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 ABSTRACT 

Road crash reduction depends on the precise identification of High Crash Locations (HCLs) and 

suggesting appropriate solutions and preventative measures. Though not all crashes are owing to defective 

characteristics of the roadway, a concentration of crashes at one location suggests that there may be a failure 

in the highway system. Identification of these HCLs can be achieved by detailed investigation of crash 

records, and further evaluations can then result in improvements that will decrease the number and severity 

of future crashes. The primary goal of this study is to identify HCLs in Duhok City and rank the signalized 

intersections using mathematical methods such as crash frequency method, crash rate method and critical 

crash rate method and identify possible treatments that reduce crashes at signalized intersections using the 

Highway Safety Manual. Distribution of crashes by type indicates that the rear end, angle, and sideswipe 

are common types of crashes that occur at these intersections. The results indicated that of intersections, 

Tax, Benavi 1, Benavi 2, Commerce, and Etite intersections are hazardous locations. The Highway Safety 

Manual (HSM) predictive method allows the design engineer in a road agency to estimate the measurable 

safety impacts of several design proposals and offer explanations for their design decisions. The results 

show that one approach/countermeasure to crash prevention may work effectively; however, a combination 

of approaches and/or countermeasures will have a greater impact. Furthermore, the results showed that 

there is a significant effect on the probable average crash frequency after all treatments applied at 

intersections. 

 

KEYWORDS: Signalized Intersections; High Crash Locations; Predictive Method; Crash 

Modification Factors; Countermeasures 

 

1 INTRODUCTION 

Road Traffic Crashes (RTCs) place a heavy strain on the global economy because of the high rates 

of illness and mortality they cause. According to the World Organization's Global Status on Road Safety 

(2022) statistics, 1.35 million people die on the world's roadways, and millions more suffer injuries that 

need lengthy hospital stays or result in severe disability [1]. This has increased community and economic 

consequences. In addition, road traffic injuries were among the top three causes of death for the younger 

generation aged 15 to 29 years [1]. There are numerous causes of crashes. The Federal Highway 

Administration (FHWA) lists driver, vehicle, roadway and environmental factors as the primary causes of 

crashes [2]. At signalized intersections, there are typically a number of important factors that influence 

crash occurrences, such as traffic characteristics, traffic control measures, geometric design and 

characteristics. Although a crash may be known as driver error, fatal and serious injury crashes frequently 

occur because drivers come across road hazards. Hence, increasing the need for roadway improvements to 

reduce crashes is very important. Road crash reduction depends on the precise identification of High Crash 

Locations (HCLs) and the recommendation of appropriate solutions and preventative measures. By 
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carefully examining crash records, it is possible to identify these HCLs, and further evaluations can lead to 

changes that will lessen the frequency and severity of future crashes [3]. The observed number of crashes 

and crash rate technique are frequently used to recognize and rank sites and suggest suitable 

countermeasures [4]. 

 One of the approaches to improve road safety is to find unsafe places on a road network. Hence, 

it is very essential to determine these dangerous locations in provision for applying protective measures [5]. 

Analytical and reasonable procedure for the safety improvement, including crash prediction methods for 

evaluating the safety of a road segment and intersection design and for assessing the safety benefits of 

proposed or implemented countermeasures are documented in the Highway Safety Manual (HSM). 

Fundamentals to the tasks of screening the road network for locations with a potential for safety 

improvements, predicting the expected crash frequency, selection of countermeasures and evaluation of 

safety improvements are Safety Performance Functions (SPFs) and Crash Modification Factors (CMFs) [4].  

The predictive method has been applied by many researchers in the United States and global since 

the publication of the HSM in 2010. Historical crash data were used to identify hazardous intersections and 

mitigate road safety problems at Lampang Municipality area in Thailand [6]. Improvements were applied 

to a four-legged signalized intersection which had a wide intersection area and insufficient sight distances. 

The authors suggested to apply different countermeasures to improve safety including; designing 

channelization to discourage improper movement and providing driving guidance path for right-turn 

maneuver. The authors found that, the black spot improvement can be an effective engineering approach to 

relieve the safety problems at critical intersections.  

