planning before moving
to the AIP team.
Location of the interview virtual call (Zoom Application)
Time of Interview 6/6/2020 10:00
Part 1: General information about
the interviewer
When did you get your road safety | had sufficient experience to be r_ecognlzed as
7 - . a road safety audit team member in 1998 and
auditing certificate? :
team leader in 2000.
How many road safety audits have | | estimate over five thousand at all stages
8 | you participated in since you got from 0 to 4. On average | have been doing
the certificate and for what stages? | over 400 a year.
Part 2: Standards that road safety
auditors rely on in auditing
What is your opinion regarding I do not agree with checklists as that becomes
9 the above Abu Dhabi Road Safety | a “tick box” exercise. If you have the collision
Manual standards in the investigation and prevention experience, then
performance of audits? you should know what you are looking for.
We have two problems in the emirate of Abu
Dhabi. Firstly, is that the number of road
safety auditors with the proper experience in
collision investigation and prevention is
In your opinion, how can the Road | minimal. Al Ain City Municipality is the only
10 Safety Audits Procedures for Abu | stakeholder | am aware of that undertakes this

work. Our local safety schemes are based on
the UK model. Each year we update the
accident database, review where accidents are
clustering (previously known as accident
blackspots) investigate the top sites and

propose cost-effective remedial measures.
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Our 2020 LSS program has identified 29
accident cluster sites as shown below.

11

What would you consider best
practice in terms of Road Safety
Audit standards?

UK GG-119 (previously known as HD19)
which our standard is based on.

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that
participate in the detailed design
Audit?

At Stage 2 (detailed design), under TR-540, it
is the Client, the Design Team, the RSA team
and if the Audit Team Leader wishes he can
invite specialist advisors and the Police.

13

What are the entities that
participate in opening stage of
signalized intersections?

Same as above although the audit team leader
should invite the police. Others that they can
invite are the contractor, designer and traffic
signals or other specialist advisors.

14

What are the parameters that the
road safety working group
consider (Intersection and
approach geometrics and
geometric characteristics, traffic
signals visibility, signs, horizontal
markings, sight distance, traffic
detections position and
intersection coverage, lighting...
etc.) in the opening auditing stage?
(Please, explain all the parameters
that you think are important)

The over-riding question of RSA is “Who can
be hurt and how?”. Every problem raised in
the RSA must answer this question and give a
recommendation to address it. Every single
aspect is important and there would be too
many to list. The RSA team should walk,
drive and cycle are appropriate the site
looking at every single aspect. This is getting
back towards the “checklist” approach which
I consider is a bad way of doing RSA. You
cannot physically list every possible issue.
The problem highlighted below is a good
example. It is a rare issue and I’ve never seen
it included on a checklist when I have read
standards that use them (Some local UK
municipalities use them). A direct taper was
removed, kerb line brought to the main road
channel and the footway widened. At night
and in certain lighting conditions the new
kerb could be mistaken for a line and the
widened footway can look like an exit taper.
How do we know this could be a problem?
Because it has been at another junction.
Collision investigation and prevention
experience is key in RSA. Otherwise, it’s
nothing but a design review.
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According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically

Signal phase can affect traffic safety. In fact,
a number of fatal accidents in Al Ain are
suspected to be due to phasing problems.
rephasing the signals would reduce capacity

15 affect the traffic safety. What’s but stop this risky manoeuvre.
your opinion is in regard to signal | Another example of how collision
phasing system and Road Safety investigation and prevention experience is
Audit? utterly critical for road safety audit.
I am unsure of what is happening with ITC in
this regard. As mentioned above | spent time
in the Traffic Signals department in the early
1990’s (was required that Engineers had a
sound understanding of all aspects of roads
and transportation, so | spent 3-6 months in
each team). At that time, they were using
Do the Department of SCOOT. This is nearly 30 years ago. SCOOT
Municipalities and Transport was a computer-based program that adjusted
provide the information about the | phasing and timing depending on live traffic
type of traffic control including flows (ever signal was connected, and
16 | 7 . i : . . :
signal phasing sequence, pretimed | inductive loops were installed mid-block
or traffic actuated in traffic flow around the city, so the system knew how
variation (Peak hours and out of much traffic was heading where). A modern
peak hours)? version of this is planned for Al Ain from the
ITC traffic control centre. However, this was
being discussed back in 2010 and last time |
heard a couple of years ago it had not been
implemented and our signals were either fixed
plan or vehicle actuated depending on the
time of day. You would need to speak to ITC
to find out where we are.
What system are commonly used
17| Abu I.:)hab" S_lgnal pla_n and Answer for Integrated Transport Center ITC.
timing, isolated intersection, or
coordinated corridor?
. . Issue we find in Al Ain is that the information
In case of the information has been | . . . i
) . . is not being provided for RSA. The civil
provided, is there any additional o . .
A engineering works for new signals is being
18 | parameters you think is important . . ! .
; . . audited but as the traffic control equipment is
to consider during the design :
a separate design and approval process, we
phase? .
are not getting these.
Since most of the signalized
intersection in Abu Dhabi have at - .
. Generally, it is not the number of lanes, it is
least 3 lanes for the straight .
A . the number of different manoeuvres, whether
direction and minimum of one .
19 these are physically separated and the layout

lane for left turning direction (in
some cases 3 lanes), do you think
that the greater number of lanes
the more distraction may occur?

of the signal heads that determine safety
issues.
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20

So, what parameters do increase
the clarity of the intersection and
reduces the distraction? (Here |
am referring to methods such as
adding one signal head per lane
with retro reflective signal back
plates and installing larger signal
heads?

Long hoods and angling signal heads are
important. The big issue appears to be the
driver not concentrating. Seeing a signal turn
green (which may not be for them) and
accelerating. We need to try and ensure that
drivers do not have signals for differing stages
that they can confuse if they are not looking
properly (checking mobile phone)

21

Also, since most of the signalized
intersections have dedicated lanes
for left turn, what in your opinion
are some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here | am talking
about approaches such as
providing or improving turn lane
channelization)

I have tried to get illuminated road studs to be
used in channelization lines through the
junction especially on triple left turn lanes.
These would only illuminate when the turn
was green and would show drivers the route
through the junction. Has been consistently
removed due to costs.

Existing Signalized intersection
(Intersections that were
constructed more than 36 months

ago):

22

How many times does the working
group re-audit the same
intersection after the opening (12
months and 36 months)? If not,
explain your thoughts.

Stage 4 RSA should be performed at 12 and
36 months. In the past this has been a problem
as access to accident data is has not been good
enough. Things are now improving so
hopefully this will improve in 2020.

Al Ain Municipality Safety Team review the
accident records every year so any
intersection that has injury accidents will be
assessed (as noted above).

23

Is there any set of safety
performance indicators that are
used (performance and safety
indicators)?

An accident cluster site is 5 injury accidents
in 5 years. If there is a sudden spike, such as
airport roundabout where there were three in
2019 that will be looked at although this uses
engineering judgement.

24

In case of any performance
indicators, which entity should
keep monitoring those indicators?
(If multiple entities, what is the
role of each entity for each
performance indicators?)

Al Ain Municipality Safety Team monitor the
accident numbers.

25

What are the important
parameters that should be
considered during auditing
existing intersection (Intersections
constructed or modified since less
than 3 years)?

Accidents. We need to be careful that we do
not get distracted. Over the decades of road
safety, | have identified may sites that I call
“The site is so dangerous, it is safe”. Danger
is perceived risk. Some sites make drivers
believe they are hazardous; therefore, they
take more care when passing through.

Therefore, there are hardly any accidents.
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26

What is your opinion is best
practice regarding Road Safety
Audit conducted at signalized
intersections constructed since
more than 36 months?

An old saying — “If it isn’t broke, don’t fix it”.
AACM try to follow the Stage 4 RSA
(accident data issues aside). However, we
monitor annually our roads and junctions in
the local safety scheme program. A
breakdown of 2020’s accident cluster sites by
type is below: -

Roundabout — 13 sites

Signals — 2 sites

Links (length of road) — 3 sites

Zebra crossings — 5 sites

Right in — Right out junction — 2 sites
Grade-separated interchange — 4 sites

What other thing do you consider
important in Road Safety Audit
conducted at signalized
intersections constructed since
more than 36 months?

The over-arching question of road safety audit
is “Who can be hurt and how”. If there is a
problem at a signalized intersection it should
be obvious with three-years accident data.

Part 4 Gaps in the decision-
making process which may ignore
the safety concerns

27

What in your opinion are some of
the problems currently in the
Road Safety Audit decision
making process?

RSA is not being carried out early enough in
the planning process. Too often the
development or building is already under
construction before RSA is undertaken on the
infrastructure. i.e., RSA not even forming part
of the decision-making process.

RSA not being undertaken at all. Many
stakeholders, including ITC don’t realise
pretty much everything must be subject to
RSA. The Variable Message Signs (VMS) for
example were missed.

Also no liability for anyone deciding to ignore
the RSA. Auditing in the UK | never saw an
exception report (someone signing off to go
against the RSA recommendation). Here | see
them all the time. In UK if you say to go
against the RSA and someone is hurt or
worse, Killed then they have a high chance of
going to court and | believe it can be up to 10
years in jail.
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28

Do you think that the current Abu
Dhabi Road Safety Audit
procedure have gaps that impede
decision making and thus safety?

The procedure is fine. Need to be careful as
Al Ain Municipality Safety Team did over
400 RSA in 2019. The problem is not the
procedure. The problem is people do not
follow the procedures. This is a common
issue. We write standards and procedures, put
them on the shelf and forget about them. The
2010 Road Safety Strategy? The Speed
Management Strategy? The 2016-2020 Road
Safety Strategy? What were the actual
outcomes of these documents? What changed
to make the roads of Abu Dhabi safer because
of these documents?

