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ABSTRACT

This study aims at analyzing various extents of transportation equity change and the accessibility change of cities along
High Speed Rail (HSR) line in China. To evaluate the accessibility change and transportation equity, certain cities along
the transportation corridor which the successfully operating WuGuang HSR lies in are selected as samples of influenced
ones first. Cities’ connection with HSR and their sizes are considered as choosing criteria. Weighted mean travel time
and Generalized weighed travel time, which integrated with generalized cost, are both calculated in the two different
scenarios to indicate accessibility changes of each city. The two scenarios are with or without the advent of WuGuang
HSR. Accessibilities in different scenarios were carefully contrasted. It was found out that there is no significant change
in the mean accessibility aspect of the region between the two scenarios. Then transportation equity issue of the trans-
portation corridor is discussed based on the results of Gini coefficient using the data of Passenger Transportation Bal-
ance index. Passenger Transportation Balance index is proposed in this article to indicate the how much is one city’s
transportation demand satisfied. The research found that cities had HSR stations built-in all attained a more accessibility
improvement comparing with the others. And the gap between the accessibilities of the cities along the HSR line and
those which are not is relatively wider. However, the equity evaluation using Transportation Balance Gini Coefficient
reveals that massive investment in HSR has no potent evidence for equity improvement.

Keywords: WuGuang HSR; Accessibility Evaluation; Weighted Mean Travel Time; Generalized Weighted Travel
Time; Transportation Equity; Gini Coefficient

1. Introduction portation equity evaluation by using the indicators such
as Gini coefficient and Theil index [3]. This research will
use the data of accessibility in transportation equity
evaluation.

HSR was considered playing an important role in
evaluating interregional accessibility early in 1997 [4].
For the meaning of accessibility varies as it is defined
and operationalised in different scenarios [5], researchers
who were interested in the accessibility changes caused
by the operation of HSR have delved into this topic from
different angles. Usually accessibility issue of HSR is
analyzed together with competition and cooperation of
HSR and other transport modes [6-12]. Aware of the fact

This research is interested in how transportation equity
and cities’ accessibility in a transport corridor would
change after the advent of High Speed Rail (HSR). HSR
differs from other transport modes mainly in three as-
pects, the higher speed comparing with conventional rail,
the better quality of service and a relative high capacity
among passenger transport modes. As a production of
huge investment to the local transportation system, the
influence HSR may have in changing transportation eq-
uity has been noticed as in [1]. Transportation equity is
usually evaluated in four aspects: equity among different
areas, different social groups, different traffic modes, and

different generations [2]. The four all refer to the fairness
and justice of the distribution of transportation resources
on two or more units. Thus, there is no doubt that acces-
sibility can be used in illustrating transportation equity,
as accessibility is an important indicator of transportation
resources. Accessibility has already been used in trans-
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that HSR mainly impacts on passenger transport, acces-
sibility is defined as the extent to which transport sys-
tems enable groups of individuals to reach out for op-
portunities or destinations in this research. Travel time
and transportation fare are the factors considered in this
article.
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This research is focusing on city level. They are acting
as centripetal as well as centrifugal forces in the whole
region [13].The importance of cities in the spatial or-
ganization as well as their roles as important locations of
production, consumption, exchange and control is recog-
nized by researchers years ago [14]. A large part of the
literature on HSR, which basically linking cities together,
focused on impacts it brings to cities in aspects of eco-
nomic development [15,16], labor market [17] and other
relevant aspects [18-22]. The reason why cities were
studies instead of regions in those researches is that most
of economic activities occur in cities and they provide
most of the attractive workplaces. That is to say the ac-
cessibility of cities is more suitable for revealing the im-
pact of HSR.

