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Abstract

Rapid urban development and the surge in regional connectivity have significantly increased traffic volume in
Khulna City. Unsignalized intersections, coupled with the simultaneous movement of long-route and local traffic,
have heavily congested the main corridor during peak hours. Considering the significant infrastructural changes
over the last couple of years, including the completion of the Padma Bridge, any required intervention in Khulna's
traffic system requires a study of the major roads connecting the intersections, especially in the city's unexplored
areas. Therefore, this study evaluates the prevailing traffic system performance of key arterial roads in Khulna city,
which connect significant intersections, including Shibbari Mor, Sonadanga Bus Stand, Gollamari Mor, and Zero
Point. The methodology involved primary data collection using digital devices (e.g., video camera, speed gun),
which enabled capturing vehicular movement and speed. The analysis required the calculation of four widely used
indices to evaluate the road performance (e.g., Level of Service, Speed Performance, Road Segment Congestion,
and Active Road Performance). The results demonstrated Gollamari Mor experiencing the highest congestion,
followed by Sonadanga Bus Stand and Shibbari Mor. Specifically, none of the intersections were found to have a
level of service better than ‘D’ during peak hours. Analysis using the Speed Index showed that traffic conditions
at Gollamari and Sonadanga ranged from mild to heavy congestion. In contrast, the Zero Point area experienced
no congestion. The ARPI results also highlighted a key issue: a significant portion of the road is rendered inactive
by obstructions such as street vendors and parked vehicles. Such immense pressure on the roadways of this city
indicates a rapid development of the city. The findings reveal that Khulna city has a crucial time in traffic system
management, which would require a comprehensive planning strategy for the smart and sustainable growth of the
city.

Keywords: Performance index; Level of Service; Speed Performance Index; Road Segment Congestion Index;
Active Road Performance Index.

1 Introduction

The urban transportation problem involves challenges such as traffic congestion and inefficient route planning
within urban networks (Rathod, 2024). Especially, traffic congestion is considered a significant issue for urban
areas, primarily due to the increasing number of vehicles. It leads to air pollution, higher fuel consumption, and
wasted time (Uttraphan et al, 2024). Additionally, it significantly impairs operational performance by slowing
speeds, increasing delays, and causing bottlenecks. Recurrent congestion from bottlenecks and inadequate signal
timing accounts for 45% of congestion, while nonrecurring factors contribute over 55%, exacerbating overall
traffic inefficiency (Chin et al., 2011). As urbanization and rapid economic development continue in South Asia,
these traffic congestion challenges are becoming increasingly severe, significantly impacting daily commutes and
overall economic productivity (Development Bank, 2022). Traffic congestion has become a pervasive issue in
many developing cities, hindering the growth potential of urban areas. Khulna City of Bangladesh faces significant
urban development challenges, where rapid population growth and economic expansion have led to worsening
traffic conditions (Noor et al., 2021). Bangladesh has experienced remarkable economic growth over the past
decade, driven significantly by extensive infrastructure development, particularly in transportation (Yasmin &
Akter, 2024). Following the completion of Padma Bridge in 2022, traffic volume in the southwestern region has
increased substantially, contributing to further congestion in the southwestern cities despite the overall reduced
travel time (Hafsa et al., 2022). The traffic problem in Khulna City is characterized by severe congestion, high
accident rates, and inadequate infrastructure. The Central Business District (CBD) areas are particularly affected
by congestion exacerbated by rapid population growth, urbanization, and insufficient public transport options
(Noor et al., 2021). Identifying and quantifying traffic performance is essential for decision-makers to implement
effective strategies to improve the sustainability of the transportation system of Khulna. This involves outlining
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various measures with data-based analysis and evaluation (Afrin & Yodo, 2020). (Shaik et al., 2024) developed an
Artificial Neural Network model to forecast traffic flow on the Khulna-Jessore National Highway, enhancing
traffic management strategies. (Noor et al., 2021) assessed traffic congestion in Khulna City's CBD areas,
identifying factors like rapid vehicle population growth, inadequate public transport, and illegal road occupancy.
However, this study was conducted before the completion of the Padma Bridge. Though a previous study (Morshed
& Das., 2025) explored regional traffic rerouting recently, their study did not specifically address congestion or
local traffic performance within Khulna. However, the impact of this change on traffic congestion at key
intersections in Khulna has not been thoroughly investigated, particularly at critical road segments such as Shibbari
Mor, Sonadanga, Gollamari, and Zero Point. This study fills these research gaps with the aim to assess traffic
congestion at major road segments of Khulna City using a multi-index performance approach in the post-Padma
Bridge era.

