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Abstract: A novel gravity-based measure method is proposed for accessibility analysis in transit networks. Trip characteristics
of travellers (i.e. waiting time, transfer time, and times of transfer) and spatial distribution of transit stops are usually ignored in
the traditional methods; thus, it is necessary and significant to taken them into consideration. The newly proposed method,
which utilises service level factors together with transit stop reachability to measure the accessibility, is designed to make up this
deficiency. Moreover, the principal component analysis method is innovatively used to determine the weights of service level
factors. In order to evaluate the effectiveness of the proposed method, a case study is carried out in the real-world bus transit
network in Beijing. Transit accessibility of the network is analysed and some possible reasons for the regions with poor
accessibility are summarised. The analysis results are helpful in providing suggestions for policy makers and city planners,
which may further improve the service level of bus transit networks. In addition, the concentration of transit accessibility in the
selected network is further analysed. With the proposed measure method, the calculated equity results show that Beijing has an
equitable bus transit network.

1 Introduction
Accessibility measures the coverage of service in transit networks
and great efforts have been dedicated to accessibility analysis.
Some recent studies [1–3] have demonstrated the important
influence of accessibility measure on transportation choice, transit
network design, and policy making. Measure of transit accessibility
can be used for several following purposes. First, in public
agencies, accessibility is considered as a measure to evaluate the
service level of transit networks and the overall system
performance [4, 5]. Second, accessibility analysis can be adopted
to optimise transit lines and to prioritise transit stops [6, 7].
Therefore, accessibility analysis may help transit agencies explore
mechanisms to improve transit services. However, the definition
and measure of accessibility in transit networks are relatively
deficient. Thus, the research on accessibility analysis for public
transit networks has attracted extensive attention from urban
planners and public transportation companies.

In traditional accessibility research, transit frequency and
transportation facilities are the major focuses, which well represent
the evaluation targets from the operator's perspective [8]. Since the
time-varying trip characteristics of travellers (i.e. arrival time,
waiting time, and transfer time) are usually ignored, these studies
are regarded as static methods. Besides, the uncertainty of bus
arrival and the spatial distribution features are not taken into
consideration in these methods. To make up these deficiencies, a
novel gravity-based measure method is proposed for accessibility
analysis in bus transit networks. More specifically, the spatial
distribution of transit stops and service level factors are fully
considered in the proposed accessibility measure method.
Furthermore, the principal component analysis (PCA) method is
utilised to determine the weights of service level factors. Based on
the above accessibility measure method, the GINI [9, 10] based
equity analysis is further conducted to present the concentration
characteristics of network accessibility and rationality of route
planning.

The proposed method outperforms the existing methods in the
following several aspects. First, the proposed accessibility measure
method takes land-use, transportation, and temporal components
into account in theoretical basis and adopts PCA method in the

determination of weights of service level factors with real-world
data. Second, the proposed method can be put into practice easily
and the results are interpretable and comprehensible to city
planners and policy makers. In addition, the proposed method
satisfies most of the criteria for evaluating the usefulness and
limitations on accessibility identified by Geurs's study [11].
Therefore, the proposed method is considered more suitable for
measuring the accessibility of bus transit networks than the current
methods.

The major contributions of this paper include: (i) a novel
accessibility measure method, in which the coverage of transit
network service is analysed from both operator's and traveller's
perspective; (ii) a framework of accessibility analysis for bus
transit networks, where equity is innovatively involved in the
analysis; and (iii) a real-world accessibility case study for Beijing
bus transit network.

The rest of the paper is organised as follows: Section 2 presents
the literature review on accessibility measures in public transit
network. Section 3 elaborates the detailed accessibility measure
method, including transit accessibility, transit equity, and factor
analysis. In Section 4, a case study with field data from Beijing bus
transit network is carried out to implement the proposed
methodology. Detailed results and explanations are presented in
Section 5. The last section concludes this study along with some
discussions.