Although there are plenty of studies on relative issues
on accessibility and city development caused by the ad-
vent of HSR, little attention was allocated on the differ-
ences among cities’ transportation equity change and
accessibility change in a region. Studying changes of
accessibilities in the view of the system means concen-
trating more on whether or not city is more accessible
comparing with others. China started establishing its
HSR network since decades ago. While there is still a
long period of time before the plan is accomplished,
some HSR lines have already been put into use and the
operation goes fairly well. How HSR impacts the acces-
sibility of the systems of cities along the transportation
corridor has attracted lots of attentions in Chinese schol-
ars [23-25]. However, as the country with the longest
HSR lines in operation and going to have the largest HSR
network in the world, empirical study on the accessibility
change is inadequate [26,27]. This paper aims at finding
out how cities are influenced by HSR in China, basing on
the case study of WuGuang HSR.

2. Methodology Approach
2.1. Accessibility Evaluation

To find out how accessible the cities are and then to
evaluate the transportation equity, accessibility evalua-
tion needs to be taken first. In this study, accessibility
indicator is a reflection of the impact of the advent of
HSR on the passengers transferring and then the eco-
nomic development. This means that accessibility should
relate to the role of transport systems which will help
groups of individuals to attain opportunities in different
cities. Thus, accessibility is defined as the extent to
which transport systems enable groups of individuals to
reach out for opportunities or destinations. The selection
of indicator is a very important issue for measuring
changes in the accessibility, since the results of evalua-
tions vary with indicators used. In this paper, we will
analyze the variation of accessibility changes by the clas-
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sic accessibility indicator weighted mean travel time first.
This measure does not relate to the short distance and
expresses the extent to which a changed link modifies the
location by reducing access times to other urban areas
[28]. It can be represented as Equation (1):

A=[§M,-Tu] M, (1)

where A s the accessibility of a node (city) i. T is
the shortest travel time between i and j. M; is the
weight (for example, population or gross domestic prod-
uct) of the node | . The factor M ; is used to value the
importance of the minimum-time T, [I11]. n is the
number of cities studied.

Weighted mean travel time considers all relationships
within the area of study, but routes on short distances do
not contribute more than other factors in the calculations
since there is no distance decay. Thus it picks up impacts
of new link more dispersal in location than other accessi-
bility indicators, like daily accessibility indicator and
economic potential indicator [28]. In this study, the
weight M, is specialized by using GDP, for economy is
mainly concerned. M, is calculated using the Equation

):
M, = /GDP, xP, @)

where GDP, is the gross domestic product, and P, is
the number of resident population of city j. The num-
ber of resident population is used to indicate the scale of
the labor market as well as an indicator for job opportu-
nities.

The weighted mean travel time was used in lots of re-
searches [23,24]. In this article, the accessibility will be
evaluated by this indicator as well. The result will show
us how accessibilities changed if considering travel time
only.

Shorten travel time is on reason why HSR caught
much attention. However, HSR is also known for its
ticket price beside of its high speed. The price of second
class ticket is about 0.43 Yuan/km, while the traditional
rail is 0.13 Yuan/km. A transportation mode beyond af-
fordance is not an available choice for passengers and
will not really help to improve accessibility. Thus, it is
necessary to consider ticket price in evaluating accessi-
bility. The Generalized weighed travel time, which inte-
grated time and fare, is considered in this article.

M; xT,
J_Zn:Mj _ZH:(I/TVJ)

1 j=1

k + Fij,k/TVj

a; = min

€)

where a; is the extent of accessibility between node
(city) i and j. T, is the shortest travel time by
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available transport mode k. M, is the weight of the
node i asin Equation (1). n represents the number of
cities studied. TV, is the generalized travel time value
of city j. T, is the travel fare due to transport mode
k.

It is a common belief that people from different social
groups have different travel time values. There are plenty
of methods to calculate TV,. And different methods
usually lead to different results. The following Equation
is one of the most widely used methods in travel time
evaluation in China [29].