Abuaddous et al. (2022), focused on the identification and ranking of crash black spots in selected 

Jordanian localities. Using crash data of 3 years for 30 segments at 7 intersections in the city of 

Amman/Jordan, and based on several methods such as: crash rates, crash frequency and crash severity index, 

the locations were ranked based on their safety level. The results revealed that recognizing the high black 

spot locations contributes to reduce probable traffic crashes [7]. Crash prediction research was carried out 

in Belagavi City/India [8]. The authors analyzed three years of crash data (2015-2017). The main objective 

was to assess the effect of the various factors for road crashes by collecting crash data, road inventory 

survey, traffic volume and speed data. Severity index method, ranking method and GIS techniques were 

used to identify the high crash locations. The authors identified crash black spot in the nominated study 

section and some counteractive measures were made to reduce future crashes and to improve the highway 

system. It was also found that a greater number of crashes occurred due to rash driving and inattention of 

traffic rules [8]. Treeranurat and Suanmali (2021) aimed to identify black spots and develop a model 

depending on the levels of crash severity. This model improved by using Equivalent Crash Number (ECN) 

and Upper Control Limit (UCL). For this model the authors collected the crash data from five rural roads 

in Thailand during three years. The results showed that most crashes were rear-end type due to exceeded 

speed limits based on the results of black spots recognized in the study [9]. Erdogan et al. (2008) conducted 

a study in Turkey to assess crash distribution in a highway in Afyonkarashiasar city. The authors utilized 

two different ways of kernel density analysis to identify hotspots that reflect problematic locations such as 

intersections [10].  

Instead of using total crash counts at sites, some researchers have recommended using crash 

reduction potential (CRP) to identify black spots [11–14]. These methods depend on the principle that 

“excess” crashes over those anticipated from similar locations can be prohibited by applying suitable 

treatments, and hence the possible reduction is a well process for identifying high crash locations (site has 

larger than expected numbers of crashes). So far, other researchers [15–17], used total crash counts for sites 

with large traffic volumes to identify sites with larger than expected numbers of crashes. Others, 

emphasized on the significance of crash severity and costs [18]. Several studies applied HSM predictive 

method to enhance road safety and to make the greatest results in order to decrease the frequency and 

severity of traffic crashes [19, 20, and 21].  

The main goal of this study is to identify high crash signalized intersections and associated potential 

countermeasures to reduce crashes using HSM predictive method. The particular objectives of this 

investigation include: developing a descriptive study of the crash data for the study area including 22 
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signalized intersections in a period of 2017-2021 to focus only on those crashes that are signalized 

intersection related and to isolate the crashes by type. It should be noted that the approach to only consider 

multi-vehicle crashes (angle, rear-end and sideswipe) was selected based on the initial analysis of the data 

set of all intersection related crashes which revealed that right angle crashes, rear-end and side swipe are 

the primary crash type at signalized intersections. It also covers identification and ranking of high crash 

locations (intersections) for urban road network of Duhok city using mathematical methods such as crash 

frequency method, crash rate method and critical crash rate method and identifying and suggesting potential 

countermeasures to reduce crashes by application of CMF and predictive method of HSM.  

2 METHODOLOGY AND DATA COLLECTION 

To identify high crash locations in Duhok city and to propose associated potential countermeasures 

to reduce crashes mathematical methods and predictive method of HSM were applied. This process requires 

an overview of the types of data required for the identification of intersection safety issues. 

 

2.1 Study Area Description 

A list of 22 signalized intersections in Duhok city was used for achieving the objectives of this study 

as shown in Figure 1. It is important to note that there is no criteria in numbering the intersections shown 

in the figure. Each intersection in the list was visited by field survey to assure the accessibility of relevant 

data and collect the required data. The traffic control at the intersections was signal control. Related data 

that were available for this research cover the study period of 2017-2021. Only high crash intersections 

with the most likelihood for crash reduction were used for further review to evaluate the crash reduction 

benefits of implemented countermeasure.  

 

2.2 Data Collection 

The safety analysis of signalized intersections’ procedure requires the collection of crash data for 

each site. Besides the historic crash information, effective HCLs identification and application of predictive 

methods requires geometric characteristic data, speed limit and traffic volume data. The data collection 

effort for these types of data is clarified in the following sections. 
 

2.2.1 Crash Data 

Crash data were collected for the year 2017 to 2021 from Duhok Traffic Directorate crash 

information database [10]. For assigning crashes to an intersection, crashes that happened within the 

physical limits (intersection functional area) of the intersections along with related crashes located on the 

intersection approach legs within 100 m were involved in the analysis [4]. Crash data were filtered to select 

only angle crashes, rear-end crashes and sideswipe crashes that occurred at each site. Crashes included in 

the dataset were only those that involved multiple vehicles at signalized intersections. After filtering and 

cleaning the crashes for the nominated intersections from crash database, nearly 404 total crashes were 

identified to be included in the analysis.  

