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ABSTRACT 

The problem of road 'afety in the Emirate of Abu Dhabi i eminent. According road crash data 

from the Mini try of Interior, from 1 999 to 2007 the averaged percentage of death due to road 

cra he in the Emirate of bu Dhabi was 42 percent of the whole UAB. The high death rate due 

to road cra he ha enormou economic and financial 10 to the Emirate. The previous re earch 

on road afety in the UAE reported that the aberrant driving behavior is one of the major causes 

for road ra he in the UAE, The aberrant driving behavior includes careless driving, speeding, 

tailgating, fla hing. and disregarding traffic regulation . To control the aberrant driving behavior, 

and con equently, improve the road afety a number of trategies have been implemented in the 

UAB 0 er the la t everal year . One of the trategies has been to increa e traffic surveillance by 

in talling peed camera . Speed cameras bave been recognized as an effective mea ure in 

impro ing the road afety in many countries including UK, USA, Canada, Australia, and 

European countrie . 

The aim of till study wa to e aluate the effectiveness of speed cameras in reducing road crashe 

on orne elected road in the Emirate of Abu Dhabi. The road crash data of six year (from 2002 

to 2007) was collected from the Road Traffic Safety department in the Emirate of Abu Dhabi. 

U ing the before and after with comparison group methodology, the data was analyzed to a sess 

the effectivene of peed cameras. The tudy found that the peed cameras have been effective 

in reducing the crashe a well a everity of cra hes along the selected roads. However, in order 

to realize maximum benefit of speed management strategies along these roads, the study 

recommends: 1 )  increa ing the number of speed cameras. 2) Using other mechanism of traffic 

surveillance sucb as regular police patrol as this would help in detecting various types of traffic 

violation that cannot be detected by peed cameras such as: udden deviation, wrong 

overtaking, following too close to the vehicle in front and tailgating etc ... 

In addition, it is recommended that in order to enhance the effectiveness of speed cameras on 

the e roads and the entire road network in the Emirate of Abu Dhabi, the following actions could 

be taken; 

1 .  Apprai ing current road safety performance through high-level strategic review; 

2 .  Adopting a far-reaching road safety vision or goal for the longer term; 

3 .  Analysing what could b e  achieved in the shorter term; 



4. Agreeing targets and ensuring accountability across the road safety partnership' 

5 .  Setting Safety Performance Indicators (SPI); 

6. ontinuou monitoring of targeted and other safety performance indicators; 

7. Establishing the effectiveness of specific road safety measures by carrying out before 

and after studies; and 

8. Reviewing and updating of policies and measures with re-distribution of resources 

towards more cost-effective measures; identifying delays in implementation requiring 

corrective action. 
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Chapter 1: Introduction 

1.1 Background Information 

Road afety j a major concern in the United Arab Emirates (UAB). According to the Mini try of 

Inlerior, throughout the UAB more than 1,000 people died, and about 12,000 injured due to road 

cra he in 2007 (Road Traffic Accident Statistical Annual Report, 1999 to 2007). These deaths 

repre ent an increase of 20 percent on the previous year. The road crash fatality rates in the UAB 

and other Gulf countries are comparatively higher than those of the developed countries with 

comparable vehicle ownership levels (Jadaan et al., 1992). 

The high death rate associated with road crashes have enormous economic and financial loss to 

a country. According to the International Road Federation Report (2006) on road safety, in 2006 

the financial loss due to road crashes was about Dhs 4 Billion ( l .6 percent of the UAB's Gross 

National Product). Acknowledging the magnitude of road crashes burden, any efforts aimed at 

the reduction in death rate associated with road crashes would therefore have a substantial 

economic and financial savings to the UAB. 

The previous research on road safety in the UAB (for example, Bener, 1992, 200 1; Bener et aI, 

1994; Abdalla, 2002; Mehmood, 2009) reported that driver behaviour is one of the major 

contributory factors of road crashes in the UAB and other Gulf countries along side roadway, 

vehicular and environmental factors. 

To control driver behaviours, and consequently, to improve the road safety, a number of 

strategies have been implemented in the UAB over the last several years. These strategies for 

example, include introducing tough penalties for violating traffic laws, and installing speed 

detecting cameras on various roads. The tough penalties for violating traffic laws include hefty 

amount of fine for violations and in some cases charging "Black Points" to drivers for violating 

traffic laws. On March 0 1, 2008 a new law of demerit points system was introduced in the UAB. 

With this new law if a driver accumulates 24 points in a year, hislher driving license will be 

confiscated for six months and his or her vehicle for a month. In addition to introducing tough 
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pcnaltie on traffic rules violator , a number of speed detecting cameras has been increased to 

monitor violations of traffic rules. 

Installation of speed cameras started in 1 99 1  (Abdalla, 2002). There are two types of speed 

cameras, i.e. one is fixed and the other one is mobile. The fixed speed cameras are installed 

along the major roads in the UAB that uses the photo radar technique in which the camera takes 

the picture of vehicle violating the prescribed speed limit. Due to cultural norms in the UAB, in 

the Emirate of Abu Dhabi the camera are positioned to take the pictures from the back of the 

vehicle. In addition, speed gun radar are currently used on some roads by traffic police to 

monitor violations of speed limits. Currently the roads equipped with the fixed speed cameras 

include the main freeways and primary arterials, for example, Abu Dhabi - Al Ain Road, Abu 

Dhabi - Dubai Road, Abu Dhabi - Swehaan Road, Al Salaam and Arabian Gulf Roads in Abu 

Dhabi. 

The effectiveness of speed cameras in improving the road safety on these roads is not well 

known. It is observed that drivers slow down close to the surveillance area and speed up when 

they move away from it (Mehmood, 2009). Ali et a1. , reported in Webster, (2000) that speed 

cameras have not had the desirable effects on the speeding behaviour of drivers in the oil rich 

nations of the Middle East. However speed cameras have been recognized as an effective 

measure in improving the road safety in many countries including UK, USA, Australia, and 

Europe (OEeD, 2003; Gains et al. , 2004; Elvik and Vaa, 2004; Goldenbeld et a1., 2005; OECD, 

2006). 

1.2 Objective and Scope 

The primary objective of this research is to evaluate the impact of speed cameras on road safety 

in the Emirate of Abu Dhabi. The Emirate of Abu Dhabi is one of the seven emirates that 

constitute the UAE. Abu Dhabi is the largest emirate by area (86 % of the total land area of the 

UAB), and the second largest by popUlation, after Dubai. 
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o achieve the objective of this re earch, the main ta ks canied out included: 

1. A collection of the time series data of road cra hes for the Emirate of Abu Dhabi 

2. Obtaining the infonnation of peed cameras installed in the Emirate of Abu Dhabi. The 

information included the time of installation and the locations of speed cameras. 

3. A literature review on various methods applied to evaluate the effectiveness of road 

afety measure . 

4. An evaluatioo the effectiveness of speed cameras 00 road safety using a method: "Before 

and After Study with Comparison Group" 

1 .3 Thesis Outline 

This thesis is organized in five chapters. Chapter 2 describes the literature review on speed 

cameras and methods for evaluating effectiveness of measures. Chapter 3 provides the details of 

data collection. Analysis of data is discussed in Chapter 4. The conclusions and directions for 

future research work are presented in the last chapter. 
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Chapter 2: Literature Review 

Thi chapter i divided into three sections. The fir t section provides a general overview of the 

peed cameras employed in detection of speed violations. The second section describes the 

effectiveness of u ing speed camera to improve the road safety in different countries. The 

tati tical method applied to evaluate the effectiveness of various road safety measures are 

di cu sed in the third section. 

2.1 Speed Cameras 

There are various types of speed cameras employed in different countries to detect the violations 

of speed limits. These types include GA TSO, SPECS, Dash Mounted radar, Mobile Speed 

Camera Hand-held laser. The pictures of these cameras are shown in the Table 1 .  

Table 1 :  Exam ple of various cameras to detect speed violations 

GATSO Speed 

Camera 

SPECS Speed 

Camera 

Dashboard 

Mounted radar 

Mobile Speed 

Camera 

Hand-held laser 

speed gun 

In U K, the most commonly used speed cameras are GATSO, and SPECS. Whereas these two 

types of speed cameras use the infrared technology to record the speed of vehicle, the fanner 

uses the film while the later employs the digital technology. The GATSO speed camera capture 

the spot speed of vehicles within the speed zone while the SPECS camera works in pairs and 

calculates the average speed of a vehicle over a distance from one camera to another. 

The laser speed gun employs the principle of reflection time of light, which estimates the round­

trip time for light to strike a car and reflect back. Light waves from a laser speed gun travels 
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faster than sound - about 300,000,000 metres per second. A laser speed gun shoots a very short 

bur t of infrared laser light and then wails for it to reflect off the vehicle. The officer has to aim 

the laser peed gun at a pecific target therefore the officer will only target vehicles he deems to 

be travelling at speed over the posted peed limits. The mobile speed camera and dashboard 

mounted radar are vehicle in built technologies that signals the driver when a certain speed limit 

i exceeded. 

2.2 Effectiveness of Speed Cameras 

The u e of speed cameras has been recognized as an effective measure in improving the road 

afety in many countrie . For example, Elvik and Vaa (2004) reported that, based on a meta­

analysi of studies related to evaluating the impact of speed cameras on road safety, in the period 

1984-1996, speed cameras helped to reduce the total number of all road crashes by 19 percent in 

USA.  Other stu die show very similar results (see Goldenbeld et ai. , 2005), and a few studies 

show even larger effects .  For example, in Australia, a very intensive speed enforcement program 

contributed to a 41 percent reduction in fatall road crashes.  Sim ilarly, in the UK, Gains et al. 

(2004) estimated a 42 percent reduction in fatalities or seriously injured casualties in response to 

the national safety camera program. Furthermore, a report by the OECD (2003) pointed out a 50 

percent reduction in road crash fatalities in Europe, and 22 percent in New South Wales. 

