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ABSTRACT KEYW ORD

Purpose: This study aims to determine important variables to evaluate rapid-transit systems on urban central RapidjTransit
areas, which can help establish an assessment framework to forecast and evaluate intended planning proposals. Dglph| )
Method: Multi-criteri lysis i ducted based he Delohi h Rel " iabl di Principal Component Analysis (PCA)
ethod: Multi-criterion analysis is conducted based on the Delphi approach. Re evant variables regarding  xno tic Hierarchy Process (AHP)
evaluating rapid-transit systems that influence urban central areas are collected according to strategies such as
archival investigation of previous relevant studies and suggestions of experts. Forty-nine variables are
established and placed into eight categories, and their significance is measured via the principal component
analysis (PCA) and the analytic hierarchy process (AHP). Result: Thirteen major variables are determinedand A CCEPTANCE INFO
classified into five variable sets (consumption; building and land use; transportation; travel accessibility; and  Received October 24, 2017
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for evaluating the ability of rapid-transit systems to regenerate city centers in China.
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1. Introduction

Due to the rapid urbanization in China, many cities have faced
rapid urban expansion and large-scale population migration.
Among the most attractive areas in a city, city centers have
demonstrated unchanging spatial forms and land use patterns [1].
As industrial zones have moved out, many new commercial and
residential properties have been placed in city centers. Rapid urban
renewal and new developments have resulted in the destruction of
social structures and environments. In China, city center
regeneration has aroused academic attention since the 1990s.
Researchers have investigated the strategies involved in city center
regeneration in China according to aspects such as history and
theory [1]; physical, material and environmental regeneration [2];
and the social, economic and cultural concerns involved [3].

Facing the negative effects of decentralization and
suburbanization, scholars have investigated issues related to city
center regeneration since the 1970s [4]. Discussions of city center
regeneration have considered the development of a compact and
functionally mixed city that combines commercial, residential and
leisure usages, which are among the popular urban renewal policies
for enhancing activities in city centers [5]. Recent studies of city
center regeneration have demonstrated that the concept of

sustainable development can promote city center revival and
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evolution [6]. However, the urban renewal boom may have an
adverse effect on social structures and the urban fabric via
gentrification [7]. For example, cooperation and collaboration can
shorten gaps and solve problems between stakeholders during city
center regeneration [8].

Although investment forecast, land use, policy and economic
issues are frequently discussed, systematic analysis of the effects of
rapid-transit systems is rarely conducted. In China, recent
redevelopment projects have focused on economic profits rather
than the various social and spatial effects on a region. A holistic
assessment framework is necessary to identify major variables that
can be adopted to forecast and evaluate intended planning
proposals. This study aims to determine these variables that help
evaluate rapid-transit systems on urban central areas. The major
variables should help identify the significant elements involved in
the early stages of rapid-transit-system adoption in city centers.
These systems are usually adopted to promote smart and
sustainable urban development and should be evaluated in

advance.

2. Background

2.1. Effects of rapid—transit systems

Given the large-scale rapid-transit construction, an increasing

amount of researchers are realizing that rapid-transit systems have
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important direct and indirect effects on urban development. The
primary aims of rapid transit are to promote less pollution and
conjunction and to decrease travel times and average expenditures
[9]. Furthermore, it obviously raises ridership around the transport
corridors [10]. Meanwhile, rapid-transit development may lead to
changes in population, land use patterns and real estate. Rapid
speeds and inexpensive costs have encouraged significant
increases in population densities around transportation systems [9].
Some case studies of Western cities have demonstrated that
although the effect of land use on rapid-transit systems is small,
that of other significant public factors such as planning policies is
significant [11]. However, commercial usage tends to replace
residential and industrial usages around metro stations [12]. In
addition, time series and cross-sectional data analyzed using
hedonic price and repeat sales models illustrate that rapid-transit
systems normally affect housing and commercial property values.
The price of property is higher around transport corridors than in
unaffected areas and changes with the property's proximity to a

metro station [13].

2.2. Methods of assessing effects and determining

major variables

In recent years, assessment methods have been developed to
evaluate the economic and sustainability effects of urban
development. Gospodini [14] evaluated five main indirect effects
on urban development, redevelopment and regeneration.
Mejia-Dorantes and Lucas [15] constructed a typology of the
successful factors of economic effects from two rail transit projects
to make the economic and developmental effects of major transport
infrastructure more transparent. Vermote et al. [16] developed an
analytic multi-actor multi-criterion assessment instrument to
assess the sustainability of alternative regional light-rail scenarios
by all of the involved stakeholders. Researchers have paid more
attention to the benefits and positive effects of rapid-transit
systems than the negative effects.

