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Abstract: With the implementation of growth management planning in urban areas and the realization
of sustainable development visions, transit-oriented development has become a form of mainstream
urban development. Relevant studies have verified that the market prices of houses in the peripheries
of public transit stations are higher than those of regular houses. However, when buying a house,
people make price decisions on the basis of their levels of identification with the amenities and
environmental qualities of residential locations. The question arises whether current housing price
levels in the peripheries of public transit stations properly reflect or over-reflect this consideration.
To clarify this, this study selected the peripheries of mass rapid transit (MRT) stations in the Taipei
metropolitan area in Taiwan as the research area and designed a willingness-to-pay questionnaire for
houses in the peripheries of MRT stations by using the contingent valuation method. Subsequently,
a Tobit regression model was established to estimate the prices that people are willing to pay for
such houses. The results revealed that after the respondents had considered the advantages and
disadvantages of the amenities and environmental qualities of the peripheries of MRT stations, they
were willing to pay higher prices for a house in those areas than for a regular house. For houses in
the peripheries of elevated stations, the respondents were willing to pay approximately 7.89% more
than the average market price of the entire administrative district per square meter. For houses in the
peripheries of underground stations, the respondents were willing to pay approximately 5.9% more
than the average market price of the entire administrative district per square meter. However, in the
peripheries of both elevated and underground stations, the current market house prices are higher
than the price levels the respondents were willing to pay. In the peripheries of elevated stations,
the market house prices are 33.55% higher, and those in the peripheries of underground stations are
14.82% higher than what the respondents were willing to pay.

Keywords: growth management; sustainable development; transit-oriented development; housing
price; contingent valuation method

1. Introduction

In the development of urban areas, the land demand from industrial development, commercial
activities, and resident behaviors results in suburbanization. Furthermore, lack of control regarding
development locations and the consideration of land use efficiency have resulted in landscape
patterns with low density, fragmentation, and leapfrogging. This is the so-called urban sprawl
phenomenon [1-7]. As experienced in Europe and North America, the negative impacts of sprawl
in urban spaces far outweigh the benefits. Furthermore, urban sprawl violates the principle of
sustainable development. Relevant studies have supported such discourse on the aspects of land
use, environmental resource preservation, urban and rural development, transportation, and public
sector finance [1,4,8-12]. Consequently, the planning concept of growth management emerged, which
is a systematic strategy and proposed solution for targeting the effects of this development trend of
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urban areas. Planning departments in the public sector intend to help urban areas achieve sustainable
development through growth management. After 2000, this planning concept evolved into smart
growth with the introduction of elements of urban design and building design to strengthen the
habitability and attractiveness of downtown areas. People’s willingness to move back from suburbs to
downtown areas is expected to increase, and urban centers are encouraged to adopt a land use pattern
of compactness and mixed use [13]. With the emergence of smart growth, transit-oriented development
(TOD) has become a form of mainstream urban development in modern times. TOD is the use of a land
development pattern with high density and mixed residential and commercial use along the corridors
and stations of public transit systems. This improves the lifestyle amenities of the surrounding areas as
well as the convenience of public transit systems. The purpose of this development is to centralize the
activities of work, residence, commerce, and recreation to the areas surrounding public transit stations
in addition to reducing the improper consumption of land resources as well as air and noise pollution.

Further studies on the major price-related characteristics of housing markets in these areas have
indicated that the convenience of transport and great amenities in the peripheries of mass transit
stations have positive effects on house prices in the area [14-20]. Benjamin and Sirmans (1996),
Workman and Brod (1997), and Dueker and Bianco (1999) have conducted research on the peripheries
of subway stations in Washington D.C., New York, and Portland in the United States, respectively.
Their results have all indicated that the unit price of houses is higher closer to stations [21-23]. Mulley
and Tsai (2016) verified that the unit price of houses within 400 m of metro stations was higher than
those of houses in other areas after the metro started operations in Sydney, Australia [24]. Debrezion
and Rietveld (2006) measured the influence of Dutch rail transit on house prices, and their results
revealed that because of the noise caused by the stations, houses within 250 m of the stations had
a unit price 5% lower than that of houses 500 m from the stations [16]. Deng and Nelson (2016)
investigated the influence of the Beijing subway system on house prices in China and discovered that
subway stations have positive effects on housing prices in the surrounding areas. The established
characteristic price model demonstrated that the houses within 100 m of public transit stations are
influenced the most [25]. In Taiwan, studies by Liou et al. (2016), Shyr et al. (2013), Chiang (2013),
and Peng et al. (2009) have verified that the mass rapid transit (MRT) system has positive effects on
the prices of surrounding houses [26-29].

