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The Impact of passenger volume and transportation revenue
change following the Implementation of the City Bus Quasi-
Public Operation System
- Focusing on the BRT system of Busan City —

Seong, Wooyong*, Kang, Jaeho**

Abstract

The purpose of this study is to analyze the effectiveness of city bus policies. City buses are a
means of transportation closely related to the lives of the common people. The city bus fare
has been restrained from increasing for the sake of stabilizing the economy of the common
people. As a result, the Quasi-Public Operation System was implemented, in which the portion
of the operating deficit was filled with public funds. Through the implementation of the Quasi-
Public Operation System, local governments could maintain the policy that guarantees the
transportation rights of the disadvantaged, operation of low-floor buses for the disabled, and
discount on fares for the elderly, children and youth, etc., as part of realizing a welfare society
for the underprivileged in our society. In the case of BRT, the purpose is punctuality and
promptness, and efficient operation to increase the number of users can bring positive effects.
If the punctuality and promptness of city buses are secured, there will be an inducement effect
for users. For the analysis, 71 non-BRT section routes in Busan and 12 routes in the
experimental group BRT section were selected and PSM analysis and Fixed effect analysis
were performed.

In the effect analysis of the BRT section in Busan, the number of users increased by 73,600
for three years from 2017 to 2019 in the case of PSM near-neighbor matching, and by 73,300
in kernel matching. In logarithmic revenue, 0.09 (9%) increased for PSM near-neighbor
matching, and the same 0.09 (9%) increased for kernel matching.
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I. Introduction

1. Problem raising and research purpose

City buses are an important means of transportation closely related to the lives of city
residents. The advantage of city buses as public transportation over urban railroads in terms
of guaranteeing the right of movement for ordinary people is that Routes can be easily
connected to residential spaces. This is because there is no initial investment capital compared
to the subway, which is built with a huge budget.

However, due to an increase in the number of passenger cars, a rise in labor costs, and an
increase in fuel costs, the number of routes with losses has increased. And City bus companies
have restricted the mobility of the common people by closing or reducing the routes of these
deficits. As a way to overcome this, local governments implemented the Quasi-Public
Operation System, which compensates for the loss of the city bus industry with public funds.

The implementation of the city bus quasi-public operation system has received positive
evaluations in terms of the stable supply of public transportation services, the suppression of
passenger car operation, and the enhancement of the sustainability of the urban
transportation system (Park Jun-hwan, 2009). However, although local governments are
providing financial support in the public interest, the scale is increasing every year, so there
was a public opinion that the implementation of the city bus quasi-public operation system
should be stopped. Therefore, if public funds are being used as means to secure the public
interest, it must be evaluated.

The general effect of the Bus Rapid Transit (BRT) section of the city bus semi-public system
policy is to save operating time, It is accepted that there will be an effect of improving
profitability by securing punctuality, stability, convenience, productivity, and increasing
number of passengers. In order to shorten the bus operation time, it is necessary to provide a
non-stop pattern by analyzing the speed of the bus route and the residence time of the bus
stop. The most important factor is that in order to attract passengers, the operating time must
be shortened and the operation must have continuity. The purpose of the BRT section is to
shorten the operating time and improve punctuality. In addition, the increase in passengers
due to the BRT section and the close ties with the sub-central area increase the possibility of
development such as the development of surrounding areas. The BRT section provides such
transportation infrastructure (Levinson, H.S., 2007). From this point of view, it is necessary
to find out how much BRT is achieving the city bus passenger attraction.

The purpose of BRT is to ensure smooth public transportation flow and punctuality by
allowing only buses to travel on exclusive roads, such as the bus center lane. To change the
transportation system of roads by spending a lot of money like this is to give priority to public
transportation. That is how much performance is being achieved in terms of operation
performance compared to input, and there will be intangible effects not only of transportation
income, but also of raising public awareness of public transportation and providing convenient
transportation services. The goal of the semi-public city bus operating system, such as BRT, is
to improve the efficiency of city bus operation as a public transportation system (Lee Won-gyu
et al., 2006).
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Although subsidies from local governments are being paid every year to maintain the
operation of city buses, the scale is increasing every year, so the seriousness is emerging.
Therefore, it is necessary to seek ways to reduce the deficit while enhancing the public interest
of city buses (Hyeonjin Ahn, 2010). A large amount of budget was invested in the
implementation of the BRT. It is necessary to verify through empirical analysis how effective
the policies implemented with these budgets are. Here, the performance evaluation is
intended to analyze and evaluate the effect of BRT policy in Busan. Based on this, it is intended
to serve as a basis for finding efficient operation methods for Gwangju City and other local
governments that want to introduce BRT in the future.

2. Research scope and research methods

The spatial scope of this study is aimed at Busan among major cities that are implementing
the quasi-public management system for city buses. Currently, BRT is being implemented in
Seoul and Daejeon, including Busan, but Seoul has already implemented BRT in many
sections, and in the case of Daejeon, only one section is being implemented. It is judged that
it is most appropriate to analyze the operation performance of Busan, which has been
implemented in earnest since then, for the past three years.

The implementation of BRT in Busan started in December 2016, but the full-scale
implementation can be seen in January 2017. Based on the time of BRT implementation, we
want to measure the performance by dividing it into before and after. As for the BRT
implementation section, the evaluation of the route differs depending on the ratio of the city
bus routes operating the BRT section operating this section, so the experimental group was
selected in consideration of this.

Among the routes operating between Naeseong Intersection and Jungdong Station in Busan,
and between Naeseong Intersection and Gwangmugyo, the BRT section occupies more than
10% of the 12 routes for 3 years from 2017 to 2019 after the policy, 2015 to 2016 Until the year
before the policy. However, the BRT section operation ratio is different from the total distance
traveled on the route by examining all BRT sections. The ratio of operating the BRT section
ranges from 0.5% to about 23.72%. Therefore, routes with more than 10% of the BRT section
operating occupancy were selected as the experimental group for analysis. As a result, 12
routes for the experimental group and 71 bus routes for the control group that do not operate
BRT sections were determined for the impact analysis of the BRT project, and then the
propensity score matching technique was performed.

The government and administrative agencies judge policy effects by the added value
obtained by participating in program evaluation to measure policy effects (Rubin, DB 2001).
Performance obtained in case of non-participation The result obtained by program
participants if they did not participate in the program, as a counter factual, can be said to
confirm the difference (Heckman, et al., 1997). In other words, the difference in the
performance of policy intervention is the difference between the performance of the city bus
after the implementation of the BRT section and the operating performance assuming that the
BRT in the same BRT section is not implemented. However, in order to evaluate the effect of
the BRT section, it is impossible to check the performance of the BRT section when the BRT
section is not implemented. You have to select a section and try to match it.
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Selection of similar non-BRT sections should be randomly extracted according to the
randomization method using the propensity score matching (PSM) technique. At this time, a
problem of sample selection bias occurs between the BRT section and the similar non-BRT
section. This bias in sample selection is caused by the heterogeneity between the BRT and non-
BRT sections, and is caused by various causes when selecting the non-BRT section (Rubin,
1974; Rubin, 1978; Garen, 1984).

PSM (Propensity Score Matching) tendency to compare and analyze characteristics after
matching similar routes under the same conditions of policy non-implementation as a method
to make the basic inclinations between the policy enforcement group and the policy non-
implemented group similar for correct policy evaluation Score matching, first suggested by
Rosenbaum & Rubin (1983), represents the conditional probability of receiving support given
the characteristics of the target receiving policy support. Therefore, the BRT section and the
non-BRT route matched by the propensity score have the same distribution, so that the sample
selection bias can be minimized like in a randomized experiment. The purpose of this study is
to investigate the effect of the BRT section policy on the operation performance through the
method. The effect of the project in the BRT section can be found by comparing the difference
between when the bus routes operating this section received policy and when they did not.

