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Resume

The expansion of infrastructure in developing countries have led to a surge
in car ownership. Although cars offer greater safety, their less passenger
occupancy has contributed to reduced level of service (LOS). The present
study was aimed to investigate the effect of passenger occupancy of various
modes of transport on LOS. Detailed on-field surveys, including video
recordings and questionnaires have been used to collect data, which is
subsequently analyzed. The study findings suggest that a huge improvement
in LOS and congestion can be achieved if public transportation is used more.
Even usage of 3Ws and 2Ws can reduce congestion compared to usage of
cars. While a person using a bus uses just 0.48 m? of the road space, a person
using car uses 2.23 m? of the road space. The findings of this research are
intended to inform traffic engineers and practitioners in developing more
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1 Introduction

Transportation systems are integral part to the
economic and social fabric of any society. The efficiency
and effectiveness of these systems depend on various
factors, including the mode of choice, vehicle occupancy,
and the level of service (LOS) provided [1]. The LOS
is the service provided to the road users in terms of
comfort and safety, which is usually categorized using
Volume to Capacity (V/C) ratio. The choice of vehicle
mode/category that is preferred by the road users, along
with vehicle occupancy and level of service are critical
factors that influence the efficiency and sustainability of
transportation systems. Understanding these elements
helpsin planning and implementing strategies to improve
mobility, reduce congestion, minimize environmental
impacts and sustainability of transportation networks.

The mode of choice refers to the type of a vehicle,
which individuals/groups select for their transportation
needs. Examples include private cars (4W), public buses
(Bus), private motorized two-wheelers (2W), bicycles, or

walkers/pedestrians. The choice of transportation mode
is influenced by various factors, including individual
preferences, socioeconomic status, environmental
concerns, and the availability of infrastructure [2-3]. In
a developing country like India, the use of different types
of vehicles varies significantly among the population. As
of recent data [4], the trends in sales of the two-wheelers
(2Ws), three-wheelers (3Ws), cars, and buses in India
show significant growth and transformation. Motorized
2 Wheelers remain the most common form of personal
transportation in India, with approximately 70-75% of
households owning at least one [4-6]. On average, public
buses are used by around 10-15% of the population
for daily commuting [6]. Another very commonly used
public mode of transportation in developing countries
like India are 3 Wheelers/autorickshaws (3W) [6-8].
They cater to around 5-10% of the urban population,
providing a flexible and relatively affordable alternative
to buses and personal vehicle. Next are the cars/jeeps,
which can be termed as LMVs/4 Wheelers too. In
India, the ownership and use of private cars (4W) are
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Figure 1 Snapshots of Video Recordings

increasing rapidly, but they are still less prevalent as
compared to 2W [6-8]. On an average, 7.5% (ranging
from 4.4% in rural areas to 13.8% in urban areas) of
households are found to be owning private car [7-9].
These statistics highlight the diversity in transportation
preferences in India, which is dynamically shifting
towards private cars or 4W [10]. However, the occupancy
of these vehicles poses a threat to congestion as well as
air quality [11-13].

Vehicle occupancy refers to the number of people in
a vehicle at a given time [13]. This concept is significant
in transportation planning, environmental analysis, and
urban development. Understanding vehicle occupancy
helps in assessing traffic congestion, fuel efficiency, and
pollution levels [14-16]. Indians are heavily dependent
on private vehicles as compared to public transportation.
Even in private vehicle possession, gradually a shift from
2Ws to cars is being observed. If 100 people commuting
to workplace using 2Ws shift towards cars, the space
required for 100 cars would be 4-5 times more than
for the 2Ws. This shall lead to undesirable delay and
congestion on the road. Many studies were devoted to
the usage of public transport [16-22], which can improve
the effectiveness of traffic flow and improve air quality.
Increased areas occupied by private vehicles with less
occupants may lead to increased travel times, cause
congestion and reduce the level of service (LOS) on road.
The LOS of a road describes the quality of service that
a roadway facility is providing to its users encompassing
aspects such as travel time, frequency, reliability, and
user comfort [21]. Although studies have been conducted
to evaluate the mode of choice and vehicular occupancy
individually by various researchers [6-8], combined
effect of both the factors have been rarely studied.
Further, studies in developing countries are limited.