According to Linstone and Turoff [17], the Delphi approach is a
structured communication technique that was originally developed
as a systematic, interactive forecasting method that relied on a
panel of experts. Although early studies implementing the Delphi
approach focused on scientific and technological forecasting, the
approach has been expanded to include the forecasting of many
social circumstances [18]. The Delphi approach has recently been
adopted to integrate expert opinions in the fields of urban policy
[19], corporate real estate [20] and sustainable urban regeneration
[18].In 1901, Karl Pearson introduced PCA (Principal Component
Analysis), a type of multivariate statistical analysis that selected a

few important variables from a field of many via linear
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transformation [21]. PCA is suitable for removing redundant data
and transforming a set of correlated variables into uncorrelated
factors [22]. Moreover, it is a widely used method in the fields of
urban simulation and land use planning [22] and urban sprawl [23].
The Analytic Hierarch Process (AHP) is a structured technique
used to organize and analyze complex decisions based on
mathematics and psychology [24]. It uses quantitative and
qualitative data given by experts to analyze local problems [25]. In
addition, the AHP is a useful multi-criterion decision-making
method widely adopted in urban allocation [26], project design

[27] and sustainable urban renewal practices [18].

3. Methods

This study uses the Delphi approach, PCA and the AHP, all of
which are widely used in decision-making analysis, to determine
important variables required to evaluate rapid-transit systems on
urban central areas. The investigation process follows three steps:

informing, developing and weighting.

3.1. Informing

Before establishing the multi-hierarchy model, it is necessary to
collect data of variables to evaluate rapid-transit systems on urban
areas. In the first step, this study investigates previous relevant
studies, including books, papers and newspapers; relevant urban
development and transportation policies; and urban renewal
standards and guidelines. Following the presentation of data from
expert interviews, a set of 49 variables is listed to support the
establishment of a multi-criterion model. These variables are
divided into eight categories, including physical, ecological,
political, social, economic, cultural, land use and transportation,

and accessibility.

3.2. Developing

Based on the Delphi approach, 20 experts with more than 10
years of working experience in the fields of architecture, urban
planning, urban design and transportation were invited to
participate in this study. The two Delphi rounds conducted for this
study were designed to determine the major variables and measure
their significance.

PCA is conducted to measure the significance of the 49 variables
and order them based on composite scores. The objective of this
study is to collect data and conduct analysis according to four steps.
The first step involves the administration of a survey to collect the
participants' basic information and identification in addition to
other data. In this study, the participants were asked to assign

scores to the 49 variables based on the given standard L.e. 1 to 5 as
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no-effect to very strong effect.

The second step is to test the reliability of the survey data. As the
participants' evaluations were subjective, it is necessary to use
Cronbach's alpha to test the reliability of the data. Cronbach's alpha
is distributed around 0 to 1, with higher values indicating more
reliable data. If @ > 0.9, the data exhibit excellent reliability, and if
0.7< a <0.9, they exhibit good reliability [28]. In this case,
Cronbach's alpha is 0.899, so the survey data exhibit excellent
reliability. The third step is to apply the Kaiser-Meyer-Olkin
(KMO) measure and conduct Bartlett's test to assess whether the
data can be analyzed via PCA. They produce a ratio that compares
the simplicity index with the correlation index of the variables [29].
The KMO measure is between 0 and 1, and demonstrates whether
the variables can be calculated via PCA. Table 1 evaluates the
factorial simplicity index levels. In this case, the data can be

analyzed via PCA.

Table 1. KMO measure and Bartlett's test

Test Value
Kaiser-Meyer-Olkin measure of sampling adequacy 0.707
Approx. chi-square 505.649
Bartlett's test of sphericity Df 190
Sig. 0.000

The fourth step is to calculate the composite scores and
rankings. The purpose of PCA is to synthesize the representative
factors from many initial variables. Solving the load factor matrix
is the key point of PCA. The eigenvalue and variance contribution
rates are generated via sample data analysis. Moreover, the
composite scores of each variable are obtained based on a series of
algorithms. Each initial variable is ranked according to the

composite scores and major variables can be put forward.

3.3. Weighting

In the second Delphi round, the AHP is used to measure the
significance of the major criteria and variables. According to Saaty
[24], the variables are analyzed as follows. First, the hierarchical
structure is formed. The hierarchy model of the assessment of
major variables consists of several levels. The variables at the
topmost level are divided into sub-variables at the second level.
Those sub-variables are divided again at the third level and so
forth. Second, the judgment matrix is established. The AHP uses
pairwise comparison to determine the relative priorities of the
different variables at every level. In particular, each participant is
required to make comparative judgments on every two variables
using a 9-point scale. After the process, the judgment matrix is

expressed as follows:
A= ()i =1,20m ()

where A is the judgment matrix; and Q;; refers to the judgment

given by the participants.