I1. Theoretical Background and Prior Research

1. Discussion on the nature of public goods for public transportation

The question of whether a particular service provider should be the public or private sector
has always been a subject of interest. However, the content, meaning, and scope of
public/private differ depending on the living situation of each society, and whether the virtues
of political life or personal life values are abundant and essential, or the normative importance
of these virtues and values. It may depend on whether you did it or not. It can be seen that
public transport has public characteristics from any aspect, such as a public/private divisional
perspective, a normative perspective, and a cultural cognitive perspective. Even if it is limited
to bus transportation services, if government resources are put into non-profit routes, the
government has influence with authorization, and citizens perceive it as a public service, then
bus transportation can be viewed as having a public character (Heinrich and Fournier, 2004).

2. Paradigm change of public service for City bus

City buses are one of the pillars of public service that guarantees the mobility of city
residents as public transportation. The location of the stop where the city bus routes reach is
selected in consideration of the mobility of the population, but sometimes it induces the
movement of the population (Kari Watkins. et al., 2020). On the other hand, the stop of the
policy route is installed to guarantee the minimum right of movement in order to consider the
transportation vulnerable in the outskirts of the city center or in underdeveloped areas. In fact,
Kari Watkins (2020) experimented with the change in the number of passengers according to
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the level of public transportation service. It was confirmed that the quantity and quality of
public transport services provided to passengers are important levers that public transport
agencies can influence on public transport users.

In addition, city residents claiming public ownership rights for city public services such as
city buses means that the bus company has the ownership, but does not have the right to
operate routes, the principle of competition does not work, and the logic of the market
economy does not work. This is because local governments are paying huge subsidies for the
project. The meaning of public ownership of city buses is an ideology aimed at reducing the
financial burden on local governments and providing convenience and quality services to
citizens.

Public ownership can be divided into two areas. One is 'political fairness' as the ideal
ideology of the government related to equality of opportunity and liberal democracy, and the
other is 'economic fairness' in terms of welfare or supply of goods that citizens need in daily
life. . They are closely related to each other and together form the sum total of human justice
as ‘social justice’, which includes all human relations to the ideal community (Todd, 1918).
This theoretically supports the city bus quasi-public management system.

In the public transport sector, some countries still view the local city bus operation system
as a role of public administration in consideration of its characteristics. It is believed that city
bus public transport services should be provided in accordance with the competence of the
competent public administration accompanied by executive power to perform the role of
providing public services in an effective and efficient manner (Zatti, 2012).

3. Prior research related to BRT project

Eun Cheol-gyu (2009) derived the optimal lane width from the cross-sectional design type
of the intercity map following the introduction of the exclusive median bus lane and the BRT
system. Based on this, the scope of the study was set to construct various cross-sections, and
a correlation model of traffic accidents and lane widths was established for each road type with
the main purpose of research on the construction of cross-sections of inter-city routes
considering the BRT system. The range and minimum lane width were suggested, and
alternatives were prepared according to the change in width within the range of the
appropriate lane width.

Kim Seong-eun (2019) analyzed the current state of BRT operation in order to understand
the current state of operation of BRT at the time when BRT was introduced in Busan. He built
a cognitive model of citizens by deriving influence relationships according to the
characteristics of citizens' responses using multidimensional scaling.

Na Geum-hwan (2011) identified the influencing factors revealed in the implementation of
the metropolitan BRT pilot project policy. As a research method, the subject of the study
analyzed the problems that occurred in the case of the Seoul-Hanam BRT route and the
Cheongna-Gangseo route implemented as a metropolitan BRT pilot project by the
Metropolitan Transportation Headquarters, and deduced the factors that affected the policy
implementation. did.

Lee Hoon-gi and Kim Jong-hak (2005) analyzed changes in travel behavior through a
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questionnaire survey of wide-area bus users before the introduction of BRT in large cities.
Changes in the transportation mode share ratio according to toll policy scenarios were
estimated.

Kim Jong-jin (2012) reviewed the suitability of introducing BRT routes by examining
alternative BRT routes in Busan's urban rail plan. By estimating the future public
transportation demand, we will overcome the limitations of road supply in the urban railroad
planned route and overcome the current limited transportation infrastructure through
feasibility analysis with the benefits that occur when implementing the urban railroad planned
route according to the urban railroad master plan and introducing the arterial express bus. By
introducing a new transportation system that can be utilized to the fullest, the feasibility of
introducing a trunk express bus in which the advantages of railroads and buses are properly
harmonized on major arterial roads in Busan and Ulsan metropolitan areas was analyzed.

Han Jong-hak (2011) examined whether the city bus route is positioned as a city bus route
that matches the citizen's traffic pattern at the time of one year after the start of the express
bus service, which was promoted along with Incheon's implementation of the 'Incheon-style
semi-public operation system'. necessity was highlighted.

Through previous studies, it can be seen that various studies have been conducted on the
system improvement and efficiency of semi-public city buses. In particular, most of the
research related to the BRT project was at the level of pointing out technical problems in the
operation of the site, suggesting improvement plans, or analyzing satisfaction, influencing
factors and feasibility.

This study intends to analyze the policy results following the implementation of the BRT
system, which was implemented as a policy to increase the efficiency of city bus routes and
induce users after the completion of the public bus system. The previous studies related to
BRT examined so far have mainly focused on improvement measures in terms of technology
and citizens' responses to BRT, but there are few cases in which policy effects in terms of
behavior are properly measured. An empirical analysis of how effective the policies are is
needed, and this study seeks to empirically verify the effectiveness of the BRT section policy.
If the policy effect has been positively verified, the expansion of the system can be considered
according to the conditions and circumstances of each city.

II. research design

1. Data collection for impact analysis

For data related to BRT routes, request the bus route for the BRT section you want
to analyze through a request for disclosure of information about the BRT section to the
city hall among 134 routes in Busan, and search for route information through the
BIMS (bus information system) of each city hall. It was compared with the data
requested for disclosure of information. And, excluding missing values and
overlapping routes from the approved routes for each year in each city, only routes in
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which the route conditions were maintained consistently for five years were extracted.
There were missing values and overlapping routes in 10 excluded routes out of 144
routes in 2019 and 11 out of 145 routes in 2019.

Finally, 134 routes were used as the population, and data for each variable required
for analysis were organized. Here, 51 routes, excluding 12 routes with 10% or more of
the routes operating in the BRT section as the experimental group, and 71 routes in
the non-BRT section, were less than 10% of the routes in the BRT section, and these
routes were excluded.

<Table 3-1> Number of city bus routes and final routes to be analyzed

year number of routes
2015 140
2016 141
2017 142
2018 144
2019 145
Analysis sample number of routes 134
Comparative group selected as non— 71
BRT route route
BRT section analysis experimental 19
group

2. Variables for Impact Analysis

The selection of variables for the impact evaluation of the BRT project basically focuses on
the short-term results according to the program logic model of the project presented in
Chapter 4, Paragraph 5, and influences the number of bus passengers and bus operation
income. was selected. This is because the influence variable that can measure long-term results
has an attribution problem that cannot be achieved with the BRT project alone. “Number of
passengers” refers to the number of passengers who used the city bus for one year on one route.
‘Transportation income’ refers to the annual income of one route. It refers to the total income
earned from one route in one year. Since the increase in transportation revenue contributes to
the improvement of the transportation balance after deducting transportation costs, much
effort should be made on policies to attract city bus users, such as improving services for city
bus users.

The policy treatment variable is whether or not BRT is introduced. As explanatory variables
representing the characteristics of bus routes, distance traveled, time required, number of
vehicles operated, interval between trains, and number of times of operation were selected.
These explanatory variables may have some limitations in not reflecting all of the overall
operational characteristics of city bus routes or socioeconomic indicators. In addition, all
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operating factors of explanatory variables were based on weekdays. The operating conditions
were based on the factors of normal operation on weekdays, except for special time periods
with variations in dispatch interval, number of operations, and required time such as
Saturdays and Sundays during commuting to and from work and on weekends.