2 Methodology

2.1 Site selection

This study examines a 4.4-kilometer section of the highway network that links Jessore, Khulna, Dhaka, and
Satkhira (N7 highway). Data was collected at four major intersections: Shibbari Mor, Sonadanga, Gollamari, and
Zero Point (Fig 1). This road segment accommodates a variety of vehicles, from bicycles to trucks. Table 1 shows
the cross-sectional features of the road segment.
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Figure 1. Study area map
2.2 Data Collection

Data was gathered to assess the highway's operational performance in June 2025. Primary data was gathered
through primary surveys during two peak hours (e.g., morning and evening) and one off-peak hour (afternoon) on
weekdays, as well as one off-peak hour at weekends. Secondary data were obtained from the Khulna Development
Authority (KDA) and Khulna Roads and Highways Department (KRHD). A speed gun and measuring tape were
used to record vehicle speeds and road features.

2.2.1 Level of Service

Level of Service (LOS) analysis is carried out using the Peak-Hour Factor (PHF) method. According to the PHF
value, the LOS of the road segment is described by the following table 2. PHF describes the connection between
the peak 15-minute flow rate and the entire hourly volume.

Table 2. LOS with respect to its PHF.

PHF Value LOS PHF Value LOS
0.7 or less A 0.90 or less D
0.8 or less B 0.95 or less E

0.85 or less C >1 or less F

Typically, peak flow rate is measured over 15 minutes (Number of Readings = 4). PHF was assessed using the
formula below (Sahani & Bhuyan, 2013).
PHF = (hourly volume/4* volume count at highest 15-min) (1)
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2.2.2 Speed Performance Index (SPI)

The Speed Performance Index (SPI) measures city traffic congestion by comparing the average speed of traffic to

the maximum speed limit on a street (He et al., 2016, Liao et al., 2023). Wi

th a possible score of 0 to 100, the SPI is divided into four levels. As detailed in Table 3, each level signifies a

unique traffic condition. The following equation calculates the SPI value:

SPI= 2229 % 100 )
Vmax

Where, Vavg = The average speed of the vehicle and Vavg =Maximum permissible speed of the vehicle.

Table 3. SPI value indicating different traffic states (Noor et al., 2021)

SPI Traffic Congestion Level Description

0-25 Heavy Congestion Low average speed, poor traffic state
25-50 Mild Congestion Lower average speed, moderately poor traffic state
50-75 Smooth Higher average speed, better traffic state
75-100 Very Smooth High average speed, excellent traffic state

2.2.3 Road Segment Congestion Index (RSCI)

The duration of the regular and non-congestion states of the road segment throughout the observation period was
used to calculate the state of road segment congestion (He et al., 2016, Li et al., 2016). Equations 3 and 4 determine

this value.
. Rv
Ri = — X Rnc 3)
10tpﬂ.C
Rnc = — (4)

Tt
Where, Ri =RSCI value, Rv = average SPI value, Rnc =proportion of non-congestion state, tnc =duration of
non-congestion state (minutes) and Tt = length of observation period (minutes)
The more congested a road segment is, the lower the RSCI number, which goes from 0 to 1 (He et al., 2016).

2.2.4 Active Road Performance Index (ARPI)

The Active Road Profile Index (ARPI) measures the usable portion of a road's width. A higher ARPI value
indicates that less of the road is obstructed by issues such as illegal parking. The ARPI is calculated using the
following formula (Noor et al., 2021) :

ARPI = (1 — 2ot ®op*RWrby 10 ()
RW;

Where, RW,,,= Road occupied by informal business, RWW,,, = Road width occupied by on-street parking, RW,,, =
Road width occupied by roadside buildings and RW,,, = Total Road width

