Public Transport (2023) 15:675-696
https://doi.org/10.1007/s12469-023-00335-6

ORIGINAL RESEARCH

®

Check for
updates

Examining the association between bus transit reliability
and the number of boarding passengers

L. Sravya Jayanthi' - Srinivas S. Pulugurtha®® - Raunak Mishra®

Accepted: 20 November 2022 / Published online: 18 August 2023
© Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

The focus of this study is to examine the association between bus transit reliability
and the number of boarding passengers at bus-stop level using data obtained from
the Charlotte Area Transit System (CATS) in the city of Charlotte, North Carolina,
USA for the year 2017. The on-time performance percentage was computed and
used as bus transit reliability at bus-stop level. Two different thresholds were con-
sidered to compute the on-time performance measure. The ridership data was pro-
cessed to compute the average number of boarding passengers per bus at bus-stop
level. The findings indicate that the day of the week, time of the day, direction of
travel, and the type of bus-stop influence the association between the on-time perfor-
mance percentage and the average number of boarding passengers per bus.
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1 Introduction

Growing population, rapid urbanization, and increase in travel demand emphasize
the need for public transportation systems and sustainable transportation planning.
The public transportation industry in the United States is worth $80 billion (Litman
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2016). In 2019 alone, 9.9 billion trips were made using public transportation sys-
tems, and they approximately account for 34 million trips each weekday (Hughes-
Cromwick 2019).

Many towns and cities need reliable public transportation systems to improve
mobility and mode choices for captive and choice-based riders. Bus, bus rapid tran-
sit (BRT), light rail transit (LRT), commuter rail, etc. are typical public transporta-
tion systems across the United States. Several strategies are being implemented to
improve these public transportation systems, including park-and-ride services, inter-
modal services, segregated right-of-way, stations involving platforms with high-
quality amenities, and usage of intelligent transportation systems-based applications
(Ishaq and Cats 2020; Devi et al. 2021). Despite the greater demand for public trans-
portation and improvement in related services, ridership has not increased signifi-
cantly in the last two decades (Mallett 2018).

There could be a number of reasons for the insignificant increase, no change or
decrease in ridership. These include increasing private car ownership, relatively low
gas prices, urban sprawl and trip lengths, transit service laybacks, and the rise of
taxi/ride services (for example, Uber and Lyft) (Graehler et al. 2019). Bus transit
reliability is an important service characteristic from a bus rider perspective. The
inconvenience, uncertainty in the operations, and added time of unreliable services
further diminish the public transportation rider confidence and may ultimately result
in the overall decline of ridership. In other words, providing reliable bus service
might foster a more significant, more satisfied, and committed base of bus riders.
This study explores this hypothesis.

The perception of public transportation reliability among riders is based on on-
time arrival/departure and waiting time (Strathman and Hopper 1993; Nakanishi
1997; Strathman et al. 1999; Bertini and El-Geneidy 2003; Surprenant-Legault and
El-Geneidy 2011; Currie and Delbosc 2011; Kathuria et al. 2020). Intra-city bus
services often show inconsistencies in on-time arrival/departure at bus-stops. This
could be because buses typically share their travel space with other transportation
modes, making them vulnerable to recurrent and non-recurrent congestion.

The ridership and traffic conditions vary with the day of the week, time of the
day, direction of travel, and type of bus-stop. For example, traffic volume is typi-
cally higher on weekdays and peak hours when compared to weekends and off-
peak hours. The number of riders traveling toward the central business district (or
downtown/uptown) is typically higher in the morning peak hour while the number
of riders traveling away from the central business district (or downtown/uptown)
is typically higher in the evening peak hour. The regular traffic flows typically fol-
low the same directional trend. The travel times (for buses as well as regular traffic)
and dwell times at bus-stops also depend on the direction of travel and time of the
day. The spatial location of the bus-stop (in an urban or suburban area; start, mid-
dle or end of a route) and the type of bus-stop (for example, transfer point) are other
associated factors. This study, therefore, aims to examine the association between
bus transit reliability (expressed as on-time performance percentage) and ridership
(expressed as the average number of boarding passengers per bus) at bus-stop level
by day of the week, time of the day, direction of travel, and type of bus-stop. The
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findings provide vital insights for public transportation agencies to enhance service
and maximize benefits from related investments.

2 Literature review

Researchers and practitioners in the past focused on investigating the effect of fac-
tors like population density, housing around transit stops, accessibility to stops,
and advanced traveler information on public transportation systems (Cervero 1994;
Pulugurtha et al. 1999, 2011; Abdel-Aty 2001; Chakrabarti 2017). The provision of
new and reliable public transportation systems is likely to relieve congestion and
increase ridership as reliability plays a vital role in choosing public transportation as
a travel mode.

Explanatory models were developed using population characteristics, regional
economy, geographic characteristics, and transportation variables in the past. The
factors affecting public transportation ridership that were considered in the past
include transit fare, bus-stop amenities, and transit service quality (Syed and Khan
2000; Tirachini et al. 2010; Lai and Chen 2011; Sharaby and Shiftan 2012; Redman
et al. 2013; Abenoza et al. 2017). External factors like road characteristics, built
environment, land use characteristics, socioeconomic characteristics, and demo-
graphic characteristics at a stop, along a route or in the network also influence public
transportation ridership (Pulugurtha and Agurla 2012; Guerra 2014; Bhattacharjee
and Goetz 2016). Factors such as pedestrian-friendly intersections, walk and bike
connectivity, value of riders’ travel time and savings, and safety at public transporta-
tion stops influence ridership (Khattak and Rodriguez 2005; Kim et al. 2007; For-
syth et al. 2009; Choi et al. 2012; Chepuri et al. 2020; Pulugurtha and Srirangam
2022). The findings from past research also indicate that safety and accessibility to
bus transit systems play a vital role in increasing the use of such systems, i.e., rider-
ship (Pulugurtha et al. 1999, 2011; Pulugurtha and Vanapalli 2008). It is also impor-
tant to integrate the perspectives of public transportation system riders and agencies
on reliability as well as consider the response of public transportation system riders
to schedule adjustments when developing plans to improve reliability (Diab et al.
2015).