As an explanatory variable, ‘distance’ is the distance from the starting point of the city bus
to the ending point of arrival. “Required time” refers to the total time required for a round trip
on the road between the starting point and the ending point. ‘Number of operating units’ refers
to the number of vehicles operated per day for one route. The total number of vehicles operated
per day varies depending on the degree of dispatch interval. If the dispatch distance is long,
the number of trains is naturally small. The number of routes that additionally operate late-
night buses will increase accordingly. The ‘dispatching interval’ refers to the difference
between the departure time of the preceding vehicle and the departure time of the rear vehicle.
In general, the interval between trains is narrowed during commuting to work and school, and
the interval between trains is slightly longer when set before and after lunchtime. According
to the changing time period of the number of passengers, the interval is organically adjusted
and operated. Lastly, ‘number of operations’ refers to the total number of operations per day,
and refers to how many times a day the total number of operating units on a route operated.

The operational definitions of influence (result) variables, policy processing variables, and
explanatory (independent) variables for the analysis of city bus policy effectiveness are shown
in <Table 3-2>.

<Table 3-2> Independent and dependent variables for effectiveness analysis

division Measured variable Operational Definition of Variables
the number of
Annual number of users
dependent passengers
variable transportation
Annual transportation income
revenue,
operation
stance Total length of the bus route from the starting point to the last point (km)

the  required o4 time required (minutes) for round-trip bus routes from starting point

time to ending point

Explanatory | number of vehicles
(independent)

variable

) } Number of bus vehicles in operation per day
1n operation

the intervall  pifference between the departure time of the preceding vehicle and the
between buses departure time of the rear vehicle (minutes)

the number of

trips. Total number of trips per day
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3. Analysis method

In the analysis of the policy effect on the BRT section, the characteristics of using the PSM
analysis technique can be compared with the existing studies, and the differentiation can be
presented as follows. First, the previous studies on the BRT section were conducted with a
cross-sectional study in the direction of improvement, influencing factors, and traffic
engineering based on a single point of view. However, considering that policy effects do not
occur temporarily or in a short period of time, but occur continuously and over a long period
of time, the effects of policies were analyzed more accurately with a time series study (Sunmi
Jin et al., 2011: 38-69). Second, operating factors, distance traveled, time required, number of
vehicles operated, dispatch interval, and number of operations, excluding policy supply and
demand in the BRT section, were used as explanatory variables for observable characteristics.
In this way, for the correct policy evaluation of the BRT section of the city bus semi-public
operation system policy, the effect of the BRT section policy on the operation performance was
identified by using the PSM analysis between the policy participating group and the non-
participating group.

Propensity score matching (PSM) is a method of artificially constructing or finding a control
group similar to the experimental group. In order to construct a similar control group, a
variable representing the characteristics of the experimental group is used to construct a
similar group to be matched. In this case, the propensity score is to reduce the various
variables representing the group characteristics to a single dimension and score it. Using this,
a comparison target with a close propensity score is extracted (Rosenbaum and Rubin, 1983).

In this paper, the number of passengers and transportation income were used as the
dependent variables for policy evaluation as influence variables in the experimental group and
the control group. And by setting the explanatory variables such as distance traveled,
operating time, number of units operated, dispatch interval, and number of trips as
independent variables, a propensity score was calculated by scoring samples corresponding to
the experimental and control groups through logit regression analysis. did. Based on this
propensity score, the routes with the propensity score closest to the observations constituting
the experimental group were matched (Rubin and Thomas, 1992).

Specific experimental group and control group composition and effect estimation for
propensity score matching are performed through the procedure shown in <Figure 3-1> below.

: |

Step T: Step 2: Step 3: Step 4 Step 5:
Estimation of Choose a Check Assess the Estimating
propensity Matching common quality of the Effect of
score Method areas matching Matching

f

<Figure 3-1> Execution stage of propensity score matching (PSM)

Caliendo et al.(2008)
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The biggest problem in judging the effectiveness of the BRT interval is the occurrence of
sample selection bias. driving performance & ¥"] call it, If the same route was not a BRT, the
operating performance & ¥ If you say & =& ¥"1—F(¥”) is the operation performance
due to the BRT section, and it can be said that it is the difference from the result obtained by
changing only the presence or absence of the BRT section while all conditions of the BRT

section are the same. In this case, the effect of the city bus quasi-public system policy can be
defined as A 77= Bl ¥'— ¥ULX, @=1), which is the average treatment effect on the treated
(ATT) of the participants, which is the average operating performance of the route on which
BRT is applied (Wallsten, 2000). In order to obtain such an average effect, it can be obtained

as 2Fo)el A,p=F¥'=¥IX F=1) -F( ¥X. 37 =1), which is the difference between the
expected value of operational performance for the BRT section and the expected

corresponding fact value of the same route, and can be obtained as B1¥°LX,3=1], the
difference between the expected corresponding fact value. However, it is difficult to

realistically confirm the corresponding fact expected value Zi¥°LY,&=1]. Therefore,
H{¥.X, @=10) which approximates the corresponding fact, is used. In this case, the value
that occurs because B ¥°LX,F=113 A ¥X,&F=10] are not the same is called sample

selection bias. This can be said to be a difference that occurs depending on the control group
used in the analysis (Wallsten, 2000).

Let the distribution range of the treatment group characteristic variable X be
Sr=1AlfXIG=1)>0 et Kr=1XFXIF=0)>0} pe the distribution range of the
control group characteristic variable, If the common area of the distribution ranges of these
two X is dr = Sixl 5y, The bias can be expressed as the following equation (1).

] EVIY. 6=1dFXG=1)— ] E VY, ¢=0dF XIG=0)
1 ST

If it is expressed by decomposing it into three bias (&1 52 53), it is shown in Equation (2)
below.

B 1YY G=12-n'FI_YG=12-—f B 1Y G=0)dF XIG=0)
31: ax Ge e (2)

B j EVIX. ¢=0)[dFXIG=1)—dFXIG=10]]
a—= " Sa

B,- PB.

Among them, the bias (£1) caused by the difference in the range of the treatment group and
the control group can be explained as follows. If the BRT section has a running distance of 50
km and the non-BRT section has a short distance of 10 km, the characteristics of the route are
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determined heterogeneously, resulting in sample selection bias. In order to minimize this bias,
the control group should be selected from the population with the characteristics most similar
to the treatment group.

Next, even if the size of the characteristic variable is similar, the bias (£-) that occurs when
the distribution is differentis & ¥°.X, @=1)3} B{¥°X,F=0) asthe cumulative probability
density function FXIG=1) of the treatment group characteristic variable and the
cumulative probability density function of the control group characteristic variable. The
difference in weighted average using Fl.XG=10] as a weight occurs when the weight
FIXIG=10) ofthe control group does not match the distribution function of the corresponding
fact FALYIG=1)

Lastly, the bias (£3), which occurs as a common factor between the treatment group and the
control group, is caused by factors that the researcher cannot confirm. The occurrence was
empirically analyzed (Heckman et al., 1998; Glazerman et al., 2003; Tucker, 2010 cited).
Therefore, it is possible to minimize the bias by considering the bias that occurs in the
methodology along with the strict selection of the analysis target.

The standard variable for dividing the experimental group and the control group is set as
the dependent variable, and the variables affecting the dependent variable are set as
independent variables, and the samples corresponding to the experimental group and the
control group are scored through probit or logit regression analysis. is the propensity score.
Based on this propensity score, the experimental group and the control group are formed by
matching the observations with the closest propensity score to the observations constituting
the experimental group. This series of processes is called Propensity Score Matching(Minji
Seo. 2012).

In this case, bias in sample selection occurs depending on the target selection and analysis
methodology of the treatment group or experimental group (BRT section) and control group
(non-BRT section), so the effect of BRT policy may be underestimated or overestimated
(Heckman et al. , 1998). The PSM method is a non-experimental research method that
artificially constructs or finds the most suitable comparison group.