Perhaps the best example is TR-531, The
Emirate of Abu Dhabi Work-Zone Temporary
Traffic Management Manual published in
2014. 1 consider less than 5% of our work-
zones (detours) are compliant with this
standard. There were two fatal accidents in
2019 whose cause was suspected to be due to
deficient temporary traffic management.

29

If so, what are some of these gaps?

Answered Above

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

They don’t. TR-540 the RSA manual for the
Emirate states it should be audited for the last
time at 36 months following completion. If
there are significant problems, they will be
picked up in the LSS program monitoring the
injury accidents year-on-year.

31

If yes, who request the audit? And
what are the parameters that
should be considered?

TR-540 does not state this for stage 4 RSA.
Al Ain Municipality Safety Team uses a
spreadsheet based on the RSA to flag those
sites that are due a stage 4 12- or 36-month
RSA.

32

In case of no auditing in the
existing signalized intersection,
what is the best method of
monitoring the safety of signalized
intersections? (Based on accident
rate, Accident frequency, road
users complain, violations, time
delays on the individual
intersection or number of stops at
coordinating corridor, etc.)

Local Safety Scheme program as described
above.

33

What is your opinion regarding
the police red light enforcement
system?

It appears to have helped. Twam signals,
Khabisi Signals and Al Ain Mall signals all
have seen drops. However, | consider that the
issue with their effectiveness is due to the

223




problems with our black point system not
enforcement.

34

Do you think police red light
enforcement system cover most of
the risky intersections?

Yes, the sites were decided in conjunction
between ADP, Al Ain Municipality Safety
Team and DoT at the time.

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Somewhat. As mentioned above, several sites
that were having issues and appearing in the
LSS have not dropped off the list after
cameras were installed. However, we are still
getting red light running accidents. The black
point system is not helping. Enforcement is
not always the solution.

36

Do you think capturing a near
miss cases (such as a vehicle
almost colliding with another) in
signalized intersections will give a
better vision of unsafe operations
of the signalized intersection?

All road safety work should be data led. A
recent fatal prompted us to ask ADP if the
red-light cameras were working and they
confirmed they captured the accident. All data
is useful.

37

Since we have limited resources of
capturing the near to miss cases,
do you think crossing red-light
signal after certain threshold is
dangerous?

Depends on the junction

38

What do you think is this time in
seconds and why?

Case by case basis. These two junctions
would have very different answers to this
guestion.

39

Do you think the frequent red-
light crossings at same signalized
intersection can be considered as
an indicator of unsafe operation at
the signalized intersections?

Depends on why are they red light running?
Are they doing it on purpose? Such as the Al
Khabisi junctions on Shakhbout Bin Sultan
Steet. Are they doing it by mistake? The
junction on Omar Street near Al Ain Mall.
Both show there is a problem, but the

solutions are different.
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Abdul Razzak Zaytoun

Question Interviewee 2

1 | Department Department of Municipality and Transport
2 | Job Title Traffic Engineering Advisor

Years of experience in road safety
3 . 10

auditing
4 | Background technical fields Traffic
5 | Location of the interview virtual call (Microsoft Teams Application)
6 | Time of Interview 6/8/2020 10:00

Part 1: General information about

the interviewer
v When did you get your road safety 2011

auditing certificate?

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 30 projects in all stages

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

| think that the Manual was good start and has
resulted in significant improvement to the
traffic safety of Abu Dhabi road network

In my opinion, the Road Safety Manual of
Abu Dhabi needs to be reviewed and updated
at least once every 5 years, so that gaps and
opportunities of enhancement can be
identified, analyzed, and dealt with ,
meanwhile experience of team leader and
members is covering any possible gaps such
as parameters that should be audited

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

After each report, observations of team
members are recorded, reported, and
considered when the Manual is reviewed and
updated

11

What would you consider best
practice in terms of Road Safety
Audit standards?

Firstly, select the best standards that have
been tested in other countries,

Secondly implement the standards, record any
observations (gaps and opportunities of
improvement), review and update the
standards at least once every five years

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that participate
in the detailed design Audit?

Department of Municipalities and
Transportation, Consultants, Abu Dhabi
Police, and Mosanada
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13

What are the entities that participate
in opening stage of signalized
intersections?

Department of Municipalities and
Transportation, Consultants, Abu Dhabi
Police, Mosanada, and Contractors.

14

What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,
sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

All safety relates parameters and issues

15

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically
affect the traffic safety. What’s your
opinion is in regard to signal phasing
system and Road Safety Audit?

N/A

16

Do the Department of Municipalities
and Transport provide the
information about the type of traffic
control including signal phasing
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

Yes

17

What system are commonly used in
Abu Dhabi, Signal plan and timing,
isolated intersection, or coordinated
corridor?

N/A

18

In case of the information has been
provided, is there any additional
parameters you think is important to
consider during the design phase?

N/A

19

Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left
turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

N/A

20

So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here I am
referring to methods such as adding

N/A
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one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

21

Also, since most of the signalized
intersections have dedicated lanes
for left turn, what in your opinion
are some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here I am talking about
approaches such as providing or
improving turn lane channelization)

N/A

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

N/A

23

Is there any set of safety
performance indicators that are used
(performance and safety indicators)?

One serios accident we should have a
response

24

In case of any performance
indicators, which entity should keep
monitoring those indicators? (If
multiple entities, what is the role of
each entity for each performance
indicators?)

N/A

25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

N/A

26

What is your opinion is best practice
regarding Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

N/A

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

N/A

Part 4 Gaps in the decision-making
process which may ignore the safety
concerns
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27

What in your opinion are some of the
problems currently in the Road
Safety Audit decision making
process?

Recommendations in the safety auditing
reports are not respected.
| suggest that decree on higher level is issued
and state that recommended action is to be
implemented

28

Do you think that the current Abu
Dhabi Road Safety Audit procedure
have gaps that impede decision
making and thus safety?

| do not think so

29

If so, what are some of these gaps?

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

N/A

31

If yes, who request the audit? And
what are the parameters that should
be considered?

N/A

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

N/A

33

What is your opinion regarding the
police red light enforcement system?

The system is advanced and efficient

34

Do you think police red light
enforcement system cover most of
the risky intersections?

Yes

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

The system is very effective in reducing
number and severity of accidents

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Yes

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

Yes
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38

What do you think is this time in
seconds and why?

39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

To answer this question, frequent red-light
crossings need to be carefully reviewed, in
addition to a driver’s behaviour.

Mohammed Ibrahim Kishta

Question Interviewee 3
1 | Department Tatweer Middle East and Africa L.L.C.
2 | Job Title Lead Traffic Safety Engineer

Years of experience in road safety
auditing

15

Background technical fields

Traffic and Transportation

Location of the interview

virtual call (Microsoft Teams Application)

Time of Interview

27/6/2020 19:30

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2011

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 50 for different phases includes
concept, preliminary, and detailed design
stages. But most of RSA that | conducted had
been during Work Zone Stage, Construction
Stage, and Pre-Opening Stage. | also
conducted some Post-Construction RSA and
Traffic Accident Investigations.

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

In my Opinion, Abu Dhabi Road Safety
Manual Standard is considered as the first
step on the way to reaching a high value
international standard that anyone in this field
can use as a reference for learning and correct
practice of road safety audits, except that
since its establishment it has not been updated
periodically. And this is the main gap on the
standard.
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10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

1. Updated periodically every 2 years

2. More details about parameters that should
be audited during the road safety Audit

3. ldentifying the main road safety concerns
for drivers, pedestrians, and cyclists as well as
current best practice approaches with
consideration of Abu Dhabi Safety
Authorities stated objectives.

4. Setting out the Safe System approach,
demonstrably effective intervention on
infrastructure safety and institutional
management issues.

5. Generate Pedestrian and Cyclist Chapters
to Be Included in The Manual.

6. Include some examples of RSA for
different stages

11

What would you consider best
practice in terms of Road Safety
Audit standards?

1. UK

2. Ireland

3. Sweden

4. Netherland

5. USA

In addition, the below 4 documents
considered as the main references, detailed
guidance and concepts of RSA which provide
much more detailed guidance on all key
aspects of safety engineering and RSA
experts recommend that road engineers
should use these references in planning and
operation of roads to ensure safer road
networks.

1. “Towards safer roads in developing
countries”, a guide for planners and
engineers, developed by TRL, Ross Silcock
partnership and ODA in 1991,

2. “Catalogue of design safety problems and
practical countermeasures”, developed by
World Road Association (PIARC) in 2009

3. “Road Safety Inspection Guidelines for
Safety Checks of Existing Roads”, developed
by World Road Association (PIARC),
2012R27EN, Cycle 2004-2007

4. “The handbook of road safety measures”,
written by Rune Elvik and Truls Vaa, in 2004.

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that participate
in the detailed design Audit?

* Integrated Transport Centre (ITC)
* Department of Municipalities and Transport
(DMT)

230




13

What are the entities that participate
In opening stage of signalized
intersections?

* Integrated Transport Centre (ITC)
* Department of Municipalities and Transport
(DMT)

14

What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,
sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

This pre-opening RSA is similar in nature to
detailed design RSA in that it offers another
opportunity for the team to consider the safety
aspects of the design before the facility is
opened to the public.

It should be noted that this is the first time the
reviewers will be able to actually see and
drive (walk, bicycle) the facility in its finished
state instead of relying on the design plans.
This field review must be comprehensive and
thorough.

