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Abstract 
Traffic safety studies based on crashes data are used to enhance safety by specifying 

appropriate countermeasures. Rather to wait for crash events, that involve losses in human and 

properties, this paper demonstrates a sustainable strategy to evaluate and upgrade safety at traffic 

system as well.  

The paper demonstrates analysis of traffic conflict "near-crash" data at specified sites in the 

traffic system. A case study of traffic conflict is performed at selected sites of three legs 

signalized intersections in Baghdad City. Regression analysis is used to develop model relating 

observed hourly traffic conflict and average stopped delay. Based on HCM output, a 

countermeasure is evaluated due to before and after study of average stopped delay and 

accordingly the involved conflicts based on the developed statistical model. 

A developed statistical model indicates that 92.5 % of variation in hourly traffic conflict can 

be described significantly by average stopped delay. In consequence, more than 35 % of 

potential conflicts can be reduced due to countermeasures and the highest reduction (62.6 %) is 

due to increase of lane width. This strategy maximizes the usefulness of conflict study as a 

sustainable aid to predict the effectiveness of any proposed countermeasure, thereby upgrades 

safety at any traffic system.  
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 الخلاصة
ذسرخذو دراساخ انسلايح انًرورَح انًعرًذج عهً تُاَاخ الاصطذاياخ فٍ ذحسٍُ انسلايح تًعانجاخ يرورَح يُاسثح. تذلا 

لاصطذاياخ انرٍ ذكرُف خسائر فٍ الارواح وانًًرهكاخ َقذو انثحس اسرراذُجُح يسرذايح نرقُُى ورفع يٍ اَرظار حىادز ا

 يسرىي انسلايح نًُظىيح انًرور.

َسرعرض انثحس ذحهُم نثُاَاخ انرعارضاخ انًرورَح فٍ يىاقع يعُُح يٍ يُظىيح انًرور. ذى اَجاز دراسح حانح 

ذقاطعاخ شلاشُح يسُطر عهُها تاشاراخ ضىئُح فٍ يذَُح تغذاد. اسرخذو ذحهُم نهرعارضاخ انًرورَح نًىاقع يخرارج يٍ 

الاَحذار لاسرحذاز ًَىرج رَاضٍ َرتط انرعارضاخ انًرورَح ويعذل وقد انرأخُر. اعرًادا عهً يخرجاخ دنُم انسعح 

رضاخ انًرورَح انًرىقعح نهطرق ذى ذقُُى يعانجاخ وحسة يعذل وقد انرأخُر نًا قثم وتعذ انذراسح ًَكٍ احرساب انرعا

 وحسة انًُىرج انًسرحذز.

% يٍ انرعارضاخ انًرورَح انساعُح ًَكٍ ذىصُفها تذلانح يعذل  52.9انًُىرج الاحصائٍ انًسرحذز َثٍُ اٌ يا َسثره 

ٌ أعهً % يٍ انرعارضاخ انًرورَح انًحرًهح ًَكٍ ذقهُهها تاسرخذاو يعانجاخ وا59وقد انرأخُر. تانُرُجح فاٌ يا َسَذ عهً 

% َُرج عٍ زَادج عرض انًسرب. ذعظى الاسرراذُجُح انًقررحح يٍ فائذج  62.6ذقهُم فٍ انرعارضاخ تًا َقرب يٍ 

 انرعارضاخ انًرورَح كأداج يسرذايح نهرُثأ تكفاءج أٌ يعانجح وتانرانٍ ذسَذ يسرىي انسلايح فٍ أٌ يُظىيح يرورَح.

 

1.Introduction 
Crashes (traffic accidents) frequency is considered as a principal measure of safety. A 

drawback of observing crashes is waiting for crashes to occur and hence, this involves long time of 

costly losses in human and properties. This paper introduces conflict (near-to-crashes) as an 

alternative aid to maintain sustainability at transport system.  

Highway Safety Manual (HSM 2010) introduced Crash Modification Factors (CMFs) to "

represent the relative change in crash frequency due to a change in one specific condition (when all 

other conditions and site characteristics remain constant” [1].  Crash frequency is reduced through 
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achieving any proposed countermeasure. A drawback of studying safety condition at any site and 

estimating reduction efficiency of any countermeasure is that, crashes involve; rare occurrence, 

under-reporting, unreliability, and difficult observation.  

