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ASSESSING THE POTENTIAL OF PUBLIC TRANSIT UTILITY IN MEDIUM-
SIZED CITIES USING AGENT-BASED SIMULATION

TANIYA SULTANA
MASTER OF SCIENCE IN CIVIL ENGINEERING
ABSTRACT

At the beginning of the twentieth century, the United States was leading in the
public transit sector, but following World War I, private car trips became more
affordable and more popular, specially, in the last few decades. Transportation
infrastructure investments that increased road capacity enabled the development of
suburbs leading to urban sprawl and increase in automobile use at the expense of reduced
public transit ridership. With the increase of dependency in automobiles and the
continuing growth of private automobile ownership and use, various problems became
major challenges in big cities of USA. These include traffic congestion, air pollution,
road and parking infrastructure costs, energy consumption, traffic safety, fewer mobility
options for the non-drivers, and decline in the image and use of public transit. However,
medium sized cities like Birmingham, Alabama are also facing similar challenges caused
by increased automobile trips. According to the Urban Mobility report 2019, an average
driver in Birmingham spent 40 hours trapped in traffic congestion in 2017 at a cost for
the average automobile commuter of $990/year. Still, 85% of the people drive their own
car to travel to work, while less than 1% use public transit for commuting to work. These
figures are worse than the national averages that report 76% driving alone and 5% using
mass transit to commute to work. Given these discrepancies and the many potential

benefits from reduction of automobile use, there is an interest in quantifying potential



improvements in local mobility for potential shifts from automobile use into public transit
options.

This study uses Birmingham as a case study to investigate the potential of public
transit in the medium-sized US cities to reduce automobile trips and in turn improve the
overall performance of the road network. An agent-based simulation model was
developed for the Birmingham metropolitan region using the Multi-agent Transport
Simulation platform (MATSim). Three scenarios were considered with gradually
increased transit ridership to identify the benefits of increased public transit. Traffic
volume, network average speed, and travel times were used as performance measures for
the evaluation of the designated scenarios. Results suggest that modal shifts toward
public transit and reduction in travel demand for automobile can result in improvements
in speed and travel time for all users. Therefore, investments for improving transit quality
and frequency of service as well as campaigns to improve the image of public transit and
make it a mode of choice for transportation can increase transit ridership and, in turn,

improve network operations, thus are deemed worthy for medium sized cities.

Keywords: Public transit, simulation, traffic volume, ridership, MATSim.
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INTRODUCTION
Background

In the early 20" century, the United States of America led the world in the
development and use of public transit, but after World War 11, private car became
dominant while in the other countries, public transit played larger roles. For the last
several decades, the number of private cars have grown more rapidly than the population
(Shapiro, Hassett, & Arnold, 2016). Excessive car uses are contributing to serious
environmental and urban problems such as traffic congestion and greenhouse gas
emissions. For example, 14 percent of global CO2 emissions by 2010 were solely
attributed to the transportation sector (Pachauri et al., 2014) causing 2200 premature
deaths and more than $18 billion expenditures in public health in the US (Levy,
Buonocore, & Von Stackelberg, 2010). Although, manufacturers are focusing on cleaner
vehicles and fuels to address this issue, other proactive measures should now be
undertaken to reduce the demand for car travel and control the accumulation of the
emissions in the atmosphere (Tao, He, & Thggersen, 2019). Public transit can play a
crucial role in addressing such concerns as it moves travelers more efficiently than the
automobile due to its higher vehicle occupancy. It is estimated that emission per
passenger mile for buses is only 20% of the carbon monoxide emitted by a single

occupant auto. Commuter trains generate nearly 100% less carbon monoxides and



hydrocarbons as well as energy used per passenger mile is 23.7% less than an automobile
(Delware Department of Natural Resources and Environmental Control, n.d.).

However, the transit ridership in the US remains low. Though public transit
received 23% of federal highway and transit expenditure in 2010, it accounted for only
1% of passenger miles traveled. In many communities, especially in the South, public
transit availability is limited, and transit primarily serves the transit-dependent
populations rather than being a mode of choice for commuting and other trips. Even the
second busiest metro system in the United States located in Washington, DC had only 5%
of passenger miles traveled (Anderson, 2014). These figures indicate that US remains an
automobile-dependent nation. In fact, roadway improvements and expansion of roadway
capacity in the recent decades attracted more people to choose private car over traveling
by public transit. These trends contributed to further deterioration of public transit service
in many locations. Investment in public transit infrastructure as well as improvement of
the image of transit service can contribute to a possible shift from private automobile use
to public transit. A well-organized transit system with frequent service, reduced wait time
and reduced travel time might attract a portion of travelers towards public transit. This
investment, in turn, might reduce congestion and environmental impacts of traffic and
improve traffic safety (Duranton & Turner, 2011).