A=B Y G=1— B Y G =)o (3)

= Ay eg=1-F¥g=11+ H¥|lag=11-F¥3=0

H{¥'|G =1): Operational performance of the BRT section

Z{¥*|@ = 0): Operational performance of non-BRT sections

In Equation (3) above, & ¥ G=11—E(¥3=0] is the policy effect expressed by the
difference in operability between the BRT implementation route and the non-BRT section,

This can be expressed as Fl¥UF=11-F¥Ig=11with A ¥IF=1]-A¥lz=0)
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removed from the sample selection convenience. In other words, Fi ¥ &=11—- & ¥ g=1)
is the average effect of treatment on the treated (ATT: average effect of treatment on the
treated), which is the difference in operation performance when the same route as that of the
BRT-implemented route was a non-BRT section (Dawid, 1979). In order to solve this problem
of sample selection bias, ‘the assumption of conditional independence’ must be preceded
(Rosenbaum and Rubin. 1983). In other words, if the outcomes are independent of project
participation, the use of a matched comparison group will yield the same estimate as
randomization because it yields a biased estimate of the average effect of treatment.

For propensity score matching, the following two assumptions must be established, First, if

the observable characteristics (.Y) are the same bus routes, the conditional independence
assumption (CIA: conditional independence assumption) is essential, assuming the same
operation performance regardless of whether BRT is implemented or not. It can be expressed
as the following equation (4) (Rosenbaum et al., 1983).

If the CIA assumption is satisfied and the vectors of explanatory variables - and
1. ¥y — GLY. 1. for each route are observable, when ' =Gy +l1-G il

Glgay = EIVHG =1 -E 1,6 =1
=EE VY, G =1 -ETL.G =06 =1 ] will be

In addition, the common support condition that the BRT section and the non-BRT section
must have a similar distribution of the probability of being a BRT section. This can be
expressed as Equation (5) below (Rosenbaum et al., 1983).

0= PriG=11%) <l (5)

The propensity score is the conditional probability P5=Fri{& =1L to participate in the
policy given the observable characteristics of the participants, and the theorem in Equation (6)
below can be established.

@ X166 | PX) oo 6)

@ (¥2 ¥ 6lP(X). 0=Pprig=1PX) <1

In other words, when the treatment group and the control group are matched through
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propensity scores, the observable characteristics of each group have the same distribution, and
the effect of maximally controlled sample selection bias such as randomization can be
estimated. In addition, the bias can be minimized even when matching using generally
observable characteristic variables. If there are 4 variables used for matching, there are
2* =18 possible combinations, and as the number of variables increases, it becomes difficult
to match the treatment group and the control group, resulting in a dimensionality problem.

If these 'conditional independence assumption' and 'common domain condition' are
satisfied, the effect of the policy is as follows (7) (Rosenbaum and Rubin. 1983).

Sarr =B YUX G=1)— B YUK §=1m oo (7)

=FYX g=1-FYIX, 3=0.

Since the observable &YX, @=0) and & ¥*lX,&=1] in Equation (7) are the same
according to the assumption of Equation (4) ¥, ¥? 1 GLX, the sample selection bias can be

minimized (Hirano, K., & Imbens, GW 2001; Becker, S, O. and A. Ichino, 2002; Abadie, A. and
D. Drukker, and JL. Herr, and GW. Imbens, 2004).

In the case of nearest neighbor matching among the PSM methods, the closest object in the
control group is matched based on the propensity score of the treatment group. , there is a
disadvantage that the result of the matched object varies according to restoration/non-restore.
On the other hand, caliper matching does not match when it deviates from the propensity
score of the treated group object by a certain level, so it can compensate for the shortcomings
of nearest neighbor matching. The propensity score is calculated by logistic analysis, and it is
expressed in Equation (8) below (Austin, 2010).

PlG=1lzp s a,) )
o = e a— - I : s v e
PlG=0p e e, T TV TS TR (8)

l

In 0<PriG=1X1<1 in Equation (7), G is the presence or absence of BRT section,
¥y &yt ¥yis the actual observation value of observable characteristics, and the probability

(propensity score) corresponding to the BRT implementation route is as shown in Equation
(9) below (Austin, 2010; Huh, Myeong-hoe, 2014).

For the successful estimation of the effect of the PSM method, the specification of the
propensity score estimation formula is an important issue. In general, the propensity score

estimation formula includes explanatory variables (1), higher order terms (higher order terms :
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X°. X*..) and interaction terms of independent variables. In particular, the specialization of
the propensity score estimation formula is revised according to whether or not 'balance’ has
been achieved between the project group and the comparison group, after which it is
repeatedly verified. It is common for only independent variables to be included in the equation.
A simple algorithm for propensity score estimation is as follows (Austin, 2010).

First, the propensity score is estimated using the logit model.
Second, the estimated propensity score classifies the data from low to high.

Third, if all observations are stratified, the project diagnosis of each stratum and the
estimated propensity score of the comparison group will be close (the difference will not be
significant). As an example, we start by dividing the observations into strata in the same score
range (0-0.2, ..., 0.8-1).

Fourth, in the statistical test, the difference-in-means of all explanatory variables of the
business group and the comparison group included in all layers (blocks) should not be

significant. @ Stop when all explanatory variables are balanced between the observations of
the project diagnosis and the comparison group in all strata (blocks). @ If the explanatory

variable is not balanced in some strata, divide the strata into smaller ones and re-evaluate. 3®

If the explanatory variable is not balanced in all layers, the intersecting term or higher-order
term of the explanatory variable is added to the logit model and evaluated again (Brookhart et
al., 2006).

The null hypothesis (& : difference = 0), the null hypothesis is rejected if it is less than o,
and if the difference is greater than o, it is considered that the BRT section has a
complementary relationship with the driving performance. However, if the difference is less
than o, it can be said that the policy of the BRT section is not effective in the city bus route
itself (Brookhart et al., 2006).

IV. Empirical analysis

1. Effect analysis procedure and method for BRT

1) Estimation of propensity score

As for the policy effect on the BRT section implementation route, the difference after the
BRT section implementation is obtained by extracting similar routes from the non-BRT
section route group using the PSM method on the premise that the line that operated the BRT
section does not implement the BRT section. To implement the PSM procedure, propensity
scores were estimated for the bus routes of the experimental group and the control group. The
dependent variable of logit implemented in the PSM process is a binary variable coded as BRT
route = 1 / non-BRT route = 0. PSM is performed using the coefficients estimated in logit,
and the target variables set for PSM are the number of users and transportation income. It was
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estimated through a logit model using the number of passengers and transportation income
as the dependent variables as the outcome variables to be derived, and five operational factors
that affect them as explanatory variables. Through matching based on the propensity score,
the driving factors of the control group similar to the experimental group are extracted to find
out the difference from the experimental group.

The explanatory variables for estimating the propensity score are operation distance, the
required time, number of vehicles in operation, the interval between buses, the number of trips.
The number of passengers and transportation revenue were selected as dependent variables
(influencing variables). Transportation income is very large in the city, so the amplitude of
vibration is considerable. As there is a high possibility of statistical errors due to this, the
natural logarithm of transportation income was used to convert it into a stable variable, and
then statistical analysis was performed.

2) Matching method by propensity score

Matching methods include Nearest Neighbor Matching, Caliper Matching, and Kernel
Matching. Kernel matching is a method in which matching is performed until all experimental
groups in the comparison group are matched in order to fully utilize data information, and the
closer the propensity score is, the greater the weight is given. Caliper matching is a method in
which a matching range (caliper) is determined and only when the propensity score is within
the range is used for matching. The higher the accuracy, the higher the matching. In this study,
near-neighbor matching and kernel matching methods were used to check whether the
matching result remains stable even if the matching method is changed. In the end, the
matching method was analyzed in a way that can confirm the stability of the result value.