 

2.2.2 Traffic Volume Data 

 For the methods in the HSM, the data of traffic volume used are Annual Average Daily Traffic 

(AADT). For each site, traffic volumes were collected for the 5 years, covering the same number of years 

of available crash data. Video recording technique and manual counting of vehicles for the morning peak 

hour was used to calculate the traffic volume data for the intersections of missing information for the year 

of study. It is important to note that the growth factor of 3% was used in estimating traffic volume for the 

years of missing data over the study period [22]. This data of volume was converted to AADT to be used 

in the analysis.  
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This data of volume was converted to AADT by dividing the volume of peak hour by peak hour 

factor and appropriate value of K which ranges from 8% to 12% for urban facilities [4] and indicates the 

proportion of volume going on during the peak hour as shown in the following equations. The average value 

of K=10% was used in this study.  

𝑃𝐻𝐹 =
𝑃𝑒𝑎𝑘 ℎ𝑜𝑢𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 

(4×𝑝𝑒𝑎𝑘 15 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑣𝑜𝑙𝑢𝑚𝑒)
                                                                                (1) 

𝐷𝐻𝑉 =
𝑃𝑒𝑎𝑘 ℎ𝑜𝑢𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 

𝑃𝑒𝑎𝑘 ℎ𝑜𝑢𝑟 𝑓𝑎𝑐𝑡𝑜𝑟
                                                                                              (2) 

𝐴𝐴𝐷𝑇 =
𝐷𝐻𝑉

𝐾
                                                                                                                 (3) 

𝐴𝐴𝐷𝑇 𝑓𝑢𝑡𝑢𝑟𝑒 =  𝐴𝐴𝐷𝑇 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 + (𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑎𝑐𝑡𝑜𝑟 ×  𝐴𝐴𝐷𝑇 𝑐𝑢𝑟𝑟𝑒𝑛𝑡)            (4) 

Where; 

PHF = Peak hour factor  

DHV= Design Hourly Volume (veh/hr)   

AADT: Annual Average Daily Traffic (veh/day) 

K= Proportion of AADT occurring in the peak hour 

AADT future = Annual Average Daily Traffic for future years (veh/day) 

AADT current = Annual Average Daily Traffic for current years (veh/day) 

 
Figure 1. Study area 
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In the predictive model, two values are required for each intersection. These are the AADT of the 

major street and the AADT of the minor street.  

2.2.3 Geometric Characteristics Data 

Intersection geometric data relate to information about the physical features of each site. For 

signalized intersections, data collection was required for each individual approach of the selected 

intersections. The geometric features that have been collected include, number of lanes (left turn, through, 

and right turn), approach width, existence of shared lane, presence of median and type of intersection. Speed 

limits were obtained from reviewing the observed speed limit signs at each signalized intersections 

approaches from field survey. 

 

 

2.3 Identifying High Crash locations 

 The performance measure methods for signalized intersections were used to identify and rank hot 

spots or high crash locations. The mathematical methods that were used for this step include average crash 

frequency, observed crash rate and critical crash rate [4]. Gradual process for applying the performance 

measures in this research study are provided in the following sections according to requirements of HSM.  

 

2.3.1 Average Crash Frequency 

  This method is simple and only is rest on the number of crashes by crash type (angle, rear-end and 

sideswipe) without the effect of exposure (traffic volume). Firstly, crash data from Duhok city crash 

database which covers information on crashes that happened during the 5-year period (2017-2021) of 

interest as provided by Duhok police [22] were filtered to select only angle crashes, rear-end crashes and 

sideswipe crashes that occurred at each site. Consequently, the sites can be ranked in descendent order by 

the number of total crashes. This method can be used to choose a preliminary group of sites with high crash 

frequency for further study. 

 

2.3.2 Crash Rate 

 The crash frequency method is not enough to identify HCL and the effect of traffic volume should 

be considered. Observed crash rate method is based on the effect of exposure (traffic volume) through 

dividing the entire number of crashes for each type (angle, rear end and sideswipe) by traffic volume which 

includes the frequency of vehicles approaching the intersection (all legs), measured as million entering 

vehicles (MEV). The observed crash rate can be calculated based on the following steps:   

 

    𝑇𝐸𝑉 = ∑ 𝐴𝐴𝐷𝑇 𝑜𝑓 𝑎𝑙𝑙 𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ𝑒𝑠                                             (5)                               

 

𝑀𝐸𝑉 =
𝑇𝐸𝑉

1000000
 × 𝑛 × 365                                                               (6) 

 

𝑅𝑖 =
𝑁𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑(𝑏𝑦 𝑐𝑟𝑎𝑠ℎ 𝑡𝑦𝑝𝑒)

𝑀𝐸𝑉
                                                                   (7)    

                                                                                                       

Where:  

TEV = Total entering vehicles per day. 