2 Literature review
The research on accessibility took off from the early 1950s and
could be sorted into several classes according to the study objects.
To model individual accessibility in geographical information
systems (GIS), Miller [12] used the concept of a space–time prism
which contains all the points in space that can be reached by the
individual at each time within their time budget. Furthermore, Foda
and Osman [13] and Zielstra and Hochmair [14] analysed the
transit stop reachability in the pedestrian road network.
Nevertheless, the arrival to transit stops only covers the initial part
of a complete travel, which usually consists of arrival to transit
stops, waiting for buses and riding in buses. In our work, the
impedance function (reachability to the transit stops), together with
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the attractiveness (service level of transit stops), are utilised to
model the transit stop accessibility. To model transit network
accessibility, Wu and Hine [15] and Saghapour et al. [16] adopted a
concept of public transport accessibility levels to measure changes
in bus service accessibility, while congestion and transfer were not
considered in the research. Park and Gang [17] utilised a concept
of connectivity to analyse and evaluate the performance of multi-
modal public transportation systems. Deficiently, this method lacks
robustness to the data with wide range variation; meanwhile, the
spatial distribution of transit stops and the effect of transfer are not
considered.

In general, the methodologies of aforementioned accessibility
studies can be classified into three categories: i.e. cumulative
opportunity measure, gravity-based measure, and utility-based
measure [18]. The cumulative opportunity measure is one of the
basic accessibility measures [19–21], which counts the number of
opportunities that can be reached within a predetermined time.
Compared with cumulative opportunity method, gravity-based
method [22–24], which is widely used in the previous studies,
measures the cost between origin and destination using an
impedance function. For example, Papa and Coppola [25] and
Makri and Folkesson [26] utilised the gravity-based accessibility
measure for integrated transport-land use planning. Lee [27]
analysed the operational performances of a public transit network
with this method. Iacono et al. [28] adopted the gravity-based
method to measure the non-motorised transit network (i.e.
bicycling and walking) accessibility. Compared with the two
aforementioned methods, utility-based method is the most complex
and data-intensive approach. It incorporates individual traveller
preferences as part of the accessibility measure [29–31]. Therefore,
it is more suitable for individual accessibility analysis rather than
accessibility analysis of transit networks. According to the
aforementioned characteristics of different accessibility measure
methods, gravity-based method is adopted in this paper for transit
network accessibility analysis. Upon the traditional gravity-based
method, trip characteristics of travellers (i.e. arrival time, waiting
time, and travel time) and the spatial distribution of transit stops
are further incorporated to form a novel gravity-based method.

3 Methodology
As aforementioned, the accessibility measure methodology utilised
in this study includes transit accessibility, transit equity, and factor
analysis. The detailed components in each part and the interactions
among them are depicted in Fig. 1. As presented in Fig. 1,
attractiveness and impedance function are introduced firstly to
model transit accessibility. Attractiveness consists of person
capacity, transit frequency, times of transfer, waiting time, travel
time, and transfer time. Impedance function is related to the arrival
time of travellers and the spatial distribution of transit stops. The
proposed accessibility measure method takes land-use,
transportation, and temporal components into account in theoretical
basis. Furthermore, the PCA method is used to determine the
weights of these factors in the factor analysis part. Finally, the

results of accessibility are adopted to measure the transit equity in
order to describe concentration of transit accessibility. 

3.1 Transit accessibility

In this study, transit accessibility is measured from two aspects, i.e.
attractiveness and impedance function. Attractiveness describes the
service level of the transit stops, while impedance function denotes
the reachability to transit stops, which is related to arrival time of
travellers and the spatial distribution of transit stops. Details are
introduced in the subsequent paragraphs and the variables to be
used are presented in Table 1. 