Similar evidence of the effectiveness of cameras in reducing speeding is found in Washington, 

D.C.  where speeding violations dropped from 25.5 percent to 2.2 percent (District of Columbia, 

2006). Other evidence of the effectiveness of speed cameras is reported in New South Wales 

(Anderson and Edgar, 2003), in British Columbia (Chen et al . ,  2002), and in New Zealand (Keall 

et a!. , 2001, 2002). An evaluation of a hidden speed camera program in New Zealand by Keall et 

al. (2002) concluded that hidden cameras were significantly more effective at broadly deterring 

speeding than were visible cameras, but that both mobile and fixed cameras were effective in 

reducing speed violations. 

I Road crashes that result into instant death or death within the first 30 days of hospitalisation 
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Wil on et al. (2006), reviewed studies related to evaluating impact of speed camera on road 

safety, and noted that in the e studies after the implementation of speed enforcement program 

there were reduction ranging from 1 4  to 72 percent i n  all crashes, 8 to 46 percent for fatal 

cra hes and 40 to 45 percent for crashes involving serious injuries. 

Pilkington and Kinra (2005) reviewed 14 speed camera studies and concluded that speed 

cameras are an effective intervention in reducing road traffic collisions and related casualties. 

ewstead and Cameron (2003) evaluated the crash effect of the speed camera in Queensland and 

reported that Queensland speed camera program produced a reduction in fatal crashes of around 

45 percent in area within 2 Km of speed camera sites. A study in the Netherlands evaluated the 

effects of Automated Speed Enforcement (ASE) when combined with variable message sign 

warnings. This tudy found that average speeds were reduced by 5 kmIhr and the 85th percentile 

peeds were reduced by 8 kmlhr. The percent of vehicles speeding declined by 27 percent after 

the ystem was installed (Shankar and Manerring, 1 996). 

Canada and Australia have both used automated speed enforcement. In  Ontario, a one year ASE 

pi lot program reduced the number of vehicles exceeding the speed limit by 50 percent. The 

number of vehicles  traveling at more than 40 kmIhr over the speed limit was reduced by 74 

percent. Simi larly, in Australia, the percent of traffic exceeding the speed threshold for 

enforcement fell from 1 0. 8  percent to 2 .4 percent after the ASE system was implemented 

(Edwards, 200 1 ) . I n  Canada the use of speed cameras was found to be associated with a 9% 

reduction in crashes and a 2.8 kmIh fal l  in mean speeds at sites where the units were located 

(Chen, Meckle, and Wilson, 2002). 

Jones et al., (2008) assessed the impact of crash and casualty numbers in correspondence to the 

introduction of mobile speed cameras in the rural county of Norfolk, England. They studied 29 

camera sites, and reported that the deployment of mobi le speed cameras is an effective Tool to 

reduce road traffic casualties in areas where high crash rates have been associated with excessive 

vehicle speeds. 
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2. 3 Methods to Evaluate the Effectiveness of Road Safety Measures 

Over the pa t several decade, vanous methods have been developed to estimate the 

effectivene of countermeasures in tran portation studies .  In this section different methods 

applied to measure effectiveness of road afety measures are discussed. These methods are: 

• Before and After Models 

o Simple Before-and-After Model 

o Before-and-After with weights 

o Before-and-After with comparison or control group 

• Crash Reduction Factor 

• Collision Modification Factor 

• Cross-Sectional Models 

• Empirical Bayesian Method (EBM) 

• Propensity Score Method (PSM) 

In this study, the before and after with comparison group and the crash reduction factor methods 

have been used to evaluate the effectiveness of speed cameras on the selected study roads. The 

next section provides a brief discussion of these methods. 

2.3.1 Before and A fter Models 

Before-after models have been widely u sed to estimate the effects of countermeasure in road 

safety studies. The approach analyzes the sites with only one or more improvements, while other 

characteristics are remained the same. In before and after models, the effect of a given 

countermeasure is determined by comparing predicted or observed number of crashes after the 

countermeasure is i ntroduced to the number of crasehs had there been no countermeasure (Hauer 

1997,  Persaud 2001) . There are three types of before-after models have been commonly cited in 

the literature. 

These are: 

a) S imple Before and After method 

b) Before-and-After with Weights 
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c) Before-and-After with Control or Comparison Group 

a) Simple Before-and-A fter Method 

In a imple before-and-after method, the safety effect of a countermeasure is determined by the 

difference in the number of crashes occurring before the improvement with those occurring after. 

For example, while evaluating the effect of speed cameras on crashes at road sections, the crash 

experience before a camera is installed is compared with the crash experience after the camera is 

i nstalled. The assumption in this study desi gn is that the crash frequency in the after period 

would have been the same as the before period if the camera had not been installed. When the 

cra hes are quantified for the before-and-after periods, the crashes in the two periods must be 

compared, and differences in the two quantities of crashes calculated in order to determine the 

direction of change. In this method, it is assumed that if nothing has changed, the crash 

experience before improvement is a good estimate of what would have happened in the after 

period without the improvement. The safety effect of a measure or crash reduction factor (CRF) 

in simple before and after method is determined by following equation. 

eRE = 1 

Where, 

NB 

N A 

i'A 
1\" <;' 

= 

= 

Number of observed crashes at a treated site before (or without any 
measure) 
N umber of observed crashes at a treated s ite after (or with any measure) 

According to above equation when NA is greater than NB, the CRF will be negative that will 

imply that treatment or i mplemented measure is  ineffective to reduce the number of crashes. 

The simple before-and-after methodology is attractive because it allows a comparison to be 

performed without having to consider variations between locations (persaud, 2001). It requires 

few road sections and less effort than the other before-and-after study designs .  However, there 

are some well-documented potential drawbacks to using a simple before-and-after evaluation, 
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which should be considered because they may affect the confidence of the findings of the 

evaluation. 

b) Before-and-After With Weights 

When before/after data are available from two or more treatment locations, those data may often 

be combined to produce one overall estimate of treatment effect. If the treatment locations have 

irnilar characteristics and can be appropriately combined, tlus will provide more accuracy and 

preci ion in the analysis of the effectiveness of speed cameras. Griffin (1989) has developed a 

weighting scheme that estimates the overall treatment effect based on the weighted average of 

the estimated effects at each location. The before and after method with weighting scheme does 

not address temporal effects nor regression to the-mean problem (Persaud, 200 1 ). 

c) Before-and-After with Comparison Group 

Researchers have developed the before-and-after method with comparison group to solve the 

problems associated with simple before and after method (Mountain et aI., 1 992, Hauer, 1997). 

A comparison group refers to a group of control sites selected as being similar enough to the 

treatment sites in traffic volume and geographic characteristics. In tllis method, crash data at the 

comparison group are used to estimate crashes that would have occurred at the treated sites if the 

treatment had not been made. This method can potentially produce more accurate estimates than 

a simple before-and-after method. Its strength increases as the similarity between treated and 

comparison sites increases (Mountain et aI. , 1992). 

The before-and-after with comparison group method is based on two fundamental assumptions 

(Hauer, 1997): 

1. The factors that affected safety have changed in the same way from the before period to 

after the improvement period at both treatment and comparison groups, and 

2.  The changes in the various factors influence the safety of treatment and comparison 

groups in the same manner. 
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These a umptions imply that the change in the number of crashes before and after the 

implementation of countermea ure in the treated sites, if the treatment bad not been improved, 

would have been in the same proportion as that for the comparison group. 

A before and after with compari on group methodology involves a paired comparison of crashes 

and traffic law violations data taken twice at a selected site, once before a countermeasure and 

once after a countermeasure ( Hauer, 1 997). The measurements at the treated sites are then 

compared with those of the comparison sites. The treatment and comparison sites should exhibit 

imi lar roadway and traffic characteristics. The crash experience before the treatment is 

compared with the crash experience after treatment. This crash experience is  compared with the 

same before-and-after periods in the comparison group. 

I n  l i terature, various formulas have been proposed to estimate effectiveness of a measure in the 

before-and-after study with comparison group method. Most commonly used formula is as 

follow (Pendleton, 1 99 1  and 1 996; Griffin, 1 982, Haur, 1 997, 1 999): 

CRF = 

Where, 

CRF 

OR 

OR - 1 

= Crash Reduction Factor 

= Odds Ratio, a ratio between odds of before and after crashes 10 

comparison group to odds of before and after crashes in treatment group 

Odds Ratio can be calculated as follows: 

OR = [(AlB) / (CID)] 

Where, 

A = Before crash counts for comparison road 
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B 

C 

D 

= 

= 

= 

After cra h counts for comparison road 

Before cra h count for target road 

After crash counts for target road 

Effectivene of a treatment would depend on CRF, for example a negative value of CRF would 

indicate that treatment i effective in improving the road safety, otherwise treatment is 

ineffective (i.e. no reduction in number of road crashes due to treatment). 

The 95 % confidence interval (Cl) of odds ratio can be estimated by following formula: 

Upper limit of 95% CI of (OR) = e[ln(OR) + 1.96(I/A + IfB + I/C + 1/0)"0.5] 

Lower l imit of 95% CI  of (OR) = e[1n(OR) - 1.96(I/A + IfB + I/C + 1/0)"0.5] 

2.4 Shortcomings of Before and After Methodology 

It known to be that simple before and after method can lead to inaccurate and potentially 

misleading conclusions because the method is known to subject to the following problems (Elvik 

1 997, Persaud, 200 1 ): 

1 .  Regression-to-the-mean (RTM) 

2 .  Crash migration 

3 .  Maturation 

2.4.1 Regression to the Mean (RTM) 

One of the maj or problems associated with the before-after model is regression-to-the-mean 

(RTM) bias. This refers to the situation where safety countermeasures are normally applied to 

those sites with a high number of observed crashes. The subsequent reduction in crashes 

following the countermeasure is then assigned fully to the countermeasure effect. However, 

gi ven the random nature of crashes, the frequency of crashes is more likely to drop from 
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previous high levels notwithstanding the introduction of countermeasures. As noted by Council 

et al .  ( 1 980) the average crash frequency approaches to the mean over the long term in spite of 

high frequencies of crashes in certain years. This phenomenon is commonly referred to 

Regression-to-the-Mean (RTM) bias. 