The number of boarding and alighting passengers or crowding could influence the
reliability of a public transportation system. Paudel (2021) analyzed the effect of rid-
ership on the reliability of a public bus service. In their study, ridership is the num-
ber of people inside the bus while reliability is the difference between a scheduled
arrival time and an actual arrival time. A difference of zero between a scheduled
arrival time and an actual arrival time is considered as reliable. Their findings sug-
gest that an additional unit increase in the number of passengers (crowding) results
in a 0.9% reduction in the reliability of bus services. In other words, higher volumes
of bus ridership (more crowded buses) cause a significant increase in the variance
of bus transit reliability. Other studies related to the effect of crowding include the
valuation of sitting and standing in metro trains (Tirachini et al. 2016) and cost esti-
mation with large-scale smart card and vehicle location data (Horcher et al. 2017).
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While many studies in the past focused on ridership and related factors, a rela-
tively low number of studies in the past focused on the reliability of public transpor-
tation systems. Ge et al. (2022) synthesized literature on robustness and disturbances
in public transportation systems. They suggested a connected and intertwined
approach to manage disturbances, disruptions, and delays to enhance robustness
and reliability of public transportation systems. Soza-Parra et al. (2022) studied the
effect of travel time reliability on mode choice for bus and metro service in Santi-
ago, Chile. They found that travel time reliability has a relevant impact on travelers’
decisions, particularly for bus service as it shows a higher deviation in travel time
reliability than the metro system.

Computing performance measures like reliability of public transportation systems
has improved since advanced monitoring and tracking systems have been deployed
in the recent years (Chepuri et al. 2018). The reliability-based performance meas-
ures provide vital insights for improving ridership and help public transportation
agencies assess specific goals identified to improve services. The measures such as
the punctuality index based on routes, the deviation index based on stops, and the
evenness index based on stops (Chen et al. 2009), the frequency of service (Brake-
wood et al. 2015), mixed traffic lanes, bus lanes, median bus-ways on city streets,
reserved lanes on freeways (Levinson 2004), the number of stations, the average dis-
tance between two stations, average speed, average peak/non-peak headways, and
vehicle capacities influencing public transportation system performance were con-
sidered as some of the measures influencing ridership. Likewise, the on-time perfor-
mance percentage (OTP) was explored as a measure and could be considered from a
public transportation system rider perspective. Duddu et al. (2014, 2019) evaluated
OTP at a bus-stop level based on travel time and delay at previous bus-stops. How-
ever, there are no studies quantifying the association between a reliability measure
like OTP and ridership at a bus-stop level.

The number of boarding and alighting passengers influence the dwell time at a
bus-stop and OTP. The number of boarding passengers at a bus-stop indicates rider-
ship activity at the bus-stop. Providing reliable bus service could increase ridership
(say, number of boarding passengers per bus at bus-stop). Thus, this study focuses
on exploring and examining the association between bus transit reliability (OTP)
and the number of boarding passengers at bus-stop level. It bridges the gap by devel-
oping a systemic framework to understand the association between bus transit reli-
ability and ridership (the number of boarding passengers) over time (the day of the
week and time of the day), the direction of travel, and type of bus-stop.

3 Methodology

The city of Charlotte, one of the most populated cities and commercial hubs in
North Carolina, USA, was chosen as the study area to understand the association
between bus transit reliability and the number of boarding passengers. Charlotte
is in the Piedmont region of North Carolina. It has seen a 52.5% increase in pop-
ulation since 2000 (estimated population is 877,279 in 2020). The average trip
length is about 25 min in the Charlotte region, approximately equal to the average
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travel time across North Carolina (Pulugurtha et al. 2019). Travel by car (per-
sonal vehicle) has the highest mode share; 76.6% drive alone and 9.8% carpool to
work. About 3.4% of the total trips are public-transportation-related in the city of
Charlotte, North Carolina (CDOT 2022).

The Charlotte Area Transit System (CATS) is the agency responsible for oper-
ating public transportation systems in Charlotte, North Carolina. The public
transportation systems include bus and LRT. Only the bus transit system within
the city limits was considered in this study. LRT was not considered as there is
only one corridor with a relatively smaller number of stations in the study area.
The methodology includes collecting bus arrival/departure and ridership informa-
tion at bus-stop level, data processing, reliability computation, and analysis.

3.1 Data collection

The data for this study was obtained from CATS for the year 2017. There were
76 fixed bus service routes in the entire city. Out of these, 49 are local bus ser-
vice routes, 18 are express bus service routes, and 9 are neighborhood bus ser-
vice routes. The majority of the local bus routes are connected to/from the city’s
downtown/uptown and popular LRT stations. The city’s downtown/uptown is
where most of the business is located, and most work-related trips are observed to
and from downtown/uptown.