TV/ = GDP, /(P, xWH ) (4)

In Equation (4), WH is the number of legal working
hours of a year in China, which is 2000. TV, equals the
average amount of the GDP one person can contribute to
city j per hour. And it differs from city to city. By using
GDP, it is quite clear that the benefits to economy and
social welfare from saved travel time were all included.
However, travel time value in Equation (4) considered
the value of work trip while failing to include the value
of personal trip.

Researches concerns about the choice making of trav-
elers would use average wage other than per capita GDP
in calculations. Thus, travel time value of work trips is
calculated as follows.

TV" =W, /MH (5)

W,age 18 the urban per capita disposable income. This
indicator could well represent the wage according to the
statistical indicator used in China.

Travel time value of personal trip is thought to have a
linear relationship with those of work trip. And the ratio
of time value between personal trip and work trip was
recommended to choose from 0.2 to 0.6 in China [29].

This research considers the impact of HSR on cities,
which means that the time value of work trip as well as
the personal trip should be considered. Therefore, the
following equation is used.

TVj:rXTVj’+(l—r)x/)’xTVj" (6)

where TV,
Equation (4).

TV, is the travel time value calculated from Equation

(5).

r is the ratio of work trip.

S s the ratio of time value of personal trip to the one
of work trip.

In Equation (6), the former part is to represent the
travel time value of work trip and the latter is to represent
the time value of personal trip. Travel time value of each
city is calculated separately.

Because once travel fare is considered, passenger’s
choice among different transportation modes may differ

is the travel time value calculated from
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from the one with minimum travel time. In other words,
HSR might be a preferable choice in some routes but no
in all routes. Thus, to evaluate the accessibility of a city,
the accessibility of each route should be decided first by
Equation (3). In Equation (1), the minimum travel time is
selected directly as it is assumed that the shorter time the
more preferable the choice. The evaluation results of the
two indicators will be contrasted to see how fare impacts
on accessibility.

As can be seen from the Equation (3), travel fare is in-
tegrated in accessibility similarly to travel time in this
research. Firstly, the data of travel fare of every mode
between every two cities is collected. Then the accessi-
bility between two cities is defined as the minimum one.

A= Zaij @)
j

where A is the accessibility of the city i evaluated by
Generalized weighed travel time.

The Generalized weighed travel time considers all re-
lationships within the area of study. But there is still no
distance decay as weighed mean travel time.

To get a full view, the whole of any cities that might be
influenced are seen as the population and the cities se-
lected and calculated are seen as samples. One sample
Kolmogorov-Smirnov (K-S) test will be carried out to
identify what kind of distribution the population is. Then
independent-samples t-test will be implemented to find
the differences of mean accessibility between the two
scenarios.

2.2. Transportation Equity Evaluation

Keep making investments to improve transportation sys-
tem is important for the development of the society.
However, the resource available for investing is limited.
Which means that to overfulfil one city’s transportation
demand is unfair to the others. In other words, the distri-
bution of investment among different cities would affect
transportation equity.

The definition of transportation equity requires bal-
ance between transportation demand and transportation
capability. In this research we define the Passenger
Transportation Balance Index to indicate such a balance.
The passenger transport is considered only here because
HSR influence it most. And in the evaluation process
how the freight transport is not included. The indicator,
which is represented by V;, is calculated by the follow-
ing equation.

Y =R /(A =GDR) @®)

A, is the accessibility of city i, which is derived from
Equation (1) or Equation (3). P, and GDP; respec-
tively represent the number of residents and gross do-

mestic product of city i. 1/ A, here is to represent the
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passenger transportation capability of the city. A; is in
the position of denominator. Because the smaller its nu-
merical value the better the accessibility. And ceteris
paribus, the better the accessibility the larger value of the
Passenger Transportation Balance Index is. P,/GDP,
which is the reciprocal of the per capita GDP, is the rep-
resentative of Passenger transportation demand.

y, is arelative indicator, as the accessibility indicator
A, . It would vary as the cities chosen for study changed.
Thus, there is no certain meaning of its numerical value.
It should only be used for comparisons among cities in
the same evaluation process. By comparing value of Yy,
it is easy to find out which city’s transportation demand
was more satisfied.

