Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh
Paper ID: 13

Investigating Traffic Congestion Dynamics in Khulna’s CBD:
Temporal Patterns, Spatial Hotspots, and Underlying Causes

Md. Sazidur Rahman?, Dr. Md. Manjur Morshed?, Arraf Hossin®

1Department of Urban and Regional Planning, KUET, Bangladesh (mdsazidurrahman2001@gmail.com)
2Department of Urban and Regional Planning, KUET, Bangladesh ( mmorshed@urp.kuet.ac.bd)
3Department of Urban and Regional Planning, KUET, Bangladesh (arrafkuet19@gmail.com)

Abstract

Traffic congestion is a growing threat to sustainable urban development, driven by rapid population growth,
urbanization, and increased economic activity. In Khulna city, the Central Business Districts (CBDs) are
particularly affected due to high commercial density and limited road infrastructure. This has led to severe
congestion, impacting productivity, environmental sustainability, and residents’ quality of life. This study focuses
on four major CBD areas in Khulna: Moylapota Mor, Ferighat Mor, Daulatpur Mor, and Thanar Mor. The
objectives were to identify the most congested road segments and peak periods, measuring congestion levels using
both primary and secondary data, and investigating the factors contributing to increased congestion. Traffic data
were collected through manual counts and video recordings during peak and off-peak hours on weekdays and
weekends. Parameters such as speed, travel time, and volume were analyzed. Level of Service (LOS), Speed
Performance Index (SPI), and other metrics were used, with SIDRA and ARPI tools applied for performance
assessment. Findings revealed significant speed reductions at Moylapota and Daulatpur, while Ferighat had the
highest saturation. ARPI analysis showed reduced road capacity due to illegal vendors and on-street parking. Field
observations confirmed these issues, with congestion primarily caused by shrinking road space and rising vehicle
numbers. This study highlights the dynamic and worsening nature of congestion in Khulna’s CBDs and emphasizes
the urgent need for strategic urban planning and traffic management to mitigate these problems.

Keywords: Transportation system; Central Business District; Road Segment Congestion Index (RSCI); Active Road
performance Index (ARPI); Speed performance Index (SPI).

1 Introduction

Traffic congestion is a condition characterized by the interrelation between the volume and speed of the vehicle in
a road network resulting in reduced speed and increased travel time compared to free flow condition. Scientists
have developed different measures to identify the magnitude of traffic congestion (Aftabuzzaman, 2007). It occurs
when the road management system is unable to accommodate the volume of the traffic. When the level of vehicle
traffic exceeds the roads capacity it hampers free movement and affects the vehicle speed (Kozlak & Wach, 2018).
Rapid growth in motorization and less improvement in road network has a great impact on traffic congestion.
Congestion is caused by the inequality of travel demand and road capacity. To cope with rapid urbanization and
potential economic growth a large amount of vehicle movement is needed, as a result the volume of vehicle in the
road increases and traffic congestion occurs (Agyapong & Ojo, 2018). When the demand for travel exceeds the
capacity of an existing road system, traffic congestion occurs (Rosenbloom, 1978). The delay of travel time delay
or delay light or obstruction of free-flow travel condition, is called traffic congestion (Lomax & Shawn, 1997).
Congestion can be defined as the situation when traffic is moving at speeds below the designed capacity of a
roadway (Noor et al, 2021). It has become a major issue in many cities throughout the world. Especially in
Bangladesh, it is a difficult challenge to overcome. It has hampered not only the sustainable social, economic
development but also environmental development by increasing the costs of transport (Ye, 2012). In Bangladesh,
traffic congestion has been known as a common unwanted scenario. Dhaka, Chittagong, Khulna, and Rajshahi are
the major urban cities suffering from traffic congestion. In Dhaka due to traffic congestion 3.2 million working
hours are lost per day USD 3 billion is costed a year and over 8 million work hours are lost by cities daily. As a
3rd largest city, Khulna is also suffering from traffic congestion problem. The capacity of the existing roads of
Khulna city is low for the number of vehicles. As a result, people can hardly reach their destination at their
scheduled time. As a result, congestion is increasing in Khulna city, and it is skyrocketing. The objectives of this
study were: 1) To identify the most congested road segments and periods of peak congestion; 2) To measure the
level of traffic congestion at selected intersections from both primary and secondary data; 3) To investigate the
key factors contributing to the increased traffic congestion in CBD areas over time. Traffic congestion has many
negative effects such as loss of travel time, high fuel consumption, more vehicle emission and bad impact on
health. It also increases the risk of accident and frustration on commuters. It not only increases the transportation
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costs but also waste time of travelers. As a result, research has been done to develop measuring parameters and
models. Some of the researches by scholars were aimed at identifying the causes and dimensions of transport
problems (Anjaneyulu & Nagaraj, 2009). In this study, various congestion indices and level of service (LOS) are
used to identify the traffic congestion level at study area of Khulna city. The outcome of the study will ensure
sustainable urban transport system by providing useful information for urban planner, policymakers by mitigating
congestion.