A total of 49 local bus service routes were considered for analysis in this study,
as they constitute the majority of connections within the city. The express routes
were not considered in this study as they have a lower number of stops when
compared to local routes of bus service; thereby, fewer records of both ridership
and reliability data.

The data collected from CATS have some reliability data and/or ridership data
for all the bus-stops in the city. However, a bus-stop was considered for analysis
only if all 52 weeks of the reliability data and ridership data are available. Per
this criterion, 394 bus-stops were identified and considered for analysis due to the
availability of data for all 52 weeks in a year.

3.2 Bus transit reliability data and ridership data

Bus transit reliability data for a given bus-stop includes the actual arrival time,
actual departure time, scheduled time, direction of travel, route number, service
day, stop description, date, time of the day, trip start time, time, and geographical
coordinates. The bus transit ridership data at a given stop includes the variables
route number, direction of travel, stop description, number of boarding passen-
gers, number of alighting passengers, date, trip start time, geographical coordi-
nates, departure time, day of the week, and time of the day.
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3.3 Data processing

Data processing was conducted in two steps. The first step involved identifying
important bus transit reliability and ridership details for a typical weekday and
weekend. The second step involved the preparation of an integrated database by pro-
cessing the bus transit reliability and ridership data. The bus transit reliability and
ridership data were processed using Python Pandas, and the type of bus-stop was
identified using the ArcGIS platform.

As stated previously, OTP was considered as the measure of bus transit reliabil-
ity. The bus transit system considered in this study has headways between 20 and
60 min based on the time of the day (morning peak, mid-day, evening peak, and
night-time) and day of the week (weekday and weekend). The Transit Capacity and
Quality Service Manual (TCQSM 3 Edition) recommends OTP as a measure of
reliability for all the bus headways greater than 10 min. The departure adherence is
computed using Eq. 1.

DepartureAdherence = ActualDepartureTime — ScheduledTime (1

The OTP of a bus service for a given time period is measured as a percentage of
the schedule deviations in departures at a bus-stop. The deviations are —1 to 5 min
of the desired time of departure, i.e., no more than 1 min early and up to 5 min late
(per TCQSM 3" Edition). For example, consider a bus with the scheduled departure
time along a given route at a given bus-stop is 6:20 PM. The bus is said to be on
time if it departs between 6:19 and 6:25 PM. For passengers alighting the bus, it
gives adequate time to plan for their respective destinations or transfers during the
journey. Additionally, the percentage of schedule deviations in departures at a bus-
stop based on —1 to 3 min of the desired time of departure was also computed and
evaluated in this study.

With the obtained values of departure adherence, the OTP percentages were com-
puted at each bus-stop using the framework shown in Fig. 1.

The number of passengers boarding at selected bus stops was captured using
automatic passenger counters. The ridership data was processed to compute the

Calculation of OTP%

A

Check if departure adherence lies between -1
to +5 minutes and -1 to +3 minutes

1 if Yes: means on-time 0 if No: means not on-time

Total Count

Fig. 1 Computation of OTP percentage
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average number of boarding passengers at each bus-stop based on the analysis sce-
nario (day of the week, time of the day, direction of travel and type of the bus-stop).
The ridership data at bus-stop level was captured for a typical weekday and weekend
for 52 weeks in a year. First, the total number of boarding passengers at each bus-
stop was computed. Then, the average number of boarding passengers per bus at
bus-stop i was computed using Eq. 2.

Total # of boarding passengers at the bus-stop

Average # of boarding passengers per bus =
gettof &p gersp Total # of trips at the bus-stop

@)

3.4 Preparation of the integrated database

The bus transit reliability and the ridership data were processed separately to iden-
tify the necessary variables for the analysis. To develop an integrated database, the
common and unique variables in both the bus transit reliability and ridership data
were used as the matching fields. They are: route number, direction of travel, and
stop description.

The route number is a unique number assigned to each local bus route in the city
limits and the stop description is the name of the bus-stop serving a local route. The
direction of travel describes the direction of the trip, which can either be inbound,
outbound, north, south, east, or west in the city. The stop description and the route
number are used to prepare the integrated database because a route could have mul-
tiple bus-stops. To capture the data for all the bus-stops along a route, both route
number and stop description are used as matching fields.

The integrated database consists of variables such as the direction of travel, the
route number, stop description, date, time of the day, latitude, longitude, bus transit
reliability, average number of boarding passengers per bus, and the average num-
ber of alighting passengers per bus. The Pearson correlation coefficient analysis was
conducted by segregating the integrated database for each analysis scenario (day of
the week, time of the day, direction of travel and type of the bus-stop).

A typical weekday and weekend were considered for the analysis by day of the
week. A total of four times of the day were considered and filtered based on the
trip start time (morning peak: 7:00-9:00 AM, mid-day: 12:00-2:00 PM, evening
peak: 5:00-7:00 PM and night-time: 8:00-10:00 PM) for analysis by time of the
day. Inbound and outbound are the two directions considered as spatial indicators
for the analysis by the direction of travel. Inbound direction trips are from sub-urban
areas to the City Transit Center (CTC), whereas outbound trips are from CTC to
sub-urban areas.