Some people perceive automobile trips to be faster than the public transit trips
often disregarding the positive impact of transit on traffic operations due to the reduction
of the number of automobile trips (Litman, 2020). Moreover, advantages like
comfortability, privacy and convenience are immediately available to the car users but

the cost behind purchasing and maintaining private automobiles, parking availability and



cost, and the inconvenience and risk associated with driving an automobile should also be
considered. On the contrary, the disadvantages of public transit like poor weather
exposure, longer travel times, and lack of door-to-door service affect travel choices as
travelers tend to focus on short term impacts rather than long term ones such as
environmental impacts or easing of network congestion (Cools, Moons, Janssens, &
Wets, 2009). Good quality transit service is less stressful as well as provides the
advantages of resting, writing, reading or working for passengers (Litman, 2008). Given
that transit service is comfortable along with the flexibility to work or relax, perceived
cost per travel hour can be lower even if the time is not saved (Litman, 2007).

To get the benefit of increased use of public transit, implementing plans like a
subsidy policy might be an appropriate approach to start with. A fare subsidy policy
might encourage people to use more public transit (Xu, Wang, & Wei, 2018). Also,
campaigns that encourage people to consider alternative modes of travel, including transit
and shared modes can have an impact in assisting travelers to make informed decisions

about their travel options.

Problem Statement
Public transit is also known as public transport, urban transit, mass transit and
public transportation. It includes a variety of transportation modes and services such as
buses, trains, ferries, vanpools, paratransit etc. which are available to general public
(Litman, 2020). Though the population of the United States was doubled from 1957 to
2017 (172 to 326 million), the number of transit trips in these 60 years remained almost

similar. Number of transit trips in 1957 was 10.4 billion which was 10.1 billion in 2017.



The development of the US interstate system and the continued expansion of the
transportation network infrastructure encourages the use of private of automobiles in the
US. Besides the comfort and flexibility of using automobiles, another important reason
behind the reduction of transit ridership is urban sprawl. When affordable housing is far
away from the job location and is spread in less densely populated areas, transit
accessibility becomes limited thus leading to increased automobile use (Blumenberg et
al., 2020). Many studies recognize that the increase in dependency on automobile
generates various problems such as traffic congestion, road and parking infrastructure
costs, parking congestion, excessive energy consumption, less mobility options for the
non-drivers etc. Shifting some of the automobile trips to public transit might help to solve
some of these problems (Litman, 2020).

The issues related to transit availability and use highlighted above are also present
in Birmingham, Alabama. Despite an estimated Birmingham Metro population of over
1.1M , the public transit options are currently limited to a bus transit system that has
faced systemic problems of low ridership and lack of resources and revenues. Reasons
behind these issues include the unfavorable image of transit use, lack of resources and
support for public transit, and limited service availability. Therefore, evaluating the
potential impact of increased transit ridership in current condition might help to infer the

worthwhile of investment for public transit in medium-sized cities like Birmingham.



Obijective
Using Birmingham, AL as a case study, this study aims to investigate the utility of
public transit for medium sized cities in the United States. To meet this objective the
study undertook the following steps.

e Accumulating literatures on the advantages of using public transit including
social, economic, environmental and health benefits as well as the congestion
reduction. Documenting the case studies related to the benefits of public
transit for improving the traffic performance.

e Establishing a base MATSim model of the Birmingham region without
including bus services.

e Simulating the current scenario reflecting current bus ridership on the road
network.

e Simulating two other scenarios using the MATSim model with increased bus
ridership as future scenarios.

e Comparing the finding to interpret the potential benefits of public transit use
in terms of traffic volume, speed and travel time.

e Analyzing a modification applied on the study area public transit route

service.

Significance of the Study
This study contains the information on the benefits of bus services. To invest for
reliable public transit services with an aim for increasing ridership, it is necessary to

understand whether increase in public transit would help to improve the overall



transportation network performance. Examining the impact of increased transit ridership
on network operations could provide valuable insights about the utility of public
transportation and can help decision makers to justify the benefit from a future
investment in transit services. Overall, the findings of this study are expected to provide
guidance to the public transit authority for their future planning and the findings could be
used towards making decision for public transit investment in Birmingham and other

medium sized cities where transit services are currently limited.

Thesis Organization
This thesis consists of five chapters. They are introduction, literature review,
methodology, results and discussion, and conclusion and recommendations. These
chapters are organized as follows.

e Chapter 1 provides the background on the public transit use in the early
century, current trend of car use, problem statement, objective and
significance of this study.

e Chapter 2 reviews the reasons behind choosing private cars over public
transportation, impact of recently entered shared modes on the public transit
ridership, case studies on the public transit benefits, history of public transit
and current traffic condition of the study area.

e Chapter 3 gives an overview on the agent-based model and MATSim tool,
model calibration, describes scenario designs, data retrieval and filter process,
and time selection for the result analysis.

e Chapter 4 discusses the results found by analyzing the model outputs.



e Chapter 5 presents the summary of the results, concluding remarks, and

recommendation for future approaches.



LITERATURE REVIEW
This chapter discusses attitudes of people towards using public transit as well as
the recent impact of shared modes and ride hailing service on public transit ridership
based on literature review. Then the benefits of public transit based on past studies are
documented. Economic, environmental, social, health and other benefits of public transit
are discussed elaborately followed by demonstration of traffic performance change
associated with introducing or improving public transit. Finally, an overview on the

current traffic condition and public transportation services of the study area is provided.