3 Result and Discussion
3.1 Level of Service (LOS)

The LOS of each road segment is summarized in Table 4. Among those four road segments, Sonadanga Bus Station
is a major transportation hub where all intercity buses, including those operating on the Khulna—Dhaka and Dhaka—
Khulna routes, arrive and depart. Sonadanga, being an intercity or regional bus terminal, is highly significant in
terms of traffic flow, which is reflected in the high vehicle volume. On the other hand, Gollamari Mor serves as a
key junction that connects several important roads. As a result, the state of traffic at Gollamari and Sonadanga is
in the worst condition, particularly in the evening peak. The least LOS for those two road segments is F, which
represents breakdown flow. Whereas the traffic state of Shibbari and Zero Point is relatively better compared to
the other two road segments, having LOS E and D, respectively. Among these four road segments, Gollamari and
Sonadanga experience severe congestion, which is a significant concern for the traffic management system in
Khulna City, requiring improvement. The quality of traffic flow (LOS) changes throughout the day, and it is the
worst during the evening rush on weekdays and during peak times on the weekend. This phenomenon might happen
at these times; the volume of three-wheelers significantly increases. A previous study done in the Rangpur CBD
area indicated the alarm of huge congestion in a few years (Islam Jony Prothan, 2017).
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Table 4. LOS values of road segments
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3.2 Speed Performance Index (SPI1)

Table 5 represents the average SPI of different vehicles at different periods in those four road segments, which
were observed in the field survey. From the table, it is found that Zero Point consistently exhibits SP1 within the
50-75 range across all vehicle types, indicating smooth flow for buses, bikes, autos, and cars alike. On the other
hand, Gollamari Mor faces heavy congestion (SPI below 25) across most vehicle types, especially for cars and
rickshaws during peak hours. One main reason might be the narrow Gollamari Bridge just beside the intersection,
as found in the field survey. This narrow bridge limits vehicle movement, causing delays. As a result, Gollamari
Mor acts as a hottleneck, causing it to become a congestion hotspot where traffic slows down considerably.
Sonadanga, functioning as the main intercity bus terminal, experiences mild to heavy congestion, with lower SPI
for buses and trucks, suggesting delayed intercity mobility. Shibbari performs moderately well, showing mild
congestion, where two-wheelers and autos maintain relatively higher SPI, while private cars face reduced speed
during evening peaks. Overall, Zero Point ensures the most efficient traffic flow across modes, whereas Gollamari
remains the most congested and critical node in terms of vehicle movement efficiency. The analysis also revealed
that weekday off-peak periods generally exhibit less congestion, but Shibbari Mor is an exception, experiencing
its lowest congestion during the weekend off-peak.

Table 5. SPI value and Congestion type

Vehicle Type . i
Location Time 3 Icte 1yp Avg.  Congestion
g a b c d/f e SPI type
Mor. Peak ¢, 36.78 49.06 69.72 60.29 3448 4825 Mild
Weekdays  Off Peak Tg 3831 53.08 69.62 64.53 33 49.64 Mild
Shibbari Eve.Peak 2z 26.90 30 4190 42.04 2462 3227 Mild
Weekend Off Peak é:s 39.39 4890 79.83 7259 3696  52.86 Smooth
Peak £ 3090 29.40 48.68 37.53 29.69  34.55 Mild
Mor. Peak 3 2731 29.69 42.73 3832 2285 31.36 Mild
Weekdays  Off Peak g 3016 31.19 4638 4426 2921  35.50 Mild
Sonadanga Eve. Peak S g 2383 25.10 28.10 26.43 18.80 24.23 Heavy
Weekend Off Peak % & 2525 29.62 3256 3206 24.84 26.68 Mild
Peak S ‘é 22.02 2520 3342 3251 19.74 26.01 Mild
Mor. Peak -5 '~ 1675 1590 16.06 1741 11.96 15.49 Heavy
Weekdays ~ Off Peak 7~ 1622 20.76 29.52 23.68 1591  20.64 Heavy
Gollamari Eve. Peak _g 12.11 1475 1587 16.65 11.17 13.95 Heavy
Weekend Off Peak ] 1493 1626 18.88 16.77 14.60  16.22 Heavy
Peak o 13.10 1580 1546 15.18 10.33 13.81 Heavy
Mor. Peak ., 4447 5425 81.18 6390 46.60 54.64 Smooth
Weekdays  Off Peak 2 41.75 5827 8521 6255 4384 5636 Smooth
Zero point Eve. Peak = 3785 4644 7516 7132  40.71 52.09 Smooth
Weekend Off Peak % 48.12 5253 7675 59.01 4748 55.85 Smooth
Peak 40.66 4539 77.12 57.80 4040  50.62 Smooth

Note: The vehicle types are mentioned as Bus-a, Bike-b, Auto-c, Rickshaw-d, Car-e and Truck-f.