Basing on accessibility data, the transportation equity
is discussed by Passenger Transportation Balance Gini
coefficient, which is calculated by the data of accessibil-
ity evaluation. Gini coefficient (also known as the Gini
index or Gini ratio) is an indicator for statistical disper-
sion. It is originally used to measure the inequality
among values of a frequency distribution (for example
levels of income). And it has been used in transportation
research, too. Santos Bruno [3] used it to indicate the
dispersion of accessibility values across all centers. Gini
coefficient theoretically ranges from 0 to 1. A Gini coef-
ficient of zero expresses perfect equality where all values
are the same, corresponding to complete equality. A low
value of Gini coefficient indicates a more equal distribu-
tion, while higher Gini coefficients indicate more un-
equal distribution. To be validly computed, no negative
goods can be distributed, which the data of Transporta-
tion Balance could well satisfied.

If the probability function f(y) is discrete, which is
the case of Transportation Balance Index distribution,
and where y; (i=0 to N) is the points with nonzero
probabilities, indexed in increasing order (Y; <V,,),
then Transportation Balance Gini coefficient is calculated
using Equation (9). Gini coefficient indicates the ine-
quality state, which can be expressed with Lorenz curve
as shown in Figure 1, and it is obtained by the ratio of

S;

0, .
0, s s 5 . ‘_..ﬂ?/" Cumulative

fo0) o) fra) fOna) f(y)  Percent

Figure 1. Transportation Balance Index distribution ex-
pressed in Lorenz curve and Gini coefficient.
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two areas: A/(A+B).

G=1—{if(yi)(3_l+s)/8n} ©)
Where S:Zi;f(yj)yj and § =0.

3. Case Study
3.1. Introduction to WuGuang HSR

WuGuang HSR is one of the most successful lines since
it started commercial service at the end of the 2009. It is
part of the unfinished 2100-km long Beijing—-Guangzhou
High-Speed Railway (JingGuang HSR). The main line of
WuGuang HSR is 968-kilometre long, with Wuhan
(capital of Hubei Province) and Guangzhou (capital of
Guangdong Province) as its two ends. It costs three hours
and thirty-three minutes in transferring passengers be-
tween the two ends by the fastest commercial service.
With 15 stations in operation, WuGuang HSR crosses
three provinces, Hubei, Hunan and Guangdong (as
shown in Figure 2).

The corridor WuGuang HSR goes along is very busy
since the accomplishment of the conventional JingGuang
Railway in 1957. These two railways have an approxi-
mately same route. Wuhan, Guangzhou and Changsha
are set as the three original stations, providing services
with different combinations of intermediate stations.

Figure 2. Location of WuGuang HSR.
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The majority of seats are of the second class and the
fare is about ¥ 0.46 per kilometer. A few seats are in the
first class, and seats of the deluxe class are also available,
which charge about 60% and 80% high respectively more
comparing with those in the second class. The price of
the second class is only like a half of the price of the
flight between Wuhan and Guangzhou even considering
the usual discount (about 50%). Each station’s distance
from the end of Wuhan and its administration in provin-
cial level and city above the prefecture level is illustrated
in the Table 1.

These stations are neither of the same size nor the
same importance for the line. Wuhan, Changsha South,
Guangzhou South and Guangzhou North are much bigger
than the others not only because they are located in the
capitals of the three provinces, but also because they are
already serving as or planned to be important transport
hubs. And what should be informed is that only the four
cities, namely Wuhan, Changsha, Hengyang and Guang-
zhou, have an airport.

Among all these stations, Chibi North, Miluo East,
Hengshan West, Leiyang West are smaller because they

Table 1. Stations along the WuGuang HSR line.

are newly built stations in small developing counties,
where there is only small travel demand comparatively.
The statistical survey conducted by the Statistic Bureau
of Hunan province could well prove it. See Table 2.