3) Verification of homogeneity between the experimental group and the control group

After matching according to the propensity score, the homogeneity of the experimental
group and the control group was confirmed as a result of matching. In the homogeneity
verification, first, if there is no significant difference by comparing the matching variable
values of the two groups, it is considered that the homogeneity of the experimental group and
the control group has been secured, The second is to check whether overlapping exists in the
distribution of propensity scores between the experimental group and the control group
(Caliendo & Kopeing, 2008; Seulgi Choi, 2020). If there is no overlap in the distribution of
propensity scores of the two groups or if the range of overlap is too narrow, it will be difficult
to see that matching has been performed properly (Seulgi Choi, 2020).

4) Estimation of average treatment effect

As the last procedure of propensity score matching, the average of the results of the matched
experimental group and control group was compared. We examined whether changes in the
number of passengers and transportation income, which are dependent variables, show
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significant differences. In general, the estimation of treatment effect after matching uses
difference verification between two groups to obtain ATE (average treatment effect) and ATT
(average treatment effect of experimental group). If conditional independence and common
support area are assumed in the propensity scores between the experimental group and the
control group, the average treatment effect by the PSM method is equal to the average
difference of expected results in the common support area. In addition, sensitivity analysis
may be performed to analyze how sensitive the estimated treatment effect is to unobserved
confounding variables.

2. Analysis Results

1) Characteristics of routes between BRT and non-BRT sections

The characteristics of the data to be used for the analysis of the BRT section of Busan are
shown in <Table 4-1>. Non-BRT section routes are bus routes that do not operate BRT sections
at all. For the BRT section, the route was selected for which the BRT section accounts for more
than 10% of the total distance traveled. The selected routes are the 12 routes as the
experimental group. They applied different analysis according to the time of BRT. In <Table
4-1> below, the number of observations for the BRT section route sampled from the basic
statistics is 22.

For the control group non-BRT section, 71 routes were 355 routes from 2015 to 2019, and 5
routes in the BRT section during the period before the implementation of BRT were 5 routes
for 2 years from 2015 to 2016 These 10 routes and 7 routes total 38 routes when 28 routes are
added over the four years from 2015 to 2018. If we add this to the 355 routes in the above pure
non-BRT section, 393 observed routes are non-BRT section routes. As explanatory variables
representing the characteristics of the route, operating factors such as the number of operating
units, driving distance, required time, number of trips, and dispatch interval were set. The
result (dependent) variables are the number of users and log revenue.

In <Table 4-1> below, there are 22 routes in the BRT section sampled from the basic
statistics. 5 years for a total of 83 routes, that is, 415 routes are multiplied by the five years of
the analysis range from 2015 to 2019. Excluding the BRT section, there are 393 non-BRT
sections. The average of the independent variable operation factors in the non-BRT section is
15.12 vehicles, the distance traveled is 61.59 km, the required time is 142.58 minutes, the
number of operations is 77.26 times, and the interval is 15.70 minutes. The average of the
independent variable operation factors in the BRT section is 22.22 vehicles, the distance is
58.77 km, the required time is 151.72 minutes, the number of operations is 51.95 times, and
the interval is 19.86 minutes.

<Table 4-1> Characteristics of the analysis target bus route

Al BRTroute(A) Non-BRT routes (B)
(n=22) (n=393)
Average Standard Average Standard Average Standard

ttest
(B-A=0)
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Deviation Deviation Deviation
number of
Ve}lid‘? n 1550 9.27 2223 925 1513 914 355
operation,
operation
distance, 6144 3442 59.77 3022 6159 34.67 0.37
th .
P rqied ey 3850 15173 4223 1259 3828 -109
the number of
o 7593 4495 5195 4568 7727 4459 259*
bet © buses, 1592 884 19.86 7.76 1580 885 216
the number of
passengers 2990.08 2278.30 465341 224825 2896.97 2246.60 -357%*
logincom 21.27 126 22,00 075 21.23 127 2.81%

Note. * p < 0.05; ** p < 0.01; ***p < 0.001. 5 routes will be BRT from 2017 (n = 5 X 3); Seven routes (9701) have

BRT implementation from 2019 (n = 7 X 1). Number of passengers unit = 1,000

Referring to the t-test in <Table 4-1> above, except for the distance traveled and the
required time, all of the values in p > 0.05 show significant differences. This indicates that the
BRT and non-BRT routes are not homogeneous. When estimating the average treatment effect
by dividing them into an experimental group and a control group, it is impossible to obtain a
valid estimate due to selection bias.

2) logit analysis for propensity score estimation

(N = 415): 1=BRT, 0=non-BRT

<Table 4-2> logit result

Coefficient standard 95% C.I.
error down up
number of 0.07* 0.03 0.01 0.12
vehicles
operation -0.01 0.01 -0.03 0.01
distance,
required 0.01 0.01 -0.01 0.03
time
number of -0.01 0.01 -0.02 0.01
trips
interval 0.01 0.04 -0.07 0.10
between
A} -4.58%* 1.77 -8.05 -1.11
Pseudo R2 0.09
Chi2 14.99*

Note. *p < 0.05; **p < 0.01; ***p <{ 0.001.
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The logit model is executed to obtain the propensity score, where the dependent variable is
BRT (=1)/non-BRT (=0) coded as 0 and 1. Pseudo R2 is 0.09, which has a 9% explanatory
power for whether explanatory variables are BRT or not. Also, since Chi2 is 14.99, which is
significant at the 0.05 level in the above analysis, it can be seen that logistic regression analysis
is a significant model. The goodness of model-fit of logistic regression showed that the current
model was available. The marginal effect is a numerical value that explains how much each
variable affects the BRT section, and in this PSM analysis process, it is a numerical value
necessary to calculate the weight and is the estimated value. Also, since the Chi2 value is
significant, the PSM weight can be estimated using the marginal effect derived from this
logistic. That is, the weight applied to the matching non-BRT section can be obtained using
the marginal effect of each explanatory variable estimated through logistic.

Using the policy processing probability estimated by logit analysis, the BRT section route
group was matched with the non-BRT section route group. BRT section route selection and
explanatory variables have no significant relationship with BRT section. In the 95% confidence
interval, the number of operating units was 0.01 to 0.12, the driving distance was -0.03 to 0.01,
and the required time was -0.01 to 0.03. And the frequency of operation ranged from -0.02 to
0.01, and the interval between trains was from -0.07 to 0.10.

3) Confirmation of homogeneity between the experimental group and the control group

Calculate the estimate of the driving factor through the above logistic regression analysis,
As a result of matching, it was confirmed whether the homogeneity of the experimental group
and the control group was secured. Looking at <Table 4-3> to <Table 4-8> below, it can be
seen that there is a significant difference between the two groups in most variables when the
characteristics of the driving factors are compared before matching. After matching based on
the propensity score, all variables of the experimental group and the control group did not
show any statistically significant difference. These results showed similar results even when
the near-neighbor matching, kernel matching, and caliper matching methods were different.