The RSA likely focus on changes to
illumination, signs, delineation, pavement
markings, roadside barriers, removal of fixed
object hazards or minor structural changes
(e.g., addition of a wheelchair ramp).
Specially for the intersection, the road safety
auditors must focus on Intersection Geometry,
signing and marking, visibility and sight
distance, and pedestrian accommodations.
Signal displays should be visible and
conspicuous at all times.

15

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically
affect the traffic safety. What’s your
opinion is in regard to signal phasing
system and Road Safety Audit?

| believe it is one of the most important
elements in the RSA for any Signalized
intersection to carefully review the traffic
sighal placement and operation system. This
is considered main factor that affect the
design of the signalized intersection and play
a main role on designer decisions and
proposed options for the layout of any
intersection.

Because of that a detailed design stage RSA
Team should have a traffic operation engineer
skilled in traffic signal control.

16

Do the Department of Municipalities
and Transport provide the
information about the type of traffic
control including signal phasing
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

Usually when it is been requested the DMT
provide it. But on the design stages, it has
been proposed by the designer and reviewed
by relevant authority (DMT or ITC).

17

What system are commonly used in
Abu Dhabi, Signal plan and timing,
isolated intersection, or coordinated
corridor?

On the main roads the system of Coordinated
Corridor is implemented.
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In case of the information has been
provided, is there any additional

Traffic Flow, Sequencing and controlling
movements, Capacity, lost time, and
sufficiency of capacity, Delay and Level of
Service, Cycle Length and split times, Signal
timing, Horizontal and Vertical Alignment,

18 parameters you think is important to | skid resistant overlay, Traffic Control Signs,
consider during the design phase? Visibility, Lighting installations, Sightline
distance improvement, Channelization
medians, Pedestrian and Cycling Facilities,
Traffic Calming
Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
19 and minimum of one lane for left In my opinion this is not true if we provide

turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

proficiently design.

20

So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here | am
referring to methods such as adding
one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

All required facilities/signs and right
visibility/sightline distance elements in
addition to perfect lighting installations and
traffic calming.

21

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here | am talking about
approaches such as providing or
improving turn lane channelization)

Road Marking and Regulatory and
Informative Signs.

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

2 times after 12 months after opening.

4 times after 36 months after opening.

But currently there is no clear processes for
conducting Post-Opening RSA.

23

Is there any set of safety
performance indicators that are used
(performance and safety indicators)?

* Number of Traffic Collisions

* Number of Vulnerable Road Users (VRU)
Collisions

* Type and Causes of Collisions

* Severity of Collisions
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24

In case of any performance
indicators, which entity should keep
monitoring those indicators? (If
multiple entities, what is the role of
each entity for each performance
indicators?)

* Police: No. of Traffic and VRU Collisions

* DMT: Analysis for the Types and Causes of
Collisions, and propose the proper
countermeasures to reduce the collisions and
its severity

25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

Is the intersection appropriate for the traffic
volumes and road characteristics, is it fully
visible and recognizable, is it perpendicular,
are weaving lanes long enough, are there
sufficient traffic signals and signs, are there
sufficient regulatory and informative signs.
Also need to look at local access and VRU
crossings. One of the most important
parameters is that its phasing program is
sufficient and appropriate for the traffic
volumes.

26

What is your opinion is best practice
regarding Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Canada and USA

* Road Safety Manual, 2003, PIARC
Technical Committee On Road Safety (C13)
* Typical Road Safety Engineering
Deficiencies: Practical Guide for Road Safety
Auditors in TRACECA Region, International
Road Safety Centre,

* Guidelines for Road Safety Audit Practices,
NSW Centre for Road Safety, NSW
Government, Transport Roads and Traffic
Authority, 2011

» “Road Safety Inspection Guidelines For
Safety Checks of Existing Roads”, developed
by World Road Association (PIARC),
2012R27EN, Cycle 2004-2007

* FHWA Road Safety Audit Guidelines

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

N/A

Part 4 Gaps in the decision-making
process which may ignore the safety
concerns
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27

What in your opinion are some of the
problems currently in the Road
Safety Audit decision making
process?

* There is no follow-up to RSA outputs for
each stage of the design, which causes the
same design issues to be repeated at each
stage

* In the construction phase, the consultant and
the contractor does not take into account the
outputs and observations of the RSA report
(stage 2), which leads to construct of many
designs incorrectly and creates multiple notes
and problems during RSA (stage 3)

* There are no enough data and information
about the Post-Construction Audit stage. It is
not clear when and how it must be conducted
and the periodically time for conduct this
stage of audit for different sections of road
(segments, intersections, interchanges .etc.)

28

Do you think that the current Abu
Dhabi Road Safety Audit procedure
have gaps that impede decision
making and thus safety?

Yes, but it does not that much impede
decision making and safety.

29

If so, what are some of these gaps?

* Still not clear who is the authorized
department fully responsible about RSA

* It is not clear who is the authorized
department responsible for monitoring the
implementation of RSA outputs

» It is not clear when the post-Construction
audit must conduct. In addition, there is no
identification for the parameters that should
be considered to take a decision for
conducting post-Construction audit

* The current Manual missing Road Safety
Inspection Guidelines for Safety Checks of
Existing Roads

* The current Manual missing information
about the processes of RSA Stage 3 related to
Work Zone Stage and Construction Stage,
and only straiten RSA Stage 3 on Pre-
Opening.

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

This is depending about the request from
relevant authorities.
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31

If yes, who request the audit? And
what are the parameters that should
be considered?

DMT request the audit.

Parameters:

* Number of Traffic Collisions

* Number of Vulnerable Road Users (VRU)
Collisions

* Type and Causes of Collisions

* Severity of Collisions

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on

« Accident frequency,
« Accident Severity,

32 | accident rate, Accident frequency, * Road users complain,
road users complain, violations, time | « Number of Red-Light Crossing Violations,
delays on the individual intersection | « time delays and LOS
or number of stops at coordinating
corridor, etc.)
It is considered as one of the most efficient
enforcement solutions that playing an
What is your opinion regarding the import_ant role in_decre_asin_g the number_ of
33 police red light enforcement system? Red-Light Crossing Violations and Accidents
" | and also reduce the number of fatalities and
injuries resulting from accidents occurs in the
intersections.
Do you think police red light
34 | enforcement system cover most of Yes
the risky intersections?
Is the police red light enforcement
35 | system effective in reducing the Yes
number of accidents?
Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
36 | . . e L Yes
intersections will give a better vision
of unsafe operations of the signalized
intersection?
Since we have limited resources of
capturing the near to miss cases, do
37 . . . . Yes
you think crossing red-light signal
after certain threshold is dangerous?
What do you think is this time in 2-3 seconds, because most of signalized
38 seconds and why? intersection phasing program designed to
' have All-Red Phase between 2 to 3 seconds.
Do you think the frequent red-light
crossings at same signalized
39 | intersection can be considered as an | Sometimes Yes.

indicator of unsafe operation at the
signalized intersections?
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Mohammed Nour Khairy

Question Interviewee 4
Department Department of Municipality and Transport
2 | Job Title Traffic Safety Expert
3 Years of experience in road safety 10

auditing

Background technical fields

Traffic, Transportation, Geometric Road
Design and Road Signs

Location of the interview

virtual call (Microsoft Teams Application)

Time of Interview

25/6/2020 13:00

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

| had sufficient experience to be recognized as
a road safety audit team member since 2010

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 1000 from different stages

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

| believe the Manual is covering all stages of
design in order to reports on potential road
safety issues and identifies opportunities for
improvements in safety for all road users

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

Safety audit should be part of NOC loop in
ADM so all type of works whether it is small
like maintenance work, school zone
improvement or new roads

has to pass by safety audit officer.

What would you consider best

Conducting RSA in Five different stages:
Stage 0: Concept Design;
Stage 1: Preliminary design,

11 prac_tlce in terms of Road Safety Stage 2: detailed design,
Audit standards? . :
Stage 3: pre-opening of the road and
Stage 4: Post opening
Part 3: Safety indicators that are
relied upon in evaluating existing
intersections
Entities are not involved in this stage, third
12 What are the entities that participate | party auditor doing the audit report and
in the detailed design Audit? review/ approved by the auditor from Client
only.
What are the entities that participate
13 | in opening stage of signalized Auditors from Municipalities, ITC, AD Police

intersections?
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What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,

1. Channelization by means of road markings,
curbs are used to guide vehicles along a
specific path on the approach to and/or exit
from a junction and to position them at the
safest location to make their manoeuvre. The
benefits of this are that movements are
simplified; less confusion arises, and the
number of conflict points is minimized.

2. Horizontal and vertical geometry,
sometimes intersection is provided at
locations where due to the horizontal and
vertical geometry of the road, the movements

14 sight distance, traffic detections of \_/ehlcles using the facility are not clearly
L ; . visible to other road users.
position and intersection coverage, ) )
o . : 3. Pedestrian crossings path and refuge area at
lighting... etc.) in the opening . .
. . the intersection
auditing stage? (Please, explain all L .
. 4. Visibility, numbers, and angle of traffic
the parameters that you think are signal head
important) 5. The location, visibility and availability of
direction and warning signs on the approach
to junction.
6. Providing physical separation for left
turning vehicles in case of using lead lag
operation traffic signal
7. Adequate road/street lighting
According to accident analysis for | believe we need to balance between safety
the period 2013 to 2017 at the and traffic capacity. A more in-depth analysis
signalized intersection, Signal study to the effect of cycle length and
15 | Phasing system does statistically clearance time could improve the safety
affect the traffic safety. What’s your | performance of signalized intersections with
opinion is in regard to signal phasing | geometry improvement to the intersection
system and Road Safety Audit? layout.
Do the Department of Municipalities
and Transport provide the Provide information to whom, if you mean is
information about the type of traffic | it implement different type of system, the
16 | control including signal phasing answer is yes traffic actuated system is
sequence, pretimed or traffic adapted in some city outside of AD Island
actuated in traffic flow variation like Mohamed Bin Zayed city.
(Peak hours and out of peak hours)?
What system are commonly used in
17 Abu Dha}b" S|gnz_il plan and timing, Coordinated corridor
isolated intersection, or coordinated
corridor?
In case of the information has been % The expectsd _trafﬁ:c: _volume ion (1
rovided, is there any additional . Geometry esign of intersection (layout,
18| P ’ sight Distance, speed limit,)

parameters you think is important to
consider during the design phase?