MEV = Million entering vehicles. 

n= Number of years of crash data. 

Ri = Observed crash rate. 

N= Number of crashes in the study period. 
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2.3.3 Critical crash rate 

To decide which signalized intersection is HCL, the observed crash rate should be compare with 

critical crash rate for each signalized intersection. Intersections that their crash rate exceed critical rate are 

need for more assessment. The critical crash rate is based on the average crash rate at alike sites, traffic 

volume, and a statistical constant that denotes an anticipated confidence level. To calculate weighted 

average crash rate per population for all signalized intersections by crash type all sites were classified to 

groups based on number of legs and similar range of traffic volume.  

 

𝑅𝑎 =
∑ 𝑇𝐸𝑉 ×𝑅𝑖𝑖=1

∑ 𝑇𝐸𝑉𝑖=1
                                                                               (8) 

 𝑅𝑐 = 𝑅𝑎 + [𝑃 ∗ √
𝑅𝑎

𝑀𝐸𝑉
] + [

1

2∗𝑀𝐸𝑉
]                                                   (9)   

Where 

Rc = Critical crash rate for intersection. 

Ra = Weighted average crash rate for reference population. 

P = P-value of 1.645 which matches to a 95% confidence interval. 

Final step is to compare crash rates that are observed with critical crash rates at each site. Any 

signalized intersection having observed crash rate larger than the critical crash rate is considered for further 

evaluation and identifying countermeasures that will reduce crashes.  

 

2.4 Application of the HSM Predictive Method 

 The predictive method delivers the way to estimate the predicted average crash number of an 

individual site (signalized intersection). The estimation is for a specified time period (in years) in which the 

geometric design and traffic control properties are fixed and traffic volumes (AADT) are known or 

anticipated. The predictive models in the HSM include applying regression models, recognized as SPFs, 

combined with CMFs and calibration factors to remodel it to local conditions. The predictive method 

utilizes equations known as Safety Performance Functions (SPFs) to estimate the predicted average crash 

number as a function of traffic volume [4], [23]. The HSM predictive methodology enables the evaluation 

of the safety effects of alternative design suggestions by giving the required SPFs and CMFs for 

intersections on urban arterials. An extensive range of CMFs is offered in the HSM for use in selecting 

countermeasures. The expected number of crashes at a site are first estimated for a set of base conditions 

using the reported base SPFs. Crash modification factors reported in the HSM, are then utilized to adjust 

the base model prediction to consider the effects of conditions unlike the base model conditions. 

 

2.4.1   Predicted Crashes for Base Condition 

The influence of traffic volume on predicted crash number for intersections cover through SPFs, 

however, the impact of geometric and traffic control features is covered via CMFs. Each of the SPFs for 

intersections considers the belongings for the AADTs on the major and minor road legs. The focus of this 

research is for Multiple–vehicle crash type (angle, rear-end and sideswipe). Hence, SPFs for intersections 

multiple-vehicle crashes have to do with as follows; 

 

𝑁𝑠𝑝𝑓 = 𝑒𝑥𝑝 (𝑎 +  𝑏 ×  𝑙𝑛 (𝐴𝐴𝐷𝑇 𝑚𝑎𝑗 )  +  𝑐 ×  𝑙𝑛(𝐴𝐴𝐷𝑇 𝑚𝑖𝑛 ))                  (10) 

Where;  

AADTmaj = average daily traffic volume (vehicles/day) for major road (both directions of travel 

added together) 

AADTmin = average daily traffic volume (vehicles/day) for minor road (both directions of travel 

added together) 

a, b, c = regression coefficients. 
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2.4.2  Predicted Crashes for Site Condition and Crash Modification Factors  

The effects of separate geometric features and traffic control characteristics of intersections are 

denoted in the predictive models by CMFs. HSM presents CMFs applicable to types of intersections, access 

management appearances close to intersections, basics of intersection design, and traffic control and 

operational fundamentals of intersections. CMF1i to CMF6i are applied to multiple-vehicle crashes [4]. 

The general equation of predictive method for an intersection is;  

 

𝑁𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 =  𝑁𝑠𝑝𝑓 × (𝐶𝑀𝐹𝑖1 × 𝐶𝑀𝐹𝑖2 × 𝐶𝑀𝐹𝑖3 × … 𝐶𝑀𝐹𝑖𝑥) ×  𝐶𝑖       (11) 

 

Where; 

Npredicted = predicted average crash frequency of the intersection for the nominated year. 