The presence of intermodal transit services within a city influences the ridership
throughout the city. This could be attributed to transfers and coordination in the
operational services of the systems (say, bus and LRT). The selected bus-stops are
geospatially distributed in the study area and were, therefore, classified into differ-
ent categories, by the type of bus-stop, accounting for multimodality and variation
in ridership. They are (1) all bus-stops near LRT stations [bus-stops within 0.4 km
(0.25 mile) radial buffer of an LRT station], (2) LRT-related transit centers, (3) other
bus-stops near LRT stations, (4) all other bus-stops (excluding LRT-station-related
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ones). Figure 2 shows the study area, the location of bus-stops and the CATS
network.

3.5 Analysis

A descriptive analysis was conducted to identify possible outliers and anomalies in
the data. The minimum, median, mean, maximum, and standard deviation of bus
transit reliability and the average number of boarding passengers per bus were com-
puted and examined. Table 1 summarizes the descriptive statistics of the considered
bus transit reliability and the average number of boarding passengers per bus by day
of the week and time of the day. Bus-stops with greater than 30 records were con-
sidered for the analysis. The mean value of BTR (—1 to 5 min) is about 74-76%
and the mean value of BTR (-1 to 3 min) is about 56-58%. This indicates that the
data of BTR (—1 to 3 min) is closer to normal distribution than that of BTR (-1 to
5 min). Hence, the normality test was performed with BTR (-1 to 5 min), BTR (-1
to+3 min) and an average number of boarding passengers per bus.

A sample normal distribution diagram (for weekday morning peak hour)
is shown as Fig. 3. In Fig. 3, the y-axis of the histogram shows how frequently
the values on the x-axis occur in the data. Here, the x-axis is the value of BTR
(=1 to 3 min) and the y-axis is the number of times the values of BTR (-1
to 3 min) occur in the morning peak hour data of a typical weekday. The his-
togram plot indicates that the data may be normally distributed. A normality

@ LRT station
« Bus stop

(b)

Fig.2 a Study area showing bus-stop and LRT station locations, b Charlotte Area Transit System
(CATS) network
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Fig.3 Sample normal distribution diagram for morning peak hour data—weekday

test was performed to examine whether the data is normally distributed or not.
D’Agostino’s Pearson K Test was conducted to determine if the data distribution
departs from the normal distribution (D’Agostino 1986; Albassam et al. 2021).

The test results in summary statistics like the skewness (quantifies asymmetry
in the distribution) and Kurtosis (quantifies the distribution in the tail). The null
hypothesis is defined as the data is normally distributed. If the p-value is greater
than the alpha (0.05 in this case) then the null hypothesis is accepted. Table 2
summarizes the D’Agostino’s Pearson K? test results for normality.

From the normality test results, it can be observed that the null hypothesis is
rejected in a few cases for both bus transit reliability (—1 to+5 min) and bus tran-
sit reliability (—1 to+ 3 min). This may be due to outliers and/or the presence of
high variations in data (a variation in bus transit reliability and the average num-
ber of boarding passengers per bus from one stop to another). It also emphasizes
the need to examine the variations in the data by segregating by day of the week,
time of the day, direction of travel, and the type of bus-stop.

Pearson correlation coefficients were used to examine the association between
transit reliability and the average number of boarding passengers per bus for each
segregated dataset. The correlation coefficients, which are significant at a 95%
confidence level, were used for assessing the association. The Pearson correlation
coefficients were classified into six categories: high positive correlation coeffi-
cient: > 0.5, moderate positive correlation coefficient: 0.3-0.5, low positive corre-
lation coefficient: 0—0.3, low negative correlation coefficient: —0.3 to 0, moderate
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Table 3 Association between

Day of th k BTR (-1to5 BTR (—1t03
bus transit reliability and ay of e wee (-1t03) 13
average # of boarding Weekday 0.30 0.23
passengers per bus by day of

Weekend 0.27 0.23

the week

BTR is bus transit reliability

Table 4 Association between bus transit reliability and average # of boarding passengers per bus by day
of the week and time of the day

Day of the week Time of the day BTR (-1to5) BTR (-1 to 3)
Weekday Morning Peak 0.31 0.26
Mid-day 0.29 0.20
Evening Peak 0.30 0.18
Night-time 0.31 0.24
Weekend Morning Peak 0.33 0.30
Mid-day 0.39 0.35
Evening Peak 0.31 0.25
Night-time 0.32 0.27

BTR is bus transit reliability

negative correlation coefficient: —0.5 to —0.3, and high negative correlation
coefficient: < (—0.5).

4 Results

The results from Pearson correlation coefficient analyses are discussed in this
section.

4.1 Association between bus transit reliability and the average number
of boarding passengers per bus by day of the week

Table 3 shows that there exists a low positive correlation between the aver-
age number of boarding passengers per bus and bus transit reliability based on
bus transit reliability (—1 to 5 min) and bus transit reliability (—1 to 3 min) on
weekdays and weekends. This indicates that an increase in bus transit reliabil-
ity increases the ridership. A similar analysis was carried out for all the selected
times of the day and by the direction of travel.
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4.2 Association between bus transit reliability and the average number
of boarding passengers per bus by day of the week and time of the day

From Table 4, there exists a moderately positive correlation between the bus
transit reliability and the average number of boarding passengers per bus for the
morning peak and night-time hours on a weekday. A low positive correlation was
observed for the mid-day and evening peak hours. For the weekend, the correla-
tion is moderately positive for all the selected times of the day.

Overall, the results show a significant positive correlation between bus tran-
sit reliability and the average number of boarding passengers per bus for all the
times of the day and days of the week.