3. Determine The initial operation plan for
signal.
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Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left

Disagree, if the intersection has proper design
from the beginning for instance:

* Improve signal sight distance by providing
primary signal heads for through traffic equal

19 turning direction (in some cases 3 the number of lanes.
lanes), do you think that the greater | ¢ Provide physical separation between
number of lanes the more distraction | through traffic and left turning vehicle.
may occur? * Provide advance direction signage
As mentioned above using one signal head
: per lane with retro reflective signal back
So, what parameters do increase the - . : .
. . . plates will improve the signal sight distance,
clarity of the intersection and ; Lo . )
. . but I’'m against installing larger signal heads
reduces the distraction? (Here | am - -
i . as this will increase the weight in mast arms
20 | referring to methods such as adding

one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

which mean bigger foundation hence increase
the severity of accident if hit by errant vehicle
instead we can think for some recent
innovations in traffic lights like virtual traffic
signal,

21

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here | am talking about
approaches such as providing or
improving turn lane channelization)

» Physical separation island between through
traffic and left turning vehicles.

* Return stop line for left turning 5 m from
stop line for through traffic.

* Disable mobile phone signal at intersection
approach.

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

I think this is not done; however, post
opening is usually conduct by auditor from
municipality as project client not working
group by reviewing the accident occurred in
intersection and if it required will be follow
by site audit.

Is there any set of safety

Accident history and traffic violations for the

23 | performance indicators that are used red liaht are the main indicators
(performance and safety indicators)? g '
In case of any performance . . .
indicators w¥1iF::h entity should keep 1. AD Police to provide the required data
monitorin, those indicators? (If about Accident history and traffic violations.
24 g ’ 2. ITC to analysis the accident data and red-

multiple entities, what is the role of
each entity for each performance
indicators?)

light violation data provided by AD Police
and take the necessary action.
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25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

1. Accident history.

2. Operation plan for the signal.
3. Visibility of traffic signal

4. Direction sign in the approach
5. Geometry of intersection

6. Speed Limit.

26

What is your opinion is best practice
regarding Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Stage 4 post opening RSA has to be conduct
for these intersections by reviewing accident
data and conduct day and night site audit.

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Knowing what type of operation plan system
is used in traffic signal from opening till date
of audit.

Part 4 Gaps in the decision-making
process which may ignore the safety
concerns

27

What in your opinion are some of the
problems currently in the Road
Safety Audit decision making
process?

1. Underestimate the value of RSA

2. Skip Stage 0 Audit

3. Instruction from higher manager to open
the road without conduction stage3 audit

28

Do you think that the current Abu
Dhabi Road Safety Audit procedure
have gaps that impede decision
making and thus safety?

Yes

29

If so, what are some of these gaps?

Designers try to skip from audit stages.

Part 5: Safety Performance
Monitoring

How many times does the working
group conduct the audit for an

30 | existing signalized intersection None
(constructed since more than 3
years)?
If yes, who request the audit? And

31 | what are the parameters that should | No

be considered?

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

Analysis accident history and red-light
violation

33

What is your opinion regarding the
police red light enforcement system?

It is very effective
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34

Do you think police red light
enforcement system cover most of
the risky intersections?

No

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Yes

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Yes of course

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

I do not know

38

What do you think is this time in
seconds and why?

| do not know

39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

Yes
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Ibrahim Alshamsi

Question Interviewee 5
1| Department Trafflc Engineering Department (Abu Dhabi
Police)
5 | Job Title D!rec_tor of Traffic Engineering (Al Ain
District)
Years of experience in road safety
3 L 10
auditing
4 | Background technical fields Traffic, Detour Design and Monitoring
5 | Location of the interview virtual call (Zoom Application)
6 | Time of Interview 28/6/2020 20:00

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2009

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 100

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

Abu Dhabi Emirate has committees for road
safety (Abu Dhabi district, Al Ain district, Al
Dhafra district) with all partners
(Municipalities, Department of Transport and
Abu Dhabi Police) to discuss the issues of
road problems and come up with best
solutions. Starting from small committee for
site visit and ending with the head committee
maker decision.

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

Abu Dhabi city needs more ring roads to
reduce the congestions and improve road
safety.

11

What would you consider best
practice in terms of Road Safety
Audit standards?

Site visit for each accident with injuries to
control the accidents on roads.

Monitoring the road accidents.

Evaluate the solutions.

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that participate
in the detailed design Audit?

Municipalities, Abu Dhabi Urban Planning
Council and Department of Transport.

13

What are the entities that participate
in opening stage of signalized
intersections?

Municipalities and Abu Dhabi Police.
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14

What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,
sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

Opening stage:

1- Check Road signs and their locations.

2- Road marking and controlling the priority
of vehicle.

3- ldentify tools for reducing the speed (signs
board (transition zone), speed camera, humps,
and rumple strips).

4- Check radius of curves with speed limit of
road and the visibility.

15

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically
affect the traffic safety. What’s your
opinion is in regard to signal phasing
system and Road Safety Audit?

It is very important.

16

Do the Department of Municipalities
and Transport provide the
information about the type of traffic
control including signal phasing
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

Yes

17

What system are commonly used in
Abu Dhabi, Signal plan and timing,
isolated intersection, or coordinated
corridor?

Split Cycle Offset Optimisation Technique
(SCOOT)

18

In case of the information has been
provided, is there any additional
parameters you think is important to
consider during the design phase?

Design stage:

1- Number of road users (cars, trucks,
bicycles, and pedestrians).

2- Road speed limit.

3- Entrances and exits.

4- Geometric design (width of lanes and
emergency lanes, horizontal and vertical
curves).

5- Determine road safety equipment’s for
example guard rails.

19

Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left
turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

No, I think the most important is the
geometric of roads should be very clear with
road making and signs.

20

So, what parameters do increase the
clarity of the intersection and

As | mentioned in the previous question the
geometric of roads.
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reduces the distraction? (Here | am
referring to methods such as adding
one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that

Many accidents happened since in Abu Dhabi
there are different type of operation which

21 | signalized intersections can clarify confused the drivers, so I think it will be
vehicle paths and thus reduce better to adopt one operation system for
confusion? (Here | am talking about | signals to avoid confusing.
approaches such as providing or
improving turn lane channelization)

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

How many times does the working
group re-audit the same intersection

22 | after the opening (12 months and 36
months)? If not, explain your
thoughts.

For 12 months, Side visit for each vehicle
Is there any set of safety |
23 | performance indicators that are used RS- )
e For 36 months, Identify the hotspots of
(performance and safety indicators)? . :
vehicle accidents.
_In case of any _perforr_nance Abu Dhabi Police since they investigate the
indicators, which entity should keep - ) ;
. .. accidents and a special department with
monitoring those indicators? (If ; : .

24 - " . traffic engineers who evaluate the accidents.

multiple entities, what is the role of . . :
. Also, the Executive Council in Abu Dhabi set
each entity for each performance . i S
S a traffic safety kpi's on Abu Dhabi Police.
indicators?)
What are the important parameters The hotspots of vehicle accidents.
that should be considered during .
. A . The causes of the accidents.
25 | auditing existing intersection ,
i Speed Profile.
(Intersections constructed or Signal Oneration
modified since less than 3 years)? g P '
What is your opinion is best practice Ident|fy_ the hOtSths of V.Eh'CIe acmder_]ts.
; . Determine the main causing of the accidents.
regarding Road Safety Audit Identify solutions (enforcement, engineerin
26 | conducted at signalized intersections » eng g

constructed since more than 36
months?

education (awareness)).
Monitoring the accidents.
Evaluate the solutions.

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Red Signal running violations and Speed
violations at the signalized intersections.
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Part 4 Gaps in the decision-making
process which may ignore the safety
concerns

What in your opinion are some of the
problems currently in the Road

It depends on the head committee who are not

21 Safety Audit decision making on the side to evaluate the problem deeply.
process?
Do you think that the current Abu
Dhabi Road Safety Audit procedure
28 . - Yes
have gaps that impede decision
making and thus safety?
The decision depends on different entities and
7
29 | 1T so, what are some of these gaps? each entity has different indicator.
Part 5: Safety Performance
Monitoring
How many times does 'ghe working It depends on many factors for example the
group conduct the audit for an L . .
I o . volume of vehicle increasing or decreasing,
30 | existing signalized intersection .
. number of the pedestrians and number of
(constructed since more than 3 ) i
accidents, then we can decide.
years)?
If yes, who request the audit? And Volume of vehicle.
31 | what are the parameters that should | Number of the pedestrians.
be considered? Number of the accidents.
In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
32 | accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)
What is your opinion regarding the It is very important to control the driver
33 : . ; . .
police red light enforcement system? | behaviour of risky drivers.
Do you think police red light
34 | enforcement system cover most of No
the risky intersections?
Is the police red light enforcement
35 | system effective in reducing the Definitely
number of accidents?
Do you think capturing a near miss
cases (such as a vehicle almost
36 colliding with another) in signalized Yes of course.

intersections will give a better vision
of unsafe operations of the signalized
intersection?
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Since we have limited resources of
capturing the near to miss cases, do

37 you think crossing red-light signal Absolutely, it is very dangerous.

after certain threshold is dangerous?