TOD strategies aim to solve the predicament of development imbalance in urban areas and attain
sustainable development of the environment. The results of market mechanisms indicate that because
of the planning actions implemented by the government with all its available resources, the houses
in the peripheries of mass transit stations are considered a special house type. Studies have verified
that market prices of such a special house type are higher than those of regular house products. The
price discrepancy mainly occurs because people enjoy the living environments built in accordance
with this special type of land use and are willing to pay higher prices for houses in the peripheries of
mass transit stations. However, under the market mechanism, whether factors such as market price
gouging cause real market prices to exceed the prices that people are willing to pay to enjoy the living
environment is unclear. If urban development policies and strategies proposed by the public sector
lead to an increase in people’s costs for purchasing houses under price gouging, the favorable intention
of such governmental policies may be compromised.

Developmental sprawl has appeared in the overall spatial structure of the Taipei metropolitan
area in Taiwan [30]. To reverse this urban land use pattern, which violates sustainable development,
and solve the conventional land use problem of the inability of zoning controls to respond to the
rapid changes in industrial development and commercial activities, governmental urban planning
agencies have gradually introduced growth management into planning systems at different levels
and are actively implementing TOD strategies. However, the developmental characteristics of the
Taipei metropolitan area and US metropolises differ. In the United States, severe spatial sprawl has
caused the middle class to move to live in suburban areas, minimizing the number of residences in
downtown areas. Therefore, TOD strategies are introduced to reinforce downtown public transport
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accessibility. The adoption of mixed use in the peripheries of mass transit stations can attract people to
reside in downtown areas [31-33]. Under the special spatial structure in Taiwan, the developable land
area and ratio are small. Combined with the development context of mixed use and common dense
residential communities, Taipei features compact city characteristics according to US standards [30].
Urban sprawl occurs in the Taipei metropolitan area mainly because of high housing prices in the
downtown areas, loopholes in land change systems, and population migration to suburbs promoted
by public construction projects led by the governmental sector. Despite the urban sprawl, housing in
downtown areas remains highly attractive [7]. Therefore, the Taipei metropolitan area implements TOD
to reduce dependency in private transport and further improve urban living conditions. The planning
department of the Taipei metropolitan area has made adjustments in urban planning, urban design,
and land use control and developed the systems of floor area incentives and transfer of development
rights to strengthen the land use intensities and mixed-use levels in the peripheries of MRT stations.
However, whether the different causes and purposes of metropolitan development characteristics and
the introduction of TOD for planning result in different profiles of housing markets in the peripheries
of mass transit stations in Taipei and US metropolises remains unclear.

Consequently, the peripheries of MRT stations in the Taipei metropolitan area in Taiwan were
selected as the research area in this study. After people’s perceived satisfaction with the amenities
and environmental qualities of the peripheries of the stations was clarified, the prices they were
willing to pay to buy houses in the areas were calculated. In addition, actual market transaction prices
were compared with the prices people were willing to pay, and the differences between the two were
analyzed. In accordance with the study’s purpose, we conducted an empirical analysis based on the
contingent valuation method (CVM) to design a willingness-to-pay (WTP) questionnaire to assess the
prices people were willing to pay to buy houses in the peripheries of MRT stations. Subsequently, a
Tobit regression model was established, and the additional prices people were willing to pay for houses
in the areas surrounding MRT stations compared with those for regular houses were calculated. Thus,
the interactions among the living environment, residents’ feelings, and the housing market derived
from the planning concept of growth management could be understood. In addition, a novel price
evaluation framework could be provided for this special house type.