The problem ha been known for many years and is perhaps the most frequently cited problem 

a ociated with before-and-after stuclies (Counci l  et al . ,  1 980). The researchers (park and 

Saccomanno 2007, Pendleton 199 1 )  described RTM bias is a form of treatment selection bias, 

arising when the classical statistical assumption of random sampling is violated. The 

phenomenon is a principle stating that of related observations, and selecting those where the first 

ob ervation i either higher or lower than the average, the expected value of the second is closer 

to the long term and/or population mean than the observed value of the first. It means that there 

i a tendency to consider that if the first observation taken is above the average (or below the 

average),  the second wj}] always move towards the population average. When safety analysts 

estimate countenneasure effects via a before-and-after model without properly taking into 

account RTM bias, they may not observe an actual effect of countermeasures. In simple terms, 

the crash reduction effects could be wrongly attributed to the countermeasure, where much of the 

effect could be due to RTM. 

2.4.2 Crash Migration 

The second problem the simple before and after method is crash migration that can be 

geograpbic and non-geographic. Geographic migration is a transfer of crashes from a treated site 

to surrouncling locations as a result of the treatment. For example, when a particular highway 

curve is improved, crashes at that curve may decrease, but crashes at the next curve may 

increase. Non-geographic migration, on the other hand, involves a shift across severity levels 

and/or crash types due to a treatment. For example, installing light poles can reduce nighttime 

crashes, but may increase fixed-object crashes, which may also increase the overall crash 

severity (pendleton, 1 992). 
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The problem of crash migration has been known for many years. Boyle and Wright ( 1 984) first 

drew attention to the problem. Since then a number of re earchers have tried to demonstrate that 

cra h migration exi ts and can be observed .  When crash migration occurs, crashes may be 

ob erved to decline at treatment sites, they may increase elsewhere. Accordingly, it was 

ugge ted that the evaluation of safety improvement should be based on crash data col lected over 

many site rather than simply at the treated site itself. This allows changes in the number of 

crashes for the expanded site locations to reflect both the treatment effect at the treated sites and 

the c ra h migration effect at the urrounmng sites (Mountain and Fawaz, 1 989). 

2.4.3 Maturation 

The maturation problem refer to change in crashes due to temporal changes such as traffic flow, 

road geometry, vehicle improvement, traffic laws, etc. (Council et at, 1 980). Evaluation of a 

treatment at locations must consider crash trends to obtain accurate results. For example, if a 

treatment at selected ites shows a change in crash numbers or rates between before and after 

period , it is possible that this change was due to the implemented countermeasure; however, it 

might also be an extension of a continuing decreasing trend that had been occurring for years. If 

thi crash trend had not been realized, it might be concluded that the observed decrease in crash 

number or rates in the after period was simply due to the countermeasures. While this could be 

the case, another alternative cause of this decrease could simply be the continuing decrease in 

crash counts reSUlting from the combination of many other factors (Council et a l . ,  1980). 

In spite of these problems with the simple before-and-after method, this method has been widely 

used (Hauer, 1 997). The reasons to justify application of simple before and after method are as 

fol lows. 

1 .  Simple before and after method has been widely used in the evaluation of highway 

improvements. 

2.  It is known that the regression-to-the-mean effect is not significant and does not greatly 

affect the results of the analysis. 
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3 .  Selected ite u ually have a long high crash history; thus, sites with short-term increase 

in crashe are excluded. 
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Chapter 3: Data Collection 

Thi chapter provides details of the data collected for this research. The data collection includes 

information about speed cameras installed on various roads in the Emirate of Abu Dhabi, and 

time serie data of road crashes in the Emirate of Abu Dhabi. The data is obtained from the 

Ministry of Interior (MOI), Abu Dhabi. 

3.1 Study Location 

Figure 1 shows the geographical location of the Emirate of Abu Dhabi . 
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Figure 1: Geograpbicallocation of the Emirate of Abu Dhabi. 

The problem of road safety in the Emirate of Abu Dhabi is eminent. According to MOl data, 

from 1 999 to 2007 the averaged percentage of deaths due to road crashes in the Emirate of Abu 

Dhabi was 42 percent of the UAB (Figure 2). 
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Figure 2 :  A vera ged percenta ge of dea ths due to roa d cra shes in the Emira te of Abu Dhabi, 

(Source: UAE Ministry of Interior data ( 1 999 to 2007) 

Figure 2 shows the total number of crashes occurred in the Emirate of Abu Dhabi from 1998 to 

2007. As shown in this figure the recent trend indicates an increase of 70 percent from year 2005 

to 2007. SimilarJy, the recent trend of fatal crashes in the Emirate of Abu Dhabi indicates an 

increase of 20 percent (Figures 3 and 4). 
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Figure 3:  Total number of cra shes in the Emira te of Abu Dhabi 
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Figure 4 :  Total number of fatal crashes in the E mirate of Abu Dhabi 

The ten-year crashes data analysis showed that the Emirate is experiencing an increasing number 

of road traffic accidents. This can be attributed to a number of reasons. The prominent amongst 

them is related to the high motorization levels due to the economic boom that has been 

experienced over the past ten years. Many people have the purchasing power due to surplus 

income. The cost of maintaining and operating cars is relatively low in the country with unit fuel 

co ts costing relatively low as compared to other highly motorized countries in the world. Car 

ownership levels have risen immensely as the culture of many people in the country is more of a 

car dependent society as many families have at least two cars . The public transport system 

coupled with unfavourable weather conditions is not so well developed to enhance modal shift. 

Many cars imply that many new drivers have been licensed with l ittle experience or with no 

knowledge of the UAB roads. Another factor that might be attributed to the rising trends in the 

road crashes is the road conditions .  Some roads sections encourage speeding and other reckless 

driver behaviours . 

Even though traffic enforcement and fines are levied on violators, there has been no adequate 

road safety education and campaigns to spread the information on the dangers of road accidents. 

Furthermore, many drivers even know the exact locations of speed cameras and thus manipulate 
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lheir peeds while passing uch locations then continue to drive at speeds above the posted speed 

limits. 

3.2 Roads Considered in this Study 

The choice of the tudy sections were identified and reviewed as potential evaluation sites. Two 

categorie of ite were considered for this study. The treatment or improved sections were 

defined as fol lows: 

1. Sections which had speed cameras ini tially but where their number has been increased. 

2 .  Sections where peed cameras have been installed. 

The compari on sections considered were sections without speed cameras, with the exception of 

Andreassen ( 1 995) where other treated sections (sections which had initial speed cameras) 

served as a comparison group. 

The criteria for selecting the comparison sites were based on matching as closely as possible the 

geometric, volume, and speed characteristics of the experimental sites. Sites were selected based 

on the fol lowing cri teria: 

1 .  General ly, long sections of more than 5 km in length were selected as short segments 

typical ly have very few accidents per year. 

2. Sections where major maintenance or minor safety improvements, had not been 

implemented. 

3 .  Study sections were selected to represent a wide range of geographic and rural and urban 

conditions. 

4.  Study sections were selected to provide a good mixture of  typical locations where speed 

limits were either raised or lowered in response to changing land use and/or traffic 

demand. 

Since road crash rates are a function of the functional hierarchy of the roads, different sections of 

two roads classes, i .e . ,  freeways and primary arterials were considered for the study. A total of 7 

study sections were selected and included in  the data col lection effort described in the early 
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stage . Table 2 presents the di tribution of the sites by name, road type, area, and speed limit and 

Figure 5 provide an i llustration of the study ections within the Emirate of Abu Dhabi Road 

network. 

Table 2: Characteristics of roads considered in this study 

Road Name 

Abu Dhabi - Al All 

Abu Dhabi - Dubai 

Abu Dhabi - S weehan 

Abu Dhabi - Tarief 

AI S alaam 

Arabian Gulf 

Ea tern Ring 

-
- -

Type of 
Number of 

Road 
Lanes in each 

direction 

Freeway 3 

Freeway 4 

Freeway 3 

Freeway 3 
Pri mary 3 
Arterial 

Primary 3 
Arterial 
Primary 3 
Arterials 

,. 

_
_ �) u - ,..- .. -

Length 

(Km) 

1 1 0 

80 

1 1 1  

1 1 1  

1 5  

1 5  

1 2  

Speed 

A rea Limit 

Before 200S 

Rural 
1 20 kmIh 

Rural 
1 20 kmJh 

Rural 
1 20 krnIh 

Rural 
1 20 krnIh 

Urban 60 km/b 

Urban 60 kmIh 

Urban 60 km/h 

Figure 5:  Locations of some roads considered in this study 

Speed2 

Limit 
After 200S 

1 203 kmlh 

1 20 kmIh 

1 20 kmlh 

1 20 kmIh 

60 kmlh 

60 kmlh 

60 km/h 

2 Speed limit in this case denoted to the posted speed limit which have been same during the study period 
3 Speed limits have been changed to 1 60 kmJhr in the Emirate of Abu Dhabi freeways in 2005 
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3.3 Time series road crash data 

Road crashe data for 2002 through 2007 were extracted from the computerized fi les from the 

Traffic Police department. The data included era h type, crash cause, degree of injury (fatal, 

seriou , moderate and slight), type of crashes, time and date of crash, week day, driver's 

attribute uch a age, national ity, and gender. 

The original data wa in Arabic language (sample of data shown in Figure 6) that was translated 

into English (sample of data shown in Figure 7). 
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Chapter 4 :  Data Analysis and Discussion 

Detailed analysi of the road crash data is described in this chapter. The analysis of data is 

divided into three sections: 

• Trend analysis 

• Simple before and after 

• Before and after with comparison group 

4. 1 Trend Analysis 

Trend analysis is an informal before-and-after evaluation. In trend analysis changes in crash 

statistic as a function of time were investigated for various roads in the Emirate of Abu Dhabi. 

Currently speed camera are functional on roads including Abu Dhabi - Al Ain Road, Abu 

Dhabi - Dubai Road, Abu Dhabi - Sweehan, AI Salaam, and Arabian Gulf. Even though Abu 

Dhabi - Tarief and Eastern Ring Roads do not have speed cameras, they have been included as 

comparison group road . 

