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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. ldentifying 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 ¢ 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.

_m 15
D =21 X 3600

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

|
d==2+9007|>-1+ ((
: é \

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.

_ Average Total Delay (Sec/Veh)
~ Traffic Queue Length (Veh)

Traffic growth rate: Used in two different years to determine this by comparing traffic data collected at the same locations.
— i n
P.=P(1+71)
r p

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.

CSl

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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Table-2.1. Scale of Different .\lnl)ilil}' Levels

Level of Mobility Volume / Capacity
Tolerable <0.85

Moderate >0.85<1.00

Serious >1.00<1.20

Severe =1.20

(Source: Highway Capacity Manual (HCM) [17)
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.

=R 15
D =251 X 3600

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

y . 2600
a=

+ 9007 |=—1+

a0
c

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.

_ Average Total Delay (Sec/Veh)
"~ Traffic Queue Length (Veh)

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

CSl1

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
— " n

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)

Table-2.1. Scale of Different Mobility Levels

Level of Mobility Volume / Capacity
Tolerable <(.85

Moderate =0.85<1.00

Serious >1.00<1.20

Severe >1.20

(Source: Highway Capacity Manual (HCM) [17)

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.

Traffic Flow Characteristics at the Major Intersections in Xanpur Metropois.

Jarib Chowki Rama-Devi Ghantaghar Bzda Chowrzha

Avg Weekday Hour Volume 1374541667 1477.166667 1400042 1054375 1037583333 10595 164235 1677416667 T20.833333 1335416667 1354167 1429167
AM Peak B52 B BN AW AR prs) 2499 552 218 Bl W\ 01

Hour 729689277 6.930962132 6961107 7.958505 240301984 7.951854087 6340386665 63112723 63308351 TIN0T51E 64 7

PM Peak 2930 BI 96 198 158 1950 1650 767 1915 v T
Hour RES1748462 BAILIOTAS 82166 7.449500 6240462613 7708036383 1189033511 1184110475 1150072639 7.480601504 1150154 12.08655

6838 | WS | A0S 3 | NS | 2O | 347 | 36 | 3613 26 | 25633 | 27849

Avg Hour (TAM-7PM) = = =

£1.35433085 BLBIIS2248 B0E374R 86.13417 GGSAT26SI8 B6R1374862 7927893642 7903005486 TRG610169 7751178 RSV BL1NY

g Hour WP W2 [E0L B MM BB 3¢ 4S8 430 BB BN 400

24 Howr 100% 0% 100%  100%  200% 100% 100% 100% 100% 0% 0% 100%

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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Time Jarib Chowki Rama-Devi Ghantaghar Bada Chowraha
0:00-1:00 50 55 49 56 62 56 197 225 231 173 130 219
1:00-2:00 66 65 57 43 40 42 307 314 322 160 221 192
2:00-3:00 79 5 80 33 32 34 198 201 207 113 163 75
3:00-4:00 83 73 84 43 43 39 78 117 124 67 163 89
4:00-5:00 126 155 109 64 60 56 95 137 161 409 78 137
5:00-6:00 211 216 202 112 113 102 528 539 553 602 436 185
6:00-7:00 257 223 255 276 261 257 749 765 785 635 618 411
7:00-8:00 1927 1925 1831 1591 1554 1551 2010 2053 2106 1975 1710 1804
8:00-9:00 2207 2216 2325 2148 2204 2080 4261 4251 4229 2677 3283 3519
9:00-10:00 2352 2374 2339 2033 2052 2022 2499 2552 2618 2361 2093 2401

10:00-11:00 2022 2124 2026 1824 1701 1808 2105 2150 2205 2188 1768 1790
11:00-12:00 1837 1857 1874 1768 1796 1841 2128 2174 2230 2008 1770 1838
12:00-13:00 1838 1991 1885 1701 1619 1772 2089 2134 2189 2075 1721 1749
13:00-14:00 2319 2596 2072 1709 1556 1714 2172 2242 2299 1975 1794 2054
14:00-15:00 1966 2494 2367 1709 1776 1719 2010 2053 2272 2008 1658 1783
15:00-16:00 2290 2377 2314 1778 1825 1597 2128 2174 2148 1839 1788 2129
16:00-17:00 2313 2367 2213 1908 1952 1966 2278 2327 2387 2035 1885 2167
17:00-18:00 2837 2816 2885 1931 1963 2045 2877 2939 3015 2071 2425 2470
18:00-19:00 2930 2882 2964 1903 1554 1960 4690 4767 4915 2474 3738 4145
19:00-20:00 2606 2552 2638 978 964 915 2806 2866 2941 1839 2314 2181
20:00-21:00 1316 1432 1595 874 663 817 1261 1288 1322 1350 1157 1173
21:00-22:00 978 1011 1034 531 589 501 1064 1087 1115 1037 878 1001
22:00-23:00 201 212 259 319 31 320 733 749 768 851 572 548
23:00-0:00 178 164 144 209 212 214 150 153 157 329 143 237
Total Vehicles 32989 34252 33601 25545 24902 25428 39414 40258 41300 33250 32500 34300