2. Research Area

This study selected the Taipei metropolitan area in Taiwan as the research area. The Taipei
metropolitan area consists of Taipei City, New Taipei City, and Keelung City and has an area of 2457
km? and a population of 7,048,851. Itis the largest metropolitan area in Taiwan. The Taipei metropolitan
area is a highly concentrated political, economic, and cultural metropolis with 42 administrative
districts. In 1996, the MRT system started operation in the Taipei metropolitan area. Currently, it
has six lines with a total operating length of 167.2 km and a total of 119 stations. Different forms of
stations have different influences on the surrounding environment, including landscape views, crowds,
congregation of commercial activities, available open space, and noise and vibration generated by the
MRT system’s operation. Thus, the house prices are influenced. Consequently, the target area in this
empirical study included the peripheries of elevated and underground MRT stations. Thus, whether
people’s WTP additional house prices differs based on different station forms can be further clarified.

To fit the scope of the study, the zoning of the selected peripheries of stations mostly comprises
residential districts. In addition, these peripheries have commercial facilities that residents require in
their daily lives. Consequently, the surrounding areas of six MRT stations were selected as the research
area through the digital land use zoning inquiry system of Taipei City Government and New Taipei
City Government as well as Google Maps. They were the peripheral areas of Mingde, Qilian, Beitou,
Wanlong, Dapinglin, and Xindian District Office Stations. Among them, the first three stations are
elevated MRT stations, and the latter three are underground MRT stations. The details are shown in
Figure 1.
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Figure 1. Locations of the study area (courtesy of Free Vector Maps).

3. Study Design

This study determined the value of houses in the areas surrounding stations as perceived by
people by using objective evaluation models. Thus, two study hypotheses were proposed and verified.
The first hypothesis is that because elevated and underground stations have different effects on their
peripheries, the advantages and disadvantages of resulting amenities differ. Therefore, the prices
people are willing to pay to purchase different types of houses in the peripheries of MRT stations differ.
The second hypothesis was that although people are willing to pay higher prices to buy houses in
the peripheries of MRT stations than they are to buy regular house products, the market prices of
houses surrounding stations are higher than the prices people are willing to pay after considering the
effects. Figure 2 presents the framework of the study design. After the empirical research area was
determined, the system of factors influencing house prices in the peripheries of MRT stations was
established. Subsequently, a questionnaire was designed on the basis of the CVM. Finally, a Tobit
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regression model of the areas surrounding elevated and underground stations was established. The
additional prices that people are willing to pay for this special house type were estimated. The steps
involved in each stage are presented in Figure 2.
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Figure 2. Research procedure.
3.1. Selection of Factors that Influence House Prices in the Peripheries of MRT Stations

Factors influencing real estate prices include real estate characteristics, neighboring environments,
and location [34]. Factors associated with location include distances to workplaces, schools, shopping
districts, and public transit stations [35]. If houses are closer to public transit stations, including
those for trains, buses, and subways, the commute cost will be reduced. Consequently, according to
the compensation principle, people must spend relatively more to live in the peripheries of transit
stations. In other words, real estate prices are closely related to the accessibility of public transit
systems. Because convenient public transit systems provide people with greater transport convenience,
the commute time cost is naturally transferred to the cost of buying or renting houses. In addition,
houses near transit stations often have higher selling rates in the real estate market [16,17]. Belzer
and Autler (2002) explored the housing markets in the peripheries of public transit stations in New
York, Boston, Chicago, and San Francisco and concluded that such areas have high-quality amenities
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of abundant commerce and convenient transportation. Consequently, people prioritize such areas
when selecting living locations, even if they must pay relatively higher rents and house prices [36].
Cervero and Duncan (2002) indicated that if an area within 400 m of a station has fine mixed land use
pattern, the house prices in the surrounding areas will increase [20]. Bae et al. (2003) found that line 5
of the Seoul Metropolitan Subway in South Korea exerted a significant positive influence on the house
prices of the surrounding areas even before it started operation. The reason was that people living in
crowded urban environments with intensive development hope that public transit systems translate to
superior transportation convenience and an enhanced living environment. Consequently, the value
increase is reflected in advance in the housing market in the peripheries of the stations [19]. Lund (2006)
explored the reasons that influence people living in the areas surrounding public transit stations in the
three regions of the San Francisco Bay Area, Los Angeles, and San Diego and revealed family income
to be a significant influencing factor [18]. Diaz and Mclean (1999) asserted that pedestrian-oriented
street pattern designs are introduced more actively in areas surrounding public transit stations. As
a result, the quality of life for residents in these areas improve, which becomes a factor positively
influencing house prices. Conversely, noise pollution and privacy concerns negatively influence house
prices [15]. Mulley et al. (2016) conducted research in Brisbane, Australia, and found that public transit
stations exert positive influences (e.g., attracting the aggregation of commercial activities) and negative
influences (e.g., causing noise and increasing crime rates near the stations) [14].

In sum, compared with regular house products, houses in the peripheries of public transit stations
allow residents to enjoy more convenient transportation functions and abundant commercial functions.
In addition, the aggregation of people and vehicles might exert negative impacts such as noise,
unclean environments, and insufficient public security. Thus, the present study reviewed related
literature and considered the development characteristics of the Taipei metropolitan area. The factors
influencing house prices in the peripheries of MRT stations were determined from the three major
dimensions of living environment convenience, resident health and safety, and living environment
amenity. Thereafter, under the premise of people considering lifestyle amenities and environmental
qualities, whether they are willing to pay more to buy houses in the peripheries of public transit
stations was investigated. In addition, the amount that they would be willing to pay was estimated.
A total of 13 influential factors under the 3 major dimensions were identified, as shown in Table 1.
Among them, six positive influenced house prices (GQ1 to GQ6) and seven had negative influences
(BQ1 to BQ?).

Table 1. Factors influencing house prices in the peripheries of mass rapid transit (MRT) stations.

Dimension Influential Factor Expectation Sign

Well-developed public transit network provides fast and

. . . +
. .. convenient transportation services (GQ1).
Convenience of the living
environment Diverse public transportation provides fast and convenient +
transfer functions (GQ2).
Mixed land use provides abundant and convenient commercial +

functions (GQ3).

Traffic congregation results in insufficient parking space (BQ1). -

Traffic congregation influences the air quality of the living
Health and safety of the living environment (BQ?2).
environment

Crowds influence the safety of the living environment (BQ3). -

Crowds influence the cleanliness of the living environment

(BQ4).
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Table 1. Cont.

Dimension Influential Factor Expectation Sign

Additional open space at the stations improves the recreational

functions of the living environment (GQ4). *
Pedestrian walking systems around the stations improve the +
convenience of the overall walking space (GQ5).
Amenity of the living environment Additional public art installations to the stations improve the .

esthetics of the living environment (GQ6).

Traffic congregation influences the serenity of the living
environment (BQ5).

The noise and vibrations produced by the MRT systems
influence the serenity of the living environment (BQ6).

The buildings and additional facilities of MRT stations influence
the landscapes of the living environment (BQ7).

3.2. Utilization of the CVM

The theoretical CVM was first proposed by Ciriacy-Wantrup in 1947 as a method for eliciting
market valuation of a nonmarket good. The method was practically applied in 1963 by Davis to
estimate the value hunters and tourists placed on a particular wilderness area [37]. The CVM is
generally used in the estimation of the value of nonmarket goods. The principle of the CVM involves
using various methods to elicit respondents” WTP for nonmarket goods. The CVM involves the
following steps: establishing hypothetical markets, selecting survey methods (interviews, phone survey,
and postal survey), selecting elicitation methods, estimating WTP, calibrating models, and inferring
prices [38,39]. The CVM has been developed into a commonly used valuation method; however, some
researchers have expressed concerns regarding its use, including respondents” hypothetical bias and
testing for scope effects when respondents respond to a questionnaire. The reliability and validity
of the final estimated WTP is also questionable. By contrast, some researchers have verified that the
CVM is a reliable valuation method [40-45]. Mitchell and Carson (1989) and Hutchinson et al. (1995)
indicated that with a rigor questionnaire structure, the CVM can be a trustworthy model to valuate
nonmarket goods [46,47]. List (2001) claimed that hypothetical bias can be reduced by providing more
information to respondents and encouraging them to imagine that they are actually engaged in a
monetary transaction [48]. Fransico (2010) claimed that using an open double-bound dichotomous
choice method to design questionnaires can increase their statistical validity [49].

The CVM can also be used for market goods for which prices are currently unavailable [50]. Mattia
et al. (2013) indicated that conventional real estate can be appraised using the market comparative
approach, cost approach, and capitalization approach. Appraisers determine real estate prices
according to experience, values, data, and market conditions. However, the reliability of related data
and information on the real estate market remains unclear in the appraisal process. Therefore, if the
CVM can be used to determine the prices that people are willing to pay, the reliability of the appraised
prices can be increased, and the influential factors as well as their influence levels on real estate prices
in different submarkets or regional environments can be clearly understood [51]. Roddewig and Frey
(2006) also believed that the CVM can be used to determine the real estate prices that buyers are willing
to pay or the price levels that sellers are willing to accept [52].

In a related study, Mundy and Mclean (1998) studied the litigation case of American Smelting and
Refining Company. The plaintiff claimed that the smelter exhaust gases contained arsenic, lead, and
other heavy metals. Under the premise of impacts on the health of nearby residents and decreasing
real estate values, the CVM was used to estimate that the house prices of the surrounding areas would
decrease by 10-18% [53]. Simons and Throupe (2005) surveyed homeowners in South California
through random sampling and used the CVM to demonstrate that the potential damage caused by
toxic mold on house prices was as high as 60% [54]. Simons and Geideman (2005) surveyed the
influence of leaks in the underground oil storage equipment of gas stations on house prices in eight
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US states. The results indicated that the CVM can help analyze the reasons for reduced house prices
from the residents’ perspective [55]. Lipscomb et al. (2011) verified that the CVM has an effect on
the appraisal of real estate value affected by pollution under circumstances in which market data are
difficult to use as a reference or when market failure occurs. However, this valuation method has its
advantages and limitations [56]. In addition, Kiel and McClain (1985), Chattopadhyay (2000), Beron et
al. (2001), and Brasington and Hite (2005) targeted changes in the prices that people are willing to pay
for houses if the air quality of the living environment improves [57-60]. Furthermore, Jim and Chen
(2006) conducted questionnaire surveys on house buyers in Guangzhou City, China, and found that
they were willing to pay more to purchase houses in communities with favorable living environmental
qualities. For communities with green landscapes, house buyers were willing to pay an additional
7.1%, whereas for communities with favorable and sufficient water sources, they were willing to pay
an additional 13.2% [61]. Another survey study on Klang, Malaysia, concluded that home buyers were
willing to pay an additional 20.3% for houses within a commute time of 20 min. If communities had
adequate property management mechanisms and pleasant landscapes, they were willing to pay an
additional 3.5% [62].

Generally, methods that employ the CVM principle to explore WTP prices include the open-ended
CVM, closed-ended CVM, sequential bids method, and payment card method. These methods are
described as follows:

3.2.1. Open-Ended CVM

The first CVM to be used was the open-ended CVM proposed by Davis in 1963. In the open-ended
CVM, respondents are directly asked the prices they are willing to pay under different circumstances
without any related information or restrictions. This is considered the most direct price inquiry method
because the respondents receive no hints. Consequently, respondents are allowed to reflect on the
prices they have in mind with no restrictions. However, the major dispute regarding this method is
that respondents do not have the basis for an overall understanding of the event, and the results are
not objective. In addition, the prices proposed by respondents are often too high or too low. With no
reasonable explanation, subsequent analysis and price valuation becomes difficult [49,63].

3.2.2. Closed-Ended CVM

The closed-ended CVM can be further divided into the single-bounded dichotomous choice
method and double-bounded dichotomous choice (DBDC) method. The single-bounded dichotomous
choice method involves directly asking respondents whether they agree on a random price. Carson,
Hanemann, and Mitchel further proposed the DBDC method in 1986. The statistical efficiency of
the contingent evaluation is increased with the use of dichotomous choices because it involves two
inquiry steps. Specifically, respondents are first allowed to understand the reason for the price inquiry
before being asked whether they agree to a first offer. The second inquiry depends on the respondents’
responses to the initial offer. If they are willing to pay for the first offer, then the second offer is set
higher than the first. If they are unwilling to pay, then the second offer is set lower than the first [64].

3.2.3. Sequential Bids Method

The sequential bids method is similar to auction bidding, and its goal is to determine the final
price that people are willing to pay. The inquirer first proposes an initial price. If the respondent does
or does not accept the price, the price will be gradually increased or reduced until the respondent is
unwilling to further negotiate the price. Although the method may be influenced by the starting point
deviation, the respondents are allowed sufficient time for consideration in the inquiry process. To a
certain level, this method has higher validity than the open-ended and closed-ended CVMs [63,65].
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3.2.4. Payment Card Method

In this method, the inquirer provides a price list and asks respondents for the highest amount
they are willing to pay. The method avoids using a single inquiry point. In contrast to the open-ended
CVM, this method allows respondents to understand the inquiry reason. Because the prices of the
highest and lowest limits must be provided, the inquiry method can reduce the deviation problems
arising from different starting prices [63,64].

The four aforementioned methods have advantages and disadvantages. The empirical results
by Mattia et al. (2013) indicated that the DBDC method yields prices with smaller differences from
actual market prices [51]. However, the DBDC method involves directly asking respondents whether
they agree on a random price. Thus, the awareness and decision-making of respondents may be
limited to that price. The deviations derived from this method influence the accuracy of the final
estimated prices [65,66]. To solve this problem, the open DBDC method can be used, which combines
the open-ended CVM and DBDC method. After two inquiries, the questionnaire allows respondents
to freely fill out the prices they are willing to pay. Thus, the problems of limited WTP price intervals as
well as limited willingness of respondents can be solved [49]. Consequently, this study adopted the
open DBDC method of CVM. After two inquiries, respondents were guided to answer with the amount
they were willing to pay. They only needed to answer if they were willing to pay a certain amount to
buy the houses in the peripheries of MRT stations. Thus, the difficulty in answering was reduced, and
the valuation results were reliable. In addition, to solve the problem of the initial prices proposed by
respondents being too low, before designing the questionnaire, this study first conducted a pretest
questionnaire survey. Subsequently, the model of the open-ended method was used to determine the
price basis for the official questionnaire.

Empirical studies that adopt the CVM for elicitation mostly use a general continuous regression
model for calibration. Although the calibration results can help determine the respondents” WTP,
low explanatory power of the model is frequently obtained because WTP is a constrained continuous
variable rather than a general continuous variable. Therefore, this study adopted a Tobit regression
model with WTP as a constrained continuous variable within a given range. The use of the Tobit model
for analysis can prevent measurement or sample errors caused by unobservable factors. The WTP
function is expressed as follows:

WTP[=ﬁ0+ﬁ1XX1+ﬁ2XX2+ﬁ3XX3+"'+ﬁnXXn+€i 1

where WTP; represents the WTP additional prices per square meter for houses in the peripheries of
MRT stations; this variable is assumed to be continuous. fy ... ., represent the calibration coefficients;
Xj .... X, represent the independent variables affecting WTP; ¢; presents the random error term; n
represents the number of independent variables; and i represents the sample size. The WTP of
individual respondents and average WTP are expressed in Equations (2) and (3), respectively.

WTP; = Bo+B1 X X1+ + u X X + & )

— YN wTp

3.3. Estimation of the WTP Prices for Houses in the Peripheries of MRT Stations

After the questionnaire survey was completed, basic statistical tests (correlation analysis, tolerance
analysis, and variance inflation factor calculation) were performed to verify whether the factors
influencing house prices in the peripheries of stations collected in this study were appropriate.
Subsequently, LIMDEP was used to establish Tobit regression models for elevated and underground
stations. The factors influencing house prices in the peripheries of MRT stations in the Taipei
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metropolitan area were clarified. Then, the prices that respondents were willing to pay to buy such
houses compared with regular houses were estimated.

4. