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			Abstract

			Major urban arterial streets in large cities are experienced a serious traffic accident problem. This study attempts to investigate the possible effect of traffic volumes and arterial geometry on traffic accidents, where arterials in Amman city were selected as a case study. Based on a set of predefined criteria, eight major urban arterial segments were selected. The number of traffic accidents and traffic volumes were obtained from the Public Security Directorate and Greater Amman Municipality, respectively, for the period from 2015 to 2017. Other geometric and operational data were obtained through field survey. The total sample sizes for daily and hourly accidents consisted of 1407 and 33768 observations, respectively. Negative Binomial regression model was used to investigate the impact of urban arterial traffic volumes and geometric design variables such as, segment length, number of horizontal curves, lane width, median width and land use on hourly and daily traffic accidents. Two models were developed to predict hourly and daily traffic accidents using Negative Binomial regression. The results indicated that traffic accidents increase with the increase in traffic volume and arterial segment length. On the other hand, the results revealed that an increase in lane and median widths would reduce the expected number of accidents. Compared with residential areas, the results showed that arterials straddle commercial areas had higher number of accidents.
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			Introduction

			During the past years, there has been a fast increase in demand for transport, which led to growth in traffic volume and aggravation of some problems in society like a substantial increase traffic accidents and air pollution. Traffic accidents constitute a serious problem facing all countries in the world due to its direct and significant effects on human losses and limited economy resources. In 2015, the World Health Organization (WHO) reported that 1.2 million deaths and 20-50 million injuries were caused by traffic accidents in the world [1]. In Jordan, the Jordanian Traffic Institute indicated that the number of registered traffic accidents for the year 2017 was 150226, which resulted in 685 deaths and 16246 injuries, in addition to 308 JOD million (435 million US$) as the financial cost of these accidents. Thus, road traffic accidents (RTA) are a major health and safety problem in Jordan. Reducing RTA has always been one of the most important tasks for traffic engineers in Jordan. However, more than 60% of these accidents have occurred in urban areas, specifically along major arterials. As such, it is instructive to study traffic accidents along major urban arterials in urban areas, which are subjected to high traffic volumes. Identifying the impacts of traffic volumes and geometric characteristics on accident occurrences would 

help traffic engineers and urban planners to reduce accident and provide a safe environment. Thus, the objective of this study was to investigate the effect of traffic volumes and geometric design variables on traffic accidents along major urban arterials. The scope of this study is limited to major arterial in Amman city, the capital of Jordan. Traffic volumes and accident data during the summer period in 2015 through 2017 were investigated in the study.

			Literature Review

			Several studies have focused on accidents along urban arterials to reduce the problem of traffic accidents and develop measures to curb this problem. For example, one study investigated traffic accident frequency along arterials in Washington State [2]. The study concluded that accident frequency increases with the increase in the average annual daily traffic volumes (ADT) per lane. Also, other study investigated traffic accidents along central arterial in Central Florid [3]. The result of analysis revealed that an increase in average daily traffic per lane increases the likelihood of accident frequency. In Canada, a study was carried out to examine the effect of many traffic and geometric variables on the safety of urban arterials in the Greater Vancouver Regional District, British Columbia [4]. The results showed variables that had a significant impact on the occurrence of accidents were the traffic volume, length of the segment, un-signalized intersection density, driveway density, pedestrian crosswalk density, number of traffic lanes, type of median, and nature of land use. However, most of studies have demonstrated that AADT is the most important variable of the various arterial’s characteristics in terms of effects on road accidents [5].

			Other studies have focused on specific types of accidents to explore possible measures to reduce the related accidents. For example, studies investigated the impact of traffic, geometric, and environmental / land use variables that contribute to increasing the frequency of pedestrian accidents on urban arterial midblock in Irbid city, Jordan [6]. The results indicated that urban arterial segment length, peak-hour volume, on-street parking, and percentage of space frontage had significant effects on the number of arterial accidents. On the other hand, previous studies highlighted methodological issues in traffic accident analysis. Previous studies have used a variety of models such as Poisson regression [7], Negative binomial regression [6,8], and regression analysis [5,9]. Moreover, studies indicated that, with most crash data being in the form of non-negative integers, Poisson regression is mostly a starting point for any regression model [10,11]. Poisson regression modeling is a technique that overcomes the ordinary least square requirement for constant variance and normal distribution. However, Poisson regression models restrict the mean to be equal to the variance, which may result in biased and inconsistent coefficient estimates in the presence of over-dispersed data. The negative binomial (NB) regression model, which is an extension of the Poisson regression model, is able to overcome the deficiency of possible over-dispersion in the data. An over-dispersion parameter is introduced in the NB model to account for dispersion in the data.