2 Methodology
2.1 Study Area

In this study, four major CBD
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Figure 1: Study area map showing the selected traffic nodes

2.2 Data Collection

2.2.1 Primary Data Collection

Primary data was collected through different types of surveys. It includes manual traffic count and through video
recording. In Manual process Spot speed, travel time, Delay time and time headway was collected in four
intersections using speed gun, meter tape and surveys accessories. On the other hand, Traffic volume was collected
through video recording and then manual counting. SIDRA Intersection software was used to measure the Level
of service and degree of saturation. Three other Congestion indices: 1) Speed performance Index (SPI); 2) Road
Segment Congestion Index (RSCI); 3) Active Road Performance Index (ARPI) were calculated by primary data.

2.2.2  Secondary Data Collection

Secondary data which is used in this research was collected in 2016. Some secondary data was collected through
previous research and rest of the data was collected through RHD and KCC. These data are used to identify level
of service and degree of saturation at that time. On the same process other calculation was done for measuring
other traffic congestion indices. Moreover, Sidra Intersection software was used to measure the level of service
and degree of saturation.

2.3 Procedure

2.3.1 Traffic Volume

Traffic volume determines the number of vehicles in the road and identifies the congestion time periods of four
intersections. The whole process was done by video recording and manually. The volume data were counted at
peak time and off-peak time at different time for duration of 1 hour for 10 hours (8.30 am - 6.30 pm). The traffic
volume analysis and average PCU per lane is done for all direction and for all approaches along all the four
intersections. On the study day, heavy vehicles like bus, trucks and light vehicles like cars, pickup, mahindra, easy
bike, rickshaw, bi-cycle, van data were collected. The traffic volume in passenger car unit and the movement of
traffic on each approach leg are also essential for the analysis. To convert the number of vehicles in passenger car
unit the passenger car equivalent factors are used.
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2.3.2  Speed Performance Index (SPI)
The Speed Performance Index is used to determine the condition of the congestion of road. It is the ratio of the
average speed of a vehicle and the maximum speed which is permissible. Formula: SPI= (Average
Speed/Maximum Speed) * 100

Table 1: Speed Performance Index

SPI Traffic Congestion Description
Level
0-25 Heavy Congestion Low average speed, poor traffic State
25-50 Mild Congestion Low average speed, moderately poor traffic State
50-75 Smooth High average speed, better traffic State
75-100 Very Smooth High average speed, excellent traffic State

. (Source: He et al, 2016; Afrin and Yodo, 2020)
2.3.3  Road Segment Congestion Index (RSCI)

The RSCI value describes the degree of traffic congestion on any traffic intersection. Formula: RSCl= (Average
SPI Value/100) * The proportions of non-congestion state.

2.3.4  Active Road performance Index (ARPI)

Active Road Performance Index denotes the portion of the road which is actively using and or the percentage of
road width of a road which is used for vehicle movement. Formula: ARPI= (1- Road occupied by, (informal
business+ On-street parking+ Roadside buildings)/Total Road Width) * 100.

2.3.5  Level of Service (LOS) as Congestion Indicator
In this study, the SIDRA program was used to estimate the LOS at intersections based on geometric data and
hourly traffic volumes. In the case of critical gaps and saturated flow some default values were used where
necessary.

Table 1: Level of Service and Degree of Saturation

VIC (Degree of LOS Class Traffic State

Saturation)

0-0.60 A Free Flow

0.61-0.70 B Stable traffic flow, Speed is unaffected
0.71-0.80 C stable traffic flow, Speed is affected
0.81-0.90 D Stable flow with high vehicle density
0.91-1.00 E Low Speed

>1.00 F Breakdown flow

(Source: Ameri et al., 2013)
3 Analysis and Findings

3.1 Level of Service (LOS)
Table 3: LOS according to Primary and Secondary Data
Intersection LOS (Primary Data) LOS (Secondary Data)