The information about incremental increase i n  the instal lation of speed cameras was not 

available; the only information obtained from the MOl was number of speed cameras installed 

before and after 2005 . This information is presented in Table 3 .  

Table 3: Installation of speed cameras on various roads in the Emirate of  Abu Dhabi 

Road Name Number of Speed Cameras 

Before 2005 After 2005 
Abu Dhabi - AI Ain 5 1 5  

Abu Dhabi - Dubai 6 1 8  

Abu Dhabi - Sweehan 0 1 1  

Abu Dhabi - Tarief 0 0 

AI S alaam 1 2 

Arabian Gulf 1 3 

Eastern Ring 0 0 

Figures 8 to 1 4  show the trends of the total number of crashes from 2002 to 2007 for selected 

roads in the Emirate of Abu Dhabi. In general, most recent trends on all roads except Arabian 
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Gulf and Al Salam road, indicates that the number of crashes is increasing. The rate of increase 

in the number of cra he for roads, Abu Dhabi - AI Ain, Abu Dhabi - Sweeban Road, and Abu 

Dhabi - Dubai i alarming. Although, number of cameras installed on these roads increased 

sub tantial ly, for example, on Al Ain - Abu Dhabi and Abu Dhabi - Dubai road number of 

cameras increa ed three time from 5 to 15, and 6 to 18 respectively. 
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Figure 8:  Total number of crashes on Abu Dhabi - Al Ain Road (2002 to 2007) 
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Figure 9: Total number of crashes on Abu Dhabi - Dubai Road (2002 to 2007) 
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Figure 10 :  Total number of crashes on Abu Dhabi - Sweehan Road (2002 to 2007) 
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Figure 1 1 :  Total number of crashes on Abu Dhabi - Tarief Road (2002 to 2007) 
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Figure 1 2 : Total number of crashes on Al Salam Road (2002 to 2007) 
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Figure 1 3 :  Total number of crashes on A rabian Gulf Road (2002 to 2007) 
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Figure 1 4 :  Total num ber of crashes on Eastern Ring Road (2002 to 2007) 

4.2 Simple Before and After Method 

In simple before and after method, the three year before and three year after of 2005 crash data 

was compared. The years from 2002 to 2004 is considered as before countermeasure and from 

2005 to 2007 as after countermeasure period. Figures 4.8 and 4.9 present before and after 

comparison of total crashes, and crashes by severity level on Abu Dhabi - Al Ain road. Similar 

comparison is carried out for other roads, figures of other roads are provided in the Appendix A. 

The crashes by severity include types of crashes based on degree of injury and damage. These 

types are, fatal, serious, moderate and slight. 

Table 4: S um mary of simple before and after method 

Road 
Total crashes Fatal c rashes Serious crashes 

Moderate & Slight 

Name crashes 

Before After %Change Before After %Change Before After %Change Before After %Change 
Abu 
Dhabi - 540 802 48.52 47 75 59.57 49 64 30.61 444 663 49.32 
Al Ain 
Abu 
Dhabi - 3 1 2  1 22 -60.90 29 1 7  -4 1 .38 23 9 -60.87 260 96 -63.08 
Dubai 
Abu 
Dhabi- 1 30 207 59.23 1 7  29 70.59 9 40 344.44 1 04 1 38 32.69 
Swehan 
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Table 5:  S wmnary of simple before and after method (continue) 

Road 
Total crashes Fatal crashes 

Moderate & Slight 
Name Serious crashes 

crashes 

Abu 
Dhabi - 222 657 1 95.95 1 69 72 -57.40 1 3  65 400.00 1 90 520 1 73.68 
Tarief 
AI 
Salam 284 1 0 1  -64.44 6 6 0.00 1 4  1 3  -7 . 1 4  264 82 -68.94 
road 
Arabian 

2 1 3  1 08 -49.30 6 8 Gulf 33.33 10 9 - 1 0.00 1 97 9 1  -53.8 1 

Eastern 
Ring -46.28 -44.44 -35 .00 -46.86 
Road 443 238 9 5 20 1 3  4 1 4  220 

Table 4 presents the ummary of before and after comparison for total, fatal, serious, moderate 

and slight crashes. As shown in this table, the total number of crashes increased on the following 

roads: Abu Dhabi - Al Ain (48%),  Abu Dhabi - Swehan (59%), and Abu Dhabi -Tarief ( 1 95%). 

And the total number of crashes decreased on the following roads Abu Dhabi - Dubai (- 60%), 

Al Salam Road (- 64%), Arabian Gulf (- 49%), and Eastern Ring Road (- 46%). 

The observed changes in the crashes on these roads during before and after period could be due 

to changes in multiple factors including installation of speed camera, traffic volume, driver 

awareness, and road attributes etc. To evaluate effectiveness of speed camera attributed to 

changes in road crashes in the next section "before and after with comparison method" is 

applied. As discussed in the Chapter 2, before and after with comparison method solves 

problems associated with the simple before and after method. 

4.3 Before and After with Comparison Road 

The details of this method (before and after with comparison road) are discussed in chapter 2. In 

this method, the before and after crash experience of the target road is compared with before and 

after crash experience of a comparison road. The target road refers to a road where effect of 

speed camera on reducing crashes is to be determined. The comparison road refers to a road that 

has characteristics (such as speed limit, number of lanes, and road classification etc. ) similar to 

the target road. 

27 



A mentioned in chapter 2, in !.hi method it i assumed that the factors that affect road safety 

ha e changed in the ame way from before to after period for both target and comparison roads, 

and that the influence of change in various factors on road safety is same for both roads.  These 

as umptions imply that the change in the number of crashes before and after the installation of 

peed camera at target road, if the cameras had not been installed, would have been in the same 

proportion as that for the comparison road. That is, without the installation of the cameras, the 

two road would be expected to have similar crash experiences in the after period. The strength 

of the tudy is directly proportional to how similar the target road with comparison road (Hauer, 

1 997).  

4.3. 1 Treatments Types 

The selected target and comparison roads for this study are given in Table 5. As shown in this 

table freeway roads are compared with freeways, and primary arterial with primary arterial, all 

possible combinations of comparing roads is  considered to assess the effect of speed cameras on 

reducing crashes.  

Table 6 :  Target and comparison roads 

Target Road Comparison Road Treatment Types 

Abu Dhabi-AI Ain Road Abu Dhabi-Tarief Road Installing speed cameras 

Abu Dhabi-Sweehan Road Abu Dhabi-Tarief Road Installing speed cameras 

Abu Dhabi-Dubai Road Abu Dhabi-Tarief Road Instal ling speed cameras 

Abu Dhabi-Dubai Road Abu Dhabi-AI Ain Road 
Increasing the number of 

speed cameras 

Abu Dhabi-AI Ain Road Abu Dhabi-Sweehan Road 
Increasing the number of 

speed cameras 

Abu Dhabi-Dubai Road Abu Dhabi-Sweehan Road 
Increasing the number of 

speed cameras 

Arabian Gulf Road Eastern Ring Road Installing speed cameras 

Sal am Road Eastern Ring Road Installing speed cameras 

Salam Road Arabian Gulf Road 
Increasing the number of 

speed cameras 
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4.3.2 A naly is Formulation 

The rash Reduction Factor ( RF) i u ed to e timate the expected reduction in cra hes that 

may have curred during a given period a a re ult of in taIling speed camera. As de cribed in 

hapter 2, the formula used to e timate CRF i as follow (Pendleton, 199 1 and 1996; Griffin, 

1982, Haur, 1997 1999): 

RF = 

Where, 

CRF 

R 

OR - I 

= Crash Reduction Factor 

= Odds Ratio, a ratio between odds of before and after crashes in 

compari on road to odd of before and after crashes in target road 

Odd Ratio can be calculated a follows: 

OR 

Where, 

A 

B 

C 

D 

= 

= 

= 

[(AlB) / (C/D) ]  

Before crash counts for comparison road 

After crash counts for comparison road 

Before cra h counts for target road 

After crash counts for target road 

Effectiveness of speed camera would depend on C RF, for example a negative value of CRF 

would indicate that speed camera is effective in improving the road safety otherwise, speed 

camera is ineffective (i.e. no reduction in number of road crashes due to speed cameras). 
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4.4 Analysis Results 

The re 'ults f the analy i of the peed camera are pre ented under the following heading : 

1 .  Total era he by Road type, 

2. atI nality 

3 .  Age group 

4. Time of the day 

5 .  Gender 

6.  Vehicle type 

4.4. 1 Effectiveness of peed Cameras by Total Crashes 

The analysi was done for all the road under crash outcome categories con i ting of total, fatal, 

eriou , and moderate cra he . The re ult are presented in Table 6. 

In general,  the e result indicate that for all road peed camera are effective in reducing the 

total era he a well a cra he by everity level .  

When Abu Dhabi - Al Ain Road is compared with Abu Dhabi-Sweehan Road, it is found that 

peed camera on Abu Dhabi - AI Ain road are effective relative to Abu Dhabi-Sweehan Road 

for reducing all type of crashes. The length of these two roads is almost same, but number of 

peed camera on Abu Dhabi - AI Ain road is more than cameras on Abu Dhabi-Sweehan Road. 

Thi implie increasing the number of speed cameras increases their effectiveness in reducing 

crashe . Similarly, before and after comparison of other roads also indicate that speed cameras 

are effective in reducing the cra hes. While comparing Abu Dhabi-AI Ain Road and Abu Dhabi­

Dubai Road with Abu Dhabi-Tarief Road, in both case it is found that speed cameras are 

effective. 

As hown in Table 6, installation of speed cameras on primary arterial roads also shows a 

reduction in crashes, for examples roads monitored by speed cameras like Arabian Gulf Road, AI 

Salam road has relatively Ie s increase in crashes than Eastern ring road where no camera is 

in tailed. 