3.1.1 Attractiveness: The common description of attractiveness
in the literatures [18, 32, 33] is generally limited to transit
frequency, which does not provide valuable information from the
perspective of travellers, i.e. trip characteristics such as waiting
time and transfer time. To address these shortcomings, person
capacity, transit frequency, velocity, travel distance, waiting time,
transfer time, and times of transfer are utilised to measure
attractiveness. On the one hand, the capacity and frequency of a
transit line are the most important factors in the operation. On the
other hand, the travel time, waiting time, transfer time, and times of

Fig. 1  Organisation of methodology section
 

Table 1 Variables and definitions
Variable Definition Unit
L link set l ∈ L /
R region set r ∈ R /
Nr transit stop set in region r n ∈ Nr /
|Nr| number of transit stops in region r /

Al, n
i inflow attractiveness of link l through transit

stop n
/

Al, n
o outflow attractiveness of link l through

transit stop n
/

Al, n
t total attractiveness of link l through transit

stop n
/

Ar, n total attractiveness of transit stop n in
region r

/

Dl
i inflow distance of link l km

Dl
o outflow distance of link l km

Cl person capacity of a single bus of link l person
Fl transit frequency of link l buses/h
Hl bus operating time per day h

Vl
i inflow average velocity of link l km/h

Vl
o outflow average velocity of link l km/h

Tl
n times of transfer at transit stop n through

link l
h

AWTl
n average waiting time of a passenger of link l

through transit stop n
h

ATTl
n average transfer time of a passenger of link

l through transit stop n
h

α, β, ϕ, γ, δ, ϵ scaling factors of six service level factors /
α0, β0, ϕ0, γ0, δ0, ϵ0 normalised parameters of six service level

factors
/

α′, β′, ϕ′, γ′, δ′, ϵ′ weights of six service level factors /
θl

n number of links at transit stop n /

tr, n walking time to transit stop n in region r min
ρr, n reachability to the transit stop n in region r /
a, b, c coefficients of impedance function /
t0 average arrival time of travellers to the

transit stops
min

twalk
max maximal arrival time of travellers to the

transit stops
min

θr, n accessibility of transit stop n in region r /
θr accessibility of region r /
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transfer are the four basic factors to characterise a complete travel
(the arrival time is considered in the impedance function). With
these factors, the attractiveness of a transit stop can be well
evaluated from both operator's and traveller's perspective.

Typically, the attractiveness of link l (note: a link is defined as a
path between two nodes) varies with its directions. Therefore, the
inflow and outflow attractiveness (Al, n

i  and Al, n
o ) of link l through

transit stop n are defined as linear combination of these factors in
(1) and (2), respectively. As shown in the equations, the
attractiveness is proportional to the capacity, frequency, velocity,
and the times of transfer while inversely proportional to the
distance, waiting time, and transfer time. The total attractiveness of
link l is defined as the average of Al, n

i  and Al, n
o . (note: velocity and

travel distance may be different depending on the direction of
transit lines, thus they are defined as directional variables)

Al, n
i = α Cl × Fl × Hl + βVl

i + ϕTl
n

+γ 1
Dl, n

i + δ 1
AWTl

n + ϵ 1
ATTl

n
(1)

Al, n
o = α(Cl × Fl × Hl) + βVl

o + ϕTl
n

+γ 1
Dl, n

o + δ 1
AWTl

n + ϵ 1
ATTl

n
(2)

Al, n
t = Al, n

i + Al, n
o

2 (3)

In the equations, Cl is the person capacity of each single bus of link
l, Fl the transit frequency of link l, and Hl the bus operating time
per day of link l. Thus, Cl × Fl × Hl represents the capacity of daily
operation. Vl

i Vl
o  stands for the inflow (outflow) average velocity

of link l, Dl, n
i  is the distance from origin to transit stop n through

link l, Dl, n
o  the distance from transit stop n to destination through

link l, Tl
n represents the times of transfer at transit stop n through

link l, AWTl
n denotes the average waiting time of a passenger at

transit stop n through link l, ATTl
n is the average transfer time of a

passenger at transit stop n through link l, and α, β, ϕ, γ, δ, ϵ are
scaling factors.