Ferighat mor Intersection E F

Moylapota mor Intersection

F E
Doulatpur mor Intersection F E
Thanar mor Intersection D D

3.2 Degree of Saturation
Table 4: Degree of Saturation according to Primary and Secondary Data

Intersection name Time Duration Degree Degree of

of Saturation Saturation

(Primary Data) (Secondary
Data)
Ferighat mor Intersection Peak Time 8:30 AM to 9:30 AM 0.73 0.76
12:30 PM to 1:30 PM 0.82 1.29
5:30 PM to 6:30 PM 0.91 1.76
Off-Peak time | 10:30 AM to 11:30 AM 0.71 0.95
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3:00 PM to 4:00 PM 0.64 0.86
Moylapota mor Intersection | Peak Time 8:30 AM to 9:30 AM 0.77 0.78
12:30 PM to 1:30 PM 0.93 0.84
5:30 PM to 6:30 PM 1.64 0.91
Off-Peak time | 10:30 AM to 11:30 AM 0.85 0.72
3:00 PM to 4:00 PM 0.74 0.65
Doulatpur mor Intersection Peak Time 8:30 AM to 9:30 AM 0.86 0.71
12:30 PM to 1:30 PM 0.98 0.88
5:30 PM to 6:30 PM 1.44 0.78
Off-Peak time | 10:30 AM to 11:30 AM 0.83 0.62
3:00 PM to 4:00 PM 0.85 0.67
Thanar mor Intersection Peak Time 8:30 AM to 9:30 AM 0.73 0.69
12:30 PM to 1:30 PM 0.89 0.88
5:30 PM to 6:30 PM 0.82 0.81
Off-Peak time | 10:30 AM to 11:30 AM 0.84 0.76
3:00 PM to 4:00 PM 0.73 0.61

3.3 Speed Performance Index (SPI)
Table 5: SPI according to Primary and Secondary Data

Intersection Name Time Design Speed Primary SPI Secondary SPI
Ferighat mor intersecton Peak time 65 16.56923077 12.18

off peak time 22.64615385 14.3
Moylapota mor intersecton Peak time 55 15.35 17.3

off peak time 20.78 23.28
Daulatpur mor intersecton Peak time 60 13.09 17.88

off peak time 18.23 27.24
Thanar mor intersecton Peak time 48 20.34 22.35

off peak time 21.25 23.31

3.4 Road Segment Congestion Index (RSCI)
Table 6: RSCI according to Primary and Secondary Data

Intersection

RSCI Value (Secondary Data)

RSCI Value (Primary Data)

Ferighat mor 0.074 (Most Congested) 0.0756
Moylapota mor 0.076 0.0715 (Most Congested)
Daulatpur mor 0.0775 0.0723

Thanar Mor

0.079 (Least Congested)

0.0785 (Least Congested)

3.5 Active Road Performance Index (ARPI)
Table 7: ARPI according to Primary Data

Intersection name Total Road Road width occupied Active ARPI
width Vendo | Street Building Road (%)
r parking width
Ferighat mor 60 10 8 3 39 65
Intersection
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Moylapota mor 80 15 15 7 43 53.75
Intersection
Doulatpur mor 40 13 12 2 13 325
Intersection
Thanar mor 22 3 4 2 13 59.1
Intersection
Table 8: ARPI according to Secondary Data
Intersection name Total Road width occupied Active Road | ARPI
1 0,
R_oad Vendor Street Building width (%)
width .
parking
Ferighat mor 60 19 10.5 2 28.5 47.5
Intersection
Moylapota mor 80 10 7 2 61 76.25
Intersection
Doulatpur mor 40 8 10 1 21 52.5
Intersection
Thanar Mor 22 6 3 2 11 50
Intersection

3.6 Causes of increasing Traffic Congestion
The increase of population and vehicles in the study area has influenced this poor traffic state. This study marked
the decrease of active road width due to illegal road occupancy as a major influencer in this regard. During field

observation, it is found that the street vendors occupy a large portion of the roads and the footpath which reduces

the effective usage area of the road.

3.7 Traffic Volume

The graph Indicates that Moylapota and Daulatpur Intersection has the highest amount of traffic during all day.
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4 Conclusion

This study examined traffic congestion in Khulna’s Central Business District (CBD) and identified
Moylapota and Daulatpur intersections as the most congested, with peak congestion occurring in the evening
(5:30-6:30 PM) and, for Daulatpur, also in the morning (12:30-1:30 PM). The primary causes of congestion
were found to be illegal on-street parking, encroachment by roadside vendors, and increasing traffic volume
due to urban growth. In contrast, Ferighat, once the most congested intersection, has shown improvement
over time. Despite these findings, the study has certain limitations. The research primarily focused on four
intersections, which may not fully represent congestion trends across the entire CBD. Additionally, the
reliance on secondary data from 2016 may introduce discrepancies when compared with recent primary data.
The accuracy of congestion indices depends on the precision of manual traffic counts and SIDRA Intersection
software inputs, which may have some inherent limitations. Moreover, due to time and resource constraints,
a long-term analysis of traffic trends and interventions was not conducted. Future research should explore
congestion management strategies that integrate land use planning, public transportation improvements, and
traffic demand management techniques. A broader study covering more intersections, as well as
incorporating real-time traffic data and advanced simulation models, could provide more effective solutions
for mitigating congestion. Furthermore, investigating the socio-economic impacts of illegal road occupancy
and assessing policy measures for traffic enforcement would offer deeper insights into sustainable urban
transport planning in Khulna. Investigating the effectiveness of policy interventions, such as designated
vending zones and stricter parking enforcement, would also provide valuable insights for sustainable urban
mobility planning in Khulna. Overall, this study highlights the dynamic nature of congestion and underscores
the solution to mitigate the problem by highlighting the urgent need for strategic urban planning to alleviate
traffic problems in the city’s CBD.
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