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Abstract: Bus fare equity has attracted significant attention in China in the past few years.
Compared with developed countries, China’s intelligent transportation systems are in their infancy,
with immature bus fare policies being used in many public transit systems. The methods used for
evaluating public transit fare equity in developed countries compare different fare policies based on
rich data and cannot be directly applied in developing countries like China. In this paper, we present
a method that uses IC card data, bus-mounted GPS data, and relevant statistical yearbook data to
evaluate the equity of flat bus fare. The method ranks the factors that influence the impacts of bus
fare on social equity for different passenger groups and indicates that trip distance and passenger
boarding time are the two primary factors for bus fare equity from a resource allocation perspective.
Finally, we present a case study that evaluates the flat fare policy for route 204 in Suzhou using the
proposed method. The results show that the proposed method is feasible.

Keywords: bus fare; social equity; evaluation metrics; bus-mounted GPS; public transit; IC card;
flat fare

1. Introduction

Transit equity concerns the allocation of transportation resources among different socioeconomic
groups and has attracted significant attention in transportation planning in the past few decades [1].
Socially equitable transportation investigates the fairness in the distribution of transport resources
among different socio-economic groups and relevant policies [2,3]. Transit equity with regard to
investments covers transport infrastructures [4,5] and financial subsidies [6]. Transit equity in terms
of costs deals with environmental justice [7], tolls and congestion pricing [8], and transit prices as
well as fare structures [9]. The factors concerning the equity of public transit benefits include travel
opportunities [10], accessibility [11], and level of service (LOS) [12].

Due to special historical, political, and cultural reasons, scholars in developed countries have
conducted the earliest and very comprehensive studies on equity issues in transport systems. Existing
research mainly focuses on equity in road pricing, fare revenue and structure [13], road network
design [14], allocation of investments on transport infrastructure [15], accessibility to jobs [16],
sustainable transportation [17], fare policies [18], etc. However, transport equity studies in China
primarily concentrate on resource allocation among different transport modes [19].

Transportation equity has many facets, and the first step in investigating public transit equity is
to delineate the scope. In general, there exist three major types of transportation equity: horizontal
equity, vertical equity, and vertical equity based on mobility need and ability [20]. Horizontal equity
examines the fairness between the individuals and groups that have comparable wealth and ability [20].
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“Vertical equity requires that disadvantaged people be identified and given special consideration in
planning, to insure that they are not made worse off, and that their needs are accommodated” [20].
Many researchers have further examined equity issues based on the above three types of equity, and
these studies primarily focus on the two types of vertical equity. For example, Jing [21] investigated the
theoretical nature and representation of transportation equity among different transportation modes,
socio-economic groups, regions and age groups from the perspective of sustainable development and
put forward relevant metrics to quantitatively evaluate the four aspects of equity. Taylor [22] examined
transportation pricing and finance equity from a variety of perspectives.

Due to the availability of rich, open data, researchers in developed countries can make full use of
these high-quality and detailed data to examine the impacts of fare policies on transportation equity.
For instance, Cervero [23] assessed the impacts of fare structures on transportation efficiency and
equity by performing a contrastive analysis on the revenue and cost data from three transit agencies
in California during 1977–1979. A more recent study by Nuworsoo et al. [18] used on-board survey
data to evaluate the impacts of alternative proposed fare policies concerning base fare reduction, fare
hikes, cancellation of free transfers, and discontinuation of periodic passes from the Alameda–Contra
Costa (AC) Transit District to facilitate decision-making. Moreover, Taylor and Jones [24] argue that a
good fare policy should not only benefit transit-dependent riders but also maintain the revenues of the
transit agencies.

