Frontiers of Architectural Research 10 (2021) 652—668

b —rp Available online at www.sciencedirect.com
ScienceDirect
Higher M
Education _ _ o SOUTHEAST
Press journal homepage: www.keaipublishing.com/foar UNIVERSITY

RESEARCH ARTICLE

Measuring the built environment of green g
Check for
° ° updates
transit-oriented development: A factor-
cluster analysis of rail station areas in
Singapore
Shaofei Niu 2, Ang Hu 2, Zhongwei Shen °, Ying Huang 2,
Yanchuan Mou “*
3 College of Architecture and Environment, Sichuan University, Chengdu, 610065, China
b School of Architecture and Design, Southwest Jiaotong University, Chengdu, 611756, China
€ Faculty of Architecture and Urban Planning, Key Laboratory of New Technology for Construction of
Cities in Mountain Area, Chongqing University, Chongqing, 400030, China
Received 6 October 2020; received in revised form 17 January 2021; accepted 17 March 2021
KEYWORDS Abstract Green transit-oriented development (TOD) is an evolution of the TOD theory, influ-
Green TOD; enced by sustainable development and green urbanism. This advancement expands the envi-
Built environment; ronmental and ecological dimensions of conventional TOD. However, relevant research has
TOD typology; only just started, particularly in combination with high-density cities in Asia. This study mea-
Urban analysis; sures the built environment of Green TOD and identifies the key factors and characteristics of
GIS the Green TOD built environment. An evaluation method for the Green TOD built environment

is developed on the basis of the 5D (density, diversity, design, destination, and distance) built
environment framework and combined with green urbanism theories. Data from 23 rail station
areas in Singapore were collected and analyzed using factor and cluster analysis. Five factors,
namely, neighborhood spatial form factor, facility completeness factor, open space factor,
high-density mixed land-use factor, and walking amenity factor, are extracted. Twenty-
three station areas are classified into five clusters. The characteristics and optimization stra-
tegies of each cluster are analyzed on the basis of the statistical and graphical analyses. This
research displays the characteristics and typology of the Green TOD built environment in an
empirical way and offers a foundation for further research in diverse urban contexts.

© 2021 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf
of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author.
E-mail addresses: shaofeiniu@scu.edu.cn (S. Niu), ang.hué@scu.edu.cn (A. Hu), szw@home.swjtu.edu.cn (Z. Shen), 474916548@qq.com
(Y. Huang), yanchuan@cqu.edu.cn (Y. Mou).
Peer review under responsibility of Southeast University.

https://doi.org/10.1016/j.foar.2021.03.005
2095-2635/© 2021 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:shaofeiniu@scu.edu.cn
mailto:ang.hu6@scu.edu.cn
mailto:szw@home.swjtu.edu.cn
mailto:474916548@qq.com
mailto:yanchuan@cqu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foar.2021.03.005&domain=pdf
https://doi.org/10.1016/j.foar.2021.03.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/20952635
www.keaipublishing.com/foar
https://doi.org/10.1016/j.foar.2021.03.005
https://doi.org/10.1016/j.foar.2021.03.005

Frontiers of Architectural Research 10 (2021) 652—668

1. Introduction

The built environment refers to the spatial environment
closely related to human activities and urban development
and corresponds to the natural environment (Roof and
Oleru, 2008). The relationship between the built environ-
ment and the mobility pattern of inhabitants has always
been an important topic of urban studies. From the
perspective of the development of built environment and
travel research, early research focused more on traffic
demand forecasting (Van Arem et al., 1997). Later, scholars
began to focus on the impact of regional population density
and land use patterns on traffic volume. With the increasing
urban problems caused by car-oriented transportation
modes, scholars began to consider how motor-based travel
and family vehicle miles of travel (VMT) can be reduced
(Handy et al., 2005). New planning concepts, such as
transit-oriented development (TOD) and traditional neigh-
borhood development emerged, to encourage public transit
and nonmotor vehicle-based travel guided by planning
policies. Peter Calthorpe, one of the representatives of
new urbanism, introduced the TOD concept in 1993
(Calthorpe, 1993). This concept promotes high-density
mixed-use development within walking distance of transit
stations. The initial concept of TOD was closely linked to
community planning and development. On this basis,
Bernick and Cervero (1997) promoted the notion of the
transit village as a paradigm for creating attractive com-
munities arranged around a transit station. However, the
connotations of land development (Cervero et al., 2002)
and property value (Park et al., 2016) have been gradually
integrated on urban development and development pro-
cesses with the implementation of the TOD concept. Ac-
cording to literature statistics about TOD research in the
past 25 years (Jamme et al., 2019), the themes of com-
munity development and urban design account for 12% and
6% of the relevant literature, respectively. This notion in-
dicates that TOD research needs to be further strengthened
at the neighborhood and community scale.

The development concept of conventional TOD emerged
to address urban sprawl and restrain excessive dependence
on private vehicles in the USA. Green TOD is an evolution of
the TOD theory under the influence of sustainable devel-
opment thought and green urbanism, with the aim toward a
self-sufficient and sustainable transit-oriented city. More
synergies would be created than each strategy could indi-
vidually achieve (Cervero and Sullivan, 2010).

In 2011, Cervero and Sullivan introduced Green TOD.
Green TOD provides an integrated form of sustainable ur-
banization and mobility and has been regarded as an
environment-friendly mode of TOD (Cervero and Sullivan,
2011). Green TOD focuses on combining TOD with green
urbanism to generate larger ecological and environmental
benefits. In their research, Cervero and Sullivan suggested
that the combination should be realized in the following
aspects: (1) higher densities, (2) mixed land use, (3)
reduced surface parking and impervious surfaces, and (4)
solar energy production at stations. The first three aspects
are closely related to the built environment of the transit
station area, and the last aspect is more relevant for the
perspective of green architecture and ecological
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technology. Then, two representative cases were analyzed,
including Hammarby Sjostad in Stockholm, Sweden and as
the Rieselfeld and Vauban districts of Freiburg, Germany.
The study showed that combining TOD with green urbanism
may reduce energy consumption and carbon emission by
approximately 30%. Mixed land use, as advocated by Green
TOD, not only brings destinations closer together but also
creates an active, vibrant community life. Surface parking
is replaced by spaces for pocket parks and community
gardens, which would yield environmental and social
benefits.