Even the number of speed cameras i more in the Arabian Gulf road, the results showed less 

effectiveness of speed cameras in this road comparing with AI Salam road. The reason could be 
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related to difference in road and variation in traffic olumc. Al 0 era h migration problem could 

be appear in the parallel road i n  the network 

Table 7 :  wnmary of before and after with comparison method 

Target Comparison Total Fatal 
Road Road CRF Outcome C RF Outcome 

Abu 
Dhabt - Speed S peed 
Dubai Abu Dhabi-AI camera t camera is 
Road Ain Road -0.74 Effective -0.63 Effective 
Abu 

Abu Dhabi- Speed 
Dhabl-

S weehan Speed -0.06 camera is 
Al AIn 

Road 
camera is 

Effective 
Road -0.07 Effective 
Abu 

Speed 
Dhabi- Speed -0.58 camera is 

l Ain Abu Dhabi - camera is 
Effective 

Road Tarief Road -0.5 Effective 
Abu 

Abu Dhabi-
Dhabi-

weehan 
Speed Speed 

Dubai 
Road 

camera is camera is 
Road -0.75 Effective -0.66 Effective 
Abu 
Dhabi- Speed Speed 
Dubai Abu Dhabi- camera is camera is 
Road Tarief Road -0.87 Effective -0.85 Effective 
Abu 
Dhabi- Abu Dhabi- Speed Speed 
Sweeban Tarief Road camera is camera is 
Road -0.46 Effective -0.55 Effective 
AI 

Arabian Gulf 
Speed Speed 

Salam 
Road 

-0.3 camera is -0.25 camera is 
Road Effective Effective 
Arabian 

Eastern Ring 
Speed Speed 

Gulf camera is camera i s  
Road 

Road -0.06 Effective 1 .4 ineffective 
AI 

Eastern Ring 
Speed Speed 

Salam camera is camera is 
Road 

Road -0.34 Effective 0.8 ineffective 

3 1  

Serious Moderate 

CRF Outcome CRF Outcome 

Speed Speed 
camera is camera is 

-0.7 Effective -0.75 Effective 

Speed Speed 
-0.7 1 camera is 0. 1 3  camera i 

Effective ineffective 

Speed Speed 
-0.74 camera is -0.45 camera i 

Effective Effective 

Speed Speed 
camera is camera is 

-0.9 1 Effective -0.72 Effective 

Speed Speed 
camera is camera is 

-0.92 Effective -0.87 Effective 

Speed Speed 
camera is camera is 

-0. 1 1 Effective -0.52 Effective 
Speed Speed 

0.03 camera is -0.33 camera is 
ineffective Effective 

Speed Speed 
camera is camera is 

0.38 ineffective -0. 1 3  Effective 
Speed Speed 

camera is camera is 
0.43 ineffective -0.42 Effective 



4.4.2 Effectiveness of Speed Cameras by National ity 

The result of analysis by nationality are presented in Table 7. In general, the results indicate that 

for all the roads, the speed cameras are effective in controlling crashes. However, the 

effectivene differs depending on the type of treatment. 

The overall outcome shows speed cameras are more effective for "other" nationality group. The 

"other" refers to national i ties including USA, Europe, Australia, and Canada. The effectiveness 

of peed cameras is less effective for nationali ties such as Pakistan, Bangladesh and India. 

Table 8: Summary of before and after with comparison group results by nationality 

Abu Dhabi-AI Ain R oad and Abu Dhabi-Tarief Road 

A = B e fore B = After 
C = Before 

crash counts crash counts D = After crash 
Total for for 

crash 
counts for target 

Odds Crash 
Remarks 

counts for Ratio factor 
comparison comparison 

target road 
road 

road road 
UAB 55 1 1 8 209 245 0.55 -0.45 Effective 

Pakistan, 
B angladesh 6 1  1 87 1 1 5 285 0.8 1 -0. 1 9  Effective 

and India 
GCC other 

58 l 37 49 92 0.79 -0.2 1  Effective 
than DAB 

Arabian 
Countries 

30 1 6 1  76 I I I  0.27 -0.73 Effective 
other than 

GCC 
Asian 

4 1 8  1 5  36 0.53 -0.47 Effective 
Countries 

Others - 1 4  37 76 33 0. 1 6  -0.84 Effective 

Abu Dhabi-Dubai Road and Abu Dhabi-Tarief Road 

DAB 55 1 1 8 66 50 0.35 -0.65 Effective 
Pakistan, 

B angladesh 6 1  1 87 1 1 7 28 0.08 -0.92 Effective 
and I ndia 

GCC other 
5 8  1 37 48 1 1  0. 1 0  -0.90 Effective 

than UAB 
Arabian 

Countries 
30 1 6 1  62 1 5  0.05 -0.95 Effective 

other than 
GCC 
Asian 

4 1 8  3 9 0.67 -0.33 Effective 
Countries 

Others 1 4  37 1 6  9 0.2 1 -0.79 Effective 
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Table 9: ummary of before and after with comparison group results by nationality 
( ontinue) 

Arabian uif Road and Ea tern Ring Road 

A = Before B = After 
C = Before crash counLS crash counLS D = After crash 

Total for for 
crash 

count for target 
Odd Crash 

count for Ratio factor compari on comparison 
target road 

road 
road road 

r-- UAE 1 20 43 62 1 1  0.50 -0.50 
Pakistan, 

Bangladesh 85 86 1 04 23 0.22 -0.78 r_:��d India 
GCC other 

28 1 1  1 4  4 0.73 -0.27 than UAE 
Arabian 

Countrie 
1 06 48 73 32 0.97 -0.03 

other than 
GCC 
ASian 

1 6  27 1 0  1 0  0.59 -0. 4 1  
Countnes 

Others 88 23 2 1  2 1  3 . 83 2.83 

AJ aJam Road and Eastern Ring Road 

UAE 1 20 43 62 1 1  0.50 -0.50 
Palastan, 

Bangladesh 85 86 1 04 23 0.22 -0.78 
and India 

GCC other 
28 1 1  1 4  4 0.73 -0.27 

than UAE 
Arabian 

Countrie 
1 06 48 73 32 0.97 -0.03 

other than 
GCC 
Asian 

1 6  27 1 0  1 0  0.59 -0.41  
Countries 

Others 88 23 2 1  2 1  3.83 2.83 

4.4.3 Effectiveness of Speed Cameras by Age Group 

Remarks 

Effective 

Effective 

Effective 

Effective 

Effective 

Ineffecti ve 

Effective 

Effective 

Effective 

Effective 

Effective 

Ineffective 

The re ult of analysis by nationality are presented in Table 8.  In age groups, it appears that the 

speed cameras are most effective for age group below 18 years, and less effective for age group 

above 60. This may be due to 1es number of crashe for age group above 60 compared to the 

other age groups. Its clear from the table below that speed cameras are more effective on 

controlling crashes for age groups below 18 years and from 18-30 years contrary to what people 

think. that old people are more affected by speed cameras 
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Table 10:  Summary of before and after with comparison group results by age group 

Abu Dhabi-AI Ain Road and bu Dhabi-Tarief Road 

A - Before B = After 
C = Before crash counts crash counts D = After crash 

Total for for 
crash 

count for target 
Odds Crash 

Remarks 
comparison 

count for 
road 

Ratio factor companson 
target road road road 

Below 1 8  2 1 33 39 90 0.03 -0.97 Effective 

1 - 0 80 234 284 348 0.42 -0.58 Effective 

3 1 -45 1 1 0 204 1 80 246 0.74 -0.26 Effective 

46-60 27 75 36 1 06 1 .06 0.06 Ineffecti ve 
-

bove 60 3 1 2  I 1 2  3.00 2.00 Ineffective -

Abu Dhabi-Dubai Road and Abu Dhabi-Tarief Road 

Below 1 8  2 1 33 7 8 0.02 -0.98 Effective 
1 8-30 80 234 1 63 59 0. 1 2  -0.88 Effective 
3 1 -45 1 1 0 204 1 1 0 36 0. 1 8  -0.82 Effective 
46-60 27 75 29 1 6  0.20 -0.80 Effective 

Above 60 3 1 2  3 3 0.25 -0.75 Effective 

A rabian Gulf Road and Eastern Ring Road 

Below 1 8  33 1 8  28 1 3  0.92 -0.08 Effective 

I -30 1 9 8  94 8 1  5 1  0 .76 -0.24 Effective 

3 1 -45 1 43 85 70 27 0.49 -0.5 1 Effective 

46-60 6 1  38 33 1 5  0.59 -0.4 1 Effective 

Above 60 8 3 1 2 2.67 1 .67 Ineffecti ve 

AI Salam Road and E astern Ring Road 

Below 1 8  33 1 8  26 1 3  0.85 -0. 1 5  Effective 

1 8-30 1 98 94 1 05 3 8  1 .33 0.33 Ineffecti ve 
3 1 -45 1 43 85 1 09 3 2  0.65 -0.35 Effective 
46-60 6 1  38 4 1  1 5  0.73 -0.27 Effective 

Above 60 8 3 3 3 5.33 4.33 Ineffective 

4.4.4 Effectiveness of Speed Cameras by Time of the Day 

A bown in Table 9, it appears that speed cameras are effective during both day and night. In 

most of the ca es speed cameras are effective during night more than daytime. The reasons could 

be because drivers don't  tend to speed during the nigbt time. 
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Table 1 1 :  ummary of before and after with compari on group results by time of the day 

Abu Dhabi-AI Ain Road and Abu Dhabi-Tarief Road 

A = Before B = After 
C = B efore cra h counts crash counts D = After crash 

Total for for 
crash 

counts for target 
Odds Crash 

counts for Ratio factor 
Remarks 

ompanson compari on 
target road 

road 
road road 

Day 1 85 456 337 553 0.67 -0.33 Effective 

19ht 37 202 203 249 0.22 -0.78 Effective 

Abu Dhabi-Dubai Road and Abu Dhabi-Tarief Road 

Da� 1 85 456 253 74 0. 1 2  -0.88 Effective 
Night 37 202 59 48 0. 1 5  -0.85 Effective 

Arabian Gulf Road and Eastern Ring Road 

Day 326 1 74 1 08 78 1 .35 0.35 Ineffective 

ight 1 1 7 64 1 05 30 0.52 -0.48 Effective 

AI a1am Road and Eastern Ring Road 

Day 326 1 74 1 89 49 0.66 1 .6 1  Effective 
Night 1 1 7 64 95 52 0.69 -0.5 1 Inffective 