4.3 Association between bus transit reliability and the average number
of boarding passengers per bus by day of the week, time of the day,
and direction of travel

From Table 5, it can be observed that the correlation is stronger in the inbound
direction during the morning peak, mid-day, and night-time hours than the analy-
sis conducted based on the day of the week and time of the day (moderately posi-
tive to high positive correlation).

Table 5 Association between bus transit reliability and average # of boarding passengers per bus by day
of the week, time of the day, and direction of travel

Day of the week Time of the day Direction of travel BTR (—-1to5) BTR (-1 to 3)

Weekday Morning peak Inbound 0.57 0.56
Outbound 0.35 0.31

Mid-day Inbound 0.52 0.46

Outbound 0.36 0.26

Evening peak Inbound 0.50 0.43

Outbound 0.45 0.32

Night-time Inbound 0.53 0.48

Outbound 0.37 0.31

Weekend Morning peak Inbound 0.52 0.39
Outbound 0.35 0.34

Mid-day Inbound 0.46 0.30

Outbound 0.48 0.49

Evening peak Inbound 0.38 0.29

Outbound 0.37 0.33

Night-time Inbound 0.39 0.31

Outbound 0.41 0.37

BTR is bus transit reliability
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The correlation results considering the temporal analysis indicate a statistically
significant relationship between bus transit reliability and the average number
of boarding passengers per bus. To explore how the proximity and location of
bus stops influence the association between bus transit reliability and the average
number of boarding passengers per bus, the analysis was performed by consider-
ing the type of bus-stop.

4.4 Association between bus transit reliability and the average number
of boarding passengers per bus by day of the week, time of the day,
and the type of bus-stop

It is observed from Table 6 that a high positive correlation exists between the bus
transit reliability and the average number of boarding passengers per bus during
peak hours of the day when data for all bus-stops near LRT stations was used for
the analysis. The trend was observed to be the same for both weekend and week-
day. Data for LRT-related transit centers also exhibited a high-positive correla-
tion for both weekday and weekend. Data for bus-stops near LRT (all bus-stops
near LRT excluding the transit centers) exhibited a moderate positive correlation
for the morning peak, while data for LRT-related transit centers exhibited a high
positive correlation for mid-day, evening peak, and night-time hours. Other bus
stops exhibited moderate boarding (ridership) activity because they usually have
the characteristics of a normal bus stop.

4.5 Association between bus transit reliability and the average number
of boarding passengers per bus by day of the week, time of the day, the type
of bus-stop and direction of travel

For a weekday, it is observed from Table 7 that all bus stops near LRT stations
exhibited a high positive correlation between bus transit reliability and the aver-
age number of boarding passengers per bus for all selected times of the day. LRT-
related transit centers did not exhibit any significant results in the correlation
analysis when considered by the direction of travel. Bus stops near LRT (all bus
stops near LRT excluding the transit centers) exhibited a high positive correlation
for all selected times of the day in the outbound direction of travel. Bus stops near
LRT connect passengers from the LRT stations with their origins and destinations
and, thus, exhibited a high positive correlation between bus transit reliability and
the average number of boarding passengers per bus.

Other bus stops have a moderate ridership activity in both outbound and
inbound directions of travel. The association between bus transit reliability and
the average number of boarding passengers per bus was found to be moderately
positive during all selected times of the day for a weekday. For the weekend, no
significant correlation between bus transit reliability and the average number of
boarding passengers per bus was observed, as the ridership patterns are not spe-
cific to a type of bus stop. For all bus stops near LRT, a highly positive correlation
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Table 6 Association between bus transit reliability and average # of boarding passengers per bus by day
of the week, time of the day, and the type of bus-stop

Day of the week Time of the day Type of bus-stop BTR (-1to5) BTR (-1to3)
Weekday Morning peak  All bus-stops near LRT stations ~ 0.54 0.46
LRT-related transit centers 0.73 0.69
Other bus-stops near LRT sta- 0.50 0.40
tions
All other bus-stops (excluding 0.44 0.47
LRT-related)
Mid-day All bus-stops near LRT stations ~ 0.58 0.47
LRT-related transit centers 0.79 0.75
Other bus-stops near LRT sta- 0.59 0.53
tions
All other bus-stops (excluding 0.42 0.36
LRT-related)
Evening peak All bus-stops near LRT stations ~ 0.56 0.45
LRT-related transit centers 0.79 0.75
Other bus-stops near LRT sta- 0.56 0.51
tions
All other bus-stops (excluding 0.29 0.17
LRT-related)
Night-time All bus-stops near LRT stations ~ 0.59 0.48
LRT-related transit centers 0.79 0.75
Other bus-stops near LRT sta- 0.58 0.49
tions
All other bus-stops (excluding 0.43 0.41
LRT-related)
Weekend Morning peak  All bus-stops near LRT stations ~ 0.53 0.50
LRT-related transit centers 0.74 0.72
All other bus-stops (excluding 0.37 0.30
LRT-related)
Mid-day All bus-stops near LRT Stations  0.63 0.59
LRT-related transit centers 0.82 0.80
All other bus-stops (excluding 0.36
LRT-related)
Evening peak All bus-stops near LRT Stations  0.44 0.37
LRT-related transit centers 0.65 0.60
All other bus-stops (excluding 0.27
LRT-related)
Night-time All bus-stops near LRT Stations ~ 0.48 0.40
LRT-related transit centers 0.69 0.62
All other bus-stops (excluding 0.27

LRT-related)

BTR is bus transit reliability. Blank cells indicate that the correlation coefficient is not significant at a

95% confidence level
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and moderately positive correlation was observed for both, inbound and outbound
directions of travel.