Green TOD emphasizes the coordinated development of
transportation, society, and the environment, to build a
sustainable and livable transit-oriented community. Con-
ventional TOD injected new thinking at the social and
environmental dimensions by integrating green urbanism
and ideas associated with an ecological community.
Related studies and project plans have promoted the
development of Green TOD theory; however, research gaps
still exist in the following aspects. First, most means to
achieve Green TOD remain at the principle level, and spe-
cific measures in planning and urban design are obscured,
especially in relation with different urban contexts. Rele-
vant evaluation criteria and weights are based on expert
scoring, which has an inevitably subjective tendency. Sec-
ond, the cases and empirical studies of Green TOD are still
insufficient. Most typical cases originate from Europe and
Australia, mainly referring to sustainable communities with
good transit service availability and advanced ecological
technology. However, little research has focused on the
characteristics of the built environment of representative
TOD communities in one transit network, especially in high-
density cities. Third, quantifying and classifying the built
environment of Green TOD transit station areas are essen-
tial for the implementation of the advanced TOD concept.
However, currently available research on this topic is
insufficient.

The present study addresses the following questions:
How can the performance of the built environment be
measured on the basis of the Green TOD concept? What are
the characteristics and typology of the Green TOD built
environment? To answer these two questions, this study
develops a methodology for measuring the built environ-
ment of selected rail transit station areas in Singapore and
analyzes the spatial form of different types of stations,
using both factor and cluster analysis. This study consists of
four sections. The first section describes the selection of
variables for measuring the built environment of Green TOD
and introduces the study case and the statistical methods.
The second section interprets the key findings from the
statistical analysis. The third section discusses the impli-
cations of the core results. The final section summarizes
this study and presents suggestions for the improvement of
the overall performance of Green TOD.

2. Literature review

2.1. Built environment measurements of TOD

Scholarly attention has largely focused on the relationship
between the built environment of station and regional
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areas and travel behavior. Ewing and Cervero (2001, 2010)
proposed the 5D framework (i.e., five aspects of the built
environment, which consist of density, land-use diversity,
pedestrian-oriented design, distance to transit, and
destination accessibility). This framework has become the
most influential hypothesis of the TOD research. In addi-
tion to the self-selection tendency of households, the 5D
variables of the built environment have been confirmed to
exert positive effects on enhancing transit use in different
countries (Cervero, 2004; Cervero et al., 2009;
Kamruzzaman et al., 2014; Olaru and Curtis, 2015; Ewing
et al., 2016). Refined modeling methods and big data
provide an increasing body of empirical evidence (Pan
et al., 2017; Park et al., 2018). In recent years, the
walkability and vitality of TOD station areas have received
widespread attention. The studies on the relationship of
pedestrian environments and walkers’ behaviors have also
increased (Saelens et al., 2003; Sung et al., 2014; Huang
et al., 2017; Kim et al., 2018; Kang, 2018). The three
Ds of land-use diversity, pedestrian-oriented design, and
distance to transit have mainly been discussed. In sum-
mary, research on the built environment of TOD mainly
addresses the relationship of the variables of the 5Ds with
travel behavior. However, quantitative research on the
built environment itself is insufficient, especially with
regard to the station area at the neighborhood scale from
the perspective of urban design (Jacobson and Forsyth,
2008). The interpretation of spatial morphological char-
acteristics of the different station catchment areas forms
the basis for the planning and implementation of the TOD
concept in different urban contexts.

A number of studies have inspired this work to eval-
uate and classify the performance of the built environ-
ment of the station area. One of the representative
approaches is based on the coordinated idea of traffic and
land use at the station area. Indicators are selected from
two dimensions. The basic idea of this approach is the
node-place model proposed by Bertolini (1999). Each
station area can be described from a two-dimensional
perspective, namely, from nodal characteristics (i.e.,
the connectivity of transport network) and place charac-
teristics (i.e., the intensity and diversity of land devel-
opment). Four types of stations are obtained according to
the correlation status between node and place indexes.
Numerous scholars have adopted and expanded this model
to evaluate and classify rail transit stations in multiple
cities (Reusser et al., 2008; Chorus and Bertolini, 2011;
Kickert et al., 2014; Monajem and Nosratian, 2015). This
approach helps in depicting the performance of the sta-
tion site with concise graphics. However, the indicators do
not include the specific design elements associated with
the walkability and spatial quality of the built environ-
ment of the station area. Therefore, the evaluation re-
sults are still limited in their guiding value for the urban
design of the station area.

Several scholars also explored other approaches for the
station typology study and classified TOD characteristics in
a more precise way. Atkinson-Palombo and Kuby (2011)
conducted factor analysis and hierarchical cluster anal-
ysis to identify the 27 Light Rail Transit (LRT) station
areas of Metropolitan Phoenix, USA. Five station-area
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types, namely, employment centers, middle-income
mixed-use areas, transportation (park-and-ride) nodes,
high population/rental areas, and urban poverty areas,
were analyzed. Kamruzzaman et al. (2014) classified 1734
census collection districts in Brisbane, Australia by using
six indicators of the built environment. These indicators
are net employment density, net residential density, land
use diversity, intersection density, cul-de-sac density, and
public transport accessibility. The stations were divided
into four groups: residential TODs, activity center TODs,
potential TODs, and TOD nonsuitability. Higgins and
Kanaroglou (2016) developed a model-based latent class
method to quantify and classify the performance of 372
rapid transit station areas in Toronto. Ten station types
are classified according to five input characteristics,
namely, density, development mix, street connectivity,
interaction potential, and land use mix. These studies
provide information for the evaluation and classification
of the built environment of Green TOD.

2.2. Concept and practice of green TOD

Green TOD reflects multidisciplinary collaboration and
blending. Researchers increasingly focus on the compre-
hensive benefits of TOD. Other outcomes, such as
improvement of air quality (Gu et al., 2019) and guiding
sustainable urban growth, have been considered
(Knowles, 2012). Scholars then started to interpret this
new idea and conduct studies at the theoretical level.
Wey et al. (2016) used the fuzzy Delphi technique (FDT)
to select TOD evaluation criteria that satisfy the principle
of sustainable transportation. They evaluated the perfor-
mances of stations on the Ankeng Line of the New Taipei
City mass rapid transit (MRT) system according to the
weighted evaluation criteria. Huang and Wey (2019)
selected and weighted the design criteria of Green TOD
with FDT, quality function deployment, and fuzzy analytic
network process methods. The interweighting relationship
between planning needs and technical requirements was
identified via questionnaire surveys and matrix
calculation.