<Table 4-3> Propensity score matching, test of homogeneity between experimental group and control

group (T-test): Near-neighbor matching

before matching after matching
B BRT H]BRT o BRT H|BRT o
(experimental (control (experimental (control
value value
group) group) group) group)
number of -
vehicles 22,227 15.127 3.55 22,227 22.864 0.21
operation - -
distance, 58773 61.59 0.37 58773 64.591 0.60
required -
time 151.73 142.59 1.08 151.73 154.18 0.20
number of ) 6 - L Leo 0.0
trips 51.955 77:267 |, g 51.955 51.523 .03
belcr\};:;al 19.864 15.702 2.16 19.864 19.068 0.36
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<) Significance level of t-value: * p<o0.1 ** p<0.05 *** p<0.01 Dependent variable: the number of

passengers

<Table 4-4> Propensity score matching, test of homogeneity between experimental group and

control group (T-test): caliper matching

before matching after matching
SRt BRT H|BRT t- BRT H]BRT t-
(experimental (control value (experimental (control value
group) group) group) group)
number of
vehicles 22,227 15.127 3.55 22,227 22.864 -0.21
operation - -
distance, 58773 61.59 0.37 58773 64.591 0.60
. required 151.73 142.59 1.08 151.73 154.18 .
time ’ ) ’ ) ’ 0.20
ber of
wips 51.955 77.267 | -2.59 51.95 51523 | 0.03
beltlx:glal 19.864 15.702 2.16 19.864 19.068 0.36

<) Significance level of t-value: * p<o0.1 ** p<0.05 *** p<0.01 Dependent variable: the number of

passengers

<Table 4-5> Propensity score matching, test and control group homogeneity verification (T-test):

kernel matching

before matching after matching
T BRT H]BRT o BRT H]BRT Ny
(experimental (control value (experimental (control value
group) group) group) group)
veﬁ?crlrélzer of 22,227 15.127 3.55 22,227 22.083 0.05
operation - -
distance, 58.773 61.59 0.37 58.773 59.95 0.13
required
time 151.73 142.59 1.08 151.73 150.45 0.11
number of - -
trips 51.955 77.267 2.50 51.955 58.212 0.49
beltrxgglal 19.864 15.702 2.16 19.864 18.89 0.43

) Significance level of t-value: * p<o0.1 ** p<0.05 *** p<0.01 Dependent variable: the number of

passengers

<Table 4-6> Propensity score matching, test of homogeneity between experimental group and control group

(T-test): Near-neighbor matching

before matching

after matching

?_

M

BRT
(experimental

HBRT
(control

t_
value

BRT
(experimental

H|BRT
(control

value
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group) group) group) group)
number of
vehicles 22.227 15.127 3.55 22.227 22.864 -0.21
operation - -
distance, 58.773 61.59 0.37 58.773 64.591 0.60
required -
time 151.73 142.59 1.08 151.73 154.18 0.90
number of
trips 51.955 77.267 -2.59 51.955 51.523 0.03
beltlvl\f:glal 19.864 15.702 2.16 19.864 19.068 0.36

<) Significance level of t-value: * p<0.1 ** p<0.05 *** p<0.01 Dependent variable: log income

<Table 4-7> Propensity score matching, verification of homogeneity between experimental group

and control group (T-test): caliper matching

before matching

after matching

BRT

H|BRT

BRT

H|BRT

T ; - . -
(experimental (control v alfl e (experimental (control v ahtl o
group) group) group) group)

number of

vehicles 22,227 15.127 3.55 16.571 16.571 0.00
operation -

distance, 58.773 61.59 0.37 48 48 0.00

tir;(—;qulred 151.73 142.59 1.08 130 130 0.00
number of -

trips 51.955 77.267 2.59 64.857 64.857 0.00

beltr‘:;:glal 19.864 15.702 2.16 18.857 18.857 0.00

<) Significance level of t-value: * p<0.1 ** p<0.05 *** p<0.01 Dependent variable: log income

<Table 4-8> Propensity score matching, verification of homogeneity between experimental group

and control group (T-test): kernel matching

before matching

after matching

BRT

H|BRT

BRT

H]BRT

?% 1 = . -
(experimental (control Valfle (experimental (control Vahtle
group) group) group) group)
Veﬁ?crlrézer of 22.227 15.127 3.55 22,227 22.083 0.00
operation R ]

distance, 58773 61.59 0.37 58.773 59.95 0.13
tir;&;qmred 151.73 142.59 1.08 151.73 150.45 0.11

number of L 06 - . 8o :
trips 51.955 77.267 250 51.955 58. 0.49
be}cr\};:glal 19.864 15.702 2.16 19.864 18.89 0.43

<) Significance level of t-value: * p<0.1 ** p<0.05 *** p<0.01 Dependent variable: log income
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For the 2015-2019 period, the matched routes were for 22 BRTs and 27 for non-BRTs. When
looking at the average before matching for all explanatory variables, there is a large numerical
difference between the BRT route and the non-BRT route. that can be checked. In the t-test
result, it can be seen that all explanatory variables differed significantly between the BRT
section and the non-BRT section, resulting in successful PSM matching.

The distribution of propensity scores between the BRT group and the non-BRT group is
shown in the <Figure 4-1> graph below. As shown in the figure, it can be seen that the graph
of the propensity score after matching is similar. The horizontal is the propensity score and
the vertical is the probability estimated by logistic, and it can be seen that the significant
difference is decreasing after matching. Here, the horizontal index is the propensity score, and
the vertical index is the probability estimated as logistic. If the status before and after matching
is displayed as a graph, it is shown in <Figure 4-1> below.
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<Figure 4-1> Result graph before and after Busan matching

4) Estimation of average treatment effect

Depending on the propensity matching estimation technique, it often happens that the
estimated value changes. This is a phenomenon in which the estimate by the matching method
varies depending on the characteristics of the data. Therefore, in this case, it is necessary to
find the best matching method among the estimated propensity matching. This method was
selected because the “flexible method using caliper” used in previous analyzes can produce
appropriate results in similar methods.

Matching through the kernel method did not properly adjust the control group to the
experimental group. This can be confirmed in the Kernel column of the PSM estimation result
for the number of users in Busan in <Table 4-9> below. After matching the experimental group,
ATT, the average number of users, is almost identical to Unmatched, the average number of
users before matching. However, there is no problem in using a flexible caliper because the
flexible method uses the caliper or the non-flexible method does not use the caliper.

<Table 4-9> Comparison of the number of users before and after matching: 1:1 Nearby Neighbors,
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Caliper, Kernel

BRT route Non-BRT in gilffs{g;c:f t-test

(A) route (B) (A-B=0)

passengers

before simple 3.57
. - 4653.40 2897.00 1756.40 (p=
matching  comparison 0.000)
1:1 Near 0.10
Neighbor 4653.40 4579.80 73.60 (p=
PSM Matching 0.920)
kernel 6 o o o 0.10

matching 4653.4 4579.5 73-3 (p = 0.919)

Note. *p < 0.05; **p < 0.01; ***p < 0.001. number of passengers = 1,000

The above <Table 4-9> shows that the difference in the number of passengers on the
corresponding route for the BRT section and the route for the non-BRT section is slightly
different depending on the two matching methods, The number of passengers on the non-BRT
and BRT routes was similarly adjusted under the same conditions. Therefore, 73,600 people
increased in 1:1 near-neighbor matching, and 73,300 people increased in kernel matching
method. Next, let's look at before and after matching for log income.

The above <Table 4-9> shows that the difference in the number of passengers on the
corresponding route for the BRT section and the route for the non-BRT section is slightly
different depending on the two matching methods, The number of passengers on the non-BRT
and BRT routes was similarly adjusted under the same conditions. Therefore, 73,600 people
increased in 1:1 near-neighbor matching, and 73,300 people increased in kernel matching
method. Next, let's look at before and after matching for log income.

<Table 4-10> Comparison of log income before and after matching: 1:1 near-neighbor
matching, kernel matching

BRTroute  Non-BRT route log income t-test
A) (B) difference (A-B=0)
before simple 2.81**
matching comparison 22.00 21.23 0.77 (p = 0.005)
1:1 Near
Neighbor 22.00 21.92 0.08 ?'28
PSM Matching (p =0.777)
kernel 0.32
matching 22.00 21.01 0.09 (p _ 0.748)

Note. *p < 0.05; **p < 0.01; ***p < 0.001

After matching the corresponding route in the BRT section and the corresponding route in
the non-BRT section based on the explanatory variables, the difference in log revenue before
and after that is shown in <Table 4-10> above. The log revenue after matching increased by
0.08 (8%) in the near-neighbor matching of the BRT section than the non-BRT section, and
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by 0.09 (9%) in the kernel matching method.