Although scholars have put forward relevant methods for evaluating public transit fare equity,
it is difficult to apply these methods directly to investigate fare equity in China. The reasons are
as follows. First, compared with developed countries, the open data initiative for public transit
studies in China is still in its infancy. Specifically, the data that can be used to investigate fare equity
are scarce. On the contrary, these data (e.g., detailed data on passengers, fare polices, vehicles,
geographic and socio-economic factors) are readily available in most developed countries to the
researchers, which enables them to perform relevant analysis to investigate fare equity problems very
conveniently [25]. However, nearly 80% of the socio-economic data in China are managed by federal
and local governments, and most of these data are not open for scientific research. It is difficult for the
researchers to obtain relevant geographic, demographic, and socio-economic data required for fare
equity studies in China, and data scarcity poses challenges for research in this field.

Second, due to certain socio-economic and administrative reasons and the immaturity of public
transport systems, it is difficult to implement differentiated fare policy in China, and the flat fare
dominates most public transit systems. Without corresponding intelligent ticketing systems, additional
conductors need to be employed to implement differentiated fare policies, which will significantly
increase the operating costs. As a result, most transit systems in China continue to use the flat fare
policy, with a few discount programs for some special rider groups (e.g., the elder and students).
Only some long-distance routes in large cities like Beijing employ differentiated fare policies.

Because of the above-mentioned reasons, the contrastive methods used by scholars to evaluate
the impacts of different fare policies on transit equity cannot be directly applied in China. In this paper,
we put forward a method for quantitatively evaluating the impacts of a specific fare policy on transit
equity based on IC card data, bus-mounted GPS data, and the statistical yearbook data only, taking
into account the lack of detailed data for fare equity studies in China. In Section 2, we first put forward
an analysis method based on cross subsidy rates and rank the factors that influence transit equity.
The analysis method is based on the overall cost recovery rate and the cost recovery rate of individual
rider group. Since rider group based cost recovery rates change monotonically with respect to rider
groups, the ranges of the values of the impacts of individual factor on equity can be ranked. Then we
propose metrics for evaluating the impacts of the factors on transit equity from the perspective of cost
equity and resource equity. Note that in this context cost equity includes both the riders’ travel cost and
the travel agencies’ operating costs while resource equity refers to bus scheduling. We present a case
study that investigates the flat fare policy of the bus route 204 in Suzhou using the proposed metrics.
The results prove the effectiveness of the proposed metrics and evaluation method. We conclude the
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paper with discussions of the advantages and weaknesses of the developed method as well as future
research directions in this field.

2. Methodology

In this section, we analyze the factors related to fare equity and select the most relevant ones
using an analytical method based on cost recovery rate. Then, we put forward the evaluation metrics
with regard to resource and cost equity based on the analysis. The data used to analyze the factors
related to fare equity are one day’s operating data of the bus route 204 in Suzhou on 23 November
2013 (Saturday). The dataset used may not reflect bus riders’ travel behaviors on weekdays. However,
use of this dataset does not affect the generalizability of the proposed methodology.

2.1. Analyzing Factors Related to Bus Fare Equity

2.1.1. Travel Distance and Boarding Time

Travel distance and boarding time have direct impacts on fare equity. The impacts of travel
distance can be reflected in two aspects. First, most regular bus routes in China utilize flat fare.
This practice could benefit bus riders who travel a long distance but will result in inequity in fare per
unit distance (FPUD) for passengers with different travel distances. Figure 1 shows the FPUD for
varying travel distances. With the increase of travel distance, the FPUD that passengers need to pay
decreases hyperbolically. In Figure 1, the station distance refers to the distance from the beginning of a
bus line to a station of that line.
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Figure 1. Unit fare for different travel distances.

Second, the resources (space and time) occupied by trips with different distances will impact bus
riders’ travel opportunities. More short-distance trips will lead to a higher turnover rate, and more
passengers will have the opportunity to travel by bus. In contrast, more long-distance trips will cause
a lower turnover rate, which will deprive some bus riders of their travel opportunities.

Figure 2 gives the distribution of passengers with regard to travel distance within a day for the
route 204 bus in Suzhou. This figure indicates that the proportion of passengers with short travel
distances is much larger than that of long-distance passengers.