HSR is now the most convenient when travel time as
well as travel cost is considered in all public passenger
transportation. From January to October, just the Hunan
section of WuGuang HSR has already transferred 12.5
million passengers, which indicates that HSR has be-
come an important transport mode.

3.2. Citiesto Be Analyzed

The transportation equity is revealed by the data of
accessibility in this research. To find out the changes of
the accessibilities is more important than getting a
precise numerical evaluation result of accessibility. Cities
to be analyzed are firstly selected from all the cities
which might be influenced by HSR. Because it is merely
impossible to evaluate all the cities been influence at the
same time, for the hardness of identifying them all. HSR
is a huge investment which not only influences the cities
which are along the line, but also the cities sharing the
same transportation system. Thus, sampling is concerned
to estimate characteristics of the whole population, which

Stations in . . Distance from is all the cities be influenced.
o . Province City Wuhan (K . o ” . . .
peration uhan (Km) The primary criterion in selecting cities is that the
Wuhan Wuhan 0 s§lected ({1tles should be.glong WuGuang HSR or have
direct train service to cities along WuGuang HSR. In
Xianning North Hubei 85 other word, cities studied should be in the transport
Xianning corridor. This criterion would help to get a clear result of
Chibi North 127 the accessibility change by analyzing the impact of HSR.
Secondly, the administration demarcations are considered
Yueyang East 209 to ensure the data is comparable in this study. That’s
, Yueyang because the statistic survey is done by different local
Miluo East 279 administration, which usually has some differences in
statistic method. To take a sample analysis, cities from
Changsha South Changsha 347 .
one province would be helpful to make the results potent.
Zhuzhou West Zhuzhou 387 . .
Hunan Table 2. Passengers transferred in the first four months of
2010 (unit: person).
Hengshan West Hengyang 455 ( P )
Station Jan Feb Mar April
Hengyang East 496
Hengyang Yueyang East 52,514 74,052 64,449 61,916
Leiyang West 552
Miluo East 5780 12,989 9145 7893
Chenzhou West Chenzhou 628 Changsha South 260,697 233,697 329,016 344,025
Shaoguan Shaoguan 758 Zhuzhou West 54,241 46,225 54,072 54,540
Qingyuan Qingyuan 385 Hengshan West 28,830 30,744 34,606 27,539
Guangdong Hengyang East 79,568 90,552 98,202 99,483
Guangzhou North Guangzhou 922
Leiyang West 19,705 21,268 23,052 25,516
Guangzhou South 968 Chenzhou West 96,055 68,077 103,072 107,246
Copyright © 2013 SciRes. JTTs
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Also, the level of the city is considered. There are
three levels of cities which have an HSR station, de-
creasing in order of the sub-provincial level, the pre-
fecture level and the county level. These levels do not
only reveal cities’ political status but also reflect their
economic development. In this paper, cities of the county
level are not considered for both their economic ag-
gregate and the populations are small comparing with
cities from higher levels. From Table 2. it can be found
that stations in county level cities only share small part of
the passenger flow. And in this specific case, county level
cities are only short distances away from prefecture level
cities which are taking charge of them in the politically
hierarchy.

Considering criteria aforementioned, cities in Hunan
province are chosen. Besides the five cities Yueyang,
Changsha, Zhuzhou, Hengyang, and Chenzhou which
have an HSR station, Loudi and Changde are seclected.
Loudi and Changde are prefecture level cities which are
of importance to regional development. The nine cities
are illustrated in Table 3.

The accessibility of a certain city is not only in-
fluenced by other cities within the region it belongs, but
also cities beyond the region [30]. So Wuhan and Guang-
zhou are used in the evaluating process to ensure the re-
sult more attached to the reality. These seven cities are all
at the prefecture level. Also, it is easy to find that Wuhan,
Guangdong and Changsha, capitals of the respective pro-
vince, are more developed than other cities from this table.
Thus, Yueyang, Changsha, Zhuzhou, Hengyang, Chen-
zhou, Wuhan, Guangzhou, Loudi, Changde and Wuhan,
Guangzhou are analyzed in the accessibility evaluation
process.

