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ABSTRACT 

This paper aims to explore road transport congestion, examining its mathematical, engineering, and economic underpinnings. It will discuss tools for measuring 

urban traffic congestion and its economic impact on businesses. The study will analyse congestion and mitigation strategies in different countries and cities to 

identify optimal solutions, potentially including a case study on Kanpur. A literature review of articles published between 1995 and 2020 forms the basis of this 

research. The thesis will detail various congestion mitigation measures, such as tolling, intelligent traffic signals, public transport promotion and improvement, road 

enhancements, demand reduction, economic and regulatory policies, land use planning, and future technologies like flying cars, and will suggest appropriate 

measures for different types of congested areas. 

Introduction 

Traffic congestion, a major issue in metropolises, is characterized by reduced speeds, longer travel times, and queues, often stemming from the sheer 

volume of vehicles exceeding road capacity or sporadic disruptions. This discrepancy between expected and actual road performance leads to both 

persistent and intermittent congestion. Efficient road networks are crucial for social organization, yet congestion is a common experience, causing delays 

for both vehicles and pedestrians. Identifying congestion characteristics is vital for effective transit planning. Congestion negatively impacts the 

movement of people and goods, wasting time and resources, increasing pollution and stress, and reducing overall efficiency. Its causes are broadly 

categorized as micro-level (related to individual vehicle interactions) and macro-level (system-wide factors). While seemingly an obstacle, traffic 

congestion is also a byproduct of the fundamental need for many people to travel simultaneously for work, education, and daily errands, a demand difficult 

to alter without significant societal and economic consequences. This article aims to analyse the definition, causes (both micro and macro), problems, 

and mitigation strategies for traffic congestion. 

Objective 

The objective of this thesis is to investigate congestion in road transport. To analyse the methodology for measuring it, determine why it is preferred, and 

identify measurement tools. To delve into the engineering and economic theories related to congestion. To find optimal solutions for mitigating it. A pilot 

study on congestion will be conducted in Kanpur. 

Literature Review 

Traffic Congestion in India and Worldwide 

Traffic congestion in major Indian cities like Mumbai, Bengaluru, Delhi, and Pune was nearing pre-pandemic levels by early 2021, with Mumbai ranking 

second globally. While Bengaluru topped the congestion charts in 2019, these Indian cities consistently feature high in global rankings. This persistent 

peak-hour congestion in growing metropolises is likely to worsen due to increasing population and wealth, a trend often linked to economic growth. 

Various factors contribute to this, including accidents, disabled vehicles, construction, large gatherings, bad weather, and emergencies. Although complete 

eradication of rush-hour congestion is unlikely without severe economic downturns, combined mitigation efforts can slow its progression. Current relief 

for commuters often comes from in-car comforts. In India, traffic congestion is a significant challenge for transportation professionals, exacerbated by 

poor road conditions, mixed traffic, lack of lane discipline, and uncontrolled parking, despite rapid road construction. Efforts to measure increasing 

congestion are lacking due to funding limitations for infrastructure expansion. To help commuters, radio broadcasts, electronic signs, and smartphone 

apps provide real-time traffic information, including visual cues and potential detours via GPS.  

Types of Congestion 

Traffic congestion in major Indian cities like Mumbai, Bengaluru, Delhi, and Pune was nearing pre-pandemic levels by early 2021, with Mumbai ranking 

second globally. While Bengaluru topped the congestion charts in 2019, these Indian cities consistently feature high in global rankings. This persistent 

peak-hour congestion in growing metropolises is likely to worsen due to increasing population and wealth, a trend often linked to economic growth. 
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Various factors contribute to this, including accidents, disabled vehicles, construction, large gatherings, bad weather, and emergencies. Although complete 

eradication of rush-hour congestion is unlikely without severe economic downturns, combined mitigation efforts can slow its progression. Current relief 

for commuters often comes from in-car comforts. In India, traffic congestion is a significant challenge for transportation professionals, exacerbated by 

poor road conditions, mixed traffic, lack of lane discipline, and uncontrolled parking, despite rapid road construction. Efforts to measure increasing 

congestion are lacking due to funding limitations for infrastructure expansion. To help commuters, radio broadcasts, electronic signs, and smartphone 

apps provide real-time traffic information, including visual cues and potential detours via GPS. 