For the convenience of analysis, scaling factors are expanded as
(4). The first part α0, β0, ϕ0, γ0, δ0, ϵ0  of the equation is the
normalised parameter. α0 is the reciprocal of the maximum daily
capacity of the system, β0 represents the reciprocal of the
maximum velocity on each line, γ0 stands for the maximum travel
distance, ϕ0 denotes the reciprocal of the maximum transfer times,
δ0 the maximum waiting time, and ϵ0 the maximum transfer time.
The second part α′, β′, ϕ′, γ′, δ′, ϵ′  of the equation is the weight of
each factor (frequency, velocity, times of transfer, travel distance,
waiting time, transfer time) and satisfies (5)

α = α0 × α′
β = β0 × β′
γ = γ0 × γ′
ϕ = ϕ0 × ϕ′
δ = δ0 × δ′
∫ = ∫ 0 × ∫ ′

(4)

α′ + β′ + ϕ′ + γ′ + δ′ + ∫ ′ = 1 (5)

It is noted that the attractiveness of transit stop n refers to the
attractiveness summation of all the links across transit stop n, and it
might not be reasonable sometimes. For example, a transit stop
with more but low-quality links may show the same attractiveness
as the one with less but high-quality links in the sense of the above
definition, while the accessibility of the transit stop with less links
is obviously better. Therefore, the transit stop attractiveness is

further normalised by link number and the normalised
attractiveness can be calculated with the following equation

Ar, n =
∑l Al, n

t

θl
n (6)

where Ar, n is the attractiveness of transit stop n and θl
n the number

of links at transit stop n.

3.1.2 Impedance function: Impedance function denotes the
traveller's reachability to the transit stops. Arrival time to transit
stops and the variation of reachability are two important attributes
to address network impedance. Nevertheless, only arrival time to
transit stops has been considered in previous research for
impedance [13, 14]. In this study, both arrival time of travellers and
the spatial distribution of transit stops are considered in
reachability modelling.

A survey about the travel preference was carried out in 2016 in
Beijing. Totally, 812 questionnaires were collected to investigate
the average arrival time and the maximum arrival time to transit
stops within acceptance. According to the survey, the reachability
declines rapidly once the arrival time is greater than the average.
Therefore, a power function and an exponential function are
utilised to model the reachability. The detailed impedance function
is presented in the below equation

ρr, n =
−at2 + 1 0 ≤ t ≤ t0

be−ct t0 ≤ t ≤ twalk
max

0 t ≥ twalk
max

(7)

where ρr, n represents the reachability to transit stop n within region
r, a is the coefficient of the power function, b and c are the
coefficients of the exponential function, t0 is the average arrival
time, and twalk

max  the maximum arrival time.
A simple example where the reachability declines gradually

with the increase in arrival time is presented in Fig. 2. According to
the aforementioned survey, the average arrival time of travellers is
∼8.2 min and the maximum arrival time of travellers is ∼16.8 min.
Parameters in (7) are determined by the following steps.

i. Determine the reachability when t comes to t0, then parameter
a will be determined.

ii. Determine the decline rate of reachability (c) when t is greater
than t0.

iii. Determine b by solving the equation −at0
2 + 1 = be−ct0 to

guarantee the continuity.

Following aforementioned steps, the final impedance function
is described as (8). As shown in Fig. 3, the reachability to transit
stops maintains a high value when the arrival time is less than the
average and declines slowly. Once the arrival time is greater than
the average, the reachability declines at a faster rate

ρr, n =
−0.0045t2 + 1 0 ≤ t ≤ 8.2
42.2382e−0.5t 8.2 ≤ t ≤ 16.8
0 t ≥ 16.8

(8)

According to the gravity-based measure methods [22–24], the
accessibility equals to attractiveness multiplied by impedance
function as

θr, n = Ar, n × ρr, n (9)

where θr, n is the accessibility of transit stop n in region r.
Thus, the accessibility of region r is the total accessibility of all

the stops normalised by transit stop number in the region. The
calculation equation is presented in (10). Finally, the accessibility
of all regions constitutes the transit network accessibility
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θr = 1
|Nr| ∑n

θr, n = 1
|Nr| ∑n

An × ρr, n (10)

where Nr is the set of transit stops covered by region r, and |Nr| the
number of transit stops in region r.

