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Executive Summary

All-door boarding is a policy that allows passengers with valid fare cards to board buses via
any available door. This program speeds up the boarding process and reduces the amount
of time a transit vehicle remains stationary at a regularly scheduled stop. This waiting time,
also known as dwell time, can reduce on-time performance and leads to higher operating
costs for transit agencies.

Numerous transit agencies in North America have instituted all-door boarding to reduce
dwell time and improve customer satisfaction. Metro currently has route-based all-door
boarding on three bus routes: Line 720 (Wilshire Boulevard), Line 754 (Vermont Avenue),
and the J Line (Silver). Metro’s all-door boarding model is to implement the policy along an
entire route, with fare card validators installed on the bus at each door.

Metro is currently considering an expansion of their all-door boarding program, and they
would like to better understand the effect of the policy on stop dwell time. The agency has
provided route-based data for October 2019 and April 2018 and 2019 to analyze the impact
of the policy. These months were selected as they are the agency’s preferred months for
service planning analysis, due to weather conditions, school boardings, and a lack of federal
holidays.

I used multiple linear regression and difference in difference analysis to determine the
impact of the all-door boarding policy. Multiple linear regression was used to see the effect of
all-door boarding on weekdays in October 2019 when controlling for differences in boardings
per stop, wheelchair boardings per stop, and articulated bus use. Difference in differences
analysis was used to see how all-door boarding policy affected boarding times on Lines 720
and 754 in April 2018 vs. April 2019. All-door boarding was launched on Line 720 in October
2018 and on Line 754 in June 2018. All other routes, except for the J Line, acted as a
control group for this analysis.

My statistical models show that all-door boarding is an effective policy that significantly
reduces dwell time. The multiple linear regression model shows a 6.5 seconds per stop
reduction in stop waiting times due to the policy, and my difference in differences analysis
shows a 16 percent reduction in dwell time per passenger boarding on Lines 720 and 754.
Lines 720 and 754 both use articulated buses with three doors, rather than the two door
buses used on the J Line, and the two routes see larger reductions from the policy. Metro
should consider further expansions of their all-door boarding program to reduce stop dwell
time, and the agency should prioritize routes with articulated buses.
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Introduction
Los Angeles County and the broader Southern California region have experienced a decline in
transit ridership over the last decade, despite billions of dollars in new investment, primarily new
rail infrastructure (Manville, Taylor and Blumenberg 2018). These ridership declines have been
seen across all transit modes, as private automobile ownership has surged in the region. The
share of households with no access to a private car fell by 30 percent between 2000 and 2015.
Low-income households in Southern California, a group that makes up a bulk of public transit
ridership in the United States, dramatically increased their car ownership rates during this period
(Manville, Taylor and Blumenberg 2018). In response, transit agencies throughout the region are
evaluating new policies and investments to improve service quality and boost ridership.

Transit in Southern California has struggled to remain competitive with the private automobile.
The built environment of Los Angeles favors driving and increased vehicle traffic in the region
has degraded bus service. Most bus services in Southern California do not have priority lanes
and operate in mixed traffic with private automobiles. Buses in Los Angeles county have seen
the bulk of these ridership declines and transit ridership losses have been concentrated among
former frequent riders who have purchased private cars (Manville, Taylor and Blumenberg
2018).

Los Angeles County Metropolitan Transportation Authority (Metro), which provides most transit
services in Los Angeles county, has studied various improvements to bus services, such as
signal prioritization and improved frequencies, to boost service quality and increase ridership.
Metro is also currently expanding their system of bus priority lanes and restructuring their bus
network to improve service levels on high ridership routes. Measures of bus service quality have
a significant link to bus travel demand in the United States, so these efforts have the potential to
improve ridership (Alam, Nixon and Zhang 2015).