5 Conclusions

An evaluation of the association between bus transit reliability and the average
number of boarding passengers per bus is presented in this paper. The analysis
was carried out at two levels: temporally by considering day of the week and time
of the day, and spatially by considering proximity and location of the bus-stop.
The temporal analysis was used to assess if the ridership varied with day of the
week and time of the day. The spatial analysis was used to assess the overall per-
spective of the bus-stop facility and its influence on the association between bus
transit reliability and the average number of boarding passengers per bus. Three
hundred and ninety-four geospatially distributed bus stops in the city of Char-
lotte, North Carolina, USA were considered in this study. The OTP percentage is
considered as an indicator of bus transit reliability.

Two days of the week, four times of the day, two directions of travel, and five
types of bus stops were considered for the Pearson correlation coefficient analy-
sis. Some differences (in general, lower correlation) were observed when —1 to
3 min of the desired time of departure was used to compute OTP instead of —1 to
5 min of the desired time of departure.

The findings indicate that bus transit reliability is positively associated with
the average number of boarding passengers per bus over the weekdays and week-
end. Specifically, the average number of boarding passengers per bus during
morning peak and night-time hours of a typical weekday are highly correlated
with bus transit reliability, emphasizing concentrated work trip patterns. In the
case of the weekend, a moderate positive correlation between bus transit reliabil-
ity and the average number of boarding passengers per bus was observed for the
selected times of the day.

The direction of travel was further used for examining the association between
bus transit reliability and the average number of boarding passengers per bus. A
highly positive correlation was observed for the inbound direction during morn-
ing peak hours on a typical weekday, potentially owing to work trip patterns
towards the city’s central business district (downtown/uptown). Similarly, a posi-
tive correlation between bus transit reliability and the average number of board-
ing passengers per bus for the outbound direction was observed during night-time
hours, potentially due to work-to-home trips.

The presence of intermodal transit services in the city influences overall transit
ridership. These intermodal transit services require a definite coordination in their
operations for better reliability. The Pearson correlation coefficient analysis was con-
ducted by classifying the data based on the type of bus stop to understand the influ-
ence of location parameters. The results indicate that transit centers and bus stops
near LRT stations (typically categorized as high activity bus stops) are positively
correlated with the average number of boarding passengers per bus. A moderate
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positive correlation between bus transit reliability and the average number of board-
ing passengers per bus was observed at bus stops located away from LRT stations.

Many mid-sized urban areas in the United States are moving towards improv-
ing public transportation services. Therefore, analyzing the public transportation
reliability measures and examining their association with the ridership (the aver-
age number of boarding passengers per bus at a bus stop in this study) will give a
better understanding of how reliable services stimulate the use of public transpor-
tation on a large scale. It also helps assess the relationship and proactively imple-
ment solutions to increase ridership and maximize benefits from transit service
improvement investments.

The delay at previous bus stops in addition to dwell times influence bus transit
reliability at a bus stop. Likewise, traffic volume, seasonal variations, driving behav-
ior, bus characteristics such as age, acceleration and deceleration characteristics, and
other non-recurring congestion-related factors (crash, breakdown of a vehicle, etc.)
along the route influence bus transit reliability at a bus stop. In addition, joint effects
or interactions influence the relationships. Capturing, integrating, and analyzing
these additional factors merit further investigation.

Acknowledgements This paper is prepared based on information collected for a research project funded
by the United States Department of Transportation — Office of the Assistant Secretary for Research and
Technology (USDOT/OST-R) University Transportation Centers Program (Grant # 69A3551747127).
The authors thank CATS for providing data required for this study.

Data availability The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declaration

Conflict of interest This paper is disseminated in the interest of information exchange. The views, opin-
ions, findings, and conclusions reflected in this paper are the responsibility of the authors only and do not
represent the official policy or position of the University of North Carolina at Charlotte or other entity.
The authors are responsible for the facts and the accuracy of the data presented herein. This paper does not
constitute a standard, specification, or regulation.

References

Abdel-Aty MA (2001) Using ordered probit modeling to study the effect of ATIS on transit ridership.
Transp Res Part C: Emerg Technol 9(4):265-277

Abenoza RF, Cats O, Susilo YO (2017) Travel satisfaction with public transport: determinants, user
classes, regional disparities and their evolution. Transp Res Part A: Policy Practice 95:64-84

Albassam M, Khan N, Aslam M (2021) Neutrosophic D’Agostino test of normality: an application to
water data. J Math 2021:5582102

Bertini RL, El-Geneidy A (2003) Generating transit performance measures with archived data. Transp
Res Rec 1841(1):109-119

Bhattacharjee S, Goetz AR (2016) The rail transit system and land use change in the Denver metro
region. J Transp Geogr 54:440-450

Brakewood C, Macfarlane GS, Watkins K (2015) The impact of real-time information on bus ridership in
New York City. Transp Res Part C: Emerg Technol 53:59-75

@ Springer



Bus transit reliability and the number of boarding passengers 695

CDOT (Charlotte Department of Transportation) (2022) Charlotte moves strategic mobility plan state
of mobility. https://charlottenc.gov/Mayor/Charlotte_Moves_Task_Force/Documents/Charlotte_
MOVES_State_of_Mobility_October_2020.pdf. Accessed 19 Oct 2021

Cervero R (1994) Transit-based housing in California: evidence on ridership impacts. Transp Policy
1(3):174-183