Specific planning projects help in moving Green TOD
from a theory to reality. Cumberland, a community in
Cobb County, Atlanta, USA, has developed a Green TOD
framework for a regional renaissance. The corresponding
implementation measures have been implemented in six
aspects, including smart location and linkage, neighbor-
hood design and walkability, green infrastructure and
buildings, innovation and health, community process and
place-making, and policy and implementation
(Cumberland, 2010). The underground railway plan of
Kaohsiung incorporates a green transit-oriented develop-
ment concept. In combination with TOD and eco-
community concepts, this plan was expected to promote
ecological transit community construction and revitalize
old urban areas by developing rail transit corridors. The
land surrounding the station was reorganized into specific
business districts, parks, green belts, and roads on the
basis of the Green TOD concept by delineating priority
urban renewal areas.
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3. Material and methods
3.1. Selection of variables

From the perspective of the built environment, the Green
TOD concept emphasizes guidance of low-carbon travel
behavior, such as walking and cycling. Richer open spaces
and green corridors are created in the TOD station areas
through place-making. The mixed land uses advocated by
Green TOD are not only useful for traditional commercial
development but also achieve the integration of various
activities, such as public services. Consequently, the sta-
tion is not only a transportation node but also a public ac-
tivity and social center. Expanding the 5Ds framework of
the built environment to ensure that it can better measure
the characteristics of Green TOD is the first step of this
study.

In reference to the concept of green urbanism and sus-
tainable communities, the variables of the 5Ds built envi-
ronment have been expanded. These expanded variables
more comprehensively measure and characterize the built
environment elements of Green TOD. After reviewing pre-
vious studies on the TOD built environment, green urban-
ism, and ecological community assessment system (LEED-
ND, BREEAM communities), this study suggests the following
13 variables in which criterion levels are interpreted with
the demand of Green TOD. The 5D built environment is used
as a basic framework. The variable selection refers to the
measurement method of the corresponding built environ-
ment dimension in relevant research under consideration of
the availability of data sources (Table 1).

The sufficient density of development and population
is the basic condition for a Green TOD station site. This
factor includes two variables: building density and the
average plot ratio of the station area. Diversity refers to
the land-use mix of urban functions. Two variables are
chosen, namely, the entropy index of land use mix and
the proportion of commercial land to residential land.
Design is a criterion most closely related to green ur-
banism and the sustainable urban design concept. More-
over, design is a dimension not only related to the travel
choice of residents but also forms an important link in
the spatial organization between the community and the
station, where it helps in creating an ecological station
neighborhood and high-quality public space. This dimen-
sion further includes three parts, namely, street con-
nectivity, walkability, and bikeability, and the quality of
the open space. Average block length and street inter-
section density are two descriptive variables of street
connectivity. Considering the tropical climate of
Singapore, the length of the walkway, the length of
shaded areas of the walkway, and the number of bicycle
racks are chosen as three suitable variables of walkability
and bikeability. With regard to the quality of the public
space, the area of parks and open spaces and the open
space connectivity within the station domain are consid-
ered. In this context, destination refers to the degree of
accessibility to activities in the station area. The number
of public service facilities is chosen as a variable in this
study. The number of kindergartens, elementary schools,
community centers, libraries, sports centers, clinics, and
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shopping centers is counted in the station neighborhood.
Distance to transit is used as a representation for how
easy it is to walk to transit stations. In this study, this
metric also reflects the traffic connectivity of the MRT
station site to communities away from the town center.
The number of bus stations within the station area is the
corresponding variable.

3.2. Study case and data collection

In terms of sustainable transport planning and ecological
city development, Singapore is an outstanding city-state in
Asia. Singapore has been named as a sustainable transit
metropolis (Cervero, 1998). Newman (2010, 2014) sug-
gested that Singapore is a representative city of green ur-
banism; here, the built environment and natural ecological
environment of this high-density city are balanced. Singa-
pore’s compact and biophilic urban environment is closely
linked to its synergetic development of public transport and
land use. During the construction of the MRT lines, new
towns located at the intersection of rail transit corridor
were developed by the Housing and Development Board
(HDB), based on the concept of self-sufficiency. Asian high-
density cities need to deal with urban problems under the
condition of limited land resources. Today, the overall 23
new towns in Singapore help in shaping “decentralized
compact” urban morphological features (Yang and Lew,
2009; Niu et al., 2019) and serve as an urban skeleton of
the sustainable transit metropolis. The built environments
of the neighborhoods of rail stations, located in each new
town center, are suitable samples to help in better under-
standing the Green TOD concept.

The authors chose 23 MRT stations from the existing 23
HDB towns of Singapore. The selection principle is that
the station should be located in the town center and
serve as a transportation hub and the center of public
activities (Table 2). In general, a typical TOD neighbor-
hood has a diameter of 400—800 m, which presents
pedestrian scale distances (5—10 min walk). The research
scope is urban space with a radius of 500 m centered on
the station.

Measurements of the 13 variables and respective data
sources are summarized in Table 3. The built environment
data originate from the Land Transport Authority (LTA) and
Urban Redevelopment Authority (URA) of Singapore (for the
year of 2017), open street map, the master plan of
Singapore (2014), and field surveys. The built environment
variables of the 23 stations were acquired with the aid of a
geographic information system approach for the following
analysis. Table 4 shows the descriptive statistics of the
variables of these 23 station areas.

3.3. Statistical methods

Factor analysis, as a multi-variable statistical method, re-
duces the dimensionality of a set of data and discovers the
underlying, representative factors among original observa-
tional variables. These factors can explain an overwhelming
majority of information of original variables and reflect the
interdependence structure of data (Rummel, 1988). Thir-
teen built environment variables of Green TOD were



S. Niu, A. Hu, Z. Shen et al.

Table 1  Selection of variables for the evaluation of the Green transit-oriented development (TOD) built environment.