What do you think is this time in I think giving 3 seconds for the situations to
38 . - .

seconds and why? avoid causing fatal accidents

Do you think the frequent red-light It could be unsafe operation but at the same

crossings at same signalized time we cannot judge until visit the side and
39 | intersection can be considered as an | see where the main problem, maybe the

indicator of unsafe operation at the
signalized intersections?

problem is the driver’s behaviour (discipline)
and needs increasing of enforcement system.
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Stephen Lambert

Question Interviewee 6
Department Parsons International
Job Title Principle Engineer. Road Safety

Years of experience in road safety
auditing

21

Background technical fields

Civil Engineer, road design, planning,
maintenance, construction, project
management, collision investigation, collision
analysis, remedial measures design, costing,
evaluation, and prioritization.

Chaired a multi-agency committee for 20
years and have developed collision reduction
programmes using engineering, education,
enforcement, and “empowerment”.

Location of the interview

Le Meridien Abu Dhabi

Time of Interview

30/6/2020 17:00

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2000

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 1000 from different stages

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

The RSA Manual is a document concerned
with defining the RSA process and ensuring
that auditors, clients, developers, and
consultants understand the process and their
and other roles and responsibilities within the
process. Competent auditors do not and
should not need to be told how to do an audit.
If they do need this, they should not be
allowed to audit.

When the manual was written, there was
pressure to include “checklists” and various
definitions in the manual. From experience,
check lists become “scope lists” very fast and
if something is not checked the client who
employed the auditor and in really bad cases
the auditor will claim an item is “out of
scope”.
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10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

The manual is fine. The problem as with
most things is in the implementation of the
system. The system, to my mind in Abu
Dhabi municipalities generally is under-
resourced and lacking full support at higher
management levels. The Traffic Safety
section is committed to delivering a safe and
efficient road network but other sections in
Abu Dhabi Municipality have other priorities
and this and does sometimes weaken the RSA
system.

11

What would you consider best
practice in terms of Road Safety
Audit standards?

Abu Dhabi Manual. There are weaknesses in
the system because the manual is not being
followed as written. However, that is an
internal policy issue within the Abu Dhabi
Municipality which the Abu Dhabi
Municipality will need to explain, why they
are not complying with the ADQCC RSA
Manual e=which they developed and got
adopted?

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that participate
in the detailed design Audit?

The audit team, responsible for doing the
audit is the RSA Team Leader and Team
Member. Where they do not have sufficient
experience of traffic signal design or
construction, they need to include a specialist
as a member of the audit team for technical
support and advice. There is provision in the
RSA policy manual to include other entities
in the audit. These are not all named but
could include the ITC, ADP, the signals
maintenance contractor, or others who the
auditor believes could be useful in identifying
problems or preferably propose solutions to
identified problems.
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What are the entities that participate

The RSA should be open to the attendance of
the municipal authorities and others whose
experience, and local knowledge can help to
decide if a possible hazard is really a hazard
or advise on its’ severity.

However, the RSA Team Leader is the person
with the responsibility for the content of the
RSA report and its final recommendations

13 In opening stage of signalized and it is the road authority which has ultimate
intersections? - .
responsibility for the road network and is
responsible for ensuring the safety of road
users on their network so where a final
decision has to be made to implement an RSA
recommendation or even to open a road or
not, that is the responsibility of the roads
authority.
What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
14 visibility, signs, horizontal markings, | EVERYTHING that impacts the safety or
sight distance, traffic detections severity of a collision should be considered.
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)
The lead-lag systems of course | would
expect them to reduce collisions, especially in
According to accident analysis for relation to side-impact collisions and also to
the period 2013 to 2017 at the some rear-end shunt collisions as drivers get
signalized intersection, Signal used to them. Initially, they can be confusing
15 | Phasing system does statistically for drivers especially when the STOP lines
affect the traffic safety. What’s your | are aligned but which lanes are due to be in
opinion is in regard to signal phasing | the lag phase it helps greatly to set back their
system and Road Safety Audit? STOP line by just a couple of meters which is
sufficient time to realize they are still on a
green phase.
Do the Department of Municipalities
and Transport provide the
information about the type of traffic | YES, and where they do not the auditor
16 | control including signal phasing should ask and also an ICT member should be

sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

on the audit to answer questions.
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What system are commonly used in
Abu Dhabi, Signal plan and timing,

Co-ordinated corridor (green pulse wave)?
Terminology in this area can be confusing...
Timing and plans and some isolated

17 isolated intersection, or coordinated | intersections.
corridor? All are used, the ITC could provide detailed
data for which ones are were.
In regard to signals one of the most important
is pedestrian volumes and demand corridors
to ensure median waiting areas are big
enough to accommodate pedestrians, cyclists
and pushchairs as may be required in both
In case of the information has been length and width, that is minimum width
18 provided, is there any additional 2.1m and minimum length 3m but no reason
parameters you think is important to | why it should not be 10m if the demand if
consider during the design phase? there.
Turning volumes of each leg to check the
demand to ensure that where 2 right turn lanes
are required the width is available for the
footpaths, the median island and that the turn
Is signalized.
Since most of the signalized No. There is a problem with 3 left turns in the
intersection in Abu Dhabi have at with most of the intersections having 1 shared
least 3 lanes for the straight direction | U-turn and left and one left and straight, there
19 and minimum of one lane for left IS a strong possibility that drivers in what is

turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

often the straight and left may mistake the
layout and cause a collision or evasive
manoeuvre by the person in the third lane
intending to go left.

20

So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here | am
referring to methods such as adding
one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

I do not think the signals in Abu Dhabi have
any design issues except occasionally at
sometimes some of them may be masked by
the sun or difficult to determine the colour of
the lit light, especially the green but that is not
very often. Where these issues are noted, they
should be checked identify the particular
problem and provide a specific solution were
feasible and warranted.

21

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here | am talking about
approaches such as providing or
improving turn lane channelization)

Similar to the last question, the only left turn
where | sometimes experience a problem is at
Airport Road from Al Falah where there are a
lot of lanes going left and there is a
channelizing section in the road, and | am
always fearful that somebody is going to
come the wrong side of it. Certainly, at some
junctions the “tram track” markings are very
important but again, junctions that have a
problem must be identifiable from the
collision data. The data should be analyzed
and if that is a justifiable likely solution then
it could be applied where warranted.
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Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

I cannot confirm if any post opening audits
are being done.

However, that may not an issue because the
first thing to do for post opening audits 12, 24
and 36 month is to check the collision data. If
the data does not show any evidence of
collisions, then the audit is not warranted or at
least the most that would be required is a site
visit to look for evidence of collisions and if
the is no evidence on site and ne collision
data then there is not identifiable hazard to be
corrected.......... However, these visits
should be recorded if or when they happen.

23

Is there any set of safety
performance indicators that are used
(performance and safety indicators)?

No......... The usual definition of a collision
“black spot” is 3 reported and recorded injury
accidented in a t years period. ADP control
the collision data and the ICT has access to it
but not in a manner that allows proper
collision analysis or interrogation of the
system. (At least not while | was with the
ADM, | hope it has gotten better).

The one time | got CARS output from the
DoT it was difficult to justify why the system
picked the sites it did as the collision detail
was not sufficiently accurate to determine
where exactly the collision occurred or the
direction of travel.

However, it did lead to the implementation of
the fatal collision sites by the ADM staff to at
least verify the details on site within days of
fatal collisions.
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In case of any performance
indicators, which entity should keep
monitoring those indicators? (If

All the agencies. The police to identify if
there are behavioural issues that can be
remedied with active policing such as manual
speed traps, or on-board camera enforcement
of dangerous driving and sudden swerves.
Where they identify other issues that could
advise the agency responsible about it.
Similarly, if the Municipal authorities had
direct access to the actual data they could

24 . L . monitor for collision clusters by specific site,
multiple entities, what is the role of R
. road asset type or junction layout type and
each entity for each performance o . .
C other similar properties to develop area wide
indicators?) .
counter measures to even review the road
design standards........... and similar to the
police, where they may identify behavioural
issues they can refer those to the police for
local active enforcement or alternative pass
them on the Department of Health for road
safety campaign.
What are the IraRgigaREharameters That has already been answered through
that should be considered during : .
25 | auditing existing intersection TR0 ToC . .
: It should be done but an experienced auditor
(Intersections constructed or as ver the ADRSA Manual
modified since less than 3 years)? P
What 1S Y O best_ ProCEE That has already been answered through
regarding Road Safety Audit : '
: - . . previous questions.
26 | conducted at signalized intersections : .
) It should be done by an experienced auditor
constructed since more than 36
as per the ADRSA Manual
months?
What other thing do you consider
important in Road Safety Audit Everything should be considered. At different
conducted at signalized intersections | junctions, some things will impact more on
constructed since more than 36 safety than others.
months?
Part 4 Gaps in the decision-making
process which may ignore the safety
concerns
RSA is not being carried out early enough in
the planning process. Too often the
development or building is already under
What in your opinion are some of the | construction before RSA is undertaken on the
97 problems currently in the Road infrastructure. i.e., RSA not even forming part
Safety Audit decision making of the decision-making process.
process? RSA not being undertaken at all. Many
stakeholders, including ITC don’t realise
pretty much everything must be subject to
RSA.
Do you think that the current Abu The procedure is fine. The problem is not the
28 procedure. The problem is people do not

Dhabi Road Safety Audit procedure

follow the procedures.
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have gaps that impede decision
making and thus safety?

