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Abstract ( This paper presents a study of traffic conditions at an intersection of city streets. Based on the simulation model, the existing traffic delays and queues of vehicles on the approaches to the intersection are determined. Using the traffic modeling, we determined the CO emissions that occur under the existing conditions of traffic organization at the intersection of city streets.
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Introduction 

Air pollution is one of the most acute environmental problems in the city. Assessment of pollutant emissions from traffic flows is a complex task that depends on many factors, such as the technical condition and mode of vehicle movement, the structure and configuration of the city's traffic network, the quality of fuel and road surfaces, as well as the intensity and mode of traffic flows. Over the long period of time that the problem of automobile emissions and their impact on the atmosphere has existed, many methods and techniques have been developed to reduce the amount of exhaust gases or reduce their toxicity. Carbon monoxide (CO) is formed during the combustion of carbon-based fuels. In high concentrations, it is a poisonous substance that needs to be researched and controlled. Reduced emissions can be achieved through more efficient combustion of fuel in engines and are further reduced through oxidation after combustion in a catalyst. Traffic management at intersections in urban areas has a direct impact on CO emissions in their immediate vicinity. Improving traffic control at an intersection can be one way to reduce vehicle emissions and create a positive environmental impact.

Vehicle emissions vary significantly even under the same driving conditions. The variability of emissions under certain driving conditions depends on various influencing factors [1]. It is important to get an idea of the influence of these factors on individual street sections in order to understand the detailed emissions at individual street intersections.
Main Part
The specifics of the spread of pollutants to certain areas or intersections depend on the characteristics of traffic flows, existing transport infrastructure, climate, and terrain [2]. To obtain more accurate emissions calculations, it is necessary to analyze traffic conditions and existing traffic flows on the road network or approaches to complex and busy intersections.

The source of direct impact on the urban environment during the operation of highways and roads is traffic flows moving along the road [3]. For a long time, calculations of total pollutant emissions from cars have been performed only on the basis of statistical data on fuel consumption by engines. Current methods for calculating pollutant emissions do not include the specifics of traffic conditions and traffic flow parameters [4].

The largest amount of pollutant emissions occurs when a vehicle is accelerating, especially during rapid acceleration and when driving at low speed. The standard value of carbon monoxide (CO) in vehicle exhaust gases should not exceed 2500 ppm (volume fraction,  million-1). The relative proportion of carbon monoxide is highest during braking, idling, and acceleration. Consequently, traffic flows pollute the air especially strongly during frequent stops and traffic delays. For further research, we selected an intersection of city streets in Lviv, which is characterized by a significant level of loading during the day. The intersection is formed by three city main streets with regulated traffic.
The intersection of Naukova - Stryiska - John Paul II streets is a controlled intersection. The traffic signal cycle duration is 120 seconds and consists of ten groups of signals. The intersection is a four-way street with a separation lane on Stryiska street (in the direction from Truskavetska street). The intersection has four phases of traffic control. The width of the lanes is 3.75 meters. On Stryiska Street (from the King Cross Leopolis shopping center to the intersection with Naukova Street), a dividing strip has been arranged to separate adjacent roadways, which serves as a safety island for pedestrian crossings. In the first phase, traffic flows on Stryiska Street towards the exit from the city, and pedestrian traffic is allowed to cross Naukova Street and part of Stryiska Street. In the second phase, traffic is allowed on John Paul II Street. In the third phase, traffic flows along Stryiska Street moving into the city, and it is also allowed to cross the roadway through John Paul II Street. In the fourth phase, traffic flows from Naukova Street and it is allowed to cross the roadway through John Paul II Street and the second part of Stryiska Street. VISSIM software was used to analyze traffic efficiency and pollutant emissions at the intersection of urban roads (Fig. 1).
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Fig. 1. Schematic intersection of Naukova Street - Stryiska Street - John Paul II Street in the PTV Vissim software environment
The study of traffic flows on each approach to the intersection was conducted during the peak period. The results of the study showed that the intensity on each lane was more than 700 vehicles per hour. The traffic flow was dominated by passenger cars, their share at the intersection was 65-70%. During the peak traffic period, significant traffic delays and queues are observed on the approaches to the intersection, even with the maximum control cycle at the intersection. This situation is confirmed by the simulation modeling conducted in the PTV Vissim software environment. The results of the traffic flow modeling at the intersection of Naukova Street - Stryiska Street - St. John Paul II Avenue are shown in Table 1.
Table 1
Results of modeling the existing situation at the intersection 

Naukova Street - Stryiska Street - St. John Paul II Avenue
	Sector title
	Avg. queue, m
	Max. queue, m
	Delays, s
	CО emissions, ppm

	Sryiska Street (from Rubchaka Street)
	468
	512
	190
	3407

	Sryiska Street (from Truskavetska Street)
	431
	510
	184
	3921

	St. John Paul II Avenue
	459
	510
	144
	6179

	Naukova Street
	117
	417
	142
	1747


The data in Table 1 shows that the longest average queues are observed on Stryiska Street (in the direction from I. Rubchak Street) and are 468 meters long. The shortest average queues were recorded on Naukova Street and amounted to 117 meters. On Stryiska street (in the direction from Truskavetska street), the average queues are 431 m and 459 m on John Paul II Avenue, respectively.

Analyzing the results of modeling the operation of the controlled intersection, it can be noted that the longest delays are observed on Stryiska street (in the direction of I. Rubchak street) and amount to 190 seconds. The shortest delays were recorded on Naukova street and amounted to 142 seconds. Delays on Stryiska street (in the direction of Truskavetska street) reach 184 s, and on Ivan Pavlo II avenue 144 s.
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Fig. 2. Results of modeling CO emissions under existing traffic delays at the intersection of Naukova Street - Stryiska Street - St. John Paul II Avenue
Based on the modeling and analysis of traffic flow conditions under the existing traffic organization scheme, it can be noted that the highest level of CO emissions is observed at the approach to the intersection from St. John Paul II Avenue, where it reaches 6179, while the lowest level is recorded at the intersection with Naukova Street - 1747. At the intersection from the approach of Stryiska Street (in both directions), the volume fraction of emissions ranged from 3407 to 3921.
Conclusion

Based on the average delay and queues of vehicles at the intersection, CO emissions are determined. Emission models are important tools for assessing urban roadside pollution from transportation and air quality. The effect of intersection operations is closely related to the reduction of congestion, fuel consumption, and emissions in urban roadside areas. The results of micromodeling of urban pollution at complex urban street intersections will allow a comprehensive approach to the problem of analyzing and reducing emissions from transport, providing scientifically based solutions to improve the environmental situation.
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