The present study has been conducted to explore
the preferences and behaviors of road users regarding
their mode of choice, analyze the vehicle occupancy
patterns for different categories of vehicles, and examine
how these factors affect the level of service on road.
The research provides valuable insights into current
transportation trends and identifies potential areas
for improvement in transportation systems to reduce
congestion, delays, etc., thereby improving LOS on roads.

2 Data collection, extraction and methodology

The objectives of the present study have been
attained by the collection of data from various road
locations. The present study has been conducted in the
city of Bhubaneswar, India on the urban arterials, which
are 4-lane divided roads. Bhubaneswar is a Tier - II
developing smart city in India. The cities across India
have been divided into three categories [22].

e Category X (population of 5 million and above),

* (Category Y (population between 0.5 and 5 million),
and

¢ Category Z (population below 0.5 million).

Usually, these are indicated as tier-I, tier-II, and
tier-III cities, respectively. The present study has been
conducted in a tier - II city considering its varied qualities
concerning people, their economic standards, education
standard, job status, family type, etc., leading to a much
large spectrum of driving behavior. Further, Tier II cities
in India are experiencing many developmental changes
in recent times [22]. Furthermore, majority of the
cities in India belong to the category of tier-II. Thus, to
achieve the motive of the research, Bhubaneswar, which
is one of the tier-II cities of India and the capital city of
Odisha has been chosen as the study area. However, the
methodology used in the study can be used at various
tier-I and tier-III cities to get the findings for them.
Due to difference in demography and living standards,
the results will vary, mainly in terms of vehicular
composition leading to difference in congestion and LOS
levels. Video recordings have been conducted for various
road mid-block sections across the city. Few snapshots
from various locations are provided in Figure 1.

The collected videos are played on a TV monitor
and the classified traffic volume is extracted. In case
of 2 Wheelers, the vehicle occupancy is noted from the
collected videos. For buses, physical inspection and
driver interrogation has been conducted to ascertain
the average vehicle occupancy. Similarly, for 3 wheelers
and 4 wheelers, the vehicle occupancy is determined
based on both, observation from videos and field along
with cross-examination from riders. Thereafter, the
collected traffic volumes across different times of day
are converted to Passenger car Units (PCUs) for further
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Video recording at various mid block sections

Determination of classified tratnic volumes and conversion to
PCUs

Establishment of average vehicle occupancies for various
categories of vehicles

Calculation of average area occupied by each category of vehicle

ldenfification of tratfic volume under various traific scenarios
(Only 2W. only 3W. only 4W. only bus)

Comparison and miluence of the vehicle occupancy and tratfic
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Figure 2 Flow chart depicting methodology

Table 1 Classified vehicle count with percentage composition and PCU

Time 2W 3W 4W Buses Total Total PCU

8:00-9:00 AM 840 192 210 16 1258 937.6
9:00-10:00 AM 1008 252 264 24 1548 1176
10:00-11:00 AM 1440 260 400 24 2124 1564.8
11:00-12:00 PM 1500 312 620 32 2464 1938.8
12:00-01:00 PM 1600 404 496 36 2536 1959.2
01:00-02:00 PM 980 224 460 12 1676 1337.2
02:00-03:00 PM 1352 240 580 24 2196 1712.8
03:00-04:00 PM 1548 344 720 12 2624 2077.2
04:00-05:00 PM 1592 304 740 16 2652 2084

Total Volume 11860 2532 4490 196 19078 14788

Vehicle Composition (%) 62.1 13.3 23.6 1 100

Table 2 Median PCU Units used for the present study

Vehicles PCU
Two-Wheeler (2W) 0.50
Four-Wheeler (4W) 1.00
Big Cars/LCV (4W) 1.40
Three-Wheeler (3W) 1.20

Bus 2.20

analyses. Figure 2 shows the methodology that has been
used in the present study.