One method to improve bus service reliability is to allow for all-door boarding on bus services.
Traditionally, transit services in the United States have passengers board through the front of
the bus, to facilitate fare payment, while having passengers alright, or exit, through the rear
doors. This process can lead to significant delays at stops, depending on the number of
boarding passengers. Transit agencies have long struggled to balance the need for faster
boarding periods with maintaining fare compliance (SFMTA 2014). Boarding and alighting make
up a majority of vehicle dwell time, the length of time a transit vehicle is stationary at a
scheduled stop. Dwell time reliability is important for transit service quality. Inconsistent dwell
times make it harder for transit vehicles to consistently meet scheduled arrival times and can
result in bus bunching, when one transit vehicle catches up with another operating along the
same route (Flynn, et al. 2011) (SFMTA 2014). All-door boarding can increase the reliability of
the bus boarding process and improve customer satisfaction (El-Geneidy, et al. 2017).
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Metro currently allows all-door boarding on four of their bus routes, but only three lines are
considered part of the agency’s all-door boarding program. This research will focus on the three
Metro bus routes that allow for all-door boarding and have on-board fare payment, where
customers purchase and validate fares while boarding the vehicle. These three lines are the
Metro J Line (Silver) bus-rapid transit (BRT) service, Metro Rapid Line 720 (Wilshire Boulevard),
and Metro Rapid Line 754 (Vermont Avenue). The Metro G Line (Orange), a dedicated BRT
route in the San Fernando Valley, is not part of the program despite allowing passengers to use
any available door to board. The Metro G Line features off-board fare payment, where
customers purchase and validate fare cards on the boarding platform, and it will not be
evaluated in this report.

Metro saw positive reductions in transit vehicle dwell times and on-time performance during pilot
studies and the initial rollout of the all-door boarding program. Line 720 saw a 32 percent
reduction in dwell time per passenger, and the J Line (Silver) saw on-time performance increase
from 69 percent to 81 percent during the pilot period (LA Metro 2016) (LA Metro 2017). Due to
the success of the existing all-door boarding program, the Metro Board of Directors have
budgeted for a further expansion of all-door boarding to two new lines during the 2021 fiscal
year (LA Metro 2020). Metro is also considering further expansions of the program in future
fiscal years.

This report will evaluate the existing all-door boarding program and determine the impact of the
policy on stop dwell time. This research used multiple linear regression to analyze the impact of
Metro’s all-door boarding program and to control for other factors that may affect dwell time,
such as ridership and articulated bus use. Additionally, I used difference in differences analysis
to see the effect of the program on dwell time in April 2018 vs. April 2019. This report will use
this analysis to provide Metro with recommendations on how to cost effectively expand this
all-door program.

8
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Literature Review

All-Door Boarding

Various factors influence how fast a transit vehicle can complete its route, including the time
spent during the passenger boarding and alighting process. This boarding time is usually the
largest share of vehicle dwell time, the period each bus is stationary at regularly scheduled
stops. Dwell time typically accounts for 9 percent to 26 percent of a bus route’s total running
time (Levinson 1983). All-door boarding is one approach that has been used by transit agencies
to reduce vehicle dwell time. Reducing dwell time can result in cost savings for transit agencies,
with Metro’s J Line (Silver) all-door boarding pilot study concluding that the agency could save
an estimated $75,000 a year while maintaining the same level of service (LA Metro 2016).

Benefits and Drawbacks of the Policy

All-door boarding allows passengers with valid fare media to board via any available door, rather
than the traditional system of boarding through the front door and alighting through the rear
doors. This speeds up the boarding process and allows for a better distribution of passengers
inside the bus to reduce overcrowding (Larwin and Koprowski 2012) (El-Geneidy, et al. 2017)
(Steward and El-Geneidy 2014). On-time performance and travel speeds are important drivers
of customer satisfaction with transit, and survey data from Metro’s pilot study shows high levels
of rider approval with the all-door boarding program (Mouwen 2015) (LA Metro 2016)