29

If so, what are some of these gaps?

Lake of Experience of the people who do the
auditing.

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

Rarely they do. Based on the accident data,
the team re-audit an intersection.

31

If yes, who request the audit? And
what are the parameters that should
be considered?

Abu Dhabi Police, Department of
Municipality and Transport. Whoever study
the accidents.

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

Accident Data.

33

What is your opinion regarding the
police red light enforcement system?

It is very effective

34

Do you think police red light
enforcement system cover most of
the risky intersections?

In most cases yes.

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Definitely

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Yes, but it is very costly to implement.

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

Yes

38

What do you think is this time in
seconds and why?

It needs more analysis.

39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an

Yes
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indicator of unsafe operation at the
signalized intersections?
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Manea Salem Mohammed Al Sayari

Question Interviewee 7
Department Department of Municipality and Transport
2 | Job Title Senior Road Safety Engineer

Years of experience in road safety
auditing

10

Background technical fields

Traffic, Transportation, Geometric Road
Design and Road Signs

Location of the interview

virtual call (Microsoft Teams Application)

Time of Interview

16/6/2020 12:00

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2014

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 22 project most of them in
monitoring stage and opining stage

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

Good to have all stages prosses related to
gather, to minimize the gap issues that may
occur. In addition, it’s a cost effective
prosses, since there is a feasibility stage,
design stage and detailed design stage.

In this way we can avoid a double cost by
identifying the convenient solution through
feasibility stage and the challenges that may
occur in the site nature and give us
appropriate options that can be implemented.
In conclusion it’s a good practice to have
monitoring stages reports and take their
observation and to be like a data base for our
solution for future projects.

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

Interact with the monitoring report and build a
database and share it with design team to
minimize the issues for future project and
update the manual if needed.

11

What would you consider best
practice in terms of Road Safety
Audit standards?

Considering the best practice that been
implemented in top ten countries regarding
safety audit and their updates in terms of
standard, in the other hand interact with the
local engineers and monitoring team to
understand the behaviour of the road users
and the nature of the site condition. In
addition, interact with design team regularly
and share the monitoring report (better to be
photos and video) to minimize the gaps issues
and share the road user’s behaviour.
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Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

What are the entities that participate

Department of Municipalities and

12 | . . . : Transportation, Abu Dhabi Police, consultant
f) k) )
in the detailed design Audit” and Musanada
What are the entities that participate | Department of Municipalities and
13 | in opening stage of signalized Transportation, Abu Dhabi Police, consultant,
intersections? Musanada and contractor.
All the above parameters, in addition the type
of LED light “traffic light head” whereas
nggtsg;:tthviff;i?‘metfgj thc%tnts?ger some areas had a bright sunshine and can be
(In tersecti>c/) n and ag groac% affect the road user eyes. Moreover, the area
cometrics and eorr)r?etric type is important for instant commercial area,
gharacteristics ?raffic sionals residential area, industrial area, and
visibility, si ns’ horizontgl markings sightseeing areas should be taken in
14 Y, SIgns, 95 | consideration. If we take these aspects we can

sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

balance the demand of the pedestrian, drivers,
parking and heavy vehicle paths and lane
width. Intersection traffic light timing should
be monitored during opening stage to avoid
congestion. Last not least the entrances and
exit from the sector near to the traffic light
Intersection.

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal

The Lead-Lag traffic light phasing system
(straight movement phase and left movement
phase) have advantage and disadvantage. The
advantage of this system is reducing traffic
congestion Significantly, whereas the issue
here in Lead-Lag system is that drivers didn’t
give attention to the left traffic light they
think if the straight movement is open they

15 | Phasing system does statistically
affect the traffic safety. What’s your ¢an go Ief_t turn too. .
opinion is in regard to signal phasing The sqlutlon IS to prowde_a s_eparat_ed curb
A stone island near the traffic light with advance
system and Road Safety Audit? L .
warning sign to separate drivers from the
straight and left movement. The ideal solution
is that to provide a short traffic light pole in
the small island in this way it will be clear for
all road users.
Do the Department of Municipalities
and Transport provide the
information about the type of traffic
16 | control including signal phasing Yes

sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

255




What system are commonly used in
Abu Dhabi, Signal plan and timing,

Most of the traffic signals in Abu Dhabi are
coordinated. The traffic signals in Abu Dhabi

17 isolated intersection, or coordinated | Island and other city area operating adaptive
corridor? traffic signal time.
In case of the information has been
provided, is there any additional
18 P N/A
parameters you think is important to
consider during the design phase?
Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left
19 . NS No
turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?
we have to make sure the geometry and the
receiving lane of the road is proper. In
addition, it’s important to provide a small
island with traffic light pole to separate left
direction and straight direction. In this way it
will be very clear for road users to take a
decision near the traffic light. Moreover, it’s
So, what parameters do increase the | better to install advance warning sign with
clarity of the intersection and direction sign.
reduces the distraction? (Here | am
20 | referring to methods such as adding | The standard her in Abu Dhabi is to install
one signal head per lane with retro minimum one traffic light head per one lane
reflective signal back plates and and a half, so 3 lanes need 2 traffic light head
installing larger signal heads? as minimum. The problem is that drivers can’t
see the last traffic light head which indicate
the left direction and its red light and far away
from their lane, they just see the front traffic
light which it indicates a straight movement.
As | said before it’s an ideal solution to
provide small island with traffic light pole
exclusive for left turn direction
Also, since most of the signalized
intersections have dedicated lanes
for left turn, what in your opinion Provide a curb stone island with short traffic
are some of the other ways that light pole to separate the left and straight
21 | signalized intersections can clarify ghtp P g

vehicle paths and thus reduce
confusion? (Here | am talking about
approaches such as providing or
improving turn lane channelization)

direction. In addition, make sure that
receiving lanes are equal to avoid weavings.

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):
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How many times does the working
group re-audit the same intersection

It depends on if needed. There is regular
maintenance to clean the traffic light head to
be clear, and road marking and signs

22 | after the opening (12 months and 36 | maintenance. In addition, sometime this area
months)? If not, explain your become congested due to new attraction
thoughts. places opened, so it will generate more traffic

users.
Is there any set of safety

23 | performance indicators that are used | N/A
(performance and safety indicators)?

In case of any performance N/A, in other hand there is a proper
indicators, which entity should keep | communication between all entities to take

24 monitoring those indicators? (If their opinion in consideration. this opinion
multiple entities, what is the role of can be supported by accident system report,
each entity for each performance customers complaints, and CCTV operation
indicators?) room.

What are the important parameters
that_ s_hould_be_ cor_131dered _durmg The condition of the existing assets.
25 | auditing existing intersection . .
i Complaints and suggestion of the road users.
(Intersections constructed or
modified since less than 3 years)?
. L ! Look at the existing assets conditions and
What is your opinion is best practice } .
; - look at the complains and the suggestion from
regarding Road Safety Audit |
. —— , road users. In addition to look at the demand
26 | conducted at signalized intersections : . ;
b of the drivers and pedestrians and commercial
constructed since more than 36 . .
unite that opened recently which have
months? LA
significant demand.
What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections | Same above answer
constructed since more than 36
months?
Part 4 Gaps in the decision-making
process which may ignore the safety
concerns
What in your opinion are some of the Cost effectiveness argument, natural of the
problems currently in the Road . o .

27 . . . site conditions and their challenges, and

Safety Audit decision making .
Implementation challenges.

process?

Do you think that the current Abu

Dhabi Road Safety Audit procedure

28 . . No
have gaps that impede decision
making and thus safety?

29 | If so what are some of these gaps? N/A

Part 5: Safety Performance
Monitoring
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30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

It depends on the situation. As | said before
there is a maintenance team checking the
assets condition also complains system from
road users, CCTV operation team, accident
report, suggestion from other entities and if
new attracted place opened recently that
generate traffic.

If we receive information from the above
teams, we conduct a safety audit to enhance
the signalized intersection.

31

If yes, who request the audit? And
what are the parameters that should
be considered?

Same above answer

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

Same above answer

33

What is your opinion regarding the
police red light enforcement system?

Excellent

34

Do you think police red light
enforcement system cover most of
the risky intersections?

The enforcement system for the police is great
to educate traffic users , but it should
collaborate with other entities to provide
engineering solution and implement it after
discussion.

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Yes. Also, they educate traffic users by
posting video example in the TV news and
social media

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Sure

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

Yes

38

What do you think is this time in
seconds and why?

Yes, the traffic lights are counted by seconds
and the accident happened in seconds because
of high speed.
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39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

Somehow yes, but some traffic users are
getting busy with their smart phones or eating
or chatting with friend in their cars.
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Saeed Abdulla Almazrouei

Question

Interviewee 8

Traffic Engineering and Road Safety

1 | Department Department
2 | Job Title Traffic Engineer
Years of experience in road safety
3 L 8
auditing
4 | Background technical fields Traffic, Highways, and infrastructure
5 | Location of the interview Abu Dhabi
6 | Time of Interview 5/7/2020 11:00

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2016

How many road safety audits have
you participated in since you got the
certificate and for what stages?

7 projects for stage 3
more than 50 for opening stage

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

It would better to have parameters in the
audit, to minimize errors, and observe safety
iSsues.

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

Include parameters in the audit and focus on
the last step of auditing which is stage 4.

11

What would you consider best
practice in terms of Road Safety
Audit standards?

high focus on stage 0,1,2, which help in
minimizing errors in the other stages where it
is harder to correct the errors.