Boarding time can influence fare equity in the following three ways. First, waiting time, travel
opportunities, and comfort for passengers vary significantly in different time periods within a day.
Passengers need to endure the crowded environment during rush hours, and some passengers are even
unable to get on the bus and thus have to wait for another bus or use other transport modes. In contrary,
during off-peak time periods, passengers could enjoy a more comfortable environment, shorter waiting
times (the longest waiting time will not exceed the time interval between two consecutive buses) and
more travel opportunities. Figure 3 shows the distribution of passengers in different time periods.
Note that the number of passengers during morning and evening peak hours is significantly larger
than that during off-peak hours.
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Second, travel distances vary significantly in different time periods during a day. Since it is
difficult to attain travel opportunities due to inability to get a seat and even board a bus during peak
hours, most bus riders will avoid making many transfers and choose the most comfortable routes
during off-peak hours. As a result, the FPUD during peak hours will be higher that than that during
off-peak hours if a flat fare is adopted. Figure 4 shows the FPUD for passengers in different time periods
in one day, and note that the peak-hour FPUD is slightly higher than that during off-peak hours.
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Third, the travel demand for bus resources also varies with time of day. Because of the huge
inbound passenger flow during peak hours, extra vehicles are needed to meet the demand. However,
the added vehicles will become unnecessary during off-peak hours, and the low utilization rate of
those vehicles will cause additional fixed and repair costs, which will increase the operating costs of
public transit agencies.

2.1.2. Bus Riders’ Characteristics

Passengers’ income level, age, gender, and profession indirectly influence fare equity through
different choices of travel distance and boarding time. Passengers with different income levels vary
in travel distance and boarding time. Low-income bus riders often do not have their own cars and
thus rely heavily on public transit. These passengers are called transit dependents and represent the
majority of public transit riders in China. Low-income riders usually live far away from downtown
and their commute is characterized by long-distance trips. However, car ownership is high in middle
and high income groups, and these passengers are usually called the “choice” riders. Moreover, middle
and high income riders live close to downtown and their trips are shorter in terms of distance.

Because of inability to drive or poor body conditions, teenagers (<18) and elder people (>55) also
depend heavily on public transit, and most of them are transit dependents as well. The number of male
passengers is almost equal to that of female passengers. However, female passengers tend to take more
long-distance trips. The patterns of the boarding times of both male and female passengers align with
those of the whole passenger population. As for education, the number of passengers has a negative
relationship with the level of education. Only a small proportion of passengers have received higher
education. Furthermore, there is no difference among the passengers with different levels of education
in travel distance and boarding time. Moreover, since profession to some degree determines income,
the majority of bus riders are company employees who represent low-income groups. They usually
ride the bus for short-distance trips during morning and evening peak hours.

2.1.3. Operations of Public Transit (Allocation of Public Transit Resources)

Since the public transport systems in China are still in their infancy, there exists evident inequity
in the allocation of public transit resources (e.g., bus route and station planning, vehicle allocation)
and LOS of public transit in urban and suburban areas.

2.1.4. Public Transit Policies

Public transit policies are the intrinsic determinants for fare equity. Most public transit companies
in China are state-owned, and their administrative policies are characterized by low fare and
governmental subsidies that aim to improve the LOS of the public transit systems. However, financial
subsidies from the government make these public transit companies less competitive in the market,
which leads to low LOS. Moreover, low price and flat fare result in a larger number of bus riders,
which reduces travel opportunities for the minority (characterized by long-distance trips, low income,
low vehicle ownership, and residences located in remote areas). Governmental subsidies and low flat
fare policy emphasize public welfare but fail to take into account the differences among the passengers
in income, boarding time and travel distance, which leads to fare inequity.