Chakrabarti S (2017) How can public transit get people out of their cars? An analysis of transit mode
choice for commute trips in Los Angeles. Transp Policy 54:80-89

Chen X, Yu L, Zhang Y, Guo J (2009) Analyzing urban bus service reliability at the stop, route, and net-
work levels. Transp Res Part A: Policy Practice 43(8):722-734

Chepuri A, Jairam R, Arkatkar SS, Joshi G, Pulugurtha SS (2018) Examining travel time reliability-based
performance indicators for bus routes using GPS-based bus trajectory data in India. ASCE J Transp
Eng Part A: Syst 144(5):04018012. https://doi.org/10.1061/JTEPBS.0000109

Chepuri A, Arkatkar SS, Joshi G, Pulugurtha SS (2020) Assessing value of bus transit passenger’s travel
time and savings: a case study of Mumbai, India. Int J Transp Econ XLVII(3):255-272. https://doi.
org/10.19272/202006703002

Choi J, Lee YJ, Kim T, Sohn K (2012) An analysis of Metro ridership at the station-to-station level in
Seoul. Transportation 39(3):705-722. https://doi.org/10.1007/s11116-011-9368-3

Currie G, Delbosc A (2011) Understanding bus rapid transit route ridership drivers: an empirical study of
Australian BRT systems. Transp Policy 18(5):755-764

D’Agostino RB (1986) Tests for the normal distribution. In: D’Agostino RB, Stephens MA (eds) Good-
ness-of-fit techniques. Marcel Dekker Inc., pp 367419

Devi MK, Safitri R, Fanani F (2021) Does continuous improvement can push BRT ridership? (Case study
of BRT TransJakarta). IJTI Int J Transp Infrastruct 4(2):169-178

Diab EI, Badami MG, El-Geneidy AM (2015) Bus transit service reliability and improvement strate-
gies: Integrating the perspectives of passengers and transit agencies in North America. Transp Rev
35(3):292-328. https://doi.org/10.1080/01441647.2015.1005034

Duddu VR, Pulugurtha SS, Najaf P (2014) New transit performance measures and LOS criteria for link-
level assessment. In: 93 Annual meeting of the transportation research board, Washington DC

Duddu VR, Pulugurtha SS, Najaf P (2019) Using link-level archived automatic vehicle location data
to assess transit system LOS at bus-stop level. Transp Dev Econ 5:11. https://doi.org/10.1007/
s40890-019-0079-3

Forsyth A, Oakes JM, Lee B, Schmitz KH (2009) The built environment, walking, and physical activity:
Is the environment more important to some people than others? Transp Res Part D: Transp Environ
14(1):42—49. https://doi.org/10.1016/j.trd.2008.10.003

Ge L, VoB S, Xie L (2022) Robustness and disturbances in public transport. Public Transport 14:191—
261. https://doi.org/10.1007/s12469-022-00301-8

Graehler M, Mucci RA, Erhardt GD (2019) Understanding the recent transit ridership decline in major
US cities: service cuts or emerging modes. In: 98th annual meeting of the transportation research
board, Washington, DC

Guerra E (2014) The built environment and car use in Mexico City: is the relationship changing over
time? J Plan Educ Res 34(4):394-408

Horcher D, Graham DJ, Anderson RJ (2017) Crowding cost estimation with large scale smart card and
vehicle location data. Transp Res Part B: Methodol 95:105-125

Hughes-Cromwick M (2019) 2019 public transportation fact book. American Public Transportation
Association (APTA), Washington, DC, https://www.apta.com/wp-content/uploads/APTA_Fact-
Book-2019_FINAL.pdf. Accessed 19 Oct 2021

Ishaq R, Cats O (2020) Designing bus rapid transit systems: lessons on service reliability and operations.
Case Stud Transp Policy 8(3):946-953

Kathuria A, Parida M, Sekhar C (2020) A review of service reliability measures for public transportation
systems. Int J Intell Transp Syst Res 18(2):243-255

Khattak AJ, Rodriguez D (2005) Travel behavior in neo-traditional neighborhood developments: a case
study in USA. Transp Res Part A: Policy Practice 39(6):481-500. https://doi.org/10.1016/j.tra.2005.
02.009

Kim S, Ulfarsson GF, Hennessy JT (2007) Analysis of light rail rider travel behavior: impacts of indi-
vidual, built environment, and crime characteristics on transit access. Transp Res Part A: Policy
Practice 41(6):511-522

Lai WT, Chen CF (2011) Behavioral intentions of public transit passengers—the roles of service quality,
perceived value, satisfaction and involvement. Transp Policy 18(2):318-325

@ Springer


https://charlottenc.gov/Mayor/Charlotte_Moves_Task_Force/Documents/Charlotte_MOVES_State_of_Mobility_October_2020.pdf
https://charlottenc.gov/Mayor/Charlotte_Moves_Task_Force/Documents/Charlotte_MOVES_State_of_Mobility_October_2020.pdf
https://doi.org/10.1061/JTEPBS.0000109
https://doi.org/10.19272/202006703002
https://doi.org/10.19272/202006703002
https://doi.org/10.1007/s11116-011-9368-3
https://doi.org/10.1080/01441647.2015.1005034
https://doi.org/10.1007/s40890-019-0079-3
https://doi.org/10.1007/s40890-019-0079-3
https://doi.org/10.1016/j.trd.2008.10.003
https://doi.org/10.1007/s12469-022-00301-8
https://www.apta.com/wp-content/uploads/APTA_Fact-Book-2019_FINAL.pdf
https://www.apta.com/wp-content/uploads/APTA_Fact-Book-2019_FINAL.pdf
https://doi.org/10.1016/j.tra.2005.02.009
https://doi.org/10.1016/j.tra.2005.02.009