Attitudes of Travelers towards Public Transit

The main stated reasons for selecting the automobile as a mode of transportation
are privacy and flexibility. In addition to the mobility convenience, owning a car can give
a driver a sense of independence, power, control, enjoyment and prestige. Automobile
ownership and use has become a symbol of pride and an integrated part of modern
society (Jensen, 1999). Moreover, a car journey is fully under the control of the driver,
who can drive alone or with chosen persons rather than unknown individuals (Cools et
al., 2009). These perceptions strengthen the behavior of using car for daily travel and
make them unable to avoid their well-established habit (Garling, Gillholm, & Gérling,
1998). Thus, car ownership creates a strong commitment to use car as well as an attitude

to undervalue the alternative transport modes. This tendency biases peoples’ choices



when they come to transportation mode selection and more often than not keep them
away from more environmentally friendly public transportation (Tao et al., 2019).
Income is another catalyst towards increase of car ownership and use (Zhang,
Schmacker, Fujii, & Yang, 2016). From 1997 to 2000, the number of cars per 1000
people in 15 European Union countries rose from 451 to 2000. By 2001, most of the
people there had at least one car whereas the UK data show that two cars became
common to more than 25% of the households. Journey by car became essential even for
the teenager aged between 14-16. A quarter of these UK car journeys were under 2 miles,
majority of which could be happened by bicycle, bus or foot (Kingham, Dickinson, &
Copsey, 2001). According to the 2018 US census, percentage of people without having
access to a vehicle is 8.7% (ValuePenguin, 2020)which means over 90 percent of
households had at least one light vehicle at their disposal in that same year. However, the
percentage decreased to 7% in 2019, resulting in 93% of households in America with
access to at least one car (Covington, 2020).

Yet, there are some people who might not choose the private cars for their daily
travel because they cannot afford the money needed to maintain cars, some might enjoy
to read a book or magazine instead of driving to their destinations, and some might talk
and have fun with their colleagues who take the same bus or train. Moreover, lack of
availability and high cost of parking in the downtown areas even for the medium sized
cities may discourage travelers to use their private automobile.

Despite the advantages of public transit for individual riders and the
transportation network operation as a whole, a shift from private automobile use to public

transit is not likely without sufficient public transit services. Both the geographic area



coverage and frequency of service availability are determinants of transit use. Also,
authorities should provide real time information on departure and arrival, maintain
frequent and dependable service, provide fleets with comfortable seats, clean and
attractive stations, schedule the required numbers of buses/train to avoid overcrowding
during peak hours, keep people updated about any route change information, provide a
fare structure that is reasonable, and make every effort to maintain a good level of service
(Beirdo & Sarsfield Cabral, 2007). Initiatives such as introducing higher capacity transit
systems, implementing bus lanes, and using intelligent transportation systems (ITS) to
increase user convenience and safety could be taken to promote shift from car to public
transport (Kamba, Rahmat, & Ismail, 2007).

Incentives for transit use offered by the employers can also increase the
motivation towards selecting public transportation over driving alone. A study of 4,630
regular commuters in Washington, DC region showed that employees given free parking
benefits with no public transportation benefits were less likely to choose public
transportation whereas the choice of public transit for commuting purposes became 11
times more likely when employees were offered only public transportation incentives
(Hamre & Buehler, 2014).

A remarkable portion of American people use private cars for their travel because
they do not have any other options available. Unavailability of reasonable transit
alternatives and the spread of the suburbs in the US are among the reasons behind their
driving (Handy, Weston, & Mokhtarian, 2005). Many studies emphasize the need to
incorporate transit in the urban development process and provide viable alternatives to

automobile use which might reduce the need for driving along with reducing the

10



attraction towards private cars. Providing alternatives such as introducing, expanding, or
improving the public transport services could be a measure to promote these goals

(Beirdo & Sarsfield Cabral, 2007).

Impact of Shared Modes on Public Transit

In the recent years, shared modes were introduced as alternatives to automobile
travel in urban markets. Though using shared modes or ridesourcing services offered by
Transportation Network Company (TNC) are reducing car ownership, studies indicate
that such modes often increase the total number of trips and have negative impacts on
transit use. For example, up to 2015, the largest ridesourcing service Uber has conducted
1 billion trips in 6 years period which increased to 2 billion in the next 6 months (Lavieri,
Dias, Juri, Kuhr, & Bhat, 2018). Along with increasing trips, they may also cause
diversion from public transportation towards them and have adverse impacts on traffic
congestion. Lavieri et al. conducted a study using data found from an open source
database released by RideAustin in Austin, Texas. The study results showed spatial
dependence in TNC-serviced trips among proximally located zones, as well as correlation
between weekday and weekend trips originating in a zone. More interestingly, their
results indicate that bus frequencies had a negative impact on the generation of TNC-
serviced trips during the week, suggesting a substitution effect between TNC services and
transit use for weekday trips.