Methodology 

To mitigate congestion, we must first be able to calculate it. There are several methods for measuring it. Various tools exist for this purpose. Various 

engineering and economic factors are involved in measuring it. 

Tools and Terms for Congestion Measurement (Akele, G. A., Akele, M. U., 2018) 

Traffic Volume Counts: Only during the number of peak flows, determined by a twelve-hour traffic volume count, traffic volume counts are conducted 

at major intersections and critical junctions. The amount of traffic is measured in units of vehicles per hour (PCU/h). 

Roadway Capacity 

C = 3600/t(m) + t(s) 

Where c denotes the capacity of a particular access or lane (veh/h). On the access or roadway, ts = average time in service or service delay (sec). tm 

represents the average climb time (seconds). 

Total delay: The time interval between when a vehicle enters a queue and when it leaves the stop line can be used to calculate the total delay for each 

individual vehicle. 

Where D represents the total delay (veh-h); n = number of 15-second intervals in an hour (3600/15); Li = observed queue length in interval I. 

L = d * V / 3600 = Queue length. 

Where L = average queue length (veh); d = average total delay (sec/veh); V = traffic volume (veh/h). 

Delay and Capacity 

Where d denotes the overall average delay (veh/veh). V = traffic volume per hour (veh/h). C is the number of vehicles that can be moved per hour (veh/h). 

T is the number of hours during which the study will be conducted. 

Congestion Severity Index (CSI) 

Indicates the vehicle-hour loss per thousand kilometres travelled. 

Traffic growth rate: Used in two different years to determine this by comparing traffic data collected at the same locations. 

 

Where Pf denotes the amount of traffic that will occur in the future. Pp = Past traffic volume; r = Decimal growth rate; n = Years between previous and 

predicted traffic data. 

Mobility level: The volume-capacity relationship is used to calculate the mobility level of an individual link. (Akeke, G.A. & Akeke, M.U. & Okafor, 

F.O. & Ezeokonkwo, J.C., 2018) 
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Measuring Urban Traffic Congestion 

The current paradigm assesses transportation system efficiency based solely on vehicle traffic speeds, as well as on victimization metrics such as route 

level of service, travel time index, and its variants, such as the INRIX Congestion Scoreboard and the TomTom Traffic Index, which measure congestion 

severity or the reduction in vehicle speeds during peak hours. These interventions are effective for a short period or on a one-time basis. They do not offer 

optimal solutions (e.g., the number of people traveling during peak hours). They ignore the potential benefits of mode shifting or various open construction 

trends that reduce travel distances. It is important to use metrics that quantify congestion costs, such as annual per capita congestion delay, when designing 

functions. (Akele, G. A., Akele, M. U., 2018) 

Identification of Congestion Measurement Metrics 

Traffic congestion is characterized and measured in several ways. Speed is a key indicator, with slow speeds in urban areas often signifying congestion, 

while GPS data aids in real-time monitoring. Travel time and delay define congestion as a significant increase beyond free-flow conditions, with 

unacceptable levels varying by context. Volume, such as bridge crossings, can also serve as a simple congestion indicator. Level of Service (LOS), like 

Michigan's LOS F when volume exceeds capacity, is another metric. From a demand and capacity perspective, congestion arises when traffic volume 

surpasses the infrastructure's ability to handle it efficiently, leading to reduced speed and predictability. Cost-related definitions highlight congestion as 

undesirable due to decreased mobility and increased travel expenses. Effective congestion measurement methodologies should be understandable, 

adaptable to changing patterns, mathematically sound and replicable with minimal data, and applicable across different transport modes and timeframes. 

Measures and Methodologies 

Various metrics quantify traffic congestion. Speed-based measures include the average travel rate, nominal peak-hour speeds, and the Speed Reduction 

Index, which compares peak and off-peak speeds. The Traffic Transmission Quality index (Q index) incorporates speed and speed changes. The Corridor 

Mobility Index (CMI) assesses a corridor's commuter capacity using traffic volume velocity. Travel time analysis contrasts peak and free-flow durations, 

with the Travel Rate Index focusing on the extra time needed due to congestion and the Buffer Index calculating the additional time for reliable on-time 

arrival. Level of Service (LOS), adopted in HCM, uses the volume-capacity ratio to indicate operating conditions, with the Highway Congestion Index 

(ICV) measuring congestion based on vehicle-miles traveled per lane mile. The Lane Duration Mile Index (LDMI) quantifies the extent and duration of 

congestion. Delay measures define congestion as time exceeding free-flow or acceptable travel times, with researchers using volume-to-capacity ratios 

or specific speed thresholds to identify the onset of delay. 