2.2. Analysis of the Impacts of Various Factors on Fare Equity Based on Cost Recovery Rate

Cost recovery rate is the ratio of the sum of all passengers’ fare to the total operating cost of public
transit systems, which is used to explain the percentage of cost that can be covered by fare. Specifically,
the cost recovery rate can be calculated using the following equation:

N =
∑ f
∑ c

(1)
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where N is the total cost recovery rate, Σf is the sum of fare paid by all passengers, while Σc represents
the one-way operating cost paid by bus companies, which only takes into account the fuel cost and
drivers’ salary and excludes the cost of the vehicle and the costs caused by repair or depreciation.
The equation for the cost recovery rate for a specific passenger group is as follows:

Ni =
∑n

1 f j

∑n
1 cj

(2)

where Ni is the cost recovery rate of group i, n is the number of riders in group i, fj is the fare paid
by passenger j, i is the passengers group that is defined basing on passengers’ features (e.g., travel
distance, boarding time, and age), and cj is the operating cost passenger j should bear. The equation
for calculating cj is as follows:

cj = lj ×
∑ c

∑
i

∑n
1 lj

where lj is the travel distance of passenger j. ∑
i

∑n
1 lj is the travel distance of all passengers, and ∑ c

∑
i

∑n
1 lj

represents the operating cost incurred by a bus company per km. The equation is used to calculate the
number of cj.

In this paper, we employ the value of the total cost recovery rate (N) as a reference, calculate the
cost recovery rates (Ni) of different passenger groups for specific factors (i), and compare them with N.
If Ni for group i is larger than N, we call the passengers in this group the subsidizers. Otherwise if Ni is
smaller than N, we call the passengers the subsidizees. The part Ni − N from the subsidizers is used to
aid the subsidizees to make their cost recovery rate reach N. We use the absolute value of the difference
between the maximum and minimum value of Ni for each factor to determine the importance of the
factor, which is denoted by |Ni|. If the value of |Ni| for a passenger group characterized by a specific
factor is large, it indicates that this factor plays a significant role; otherwise it will have very little
influence on fare equity, and the specific factor can be negligible when we establish evaluation metrics.
The |Ni| values calculated for different factors using the Suzhou bus route 204 dataset are shown in
Table 1.

Table 1. |Ni| for different passenger groups.

Ndistance Ntime Nage Nsex Nincome NEB * Njob N

Nmax 0.90 0.59 0.51 0.47 0.49 0.48 0.47 ——
Nmin 0.13 0.31 0.42 0.39 0.43 0.44 0.45 ——
|Ni| 0.77 0.28 0.09 0.08 0.06 0.04 0.03 0.454

* NEB refers to education background.

According to Table 1, the influence of the factors on fare fairness decreases steeply in such an
order—distance, time, age, sex, income, education and occupation. The most important determinant is
distance, which is 26 times the importance of the least important factor—profession and 3 times the
importance of the time factor. Since the |Ni| values of distance and time are much larger than other
|Ni| values, we will only use distance and time factors to construct evaluation metrics.



Sustainability 2016, 8, 1032 7 of 15

2.3. Establishing Evaluation Metrics for Fare Equity

2.3.1. Metrics Based on Resource Equity

(1) Vehicle service coefficient during peak hours

Vehicle service coefficient during peak hours (Dp) is the ratio of the number of stations served by
public transit vehicles per hour during peak periods to that during off-peak hours. This index can be
used to explain the distribution of public transportation service during peak and off-peak hours. It can
be expressed as:

Dp =
Vp

Vop
(3)

where Vp is the number of bus stations served per hour during peak hours, and Vop the number
of stations served per hour during off-peak hours. When Dp is larger than 1, the bus service
efficiency during peak hours is better than that during off-peak hours. In this case, travelers get
some opportunities to use public transit during peak hours. When Dp is no larger than 1, the bus
service efficiency during peak periods will be no better than that during off-peak periods.

(2) Peak-hour passenger turnover rate

Passenger turnover rate during peak hours (Q) is the ratio of the average trip distance during peak
hours to that during off-peak hours. It can be used to measure the passengers’ travel opportunities
using public transit. Its equation is defined as follows:

Q =
Qop

Qp
(4)

where Qp is the peak-hour average trip distance, and Qop is the average trip distance during off-peak
hours. When Q is larger than 1, transit riders will have a better chance of using public transit during
rush hours with the increase of Q, while when Q is smaller than or equal to 1, the difficulty for
passengers to ride the bus will increase with the decrease of Q.