Part 3: Safety indicators that are
relied upon in evaluating existing
intersections

12

What are the entities that participate
in the detailed design Audit?

Abu Dhabi Municipality, client

13

What are the entities that participate
in opening stage of signalized
intersections?

Abu Dhabi Police, DOT, Abu Dhabi
Municipality, client
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14

What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,
sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

traffic signals visibility, geometric design of
the intersection, it is important to have all
approaches of the intersection on the same
level, include separate left turn signal
repeater.

15

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically
affect the traffic safety. What’s your
opinion is in regard to signal phasing
system and Road Safety Audit?

There is an issue with the separate left turn
because of the driver habit to that all signal
open at the same time. To stop this issue, the
left turn lanes should be separated to the other
lanes.

16

Do the Department of Municipalities
and Transport provide the
information about the type of traffic
control including signal phasing
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

Yes

17

What system are commonly used in
Abu Dhabi, Signal plan and timing,
isolated intersection, or coordinated
corridor?

N/A

18

In case of the information has been
provided, is there any additional
parameters you think is important to
consider during the design phase?

N/A

19

Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left
turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

Yes

20

So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here I am
referring to methods such as adding
one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

installing larger signal heads, leave one meter
hashing area for the separated left turn lanes,
physical separator between left lanes and
straight lanes.
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21

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here I am talking about
approaches such as providing or
improving turn lane channelization)

installing larger signal heads, leave one meter
hashing area for the separated left turn lanes,
physical separator between left lanes and
straight lanes.

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

in my case it was never done, it is very
important to do the monitoring stage for all
intersections.

23

Is there any set of safety
performance indicators that are used
(performance and safety indicators)?

Number of accidents, and traffic violations

24

In case of any performance
indicators, which entity should keep
monitoring those indicators? (If
multiple entities, what is the role of
each entity for each performance
indicators?)

DOT

25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

geometric design, traffic volume

26

What is your opinion is best practice
regarding Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

N/A

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

traffic volume

Part 4 Gaps in the decision-making
process which may ignore the safety
concerns

27

What in your opinion are some of the
problems currently in the Road
Safety Audit decision making
process?

currently the audit is only focused on stage
three, while the other stages need more
attention
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28

Do you think that the current Abu
Dhabi Road Safety Audit procedure
have gaps that impede decision
making and thus safety?

yes

29

If so what are some of these gaps?

currently the audit is only focused on stage
three, while the other stages need more
attention

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

None

31

If yes, who request the audit? And
what are the parameters that should
be considered?

N/A

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

number of accidents, traffic volume, traffic
violation

33

What is your opinion regarding the
police red light enforcement system?

it is an important procedure, to improve safety
on intersections

34

Do you think police red light
enforcement system cover most of
the risky intersections?

Yes

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Yes

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Yes

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

Yes

38

What do you think is this time in
seconds and why?

3-4 second, it is more than enough to cross a
car the intersection
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39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

yes
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Ahmed Alzarooni

Question Interviewee 9
1 | Department Integrated Traffic Center
2 | Job Title Traffic Engineer
Years of experience in road safety
3 - 7
auditing
4 | Background technical fields Traffic, Detour Design and Monitoring
5 | Location of the interview Abu Dhabi
6 | Time of Interview 9/7/2020 11:00
Part 1: General information about
the interviewer
v When did you get your road safety 2016

auditing certificate?

How many road safety audits have
you participated in since you got the
certificate and for what stages?

More than 20 projects most of them in
opining stage

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

The manual was good in the beginning but
need to be updated continuously because
there is many gaps and Abu Dhabi city goes
through new roads improvement design and
speeds.

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

Update the manual and provide many courses
for the team members.

What would you consider best

The Manual it’s not covered everything and in
other hands there is no coordinator between

11 | practice in terms of Road Safety road safety audit team and design team to
Audit standards? build the design based on their experience of
road users’ behaviour
Part 3: Safety indicators that are
relied upon in evaluating existing
intersections
What are the entities that participate Abu .D.hab.' I.DOI'Ce’ DMT (Department of
12 | . . . ' Municipalities and Transport), Consultants
in the detailed design Audit?
and Developers
. . ITC (Integrated Traffic Centre), DMT
What are the entities that_ participate (Department of Municipalities and Transport),
13 | in opening stage of signalized

intersections?

Abu Dhabi Police, Consultants and
Developers
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What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,

All above parameters are impotent and make
sure there is nothing affecting the safety.

14| . ) . . In addition, the important parameter such as
sight distance, traffic detections . . . ; .
. . ) the geometric design of intersections and on it
position and intersection coverage, design signal-phasing system
lighting... etc.) in the opening '
auditing stage? (Please, explain all
the parameters that you think are
important)
According to accident analysis for
the period 2013 to 2017 at the The lead lag system better to reduce the
signalized intersection, Signal traffic congestion and to give road users green
15 | Phasing system does statistically wave but they should study the geometric of
affect the traffic safety. What’s your | the intersection and improve it before change
opinion is in regard to signal phasing | the phasing system design.
system and Road Safety Audit?
Do the Department of Municipalities
and Transport provide the
information about the type of traffic
16 | control including signal phasing Yes
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?
What system are commonly used in
Abu Dhabi, Signal plan and timing, .
17 isolated intersgctior?, or coordinatgd Aapiive syStem
corridor?
In case of the information has been Tactile paving assists blind people. It is
provided, is there any additional important to help special needs people to
18 AP X .
parameters you think is important to | cross the road safely and practice walking
consider during the design phase? activity normally.
Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
19 and minimum of one lane for left Yes, if the geometric of the intersection is not
turning direction (in some cases 3 clear
lanes), do you think that the greater
number of lanes the more distraction
may occur?
So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here I am | Island to separate the traffic direction with
20 | referring to methods such as adding | traffic signal pole also the angle of the signal

one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

head most be clear from one direction only.
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Also, since most of the signalized
intersections have dedicated lanes
for left turn, what in your opinion
are some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here I am talking about
approaches such as providing or
improving turn lane channelization)

Provide an island to separate the traffic and
set back the stop line for left turns 3 meters to
realize them they are still on red light.

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

Normally if any causes happened in the
intersection like congestion or accident, they
will re-audit the intersection.

23

Is there any set of safety
performance indicators that are used
(performance and safety indicators)?

N/A

24

In case of any performance
indicators, which entity should keep
monitoring those indicators? (If
multiple entities, what is the role of
each entity for each performance
indicators?)

N/A

25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

First, they should know the type of the signal
phase system (lead lag or split) then decide
which parameters needs.

26

What is your opinion is best practice
regarding Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Analyzing traffic volume yearly at all
intersections and if there are increasing in the
volume significantly which affects to the
signal or intersection.

What other thing do you consider
important in Road Safety Audit
conducted at signalized intersections
constructed since more than 36
months?

Already been answered

Part 4 Gaps in the decision-making
process which may ignore the safety
concerns

27

What in your opinion are some of the
problems currently in the Road
Safety Audit decision making
process?

Not all of the comments in the report are
taken seriously

267




28

Do you think that the current Abu
Dhabi Road Safety Audit procedure
have gaps that impede decision
making and thus safety?

No

29

If so what are some of these gaps?

Part 5: Safety Performance
Monitoring

30

How many times does the working
group conduct the audit for an
existing signalized intersection
(constructed since more than 3
years)?

Normally if any causes happened in the
intersection like congestion or accident, they
will re-audit the intersection.

31

If yes, who request the audit? And
what are the parameters that should
be considered?

32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

Accident rate

33

What is your opinion regarding the
police red light enforcement system?

Effective solution

34

Do you think police red light
enforcement system cover most of
the risky intersections?

Yes

35

Is the police red light enforcement
system effective in reducing the
number of accidents?

Yes, the system effective

36

Do you think capturing a near miss
cases (such as a vehicle almost
colliding with another) in signalized
intersections will give a better vision
of unsafe operations of the signalized
intersection?

Yes

37

Since we have limited resources of
capturing the near to miss cases, do
you think crossing red-light signal
after certain threshold is dangerous?

Yes

38

What do you think is this time in
seconds and why?

39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

Yes, intersections with most violations in
crossing red light signals have to be under
extensive studies and investigations to

determine reasons and finalize a solution.
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Shiva Nandeesh R. Kestur

Question Interviewee 10
Department Traffic Services Sec_tipn -'Road Safety Unit -
Department of Municipality and Transport
Job Title Road Safety Engineer/Audit Team Leader

Years of experience in road safety
auditing

8

Background technical fields

Traffic Safety, Mechanical Engineer

Location of the interview

virtual call (Zoom Application)

OBl W (N -

Time of Interview

18/7/2020 15:30

Part 1: General information about
the interviewer

When did you get your road safety
auditing certificate?

2012

How many road safety audits have
you participated in since you got the
certificate and for what stages?

Over 1000 Audits combined Stage 1 and
Stage 2 and over 800 Stage 3 Audits (Maybe
more)

Part 2: Standards that road safety
auditors rely on in auditing

What is your opinion regarding the
above Abu Dhabi Road Safety
Manual standards in the
performance of audits?

The Abu Dhabi Road Safety Manual-TR540
and process is one of the most comprehensive
Processes;

10

In your opinion, how can the Road
Safety Audits Procedures for Abu
Dhabi city internal roads be
improved?