The reduction of transit ridership due to using TNC as substitution is noticeable
for the cities with longer TNC operations. An example is the San Francisco Bay Area

where TNC has operated longer than any other cities in the United states (\Wasserman,

11



Taylor, Blumenberg, & Garrett, 2020). The San Francisco County Transportation
Authority partnered with researchers from Northeastern University who developed a
methodology for collecting data through TNCs Application Programming Interfaces
(APIs) with high spatial and temporal resolution. Despite not having an independent data
source to validate against, they were able to quantify the market penetration rate of TNCs
in the study area. They estimated that TNCs serve over 170,000 trips on a typical
weekday compared to 40,000 passengers served by public transit. Furthermore, they
concluded that TNC trips followed traditional time-of-day distributions and were mostly
transit substitution trips (Cooper, Castiglione, Mislove, & Wilson, 2018). On the other
hand, the San Francisco Bay area lost over 27 million transit riders in 2017 and 2018
which is over five percent of annual riders (Blumenberg et al., 2020).

A report by the Boston Metropolitan Planning Organization surveyed 1,000
travelers who frequently use Uber and/or Lyft. That survey concluded that introducing
TNCs in Boston, MA resulted in transit substitution at a rate of 54% with 12% occurring
during the morning or afternoon commute periods. The survey also concluded that transit
substitution was more frequent among riders with a weekly or monthly transit pass. Thus,
those who ride the transit more often are more likely to drop it for TNC services.
Metropolitan Area Planning Council (MAPC) researchers surveyed TNC riders about
their choice in absence of TNCs. 42% of the survey participants responded that they
would take public transit and 12% would walk or take bike (Gehrke, Felix, & Reardon,
2018).

Schaller raised concerns about the effects of TNCs on traffic congestion,

emissions, and their potential to undermine public transit and taxi services that are
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essential components of urban transportation networks in New York. His concerns were
based upon the fast-growing market share of TNCs. In 2016, TNCs transported 15
million passengers per month, and the ridership tripled between June 2015 and the fall of
2016. In addition, his analysis indicated that TNCs added 600 million miles of vehicular
travel to the city. Furthermore, he proposed a type of road pricing scheme to counter the
rapid growth of TNCs (Schaller, 2017).

Beside the ridesharing services of TNC like Uber and Lyft, another service named
AMoD (Automatic Mobility on Demand) may also threaten to replace the public transit.
This service is a combination of ridesharing service and automated vehicle (AV)
technology. The results from a 24 hours simulation (Basu et al., 2018) indicate that
AMoD service will be highly efficient by reducing labor costs, emissions, travel time
uncertainty, and crashes etc. However, the results also indicate that replacement of mass
transit by AMoD will result in heavy congestion as the capacity of a bus is 30 times that

of a car, whether it is automated or not.

Impact of Reduced Transit Trips
Congestion is a universal phenomenon which is caused by increased demand for
automobile trips, insufficient infrastructure, expansion of freight and delivery services
etc. Traffic congestion impacts both social and economic aspects. INRIX, the world
leader in mobility analytics and connected car services, published a cross national
rankings in its 2018 Global Traffic Scorecard based on the analysis of congestion and
mobility trends in more than 200 cities across 38 countries. According to this Scorecard,

the top 10 congested cities are European, and the reason was the old road infrastructure,
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mainly designed for horses. Boston and Washington D.C. are the two US cities who are
in top 20 congested cities. In these two cities, drivers spent annually an average of 164
hours and 155 hours respectively due to congestion. Chicago and Seattle are also cited as
among the worst cities worldwide with respect to congestion. However, congestion is not
an issue affecting only large metropolitan areas. In fact, drivers nationwide waste 97
hours in congestion, and the congestion costs is $87 billion annually in 2018 which
translates to an average of $1,348 per driver. In terms of speeds, New York City, San
Francisco and Philadelphia have the slowest speeds downtown where speeds average at 9
mph, 10 mph and 10 mph respectfully (Reed, 2019).

Beyond the congestion problem, people in the United States are paying billions of
dollars in terms of air pollution, lost time and productivity, and wasted energy. A
mobility survey for 494 US urban areas by The Texas Transportation Institute’s (TTI’s)
reported that, due to the congestion, Americans wasted additional 8.8 billion hours which
made them spend 166 billion dollars for 3.3 billion gallons of fuel. In 1982, wasted fuel
per commuter was 5 gallons which became 17 gallons in 2017. The rate of the congestion

cost changed by 19% from 2012 to 2017 (Schrank, Eisele, & Lomax, 2019).

Benefits of Public Transit
Environmental Benefits
From 1990 to 2007, CO2 emissions from global transport increased by 45%. This
trend is expected to continue with an expected further increase of 40% by 2030 (Kwan &
Hashim, 2016). This prediction indicates that the time has already arrived to put emphasis

on sustainable transport systems for the purpose of reducing greenhouse gas emissions.
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Sustainable refers to developing a system by which the needs of both the present and
future generations can be ensured without any compromise (Burton, 1987). Public
transportation can support sustainability by reducing the use of private cars and other
motorized transport and their environmental impacts. It transports people collectively and
produces 45% less CO., 95% less CO, and 48% less NO> than private vehicles (Kwan &
Hashim, 2016).