3 Results

Traffic data has been extracted from over 9 hours of
recorded video across various traffic volumes on various
mid-block sections of Bhubaneswar city. The data
comprised of more than 15000 vehicles. The vehicles
were first classified into 4 categories as follows.

e Two Wheelers (2W)

*  Three Wheelers (3W)
* Cars and jeeps (4W), and
* Buses

Trucks were not considered for the study as their
number is small on road and they are used for transport
of goods and not passengers. Therefore, they do not
serve as a mode choice for road users. Further, 4W
comprises both passenger cars and big cars. They have
been clubbed in one category as the vehicle occupancy
is same in both. Table 1 show cases of the consolidated
classified counts of various categories of vehicles over 9
AM to 5 PM period, with percentage composition of each
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Figure 3 Average occupancy per vehicle

Table 31 Determination of mode choice ratio among road users

Number of vehicles on road

Number of people using them

Categgry of (considering 100 vehicles plying (considering the avg. vehicle Percentage of “"’Td users using the
vehicle specific vehicle category
on road) occupancy)

2W 62 104 40.3

3w 13 37 14.3

4w 24 74 28.7

Bus 1 43 16.7
Total 100 258

vehicle category. The vehicle counts are converted to
PCUs (Passenger Car Units) based on the IRC 106-1990
(Guidelines for capacity of urban roads in plain areas)
[23] as shown in Table 2. The PCU for any vehicular
category is defined as the equivalent factor as compared
to passenger car (which is 1.00), which is determined
based on vehicle dimensions and its speed. In the case
of 4W, as mentioned earlier, it comprises both passenger
and big cars. Therefore, the PCU values for 4W is
considered as 1.2 for the study.

As can be seen from Table 1, the average traffic
volume on the studied 2-lane one way (one direction
of 4-lane divided road) ranged from 938 PCUs to 2084
PCUs on a typical working day. The vehicle composition
shows excessive use of private vehicles, both 2W and
4W, while commuting by the road users. Similarly, the
3W too account for 13.3%, which are known for their
slow speeds and the public buses account just 1% on
the road. However, this does not reflect the number of
people using the public and private transport, since the
occupancy of all modes is not the same. To understand
this, the occupancy of various categories of vehicles have
been collected through the field survey and have been
extracted from recorded data as well. Figure 3 shows the
average vehicle occupancy based on category of vehicles.

As can be observed from Figure 3, the average
occupancy of 2W is the smallest and rightfully so, at
1.67, whereas, the 4W (cars and jeeps) even though have
a minimum seating capacity of 5, are observed to have
an average occupancy of around 3.08. Roughly, it can be

stated that if 100 vehicles are plying on road, roughly
62 of them are 2W, 13 vehicles are 3W, 24 are 4Ws, and
only 1 vehicle is a bus. From this data, the number of
road users using various modes can be determined using
their occupancy as stated in Table 3. The conclusion
from Table 3 is that around 83% of people are opting
for 2W, 3W, or car usage (as pillion/rider, or as driver/
passenger), while only 16.7% are opting for bus.

From Table 3 can also be noticed that although
62% of trips on roads are made by 2Ws and 23.6% of
trips are made by cars and jeeps (4Ws), which accounts
for around 86% of trips on roads, however, the people
using them comprise only 69%. This showcases that
these vehicles might be augmenting traffic congestion
leading to increased delays, since they occupy more
space on the road, but their occupancy is less. Thus, a
smaller number of people are using more space on road,
which also varies between 2W, Cars, 3W and Buses.
Many articles on social media present this event as a
graphic image comparing cars and buses but it is not
scientific/technically correct. Moreover, it also varies
from category to category. To put a perspective of Indian
conditions to the study, at first the top best-selling 2Ws,
3Ws, 4Ws and common buses observed on the road have
been considered. The areas occupied by them on the road
has been obtained (dimensions of vehicles) and their
average has been considered for the said category for the
study. Table 4 presents the details.