Nspf = predicted average crash frequency of intersection related crashes for base condition. 

CMFix = Crash Modification Factors related to the site type and specific geometric and traffic control 

characteristics 

Ci = Calibration factor for intersections developed for use for a particular geographical area. It is a 

factor to alter crash frequency estimations formed from a safety prediction process to estimated local 

conditions. 

 

2.4.3  Calculation of Calibration Factor  
HSM includes predictive models which involve SPFs, CMFs and Calibration factors, and have been 

developed for segments of roadways and intersection types. The SPFs are the base of the predictive models 

and were developed in HSM associated research from the greatest comprehensive and reliable existing data 

sets. Therefore, predictive models to deliver results that are expressive and accurate, it is vital that the SPFs 

be calibrated for use in each location. Some HSM users may select to develop SPFs with data from their 

particular jurisdiction for use in the predictive models in place of calibrating the SPFs.  

It is important to note that development of SPFs requires to identifying a group of reference sites 

with approximately similar characteristics to the sites (intersections) that will be considered for treatment 

application. Therefore, for this study, due to unavailability of reference sites to develop SPF regression 

model, the default value of regression coefficients from HSM were used with the use of local AADT values. 

Then, the calibration factor was developed for intersections in Duhok city to adjust crash frequency 

estimations obtained from a safety prediction method to local conditions. Calibration factor (Ci) is the 

relation of the observed crash frequency to the predicted crashes, as presented in the following formula. 

 

𝐶𝑖 =
∑ 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐶𝑟𝑎𝑠ℎ𝑒𝑠𝑎𝑙𝑙 𝑠𝑖𝑡𝑒𝑠

∑ 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑟𝑎𝑠ℎ𝑒𝑠𝑎𝑙𝑙 𝑠𝑖𝑡𝑒𝑠
                                                                                        (12)         

 

2.4.4  Countermeasures for HCL 
CMFs calculate the variation in predicted average crash frequency at a site as a consequence of 

applying a specific treatment. In this study CMFs for some of the treatments that are available in the HSM 

and were used to identify their effects. However, for some others, the CMF is not offered nonetheless a 

trend about the possible change in crashes or human behavior is identified [9]. Treatments that were used 

are categorized into four categories; treatments related to intersection types, treatments related to 

intersection design elements, treatments associated to traffic control and operational elements of 

intersections and treatments associated to access management. After the possible treatments were selected, 

predicted crashes calculated by the following equation;  

 

𝑁𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 =  [𝐶𝑀𝐹 ±  (2 ×  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟)]  ×
𝑁𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑠                              (13) 
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3 RESULTS AND DISCUSSION 

The initial step in the analytical process involved disaggregating the roughly 1387 crashes that 

occurred during the 5-years period (2017-2021) in Duhok city road network (roadway segment and 

intersections) to focus only on those crashes that are signalized intersection related and to isolate the crashes 

by type. It should be noted that the approach to only consider multi-vehicle crashes (angle, rear-end and 

sideswipe) was selected based on the initial analysis of the data set of all intersection related crashes which 

revealed that right angle crashes, rear-end and side swipe are the primary crash type at signalized 

intersections. These crashes were linked to 404 crashes out of 473 total crashes that occurred at 22 

signalized intersections in Duhok city as shown in Figure 2. The distribution of right-angle crashes, rear-

end and side swipe crashes for each individual intersection is provided in section 3.1.  

 

 

 
 

Figure 2. Distribution of crashes by type 

 

 

Distribution of crash frequency by type given in Figure 2 indicates that the rear end, angle, and side 

swipe are common type of crashes in which rear-end crashes account for 36.8%, angle crashes represent 

36.4% and side swipe crashes constitute 12% of total crashes. This is because the driver's decision has a 

significant influence on the probability of rear-end and angle crashes at signalized intersections. Generally, 

right angle crashes happen when drivers are unable to safely clear the intersection before the conflicting 

movements get the green indication. Moreover, improper signal timing, excessive speed, and slippery 

pavement could all play a role in angle crashes at signalized intersections When drivers suddenly stop, they 

cause a rear-end crash. Inappropriate approach speeds, inadequate signal visibility, unanticipated lane 

changes on approach, narrow lanes, excessive speed, and slippery surface may also be contributing factors 

in rear-end crashes. 