The paper aims at proposing a new strategy of safety study using conflict technique as an 

indirect measure aid to evaluate safety condition and the appropriate countermeasure before its 

implementation. The paper shows the usefulness of conflict as a sustainable aid rather than to wait 

for observing crashes that involve unreasonable; costs, social losses, negative environmental 

impact.  
 

2. Conflicts and Sustainability 
According to 2002 data compiled by the National Highway Traffic Safety Administration in the 

USA, 21 percent of crashes and 24 percent of all fatalities and injuries occurred at signalized 

intersections [2]. This is because, signalized intersections involve traffic movements most 

frequently conflict with one another. Hence, improving road traffic safety at such sites is highly 

appreciated to save human and properties. 

Parker and Zegeer (1988) [3] define traffic conflict technique as" an event involving two or 

more road user which the action of one user causes the other user to make an evasive maneuver to 

avoid collision. Further, conflict can be considered as an indirect measure of traffic safety [1]. The 

technique itself is grounded in the ability to register the occurrence of near–crashes directly in real 

time [4]. Glauz et al (1985) [5] reported that conflict data is not used to predict crash rates, but 

rather as a surrogate measure of safety when crash data is insufficient.  

Gledec 1996 [6] recommended applying the traffic conflict technique because it has a good 

correlation with the crashes and that these techniques are (mainly) evaluated in a satisfying way as a 

procedure used for establishing the risk in road traffic. Also, Ewadh, H. and Neham 2011 [7] 

concluded that evaluation of traffic safety at four leg-signalized intersections can be achieved 

efficiently using traffic conflict technique.   

The conception of sustainability has a strong relation with economic, environmental, social, 

and energy goals, all of which have interchange effect on transportation system [8]. Beella et. al 

considered the traffic safety for people driving the object and the people surrounding it, as the first 

sustainable transport indicator on the list as follows [9]:  

1. Traffic safety of road users. 

2. Energy use. 

3. CO2 emissions. 

4. Environmental effects (materials, production, waste). 

5. Comfort / Affordability. 

6. Emissions of toxic and harmful substances, air pollution. 

7. Land use (for example by parking it) 

8. Disruption and fragmentation of natural areas. 

9. Noise pollution. 

Cars are found not to be sustainable because they involve that result in significant losses in 

human, properties, and other negative environmental and social consequences. However, there are 

no comfortable, reliable, affordable, sustainable replacements for cars. Traffic safety studies based 

on crashes data are used to enhance safety by specifying appropriate countermeasures. But, it is not 

reasonable to use costly aid that involves losses in human and properties as an aid to enhance safety. 

Rather to wait for crash events , “direct observing of a site to examine conflicts “near-crashes” is 

used as an indirect measure of potential crash problems at a site”  [1]. Hence, conflict study can be 

considered as a sustainable aid that may result in enhancement for the degree of sustainability at the 

transport system.   
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3. Strategy and Data collection 
The Proposed Strategy involves the following aspects: 

 Study Area Selected. 

 Site Selection. 

 Traffic analysis operation by HCS software. 

 Modeling of relation between observed hourly traffic conflict and average stopped delay (output 

of HCS) 

 Based on HCS output, a countermeasure is evaluated due to before and after study of average 

stopped delay and accordingly the involved conflicts based on the developed statistical model. 

Three legs signalized intersections in Baghdad city in 2003 are selected for analysis according to 

the guidelines recommended by FHWA [3]
]
, where the specific intersections has no pedestrian 

facilities, no appreciable grades and had entering traffic volume more than 1000 vehicle per day. 

Three signalized 3-legs intersections are selected to conduct the study; Abu-Talib, Ras Al-Hawash, 

and Al-Emam Al-Adham intersections.  

According to the definition of FHWA the data are collect by using a Sony video digital camera, 

700x/ zoom, high quality USB streaming. A four weekday (4 hour minimum at each day), traffic 

conflict study was conducted at each of the selected intersections. Data was collected between the 

hours of 7:00 A.M. and 6:00 P.M. The data collection procedure included a 10 minute set – up 

period before the start of the conflict study followed by data collection for 20 minutes, and then 

changes the place of set–up of the video camera. Video tapes are played back in the laboratory to 

process and extract conflict data and for supplementary observations of traffic volume, geometric 

design, and cycle time. Traffic conflicts are generally categorized by type of maneuver. Four types 

of conflicts are observed at 3– legs signalized intersections: 

 Slow vehicle. 