V. Conclusion

The operating distances of city buses operating in each BRT section of Busan were measured
and summed up, and the operating ratio of the BRT sections for each route was calculated.

Based on these data, 71 bus routes that do not operate any BRT sections from 2015 to 2019
are confirmed, and the bus routes that are affected by the BRT section have a BRT section
operating ratio of 10% compared to the distance traveled on the route. Only the above routes
were extracted and these routes were set as the experimental group. There are 12 routes, and
specifically, 5 of 31, 115-1, 43, 506, and 141 are BRT starting from January 2017. 1010, 20, 10,
87, 86, 110-1, 99 7 All routes have been operating the BRT section since May 2019. Therefore,
in the process of time series analysis, the units in which these experimental groups purely
operated the BRT section were 22 routes per year. PSM is 22 BRTs and 27 non-BRTs for the
2015-2019 period.

The difference in the number of passengers over 3 years through PSM analysis showed that
73,600 people increased in 1:1 short-distance neighbor matching for BRT section routes than
for non-BRT section routes. In the kernel matching method, 73,300 people increased. In log
income, PSM near-neighbor matching increased by 0.09 (9%) for three years from 2017 to
2019, and the same 0.09 (9%) increased in kernel matching. The analysis results of Busan are
summarized and summarized as follows <Table 5-1>.

<Table 5-1> Summary of effects according to analysis results

division Results according to analysis method
Analysis method PSM
L Number of routes in the Control group
group division
experimental group number of routes
parent group 12 71
5 years by year
‘ 22 393
analysis bus route total
number of matching routes 22 27
PSM
number of . 73,600 people increase
(Near Neighbor)
passengers
PSM (kernel) 73,300 people increase
log income PSM 0.09(9%) increase
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(Near Neighbor)

PSM (kernel) 0.09(9%) increase

Busan is blocked by the sea to the south due to the structure of the city center. In the north,
the mountainous terrain hangs like a folding screen, so the expansion of the city center is
weaker than that of the metropolitan area and Chungcheong area. In addition, the role
distribution of organic urban functions with satellite cities such as Ulsan, Jinhae, and Yangsan
is weak, so the effect of the BRT section may be somewhat reduced.

In order to improve the policy effectiveness and efficiency of quasi-public city buses, the top
priority is to reduce the fiscal deficit and at the same time strengthen the public nature of
public transportation for city buses. To this end, local governments, which are the enforcement
agencies, should promote the following institutional reforms.

First, the function of cooperative wide-area transport governance should be strengthened.
A cooperative and coordinated governance system should be established so that
transportation service providers and consumers (the state, local governments, and the private
sector) can actively participate in resolving metropolitan transportation problems. Through
the Metropolitan Transportation Conflict Management Committee under the Metropolitan
Area Transportation Committee, it is necessary to find solutions for the improvement of the
redundant route system and inefficient routes by periodically conducting surveys on the actual
conditions of regional transportation and big data analysis. Accordingly, it is necessary to
focus on increasing the number of passengers and increasing the passenger traffic per bus.
The BRT section should be built as a wide-area transportation network. Seoul operates BRT
sections linked to the satellite cities of Seongnam, Goyang, Uijeongbu, and Gwacheon.
Daejeon established a wide-area transportation network such as Daejeon Station and Osong
Station in connection with Sejong City. However, Busan is not like that, so the construction of
a wide-area transportation network linking Ulsan, Gimhae, Jinhae, and Yangsan must be
hastened.

In addition, the city-to-city cooperation system should be able to link and expand the routes
between cities so that some of the routes of city buses can be smoothly connected with these
satellite cities. Unlike intercity buses that operate non-stop from terminal to terminal, city-to-
city connection of city buses should allow citizens to break down city boundaries and facilitate
business and consumption activities according to inter-city needs. In this way, if the boundary
between cities is broken down and the extension of the route is considered, the level of access
for citizens to better mobility can be improved.

Second, continuous monitoring is required to establish a fast and convenient
connection/transfer system. To this end, the shared mobility infrastructure should be
expanded centered on the transfer center, and a plan to improve accessibility should be carried
out in parallel. In the case of Busan, as the subway Donghae Nambu Line was extended, the
BRT section was opened and the free transfer system was implemented so that the transfer
could be made smoothly. The construction of this transfer system should not be fixed, and the
transfer system should be changed according to the change in passenger fluidity. The demand
for transit passengers may vary depending on the development of the city center, the
movement of commercial districts, the change of seasons, and the population movement of
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neighboring cities. Therefore, it is necessary to periodically monitor the passenger trends of
city buses and promote the change of the transfer center based on this.
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RTF3to] &3 AEl7F 50kmo]lal H¥] BRTFZFe] 10kme] ©AE] 2}

dopl wAile)] 5Ao] ojdHor AAE ol m Y ozl AT Aot o]
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A e = ojof dth(Rosenbaum and Rubin. 1983). &, Z#EE50] Al Fofet S7jolgtd

e vl AR AR HEgFe =dH O FA#s Esty] wEel

_%_
AT oo 27k 7hEel Ad™Eier sh=dl, A WA= #F T)

olr
!

i

SAE )o] L3 axdEolghd BRT A4l #5-9 A#glo]l &<

ot

+94

_&3
il

71 245 53 7FA(CIA: conditional independence assumption)©] Z<4=% o]

o A4y Zeo] yEld 4 2t (Rosenbaum et al., 1983).

CIA®] 7}Ao] WEE 3 7t7he] wio] ofsh AWW4s X 1nIp-Gl. “i o
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ole) (F 4-1) & 7|ZEAFNA FHROoT F33 BRTFHIHS 227] w=Molth. A
837 Ao tig 57ldE &, 2015%-E 2019d71#] EAWHele 57 AdxE F3kd
4157 w=Aoltl, o]F BRTIFHS wjwH, HIBRTIH 39370 =Aojt}, HIBRT7He
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47 BRT=41 (A) HBRT =4 (B) t=

= (n=22) (n = 393) test

33 Rt 33 g#Az} 35 w#Az A%—
g5 15.50 9.27 22.23 9.25 15.13 9.14 3 55;**
+=A A 61.44 34.42 59.77 30.22 61.59 34.67 0.37

AR A|ZE 143.07 38.50 151.73 42.23 142.59 38.28 1 0_9
=3 75.93 44 .95 51.95 45.68 77.27 44 .59 2.59%
wl 27+ 15.92 8.84 19.86 7.76 15.80 8.85 o lé*
o8- 2990.08 2278.30 4653.41 2248.25 2896.97 2246.60 3 57;**
2359 21.27 1.26 22.00 0.75 21.23 1.27 o 81_**

Note. * p < 0.05; =+ p < 0.01; =+ p < 0.001. 57 =42 2017958 BRT A& (n = 5 X 3); 77

=970 2019 5-E] BRT Al&(n =7 X 1). o] &4 &9 =1,000%.