There is a general tendency to cut the Audits
process stages ; e.g. waiver of Stage-0,
Combine Stagel/2 and then do not have a
Stage-3 or a very tick boxed Stage-3 (e.g.
RSA done to open a scheme the next day);
doesn’t allow for time to raise and closeout
issues;(Applies to all stages);Most consultants
also request for waiver of the whole RSA
Audits process;

What would you consider best

The Decision Tracking Form (DTF and the
close-out procedures for RSA’s); The RSA

11 | practice in terms of Road Safety stage 1/2 is essential for obtaining Design
Audit standards? approvals and RSA Steg-3 is required for
Handing over an asset back to ADM
Part 3: Safety indicators that are
relied upon in evaluating existing
intersections
. . Municipality (Road Safety Unit) (ADM -
12 Whatare the entities that participate RSU) and Integrated Transport Center (ITC)

in the detailed design Audit?

For Designs of ITS systems
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13

What are the entities that participate
in opening stage of signalized
intersections?

RSA-3 is done by Municipality (Road Safety
Unit); and team from Integrated Transport
Center for Signals Energization; Abu Dhabi
Police is in participation in most Signals
activations as a Stake Holder

14

What are the parameters that the
road safety working group consider
(Intersection and approach
geometrics and geometric
characteristics, traffic signals
visibility, signs, horizontal markings,
sight distance, traffic detections
position and intersection coverage,
lighting... etc.) in the opening
auditing stage? (Please, explain all
the parameters that you think are
important)

All of the above is important and vital to
ensure a Safe Traffic Signal junction; Some
of the parameters mentioned above are Stage-
1/2 issues and cannot be fixed in Stage-3
audits; however, some mitigations may be
proposed and need to observe going into
Stage-4 Audit;

15

According to accident analysis for
the period 2013 to 2017 at the
signalized intersection, Signal
Phasing system does statistically
affect the traffic safety. What’s your
opinion is in regard to signal phasing
system and Road Safety Audit?

Each phasing system has its pros and cons;
from Traffic Signals perspective they ITC are
trying to maximize LOS and reduce waiting
time; please also note Pedestrian phase is also
included in the Traffic phase; Capacity and
Safety are 2 different aspects;

16

Do the Department of Municipalities
and Transport provide the
information about the type of traffic
control including signal phasing
sequence, pretimed or traffic
actuated in traffic flow variation
(Peak hours and out of peak hours)?

Stage-2 needs to look at Traffic Signals
phasing and timing however it is then
independently managed by ITC; they may or
may not involve ADM into their decision-
making process;

17

What system are commonly used in
Abu Dhabi, Signal plan and timing,
isolated intersection, or coordinated
corridor?

Most old Signals were Fixed time plans;
however more recently Vehicle actuated
systems and adaptive systems are being used,
Abu Dhabi has many different configurations
of Traffic Signals which uses different
Adaptive systems; SCOOT, UTOPIA etc..

18

In case of the information has been
provided, is there any additional
parameters you think is important to
consider during the design phase?

Proper TIS is required to determine Traffic
Volumes at Signals, and this is not done by
ITC they are approving schemes with CP
(Circulation Plans); Junction then begin to fail
as volumes are exceeding capacity and heavy
demand in certain directions (e.g., Left
Turning in Demand or Free rights);
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19

Since most of the signalized
intersection in Abu Dhabi have at
least 3 lanes for the straight direction
and minimum of one lane for left
turning direction (in some cases 3
lanes), do you think that the greater
number of lanes the more distraction
may occur?

Creating more lanes at Traffic Signal
junctions create lane imbalance issues; 3 lanes
opening to 7 lanes and weaving issues; this
also decreases Pedestrian Storage and creates
more exposure for Pedestrians at junctions;

20

So, what parameters do increase the
clarity of the intersection and
reduces the distraction? (Here | am
referring to methods such as adding
one signal head per lane with retro
reflective signal back plates and
installing larger signal heads?

Proper Forward visibility is important;
however, backing boards may help for better
visibility; junctions need to be checked for
seeOthrough especially for junctions in close
proximity;

21

Also, since most of the signalized
intersections have dedicated lanes for
left turn, what in your opinion are
some of the other ways that
signalized intersections can clarify
vehicle paths and thus reduce
confusion? (Here | am talking about
approaches such as providing or
improving turn lane channelization)

At Lead Lag provide a clear physical
separation and at other provide Tram tracks
are Road marking arrows both at Stop line
and advanced;

Existing Signalized intersection
(Intersections that were constructed
more than 36 months ago):

22

How many times does the working
group re-audit the same intersection
after the opening (12 months and 36
months)? If not, explain your
thoughts.

Stage 4 Audits are done only if backed by
Accident Data; if repeated accidents occur at
specific signals and if informed by Abu Dhabi
Police to re-visit;

Is there any set of safety

severe and fatal injury accident per year is a
good indicator for a junction; again, this

23 | performance indicators that are used needs to be seen with Accident Data Severity
(performance and safety indicators)? : )
of Accidents;
_In case of any perforr_nance Abu Dhabi Police being the first responder to
indicators, which entity should keep ; .
. - Injury accidents should collect and
monitoring those indicators? (If . . . : _
24 disseminate information to a lead agency;

multiple entities, what is the role of
each entity for each performance
indicators?)

every agency is fighting for the space and
nothing collaborative is achieved;

25

What are the important parameters
that should be considered during
auditing existing intersection
(Intersections constructed or
modified since less than 3 years)?

Accident Data is vital as if there is no
evidence of Accidents you don’t spend
resources at the location; Analysis gives you
direction where to spend the money and
efforts;
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What is your opinion is best practice
regarding Road Safety Audit

Road Safety Inspection may be conducted to
determine the Intersection is Safe for all

26 | conducted at _S|gnaI|zed intersections Users (CARS and NMUs- Pedestrians and
constructed since more than 36 .
Cyclists)
months?
What other thing do you consmler Accident Data, Accident Data ... Accident
important in Road Safety Audit
. N . Data. that would allow you to understand the
conducted at signalized intersections ; ,
; problem. if you don’t know the problem you
constructed since more than 36 S
cannot fix it.
months?
Part 4 Gaps in the decision-making
process which may ignore the safety
concerns
What in your opinion are some of the | Consultants and Contractors are under severe
97 problems currently in the Road Time and Cost pressure to reduce the RSA
Safety Audit decision making process to a tick box exercise and in some
process? cases avoided it all together;
Road Safety Audit process must be
complemented by Proper Planning, Designs
Do you think that the current Abu Approvals and_ Construction phasing; If a
: . Stage 1 and 2 is done properly and closed out
Dhabi Road Safety Audit procedure ! .
28 ) - you must not have many issues in Stage-3
have gaps that impede decision : )
: however that is not the case; We are under
making and thus safety?
pressure to approve and then to open the
scheme and issue stays as most issues don’t
get resolved once the scheme is opened;
Education and Knowledge sharing amongst
Designers and Contractors is very crucial;
although the drawings are seen and reviewed
but a lot of issues can be resolved if a good
29 | If so, what are some of these gaps? supervision team is present during
construction; this has been observed in
Private developments as they are very
participative to enhance Road Safety and
resolve issues;
Part 5: Safety Performance
Monitoring
The Stage -4 is done only if Accidents are
. . observed, and Clusters are determined and
How many times does the working X
X there needs more thorough check; mostly only
group conduct the audit for an . . S
I . . if brought to attention by Abu Dhabi Police
30 | existing signalized intersection i
. based on recurrence of certain types of
(constructed since more than 3 ) . )
accidents, e.g., red light running may need for
years)?
Enforcements systems or lead lag type
accidents;
If yes, who request the audit? And Accident Data is key for Stage-4 else it may
31 | what are the parameters that should | not be effective as there is no specific

be considered?

problem to solve;
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32

In case of no auditing in the existing
signalized intersection, what is the
best method of monitoring the safety
of signalized intersections? (Based on
accident rate, Accident frequency,
road users complain, violations, time
delays on the individual intersection
or number of stops at coordinating
corridor, etc.)

All of the above me be reviewed or just an
RSI may be conducted at particular times
when such occurrences are happening to see
what the human behaviour is;

What is your opinion regarding the

It is essential in the current local driving
conditions; else there would be many

33 police red light enforcement system? | Pedestrians related accidents at Traffic
Signals and T-bone accidents;
34 En%gfcuertr?elﬂrs?/ﬂ:ecri ::eoc\lltlalrg:]r;tost of Yes, these would have been decided based on

the risky intersections?

Study and analysis of Injury accidents;

Is the police red light enforcement

Absolutely, only if Enforcement was the

35 | system effective in reducing the . }
. issue;
number of accidents?
This method of analyzing near-miss data by
Do you think capturing a near miss | Video Analytics is becoming popular;
cases (such as a vehicle almost however, it is not yet widely used; But
colliding with another) in signalized | considering that all Signals have 2 Cameras,
36 | . : o L ; : s .
intersections will give a better vision | Analytics may be done using existing Signals
of unsafe operations of the signalized | with high number of severe and fatal injury
intersection? accidents and studies may be conducted to
determine if they are effective,
Since we have limited resources of
37 capturing the near to miss cases, do | Yes, these could lead to Pedestrian and

you think crossing red-light signal
after certain threshold is dangerous?

Vehicular accidents

38

What do you think is this time in
seconds and why?

Not able to determine this clearance time as it
is very specific to Traffic Signals experts;
however, clearance needs to be provided
considering slowest mode which is walking
(approx. 3 secs per lane travel or 1 mtr/sec);

39

Do you think the frequent red-light
crossings at same signalized
intersection can be considered as an
indicator of unsafe operation at the
signalized intersections?

Yes, red-light running can provide vital
information to authorities of the opportunities
to increase Enforcements or make
engineering adjustments to mitigate the issue
before it leads to serious Accidents; this is a
very pro-active approach;
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