 

3.1  Identification of High Crash Signalized Intersections-Mathematical Methods 

 

Identification of dangerous sites is based on the analysis of traffic crashes, their consequences, and 

road and traffic characteristic. Mathematical methods were used to rank all 22 signalized intersections. It is 

important to note that the information regarding the cost for crash severity or type are not available, 
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therefore only the before mentioned procedures were used for ranking of the intersections. Ranking of the 

22 sample intersections by angle crash frequency method and rear-end and side swipe crash frequency 

method in terms of number and percentages is presented in Table 1. The results show that Tax intersection 

has the highest rank according to angle crashes, while both Commerce and Etite intersections have the 

highest rank according to rear-end and side swipe crashes. 

 

Table 1: Intersections ranking with OBSERVED crash frequency method 

 

Ranking of the 22 sample intersections angle crash rate method and rear-end and side swipe crash 

rate method is shown in Table 2 and Table 3 respectively. The tables summarize TEV (the total entering 

volume is a totality of the major and minor street AADT) and MEV (million vehicle entering each 

intersection). TEV is converted to MEV and crash rate for each intersection is found (refer to section 2.3.2). 

Ranking of the intersections depending on their angle crash rates indicates that the Benavi 2 intersection 

has the highest rank, the second rank is related to Etite intersection and the third rank is related to Tax 

intersection. For rear-end and side swipe crashes, Masik2 has the highest rank followed by Commerce 

intersection and the third rank is related to Etite intersection. The results confirm the importance of 

considering exposure (traffic volume).  

Ranking of the all 22 intersections by critical crash rate method for angle crashes and rear-end and 

side swipe crashes is summarized in Table 4. The critical crash rate for each intersection is compared to the 

crash rate that is observed to decide if more evaluation of intersection is necessary. Each intersection with 

an observed crash rate larger than the comparable critical crash rate is considered for additional review. 

The high crash intersections are highlighted in grey color. The intersections considered for further review 

by angle critical crash rate are Binavi1, Binavi 2 and Etite intersections. According to rear-end and side 

swipe critical crash rate method, Binavi 1, Commerce, and Tax are high crash locations.  
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Table 2: Intersections rankings with crash rate method of observed angle crashes 

 

Table 3: Intersections rankings with crash rate method of observed rear-end and side swipe crashes 
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Table 4: Intersections ranking with critical crash rate method of angle and rear-end and side swipe crashes 

 
 

3.2 Application of HSM Predictive Method 
 
The overall formula of the predictive method (refer to (11)) and steps identified in section 2.4, were applied to estimate 

the predicted average crash number of a specific intersection. Signalized intersections having observed crash rate greater than 

the critical crash rate are considered for further review and identifying countermeasures that will reduce crashes. These 

intersections are: Etite, Binavi 1, Binavi 2, Commerce and Tax.   Detailed explanation of the steps as applied for these 

intersections and the results of calculations are given.    

For these intersections, SPF values for multiple-vehicle crashes is calculated and then multiplied by the appropriate 

CMFs to adjust base conditions to site exact geometric characteristics and traffic control features and afterward, the result 

obtained were multiplied by the proper calibration factor. The value for each individual CMF has been found, all of the CMFs 

are multiplied together which indicates the combined CMF value. Calibration factor for the 22 signalized intersections were 

computed as shown in Table 5. Calculations were conducted for each intersection separately as shown in Table 5. The 

summation of the observed crash frequencies is divided by the summation of the predicted average crash frequencies to find 

the calibration factor, Ci, equal to 1.10.  

 

 

 

 



 

 

124 

Table 5: computation of calibration factor 

 

• CMF1: Intersection Left-Turn Lanes, CMF2: Intersection Left-Turn Signal Phasing, CMF3, 

Intersection Right-Turn Lanes 

CMF4: Right Turn on Red, CMF5: Lighting, CMF6: Red Light Cameras 

• Not all the treatments have available CMFs, however, a trend about the possible change in 

crashes or user performance is identified (Refer to Table 8) 

 

SPF values for multiple-vehicle crashes is calculated from (11) and Table 6. Summary of crash 

modification factors and predicted average crash frequency for all high crash intersections are also shown 

in Table 6. 