A {E 4-1>  t-tests: FFIW,
0.050]8ell Al B5F  Frofm] &
sAAolA vt e YHEM olES
JHAYaRE FH= AT %
T g "o

2) AT FAL AT ZARY
(E 4-2) logit A=
(N = 415): 1=BRT, 0=non-BRT
A ETEA} 95% C.1.
Eias &
s 0.07x 0.03 0.01 0.12
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A -0.01 0.01 -0.03 0.01
2 QA7 0.01 0.01 -0.01 0.03
S e -0.01 0.01 -0.02 0.01
i 2} A 0.01 0.04 -0.07 0.10
& -4.58% 1.77 -8.05 -1.11
Pseudo 0.09
Chi® 14.99%

Note. # p < 0.05; *x p { 0.01; =+ p < 0.001.
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29 ¥ BRT(=1)/HBRT(=0)°]t}. Pseudo 2 0.092A Aw¥SSo0] BRTo]H-o i3
omel AWES AU e b 14997 9 BAAE 005 FEelA
FolmanE 2x28 FR0] Folue B & 5 Qrk ZA2E 874

9 A3t (goodness of model-fi)v= A Edo] ALE7H5s Aoz Vel

td

Al9+(marginal effect)« Zt7+e] W57} BRT3Hol dvpy &S FouE AWsie
T, H PSMiA HAAME 7heX(weight) S AHASH7] fl8] Q3 FX 24
FAE FEoIt md Chfgel  fowsinz B 2Xsgoa mEEd 7}
A9 (marginal effect)& Ab&stel PSM 7tsAE 4T = Ak =, 2A2HE F3)
FAs @ 2z Aol marginal effects AR&Ste] WA o] W= HIBRT 3ol

AgH= 7hEAE 7 ¢ AL, logit 4R FAHE AH AYSES o]&shd

BRT3F =4 XA AWWH$EL BRTHH fovst 347 gloh. 95%
AFTFZrA EFhFE 0.01004 0.12, @A E -0.03%-E 0.01, 2847 -
0.01%¥ 0.030& uehdtt. 1ela L3315 -0.02%E 0.01=, x4 -

0.07914 0.102.2 YElstT),

3) ddAG TAAG 24 A

2

9 2AxY HARNS Ba gAase] FAANE Adeta, WY Ad AWK

Mo
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FAAGY FAAo] SRIFHAEAE RIS of# <& 4-3>FHH i 4-8>5 B4,
nj g oldd FPQAES EAS HuIE " dFEEY "Hgelx 7+ o' 3t
fFoujsk zpol7l EAstt s AE & du. AFHTA AT ulH o] Tl
ARGy SAHGS BE HyEo] FAXSRE Foudk xfo]E Holx] ¢al du)
olgfst A= LA ol wlH, AduH, Ay wHALHES Gyds "ol fFAFSH
A2 YERTh
<E 4-3> AgAs m A, Ad3da FAAGY] 524 HAS(T-test): <A o]% vf*
3 o] 3 o] 5
T BRT H|BRT t- BRT H|BRT t—
(EAR Ry (BARD) | value (G ER=Y (ZAA) | value
Sk e 22.227 15.127 | 3.55 22.227 22.864 | 21
S-3 7 - -
37 g 58.773 61.59 | .- 58.773 64.591 0.60
QA 7F 151.73 142.59 1.08 151.73 154.18 | 2(_)
3 51.955 T7.267 |, 55 51.955 51.523 | 0.03
Hj 2} 742 19.864 15.702 | 2.16 19.864 19.068 | 0.36
F) t7he] freFF: # p<O.1 #x p<0.05 #xx p<0.01 FEWF 1 o] AF
<E 4-4> AZFHSF wiH, AP G SAEGY 524 HS5(T-test): Ay wj A
]3] o] A ] o] $
T BRT H|BRT t- BRT H|BRT t-
(A (ZAFE) | value (CAR =Y (ZARA) | value
S 292.227 15.127 3.55 22.227 22.864 0 21
S-3 7 - -
37 2 58.773 61.59 0.37 58.773 64.591 0.60
QA 7F 151.73 142.59 1.08 151.73 154.18 0 2(_)
e 51.955 77.267 5 5;) 51.95 51.523 0.03
w7+ 24 19.864 15.702 2.16 19.864 19.068 0.36
F) tgke] FolgE « p<0.1 #x p<0.05 ##x p<0.01 BEHS : o] &AF
<E 4-5> A wiH, AIdgG SAEGY 52N HAS(T-test): AY A
T R I g ol ¥
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BRT H|BRT t- BRT H|BRT t—
AHgdEE) (ZA-E) | value (Add) (ZAFEE) | value
pRsE 22.227 15.127 3.55 22.227 22.083 0.05
&3 7 . .
>3 58.773 61.59 0.37 58.773 59.95 0.13
QA 7F 151.73 142.59 1.08 151.73 150.45 0.11
&3 3] 2= B} B
-3 34 51.955 77.267 959 51.955 58.212 0.49
Hj %} 7+4 19.864 15.702 2.16 19.864 18.89 0.43
) take] e+ p<0.1 =+ p<0.05 #** p<0.01 FEHFT : o] &4

<E 4-6> AFdFHg oA, Ay SAAGY 5244 AS(T-test): <A o]% vlA
o % o] uj A o] %
T BRT H|BRT t- BRT H|BRT t-
(A (EA-HE) | value (G ER=Y (ZAA) | value
=3 22.227 15.127 3.55 22.227 22.864 0 2_1
, _ _
A2 58.773 61.59 0.37 58.773 64.591 0.60
A9 A 7F 151.73 142.59 1.08 151.73 154.18 0 2_0
* 34 51.955 77.267 5 5_9 51.955 51.523 0.03
Hj x}3HA 19.864 15.702 2. 16 19.864 19.068 0.36
) take] o4 # p<0.1 =+ p<0.05 #x+ p<0.01 EEHF : 259
< A4-7> ARG v A, A dy sA-dG] 524 A5 (T-test): Ay w3
o % o] A % o] %
T BRT H|BRT t- BRT H|BRT t-
(A (ZAFE) | value (A (ZAA) | value
=y 22.227 15.127 3.55 16.571 16.571 0.00
o387 . . ) .
P2 58.773 61.59 0.37 48 48 0.00
QA 7F 151.73 142.59 1.08 130 130 0.00
>34 51.955 77.267 5 5_9 64.857 64.857 0.00
w274 19.864 15.702 2.16 18.857 18.857 0.00
) t3ke] o4 # p<0.1 #* p<0.05 #x* p<0.01 TE£¥HF @ 259
<E 4-8> A v, dadday EAEGY TH4A4 AS(T-test): A w3

71 Vol.64 No.3 Studies in Humanities and Social Sciences.



o % o] % o] &
T BRT HBRT t— BRT H|BRT t-
AgdEE) (ZA-™E) | value (Adgd) (ZAAE) | value
SR R 22.227 15.127 3.55 22.227 22.083 0.00
&7 . .
YA 58.773 61.59 0.7 58.773 59.95 0.13
AQ A 7F 151.73 142.59 1.08 151.73 150.45 0.11
S 8 3] - -
Y34 51.955 77.267 5 59 51.955 58.212 0.49
Hlj x}HA 19.864 15.702 2.16 19.864 18.89 0.43
F) t3e] Y FE: # p<0.1 =+ p<0.05 #xx p<0.01 2HBF 1 2aFY

I:
a1

2015-2019 7|7+ B¢t mj A @ =48 BRT 22700 th3l, HIBRT7} 27700tk =
Ao wjFde] HiS B BRTw=AI HBRT:A Abolo] 423 xpo]7} =AA
Ui AR PSME AF&E wid o]F =, BRT AAA S =M k3t v BRTFHIHH Y
EE AR F3A fAMEIR AL B30T 4 U t-test AFoME BE

=°] BRT-Zt} HIBRTZEe] FofulatA] @7 Aol7F uA dypHom

BRT+7F A3t ] BRTXF ¢k 7ho] Ak a #2e obdff <y 4-1> 2ef=¢}
b 2o E He npel o]l wiHo]lS propensity score®] LEE7} fALaHA
HetWS & F v 7tEE A, AEe 2Xxgez 4% FEoin, wH

Sl FE Aok AL AL & & Atk olVN AR A%E YRS,

AR A ZAREoR FHH= FEoH.
Wy Ao Ass aefxE gAS, of# <19 4-1>3 At

15
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_pscore
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L
J
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\n
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\
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= | AN —
E e .
° 5 T~ S/ \ .
e <4 == \ ——
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// A\
—
o 4 T e o -
0 05 1 15 2 0 DIE 1 2
propensity scores BEFORE matching propensity AFTER matching
BRT = HIBRT =4 BRT =& ——— - HIBRT =4
% =] &
PSM i # PSM w3 %

<9 4-1> FAF mjx A5 Ay} gg)x
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