2.3.2. Metrics Based on Cost Equity

(1) Gini Coefficient

Gini coefficient can reflect the equity of the FPUD for travelers with different travel distances.
The horizontal axis in Figure 5 shows the cumulative percentage of passengers with different trip

distances. All the trip distances for one bus route are ranked in an ascending order and are equally
divided into five groups, with each group containing twenty percent of all the trips. The vertical axis
represents the ratio of the FPUD of each group (the mean FPUD of all the passengers in each group)
to that of all the trips. The curve between O and D is the Lorenz Curve, which reflects the equity
regarding the FPUD for passengers with different trip distances. A straight line represents absolute
fairness, with all passengers paying the same FPUD. The ratio of the area of A and the area of (A + B)
is the Gini coefficient (G) of average FPUD.
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By performing an integral computation to calculate the area surrounded by Lorenz curve based
on the definition of definite integral, we get the formula of Gini coefficient [26]:

G = 1 − 1
n

(
2

n−1

∑
i=1

wi + 1

)
(5)

where wi is the cumulative percentage of FPUD of group i, which is the sum of all FPUDs from group 1
to group i (passengers are grouped based on their travel distances).

The value of G can range from 0 to 1. A smaller G value indicates a more equitable distribution
of FPUD. When G is close to 1, it denotes that the distribution of FPUD is very concentrated, which
means significant inequity. Combined with international evaluation standards for the Gini coefficient
and the status of fare equity, fare equity can be divided into five categories based on the value of the
Gini coefficient: [0–0.2) means highly equitable; [0.2–0.3) is relatively equitable; [0.3–0.4) is equitable;
[0.4–0.5) is relatively inequitable; and [0.5–1.0) means highly inequitable.

(2) Price Inflation

CPI (consumer price index) is an index used to reflect the changes in the price level of some
specific goods and services purchased by households. This index has been widely used to measure
inflation by the government. Specifically, CPI can be calculated using the following formula:

CPI =
(

updated cost
base period cost

)
× 100 (6)

where updated cost refers to current cost of a specific kind of good or service, while base period cost
refers to the cost during a certain year in the past. For example, if we need to get the CPI of 2015 based
on the cost in 2014, the value of 2015 is the numerator and the 2014 value is the denominator. The CPI
of China always uses the cost value of last year as the “base period” value.

The definition of public transit consumer price index (PTCPI) is similar to CPI, and it reflects how
much more money is paid today than in the past when passengers take a bus. This index can reflect
the changes in price level of bus services. The calculation equation is as follows:

PTCPI =
(

updated basic fare
based period basic fare

)
× 100 (7)

where updated basic fare refers to the current fare under the flat fare policy, and base period basic fare
refers to the historic fare. Note that the fare in this equation is the base fare, and when a differentiated
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fare policy (e.g., fare based on distance or time) is adopted, passengers will all pay the base fare plus
an additional amount that depends on distance.

Theoretically, PTCPI should be consistent with CPI in terms of trend. However, as the bus fare
policies in China do not follow the free market rules, the trend of PTCPI differs significantly from that
of CPI.

The ratio (T) of CPI to PTCPI is used to describe the impacts of fare changes on public transport
enterprises, and the equation is as follows:

T =
(CPI–100)

(PTCPI–100)
(8)

When T is larger than 1, public transit companies will suffer more losses with the increase of T;
when T is equal to 1, the trend of PTCPI is consistent with the CPI, and passengers and public transit
companies will not be impacted; when T is smaller than 1, the losses will decrease with the decrease
of T.

(3) Cross Subsidization Rate Based on Distance

When n is even,

CSL =

n/2
∑

i=1

∣∣∣NLi − NL(n+1−i)

∣∣∣
n/2

(9)

When n is odd,

CSL =

(n−1)/2
∑

i=1

∣∣∣NLi − NL(n+1−i)

∣∣∣
(n − 1) /2

(10)

where CSL is the cross subsidization rate based on distance, and n is the number of classes based
on passengers’ travel distances. In this work, we use 1 km as the interval to divide the passengers
into different groups based on their trip distances, and NLi denotes the average cost recovery rate of
group i, with the average cost recovery rates of all groups arranged in an ascending order.