Implementation costs and fare evasion are the main drawbacks of all-door boarding. Metro’s
fare card validators cost approximately $2,800 each, with each bus needing two to three
additional validators to be compatible with the program. However, these costs may be worth the
investment due to reductions in dwell time. Dwell time reductions can lead to reduced operating
costs while providing the same level of service to transit customers (Steward and El-Geneidy
2014). Fare evasion is often a concern from transit agencies towards this program as
passengers could board without paying and would not be noticed by the bus operator. However,
rates of fare evasion are less frequent than is commonly perceived and its prevalence can be
reduced by using fare inspections (El-Geneidy, et al. 2017). SFMTA saw reductions in fare
evasion and increases in revenues after implementing their system-wide all-door boarding and
fare inspection programs (SFMTA 2014).
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Cash Transactions and Proof-of-Payment

Transit agencies that use all-door boarding in North America generally use a proof-of-payment
model, where fare inspection staff members board buses to verify that fares were paid. This
process is straightforward for fare card users; fare inspectors can electronically verify that a fare
card was validated and that the proper fare was paid. Proof-of-payment is somewhat more
difficult with cash paying customers. Most transit operators provide cash paying customers with
a paper receipt or ticket as proof-of-payment (NACTO 2017). Metro requires the use of fare
cards for all passengers on buses with all-door boarding, but the agency allows for cards to be
purchased and reloaded with cash on board. Metro’s all-door boarding pilot study showed that
additional dwell time savings could be achieved by removing cash reloading as an option (LA
Metro 2016). Allowing for cash payment slows down the boarding process but allows for more
equitable access to transit services.

Route Selection

Route selection is an important factor to evaluate when considering all-door boarding. Different
considerations should be made if payment is made on or off the bus. Some systems, such as
King County Metro in Seattle, use off-board fare payment and only have all-door boarding at
select stops (NACTO 2017). All-door boarding on a stop-level basis should target the busiest
stops (Steward and El-Geneidy 2014). For systems with on-board fare payment and route level
all-door boarding, like LA Metro, lines with high numbers of passengers per stop, high numbers
of total boardings, and high numbers of boardings in both directions of the route are good
candidates for all-door boarding. However, these savings can depend on stop placement, with
nearside stops potentially having less running time savings due to traffic signals (Steward and
El-Geneidy 2014).

All-Door Boarding in Other US Cities

Various major cities in the United States have some form of all-door boarding within their bus
networks.

San Francisco Municipal Transportation Agency (SFMTA)

The San Francisco Municipal Transportation Agency (SFMTA) is a notable example as the
agency was the first transit operator in North America to implement system-wide all-door
boarding on all transit modes. SFMTA operates an extensive streetcar network which has
allowed for all-door boarding since the early 1900s. Passengers had informally spread the
practice to SFMTA’s bus routes, and the agency decided it was appropriate to formalize the
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program in 2012 to speed up the boarding process. SFMTA’s all-door boarding program allows
for cash payment via the on-board farebox, and the agency was able to rapidly expand the
initiative to all bus routes by avoiding the installation of costly on-street ticket vending machines
(SFMTA 2014) (NACTO 2017).

Figure 1.

SFMTA passengers boarding through all available doors on an express bus route. The agency
uses an on-board all-door boarding payment model.

SFMTA performed a comprehensive review of their all-door boarding program two years after
implementation. The agency found an average reduction in dwell time of 1.5 seconds per
boarding and alighting (38 percent). Boarding customers were also more evenly distributed
within transit vehicles. Average bus speeds increased from 8.41 mph to 8.56 mph (2 percent),
and the agency saw fare evasion fall from 9.5 percent to 7.9 percent over a five-year period.
SFMTA also found greater impacts on dwell-time reductions from vehicles with two-doors rather
than three-door buses, and they saw the largest reductions in dwell time at stops that serve
tourist destinations (SFMTA 2014).
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Metropolitan Transportation Authority New York City Transit (MTA)