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.

age Tratfic Flow Ch at the Major Intersactions In Kanpur Metropolis.
Jarls Chowki Rama-Dewvi Ghantaghar Bada Chowrahs
Avg Weekday Howr Volume 1400583333 1053 815444 1080100007 1359583333
AM Peak 1355 2035 666667 2556.333333 2285
Howr TO07244586 A.050223557 6.330404145 aBEm 03
PM Pank 2925,313333 1805 66666 7 4750666067 $452,13333%
Howur B 705673901 7132659515 11.28039208 10.34222930
27337.33333 21876.66667 31802 26339.33333
Ao o FIANETENY) §1.26479812 #6,40842892 7900176452 910477220
Awg Wour 1o1a 28292 anize 13350
24 Hour 100°% 100% 100% 100%

Tables 3, 4, 5 and 6 show the hourly distribution of traffic at the 4 main intersections of Kanpur during the 3 days.

Hourly Traffic Distribution at Jaeib Chowhi Traffic Flow Characteristics at the Major Intersections in Knapur

Tere Doyt Day 2 Ouy 3
Vehcle Mo, Peccentage  Cum freq Cum Per  Vehcle No.  Percentage Cum Freq Cum Per Vehclle Mo, Percentage  Cum Freq
0:00-1:00 50 015" 50 a1s s5 o.16" 55 .16 9 01s” a0
1:00-2:00 66 em” 16 03s &5 ow” 120 0.35 57 017" e
2:00-3:00 ] 02”195 058 5 on” 185 0.57 #0 02" 6
3:00-2100 83 o2’ a8 n oz2” 268 0.78 B¢ 025’ 2w
2:00-5:00 126 038" 4 1.2 155 o4s” az3 1.23 109 032’  am
$:00-8:00 m 064" 635 186 216 063" 639 187 2w s’ s@m
»
£:09-7:00 257 e’ sn2 200 223 08 862 252 2 0. fo: 230
7:00-8:00 1927 58"  2%9 B4E 1925 se2” 2787 814 1831 sas’ 2867
£:00-9:00 2207 A69° %006 1517 216 a4 5003 61 2328 6027 4sm2
’ v
$:00-10:00 2352 7 11: 7IS8 230 24 65 1377 54 23m 696" 713
10/00-11100 2022 613" sma0 28423 2w 620" 5501 78 20 6o’ 9
11:00-12:00 1837 5577 11217 3600 1557 3427 11358 3346 1874 558" 11231
12:00-15:00 1834 5577 13055  WS7T 190 55" 13360 W97 1RES 5617 1116
13:00-14:00 2319 7037 15374 a0 2350 rsa” 19945 4655 2072 617" 13388
14/00-15:00 1966 596" 17380 5256 2494 128" 18439 5383 2367 708" 17355
15:0015:00 2200 R0 19630  ses0 1w e 20816 8077 2314 680" 19860
po L4 . L
16:00-17:00 2313 10" %) 6652 267 651 23183 62.68 2213 65a”  2we2
17/00-18:00 2837 860" 2730 7511 286 =" 25993 7581 2885 gse” 24067
18:00-19:00 2030 a8s” 2770 Beon  1Em2 241" 28881 2132 2084 ae2’ 27931
L
19:00-20:00 2606 2007 W36 010 B2 7.45 11433 N7 2638 72857 wWH60
v ’
2000-21:00 1316 399" 31632  asse 4R 418 32865 9595 1595 ars” 3204
21:00-22:00 978 206" 310 9sEs 1011 295" 33876 s800 103t 308" 33198
22:0023:00 201 ust”  szans 9045 w2 o 4085 s 2 077" 33457
23:00-0:00 178 054" e 10000 164 048" 34252 0000 144 04y 360
32989 100.00 14252 100,00 33001 100.00
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Hourly Traffic Distribetion st Rama Dewi Traffic Flow Chacacteristics at the Major Intersections in Knapur