Average area obtained from Table 4 for different
categories have been used in the present study for further
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Table 4 Area covered by commonly sold /observed vehicles of different categories

Category of vehicle Area occupied (m?) Average area occupied (m?)
2W
Hero Splendor 1.48 (2.00 X 0.74) 1.38
Honda Activa 1.3 (1.833 X 0.697)
Bajaj Pulsar 1.55 (2.035 X 0.765)
TVS Jupiter 1.2 (1.834 X 0.650)
4W
Tata Nexon 7.2 (3.995x1.804) 6.87
Maruti Suzuki Swift 6.7 (3.845x1.735)
Maruti Suzuki Dzire 6.9 (3.995x1.735)
Tata Punch 6.7 (3.827x1.742)
3w
Bajaj Auto 3.4 (2.635x1.300) 3.67
Piaggio 3.7 (2.700%x1.370)
Atul Auto 3.9 (2.765x1.420)
BUS
Ashok Leyland Sunshine 20.7 (9.415x2.200) 20.8
Mahindra Cruzio Grande Staff 21 (8.950%2.350)
Eicher Starline 20.7 (9.584x2.164)
3W 2W Bus (0.48 m?)
4w (1.22 m?) (0.69 m?)
(2.23 m?) ‘JR @
B
>0

Figure 4 Area occupied by each road user using a specific category of vehicle

analysis on assessing the increased congestion on road.
Based on the earlier results of vehicle occupancy, the
area occupied by each road user using a specific category
has been determined and is shown graphically in Figure
4. It clearly shows how people travelling in buses occupy
the least space on the road (0.48 m?) while people
travelling in cars take up the highest space on road
(2.23 m?). In other words, the area occupied by around 5
people in a bus, is occupied solely by a car user.

In an ideal scenario, if people start using cars only,
it will lead to dangerous levels of traffic congestion.
To identify the effect of specific vehicle type on traffic
volume, which is a major indicator of the LOS on roads
(Indo HCM, 2017; IRC 106-1990), 4 ideal scenarios have
been created as follows.

*  All road users use Bus.
*  All road users use 2W.

e All road users use 3W.
e All road users use 4W/Car.

The effect of these ideal scenarios on LOS of the
road is compared to the existing traffic scenario with
prevailing vehicle proportions. Now, to analyze and
compare, traffic counts from field data, as provided in
Table 1, have been utilized. For instance, during 10-11
AM, which is one of the peak time periods, a total of
1440-2W, 260-3W, 400-4W, and 24 buses are travelling
on the road. Based on average vehicle occupancy, during
this time total number of people travelling on the
surveyed road can be calculated, which comes out to be
5397 = 5400 (1440%1.67 + 260%2.8 + 400%3.08 + 24%43).
Considering the above data, the number of vehicles
required if they travel only by 2W, 3W, Car/4W or bus
(the 4 ideal scenarios listed earlier) is determined and
then converted into PCUs (as per data from Table 2), to
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Table 5 Determination of traffic volume under various traffic scenarios

. Only Bus Only 2W Only 3W Only 4W
Time (h)  Avg. occupancy Ex. PCU
No. PCU No. PCU No. PCU No. PCU
8-9 3276 76 167.2 1962 981 1170 1404.0 1064 1276.8 937.6
9-10 4235 98 215.6 2536 1268 1513 1815.6 1375 1650.0 1176
10-11 5397 126 2772 3232 1616 1928 2313.6 1753 2103.6 1564.8
11-12 6665 155 341.0 3992 1996 2381 2857.2 2164 2596.8 1938.8
12-13 6879 160 352.0 4120 2060 2457 2948.4 2234 2680.8 1959.2
13-14 4197 98 215.6 2514 1257 1499 1798.8 1363 1635.6 1337.2
14-15 5749 134 294.8 3443 1721.5 2054 2464.8 1867 2240.4 1712.8
15-16 6282 146 321.2 3762 1881 2244 2692.8 2040 2448.0 2077.2
16-17 6478 151 332.2 3880 1940 2314 2776.8 2104 2524.8 2084
é‘{i 5462 127 279.4 3272 1636 1952 2342.4 1774 2128.8 1643.1
3000.0
2500.0
2000.0
1500.0
1000.0
500.0
0.0
1 2 3 4 5 6 7 8 9
mPCU/h for Bus usage  mPCU/h for 2W usage  mPCU/h for 3W usage

B PCU/h for 4W usage

m Existing PCU/h

5(b) Comparison of existing traffic flow with specific vehicle usage scenarios

Figure 5 Graphs displaying traffic flow for specific vehicle usage scenarios and existing traffic volume

know how the traffic flow can be reduced/increased if a
specific category of vehicle is used by road users. These
traffic flows are compared to the existing traffic flows
(Existing PCU in Table 1) during that time interval.
The detailed analysis and comparison of PCUs is shown
in Table 5.