The Metropolitan Transportation Authority (MTA) allows for all-door boarding on their eighteen
Select Bus Service BRT routes. The MTA uses off-board fare payment on its Select Bus Service
routes, with riders validating their fare cards via on-street ticket vending machines. These
machines cost approximately $25,000 each and this high cost presents issues for widespread
adoption. The MTA has longer fare payment delays when compared to other large transit
agencies, most likely due to its magnetic stripe farecard system which requires dip-based
validation on buses. The agency is currently transitioning to a modern contactless fare card
system to address these delays. The MTA saw significant decreases in boarding times after
adopting all-door boarding, with up to a 51 percent reduction in dwell time per passenger on
their Select Bus Service routes (NACTO 2017).

Figure 2.

New York MTA passengers using off-board ticket and validation machines prior to boarding an
Select Bus Service Route.

King County Metro Transit Department

King County Metro uses stop-based all-door boarding on the Third Avenue corridor and on
select stops on its RapidRide BRT service. Customers with a valid fare card can use the
on-street card validators, while cash paying customers can pay on-board via the bus farebox.
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King County Metro has implemented all-door boarding at RapidRide stops that serve more than
150 boardings per day, while Third Avenue was selected to replace the Downtown Seattle
Transit Tunnel, which was a joint streetcar and bus transit route. The tunnel is now exclusively
used for Sound Transit light-rail services. King County Metro took a stop-based approach due to
funding and technical constraints with their new ORCA fare card system. The agency has seen
8 percent reductions in travel times after implementing all-door boarding (King County Executive
2019) (NACTO 2017).

Figure 3.

A King County Metro bus parked next to an all-door boarding fare card validator. These pay
stations are located at stops with high passenger demand.
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Data and Methodology

Data

I analyzed dwell times within Metro’s bus network and used operational data provided by the
agency to evaluate boarding time performance. Metro has provided route-based data for
October 2019 and April 2018 and 2019. April and October are Metro’s preferred months for
service planning analysis, and these periods have been selected due to several factors: schools
like Los Angeles Unified School District campuses are in session; the months have no federal
holidays; and the months have mild weather conditions in the region.

Dwell Time Data

Metro buses automatically record a variety of stop-based data during their normal operations.
These data include the length of time the doors are open at scheduled stops and the number of
passengers boarding and alighting at each stop. The length of time the doors are open will be
used for this research to analyze boarding dwell time. This door-open period time is very useful,
as it captures precise and accurate data. However, this measure can include significant outlier
data. Operators who are ahead of schedule or who are having bus maintenance issues may
wait at stops for long periods with the doors left open. Buses at terminal stops may be left with
the doors open while the current driver switches with another operator. To account for these
limitations, Metro excluded the terminal stops of each line. Additionally, a three-minute cut-off
was used for this doors-open time period, with stops longer than three minutes being excluded
from the data set.

Boarding and Wheelchair Boarding Data

Other data that will be used by this research include total boardings for October 2019 and April
2018 and 2019 and total wheelchair boardings for October 2019.  Passenger boardings are
recorded by automatic passenger counting (APC) systems at each door. APCs record door
boarding activity for all passengers and they operate independently from the fare collection
system. Wheelchair boardings are individually recorded by bus operators at each stop.
Wheelchair boardings have been selected for both the effects on boarding time and equity.
Higher numbers of wheelchair boardings may result in longer boarding times, but they are
essential for providing mobility to all people within the region. Lines with high levels of
wheelchair boardings may be good candidates for all-door boarding to improve route reliability
and customer service.
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Articulated Bus Use

Metro has also provided data on articulated bus use within their network. These buses are 60
feet long, 20 feet longer than Metro’s standard 40-foot buses, and they have three doors instead
of two. These articulated buses are used on higher ridership routes. Metro’s operational model
is to exclusively use articulated buses on those routes once the transition to these longer buses
has been made, discontinuing the use of smaller 40-foot buses along the line, although
exceptions are sometimes made for individual trips due to maintenance issues. Metro’s current
standard boarding policy for articulated buses is to allow for boardings through the front of these
buses and alightings through the two rear doors. Lines with all-door boarding allow for
boardings and alightings through all three doors.