Built environment

Criterion

Variables

Reference

Density

Diversity

Design

Destination

Distance to transit

Development intensity

Land use diversity

Street connectivity

Walkability and
bikeability

Open space quality

Regional destination

accessibility

Bus stop accessibility

Building density

Average plot ratio

Entropy index of
land use mix

Proportion of
commercial land
to residential land
Average block
length

Street intersection
density

Walkway length

Shaded walkway
length

Number of bicycle
racks

Area of parks and
open spaces
Open space
connectivity
Number of public
service facilities

Number of bus
stops

Nasri and Zhang (2014), ITDP
(Institute for Transportation &
Development Policy) (2017), and U.S.
Green Building Council (2015)
Cervero and Murakami (2008),
Cervero and Kockelman (1997)

Park et al. (2018), Nasri and Zhang
(2014), Loo et al. (2011), Ewing and
Cervero (2010)

Cervero and Kockelman (1997) and
Loo et al. (2011)

Nasri and Zhang (2014), ITDP
(Institute for Transportation &
Development Policy) (2017), U.S.
Green Building Council (2015),
Cervero and Murakami (2008),
Cervero and Kockelman (1997), and
Farr (2011)

Park et al. (2018), ITDP (Institute for
Transportation & Development
Policy) (2017), U.S. Green Building
Council (2015), Cervero and
Kockelman (1997), Ewing and Cervero
(2010), and Renne and Wells (2005)
Cervero and Kockelman (1997), Farr
(2011), and Handy et al. (2005)

ITDP (Institute for Transportation &
Development Policy) (2017)

ITDP (Institute for Transportation &
Development Policy) (2017), U.S.
Green Building Council (2015), Renne
(2009), and Communities (2012)

Farr (2011), Handy et al. (2005), and
Renne (2009)

U.S. Green Building Council (2015)
and Farr (2011)

U.S. Green Building Council (2015),
Farr (2011), Handy et al. (2005), and
Renne and Wells (2005)

Park et al. (2018), ITDP (Institute for
Transportation & Development
Policy) (2017), U.S. Green Building
Council (2015), and Renne and Wells
(2005)

identified by performing a Varimax rotated factor analysis
to identify unobserved latent variables (factors) and obtain
factor scores for each sample. Factor analysis has been
used to study the built environment and travel behavior
(Cervero and Kockelman, 1997; Handy et al., 2005) and for
exploring the internal relations of design elements (Yildiz
et al., 2019). In this study, the performance of every sta-
tion area on each dimension of the Green TOD built envi-
ronment is reflected by factor scores.

The factor score matrix is used as an input for the cluster
analysis to identify homogeneous subgroups of selected
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stations. Cluster analysis is a statistical method that cre-
ates classification according to data similarity. The k-means
clustering algorithm is one of the methods most widely used
for data mining (Arthur and Vassilvitskii, 2006). The
objective of k-means clustering is the partitioning of ob-
servations into clusters by applying the principle of the
nearest mean value. First, k initial “means” are randomly
determined from n observations. Then, these observations
are assigned into corresponding clusters according to the
minimum distance principle (i.e., the minimum sum of the
squares of the distances from each feature to the center of
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Table 2
(MRT) stations.

Basic information of the 23 mass rapid transit

Station name Location
Ang Mo Kio MRT Station Ang Mo Kio
Bedok MRT Station Bedok
Bishan MRT Station Bishan
Bukit Batok MRT Station Bukit Batok
Redhill MRT Station Bukit Merah

Bukit Panjang MRT Station
Choa Chu Kang Station
Clementi MRT Station
Paya Lebar MRT Stations
Hougang MRT MRT Station
Jurong East MRT Station
Boon Lay MRT Station
Kallang MRT Station

Pasir Ris MRT Station
Punggol MRT Station
Queenstown MRT Station
Sembawang MRT Station
Sengkang MRT/LRT Station
Serangoon MRT Station
Tampines MRT Station

Toa Payoh MRT Station
Woodlands MRT Station
Yishun MRT Station

Sixth Avenue MRT Station

Bukit Panjang
Choa Chu Kang
Clementi
Geylang
Hougang
Jurong East
Jurong West
Kallang/Whampoa
Pasir Ris
Punggol
Queenstown
Sembawang
Sengkang
Serangoon
Tampines

Toa Payoh
Woodlands
Yishun

Bukit Timah

the category). The calculation ends when it reaches the
specified maximum number of iterations, or if the centroid
of each cluster does not change. The final cluster center is
the mean of all assigned observations in the corresponding
cluster (Jain, 2010). In the literature, authors, such as
Atkinson-Palombo and Kuby (2011), Kamruzzaman et al.
(2014), and Higgins and Kanaroglou (2016), have used
cluster analysis for station classification. Factor analysis
and cluster analysis were conducted using PASW Statistics
18 software.

4, Results

4.1. Factor analysis

According to the correlation analysis, several of the var-
iables are highly correlated (Appendix Fig. A1). The Kai-
ser—Meyer—Olkin and Bartlett’s tests indicate that the
research data are suitable for factor analysis. Before using
principal component extraction of the 13 original vari-
ables, all initial values are set to 1.000. “Extraction”
represents the proportion of the variance of each variable
that can be explained by the factors, most of which
exceed 0.7.

Eigenvalues represent the variances of factors. The first
five principal components with eigenvalues >1 are extrac-
ted. Variance extraction analysis shows that the cumulative
variance contribution of the first five components accounts
for 79.04%, meaning that it can explain 79.04% of the in-
formation of 13 original variables (Appendix Fig. A2).

657

The Varimax method is used to maximize the sum of
variances of each factor to simplify the factor structure for
theoretical interpretation. Rotation factors do not change
the model’s fitting status to the data. The post-rotation
factor loading matrix is shown in Table 5.

The influential variables of Factor 1 (F1) are average
block length, street intersection density, and the number of
bicycle racks. Based on the size and signs of loadings, this
factor represents cases with short average block lengths
and more street intersections and bicycle racks. Thus, F1 is
closely linked to the size and form of the block space. This
cluster is named the “neighborhood spatial form factor”.
Factor 2 (F2) is more related to the number of public ser-
vice facilities and the number of bus stops. This cluster is
named “facility completeness factor” and represents the
part of livability of transit communities. Factor 3 (F3) has
higher loadings in the park and open space area and length
of the park connector. F3 reflects the quality of open space
and connectivity and is therefore named "open space fac-
tor”. Factor 4 (F4) mainly links the variables of building
density and the proportion of commerce to the residence,
thus clearly capturing the land use dimension of the "high-
density mixed land-use factor”. F4 reflects the basic
advocacy of Calthorpe on the TOD concept. Accordingly,
Factor 5 (F5) represents cases with long shaded walkways,
high plot ratio, and long sidewalk and is named "walking
amenity factor”.