3.3 Road Segment Congestion Index (RSCI)

As shown in Table 6, the RSCI values of the analyzed road segments are consistent with trends previously observed
in the Level of Service (LOS) and Speed Performance Index (SPI) analysis. Gollamari has the lowest average.
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Table 6. RSCI value with respect to SPI
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RSCI value at 0.020, indicating the most severe traffic congestion, followed closely by Sonadanga at 0.157. Local
and intercity buses might contribute to congestion in Sonadanga and Gollamari by stopping directly on the road to
handle passengers, which causes significant traffic jams. In contrast, Zero Point has the highest RSCI value of
0.541, which suggests relatively smoother traffic conditions. The analysis reveals a clear pattern where the most
severe congestion on the studied road segments occurs during the weekday evening peak, a finding consistent with
the corresponding SPI data. However, the Shibbari intersection deviates from this trend, having an RSCI value of,
experiencing its worst congestion during the weekend peak. Survey data and further analysis have identified
Shibbari as a critical city intersection that connects metropolitan areas and includes an intercity highway, leading
to high traffic volume for various purposes on weekends. Specifically, a significant increase in three-wheeler traffic
during the weekend peak is the primary contributor to this high congestion. The table also shows that overall RSCI
is comparatively lower on weekends than it is during the week, which is in line with a prior study conducted in
Khulna (Noor et al., 2021)

3.4 Active Road Congestion Index (ARPI)

The Active Road Performance Index (ARPI), together with Level of Service, Speed Performance Index (SPI), and
Road Segment Congestion Index (RSCI), confirms close relationships between the mutual interaction of active
road width and traffic performance. As observed in Table 7, Zero Point, with a 100% ARPI, ensures smooth traffic
flow due to the absence of obstructions. However, Gollamari suffers from extreme congestion, with an ARPI of
only 71.20%, as the informal businesses and street vendors are encroaching on the road to create bottlenecks and
congestion. Similarly, Sonadanga, with an ARPI of 75.12%, is a central transportation hub where frequent bus
stops and passenger loading slow down traffic, leading to moderate congestion. On the other hand, Shibbari is less
congested, with an ARPI of 81.30%, demonstrating that reducing obstructions can lead to better overall traffic
flow. This comprehensive analysis underscores how ARPI, LOS, RSCI, and SPI collectively illustrate the
importance of managing road space and minimizing disruptions for better traffic flow.

Table 7. ARPI value

Total Road Width Total road width Active Road Width

Intersection (m) occupied (m) (m) ARPI (%)
Shibbari 12.50 2.34 10.16 81.30
Sonadanga 20.73 5.16 15.57 75.12
Gollamari 17.37 5.00 12.36 71.20
Zero Point 16.46 0 16.46 100
4 Conclusion

The study conducted at major road segments in Khulna indicates a heterogeneous traffic flow, dominated by auto-
rickshaws and easy-bikes. At the Gollamari intersection in Khulna, peak hour congestion reaches a critical Level
of Service (LOS) F. This results in queues longer than 67 vehicles and individual vehicle delays of over 88 seconds,
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creating major disruptions for drivers and pedestrians and necessitating police management. Key causes include
inadequate road capacity, a rising number of vehicles, on-street parking, and illegal occupancy by vendors.
Subsequently, it was noted that among the four road segments, Sonadanga and Gollamari exhibited no significant
changes in the indices during both peak and off-peak hours. However, during the weekend peak period, the LOS,
SPI, and RSCI in all three locations except Zero Point revealed the most severe congestion. (Al Kafy, 2018)
observed similar results in Rajshahi, where a considerable decline in Level of Service (LOS) to 'F' is caused by
traffic congestion at major intersections, especially during peak hours, because of the increasing number of
vehicles, such as auto-rickshaws and easy-bikes, which reflects the difficulties that both Khulna and Rajshahi have
in controlling traffic flow. This worsening situation is more than just an inconvenience, as it seriously affects the
city's economy, environment, and the daily lives of residents. The research suggests solutions such as enlarging
intersections, optimizing traffic signals, and implementing Intelligent Transportation Systems to improve traffic
flow. The findings of this study, therefore, serve as an urgent call to action for urban planners, traffic engineers,
and authorities to adopt a more integrated and sustainable approach to urban development.
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