Data Collection Periods

The data Metro provided came from various different operational systems. Data for boardings,
stop events, and the doors open period are broken down by Metro’s three service periods:
weekdays, Saturdays, and Sundays. My research will use weekday data as system wide
ridership is significantly lower on the weekends. Wheelchair data is separately calculated and
was provided as total boardings by line for the entire month. Therefore, I divided these
wheelchair boardings by the total stop events on each line to get a monthly average of this
metric. This will undercount wheelchair boardings in my weekday data-based regression model,
as these boardings are likely higher on weekdays.

Methodology

This paper will first evaluate the impact of all-door boarding on the three routes that currently
have the policy: the J Line, Line 720, and Line 754. I used multiple linear regression to see the
impact of the all-door boarding policy when controlling for differences in boardings per stop,
wheelchair boardings per stop, and articulated bus use. Average dwell time will be my
dependent variable in this model, evaluated on both a per-stop and per passenger basis. Dwell
time per stop has been used in Metro’s previous all-door boarding studies, while dwell time per
passenger boarding is frequently used by many transit agencies. Dwell time per stop is
calculated by dividing the total doors open period by the total stop events on each route. While
dwell time per boarding is calculated by dividing the doors open period by total boardings along
the route.

Average passenger boardings per stop, average wheelchair boardings per stop, articulated bus
use, and cash percentage are my independent variables. Articulated bus use and use all-door
boarding are dummy variables in this model to see the effects of both policies. This model was
selected as these factors likely have the biggest impact on bus boarding times, and this multiple
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regression analysis will allow for more specific policy recommendations for future expansions of
the program.

Additionally, I used difference in differences analysis to evaluate the effect of the all-door
boarding program on dwell time per boarding on Lines 720 and 754. All-door boarding was
launched on Line 754 in June 2018 and on Line 720 in October 2018. Therefore, I will use data
from April 2018 and April 2019 to see the effect of the program on the two routes. The other
routes in Metro’s network will be used as a control group. The J Line will not be included in this
analysis, as the route received all-door boarding in 2016.

16
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Results
All-door boarding is an effective policy that significantly reduces stop dwell time. This is true
when dwell time is evaluated on a per-stop and per-boarding basis. The policy led to a 6.5
second reduction in dwell time per stop when controlling for boardings per stop, wheelchair
boardings per stop, and articulated bus use. Articulated bus routes saw slightly larger
reductions, saving an average of 7.5 seconds per stop.

Figure 4.

Summary statistics of October 2019 Data.

It is important to evaluate these results based on the large number of total stops made by buses
on these lines: buses with all-door boarding made almost 310,000 weekday stops in October
2019. A bus operating 720 service would save an average of 4 minutes and 45 seconds per run
if the bus made all stops along the route.
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Figure 4.

Multiple linear regression models that analyze all-door boarding in October 2019. Dwell time is measured
in seconds per stop event.

My difference in differences evaluation also saw similarly high reductions. This model shows a
16 percent reduction in boarding times when compared to the other lines in Metro’s network,
which acted as a control group for this analysis. These results are slightly higher than my linear
regression model, which is most likely due to the J Line being excluded from this analysis. The J
Line uses two door buses, rather than the three door articulated buses used on Lines 720 and
754.
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Figure 5.

Difference in differences analysis comparing dwell time per passenger boarding in seconds in April 2018
vs. April 2019.
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Conclusion and Policy
Recommendations
The current all-door boarding program effectively reduces dwell time. This is true in both my
analysis of boarding times in April 2018 vs. April 2019, and in my linear regression model which
controls for various factors that contribute to increased waiting periods. The policy also sees
higher results on three-door buses rather than two, and more analysis should be directed
towards this difference.