3.2 Transit equity

Equity is a measure of the geographic concentration of a certain
phenomenon. In this study, transit equity, which describes the
concentration of the bus network accessibility, is measured with
GINI index. The test for equity, is how well quality transit (defined
as an index of accessibility) is distributed among population in the
study area. The objective of using equity is to quantify and
evaluate transit service in terms of providing an indicator of multi-
level transit capacity for planning purposes and assessing the
effectiveness and efficiency for stop prioritisation [34, 35]. GINI
index measures the difference between a perfect equity line (L1, the
blue one in Fig. 4) and a Lorenz curve (L2, the red one in Fig. 4)
which measures the actual distribution of accessibility. The area
between L1 and L2 is marked as A and area between L2 and
horizontal axis is marked as B. The equity can be calculated with
(11). When there is no difference between the perfect equity line
and the Lorenz curve, the GINI index equals to 0, which means
completely equal

equity = B
A + B (11)

Finding the difference between two curves is a mathematically
complex task, which can be solved by integration. The difference
between the two curves can be approximated sufficiently
accurately for practical purposes based on the difference in each
interval using the below equation

Gx = 1 − ∑
k = 1

n
Xk − Xk − 1 Yk − Yk − 1 (12)

where Gx is the GINI index value for a population, Xk the
cumulative proportion of the population endowed with attribute k
(bus transit network accessibility in this study) for k = 0, …, n, and
Yk the cumulative proportion of accessibility.

3.3 Factor analysis

PCA method is utilised to determine the weights of service level
factors α′, β′, ϕ′, γ′, δ′, ϵ′  in this part. An example of the data set
is shown in Table 2. The principal component is a linear
combination of all the indexes defined as (13) which can cover as
much original information as possible.

Fi = a1iX1 + a2iX2 + ⋯ + a6iX6 (13)

where Fi is the ith principal component, a1i, …, a6i are the
coefficients of linear combination, and X1, …, X6 the indexes
describing the service level of transit stops. 

Parameters are determined by the following steps and statistical
criteria. Statistical tests such as Kaiser–Meyer–Olkin and Bartlett
test [36] need to be done to test whether the data set is appropriate
to do with PCA.

i. Determine the coefficients a1i, …, a6i  in the linear
combination to ensure that the principal components have
maximum variance.

ii. Use variance contribution rate of principal components to
weight the coefficients in the previous step with (14).

iii. Normalise the weights to ensure that the summation of weights
equals to 1

α′ =
∑i a1i × Vi

∑i Vi
(14)

where a1i is the weight of index X1, Vi the variance contribution
rate of principal components. In the same way, β′, ϕ′, γ′, δ′, and
ϵ′ can be calculated.

With PCA method, the calculated weights of different scaling
factors are presented in Table 3. According to the results, times of
transfer, waiting time, and frequency are three dominant factors in
the service level. 

4 Case study
In this section, a case study is carried out to analyse the
accessibility of Beijing bus transit network. The target transit
network is illustrated in Fig. 5, in which different bus lines are
represented with different colours. The target area of Beijing
ranges from 116.2°E to 116.55°E and 39.75°N to 40.05°N. 

The proposed accessibility measure method can be applied in
the regions with different shapes. For the convenience of
calculation and visualisation, the target area is divided into multiple
rectangles and the aforementioned accessibility measure method is
then utilised in each rectangle area. As presented in Fig. 5, the
whole region is uniformly divided into 900 (30 ×  30) small squares
with the size of 1 km × 1 km and the regions with bus lines are
depicted with shaded grids. According to Handy's study [33], the

Fig. 2  Example of reachability to transit stops
 

Fig. 3  Reachability to transit stops varying over time
 

Fig. 4  Equity measure based on GINI index
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region size should be chosen suitable to fit into study's situation
and purpose. The reasons of choosing 1 km2 as the size of region
are based on the following consideration. On the one hand, suitable
percentage of shaded grids contributes to better visualisation. On
the other hand, appropriate size are helpful to researchers to
analyse regions with poor accessibility and provide suggestions to
city planners and policy makers.