 Lane change 

 Right turn same direction  

 Left turn same direction 
 

4. Traffic Operation and Conflict Analysis 
Average stopped delay at each approach is a measure used to represent the traffic operation at 

the study intersections. Before analysis is performed on all study intersections using; existing traffic 

control, lane configuration, and traffic volumes as input. Software of HCM 2000 is used to 

determine the average stopped delay for all approaches in the study intersections. On the other 

hand, traffic conflicts at each approach are obtained due to different types of conflict. It is intended 

to conduct the study for the total traffic conflict rather than for each type of conflict. However, the 

extension of the concept and methodology presented in this study may be easily extendable to each 

type of conflicts and other types of intersections and traffic control as well. The relation between 

the average stopped delay at each approach due to the output of HCS and the involved hourly traffic 

conflicts is detected through a linear regression analysis. Figure (1) shows that   a linear relation 

explains increasing variation (92.5 %) of hourly traffic conflict in relation with average stopped 

delay according to the following statistical model: 
 

C = 1.605 * D - 67.57 …………………….. (1)         
 

Where: 

C = hourly traffic conflict at approach 

D = Average stopped delay at approach 61 ≤ D ≤96 

Parameters of the statistical model are summarized as follows: 

 

 

 

 

F sig. Stand. 

 Error 

P-value 

 Intercept 

P-value  

Delay (D) 

R
2
 

3.46E-05 6.24026 0.001734 3.46E-05 0.925 
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Figure (1) Linear Relationship between Hourly Traffic Conflict & Average Stopped Delay 
 

5. Selection of Proposed Countermeasures 
Five countermeasures are selected to demonstrate the procedure of predicting any proposed one: 

 Optimization of cycle length from 80 sec to 110. 

 Use of a Permitted Left Turn Treatment. 

 Use of a Protected Left Turn Treatment. 

 Increase lane width (existing lane width is ranged between 2.8m to 3.6m and  increased to 

3.65m) 

 Increase number of lane (existing number of lane is three and proposed increase to four) 

     However, this selection should not preclude the possibility of addressing the traffic safety issues 

at the studied intersections by mean of other countermeasures of traffic operations and geometric 

design. 
 

6. Prediction of Countermeasure Effectiveness  
Traffic operation analysis is conducted for the condition of the proposed countermeasures. HCS 

outputs are reduced and summarized for the average stopped delay each approach. Table (1) shows 

that average stopped delay is decreased due to the entire proposed countermeasure. Furthermore, 

LOS is enhanced from F to E in many approaches and the most effective countermeasures are cycle 

time optimization, and increase in number of lanes.  

Based on the developed statistical model in equation (1), the potential conflict (after a proposed 

countermeasure) is predicted at each approach as shown in Table (2). Percentages of reduction in 

conflicts (C.R.) can be determined by the following equation: 
 

C.R. = (Cbefore-Cafter) / Cbefore    …………..(2)  
 

Figure (2) shows that more than 35 % of potential conflicts can be reduced due to 

countermeasures and the highest reduction (62.6 %) is due to increase of lane width. Furthermore, 

the proposed countermeasures strategy shows that:  

 Optimization of cycle length from 80 sec to 110 sec reduces average stopped delay 73.21 % 

while it reduces hourly traffic conflict 42.27 %. 

 Use of a Permitted Left Turn   countermeasure reduces average stopped delay 71.23 % while it 

reduces hourly traffic conflict 39.62 %. 

 Use of a Protected Left Turn countermeasure reduces average stopped delay 79.26 %     while it 

reduces hourly traffic conflict 53.39 %. 

 Increase lane width countermeasure reduces average stopped delay 82.37 % while it reduces 

hourly traffic conflict 62.64 %. 

 Increase number of lane countermeasure reduces average stopped delay 69.40 % while it reduces 

hourly traffic conflict 35.85 %. 