I recommend the following based on the results from this study:
1. Metro should examine an expansion of their all-door boarding program. The policy

effectively reduces bus boarding times and can lead to cost savings due to this reduced
waiting time.

2. All-door boarding should prioritize routes with three-door buses. My results show that
all-door boarding leads to higher time savings on articulated bus routes. These routes
will require the purchase of an additional fare card validator, due to the extra door.

20



Evaluation of Bus All-Door Boarding: Analysis of Dwell Time Performance

References

Alam, B., Nixon, H., & Zhang, Q. (2015). Investigating the Determining Factors for Transit Travel Demand
by Bus Mode in US Metropolitan Statistical Areas. San Jose: Mineata Transportation Institute.

El-Geneidy, A., van Lierop, D., Grise, E., Boisjoly, G., Swallow, D., Fordham, L., & Herrmann, T. (2017).
Get on Board: Assessing an all-door boarding pilot project in Montreal, Canada. Transportation
Research Part A: Policy and Practice(99), 114-124.

Flynn, J., Thole, C., Perk, V., Samus, J., & Van Nostrand, C. (2011). Metro Orange Line BRT Project
Evaluation. Tampa: FTA Research.

King County Executive. (2019, March 14). All aboard through all doors: King County Metro to make
boardings faster, more efficient on the nation’s busiest transit corridor. Retrieved from
https://www.kingcounty.gov/elected/executive/constantine/news/release/2019/March/14-metro-all-
boarding.aspx

King County Metro. (2017). Transit Speed and Reliability: Guidelines and Strategies. Seattle: King County
Metro Transit Department.

LA Metro. (2016). All Door Boarding Pilot Evaluation. Los Angeles: Los Angeles County Metropolitan
Transportation Authority.

LA Metro. (2017). All-Door Boarding Expansion Study. Los Angeles: Los Angeles County Metropolitan
Transportation Authority.

LA Metro. (2020). Fiscal Year 2021 Adopted Budget. Los Angeles: Los Angeles County Metropolitan
Transportation Authority.

Larwin, T. F., & Koprowski, Y. (2012). Off-Board Fare Payment Using Proof-of-Payment Verification.
Washington: Transportation Research Board.

Lee, J., & Papas, D. (2015). All-Door Boarding in San Francisco, California. Transportation Research
Record: Journal of the Transportation Research Board, 2538, 65-75.

Levinson, H. S. (1983). Analyzing Transit Travel Time Performance. Transportation Research
Record(915), 1-6.

Manville, M., Taylor, B. D., & Blumenberg, E. (2018). Falling Transit Ridership: California and Southern
California. Los Angeles: UCLA Institute of Transportation Studies.

Mouwen, A. (2015). Drivers of Customer Satisfaction with Public Transport Services. Transport Research
Part A: Policy and Practice, 78, 1-20.

NACTO. (2017). Better Boarding, Better Buses: Streamlining Boarding and Fares. National Association of
City Transportation Officials - TransitCenter.

Nelson, L. J. (2019, June 27). L.A. is hemorrhaging bus riders — worsening traffic and hurting climate
goals. Los Angeles Times.

SFMTA. (2014). All-Door Boarding Evaluation. San Francisco: San Francisco Municipal Transportation
Agency.

21



Evaluation of Bus All-Door Boarding: Analysis of Dwell Time Performance

SFMTA. (2014). All-Door Boarding Evaluation - Final Report. San Francisco: San Francisco Municipal
Transportation Agency.

Steward, C., & El-Geneidy, A. (2014). All Aboard at All Doors: Route Selection and Running-Time Savings
Estimation for Multiscenario All-Door Bus Boarding. Transportation Research Record: Journal of
the Transportation Research Board.

22


	Murray_UCLA ITS Student Capstone Report Template_v2021
	Murray_UCLA ITS TRDP for Autocrat
	Alexander Murray Final Capstone Report