4. Empirical Analysis
There are nine cities to be analyzed in the accessibility

Table 3. Cities selected for evaluationa.

City GDP (billion) Popﬁlzstigin(tl 0% ir]f;(:r;r;d(a&t;lf)
Yueyang 1.5394 547.61 19,558
Changsha 4.5471 704.41 26,451
Zhuzhou 1.2748 385.71 24,017
Hengyang 1.4203 714.84 17,866
Chenzhou 1.0818 458.36 17,606

Loudi 0.6807 378.46 16,937
Changde 1.4916 571.46 17,861
Wuhan 5.56593 978.54 23,738
Guangzhou 10.60448 1270.96 34,438

Copyright © 2013 SciRes.

evaluation process. However, the evaluation results of
Wuhan and Guangzhou are not discussed in this paper.
Because as mega city of sub-province level, both Wuhan
and Guangzhou have lots of transportation connections
with cities allocated in a broad area. So only considering
a few cities along HSR line is insufficient for the accu-
racy of their accessibility evaluation.

As aforementioned, there are only 4 cities which have
airline services. Among those 4 cities, there are only di-
rect flights between Wuhan and Guangzhou, which take
1 hour and 40 minutes on the plane. According to the
administration provisions, passengers traveling by plane
need to arrive at the airport, which usually located in the
suburban area, to board the plane at least half an hour
before the plane took off. Thus, minimum travel time
between Wuhan and Guangzhou would add up to two
and a half hours. Railway, buses are also considered in
comparing with HSR while private vehicles are not con-
sidered in this paper.

4.1. Accessibility Evaluation by Weighed M ean
Travel Time

The latest minimum travel time is collected in two sce-
narios, with or without the HSR taken into consideration.
Accessibility represented by here is rather a comparative
indicator, which reveals the change of accessibility other
than showing the absolute value of accessibility.

According to Equations (1) and (2), the accessibility
variation can be evaluated. And the evaluation results of
are presented in Table 4.

According to the definition of accessibility measure-
ment, the smaller the numerical value of is, the more
accessible the city is. From evaluation results, it can be
found that all the cities along HSR were exalted in acces-
sibility. And these accessibilities have been promoted in
similar ratios. Though no HSR station in, the accessibili-

Table 4. Accessibility evaluation results using weighed mean
travel time.

With HSR Without HSR Ratio”
Wuhan 5.44 11.19 51%
Yueyang 1.37 2.81 51%
Changsha 1.61 3.75 56%
Zhuzhou 0.681 1.48 54%
Hengyang 1.27 2.46 48%
Chenzhou 1.22 2.39 49%
Guangzhou 11.16 21.57 48%
Loudi 1.13 1.70 33%
Changde 2.68 3.37 25%
b. Ratio= (Without HSR-With HSR)/ Without HSR.
JTTs
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ties of Loudi and Changde have been improved too. That
is because both direct trips and transfer are considered
and passengers can move to a city with HSR and take it.
Thus, Loudi and Changde also benefit from the advent of
HSR.

4.2. Accessibility Evaluation by Generalized
Weighed I ndicator

The travel time and travel fare of each transport mode are
collected in two scenarios, with or without the HSR
taken into consideration. In the evaluation process, r in
Equation (6) is 0.5 according to an investigation imple-
mented on WuGuang HSR [31]. And S is valued 0.4 as
recommended [32].

According to Equations (3), (4) and (6) the accessibil-
ity evaluation results of A calculated by Generalized
weighed travel time are presented in Table 5.

After travel fare is taken into account, HSR is not at-
tractive for it is more expensive than rail and bus. Pas-
sengers will choose the traditional railway or bus if they
do not find the time saved by HSR worth the increase of
fare. Thus, it is easy to interpret that the accessibility
promotion illustrated is Table 5 is not as much as in Ta-
ble 4.