The cross subsidization rate based on distance reflects the cross-subsidization interactions among
different passengers grouped by different travel distances. The cross-subsidization phenomenon
will become more significant with the increase of CSL. On the contrary, fairness will increase as the
distribution of cost recovery rates of passengers with different travel distances becomes more even.

(4) Cross Subsidization Rate Based on Time

When n is an even number,

CST =

n/2
∑

i=1

∣∣∣NTi − NT(n+1−i)

∣∣∣
n/2

(11)

When n is odd,

CST =

(n−1)/2
∑

i=1

∣∣∣NTi − NT(n+1−i)

∣∣∣
(n − 1) /2

(12)

where CST is the cross-subsidization rate based on time, and n is the total number of classes based on
passengers’ boarding times. 1 hour is used as the time interval to divide the passengers into different
groups, and NTi is the average cost recovery rate of group i, with the average cost recovery rates of all
groups in an ascending order.

Cross-subsidization rate based on time can reflect the cross-subsidization levels among passengers
with different boarding times. The inequity with regard to cross-subsidization will become more
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evident with the increase of CST, and the system will become fairer when the distribution of cost
recovery rates for passengers with different boarding times becomes more even. Finally, the evaluation
system based on the above-mentioned metrics is shown in Figure 6.
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3. Case Study

Suzhou bus route 204, which uses a flat fare, is used in the case study to validate the proposed
evaluation system as well as the metrics.

3.1. Data Source and Extracted Information

3.1.1. Data Source

The data used include the passengers’ IC card data and the GPS data of route 204 on 4 November
2013. Moreover, the 2013 yearbook data of Suzhou, the website of the Suzhou public transit agency, and
Google Map were also used. The record of a passenger’s trip is composed of the following six fields:
record ID, card ID, card type, date and time, vehicle ID, and route ID, as shown in Table 2.

Table 2. Record structure of passengers’ trip data.

ID Card ID Card Type Date and Time Vehicle ID Route ID

1 21500001410029 E4 20131104090208 104021 204
2 21500002625973 D4 20131104090658 104021 204
3 21500002149306 E4 20131104090700 104021 204
4 21500002639329 E6 20131104092149 104021 204

. . . . . . . . . . . . . . . . . .
6625 21500002695471 B4 20131104092204 104021 204
6626 21500001174226 EA 20131104092216 104021 204

The IC card data are a series of records that include the following fields: route name, vehicle ID,
arrival time (for each stop), departure time, stop name, and stop ID, as shown in Table 3.

3.1.2. Extracted Information

Based on the proposed evaluation method, the information needed for the case study includes:
Passenger flow volume, passengers’ origin-destination (OD), trip departure time, route information
(route length, number of stops, distance between adjacent stops, and hours), operating costs (fuel prices
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and drivers’ salaries in 2013), bus fare and the CPI of Suzhou in 2013. The extracted information is
shown in Tables 4–6.

Table 3. Record structure of the GPS data.

Record ID Route Vehicle ID Arrival Time Departure Time Stop Name Stop ID

1 204 101001 20131104064534 20131104064632 Fengmen South 18
2 204 101001 20131104092338 20131104092456 Fengmen South 18
3 204 102004 20131104070728 20131104070809 Children’s Hospital 28
4 204 102004 20131104100129 20131104100228 Children’s Hospital 28

. . . . . . . . . . . . . . . . . .
2486 204 102017 20131104062951 20131104063011 Qunxing Road 8
2487 204 102017 20131104090739 20131104090845 Qunxing Road 8

Table 4. Summary of the information needed for bus fare equity evaluation.