 

y = 1.6053x - 67.571
R² = 0.925
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Table (1) Summary of HCS Output for Average Stopped Delay Due to the Proposed 

Countermeasures 
 

Int. 

Name 
App. 
No. 

Delay (sec / stopped veh.) / (L.O.S) 
Type of  Countermeasure* 

before (1) (2) (3) (4) (5) 

A
b

u
-T

al
ib

 1 61(F) 
55 

(E) 
48 
(E) 

58 
(E) 

47 
(E) 

50 
(E) 

2 12(F) 
57 

(E) 
50 
(E) 

64 
(F) 

75 
(F) 

54 
(E) 

3 56(F) 
58 

(E) 
72 
(F) 

66 
(F) 

80 
(F) 

57 
(E) 

R
as

 A
l-

H
aw

as
h
 

 

4 66(F) 
46 

(E) 
47 
(E) 

62 
(F) 

54 
(E) 

48 
(E) 

5 19(F) 
60 

(E) 
60 
(E) 

65 
(F) 

72 
(F) 

58 
(E) 

6 11(F) 
53 

(E) 
52 
(E) 

56 
(E) 

76 
(F) 

50 
(E) 

A
l-

E
m

am
 A

l-

A
d
h
m

 

 

7 55(F) 
84 

(F) 
77 
(F) 

82 
(F) 

67 
(F) 

76 
(F) 

8 17(F) 
56 

(E) 
53 
(E) 

57 
(E) 

58 
(E) 

52 
(E) 

9 61(F) 
50 

(E) 
46 
(E) 

52 
(E) 

55 
(E) 

47 
(E) 

 
 

 
 
 
 

 
Table (2) Predicted Traffic Conflicts Based on the Developed Statistical Model Due to the Proposed 

Countermeasures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Int. 

Name 
App. 

No. 

Traffic Conflicts /hr 
Type of  Countermeasure* 

before (1) (2) (3) (4) (5) 

A
b
u

-

T
al

ib
 1 34 19 12 26 11 13 

2 91 25 13 33 57 17 

3 15 26 47 37 60 25 

R
as

 A
l-

H
aw

as
h
 

 

4 34 8 11 30 17 12 

5 64 28 28 35 47 26 

6 11 17 16 20 57 13 

A
l-

E
m

am
 

A
l-

A
d

h
m

 

 

7 11 68 58 61 38 57 

8 11 20 17 25 26 16 

9 16 13 8 16 19 11 

   1- optimization of cycle length from 80 sec to 110 sec 

   2- use of a permitted left turn treatment. 

   3- use of a protected left turn treatment. 

   4- increase lane width. 

   5- increase number of lanes.   

   1- optimization of cycle length from 80 sec to 110 sec 

   2- use of a permitted left turn treatment. 

   3- use of a protected left turn treatment. 

   4- increase lane width. 

   5- increase number of lanes.   
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Figure (2) Reduction in Hourly Traffic Conflicts & Average Stopped Delay Due to  Proposed 

Countermeasures 
 

7. Conclusions 
 This paper maximizes the usefulness of conflicts as a sustainable aid to predict the effectiveness 

of any proposed countermeasure before its implementation, rather than to wait for observing 

crashes that involve unreasonable costs. 

 A developed statistical model indicates that 92.5 % of variation in hourly traffic conflict can be 

predicted significantly by average stopped delay.  

 A countermeasure can be evaluated due to before and after average stopped delay based on HCS 

output and accordingly the involved conflicts based on the developed statistical model. 

 A percentage of reduction; more than 69 % in average stopped delay is achieved due to each 

proposed countermeasure. Furthermore, LOS is enhanced from F to E in many approaches and 

the most effective countermeasures are; cycle time optimization and increase in number of lanes. 

 The results show that, more than 35 % of potential conflicts can be reduced due to each 

countermeasure of; signal optimization, use of permitted or protected left-turn, increase of 

number or width of lanes. The highest reduction (62.6 %) is introduced due to increase of lane 

width because the existing lane width is out of the standard and result in unsafe movements of 

road users.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   1- optimization of cycle length from 80 sec to 110 sec 

   2- use of a permitted left turn treatment. 

   3- use of a protected left turn treatment. 

   4- increase lane width. 

   5- increase number of lanes.   
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