Many studies document the impact of public transit toward improving the air
quality. For example, hourly air quality data after a rail system opening in Taiwan
indicates that CO was reduced by 5-15% and another environmental assessment after rail
service expansion in Germany indicates the reduction of pollutants such as NO, NO, and
CO (Beaudoin, Farzin, & Lawell, 2015). Public transportation systems play a great role
in reducing environmental pollution because they burn less fuel per mile traveled or per
person transported. Thus, reducing the automobile trips and traveling by public transit
reduces the energy consumption per person and per mile traveled, thus improving the
environment without any government regulation. It is estimated that if 5% of American
used public transit instead of private car or if every American used public transit for 5%
of their trips during 1970 to 1998, the CO pollution reduction would be more than all the
CO emitted from all metal processing plants and chemical manufacturing section

combined (Shapiro et al., 2016).

Economic Benefits

According to a report published by American Public Transportation Association

(APTA) in 2009, each year, an investment of one billion dollar use in public
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transportation capital supports 24,000 jobs. Also, spending one billion dollars in public
transportation operations, management and maintenance of vehicles and facilities
supports over 41,000 jobs. These jobs contribute to other economic benefits such as,
added business output, added gross domestic product (GDP), added worker income and
corporate income which in turn add around $500 million federal, state and local tax
revenues. These investments might increase mobility and give extended economic
benefits as well. If the investment in capital and operations of public transport can shift
the use from automobile to public transit, it might reduce the cost needed to afford
vehicle ownerships. The reduced travel by automobile can help to reduce congestion that
will help to gain business productivity. The report also analyzes the impact on congestion
from modal shifts toward transit modes resulting from added investment per year over
the period of 2010-2030. Overall, the report shows that for one billion dollars of annual
investment in public transportation, there might be more than $1.7 billion dollars of
added annual GDP (Weisbrod & Reno, 2009).

Depending on some factors such as mileage reduction, declining vehicle
ownership etc., shift from automobile to transit not only helps to reduce consumer cost
but rather to provide cost savings (Litman, 2009b). Such shift helps to save fuel and oil,
insurance costs, parking costs etc., and can reduce the vehicle ownership per household.
The cost savings by reducing vehicle ownership can be about $1300 per household in a
city if there exist well-developed rail transit systems (Litman, 2020).

Social Benefits
Available public transit services can be beneficial for the people with low income

who cannot afford automobile ownership thus providing ways to travel for work, medical
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appointments, services etc. It also can reduce the isolation of elderly and disabled persons
by offering convenient and affordable service for them. Thus, it increases social and
economic opportunities for physically, socially and economically disadvantaged people
along with achieving equity objectives. Moreover, it may provide options and value to
those who own an automobile currently but might need or choose public transportation
for personal, cost, and other reasons as well as during any personal or other community-
wide emergencies (Litman, 2020).

The Institute for Transport Studies at the University of Leeds conducted
interviews with 912 unemployed people in June-July 2013 and found that 77% of the
responders did not own car, van or motorbike. 60% of the sample mentioned that they
could not have a better chance in finding jobs without bus services and over a third of the
responders felt that improved fare and journey times of the bus services could improve
their chances of securing a job (Johnson, Mackie, & Shires, 2014).

Being able to avoid chauffeuring is another important social benefit of public
transit. For example, people usually spend lots of time to drop off their children to sport
activities or school, any relatives or friends to their destinations, family members to their
jobs etc. As these drop-off trips often require additional miles to be driven, they can be
inefficient and can become a burden, especially when confliction arises for other
important activities. Those undesirable trips can be avoided with transit-oriented
development and the availability of quality transit services (Litman, 2009a).

Health Benefits
Public transit is considered as an active transportation mode because it involves

walking from and to stations. It can introduce certain physical activity into the daily
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routine of the users (Wasfi, Ross, & EI-Geneidy, 2013). People who live in proximity of
good quality public transportation have higher probability of walking, cycling and using
public transit rather than depending on automobile (Litman, 2015). This trend not only
reduces the automobile trips, reduces crashes, and pollution but also promotes physical
fitness and mental health. The automobile dependent residentials have four times more
traffic fatality rate per capita than the transit-oriented residential areas. Studies show that,
even though more interactions between different modes of transportation take place at
transit-oriented development areas or densely urban areas, the crash severity is lower
compared to that of lower density areas or areas without transit presence due to low
speeds. Thus, transit-oriented communities can contribute positively to the overall traffic
safety of a community (Litman, 2015).

According to the US Center for Disease Control (CDC) and prevention, at least 30
minutes of daily physical activity such as bicycling, walking or just working around yard
or house is necessary to stay healthy for the adult people (CDC, 2005). An Atlanta,
Georgia survey found that transit users tends to cover more daily average distance than
the non-transit users. The goal of the survey was to investigate the role of transit and car
trips in meeting the recommended physical activity. The results showed that almost two-
thirds of the recommended daily physical activity is achieved by the transit users which is
ten times greater than the average walking reported by the non-transit users (Lachapelle
& Frank, 2009). According to national travel diary data, transit users in the US walk on
average 19 minutes each day. Around one third of these transit users reach the
recommended level of physical exercise for 30 minutes or more, just based on the