Besides the topology information of Beijing bus transit
network, real-world traffic data in the network is collected from
Beijing real-time bus system, which is an APP installed on the
cellphone. The APP can collect operational data from the GPS
sensors installed on the buses and travel information from
cellphones of the passengers. Based on the collected data, person
capacity, transit frequency, velocity, travel distance, waiting time,
transfer time, and times of transfer are further extracted and
analysed. The typical average transfer time and average times of
transfer are presented in Figs. 6 and 7 to show the distribution
characteristics. In terms of the factors not mentioned in this part,
readers can find them in [13, 15].

i. Average transfer time: As shown in Fig. 6, the average transfer
time in downtown areas is relatively short while the north and
east regions show much longer transfer time than other
regions. One possible reason is that the connections between
transfer hubs are much better in downtown areas.

ii. Average times of transfer: According to Fig. 7, a more regular
distribution in the times of transfer can be witnessed, i.e. more
times of transfer in downtown areas than rural areas. More
specifically, the average times of transfer are ∼15 in downtown
areas and 8 in the rural areas. One hypothesis is that the density
of transit lines in downtown areas is higher which may provide
more transfer hubs.

5 Results
Based on the extracted data and the estimated parameters in the
previous sections, the results of accessibility and equity in Beijing
bus transit network are presented in this section. Moreover, some
explanations and possible reasons for the results are further
analysed to give suggestions to city planners and policy makers.

5.1 Accessibility analysis

The results of the proposed accessibility measure method are
shown in Fig. 8. The central and ring road regions have better
accessibility than other regions. In general, the accessibility
declines gradually from downtown areas to rural areas. The
formation of accessibility distribution is based on the following
aspects. On the one hand, higher frequency and less transfer time in
downtown areas contribute to better accessibility. On the other
hand, short distance is one of the features of travel in downtown
areas while long distance for commuting in rural areas. Thus, less
uncertainty during travel is beneficial to better accessibility. 

Statistically, the average accessibility is ∼0.95 in downtown
areas and 0.75 in rural areas. Owing to the uncertainty in transit
networks, the distribution of accessibility shows some

irregularities. For instance, the accessibility in the northwest is
relatively higher than other rural areas. Since there are more points
of interest in the northwest (i.e. Summer Palace), better service
level and denser distribution of transit stops are beneficial to better
accessibility.

More importantly, city planners and policy makers should give
priority to the regions with poor accessibility (i.e. accessibility of
region No. 886 equals to ∼0.3). The regions were numbered
sequentially in Fig. 8. According to the data of average waiting
time and transfer time in each region, region No. 886 has longer
waiting time and transfer time than other regions. (The average
transfer time is shown in Fig. 6. Since the distribution of average
waiting time is similar to that of transfer time, it is not shown in the
part.) Thus, a simple solution is increasing the frequency to reduce
the waiting time in such regions, which may provide a guidance for
bus transit network planning and design.

To examine the effectiveness of the proposed method, results of
accessibility leaving out trip characteristics in the recent studies are
presented in Fig. 9. Compared with the results of traditional
methods, accessibility measured by the proposed method has some
advantages in the following aspects. 

Firstly, the accessibility in downtown areas is significantly
higher than the rural areas in Fig. 8, while the whole east area
shows good accessibility in Fig. 9. In particular, accessibility
measured by traditional methods in southeast area is relatively
higher than the proposed method. This phenomenon is mainly due
to the distribution characteristics of waiting time, transfer time, and
times of transfer. In general, traditional methods take frequency,
velocity, and distance into account and mainly focus on the
operational level. When trip characteristics of travellers are taken
into consideration, the downtown areas are therefore much more
attractive than rural areas.