			Methodology and Data Collection

			For the purpose of this study, eight 6-lane divided major urban arterial segments were selected. Segments were selected based on a set of predefined criteria. These criteria included; first, the selected segment should be located between two signalized intersections equipped with video camera that recorded traffic movements in a continuous basis. This criterion was adopted to obtain accurate volumes. Second, the segment should not be subjected to any physical improvements during the investigated period 2015 through 2017. Third, the segment and surrounding area should be mature. The last criterion was important to avoid any impact of work zone or change in land use on accident occurrences. Finally, traffic volumes and accidents were investigated in summer seasons to ensure high variability in traffic and avoid possible impact of weather conditions.

			Based on the previous criteria, traffic volumes and accidents were obtained for each segment for two months in each summer of 2015 through 2017. To avoid the effect of intersection related accidents, each segment is started or end at 50 m from each signalized intersection. Traffic accidents on hourly and daily basis for the selected segments were obtained from the Public Security Directorate (PSD), Central Traffic Department (CTD), and Jordan Traffic Institute (JTI) based on Global Position System (GPS). Also, traffic volumes on hourly and daily basis were obtained from video camera records of Greater Amman Municipality (GAM). For all segments, the total collected data included 1407 daily records, which comprised 33768 hourly observations. Finally, geometric design variables for each segment were obtained through field survey; which included lane width, median width, segment length, number of horizontal curves, posted speed limit, density of access points, and land use. (Table 1) presents the characteristics of the selected segments [12].

			In traffic accident modelling and analysis, traffic accidents data will be subjected to statistical analysis and the best model will be adopted. The Statistical Package for Social Science (SSPS) will be used in developing daily and hourly accident models and investigates the impact of the included traffic and geometric variables on traffic accidents.

			Table 1: Characteristics of selected segments.
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			Analysis and Results

			Data Characteristic

			(Table 2) presents the statistical characteristics of the collected data. As shown, the hourly traffic volume (HV) varied from about 98 to a maximum of 6432 veh/hr. Daily traffic volume (ADT) varied from 13013 to 79914 veh/day, while daily traffic accidents varied from 0 to 17 acc./day. On the other hand, half of the selected segments are straddle commercial areas (Comm.), and the remaining passed through residential areas. Most of selected segments had a straight alignment except two segments had 1 and 2 horizontal curves (HC). Also, the total length of all selected segments is more than 9 km, where the length (L) of each segment varied from 600 to 2000 m, with average segment length of 1.15 km. Median width (MW) varied from the minimum 1.2 to a maximum of 3.5 m, Lane width (LW) varied from a minimum 3.15 to a maximum value of 4.7 m, and density of access points (AP) varied from a minimum of 0 to 7.14 access per km. On the selected segments, speed limit (SL) varied from 40 to 70 km/hr. Finally, correlation analysis revealed that there was a high correlation between speed limit and segment length, as well as between density of access points and lane width. Compared with residential areas, field observations revealed that density of access points are very large in commercial areas.

			Table 2: Statistical characteristics of the collected data.

			
				
					
					
					
					
					
				
				
					
							
							Variable
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							Daily accident, acc/day

						
							
							0

						
							
							17

						
							
							1.655

						
							
							2.3799

						
					

					
							
							Hourly accident, acc/hr
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							11
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			Variations of Traffic Volumes and Accidents

			(Figure 1) shows daily traffic volume variations for the included urban arterials segments. It is clear that Friday exhibited the lowest daily traffic volume. On the other hand, (Figure 2) illustrates variations of daily traffic accidents on the investigated segments. Similar to traffic volume variations, Friday experienced the lowest accident rate, while Thursday had the highest accident rate. For the selected arterial segments, (Figures 3 & 4) show variations of hourly traffic volume and accidents on a typical workday. Clearly, there is a great correspondence between traffic volume variations and the resulted observed accidents. Thus, hours of high traffic volumes are associated with high hourly accident rate. Based on the collected data, (Figure 5) indicates that the relationship between hourly volume and traffic accidents had approximately an exponential form.
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			Development of Arterial Accident Models

			Linear regression could be used if traffic accidents are normally distributed. Using Kolmogorov Smirnov test, it was found that hourly and daily accidents data did not fit the normal distribution. Therefore, generalized linear models, such as Poisson or Negative binomial should be tested to select an appropriate model. However, (Table 1) indicates that variances of daily accidents and hourly accidents means are larger than their corresponding means; thus, the use of Poisson will result in biased model coefficients. As such Negative binomial model is the best choice to model daily and hourly accidents. Using Negative binomial regression, the following daily and hourly accident models were developed: 
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			Where:

			[image: ] = Number of accidents per day

			[image: ] = number of accidents per hour

			[image: ]: Daily traffic volume, thousand veh./day

			[image: ]: Hourly traffic volume, thousand veh./hr.