walking related to transit use (Saelens, Vernez Moudon, Kang, Hurvitz, & Zhou, 2014).
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Centers for Disease Control and Prevention (CDC) suggests that 30 minutes physical
activity a day, 5 days a week is enough to provide the necessary fitness. On the other
hand, lack of the recommended physical activity leads to numerous health problems such
as diabetes, obesity, coronary heart disease, hypertension, and certain cancers which in
turn increase annual death and medical cost (CDC, 2005). An interesting finding in
relation with cost is that the medical expenses are 32% lower ($1,019 per year) for the
adults who achieve the recommended physical activity than those who do not ($1,349 per
year) (Litman, 2015). According to another study, 21 minutes of walking can help to burn
65.1 to 98.7 calories and 100 kilocalories burn per day might save $12, 500 dollars per
person in obesity-associated medical costs (Freeland, Banerjee, Dannenberg, & Wendel,
2013). These findings clearly show the value of transit in the wellbeing of transportation
users, an issue that is often overlooked by decision makers when they appropriate funding

for transportation services and projects.

Congestion Reduction

Commuters realize a relief from traffic congestion from the availability of public
transportation options, even if they rarely use them. That may be one of the reasons why
67% of the Los Angeles County residents voted for allocating 26 billion dollars in 2008
for transit improvements, though only few of them used to ride public transit. The
congestion reduction benefit was explored by studying Washington, DC transit system
with a simulation model. The model results showed that the existing transit system

resulted in a reduction of congestion estimated at 184,000 person-hours per day.
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Jou et. al established seemingly unrelated regression equations (SURE) model to
observe the factors that affect using public transportation, motorcycles and automobiles
in various townships in Taiwan. The model used different population densities and public
transportation usage and determined that 50 percent increase of city bus routes in highly
populated areas reduce car usage by 1.4%. This reduction of car trips corresponds to
300,000 vehicles. Additionally, CO2 emission was reduced from 7.0 million tons to 6.5
million tons. After examining other scenario and different estimation, the study
concluded that public transport improvements can reduce car usage and motorcycle usage
as well as reduce congestion (Jou & Chen, 2014).

A research study for the San Francisco Bay area, California indicates that without
the Bay Area Rapid Transit (BART) system, congestion in Bay bridge area would
become terrible. In a model with no BART service, everyone was assigned to drive which
resulted to four to five times more delay in the Bay area. An analysis on the impact of the
absence of BART services during the morning peak area showed that driving times
increased significantly in multiple corridors. For example, more than five hours could
take for a trip to the Bay Bridge from the Antioch city which takes only one and a half
year if the normal condition exists (BART, 2016).

In a mildly congested city, Rotterdam in the Netherlands, a study was conducted
to study the effect of strikes on car speed during a transit strike. The study results focused
on 13 strikes that happened from 2001 to 2011 and showed impacts on traffic congestion
in the absence of transit. The mean car speed for the transit strike days was 7% lower

than normal days and such effect was similar for both sort term and full day transit
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strikes. The mean vehicle flow was higher for strike days by 15% (Adler & van
Ommeren, 2016).

In 2003, the Los Angeles County Metropolitan Transportation Authority (MTA)
workers held a strike for 35 days and shut down bus and rail lines of MTA. During that
time, a study was performed to collect hourly traffic speeds for all major freeways in Los
Angeles and use the data to estimate a regression discontinuity (a pretest-posttest
program-comparison) design. The study found that average delays during peak periods
increased by 47%. The result was consistent throughout the strike. Moreover, the effect
of increased delay was largest in the freeways which usually supports heavy ridership
transit lines. On the other hand, for neighborhoods and facilities unaffected by the strike,
the effect was statistically insignificant (Anderson, 2014).

A study on Salt Lake City's University TRAX light-rail system in 2014 found that
normal vehicle traffic has reduced with the expansion of the light rail system. In spite of
significant development in the area, roadway traffic reduced significantly after the
completion of the light rail transit line. On the study corridor, the study found 22,300
vehicles per day on that corridor post the introduction of light rail system, a reduction of
nearly 50% considering that 44,000 vehicles used the same corridor prior to TRAX
(Ewing, Tian, & Spain, 2014).

The study on 498 US urban areas by Texas A&M Transportation Institute’s (TTI)
reported that public transportation systems handled 56 billion passenger miles of travel in
2011. In the absence of public transit, the total delay for those urban areas would be 15
percent higher adding almost 865 million hours of delay and causing 450 million gallons

of additional fuel consumption (Schrank, Eisele, & Lomax, 2012).
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Another recent study considered the social-demographic attributes, transit service
variables, vehicle characteristics and land-use characteristics, to develop integrated model
for the Washington Metropolitan area. The goal was to estimate the household decisions
over vehicle ownership based on the above data and as an impact of improved bus and
metro services. The result showed that vehicle ownership could be reduced by 1.5-2.0%
and miles traveled decreased by almost 1.6-8% in the presence of improved bus services.
This study indicated the potential link between improving transit service and reducing the
use of private automobile (Liu & Cirillo, 2015).

Another similar study was conducted in Copenhagen metropolitan area, Denmark.
The study developed a model for choosing both car ownership and residence location as a
function of the public transit quality. According to the predictions of the model, the
willingness for living around the center of the area under construction increased as
observed from the rise in population and house prices around that area. Also, a drop in
car ownership of 2-3% was documented after the extension of the metro network
(Mulalic, Pilegaard, & Rouwendal, 2016).