Information

Passengers’ OD See Table 6

Passenger flow (persons) 6626
peak hour (persons/h) 605
off-peak hour
(persons/h) 280

CPI of Suzhou 102.1
Route distance 17.8 km
Number of stops 31
Service time 05:00~23:00
Peak hours morning 6:30~9:30; afternoon 16:00~19:00
Off-peak hours All other time periods
Bus fare Regular passenger: 1 yuan; air-conditioned bus: 2 RMB; with bus card: 40% discount
Distance between stops See Table 5
Drivers’ salary 4000 RMB/month; 4 round trips/day, 34 RMB/round trip
Fuel prices Diesel: 7.3 RMB/L; about 6.7 L diesel for 17.8 km

Table 5. Distance between two adjacent stops.

ID Stop——Stop
Distance
between
Stops (m)

ID Stop——Stop
Distance
between
Stops (m)

1 Dongfangdadaonanhuan
Market-Dushucun 220 16 Xiayuanxincun-Suzhou University East Campus 520

2 Dushucun-Tangnancun 700 17 Suzhou University East Campus-Fengmeng South 520

3 Tangnancun-Tongda Road 330 18 Fengmeng South-Fengmen 500

4 Tongda Road-Qunxingsan Road 700 19 Fengmen-Suzhou Restaurant 640

5 Qunxingsan Road-Qunxinger Road 500 20 Suzhou Restaurant-Wangshiyuan North 500

6 Qunxinger Road-Qunxingyi Road 400 21 Wangshiyuan North-Diyirenminyiyuan West 660

7 Qunxingyi Road-Qunxing Road 500 22 Diyirenminyiyuan West-Shuangta 530

8 Qunxing Road-Qunli Road 350 23 Shuangta-Cufangqiaoguanqianjie East 620

9 Qunli Road-Loufeng Street 700 24 Cufangqiaoguanqianjie East-Shiliyiyuan East 760

10 Loufeng Street-Dushuyuan 650 25 Shiliyiyuan East-Jiejiaqiao West 860

11 Dushuyuan-Baiyu Road 660 26 Jiejiaqiao West-Songxianzhou Street 600

12 Baiyu Road-Sutong Road West 620 27 Songxianzhou Street-Ertongyiyuan 800

13 Sutong Road West-Oulaiya 630 28 Ertongyiyuan-Aiheqiao 850

14 Oulaiya-Oushang Supermarket 280 29 Aiheqiao-Guangjiqiao 630

15 Oushang
Supermarket-Xiayuanxincun 340 30 Guangjiqiao-Shangtang Street 600
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Table 6. Relevant parameters for evaluation metrics.

No. OD * Distance
(km) Time

Unit
Price

(Yuan/km)

Unit Cost
(Yuan/km)

Cost
Recovery

Ratio
CPI

Operating
Cost per

Kilometer
Yuan/km

The Mean
Number of

Vehicle Service
Station

1 4~14 5.71 11:22 0.11 0.82 0.13

102.1 4.66

peak hour
(vehicle/h)

2 12~27 8.58 18:10 0.07 0.54 0.13
3 5~20 8.58 14:02 0.07 0.54 0.13
4 7~8 0.76 13:03 0.79 6.13 0.13
5 13~28 7.87 15:12 0.08 0.59 0.13

1526 4~19 7.87 20:23 0.08 0.59 0.13
7 12~23 5.74 11:49 0.10 0.81 0.13 off-peak hour

(vehicle/h). . . . . .
6625 1~11 6.91 10:16 0.09 0.67 0.13

1326626 21~30 6.42 16:56 0.09 0.73 0.13

* “4~14” means public station number.

Specifically, the passenger flow volume was extracted from the IC card data using statistical
analysis. The 2013 CPI in Suzhou was from the 2013 Suzhou statistical yearbook. Route length, number
of stops, hours, and bus fare were from the website of the Suzhou public transit agency. The distances
between adjacent stops were measured using Google Map, and the drivers’ salaries and fuel prices
were from the Suzhou City Limited Company.

The passenger OD information was extracted as follows. First, the arrival time data of the vehicles
for the stops were used to match a passenger’s IC card data to get the starting stop of the trip. Similarly,
the next IC card record can be used to obtain the destination stop of the trip [27]. Then the travel
distance and FPUD were derived based on the extracted trips. Table 6 shows some example trips
extracted using this method.