Secondly, the distribution of accessibility shows apparent
irregularities in Fig. 8, while this phenomenon is not obvious in
Fig. 9. The probable reasons for that are as follows. On the one
hand, uncertainty in transit networks, which may cause some
irregularities in the distribution of accessibility, is left out in
traditional methods. The uncertainty of bus arrival may decrease
the accessibility of central transit hubs because of transfer and
waiting. On the other hand, the extended expressways show
improvement on the accessibility, since bus lines operating on the
expressway have a higher velocity than those in urban roads (i.e.
region No. 61 in the northwest has a relatively high accessibility
than other marginal regions). However, some of the transit stops in
marginal regions are usually far from the residential area, which
results in poor accessibility in most of the marginal regions. Thus,
moving transit stops nearer the residential area can be helpful to

Table 2 Example of the data set
No. Times of transfer Frequency Waiting time, h Transfer time, h Distance, km Velocity, km/h
1 1 4.090355 0.13 0.089581 1.679936 29.4
 

Table 3 Weights of scaling factors
Scaling factor Weight
times of transfer 0.276
velocity 0.061
waiting time 0.243
transfer time 0.125
frequency 0.214
distance 0.081

 

Fig. 5  Beijing bus transit network with grids
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improve the service level of marginal regions with poor
accessibility. Since this study focuses on the accessibility of bus
transit network, we do not propose methods for the location
optimisation of transit stops. There are some literatures [7, 37]
engaged in using accessibility to re-route transit lines and re-locate
transit stops. In the future work, the results of accessibility will be
taken into account for route design.

5.2 Equity analysis

Based on the definition of GINI index and the distribution of
accessibility, the transit equity of Beijing bus transit network is
shown in Fig. 10. According to (12), the GINI index of Beijing bus
transit network equals to 0.30884. When there is no difference
between the perfect equity line and the Lorenz curve, the GINI
index equals to 0, which means completely equal. To some extent,
it is reasonable to claim that Beijing has an equitable distribution of
transit accessibility among population, with its Lorenz curve
closely aligned with the perfect equity line. Furthermore, transit
agencies could use the results of transit equity to re-plan the
existing bus transit network in order to meet unsatisfied demand. 

6 Conclusions
This study incorporates the service level (attractiveness) together
with reachability to transit stops (impedance function) to model the
bus transit network accessibility based on a gravity-based method.
Particularly, trip characteristics of travellers (i.e. waiting time,
transfer time, and times of transfer) are taken into consideration to
measure attractiveness and a time-decay impedance function is
proposed. In order to evaluate the effectiveness of the proposed
method, a case study is carried out in the real-world bus transit
network in Beijing. With trip characteristics taken into
consideration, the newly proposed method has some advantages
over the traditional methods. Findings indicate that downtown
areas show significantly better accessibility. However, accessibility

in rural areas is limited by some kinds of reasons such as low
frequency, long waiting time, and transfer time. Moreover,
uncertainty in transit networks may cause some irregularities in the
distribution of accessibility. Possible reasons can be referred as a
policy of improving bus service level based on needs. Finally,
GINI index is used to measure the equity of transit network and the
results show that Beijing has an equitable distribution of transit
accessibility.

It is worth noting that the proposed accessibility measure
method is also applicable to subway transit network. Actually,
there is no essential difference between bus and subway transit
network, except for several service level factors. For example, the
velocity of subway is nearly fixed and not affected by the
uncertainty, which often occurs in bus transit network. However,
due to the limitation of data sources, only one case study on
accessibility analysis in bus transit network is carried out in this
paper. In the future work, with data of subway network, the impact
of metro on the accessibility of the whole transit network will be
further analysed. Moreover, the metro network cannot be easily
adjusted according to the accessibility results, while the adjustment
for bus transit lines is relatively practicable. Therefore, this study
focuses on the accessibility analysis of bus transit networks. One
possible direction of future research is to have a closer look at the
different socio-demographic group behaviours and reflect the
differences among those groups into their perception of impedance
for a better understanding of the social equity.
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Fig. 6  Average transfer time in each zone
 

Fig. 7  Average times of transfer in each zone
 

Fig. 8  Accessibility of bus transit network with the proposed method
 

Fig. 9  Accessibility of bus transit network with traditional methods
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