By contrasting the difference of evaluation results by
weighed mean travel time and integrated indicator, it is
found that the ticket price of HSR has great impact on
accessibility. And the results in Table 5 are closer to the
observation that the accessibilities of cities with HSR do
not have a promotion of about 50%.

Only find out the accessibility change of the seven cit-
ies is not sufficient to understand the impact of the HSR
to the transportation corridor. In order to understand the
differences between the two scenarios, the non-parameter
analysis is carried out to find the distribution of accessi-
bility. The results shown in Table 5 are used in this pro-
cedure. The result is shown in Table 6.

Table 5. Accessibility Evaluation using Generalized Weighed
Travel Time.

With HSR Without HSR Ratio®

Wuhan 16.73 18.87 11.3%
Yueyang 7.45 7.87 5.3%
Changsha 6.90 7.42 7.0%
Zhuzhou 4.77 4.95 3.6%
Hengyang 5.98 7.33 18.4%
Chenzhou 7.39 8.47 12.7%
Guangzhou 25.65 36.67 30.0%
Loudi 5.41 5.87 7.8%
Changde 7.74 8.73 11.4%

a. Ratio = (Without HSR-With HSR)/ Without HSR.
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Table 6. One-Sample kolmogor ov-smirnov test.

accessibility accessibility
without HSR  with HSR

N 7 7

Normal Parameters Mean 7.234 6.520

(Test distribution is
Normal.) Std. Deviation ~ 1.372 1.143
Absolute 0.242 0.205

Most Extreme .

Differences Positive 0.138 0.143
Negative —0.242 —0.205
Kolmogorov-Smirnov Z 0.641 0.543
Asymp. Sig. (2-tailed) 0.807 0.930

Distribution of accessibilities in both scenarios can be
seen as normal according to the results. The samples are
independent of each other. To further understand the gap
of standard deviations between the two scenarios, inde-
pendent-samples t-test is carried out. The final results are
shown in Table 7.

The purpose of independent-samples t-test is to test for
significant differences between means. Levene’s test
checks for whether their variances are relatively similar
or not. The significance for Levene’s test is above 0.05.
Thus the “Equal Variances Assumed” test is used.

The significance is 0.839 (0.839 > 0.05), which means
there is no significant difference between values of mean
accessibility in two scenarios.

In other words, despite the difference of mean accessi-
bilities caused by the advent of WuGuang HSR, there is
no significant accessibility change statistically. This con-
clusion dose not conflict with the evaluation result in
Table 4 that cities have HSR stations built in have an
over 30% accessibility improvement. Because when one
sample K-S test and independent T-Test are accom-
plished, all the cities been influenced are considered
other than the samples chosen.

4.3. Transportation Equity Analysis

Cities are acting as centripetal as well as centrifugal
forces in the whole system [33], which are both
connected to the accessibility. The more accessible one
city is the more benefit it would have in economic aspect.
However, if decisions are made considering monetary
aspect only, the disparities between developed regions
and undeveloped ones will increase [2]. So the equity
issue is an important one to be considered. And the
equity among different regions is going to be considered.
The following part is going to reveal the equity change
through analyzing the change of accessibility. The
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Table 7. Independent samplest-test of accessibility.

Levene’s Test for Equality of Variances

t-test for Equality of Means

F Sig. t df Sig. (2-tailed) Mean Difference Std. Error Difference
Equal variances assumed 0.043 0.839 —1.058 12 0.311 —0.714 29 0.674 92
Equal variances not assumed —1.058 11.622 0.311 —0.714 29 0.674 92

Passenger Transportation Balance indexes of the two
scenarios are calculated using Equations (3) and (7). Re-
sults are presented in Table 8.

By using the data in Table 8, Gini Coefficient can be
calculated in Table 9.