			[image: ]: Lane width, m

			[image: ]: arterial segment length, km

			[image: ]: Median width, m

			[image: ]: Number of horizontal curves, and

			[image: ]: Land use (0 for residential areas, and 1 for arterials straddle commercial areas).

			Table 3: Goodness of fit test, Omnibus test, and the estimated parameters for hourly traffic accident model.
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			Both of the above regression equations and their parameters were found to be significant at 95 percent confidence level. (Table 3) illustrates the goodness of fit test, omnibus test, and parameters estimates for the hourly accident model. It is worth mentioning that the presence of multicollinearity between speed limit and segment length, and between density of access points and lane width or land use reduced the impacts of speed limit or density of access points on traffic accidents as a result of confounding effect.

			Discussion

			The results of modelling suggest that an increase in the traffic daily volumes, as shown in (Figure 6), would result in an increase in hourly accidents by a factor of 1.021, given that the other variables are held constant. This is an expected result as large traffic volume increases vehicle-vehicle interactions and ultimately would increase accident risk. This result is consistent with the cited findings [7-10 & 13-15]. The same results would be obtained if the hourly accident model was used. However, the factor would be 1.001 instead of 1.021. The parameter estimate for lane width was found to be significant with a negative coefficient, indicating that wider lanes are associated with lower number of accidents. These results are logical and suggest that an increase in the lane width as shown in the (Figure 7) will result in a decrease in traffic accidents by a factor of 0.677, given that the other variables are held constant. The result is reasonable since wider lane (WL) provide the freedom of vehicles movement and reducing the probability of side-swipe collisions. Clearly, this result is consistent with findings of several previous studies [14,16]. Also, the same results would be obtained if the daily number of accidents model is used, but the reduction in daily accidents would be 16% instead of 32%.
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			The median width variable was found to have a significant impact on the hourly number of accidents. The negative sign of the coefficient suggests that wider median decreases the number of accidents by 43% when increasing the median from 1.2 to 3.5 m, as shown in (Figure 8). Median prevents opportunities of opposite traffic collision as a result of errant vehicle from opposite side and gives more safety to pedestrian when crosses arterials. Again, this result is compatible with the results cited in literature [7]. The result of hourly accident model is consistent with the results of daily number of accidents model. However, daily traffic accidents would be reduced by a factor of 28% when increasing the median width from 1.2 to 3.5 m. Segments length was found to be significantly affected the expected number of hourly accidents. The results indicate that an increase in arterial segment length would increase the expected number of accidents. The result is expected since the level of accident risk is associated with the traveled distance as exposure measure [15].
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			The effect of the number of horizontal curves was investigated in this study. The results indicated that there is a negative association between the number of horizontal curves (HC) and the expected daily number of accidents. This result is intuitive because the presence of HC would reduce the vehicle speeds [5]. The positive sign of land use variable indicates that road segments straddle commercial areas would increase the number of crashes by a factor of 1.608. This result is consistent with the results of previous studies [2,10,17]. It is worth mentioning that commercial areas are characterized by a high number of access points. This variable was not included in modelling because it had high collinearity with lane width [18-23]. Probably, the increase in access points would increase the interactions among vehicles, and ultimately would increase the number of accidents.

			Conclusion

			This study explores the impact of geometry and traffic volumes on major urban arterial accidents. Results of analyses revealed that periods experience high traffic volumes at daily or hourly levels are associated with high traffic accidents. The study indicated that Thursday experienced the highest traffic volume and accident rates; while Friday had the lowest traffic volume and accident rates. The Negative binomial regression was found to be suitable to model hourly and daily traffic accidents along urban arterials. Empirical data and modelling indicated that urban arterial traffic accidents increase with the increase in traffic volume level, segment length and affected by the type of land use. Compared with residential land use, arterials straddle commercial areas had high accident rates. On the other hand, accidents were found to decrease with the increase in arterial median width, number of horizontal curves (HC), and width of traffic lanes. These results were found to be compatible with results cited in literature. These results would help traffic and planning engineers to adopt measures that reduce urban arterial traffic accidents.
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Figure 2: Average daily traffic accidents according to weekdays.
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Figure 3: The average hourly volume of traffic during 24 hours on workdays.
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Figure 6: Effect of daily traffic volume on the expected daily traffic accidents.
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Figure 8: Effect of median width on the expected hourly traffic accidents.
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Figure 7: Effect of lane width on the expected hourly fraffic accidents.
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Figure. 1: Average daily traffic volumes according to weekdays.
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Figure 5: Relationship between accidents and hourly traffic volume.