4.4.5 Effectiveness of Speed Cameras by Gender 

In gender, the peed camera how effective for male and ineffective for female drivers. The 

rea on might be attributed to fewer female drivers on the road. The culture on this country 

doe n't  allow female to drive but the number of female driver increased in the last few years. 
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Table 12:  Summary of before and after with comparison group results by gender 

Abu Dhabi-AI Ain Road and Abu Dhabi-Tarief Road 

A = Before B = After 
C = Before 

crash count cra h count 
crash 

D = After crash 
Odds 

Total for for counts for target 
Crash 

Remarks 
counts for Ratio factor compan on comparison 
target road 

road 
road road 

Male 1 95 632 476 688 0.45 -0.55 Effective 

Female 27 26 64 1 1 4 1 .85 0.85 Ineffective 

Abu Dhabi-Dubai Road and Abu Dhabi-Tarief Road 

Male 1 95 632 23 1 1 1 3 0. 1 5  -0.85 Effective 
f--

Female 27 26 8 1  9 0. 1 2  -0.88 Effective 

Arabian Gulf Road and Eastern Ring Road 

Male 405 2 1 9  1 85 74 0.74 -0.26 Effective 

Female 38 1 9  28 34 2.43 1 .43 Ineffective 

Al Salam Road and Eastern Ring Road 

Male 405 2 1 9  232 83 0.66 -0.34 Effective 

Female 38 1 9  52 1 8  0.69 -0. 3 1  Effective 

4.4.6 Effectiveness of Speed Cameras by Vehicle Type 

Table 1 1  present result of the effectiveness of speed camera by veruc1e type. The results show 

that peed cameras are more effecti ve in controll ing cra hes for sedan and SUV s vehicle type 

more than light trucks. It is known that crashes severity increase either by weight of vehic le or 

peed. The effectiveness of speed cameras are less when the po ted speed limit is designed to 

monitor l ight verucles. 

36 



Table 1 3 :  Summ ary of before and after with comparison group re ults by vehicle type 

Abu Dhabi-AI Ain Road and Abu Dhabi-Tarief Road 
f--

A = Before 
cra'h counts 

Total for 
comparl on 

road 
Motorbike 1 

edan 60 

SUVs 
73 

(4�4) 
Light 

45 
Truck 
Others 44 

B = After 
crash counts 

for 
compari on 

road 
2 

273 

306 

44 

33 

C = Before o = After cra b 
cra b 

counts for target 
counts for 
target road 

road 

2 5 

22 1 369 

254 285 

42 62 

2 1  8 1  

Abu Dhabi-Dubai Road and Abu Dhabi-Tarief Road 

MotorbIke 0 2 7 2 
Sedans 60 273 1 05 42 
SUVs 

73 306 1 04 43 
(4x4) 
Light 

45 44 54 24 
Truck 
Others 44 33 42 1 1  

Arabian Gulf Road and Eastern Ring Road 

Motorbike 5 6 4 3 

Sedans 1 82 94 78 44 

SUVs 
1 33 80 7 1  43 

(4x4) 
Light 

85 20 32 1 6  
Truck 
Others 38 38 28 2 

AI Salam Road and Eastern Ring R oad 

Motorbike 5 6 5 1 
Sedans 1 82 94 1 1 9  44 
SUVs 

1 33 80 9 1  39 
(4x4) 
Light 

85 20 28 1 5  
Truck 
Others 38 38 4 1  3 

37 

Odds Crash 
Remarks 

Ratio factor 

1 .25 0.25 Ineffective 

0.37 -0.63 Effective 

0.27 -0.73 Effective 

1 .5 1  0.5 1 Ineffective 

5 . 1 4  4. 1 4  lneff ecti ve 

0.00 - 1 .00 Effective 
0.09 -0.9 1 Effective 

0. 1 0  -0.90 Effective 

0.45 -0.55 Effective 

0.35 -0.65 Effective 

0.63 -0.38 Effective 

1 .09 0.09 Ineffecti ve 

1 .0 1  0.0 1 Ineffective 

2. 1 3  1 . 1 3  Ineffective 

0.07 -0.93 Effective 

0. 1 7  -0.83 Effective 
0.72 -0.28 Effective 

0 . 7 1  -0.29 Effective 

2.28 1 .28 Ineffective 

0.07 -0.93 Effective 



Chapter 5 :  Finding and Recommendations 

5. 1 Int roduction 

Thi chapter di cu e the findings from the previou Chapter against the available academic 

literature. The di cu sion i organised under crash trends in the emirate of Abu Dhabi, the role of 

peed and cra he , the effectivenes of peeds cameras and the study limitations. 

5.2 Effectiveness of Speed Cameras 

The analysi showed that peed cameras are effective in controlling all types of crashes. The 

fol lowing di cu ion pre ent an in ight into the factors as observed in the analy i . 

The analysi howed that speed cameras have ignificant effects along the freeways more than 

primary arterial . Speed cameras on highly motorized road (i .e. with high ADT) do experience a 

phenomenon referred to as a natural tendency of crashes increment. As the number of vehicles 

increa e, 0 does the number of crashe . In essence even when there are countermeasures on tbe 

road, then the number of cra hes wil l  increase. This phenomenon is referred to as the tendency of 

crashe to increa e. However, when there is publicity and driver education and awareness of road 

afety, iITe pective of the number of speed cameras installed, there is tendency of crashes to 

decrea e. Based on this phenomenon, the effective of speed cameras on the study roads cannot 

be olely attributed to the speed cameras installation or increment. 

In this study, three driver parameters were considered. Driver nationality which is related to 

education, age and gender were considered. These parameters affect the compliance of speed 

limit on the road. The analysis showed that speed cameras are effective for male and i neffective 

for female drivers. The reason might be attributed to fewer female driver on the road. The 

culture on this country doesn 't allow female to drive but the number of female drivers increased 

in the la t few years. 
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On the other hand the analysi of effectiveness of driver by nationality showed that the speed 

cameras are more effective for "other" nationality group. The "other" refers to nationalities 

including USA, Europe, Au traiia, and anada. The effectiveness of speed cameras are less 

effective for nationalities uch a Paki tan, Bangladesh and India. 

In age group , the re ult revealed that the speed cameras are mo t effective for age group below 

1 8  year , and Ie effective for age group above 60. This may be due to less number of crashes 

for age group above 60 compared to the other age group . 

The re ult al 0 howed that peed camera are more effective in controlling crashes for sedan 

and UV vehicle type more than l ight trucks. It is known that crashes severity increase either by 

weight of vehicle or peed. The effectivene s of speed camera are less when the posted speed 

limit i designed to monitor light vehicle . 

5.3 Findings Summary 

In thi tudy effectivene of peed cameras to reduce cra hes in the Emirate of Abu Dhabi was 

inve tigated. The total cra h count , and crashes by severity level on six freeway roads and three 

primary arterial was analyzed. The six freeways considered are : 1 )  Abu Dhabi - Al Ain Road, 2) 

Abu Dhabi - Dubai Road, 3)  Abu Dhabi - Sweehan, and 4) Abu Dhabi - Tarief and three 

primary arterial are : 1 )  Al Salaam, 2) Arabian Gulf and 3) Eastern Ring Road. Trend in total 

crashe and their severities were examined graphical ly, and comparisons were made between 

before and after periods . Three year (2002 to 2004) was considered as before and three years 

(2005 to 2007) was considered as after period. Before and after with comparison method was 

applied to assess the effectiveness of speed cameras. In addition, effectiveness of speed cameras 

was also inve tigated for various factors including drivers' nationality, drivers ' age, day or night 

time, vehicle types, and gender of driver . 

Based on results, the main conclusions that can be drawn from this study is that it appears speed 

cameras were effective in reducing the crashes as well as severity of crashes in the Emirate of 

Abu Dhabi .  This finding is consistent with the findings of many studies that supported 
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effectivene of speed camera 10 different countries. The findings of this tudy can be 

summariled a. fol low : 

1 .  In general, it appear that peed camera helped in reducing the total crashe as wel l  a 

cra. he by everily level on freeways and primary arterial road in the Emirate of Abu 

Dhabi. 

2 .  O n  ome road it  i found that peed cameras were not effective for drivers of age groups 

46 and above, female driver , driver of motorbike and light trucks. 

3. The increase in the number of cameras on Abu Dhabi - Al  Ain road could help 10 

reducing cra he . 

4.  Currently, there i no peed camera on Abu Dhabi - Tarief road where crashes has an 

increa ing trend. Similarly, there i no camera on Eastern ring road where every year 

increa e in number of crashes i more than previous year. 

Howe er, de pite the effectiveness of speed cameras, the data shows that the number of crashes 

on many of the e road i til l  increa ing. It can be concluded, on one hand that crashes might 

have increa ed more than the current counts if speed cameras were not instal led. As identified in 

thi study, orne group of drivers are insensitive to speed camera, their behaviour is not affected 

by peed cameras. 

5.4 Study Limitations 

The re ult  of thi tudy can be can idered accurate with some degree of confidence and a viable 

foundation for a more detailed tudy that can give a policy direction on the regarding decisions 

for the installation or increasing the number of speed cameras along partiCUlar road ections. 

However, there are a number of notable l imitations of the study. These include the following; 

1 .  The analysis has a sumed that the posted speed limit enforcement has not been changed 

along the study area sections. 

2.  The tudy has assumed uniformity in AADT along the study road sections on the basis 

that these roads are currently saturated and have more or less a uniform traffic flow 

characteristics over the study period. 
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3 .  The ludy ection have different type of speed camera with varied optical trengths 

and thu it i difficult to determine which peed camera types are effective than the 

olher . 

4 .  The natural tendency of cra be  increment or  decrement on  the study area road sections 

and thu the decrea e or increa e of crashes cannot be attributed to speed cameras only. 

5 .  I t  i difficult to isolate the impacts of  speed cameras alone on car crashes, as there are 

road sign , warnings lhat in essence do the arne. For in tance, the warning ign, road 

controlled by radar can be effective even without peed cameras installed. 