Time Day 1 Dy 2 Day )
Vebole No.  Percentege  Cum freqg Cum Per Vehole No.  Percentsae Cum Freq Cum Per Vohcle No.  Percertage  Cumfreq Cum Per
v
020-1:00 20 022 % on 02 0.2 62 015 w0 0.227 % o2
100-200 a3 017 @ 039 a0 018" 102 oAt 42 012" @ on
v
200-300 13 uu: 132 0.52 32 013" 134 054 3 u.u: 122 052
300-420 a3 017 7 0.09 a3 017 177 o7t 18 015 1 067
400-5:00 (7] 02" 2w 0,94 60 024" 237 055 36 022" 089
$00-600 12 nes” 31 137 1m3 v.es” 350 141 102 0% 39 1.29
£00-7:00 270 1os” &7 245 201 1os” 611 285 257 1’ %ms 230
700-8200 1581 n.z;: 8 8.68  155¢ c..za: 2165 569 1551 o.m: 2137 240
£20-9.00 2148 pa1” a6 1209 2208 B.ES 4369 1758 2080 s18” 8217 1658
9.00-10:00 2033 796" 63 3505 2052 gd” s421 x79 02 7957 6239 2454
10:00-11:00 1824 78" w23 1220 oy 6a:” £122 u& 18 7417 8047 3165
11:00-12:00 1768 502" ewr 3012 1706 n" 18 ma 184 226" oges a9
12.00-13:00 1701 6667 11692 4578 1619 530" 11537 %33 m 6977 1680 4585
13:00-14:00 1700 6807 13601  S247. 1556 6" 13003 5258 1714 674" 13374  S260
1400-15:00 1700 6607 1510 S046 177 7.13" 14869 %7t 1749 676 15003  $0.36
15:00-16:00 3778 606" 16888 €612 1825 7.33 16694 §7.04 1507 6287 16600 6584
16:00-17:00 1908 7437 186 7350 1952 7.84 18546 7488 196 2237 6% N
17:00-18:00 1931 756" 20727 #1145 1963 788" 20600 BL76 2045 08" 2w a1
18:00-19:00 1903 2457 22630 #A60  155¢ o4 22163 ;00 1960 an” nesm a2
19:00-20:00 978 1" 2%0e a8 o6 " ma7 W WS 360" 5% Lm
2000-21:00 a4 1@ s B 66) 266" 21790 55 #17 w2 e
v
21:00-22:00 531 2087 2% 9703 Ses 257 320 ars0  sm 1027 2aEM 9790
22:00-71:00 39 128" 24332 s 128" 24080 w1 w2 1207 2524 ean
23:00-0:00 209 ome” 241 000 212 om” 24502 woc0 214 ose” 25428 10000
25543 100,00 24502 100,00 mazs 100.00
Houtly Traffic Distridution st Ghantaghas Traflic Flow Ch #t the Major | Al In Knapur
Tmw Day 1 Cuy 2 Day 3
Yehole No Percestage  Cum Freg Cum Per  Vehcile No Percentage Cum freq Cum Per Vehcile No Percentage CumFreq Cum Per
0:00-1:00 197 ose” 197 050 225 0.56" us 056 231 0ss” 234 ass
1:002:00 307 078" sS04 1.28 514 o’ 539 1.34 57 078’ 553 134
2:00-3:00 198 os0” A 1 20 050" 70 188 207 0s” e 1.8¢
3:00-2:00 78 o2’ 780 198 117 0.29" a7 213 124 030" 1
4:00-5:00 95 024" &% 222 137 038" oM 247 161 039" 1045 253
$00-6:00 528 134" 1608 156 539 134" 151 181 5% 13" 155 187
£200-7:00 789 e’ s 546 765 190" 2% 5.71 783 120" 5= 577
7:00-8:00 2010 sa0” 4182 1056 2053 510" 4351 1081 2105 5007 4430 1087
£:00-9:00 4261 ws” B2 1N A 10,56 860) 09 e wa" s an
9:00-1000 2493 634 e 271 5% 0.3s” 11154 271 2008 0.3¢” 1336 2748
1000-11:00 2105 53487 13027 3305 1% 5.3a" 13304 3305 26 53¢" 135t 1n2M
11:00-12:00 2128 540" 15155 3845 2174 540" 1547% WaE 2290 540’ 15T a9
12:00-13,00 2089 5307 17268 a7y 2136 530" 17612 a3y s 530" 17960 a3es
13:00-14:00 172 5517 10815 w26 2242 557" 19854 4932 2299 5577 20150 4908
14:00-15:00 2010 530" 21426 5436 2053 510" 21907 5442 2071 ss0” 251 545
15:00-16:00 2128 sa0” 23 sen s 540" 26081 5982 2148 5207 e
16:00-17:00 2278 578" 25832 6558 2327 578" 26408 65.60 2357 578" 27066 6554
17:00-18:00 1877 7307 2870 7284 203 730" 20347 72290 3015 7307 3008t 7r8¢
15:00-19:00 4690 11907 333 sa4 Ay 114" 36114 pae  ams 11907 M550 MM
19:00-20/00 2806 712" 36205 9136 2866 712" 36980 91.86 2941 712" 3937 91ss
2000-21:00 1261 3207 37486 9506 1288 320" 38763 95.06 131 3207 30250 0508
v
21:00-22:00 1064 am” a5 9226 1087 nu: 2355 U776 1115 120" s o
22:00-23/00 733 186" 3983 9962 7es 180" 20104 9962 e uw: e 9962
23:00-0:00 150 038" 30413 w000 153 0.38 20257 10000 157 038" 41299 10000
19413 100,00 20257 100,00 41799 100.00
[ INS1 100,00 32500 100.00 36297 100.00
13034 1750 Al ERALY |