3.2. The Evaluation of Flat Fare Equity

The proposed metrics shown in Table 7 were calculated using the information in Tables 4–6 and
the Equations (3)–(12).

Table 7. The values of the calculated evaluation metrics.

Index Dp Q G T CSL CST

Value 1.15 1.33 0.40 2.10 0.77 0.09

The number of passengers per hour is 485 during rush hours, and it decreases to 256 in off-peak
hours. In addition, the difference will be much greater when the number of passengers that are forced
to change to other traffic modes is taken into account. Note that the value of Dp is 1.15, which means
the peak-time service efficiency is only 15% more than that during off-peak time periods. The result
shows that the service is far from meeting the travel demand during peak hours.

The number of passengers served by the route during peak hours is 605, while the number during
off-peak hours is 280. From the perspective of resource equity, the number of passengers served during
peak hours is double that during off-peak hours, which indicates that the peak-hour travel demand is
more than two times that during off-peak hours. Since Q is 1.33, the passenger turnover rate in off-peak
hours is 1.33 times that during peak hours. However, the peak-hour passenger flow is 2.17 times that
during off-peak hours. Larger passenger flow and lower passenger turnover rate during peak hours
indicate that the number of long-distance bus riders during peak hours is significantly larger than
during off-peak hours, which will impact passengers’ travel opportunities and experience during
peak hours.

From the perspective of cost equity, the Gini coefficient is 0.4 and falls into the relatively unfair
group, which indicates that the flat fare is unfair to passengers with different travel distances. The price
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inflation index indicates that the CPI is 2.1 times as large as the PTCPI, which means that the fare
is far lower than the operating costs a passenger should bear and it is difficult for the public transit
companies to cover the operating costs via fare, not to mention creating benefits. The distance-based
cross subsidization rate indicates that cross subsidization among passengers with different travel
distances is evident and the fare policy is significantly unfair to these passengers. The time-based cross
subsidization rate means that the cross subsidization among passengers with different boarding times
is not significant and the fare is equitable for passengers traveling during both peak and off-peak hours.

4. Conclusions

This work proposes an evaluation method suitable for the public transit systems in China.
The results generated using the proposed metrics in the case study show that the proposed metrics
could be used to evaluate bus fare equity objectively and quantitatively. The contributions of this
paper are summarized as follows

(1) A new quantitative method, based on the total average cost recovery rate and the average cost
recovery rate of different groups, is presented to determine the influence of different factors.
The method can be used to choose the most relevant factors for public transit fare equity.

(2) The peak-hour vehicle service coefficient objectively reflects the difference in vehicle distribution
during peak and off-peak hours.

(3) Peak-hour passenger turnover rate reflects the variability in travel opportunities during peak
and off-peak hours.

(4) The Gini coefficient can objectively reflect the difference in FPUD among passengers with different
travel distances.

(5) The price inflation rates based on CPI and TCPI can reflect the difference between the revenue of
public transit companies and socio-economic development levels.

(6) Distance-based and time-based cross subsidization rates reflect the differences in cross
subsidization among passengers with different travel distances and boarding times.

This study is a preliminary attempt to establish methods for evaluating bus fare equity in China.
The work will make a contribution to establishing evaluation systems for bus fare equity in China
and other similar developing countries. The proposed evaluation metrics can be extended by taking
passengers’ age, income level, occupation, resident place and car ownership into account during the
construction of the evaluation metrics. In addition, passenger subjective satisfaction may also be added
to the evaluation metrics.

One limitation of the case study is that only one day’s data were used to demonstrate the feasibility
of the proposed method. Future studies could incorporate more data (e.g., data on both weekdays
and weekends) and apply the proposed method to further examine the temporal dimension of public
transit equity. Moreover, with the popularity of the use of IC card in China’s public transit systems,
further research could also be conducted to examine whether we could employ bus IC card data to
estimate crowdedness, which is more computationally intensive but may serve as a more direct metric
for the degree of crowding aboard buses than passenger turnover rates.
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