Data Collection Methods 

Traffic congestion data is primarily collected using two methods: mobile single-probe vehicles and stationary fixed sensors. Fixed sensors, like inductive 

loops and magnetic sensors placed on roads, gather data on traffic volume and speed. Double-loop detectors can estimate traffic interference. Image-

based methods, using CCTV and satellite images, analyze the rate of visual changes to assess congestion in real time. Probe vehicle techniques utilize 

vehicles equipped with GPS and other sensors to measure parameters like speed and location, employing prediction and localization for analysis. 

Since real-time data for Kanpur was unavailable, information regarding traffic congestion was sourced from the Kanpur Metropolitan Region 

Development Authority (KMRDA) and the Kanpur Nagar Nigam (KNN) for data collected approximately two to three months prior. These authorities 

are responsible for the planning, development, and maintenance of road infrastructure within the Kanpur metropolitan area and the city of Kanpur, 

respectively, and their data provides insights into recent traffic patterns in a geographically proximate urban center. 

Case Study: Kanpur 

Introduction 

Kanpur is one of the largest cities in the state of Uttar Pradesh and the main centre of economic and industrial activities. Formerly known as Manchester, 

it is currently the provincial capital. It is located along major national highways, such as Highways 12 and 25, the main Delhi-Howrah railway, and on 

the banks of the holy Ganges River. It is approximately 126 meters above sea level. (KMC, 2019) Kanpur is the second most densely populated city in 

Uttar Pradesh, after Lucknow, and its urban agglomeration is among the largest in Asia. It is a major rail and road hub, with a significant domestic flight 
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network. The city is a major industrial centre and is famous for its fur trade, with several of the world's largest tanneries. The city centre is located 

northwest of a military camp (installation). Most of its trade continues further northwest. (KMC, 2019) 

Traffic congestion limited online selection issues when Kanpur competed for a spot among 100 good cities. The public's response to the issue astonished 

the Union Ministry of Urban Development. Extraordinary efforts were made to develop a traffic plan in collaboration with the Kanpur Development 

Authority, leading experts, and various agencies. An intelligent traffic management system of Rs 170 million has been budgeted in the smart city strategy. 

Initially, it would cover 85 of the city's 177 junctions, with the remaining junctions to be added later. (Britannica) 

Four major intersections in Kanpur (Jarib Chowki, Rama-Devi, Ghantaghar, and Bada Chowraha) were considered for the study. Methodology (Akeke, 

G.A. and Akeke, M.U. and Okafor, F.O. and Ezeokonkwo, J.C., 2018) 

Traffic Volume Counts: Traffic volume counts are conducted at major intersections and critical junctions only during peak flow periods, as determined 

by a twelve-hour traffic volume count. Traffic volume is measured in units of vehicles per hour (PCU/h). 

Roadway Capacity 

C = 3600/t(m) + t(s) 

Where c represents the capacity of a particular access road or lane (veh/h). On the access road or roadway, ts = average time in service or service delay 

(sec). tm represents the average headway time (seconds). 

Total Delay: The time interval between a vehicle entering a queue and leaving the stop line can be used to calculate the total delay for each vehicle. 

 

Where D represents the total delay (veh-h) n = number of 15-second intervals in an hour 

(3600/15) Li = observed queue length in interval I L = d * V / 3600 = Queue length 

Where L = average queue length (veh) d = average total delay (sec/veh) V = traffic volume (veh/h) 

Delay and Capacity 

Where d denotes the overall average delay (veh/veh). V = traffic volume per hour (veh/h). C is the number of vehicles that can be moved per hour (veh/h). 

T is the number of hours during which the study will be conducted. 

Congestion Severity Index (CSI) 

Indicates the vehicle-hour loss per thousand kilometers traveled. 