4.2. Cluster analysis

Every station area has related performances for all five
dimensions with the aid of factor analysis. A k-means
clustering analysis (based on the five factors of the built
environment) is applied at this stage to further identify the
homogeneous subgroups of 23 MRT stations based on the
characteristics of the built environment of Green TOD. The
five factors generated during the factor analysis are used as
input features. The 23 MRT station sites are divided into five
clusters. The respective final cluster center values and
mean values of the variables of each cluster are shown in
Table 6.

5. Discussion

This study presents a systematic and quantitative investi-
gation of the built environment of the Green TOD by using
13 variables to measure the built environment of 23 sample
areas in Singapore. Five factors, representing five di-
mensions of the built environment of the Green TOD, are
extracted with the help of factor analysis. The performance
of every station area on each dimension is reflected by
factor scores. The typology of the built environment of the
station areas, based on Green TOD, is divided into five
clusters by using cluster analysis. This subdivision promotes
the empirical study of the Green TOD mode of rail transit
station areas.

The research could identify the optimization strategies
of different groups of station neighborhoods toward a
greener TOD mode based on the results of the cluster
analysis and the spatial pattern of the site area. Fig. 1
shows how the stations belonging to each cluster are
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Table 3

Measurement of variables and data sources used for this study.

Variables

Measurement

Data source

Building density

Average plot ratio

Entropy index of land use mix

Proportion of commercial
land to residential land
Average block length

Street intersection density

Walkway length

Shaded walkway length

Number of bicycle racks

Area of parks and open spaces
Open space connectivity

Number of public service facilities

Number of bus stops

Proportion of the area of ground floor
footprint of buildings to the total site
area

Average of the plot ratio of land parcels
of the station area
Calculated by EI =
the Entropy Index of

— sk, PixInPi

K LEl is

mixing for different land use, where 0 <
El <1, k represents the number of land
use types, Pi represents the proportion
of the land use type i within 500-meter
radius of the station area, and i
represents the land use type
(residential, commercial, green space
etc.).

Proportion of the commercial land area
to the residential land area

Average of the length (long side) of a
block that is completely within the study
area (the length of block refers to the
length between two adjacent
intersections in the pedestrian network)
Number of street crossings per km?
within the study area (crossroad = 1.33
intersection; pedestrian overpass = 1
intersection), excluding cul-de-sacs with
no connection to the pedestrian network
Length of the sidewalk for the pedestrian
that is partitioned with curbs or
guardrails at the side of roads

Length of covered walkways that protect
from sun and rain

Number of racks for parking bicycles
Area of parks and open spaces

Length of the park connector’

Number of public service facilities,
including kindergartens, elementary
schools, community centers, libraries,
sports centers, clinics, and shopping
centers

Number of bus stops (including ordinary
bus stops and bus interchanges)

Master plan 2014 and open street map

Master plan 2014

Master plan 2014 and open street map

Master plan 2014 and field survey

Open street map and field survey

Open street map and field survey

LTA and field survey

LTA and field survey

LTA and field survey

Master plan 2014 and open street map
URA

Point of interest data

LTA, field survey

distributed across Singapore. The average scores of the
respective clusters on the five factors could be regarded as
the performance with regard to the five dimensions of the
Green TOD built environment, which is displayed in the
form of a radar chart (Fig. 2).

Cluster 1 comprises seven stations. Here, the mean
value of every factor is at a relatively low level, where F3

" The park connector network of Singapore is a network of
walking/running/cycling paths that connect the various parks and
other green spaces in Singapore. In this study, the length of park
connectors in the station area reflects the connectivity and
accessibility of green spaces and parks.
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(open space factor) and F5 (walking amenity factor) are
lowest compared with other clusters. This cluster is named
"“TODs requiring improvement in all dimensions”. The
comprehensive factor scores of the stations in this cluster
are ranked relative to the last of all sites. The basic char-
acteristics are the deficiency of public space and connec-
tivity and insufficient walking quality compared with other
clusters. A number of station sites in this cluster are
located in developing towns. For example, Pasir Ris, a
station located in the fringe area of the city, is surrounded
by a large area of reserved land in the station area. The
development of this emerging town has not yet been
completed. Thus, the average plot ratio at this station area
is relatively low, and relatively few pedestrian facilities,
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Table 4 Descriptive statistics of variables of 23 station areas.
Variables Min. Max. Mean Standard deviation
Building density 11.00% 31.00% 21.96% 4.57%
Average plot ratio 1.46 3.84 2.96 0.49
Entropy index of land use mix 0.55 0.91 0.74 0.11
Proportion of commercial land to residential land 0.02 1.93 0.39 0.52
Average block length (m) 160.00 260.00 199.57 28.04
Street intersection density 26.30 58.98 46.25 7.27
Walkway length (m) 6834.15 16214.00 10149.07 2347.55
Shaded walkway length (m) 0.00 1892.47 578.44 499.51
Number of bicycle racks 1.00 9.00 4.22 2.28
Area of parks and open spaces (m?) 1081.03 152070.79 39771.78 36131.73
Open space connectivity 0.00 3403.78 869.92 832.22
Number of public service facilities 2.00 12.00 7.00 2.56
Number of bus stops 8.00 29.00 17.87 4.28
Table 5 Component matrix after Varimax rotation.
Variables Component

1 2 3 4 5
building_density —.015 .090 —.137 911 —.004
ave_plot_ratio .089 —.049 .063 .295 .763
land_use_El 173 —.711 .313 414 .092
com_res_prop .094 —.351 —.261 .641 .448
ave_block_length —.870 —.246 —.248 .029 —.114
inters_density .901 .080 .195 —.084 .187
sidewalk_length .249 .069 —.688 .028 .435
shaded_walkway_length —.018 .150 —.260 —.145 .827
bike_lot_num .735 —.253 —.224 .240 —.218
area_open_space .135 —.351 .753 —.258 —.039
num_service —.034 .742 —.017 .430 118
num_bus_stop .302 .839 —.091 —.094 .045
park_connector_length .293 .018 776 —.055 —.011
Percentage of Variance explained 18.578% 16.739% 15.825% 14.228% 13.670%

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization. Rotation converged in seven

iterations.

such as shaded corridors, exist. Bedok station area (Fig. 3)
represents the area with the largest proportion of business
land of the 23 stations (26.7%). Given the large spatial scale
of the office park, the spatial characteristics are repre-
sented by a superblock, where the public space and the
shaded walkways are insufficiently configured. This
graphics shows the features of high density and low walk-
ability. To further improve the Green TOD built environ-
mental performance, the optimization strategy of this type
of station includes the addition of parks and open spaces
and the further improvements of the pedestrian quality of
the neighborhood.