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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Time
0:00-1:00
1:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00
6:00-7:00
7:00-8:00
8:00-9:00

9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00
15:00-16:00
16:00-17:00
17:00-18:00
18:00-19:00
19:00-20:00
20:00-21:00
21:00-22:00
22:00-23:00

23:00-0:00
Capacity/hrs

Jarib Chowki Rama-Devi Ghantaghar Bada Chowraha

0.03
0.03
0.04
0.04
0.07
0.10
0.12
0.95
1.12
1.18
1.03
0.93
0.95
1.16
1.14
1.16
1.15
1.42
1.46
1.30
0.72
0.50
0.11
0.08
2000

Mobility Ratio

0.03 0.10
0.02 0.14
0.02 0.09
0.02 0.05
0.03 0.06
0.06 0.24
0.15 0.34
0.89 0.91
1.23 1.89
1.16 1.14
1.02 0.96
1.03 0.97
0.97 0.95
0.95 0.99
0.99 0.94
0.99 0.96
i B b 1.04
1.13 1.31
1.03 2.13
0.54 1.28
0.45 0.57
0.31 0.48
0.18 0.33
0.12 0.07
1750 2250

0.09
0.10
0.06
0.05
0.10
0.20
0.28
0.91
1.58
1.14
0.96
0.94
0.92
0.97
0.91
0.96
1.01
1.16
1.73
1.06
0.61
0.49
0.33
0.12
2000

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.

Bibliography

European Conference of Ministers of Transport, ECMT (2007). Managing urban traffic congestion- summary document, Transport Research Centre,
European Conference of Ministers of Transport.

Highway Capacity Manual (HCM), Special Report 209, 3rd ed. Washington, D.C: Transportation Research Board, National Research Council, 2007.
Rao, A. M & Rao, K. R, 2012. “Measuring Urban Traffic Congestion,” International Journal for Traffic and Transport Engineering.

Akeke, G.A & Akeke, M.U & Okafor, F.O & Ezeokonkwo, J.C, 2018. "Mitigation of Traffic Congestion: A Tool for Development and Urbanization,"
Journal of Asian Scientific Research, Asian Economic and Social Society, (Akeke, G.A & Akeke, M.U & Okafor, F.O & Ezeokonkwo, J.C, 2018)

Triantisa K., Sarangib S., Teodorovic D., and Razzolinid L., 2011.“Traffic congestion mitigation: combining engineering and economic perspectives”.
Talukdar M., 2013. “Framework of Traffic Congestion Mitigation”.
Roland Wong R., 2014. “Seven Ways around world Cities around world tackle traffic”.

OTREC Final Report, 2012, Value of Travel Time Reliability Part 1I: A study of Trade-off Between Travel Reliability, Congestion Mitigation Strategies
and Emissions

Weisbrod G., Vary D., and Treyz G., 2010, Measuring Economic Costs of Urban Traffic Congestion TRB, National Research Council.
Pigou, A.C., 1920. The economics of welfare. London: Macmillan.
Knight, F.H., 1924. Some fallacies in the interpretation of social cost. Quarterly Journal of Economics, 38.

Smeed Report, 1964. Road pricing: the economic and technical possibilities. London: HMSO. Available from: http://www.answers.com/topic/smeed-
report [Accessed 1 August 2011].

Zhao, Y., et al., 2010. “A travel demand management strategy: the downtown space reservation system. European Journal of Operational Research.”

Andrey J., Unrau D., 2017. “Whether conversion and weather matter to roundabout safety”


https://ideas.repec.org/a/asi/joasrj/2018p197-210.html
https://ideas.repec.org/a/asi/joasrj/2018p197-210.html
https://ideas.repec.org/a/asi/joasrj/2018p197-210.html
https://ideas.repec.org/s/asi/joasrj.html
https://ideas.repec.org/s/asi/joasrj.html
http://www.answers.com/topic/smeed-report
http://www.answers.com/topic/smeed-report