 

 

 

 

 

 



 

 

125 

Table 6: summary of crash modification factors and predicted average crash frequency for high crash inter-

sections 

 

CMFs that were used to estimate the possible modification in expected crash frequency or crash plus 

or minus a standard error as a result of implementing a specific treatment at each intersection and the 

expected average crash frequency after application of different treatments are given in Table 7 and the 

summary of possible treatments for high crash signalized intersections and percent of reduction in crashes 

is shown in Table 8. The table shows that not all the treatments have available CMFs, however, a trend 

about the possible change in crashes or human performance is identified. Furthermore, it can be noticed 

that there is a significant effect on the expected average crash frequency after all treatments executed at 

intersections. 
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Table 7:  predicted average crash frequency with treatment-high crash intersections 

 

Table 8: summary of possible treatments for high crash signalized intersections in duhok city and % of re-

duction in crashes 
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4 CONCLUSION 

Due to the common occurrence of angle, rear-end and side swipe crashes in Duhok city, and the 

dangerous consequences associated with them, a study was undertaken into the nature of, and possible 

countermeasures that might reduce these crashes. The approach used in this study involved filtering crash 

data using traffic directorate crash database and field survey to ensure required data such as geometric 

characteristics to check the possibility of applying different countermeasures and traffic volume are 

collected for descriptive study, different mathematical methods for identifying high crash locations and 

application of HSM predictive method to identify possible countermeasures. The HCLs improvement can 

be an effective engineering approach to alleviate the safety problems at critical locations. Distribution of 

crashes by type indicates that the rear end, angle, and side swipe are common type of crashes in which rear-

end crashes account for 36.8%, angle crashes represent 36.4% and side swipe crashes constitute 12% of 

total crashes. 

Identification methodology of high crash locations is necessary to determine the sites causing the 

occurrence of the higher risk on the roads. Using the mathematical methods, the results indicated that 

Ranking of the intersections by crash frequency method showed that Tax intersection has the highest rank 

according to angle crashes, while both Commerce and Etite intersections have the highest rank according 

to rear-end and side swipe crashes. Ranking of the intersections depending on their angle crash rates 

indicates that the Benavi 2 intersection has the highest rank, the second rank is related to Etite intersection 

and the third rank is related to Tax intersection. For rear-end and side swipe crashes, Masik2 has the highest 

rank followed by Commerce intersection and the third rank is related to Etite intersection. The intersections 

considered for further review by angle critical crash rate are Binavi1, Binavi 2 and Etite intersections. 

According to rear-end and side swipe critical crash rate method, Binavi 1, Commerce, and Tax are high 

crash locations. 

There are a number of countermeasures to reduce multi-vehicle crashes involving treatments related 

to intersection types, treatments related to intersection design elements, treatments related to intersection 

traffic control and operational fundamentals and treatments related to access management. The results 

indicated that one approach/countermeasure to crash prevention may work effectively, however, a 

combination of approaches and/or countermeasures will give greater impact. Generally, converting at grade 

intersection to grade separated interchange will reduce traffic congestion, reduce vehicle conflicts and 

would provide major reductions in angle and rear end collisions. Converting signalized intersection to a 

modern roundabout will decrease traffic speed. The reduction in speed and conflict points contributes to 

the crash reductions when comparing to signalized intersections. Rumble strips on intersection approaches 

can been used in the course of traffic calming or speed management plans, in intersections. Installing red-

light cameras at intersections will record the occurrence of red-light violations and thereby reduces the red-

light runner that will reduce right-angle crashes. Modify yellow and all-red interval that may reduce right 

angle and rear end crashes which are related to change interval lengths that are possibly too short. Providing 

advance static warning signs and beacons and advance overhead guide signs will reduce crashes attributed 

to drivers’ inattention as being unaware of the presence of the intersection. Closing or relocating access 

points in intersection functional area will reduce crash frequencies related to driveways adjacent to the 

intersection. Improving visibility of the intersection by improving lighting will reduce night time crashes 

when drivers are unaware of the presence of the intersections. 

One of the important extensions to this research is investigating the possible effect of improvement 

of pavement condition parameters and intersection geometric characteristics. Driver-based 

countermeasures are required and comprise educational programs, guiding enforcement, and graduated 

driver licensing to improve intersection safety and reduce crash risk. Including severity levels, such as 

fatality or serious injury to identify HCLs using the cost of crashes. 

 



 

 

128 

5 ACKNOWLEDGEMENTS 

The author expresses her appreciations to the Duhok Traffic Directorate for delivering all data and 

related information for this study.  

 

REFERENCES 

 

1. The world organization global status on road safety statistics, 2022. 

https://www.afro.who.int/publications/global-status-report-road-safety-time-action 

2. K. Rumar, “The role of perceptual and cognitive filters in observed behavior”. Human behavior 

and traffic safety, 151-70. 1985.  

3. G. Yannis, C. Antoniou, E. Papadimitriou, and D. Katsochis, “When may road fatalities start to 

decrease?” Journal of Safety Research, 42(1), pp.17-25. 2011. 