Cluster 2 only consists of Jurong East station. Here, F1
(i.e., the neighborhood spatial form factor) is the lowest
value, and F4 (i.e., the high-density mixed land-use factor)
and F5 (i.e., the walking amenity factor) are the highest
values of each cluster. Cluster 2 is characterized by a high-
density mixed-use block with good connectivity and walk-
ability. The block size of this cluster is relatively larger than
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the average value of station areas (Fig. 4). This cluster is
named “TODs featuring high-density mixed-use and walk-
ability”. Jurong East Station is the interchange station for
the North-South and East—West lines of Singapore. The
functions and spatial patterns of the station showed that as
the regional center of the western part of Singapore, the
land use around this station site is mainly for white,?
commercial, and business functions, and residential func-
tions are relatively small. A high-intensity mixed-use
development in the core area of Jurong East station is
embodied in the form of an urban complex group across
neighborhoods with an average block length of approxi-
mately 240 m. The elevated pedestrian network of the J-

2 White sites refer to areas that are used (or intended to be used)
mainly for commercial, hotel, residential, sports and recreation,
and other compatible uses, or a combination of two or more such
uses in the form of a mixed development.
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Table 6 Cluster center values and the mean values of 13 variables in each cluster.

Cluster Cluster Cluster Cluster Cluster
1 2 3 4 5
Cluster center value
F1: neighborhood -0.3429 -1.3222 -0.2610 -0.3695
. 1.37522
spatial form factor 6 3 4 8
F2: facility completeness 0.03903 -0.3692 -0.6287 —0.4553 1.1033
factor 4 4 5
-0.8295 -0.5895 -0.0204
F3: open space factor 4 6 8 1.08039"0.21956
F4: high-density mixed  -0.2359 127923 0.6643 -0.9162 0.32646
land-use factor 7 4
F5: walking amenity -0.7640 22834 009456  0.62058 -0.1021
factor 4 7
Owerall
mean
Variable value
ave_block_length (m) 217.14 240.00 172.00 198.00 196.00 199.57
crossing_density (per
km?) 42.01 38.00 54.40 47.05 44.86 46.25
bike_lot_num 4.14 3.00 7.60 2.20 3.20 4.22
num_service 6.43 9.00 6.60 5.20 9.60 7.00
num_bus_stop 18.29 16.00 16.60 16.60 20.20 17.87
19876.2 20432.8 43525.8 @ 86568.9 20942.1
area_open_space (m?) 4 5 2 5 1 39771.78
park_connector_length
(m) 340.24 138.71 1239.55 « 1525.27 732.76 869.92
building_density 0.22 0.26 0.24 0.18 0.23 0.22
com_res_prop 0.22 1.86 0.76 0.16 0.17 0.39
land_use_EI 0.69 0.75 0.84 0.79 0.65 0.74
ave_plot_ratio 2.52 3.84 3.18 3.02 3.12 2.96
10735.2 11978.8 10799.4
sidewalk_length (m) 5 5 7 9412.10 9049.04 10149.07
shaded_walkway_lengt
h (m) 429.41 1525.51 581.78 688.48 484.26 578.44
Case number 7 1 5 5 5 23
Top value Bottom value

Walk significantly improves the accessibility between land
parcels and achieves a close connection between trans-
portation (MRT station), commercial (IMM, J-Cube, JEM, and
Westgate), institutional (Ng Teng Fong General Hospital),
and residential functions. The station area development is
an active attempt to balance large-scale comprehensive
land development and the walkable environment in this
high-density city. This attempt reflects the more mixed land-
use form and comfortable walking experience advocated by
the Green TOD model. Aspects that can be further improved
in this station area include the extent of the length of the
park connector and the density of bus stops.

Cluster 3 consists of five stations. The cluster center
value of F1 (i.e., the neighborhood spatial form factor) is
highest, and F2 (i.e., the facility completeness factor) is
relatively low compared with other clusters. The compre-
hensive factor scores of the stations in this cluster rank at
the top of all sites, indicating a comparatively better Green
TOD performance. Cluster 3 is named “TODs featuring small
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blocks with insufficient facilities”. The spatial character-
istic is the particularly compact and connected street
configuration; however, the completeness of the compre-
hensive facilities is slightly insufficient. For example,
Punggol is a new town based in the northeast of Singapore
that has been developed on the basis of green and
ecological concepts. Punggol Station is the interchange
station of MRT and light rail transit (LRT) lines, serving the
activity center of the town. The station area is character-
ized by a checkerboard pattern of the road grid. The block
size is pleasant, and the intersection density is higher
compared with traditional new towns. However, the num-
ber of public service facilities in the Punggol station area is
lower compared with other station areas. The reason may
be associated with the following two aspects: On the one
hand, the proportion of undeveloped land in the site area is
still high. On the other hand, public service facilities are no
longer limited by having to be arranged in the town center
compared with traditional new towns; however, they can
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Fig. 1

Cluster 1 e Cluster 2

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Sengkang Jurong East Tampines Boon Lay Clementi
Bishan Punggol Bukit Batok Toa Payoh
Serangoon Yishun Choa Chu Kang  Sembawang
Bedok Woodlands Redhill Ang Mo Kio
Pasir Ris Paya Lebar Kallang Queenstown
Hougang

Bukit Panjan

Cluster 3

Spatial distribution and cluster of the 23 MRT station areas.