6. That many motori t e pecialJy commuter driver have the knowledge of the exact 

location of peed camera 0 in many case they manipulate them. 

7. The analy i of primary arterial road is limited by the crash migration phenomenon 

where an in tallation of speed cameras along a road section might lead to crash migrating 

to the other adjacent and parallel road sections. 

8 .  I t  i s  difficult to monitor the performance o f  speed cameras when there number i changed 

without a good j u  tification. 

5.5 Recommendations 

The overall aim of this research was to evaluate the effectiveness of speed cameras in controll ing 

crashe in the Emirate of Abu Dhabi roads .  The study ha found out that even though that the 

magnitude of road crashes in  the Emirate of Abu Dhabi is appreciated and the concerned 

authoritie have begun to seriou ly address the i ssue of road safety within the Emirate of Abu 

Dhabi, they are stil l  faced with enormous challenges and deficiencies within their road safety 

management practice and countermeasures. 

The Speed cameras are monitored speed violations only while driver behaviour affected by 

different factors including: sudden change of direction, fol lowing too close to the vehicle in 

front, and wrong overtaking etc. 
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A package of counlermeasures could be a good olution for the road afety problem in the 

Emirate of Abu Dhabi . Speed enforcement is one of the element of an integrated speed 

management approach. Speed enforcement gain in effectivene if it is targeted towards 

prioritized road , ituation and time . peed cameras enforcement should be u ed for a large 

concentration of traffic cra hes at high-volume traffic locations. Phy ical polic ing can be a good 

alternative to afety camera enforcement when cra hes are scattered, and provided operations are 

randomized and applied to a large part of the network. To increase its effectiveness, speed 

enforcement mu t be supported by setting safe and credible speed limits, by publicity, by 

legislation facil itating effective enforcement, and by appropriate sanctions. Speed enforcement 

operation gain in effectivene if they have pecified objective and succe s criteria, and are 

monitored in term of both proce s and product. Cooperation and partnerships between police, 

I cal authorities and data experts provide the best guarantee for problem-oriented, outcome­

focu ed and evidence-ba ed peed policing operations . 

The driver mu t know, always and everywhere, what the speed l imit i . The conventional way is 

to u e con i tent road ide signing and road marking . In-vehicle sy tern to inform driver about 

the speed l imit in force are likely to be introduced progressively. 

The fir t three measures a ume that the unintentional speed violations are an exception. Drivers 

who til l  exceed the speed limit do 0 intentionally. Police enforcement should remain necessary 

to control and punish that group of driver . 

Quantitative targets represent the road safety results which a country or jurisdiction wishes to 

achieve over a given time frame is also important. A country ' s  focus on results and how they are 

to be achieved by system-wide intervention and effective institutional management is at the core 

of an effective national road safety management system and national road safety strategy. 

Countrie have become more ambitious over time in their choice of long term goals and interim 

quantitative targets with implications for the interventions selected and their delivery by 

institutions across the road safety partnership. Targets for final outcomes (long and interim 

targets to reduce deaths and injuries) are used widely in many countries in national, regional and 
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local road safety trategie and programme . Targets should be et for intermediate outcomes 

(dccrea e. in mean peed , increa e in eat belt u e) and in titutional delivery outputs (number 

of random breath te t ,  peed check ) which allow closer management of the range of 

intervention needed to achieve final outcome targets. 

In the late t evolution of the road afety management system, key institutional management 

function pro ide the f undation for y tern-wide intervention to achieve a range of results 

exprc cd a different type of quantitative target . Targets provide the focus for the national 

road afety trategy and the level of their ambition drive decision about coordination needs, 

legi lative need , funding and resource al location, promotion needs, monitoring and evaluation, 

a well as re earch, development and knowledge tran fer. Current good practice involves a 

combination of top down long term goals as well as bottom up interim targets (usually of 7- 10  

year duration), which are oundly related to  interventions, their likely effectiveness in  the 

national road afety trategy and the quality of their delivery. Result focus is the overarching 

function of lead agency management for road safety which defines the country ' s  level of 

ambition for road afety and takes into account the interventions and in titutional arrangements 

which need to be put in place in order to realize it. The process should involve : 

1 .  Apprai ing current road afety performance through high-level strategic review; 

2. Adopting a far-reaching road afety vision or goal for the longer term; 

3 .  Analysing what could be  achieved i n  the shorter term ; 

4.  Agreeing target and en uring accountability acros the road afety partnership; 

5.  Setting Safety Performance Indicators (SPI) ;  

6.  Continuous monitoring of targeted and other safety performance indicators; 

7 .  Establishing the effectiveness o f  specific road safety measures by carrying out before 

and after tudies; and 

8 .  Reviewing and updating of policies and measures with re-distribution of  resources 

towards more cost-effective measures; identifying delays in implementation requiring 

corrective action. 
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For future work, it i recommended that this research should be extended to verify the findings 

u iog orne afety urrogate mea ure to examine the effectivene of peed cameras. Safety 

urrogate mea ure could be more accurate than road era h statistics. Example of afety 

'urrogates include the frequency of clo e cal l , expo ure level , and ob erved speed of vehicle . 

44 



References 

Abbe , .R . ,  Jarrett, D.F . ,  and C. . Wright, Accidents at B lack pot : Estimating the 

Effectivenes of Remedial Treatment, with Special Reference to the 'Regres ion-To-Mean' 

Effect, Traffic Engineering and Control, Vol. 22( 1 0), 1 98 1 ,  pp. 535-542. 

Abdalla 1 .  M. (2002) . " Fatality ri k a es ment and modeling of drivers respon ibility for 

cau ing traffic accidents in Dubai. " Journal of Safety Research (33) ,  483- 496. 

Ali reported in Webster, D. C. & Well , P. A. ,  (2000). "The characteri tics of peeders" .  TRL 

Report 440, Crowthorne. 

AI-Ma aeid, H .R. Performance of safety evaluation methods, Journal of Tran portation 

Engineering, Vol .  1 23, No. 5 ,  1 997, pp. 364-369. Analysi and Prevention, 34(2), 1 29- 1 38.  

Andrew P. Jones,  Violet Sauerzapf, Robin Haynes, (2008).  The effects of mobile speed camera 

introduction on road traffic crashes and casualties in a rural county of England, Journal of Safety 

Research 39 1 0 1 - 1 1 0  

Andrew P .  Jones, Violet Sauerzapf, Robin Haynes, (2008).  The effects of mobile speed camera 

introduction on road traffic crashes and casualties in a rural county of England, Journal of Safety 

Re earch 39 1 0 1 - 1 1 0  

Ander on, R.  and Edgar, A.W.,  2003.  "Mobile Speed Cameras in the ACT - Slashing Speeds 

and Cutting Crashes", paper presented at the Road Safety Research, Policing and Education 

Conference, Melbourne, 2003.  

Aul, N. ,  and Davis,  G.A. ,  Using a Propensity Score Matching Method and a Hybrid Bayesian 

Method to Estimate Crash Modification Factors of Signal Installation, Presented at the 85th 

Annual Meeting of the Transportation Research Board, Washington, D.C. ,  2006. 

45 



Au tin, R.D. ,  and 1 .L. ar on, An Alternative Accident Prediction Model for Highwayrail 

Interface Accident Analy i and Prevention 34, 2002, pp. 3 1 -42. 

Bahar, G., Mollett, . ,  Per aud, B., Lyon, C., Smiley, A., Smahel,  T., and H. McGee, Safety 

evaluati n of permanent rai ed pavement markers. National Cooperative H ighway Research 

Program, NCHRP Report 5 1 8, TRB, National Research Council, Washington, D.C. ,  2004. 

Benekohal and Lee, "Compari on of Safety Effect of Road ide Versus Roadway Improvements 

on Two-Lane Rural Highways," Transportation Research Record 1303, Tran portation Research 

Board, 1 99 1 .  

Chen, G. ,  Meckle, W .  and Wi lson, 1 .  (2002) Speed and safety effect of photo radar enforcement 

on a highway corridor in British Columbia. Accident Analysis and Prevention (34), pp. 1 29- 1 38 .  

Chen, G. ,  Meckle, W. ,  & Wilson, 1 .  (2002) Speed and safety effect of photo radar enforcement 

on a highway corridor in B riti h Columbia. Accident Analy i & Prevention, Volume 34, Issue 

2, Pages 1 29- 1 38 .  

Clarke, D .  B . ,  and W . A. Sara ua, Fatal Crashes o n  Rural Secondary Highways. Columbia, South 

Carolina Department of Tran portation, Final Report for Research Project SPR-608, FHWA-SC-

03-04, 2003. 

Council ,  F., and J .  Stewart, Safety Effects of Conversion of Rural Two-lane to Fourlane 

Roadways based on Cross-Sectional Models, Journal of the Transportation Research Record, No. 

1 665,  TRB ,  National Research Council, Washington, D.C., 1 999, pp. 35-43.  

Council ,  F .M. ,  Reinfurt, D.W.,  Campbel l ,  B .1 . ,  Roediger, F.L. ,  Carroll,  c .L . ,  Dutt, A .K. ,  and J .R.  

Dunham, Accident Research Manual, Final Report, FHW A-RD-80-0 1 6, Highway Safety 

Research Center, University of North Carolina, 1 980. Development and Use of Crash Reduction 

Factors. Transportation Research Board 

46 



Edward , M. (200 1 ) . Standard for novice driver education and licen ing' , in :  Driver Education 

at the ro road , Proceeding from the Committee on Operator Education and Regulation, 

Report E- 024. 

ik. R. ( 1 997). Effect on accident of automatic peed enforcement in Norway. Wa hington, 

o . Tran portation Re earch Record 1 595, TRB, 1 4- 1 9. 

Elvik, R.& Vaa, T. (2004) The Handbook of Road Safety Mea ures. NY, Amsterdam, Elsevier 

Science. 

Elvik, R., Amund en, F. H. ,  and F. Hofset, Road Safety Effect of Bypas es, Journal of the 

Tran portation Re earch Record 1 758,  TRB ,  National Re earch Council, Washington, D.C. ,  

200 1 ,  pp. 1 3-20. 