These studies provide some links between transit availability and transportation
mode choices and highlight the potential positive impacts from introduction or expansion
of transit services in a region, for individuals, the transportation network operations, and
the community. However, given local differences, it is important to conduct local studies
in order to gain an understanding of potential impacts of transit ridership increase on
local congestion and quantify such impacts. The following paragraphs detail such an
effort undertaken in Birmingham, AL, a medium-sized city with limited availability of a

bus transit system.
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Overview of Study Area

Traffic Condition in Study Area

According to the Urban Mobility report 2019, the average driver in the study area
Birmingham, Alabama lost 40 hours in 2017 due to the congestion an increase of over
2% compared to the year before (Schrank et al., 2019). The annual cost of local
congestion is $990 per the Birmingham driver due to the lost time and fuel while stuck in
congestion (TRIP, 2019). Yet, 85% of the people drive their own car to travel to work,
while less than 1% use public transit for commuting to work. On the other hand, the
percentages are 76% and 5% respectively for driving alone and public transit for the
whole nation (U.S. Census Bureau, 2019). The Birmingham highway network
experiences a congestion level of 9% whereas the level is 24% for non-highways
(TomTom, 2020). Number of households without vehicles in Birmingham was 15.8% in
2015 which decreased in the following year by 3.5%, means over 85% households of

Birmingham owns private car (GOVERNING, 2017).

Public Transportation in Study Area

The City of Birmingham provides public transportation for more than 100 years
starting in 1884 with street railway. The state legislature passed permission for the
formation of publicly operated transit authorities in Alabama in 1972 and consequently
Birmingham Jefferson County Transit Authority (BJCTA) was created (MAX, 2017b). It
serves a demand population of almost 400,000 in more than 200 square miles. The

service area covers Birmingham, Hoover, Bessemer, Mountain Brook, Center Point,
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Vestavia Hills, Midfield and Tarrant. BJCTA operates only Compressed natural gas
(CNGQG) buses to control the air quality and pollution (MAX, 2017a).

BJCTA is the primary provider of public transportation in Birmingham which
provides both the fixed route and paratransit service named Metro Area Xpress (MAX)-
DIRECT Paratransit. BJCTA offers no service on Sunday and usually the service goes
from 4:00 AM to 11:30 PM. Paratransit service operating hours are also the same as fixed
route buses, and the service can be used only within the Birmingham City to Jefferson
County limits. BJTCA also has micro transit system named MAX — DIRECT which gives
the option to request a ride, get an estimated pick up time and track their bus in real time
through a smartphone App called TransLoc. This service is offered by a 15-passenger
shared ride service on Monday to Friday from 8:00 AM to 9:30 AM and in the afternoons
from 2:00 PM to 3:30 PM and is only available for the trips from central station to the
city of Mountain Brook and back at the regular fixed route cost.

This study considers only the fixed routes for evaluating the public transit utility
by simulating their benefit. All bus routes originate from a central point which is MAX
Central passenger transfer facility located on Morris Avenue between 17th Street North
and 18" Street North. BJCTA has eighty-seven 40-foot vehicles, forty-three 26-foot vans,
and, twenty-six non-revenue vehicles. According to a report published in February 2018,

the total transit system ridership on a typical weekday was 10,634 (BJTCA, 2018b).
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METHODOLOGY
An agent-based transportation simulation is used to simulate the impact of
changes in transit ridership on the transportation network operations. MATSim tool is
selected to develop the base model as well as to simulate the designed scenarios. To
measure the performance of the transportation network, 5 time periods and 93

representative roadway sections are selected for evaluation.

Agent-based Modeling
Agent-based modeling (ABM) comprises of collections of agents and relations
between them and can be used for simulating a system which is formed with behavioral
entities (Bonabeau, 2002). In the field of transportation, agents refer to the travelers and
behavior stands for travelers’ daily activity. ABM starts with the individual agents along
with their possible interactions and the end behavior is generated by the simulated

interactions. The ABM uses a set of rules to produce analyzable data (Bernhardt, 2007).

Simulation Platform Selection
Besides the public transportation in the study area, there are also private cars as
well as other modes such as ride hailing or ride sharing services. Changes in the demand
of any of these modes impact the others. Therefore, it is necessary to model the modes

together to understand the effect of public transit in the network operation. This requires
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multi-modal simulation with mode choice options where all the travelers can be
simulated individually (Manser, Becker, Horl, & Axhausen, 2020) at the microscopic
level of analysis. CO;

TRANSIMS (TRansportation Analysis and SIMulation System) and MATSIM
(Multi-Agent Transport Simulation) are two of the more eminent agent-based models for
traffic simulation. Both of them offer traffic simulation for large metropolitan areas but
MATSim runs more quickly compared to the prolonged run time in TRANSIMS
(Bernhardt, 2007). After considering model capabilities and study needs, the MATSIim

platform was selected as the simulator of choice for this study.