Third, the priority weights of each variable are calculated. Based
on Satty's eigenvector procedure [24], the judgment matrix can be
analyzed to measure the absolute priority weights of each variable.
Fourth, the consistency ratio is measured. This step verifies
whether the participants are make consistent judgments about the
relative significance of the variables. As subjectivity is one-sided,
it is difficult to require absolutely consistent judgment on behalf of
the participants. According to Satty [24], if the consistency ratio is
0.10 or less, then the judgment is considered acceptable.
Otherwise, the participants must conduct a pairwise comparison
again. Fifth, the overall weights of each variable are synthesized.
The final priority weights of each variable at every level of the
hierarchy are calculated into the geometric mean of the judgments
received from individual participants. The overall weights are
calculated as follows:

1

W= (w; Xwy>..xw,)" @
where W is the overall weight of each variable, W,, refers to the

priority weight of each variable given by the participants and n is

the number of participants.

4. Determining Variables to Access Effects

A number of possible factors are reviewed and considered to
determine the major variables, including their positive and
negative effects. Previous studies including Gospodini [14], the
U.S. Green Building Council [30], Yigitcanlar and Dur [31] and
Wang [32] provide significant criteria for evaluating urban
developments. Combined with the participants' suggestions, 49
possible effects are established for further analysis in Table 2. A
document and archival analysis was conducted to figure out the
variables of individual factors. After PCA, 13 major variables are
determined and their component scores are given in Table 3. These
variables are classified according to five variable sets
(neighborhood and community; consumption; building and land
use; transportation; and travel accessibility) and four categories

(social; economic; land use and transportation; and accessibility).

Table 2. 49 variables to access effects
(* 13 selected major variables)

Factor 8.
categories Factor sets Individual factors No.
. T h; Sl adient 1
Physical POEAPY - ope gr en
Geology Incidence of seismic hazards | 2
Vegetation Greening rate 3
Air quality 4
Ecological/ . Air ventilation 5
environmental Environmental Groundwater quality 6
impacts -
Noise level 7
Light pollution level 8
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Political/legal | Legal properties Land ownership 9
Local population Working/resident pgpulation 10
Average personal income 11
Employment types 12
Neighborhood / et |14
Community Place attachment* 15
Production Local domestic product 16
Investments bin_ reconstruction of 17
uildings
Economic* Consumption* dCVCl(l;;lIll?llell(':lt,H;ZZsCt\r/IClleg;);lgl}lt and| 18
renewal of public open space
Real estate prices* 19
Real estate rents* 20
Cultural/historic elfﬁ’gié“gg’tt Urban texture 2
Historical features Historical buildings 22
Residential* 23
Commercial* 24
Industrial 25
Government, i_nstitutional and 2%
o community factors
BulldmlgfS eaild land Open space 27
Mixed uses 28
Plot ratio* 29
Building density 30
Number of retail and service
tlr;?fpo“izﬁﬁi facilities* 31
Road density 32
Traffic flow* 33
Parking capacity 34
Number of bus lines 35
Transportation* Convenience for bicycle users [ 36
Convenience for pedestrian | 37
Main working transportation 38
mode*
Main leisure transportation 39
mode*
Access to CBD/BCCs* 40
Access to cultural facilities | 41
Access to recreation facilities | 42
Access to medical center 43
Access to school 44
Accessibility* |Travel accessibility*|  Access to civic and public 45
spaces
Access to airport™® 46
Access to railway stations/MTR | 47
Access to bus terminus 48
Access to trunk roads* 49

Table 3. Composite scores and rankings of 13 major variables

Variable Composite-score|  Ranking
Real estate rents 3.10 1
Real estate prices 2.86 2
Main working transportation mode 2.39 3
Commercial 2.25 4
Access to CBD/BCCs 2.08 5
Place attachment 1.75 6
Number of retail and service facilities 1.61 7
Access to airport 1.57 8
Plot ratio 1.53 9
Main leisure transportation mode 1.43 10
Access to railway stations/MTR 1.42 11
Traffic flow 1.28 12
Residential 1.03 13
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The final weights of each variable at every level of the
hierarchical model are measured by synthesizing the absolute
judgments made by the 20 participants. Figure 1 illustrates the
hierarchical model along with the weights of the major variables,
which can be used to evaluate rapid-transit systems on urban

central areas.