It can be observed that the usage of 3W, and Cars
increase the PCUs of road as compared to existing
traffic, whereas the usage of buses can decrease the
PCU. In the context of the present study, the percentage
decrease/increase in the traffic volume/accommodation
of more/less road user, with the existing traffic volume,
with respect to usage of specific category of vehicle is
presented in Figures 5 (a) and (b).

5(a) Traffic volume in terms of PCU/h from 8 AM
to 5 PM for specific vehicle usage compared to existing
traffic flow

As can be seen from the Figure 5, the usage of Bus
only, can decrease the traffic flow on roads by 83%,

whereas the usage of cars/3W only shall increase the
traffic flow by 30-43%. The present study is conducted
on a 2-lane one way road where the capacity is 2400
PCU/h based on IRC 106-1990 and Indo-HCM (2017)
[23-28]. According to IRC guidelines, for urban roads,
the design level of service (LOS) should be C where V/C
ratio lies between 0.56-0.70. Indo-HCM (2017) suggests
new lane or any other measures if the existing volume
regularly exceeds 1680 PCU/h, which is also termed as
Design Service Volume (DSV). In the present study, it
is observed that although the average existing traffic
volume is 1643 PCU/h, however, there are instances
like 11 AM - 1 PM and 3 PM - 5 PM where the volume
exceeds DSV (Table 5). As can be seen from Table 5, if
only buses are used, the LOS can decrease largely on
road improving the quality of traffic movement. Table
6 shows the LOS ranges based on Indo-HCM (2017)
[26] guidelines, and thereafter Table 7 presents the
LOS while using a particular vehicle category under
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Table 6 LOS of Two lane Undivided Urban Roads [26]

LOS level V/C ratio
A <0.35
B 0.36 - 0.55
C 0.56 - 0.70
D 0.71-0.85
E 0.86 - 1.00
F > 1.00
Table 7 Determination of LOS under various traffic scenarios
Time Only Bus Only 2W Only 3W Only 4W Actual  Actual V/C
®) PCU V/IC@LOS) PCU V/C(LOS) PCU V/C(LOS) PCU V/C (LOS) Feu (LOS)
8-9 167.2 0.07 (A) 981 0.41 (B) 1404.0 0.59 (C) 1276.8 0.53 (B) 9317.6 0.39 (B)
9-10 215.6 0.09 (A) 1268 0.53 (B) 1815.6 0.76 (D) 1650.0 0.69 (C) 1176 0.49 (B)
10-11  277.2 0.12 (A) 1616 0.67 (C) 2313.6 0.96 (E) 2103.6 0.88 (E) 1564.8 0.65 (C)
11-12 3410 0.14 (A) 1996 0.83 (D) 2857.2 119 (F) 2596.8 1.08 (F) 1938.8 0.81 (D)
12-13  352.0 0.15 (A) 2060 0.86 (E) 2948.4 1.23 (F) 2680.8 1.12 (F) 1959.2 0.82 (D)
13-14 2156 0.09 (A) 1257 0.52 (B) 1798.8 0.75 (D) 1635.6 0.68 (C) 1337.2 0.56 (C)
14-15  294.8 0.12 (A) 1721.5 0.72 (D) 2464.8 1.03 (F) 2240.4 0.93 (E) 1712.8 0.71 (D)
15-16  321.2 0.13 (A) 1881 0.78 (D) 2692.8 112 (F) 2448.0 1.02 (F) 2077.2 0.87 (E)
16-17  332.2 0.14 (A) 1940 0.81 (D) 27176.8 1.16 (F) 2524.8 1.05 (F) 2084 0.87 (E)
\i‘fﬁl 279.4 0.12 (A) 1636 0.68 (C) 2342.4 0.98 (E) 2128.8 0.89 (E) 1643.1 0.68 (C)

particular traffic scenarios. Table 7 is an extension to
Table 5.