Cluster 4 Cluster 5

Factor 1-

neighborhood spatial
form factor

Factor 5-walking
amenity factor

Factor 4-high-density
mixed land-use
factor

Fig. 2

also be distributed in the neighborhood center in combi-
nation with the LRT station. Another representative case in
this cluster is Tampines Station (Fig. 5). This elevated sta-
tion is kept at a certain distance from the traffic arterial;
accordingly, the pedestrian core area formed on both sides
of the station and offers multifunctionality. The core area
consists of three shopping centers, one bus interchange
station, and a number of office buildings. All functions are
organized in a compact pattern. The station exits are in-
tegrated with commercial spaces, while the space under
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Factor 2-facility
completeness factor

Factor 3-open space
factor

Radar chart of the performance for five factors of different station area clusters.

the viaduct also includes retail and service functions, thus
achieving intensive space utilization. The average block
length around Tampines Station is about 160 m, repre-
senting one of the smallest scales of the 23 sample stations.
From the perspective of the overall performance of Green
TOD, the density of public service facilities (e.g., educa-
tional institutions, community centers, and hospitals) could
be further increased.

Cluster 4 contains five stations with F3 (i.e., the open
space factor) at the highest value and F4 (i.e., the high-
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Fig. 3  Morphological analysis of the Bedok station area.
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Fig. 4 Morphological analysis of the Jurong East station area.

density mixed land-use factor) at the lowest value of all
clusters. This cluster is named “TODs featuring abundant
open space with low development intensity”. The prevalent
spatial characteristic is that the open space system is

662

relatively complete in the station area with abundance of
park space and longer park connectors. However, the build-
ing density and the proportion of commercial to residential
areas are relatively low. For example, Bukit Batok station is
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Fig. 5

located at the town center of Bukit Batok (Fig. 6). Although
the station is integrated with a small building complex,
consisting of multiple functions, the proportion of commer-
cial toresidential areas is relatively low compared with other
station areas. However, the green space in the station area is
abundant. Two neighborhood parks are situated within 500 m
of the station, and the green space accounts for 19.3%. The
environmental benefits of Green TOD have been empha-
sized. The optimization strategy aspires to further increase
the mixture of functions in the core area of the station and
create a more vibrant town center.

Cluster 5 consists of five stations that are characterized
by the highest mean value of F2 (i.e., the facility
completeness factor). This type of station area contains
more abundant comprehensive public service facilities and
bus stops. The station area is named “TODs featuring
complete facilities”. Stations in this cluster are located in
the center of towns that have been thoroughly developed.
The station area serves not only as a transportation node
but also as a public activity place for the community. For
example, Clementi is the eighth new town that was planned
and developed by the Singapore HDB starting in 1975 and is
located in the southwest of Singapore. Clementi Mall is a
building complex connected to Clementi MRT Station and
the surrounding neighborhood. Clementi Mall, which
opened in 2011, can be understood as an urban regenera-
tion project. This complex, as a podium of three residential
towers, reorganized the MRT station with its bus inter-
change stations, shopping, and service centers in a vertical
way. Around Clementi Plaza, on the south side of Clementi
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Morphological analysis of the Tampines station area.

POI of public service

MRT Station, the hawker center and retail market are
located to create a sense of uniqueness for the community
(Fig. 7). Ten public service facilities are located in the
station area, including kindergarten, elementary school,
community center, library, sports center, hospital, and
shopping center. The number of bus stops is 20, which re-
flects the comprehensive service supply in the station
catchment area. Based on the factor scores and morpho-
logical analysis, the walkability of station areas in Cluster 5
could be further optimized by increasing pedestrian facil-
ities and creating a more pleasant environment for
pedestrians.

The TOD concept requires diverse implementation stra-
tegies and is associated with varying development statuses
at different site areas. Evaluating the built environment
and typological research form the basis for many related
studies. The research results indicate the similarity and
heterogeneity of the Green TOD concept in the built envi-
ronment from an empirical perspective. The comprehen-
sive evaluation and typological research on the built
environment identify the characteristics of the station
areas under different categories and explore the various
dimensions of the improvement requirements toward a
greener TOD.

6. Conclusions

This research developed a variable system for the Green
TOD built environment on the basis of the 5D built
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Fig. 6 Morphological analysis of the Bukit Batok station area.
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Fig. 7 Morphological analysis of the Clementi station area.

environment framework and in combination with green
urbanism theories. The relationship between variables is
further clarified by analyzing the survey data within a
radius of 500 m approximately 23 stations in Singapore by
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using factor and cluster analysis. Five factors (i.e.,
neighborhood spatial form factor, facility completeness
factor, open space factor, high-density mixed land-use
factor, and walking amenity factor) are extracted from



Frontiers of Architectural Research 10 (2021) 652—668

13 original variables. In summary, the five factors are
five major dimensions of the built environment toward
Green TOD. Every station area has a respective factor
score, which reflects its performance for the five di-
mensions. The comprehensive factor score of each sta-
tion site can be calculated as a measure of the overall
performance of the Green TOD built environment by
using the variance contribution proportion of each factor
as weight.

Based on the results of factor analysis, cluster analysis
of the built environment was conducted to further
interpret the built environment for Green TOD. Twenty-
three station areas were divided into five clusters. The
respective characteristics of the built environment and
the optimization strategies toward Green TOD for each
cluster have been analyzed by drawing radar charts and
a morphological graph of the station areas. In addition to
using quantitative variables, graphical analysis is also
essential to better understand the spatial organization
and location of functions of a station area. This study
shows that the performance of the built environment
with regard to five factors of the five types of TOD sta-
tions is related to the spatial form of the station domain,
regional development planning, and the particular
development phase of the town. This research shows
that the Green TOD built environment features multi-
factor connection and integration. In high-density Asian
cities, the "green” connotation of Green TOD is not only
directed at reducing energy consumption and carbon
emissions through ecological technology but also implies
higher efficiency, accessibility, and proximity, thereby
yielding larger synergy through a spatial arrangement.
From the perspective of urban design, these variables of
the built environment are interrelated and jointly shape
the spatial forms of different stations. However, the
overall performance of the Green TOD can be improved
at all levels of transportation, society, and the environ-
ment only if a balance is achieved between the five
factors of the built environment.
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In summary, this research provides a tool for planners
to evaluate the built environment of the Green TOD
development in the areas surrounding existing MRT sta-
tions. The research results also identify the spatial
characteristics of TOD station areas in different rail
transit neighborhoods and their performances in various
dimensions of the Green TOD. On this basis, further
comparative analysis in other cities can be conducted in
the future. Other variables, such as parking space area
and bike lane length, will also be considered in the
evaluation system. The causal effects of the character-
istics of the built environment of Green TOD on resi-
dents’ travel and the livability of sustainable
communities can also be explored by combining the
Green TOD typology with the public transportation travel
behavior, travel carbon emissions, and life satisfaction of
residents in the station area.
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Appendix