5. Discussion

Based on the hierarchical model of the important variables, the
“Land use and transportation” variable category occupies the
largest proportion and has more variable sets and individual
variables than the others in Figure 1. Although “Economic” has
only one variable set and two individual variables, its significance
is only 13% less than the significance of “Land use and
transportation.” Furthermore, rapid-transit systems directly affect
“Accessibility,” which has one variable set and three individual
variables. Although “Social” has only one variable set and one
individual variable, it occupies an important position in the model.

In the second level, the “Consumption” variable set, which
includes two variables (“Real estate prices” and “Real estate
rents”), has a larger weight than the others in Figure 1. These two
individual variables occupy the top two positions. Compared with
other variables, it is normally agreed that rapid-transit systems
significantly affect property values. Many case studies conducted
in both Western and Asian cities have found that accessibility to
transport remains an important determinant of housing prices
[27,49]. In addition, distance from subway stations has a
statistically significant effect on property values before the
opening of a subway line [34].

“Building and land use” is placed at the second position and is
composed of four individual variables: “Residence land,”
“Commercial land,” “Plot ratio” and “Number of retail and service
facilities.” According to analysis of cross-sectional and time series
data, commercial usage tends to replace residential and industrial
usages near transit stations [35]. The addition of commercial
properties has been promoted to increase the number of retail and
service facilities. The boom in rapid-transit operations also
encourages underground commercial streets. As rapid-transit
construction promotes the compact and mixed use of a city,
rapid-transit systems have indirectly raised the plot ratio of blocks
along corridors [35].

Rapid-transit systems also directly affect “Transportation,”
which comprises “Traffic flow,” “Main working transportation
mode” and “Main leisure transportation mode.” In major cities,
drivers frequently complain about traffic congestion and long

commute times. An increasing number of people are choosing
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Fig 1. Hierarchical model to evaluate rapid-transit system on urban central areas in China

rapid-transit systems as their main transportation modes due to the
rapid speeds offered and the appeal of being on time. In particular,
when heavy traffic jams occur during rush hour and parking spaces
are limited in shopping malls, a metro system can gradually
become a main working and leisure transportation mode. Traffic
flow can also be controlled as rapid transit ultimately replaces
some vehicle usage.

Rapid-transit systems can directly affect “Travel accessibility”
and particularly decrease the time spent travelling from corridor
catchment areas to airports, commercial business centers (CBDs)
and subway stations. In China, many cities have opened airport
subway lines, such as Airport Express in Beijing and Hong Kong
and Luobao Line in Shenzhen. A CBD is usually an important
transfer station at which many metro lines are concentrated.
Footbridges and underpasses are commonly developed to promote
access to subway stations.

Although “Neighborhood/community” has the smallest weight
at the second level and only one individual variable, it is
nevertheless affected by rapid-transit systems. The operation of
transit systems raises the amount of human movements, promotes
city center regeneration and increases the attractiveness of affected

areas.

6. Conclusion

Additional rapid-transit systems are opening in major cities as
China's urbanization becomes more rapid. The boom in
rapid-transit construction has inevitably affected peoples' lives and

behavior. Because rapid-transit systems affect various aspects of

urban development such as real estate value, urban transportation,
economic and urban renewal, it is important to identify their major
effects, particularly in China.

This study synthesizes a framework that determines the major
variables involved in evaluating rapid-transit systems in city
centers. A combined method involving the Delphi approach, PCA
and the AHP is applied to establish a hierarchical model and
evaluate rapid-transit systems on urban central areas. Experts in
related fields were invited to participate in two Delphi rounds.
Forty-nine variables divided into fifteen sets under eight categories
are identified as the significant effects of rapid transit. PCA is
conducted to determine the major variables, and the AHP is applied
to measure the significance of each variable based on the
participants' opinions. Finally, a hierarchical model, which
contains three levels consisting of the 13 major variables divided
into 5 sets (consumption; building and land use; transportation;
travel accessibility; and neighborhood and community) under 4
categories (social; economic; land use and transportation; and
accessibility), is established to evaluate rapid-transit systems on
urban central areas. This hierarchical model framework is useful
for stockholders or participants to evaluate the operations of
rapid-transit systems and city center regeneration proposals. It is
expected to improve China's rapid development and make it more
sustainable.

This study helps develop a holistic framework to evaluate the
effects of rapid-transit development in city centers. In particular,
reviewing the extensive related literature and policies and
administering surveys to experts permitted the evaluation of the

significance of various aspects of rapid-transit development and
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the relationships between rapid-transit systems and urban
development. To realize the full potential of this framework, the
relationships between the variables and effects must be
continuously evaluated. As urban contexts continuously change,
the continuous monitoring of these changes can enhance the
framework and allow it to adapt, particularly in China, where a
large amount of rapid-transit systems are being constructed in

various cities.
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