The Gini coefficients calculated shows that after HSR
is built, the cities influenced are slightly falling into a
more unequal situation. However, due to the limited
change, there is no potent evidence that WuGuang HSR
has changed transportation equity along the transporta-
tion corridor.

There are some possible explanations for this slight in-
fluence. One is that the HSR would benefit cities in close
extent, which resulted in similar change ration of acces-
sibilities. Another is that because the network of HSR is
still unfinished, the impacts brought in by a single line
are limited.

In conclusion, the advent of HSR would improve the
extent of satisfaction of cities’ transportation demand.
And it has also slightly worsened the transportation eq-
uity.

5. Discussion and Conclusions

This study analyzed various extents of transportation

Table 8. The value of Passenger Transportation Balance in-
dexes (Using the data of Generalized weighed travel time).

With HSR Without HSR Ratio®

Yueyang 0.048 0.045 6%

Changsha 0.022 0.021 8%

Zhuzhou 0.063 0.061 4%
Hengyang 0.084 0.069 23%
Chenzhou 0.057 0.050 15%

Loudi 0.103 0.095 9%
Changde 0.049 0.044 13%

a. Ratio= (Without HSR-With HSR)/ Without HSR.
Table 9. Gini coefficient.
With HSR Without HSR
Gini Coefficient 0.652 6 0.649 1

Copyright © 2013 SciRes.

equity change and the accessibility change of cities along
WuGuang High Speed Rail (HSR) line in China.

High speed is one of the most important features of
HSR. According to accessibility evaluation, if travel time
is considered only, cities with HSR stations attained a
significant improvement in accessibility. The improve-
ment is about 50% comparing with situation without
HSR.

However, if the high price due to the cost of building
and operating HSR is considered, it is found that there
are only small improvements in accessibility, which for
the majority of the cities the improvement rate is under
12%. In the process of using the generalized weighed
travel time, the time value is slightly overvalued by using
per capita GDP. If it is estimated by real income, which
will result in a smaller time value, the evaluation would
reveal a less impacted accessibility. This should have
drawn the attention of HSR planners, that the ticket price
of HSR is still unaffordable for a large part of citizens
under the current income level in China. The high price
determines that most of the WuGuang HSR users are on
business trip and their companies will afford the cost.
Thus, we suggest administers of HSR to supply discount
tickets in low seasons and off-peak hours. Such measures
could benefits more people on the one hand. On the other
hand, it could help to improve the usage of HSR.

It is commonly believed that accessibility would im-
prove greatly once HSR was built. In this research, the
mean accessibility of the region WuGuang HSR lies in is
evaluated to find out whether great improvement has
occurred. It is found that WuGuang HSR did not statisti-
cal change accessibility of the region. The ticket price
might be an important reason. Moreover, WuGuang HSR
is still a single line other than part of a HSR network at
present. And it is not well connected with conventional
railway network. This could be possible explanations for
the finding that no significant accessibility change is
found in this region. That is to say how to take advantage
of network effect should be considered in the planning
process of HSR lines.

In this research, transportation resource versus trans-
portation demand is defined as Passenger Transportation
Balance index. And Transportation equity discussed here,
which is a kind of equity among different areas, concerns
about the distribution of Passenger Transportation Bal-
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ance index among different cities. Transportation equity
is indicated by Gini coefficient with the results of Pas-
senger Transportation Balance index. According to the
evaluation, transportation equity has not been signifi-
cantly affected. However, it is obvious that cities are not
benefiting equally from HSR according to Passenger
Transportation Balance index.

What have been achieved could well illustrate how
cities would be influenced by HSR in aspects of accessi-
bility and transportation equity. The degrees of the im-
pacts are not only determined by the travel time shorten
by HSR, but also determined by some other factors like
income level. In future researches, more measurements
could be applied to describe how cities would be influ-
enced in more detailed way, like which social groups
would benefit most from HSR. Further, how citizens of
different group would be influenced as well as how
transport equity among different groups would change
will be studied by combining residents’ travel choice
model with this research in the future.
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