Variables
building_density ave_plot_rati land_use_EI | com_res_prop ave_block lengt | inters_densit | walkway lengt | shaded_walkwa bike_lot_num|area_open_space park_connector_ num_service |num_bus_stop
° h v h v length length
Pearson 1 0225 0238 568 0.012 0076 0.119 0,066 0.13 0321 0212 0328 0.045
building_density C.orrelat.lon 200 575 3 73 > 3 ETY > 0
¥ [Sig. @-tailed) 0302 0275 0.005 0.955 0729 0,588 0.765 0.554 0.135 0331 0.127 0.838
N 3 3 3 23 3 23 23 3 3 3 3 23 3
{_P“mf‘ 0225 1 0209 a1 0206 0.134 0.19 a8 0.063 0.084 0.063 0.093 0.024
ave_plot_ratio g5 2-tailed) 0302 0338 0.04 0345 0.541 0.385 0.035 0775 0.704 0.776 0.671 0.915
1 N 3 3 3 2 3 3 3 3 3 3 3 3 3
c::r‘e’;‘:;n 0238 0209 1 0407 0013 0.139 013 2013 0313 0379 0242 0204 543"
land_use U o0 @ tailed) 0275 0.338 0.054 0.953 0.528 0.553 0.555 0.135 0.075 0265 0.173 0.007
N 23 3 3 23 3 23 3 3 3 23 3 3 3
568" a1 0407 1 0023 0.059 45T 0238 0.179 -0.189 -0.168 0.056 0276
com_res_prop 0.005 0.04 0.054 0918 0.788 0.028 0274 0415 0.389 0433 08 0202
3 23 3 3 3 3 3 23 23 3 3 3 3
Pearson - a 2 2 o " . 2 .
ave_block_lengt | ¢ < 0.012 0.2 -0.013 0.023 1 -.860 -0.07 0.012 -419 -0.188 -0.403 -0.057 455
h Sig. (2-tailed) 0.955 0345 0953 0918 0 0.749 0.958 0.047 0.391 0.056 0.196 0.029
N 3 3 3 3 3 23 3 3 23 23 23 3 3
Cfr'::l:"n"“ 0,076 0.134 0.139 0.059 860" 1 0.173 0.129 469" 0289 0368 0028 0308
inters density ['g5 " @ tailed) 0.729 0541 0528 0.788 0 043 0557 0.024 0.181 0.084 0.901 0.153
3 23 3 23 3 3 3 3 3 3 3 B 3
c"";”!‘ 0.119 019 013 a7 007 0173 1 448 0111 4 032 0.147 0232
walkway_length onelation 3 T = = o =
Sig. (2-tailed) 0.388 0.385 0553 0.028 0.749 0.43 0.032 0.615 0.023 0.137 0302 0288
N 3 23 3 2 3 3 3 23 23 23 3 23 3
Pearson . 2 ~2 " o )
shaded_walkway|_Corelation -0.066 442 013 0238 0012 0.129 448 1 -0.107 -0.266 0187 0224 0.141
_length [ Sig. (2-tailed) 0.765 0.035 0355 0274 0.958 0357 0032 0.626 0219 0393 0.303 0522
N 23 23 23 23 23 23 23 23 23 23 23 23 23
Pearson 0.13 0.063 0313 0179 419" 469 0.111 0.107 1 0072 0.043 0016 0058
bike lot num "t "3 tailed) | 0554 0775 I 0415 0047 0024 0615 062 0743 0547 0944 0754
N 3 23 B 23 B 3 3 3 23 3 3 23 3
c::;’;::m 0321 -0.084 0379 -0.189 -0.188 289 4 0266 0072 1 503" 0378 0225
ATEA_OPEN_SPACE 5o (2-tailed) 0.135 0.704 0075 0389 0391 0.181 0023 0219 0.743 0014 0075 0301
R 3 3 3 23 3 3 3 3 3 3 3 3 3
: e 0212 0,063 0242 -0.168 0403 0368 032 0187 0043 503" 1 0.007 0043
park_connector_[ Correlation
length Sig. (-tailed) 0.331 0.776 0265 0443 0.056 0.084 0.137 0.393 0.847 0.014 0.973 0.846
N 3 3 3 3 3 3 3 3 3 3 3 3 3
C::r:’l:‘:;‘u 0.328 0.093 0204 0.056 0057 0028 0147 0224 0016 0378 0.007 1 617
UM_SEIVICE ['Sig, (2-tailed) 0.127 0.671 0173 [ 0.796 0.901 0502 0303 0,923 0.075 0973 0.027
N 23 3 3 3 3 3 3 3 3 3 3 3 3
Pearscn 0.045 0024 3 0276 - 0308 0232 0.141 0058 0225 0.043 - 1
Correlation = . -.543 -0. -433 .3 . . -0. -0. -0. 461
num_bus_Stop ['se 2-tailed) 0.838 0.915 0.007 0202 0.029 0.153 0288 0522 0.794 0.301 0.846 0.027
N 3 3 px] 3 3 3 3 3 pE] 3 3 3 3
**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
Fig. A1  Correlation matrix of the thirteen variables.
Total Variance Explained
Component Initial Eigenvalues Exdraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 2.906 22.350 22.350 2.906 22.350 22.350 2415 18.578 18.578
2 2.654 20414 42.765 2.654 20,414 42.765 2176 16.739 35317
3 2.301 17.703 60.467 2.301 17.703 60.467 2.057 15.825 51.142
4 1.308 10.059 70.527 1.308 10.059 70.527 1.850 14.228 65.370
5 1.107 8.513 79.040 1.107 8513 79.040 1.777 13.670 79.040
6 676 5.197 84.237
7 645 4.959 89.196
8 419 3.220 92.416
] 314 2.414 94.830
10 .288 2.212 97.041
1 179 1.379 98.421
12 135 1.038 99.458
13 .070 542 100.000

Extraction Method: Principal Component Analysis.
Fig. A2 Total Variance Explained in the factor analysis.
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