In Table 7, it can be observed that LOS A is
achieved only when buses are used for transport by
all the road users. Similarly, even usage of only 2Ws
will keep the LOS levels to mostly B/C. However,
more usage of 3W and cars can lead to congestion and
deteriorate the quality of traffic flow as compared to the
actual traffic conditions on the road. Similarly, more
usage of bus can help to alleviate the traffic congestion
and improve the driving conditions. Previous studies
by various authors [29-31] have examined changes
in traffic conditions using historical data from cities
such as Bhopal and Delhi, and have highlighted the
challenges, and strategies associated with achieving
sustainable urban mobility in India. The findings from
the present study provides further insights into this
issue by proposing strategic solutions to address the
growing problem of traffic congestion in Indian cities,
which has resulted in reduced LOS and increased
congestion.

4 Conclusion
The traffic congestion is a major issue in many of the

developing countries including India. Many studies are
being conducted to tackle the issue. However, one of the

most pertinent issues of mode use or vehicle passenger
occupancy is less discussed and studied. In the present
study was investigated the reduction of LOS on the road
due to stubbornness of road users to use a particular
category of a vehicle. Traffic survey was conducted on
assessing the impact of different vehicle categories (Bus,
Car, 3 Wheeler, and 2 Wheeler) on traffic volume and
road capacity on various road stretches in Bhubaneswar.
By analyzing existing traffic conditions and evaluating
ideal scenarios where only one type of vehicle dominates
the road, the study has yielded critical insights into the
road space usage, traffic volume, and the overall quality
of traffic flow.

The current analysis indicates that the existing
traffic conditions, characterized by a diverse mix of
vehicle types, result in moderate congestion. Although
the Passenger Car Unit (PCU) values suggest that
the traffic movement is generally manageable, there
are noticeable signs of congestion during the peak
hours. It was an insightful finding that the buses,
which contribute just 1% of total vehicular categories
for passenger transport, carry 16% of total road users.
However, 2Ws, which comprise around 64% of total road
traffic only carry 43% of total road users. Similarly, it
was underwhelming to see that only 30% (16% buses,
14% 3Ws) of total passengers prefer public transport.
A major portion, around 25-30% of people use private
cars even for short distances. A key observation is
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the substantial difference in space efficiency among
various vehicle categories. Buses, despite being fewer
in number, utilize the road space most effectively on a
per-person basis because of their high occupancy (0.48
m? per person). In contrast, cars are the least efficient
mode, as they occupy the greatest road space per
passenger (2.23 m? per person nearly 5 times of a person
using bus), offering comfort but contributing heavily to
congestion. Although the road users travelling in two-
wheelers (2W) also occupy less space per capita (0.69
m?), however, based on safety and risk factors, buses are
safer. When all the road users depend solely on buses,
the total PCU drops significantly, leading to smoother
traffic flow and an improved Level of Service (LOS A
with V/C consistently around 0.10). Conversely, a car-
only scenario dramatically increases PCUs, resulting
in severe congestion with LOS levels hovering around
E and F for most of the time period. The 3 Wheeler
scenario leads to higher PCUs compared to buses,
yet remains less detrimental than cars, producing
moderate traffic conditions. Similarly, 2 Wheelers show
better space efficiency than cars and 3 Wheelers but
still do not match the congestion-reducing potential
of buses. Overall, the LOS assessment shows that the
bus-dominated traffic performs the best due to efficient
road space use and high occupancy, car-only conditions
perform the worst owing to high space consumption
and low occupancy, while the 2 Wheeler and 3 Wheeler
scenarios offer moderate performance falling between
these two extremes.

The study conclusion is that increasing the bus
usage is the most effective way to alleviate traffic
congestion and improve traffic flow. On the other hand,
unchecked growth in the use of cars and 3 Wheelers
will exacerbate congestion, reducing the efficiency and
safety of the road infrastructure. To optimize traffic
flow and LOS, policy recommendations should focus on
encouraging public transportation (especially buses) and
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