Traffic growth rate: Used in two different years to determine this by comparing traffic data collected at the same locations. 

Where Pf denotes the amount of traffic that will occur in the future. Pp = Past Traffic Volume; r = Decimal Growth Rate; n = Years between previous 

and predicted traffic data. 
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Mobility Level: The volume-capacity relationship is used to calculate the mobility level of an individual link. (Akeke, G.A. & Akeke, M.U. & Okafor, 

F.O. & Ezeokonkwo, J.C., 2018) 

 

Results and Discussion 

Traffic in the study area was surveyed for three days at each of the four intersections. Traffic data was collected by the NHAI (Vasant Vihar, Kanpur). 

The results are summarized in tables and graphs to illustrate the road trajectory in the market in the study area. An analysis of the field survey results is 

presented. 

 

Table 1 shows the final summary of traffic flow characteristics of Kanpur road network with four (4) major intersections/crossings including normal 12-

hour regular volumes, typical AM and PM peak hour volumes, average 24-hour volumes and various traffic variation factors considering 24-hour average 

totals. The results show that the 12-hour average regular flow at the busiest intersection/crossing accounts for only one-seventh of the total 24-hour flow. 

Data for this finding was collected and analyzed over three days at various intersections/crossings in the analysis (see Table 1). 
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Table 2 takes the average of the three days. We find that the highest traffic, with 40,324 vehicles per day, is in Ghantaghar, followed by Jarib Chowki 

with 33,614 vehicles per day, followed by Bada Chowraha with 33,350 vehicles per day and Rama Devi with 25,292 vehicles per day, respectively. 

 

Tables 3, 4, 5 and 6 show the hourly distribution of traffic at the 4 main intersections of Kanpur during the 3 days. 
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Table 7 represents the hourly traffic summary at four major intersections in Kanpur. It shows the number of vehicles per hour, the percentage of vehicles 

per hour, and their cumulative number and percentage. This table will later be useful for calculating the traffic flow rate, which will allow measuring 

congestion at different intersections at different times. The road capacity at the different intersections is indicated. 

Below are two scatter plots representing the percentage distribution of hourly traffic and the cumulative percentage distribution of hourly traffic at four 

major intersections in Kanpur. 

The x-axis shows the time in 24-hour format, while the y-axis represents the percentage and cumulative percentage of traffic. 
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To measure congestion, the mobility index is used, which represents the capacity at various intersections per hour. The volume is divided by the capacity, 

and the mobility index is measured. 
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The mobility index in black represents the absence of congestion. Green represents moderate congestion. Purple represents severe congestion. The 

mobility index in red represents severe congestion. 

Observations: 

1. The highest congestion level in Ghantaghar is 2.13. Being close to the Z Square mall, it attracts a lot of people at night. 

2. At night, congestion increases from moderate to severe. 

3. All intersections are congested during peak hours. 

4. There is no congestion during off-peak hours. 

Mitigation Measures 

There are various measures to reduce congestion worldwide. To mitigate congestion in the city of Kanpur, we suggest some possible mitigation measures. 

1. Congestion Pricing 

This is a system that charges users of a transportation network during peak demand periods to reduce traffic congestion. 

Mechanism: When supply is overused, users are charged for the negative consequences of peak demand. Countries: Singapore, Hong Kong, Sweden, 

United Kingdom 

2. Lane Differentiation 

To optimize the use of existing infrastructure and avoid the impact of congestion on public transport, lane differentiation is used. 

Mechanisms: High-occupancy vehicle (HOV) lanes, high-occupancy vehicle (PTO) toll lanes, and lanes differentiated according to their performance 

characteristics. 
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Countries: United States, Netherlands, Australia, India 

3. Road Widening 

There are several intersections in the city where road widening is necessary. The congestion is due to a lack of road capacity. 

4. Automated Traffic Signals 

In this case, traditional traffic signals are combined with a series of sensors and artificial intelligence to intelligently plan and direct traffic signals, as 

well as the flow of vehicles and pedestrians. 

5. Discourage private vehicles 

The use of private vehicles should be discouraged and the use of public transportation promoted to reduce vehicle traffic and thus reduce congestion. 
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