4. AASHTO. "Highway Safety Manual, American Association of State Highway and Transportation 

Officials." (2010): 1500  

5. N. Manap, M. N. Borhan, M.R.M Yazid, M.K.A. Hambali, and A. Rohan, “Identification of 

Hotspot Segments with a Risk of Heavy-Vehicle Accidents Based on Spatial Analysis at 

Controlled-Access Highway”. Sustainability. 13, no. 3: 1487, 2021.  

6. T. Hunsanon, N. Kronprasert, A. Upayotin, and A. Tepkaew, “Safety Improvements of Black Spot 

Intersections in Lampang Municipality”. ATRANS Symposium: Young Researcher’s Forum. 

2015.  

7. M. Abuaddous, A. Al-Hares, A.F. Albtoush, and J.F.A.A. Al-Btoosh, “Identification and Ranking 

of Accident Black Spots in Jordan”. Civil Engineering and Architecture, 10(4):1661-74. 2022. 

8. P. Bhover, R. J. V, and N. Kudachimath, “Identification and Analysis of Black Spots Along the 

Selected Road Stretches of Belagavi City”. International Research Journal of Engineering and 

Technology (IRJET). 2019. 

9. W. Treeranurat, and S. Suanmali, “Determination of black spots by using accident equivalent 

number and upper control limit on rural roads of Thailand”. Engineering Management in 

Production and Services, 13(4). 2021. 

10. S. Erdogan, I. Yilmaz, and T. Baybura, “Geographical information systems aided traffic accident 

analysis system case study: city of Afyonkarahisar”. Accident Analysis & Prevention, 40 (1), pp. 

174-181. 2008. 

11. A. S. Hakkert, and D. Mahalel, “Estimating the Number of Accidents at Intersections from a 

Known Traffic Flow on the Approaches”. Accident Analysis and Prevention, Vol. 10, No. 1, pp. 

69–79. 1978. 

12. D.R.D. McGuigan, “The Use of Relationships Between Road Accidents and Traffic Flow in 

“Black-Spot” Identification”. Traffic Engineering and Control, pp. 448–453 Aug.–Sept. 1981. 

13. D.R.D. McGuigan, “Non junction Accident Rates and their Use in “Black-Spot” Identification”. 

Traffic Engineering and Control, pp. 45–56. Feb. 1982.  

14. B. N. Persaud, C. Lyon, and T. Nguyen. “Empirical Bayes Procedure for Ranking Sites for Safety 

Investigation by Potential for Safety Improvement”. In Transportation Research Record: Journal of 

the Transportation Research Board, No. 1665, TRB, National Research Council, Washington, D.C., 

pp. 7–12. 1999.  



 

 

129 

15. B. G. Heydecker, and J. Wu. “Using the Information in Road Accident Records”. Planning and 

Transport Research and Computation, Vol. 35, pp. 241–255, 1991.  

16. J. Kononov, and B. N. Jason. “Diagnostic Methodology for the Detection of Safety Problems at 

Intersections”. In Transportation Research Cheng and Washington 85 Record: Journal of the 

Transportation Research Board, No. 1784, Transportation Research Board of the National 

Academies, Washington, D.C., pp. 51–56. 2002.  

17. D. Kim, S. Washington, and J. Oh. “Modeling Crash Outcomes: New Insights into the Effects of 

Covariates on Crashes at Rural Intersections”. Journal of Transportation Engineering, Vol. 132, 

No. 4, pp. 505–513. 2004.  

18. J. L. Taylor, and H. T. Thompson. “Identification of Hazardous Locations”. FHWA-RD-77-81. 

FHWA, U.S. Department of Transportation. 1997. 

19. E.S. Bachiller, and M.S. Máster, “Application of the HSM predictive method at four-leg signalized 

intersections. Case study: Lima, Peru”. 19th LACCEI International Multi-Conference for 

Engineering, Education, and Technology. July 19 - 23, 2021.  

20. M. Bonera, and G. Maternini, “Methodology for the application of predictive method for road 

safety analysis in urban areas. The case study of Brescia”. Transportation research procedia, 45, 

pp.659-667. 2020. 

21. F. La Torre, M. Meocci, L. Domenichini, V. Branzi, and A. Paliotto, “Development of an accident 

prediction model for Italian freeways”. Accident Analysis & Prevention, 124, pp.1-11. 2019.  

22. Duhok Traffic Directorate, Crash Data base (Accessed 2022). https://dtp.moi.gov.krd/ 

23. D.J. Torbic, D.J. Cook, K.M. Bauer, J.R. Grotheer, D.W. Harwood, I.B. Potts, and J. Taylor, 

“Intersection Crash Prediction Methods” for the Highway Safety Manual (No. NCHRP Project 17-

68). 2021. 