696 L.S. Jayanthiet al.

Levinson HS (2004) The new “transit capacity and quality of service manual”: tour of the expanded
guide for transit planners and operators. TR News 232:25-33

Litman T (2016) The hidden traffic safety solution: Public transportation, American Public Transporta-
tion Association. https://www.apta.com/wp-content/uploads/Resources/resources/reportsandpubli
cations/Documents/APTA-Hidden-Traffic-Safety-Solution-Public-Transportation.pdf. Accessed 19
Oct 2021

Mallett WJ (2018) Trends in public transportation ridership: implications for federal policy. https://sgp.
fas.org/crs/misc/R45144.pdf. Accessed 19 Oct 2021

Nakanishi YJ (1997) Part 1: bus: bus performance indicators: on-time performance and service regular-
ity. Transp Res Rec 1571(1):1-13. https://doi.org/10.3141/1571-01

Paudel J (2021) Bus ridership and service reliability: the case of public transportation in Western Mas-
sachusetts. Transp Policy 100:98-107

Pulugurtha SS, Agurla M (2012) Assessment of models to estimate bus-stop level transit ridership using
spatial modeling methods. J Public Transp 15(1):33-52

Pulugurtha SS, Srirangam LP (2022) Pedestrian safety at intersections near light rail transit stations. Pub-
lic Transport 14:583—608. https://doi.org/10.1007/s12469-021-00276-y

Pulugurtha SS, Vanapalli VK (2008) Hazardous bus stops identification: an illustration using GIS. J Pub-
lic Transp 11(2):65-83

Pulugurtha SS, Nambisan SS, Srinivasan N (1999) Evaluating transit market potential and selecting loca-
tions of transit service facilities using GIS. J Public Transp 2(4):75-94

Pulugurtha SS, Duddu VR, Mora R (2011) Identifying inaccessible areas with potential to enhance transit
market. J Public Transp 14(2):109-131

Pulugurtha SS, Penmetsa P, Duddu VR (2019) Travel time, reliability, additional trip time, willingness to
pay and their values by socio-economic factors. Adv Transp Stud: Int J 49:31-46

Redman L, Friman M, Girling T, Hartig T (2013) Quality attributes of public transport that attract car
users: a research review. Transp Policy 25:119-127

Sharaby N, Shiftan Y (2012) The impact of fare integration on travel behavior and transit ridership.
Transp Policy 21:63-70

Soza-Parra J, Raveau S, Muiioz JC (2022) Public transport reliability across preferences, modes, and
space. Transportation 49(2):621-640

Strathman JG, Hopper JR (1993) Empirical analysis of bus transit on-time performance. Transp Res Part
A: Policy Practice 27(2):93-100

Strathman JG, Dueker KJ, Kimpel T, Gerhart R, Turner K, Taylor P et al (1999) Automated bus dispatch-
ing, operations control, and service reliability: baseline analysis. Transp Res Rec 1666(1):28-36

Surprenant-Legault J, EI-Geneidy AM (2011) Introduction of reserved bus lane: impact on bus running
time and on-time performance. Transp Res Rec 2218(1):10-18

Syed SI, Khan AM (2000) Factor analysis for the study of determinants of public transit ridership. J Pub-
lic Transp 3(3):1-17

Tirachini A, Hensher DA, Jara-Diaz SR (2010) Comparing operator and users costs of light rail, heavy
rail and bus rapid transit over a radial public transport network. Res Transp Econ 29(1):231-242

Tirachini A, Sun L, Erath A, Chakirov A (2016) Valuation of sitting and standing in metro trains using
revealed preferences. Transp Policy 47:94-104

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://www.apta.com/wp-content/uploads/Resources/resources/reportsandpublications/Documents/APTA-Hidden-Traffic-Safety-Solution-Public-Transportation.pdf
https://www.apta.com/wp-content/uploads/Resources/resources/reportsandpublications/Documents/APTA-Hidden-Traffic-Safety-Solution-Public-Transportation.pdf
https://sgp.fas.org/crs/misc/R45144.pdf
https://sgp.fas.org/crs/misc/R45144.pdf
https://doi.org/10.3141/1571-01
https://doi.org/10.1007/s12469-021-00276-y

	Examining the association between bus transit reliability and the number of boarding passengers
	Abstract
	1 Introduction
	2 Literature review
	3 Methodology
	3.1 Data collection
	3.2 Bus transit reliability data and ridership data
	3.3 Data processing
	3.4 Preparation of the integrated database
	3.5 Analysis

	4 Results
	4.1 Association between bus transit reliability and the average number of boarding passengers per bus by day of the week
	4.2 Association between bus transit reliability and the average number of boarding passengers per bus by day of the week and time of the day
	4.3 Association between bus transit reliability and the average number of boarding passengers per bus by day of the week, time of the day, and direction of travel
	4.4 Association between bus transit reliability and the average number of boarding passengers per bus by day of the week, time of the day, and the type of bus-stop
	4.5 Association between bus transit reliability and the average number of boarding passengers per bus by day of the week, time of the day, the type of bus-stop and direction of travel

	5 Conclusions
	Acknowledgements 
	References