FaIT, E.  H . ,  Summary of the DOT Rail-Highway Crossing Resource Allocation Procedure -

Revi edt Federal Railroad Admini tration, U.S.  Department of Transportation, Cambridge MA, 

Tran portation Sy tern Center, 1 987.  

Federal Railroad Administration, GradeDec 2000 version 2.0 Reference Manual, Office of 

Policy and Program Development, U .S .  Department of Transportation, Cambridge MA, 

Transportation System Center, 2002. 

Gain , A. ,  Heydecker, B . ,  Shrewsbury, J., & Robertson, S. (2004) The national safety camera 

programme. Three-year evaluation report. June 2004. PA Con ulting Group, London. 

Goldenbeld. C. & van Schagen, 1. (2005) The effects of speed enforcement with mobile radar on 

peed and accidents. An evaluation study on rural roads in the Dutch province Friesland. 

Accident Analysis and prevention, 37, 1 1 35- 1 1 44 .  

Griffin, L. 1 . ,  and R.  J .  Flowers. "A Discussion of  S ix  Procedures for Evaluating Highway Safety 

Project ," Federal Highway Administration, December 1 997 

47 



Harkey, D . ,  ra h Reduction Factor for Traffic Engineering and Intel ligent Tran portation 

y tem Improvement : State-of-Knowledge Report, NCHRP Re earch Result Dige t 299, 

Interim Report, CHRP Project 1 7-25, National Cooperative Highway Research Program 

Project, Wa hington, D.C. ,  2005 . 

Harwood, D.W.,  Counci l ,  F .M. ,  Hauer, E. ,  Hughes, W.E. ,  and A. Vogt, Prediction of the 

Expected Safety Performance of Rural Two-Lane Highways, Final Report, FHW ARD-99-207. 

Federal Highway Admini tration, U.S.  Department of Transportation, Wa hington, D.C. ,  2000. 

Hauer, E, and B .N .  Per aud, How to Estimate the Safety of Rail-Hi ghway Grade Crossings and 

the Safety Effects of W arning Devices. Journal of Transportation Research Record 1 1 1 4, TRB, 

ational Re earch Council,  Wa hington, D .C . ,  1 987, pp. 1 3 1 - 1 40. 

Hauer, E. Ob ervational Before-After Studies in Road Safety. Pergamon Publication, England, 

1 997.  

Hauer, E. On the E timation of the Expected Number of Accidents, Accident Analysis and 

Prevention, Accident Analy i and Prevention 1 8  ( 1 ), 1 986, pp. 1 - 1 2. 

Hauer, E. ,  H arwood, D.W.,  Council, F .M. ,  H ughes, W.E. ,  Vogt . ,  A . ,  200 1 . Prediction of Safety 

Performance of Rural Two-Lane Highways. FHWA-RD-99-207, U .S .  Department of 

Tran portation, Washington, D.C. 

Hook, D. ,  Kirkwood, A .  and Evans, D. ( 1 995) Speed cameras in Oxfordshire. Highways & 

Tran portation, February, pp. 1 1 - 1 3 . 

Hooke, A. ,  Knox, J ., & Portas, D. ( 1 996) . Cost benefit analysis of traffic light and speed 

camerasPolice Research Series Paper, Vol . 20. Home Office Police Research Group. 

48 



Hooke, A . ,  Knox, J . ,  & Porta , D. ( 1 996). Cost benefit analysi of traffic light and peed camera 

Police Re earch erie Paper, Vol. 20. Home Office Police Research Group. 

Hughe , W. ,  ccle K. ,  Harwo d, D.,  Potts, I . ,  and E. Hauer, Development of a Highway Safety 

Manual, Contractor' Final Report, NCHRP Web Document 62 (NCHRP Project 1 7- 1 8[4]), 

National ooperative Highway Re earch Program Project, Wa hington, D.C. ,  2004. 

Jones, B. ( 1 997) Age, gender and the effectivene s of high-threat letters: An analysis of 

Oregon ' driver improvement advi ory letter . Accident Analysis & Prevention, Vol . 29, No 2, 

pp. 225-234. 

Keall ,  M. D. ,  Povey, LJ . ,  & Frith, W.1.  (2002) Further re ults from a trial comparing a IUdden 

peed camera programme with vi ible camera operation. Accident Analysi and Prevention, 34, 

773-777. 

Keall ,  M.D. ,  Povey, LJ., & Frith, W.J . (200 1 )  The relative effectiveness of a hidden versus a 

vi ib1e peed camera programme. Accident Analysis and Prevention, 33, 277-284. 

Kim, D.G. ,  and S. Washington, S. The Significance of Endogeneity Problems in Crash Models :  

An Examination of Left-Tum Lanes in Intersection Crash Models, Accident Analysis and 

Prevention 38,  2006, pp. 1 094- 1 1 00. 

Laugbland, J . ,  L. Haefner, J. Hall ,  and D. Clough. NCHRP Report 1 62:  Methods for Evaluating 

H ighway Safety Improvement . National Cooperative H ighway Research Program, 

Tran portation Research Board, Washington, D.C. ,  1 975.  

Lyon, c. ,  Haq, A . ,  Persaud, B .N . ,  and S .T. Kodama, Safety Performance Functions for 

Signalized Intersections in Large Urban Areas: Development and Application to Evaluation of 

Left-Tum Priority Treatment, Journal of the Transportation Research Record 1 908, Wa hington, 

D.C. ,  2005, pp. 1 65- 1 7 1 .  

49 



Mehmood, A (2009), "Determinant of Speeding Behavior of Drivers in Al Ain (United Arab 

Emirate )" Journal of Transportation Engineering American Society of Civil Engineering, 

American Society of Civil Engineering, USA, [ in press ] 

Melcher, DJ . ,  Dixon, K . K . ,  Wa hington, S . ,  and c.-H. Wu, Feasibility of "Subjective" 

Engineering Assessments of Road Safety Improvements: Bayesian Analysis Development, 

Journal of the Tran portation Research Record 1 758,  TRB ,  National Research Council, 

Wa rungton, D.C. ,  200 1 ,  pp 36-43. 

Mountain, L. ,  Fawaz, B. ,  and L. Sineg, The Assessment of Changes in Accident Frequencies on 

Link Segments : A Comparison of Four Models, Traffic Engineering and Control, Vol 33(8),  

1 992, pp. 429-43 1 .  

Newstead, S .V . ,  Cameron, M . H. and Leggett L, M.W.  (200 1 )  The crash reduction effectiveness 

of a network-wide traffic police deployment system. Accident Analysis and Prevention (33), pp. 

393-406. 

Newstead,S .  W. ,  Cameron, M .  H .  (2003) Evaluation of the crash effects of the Queensland speed 

camera program. Monash university accident research centre. 

OECD., (2003) .  " Road Safety" .  Impact of new technologies. Paris. ORGANISATION FOR 

ECONOMIC CO-OPERATION AND DEVELOPMENT 

OECD.,  (2006) .  " Speed Management" .  European Conference of Ministers of Transport. 

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT. 

Park, Y-J. P., and F.F. Saccomanno, Reducing Treatment Selection B ias for Estimating 

Treatment Effects Using Propensity Score Method, A merican Society of Civil Engineers, Vol. 

1 33 ,  No. 2, 2007, pp. 1 1 2- 1 1 8 .  

50 



Pend leton, O.J.  A Systemwide Methodology for Evaluating Highway Safety Studies, Final 

Report FHWA-RD-92-049, Federal Highway Administration, U.S.  Department of 

Tran portation, Turner-Fairbank Highway Research Center, Mclean, Virginia, 1 992. 

Pendleton, O.J .  Application of New Accident Analysis Methodologies Volume I - General 

Methodology, Final Report FHW A-RD-90-09 1 Federal H ighway Administration, U.S. 

Department of Transportation, Wa hington, D.C. ,  1 99 1 .  

Pendleton, 0.1 .  Application of New Accident Analysis Methodologies Volume I - General 

Methodology, Final Report FHW A-RD-90-09 1 ,  Federal Highway Administration, U.S.  

Department of Transportation, Washington, D.C. ,  1 99 1 .  

Persaud, B .  . ,  Retting, R .A . ,  Garder, P.E . ,  and D .  Lord, Safety effect of roundabout conversions 

in the united tates :  empirical bayes observational before-after study, Journal of tbe 

Tran portation Research Record 1 75 1 , TRB , National Research Council ,  Washington, D.C., 

200 1 ,  pp. 1 -8 .  

Per aud, B .N. ,  Statistical Methods in  Highway Safety Analysis, NCHRP Synthesis of H ighway 

Practice 295, Transportation Research Board, National Research Council ,  200 1 .photoradar 

enforcement on a highway corridor in British Columbia. Accident 

Pilkington, P. ,  & Kinra S .  (2005) .  Effectiveness of speed cameras in preventing road traffic 

collisions and related casualties :  Systematic review. Bri tish Medical Journal, 330, 3 3 1 -334. 

Rosenbaum, P .R . ,  and D . B .  Rubin.  Reducing B ias in Observational Studies Using 

Subclassification on the Propensity Score. Journal of American Statistical Association 79, 1984, 

pp 5 1 6-524. 

Rosenbaum, P. R. ,  and D . B .  Rubin. The Central Role of the Propensity Score in Observational 

Studies for Casual Effects. Biometrika 70, 1 983,  pp 4 1 -55 .  

5 1  



Saccomanno, F.F. , and X. Lai , A Model for Evaluating Countenneasures at Highway-Railway 

Grade Crossings, Journal of the Transportation Research Record 1 9 1 8, 2005, pp. 1 8-25. 

hankar, V.  N., M annering, F. L., & Barfield, W.  ( 1 996). Statistical Analysis of Accident 

Severity on Rural Freeway . Accident Analysis and Prevention, 28(3), 39 1 - 40 1 .  

Wilson, C. ,  Will is ,  c.,  Hendrikz, 1 . K. ,  and Bellany, N. ,  (2006). Speed enforcement detection 

device for preventing road traffic injuries," The Cochrane Database of Systematic Reviews, 

2006:2 Art. No . . 

52 



Appendix A 

Before and after compa rison of crashes on various roads 
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