Overview of MATSIm
Introduction
MATSIim is an activity-based simulation framework that allows for developing
agent-based modules to be used with transportation planning models. It is an open-source
platform and implemented in Java. The MATSim is capable of simulating behaviors of
millions of agents in a metropolitan area. The agent-based simulation follows
microscopic description by tracing daily schedules of agents and their travel decisions

(Horni, Nagel, & Axhausen, 2016).

Simulation through Iteration
MATSIim is based on co-evolutionary principle where agents compete for space-
time slots with all other agents on the transportation network as well as optimize their

daily activity schedule through a variable number of iterations. Activity plan,
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microsimulation, activity re-plan, microsimulation etc. are performed iteratively until a
stationary state of the system is reached. Every agent in the system has a memory of fixed
number of daily plans and each plan contains a daily activity chain and an associated
score. More specifically, the following procedures take place during the iteration (Horni
etal., 2016).

e Initial demand is generated. The demand contains full list of agents, their daily
plans and activities such as, work, shopping, home etc. as well as information
about leaving home, reaching work etc.

e Each agent chooses a plan from its memory. The memory consists of fixed
number of daily plans and each plan contains a daily activity chain and an
associated score.

e Then the simulation is performed by the MATSim mobsim (mobility
simulation).

e After the simulation, plans are scored.

e The next step is re-planning where a subset of agents modifies their plans. In
this step, agents with many plans remove the plan with the lowest score and
agents that did not undertake re-planning select from the existing plans.

e The stop criterion is stabilizing the average population score. If this criterion
is satisfied, then the simulation stops. Otherwise, it is repeated until the

stabilization is reached (Zheng et al., 2013).
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Design of MATSIm

MATSim is designed for modeling a single day, thus wrapping around time of the
model is 24 hours. Therefore, the last activity is merged into the first one. For example, if
the first activity ends at 9 AM and the last activity starts at 12 PM, then it is assumed that
this is same activity which continues till 9 AM. However, multi-day options could be
used by modifying the available open source code (CIVITAS, 2020 ). MATSim designs
two layers. The physical layer is a microsimulator where the physical world is simulated
for the agents to move. The mental layer is the model logic where the agents choose
mode, route and their daily activity plans by generating strategies. Agents’ daily activity
decision is created in the mental layer where every agent has a 24-hour activity agenda.
These two layers interact to produce the traffic simulation of the selected roadway

network at a microscopic level (Zheng et al., 2013).

Traffic Flow Model of MATSim

MATSim does not use the complex car-following or lane-changing behavior, but
rather uses a queue-based model to simulate the network loading. When a car enters into
a road segment or street (network link) from an intersection, it is added to the tail of the
queue formed in that network link. The car remains in that queue until it is at the head of
the queue or the free flow travel time has passed. Free flow travel time is calculated by
dividing the road length by the free flow speed, which represents the maximum speed of
the road that takes place in the absence of congestion and other adverse conditions.
Practically, free flow travel time is the time a car takes to travel a link when using free

flow speed. The queuing model adopted by MATSim is based on two link characteristics,
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namely the Storage Capacity that refers to the number of cars that can fit on a network

link and the Flow Capacity, i.e., the number of travelers can leave the link per unit time.

Required Inputs in MATSIm

There are three types of input requirements in MATSIm: a) the Network file, b)
the Population file, and c) the Configuration file.

The network.xml file describes the road network to be simulated for the agents
and vehicles to move around. This file consists of nodes (intersections) which are
connected by links (roadway segments). Node refers to the intersection of two roadways
and link refers to a roadway section between two nodes. A screenshot of the network file
used in this study is shown in Figure 1. Every node and link have a respective id. Nodes
have x and y coordinate value. The attributes of the links are range of nodes, length,
capacity, lanes, modes allowed and free flow speed (Bischoff, Marquez-Fernandez,

Domingues-Olavarria, Maciejewski, & Nagel, 2019).

<node id="pt_ 998" x="522172.9426157217" y="3710678.4655769994" >
</node>
<node id="pt_ 999" x="522387.1556358209" y="3710793.1579909744" >
</node>
</nodes>
-—>
<links capperiod="01:00:00" effectivecellsize="7.5" effectivelanewidth="3.75">
<link 1d="100283795_ om="56419245" to="56339453" le h="128.11204496584656"
freesp ="8,333333333333334" capacity="600.0" permlanes="1.0" oneway="1" modes="car" >
</link
<link id="1002837 " from="56339453" to="56419245" length="128.112044396584656"
freespeed="8.333333333333334" capacity="600.0" permlanes="1.0" oneway="1" modes="car" >

Figure 1: Screenshot from the network File of the study area

The MATSim population.xml file describes the daily activity plans of the agents,
commonly used as plans.xml. Activity plans are listed hierarchically in the file (Figure 2).
Each plan has activities and legs. Start time and end time of the activities are mentioned

with the location coordinate. Legs define how the agents plan to travel for an activity,
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thus legs must have been assigned a mode of transportation. However, these attributes are
for simplified plan files. There are other features that can be used such as assigning a link

to the activities instead of coordinates, assigning a score as attribute etc.

<person id="p 17265">

<plan selected="yes">
<activity type="Home" x="515048.5798157464" y="3682323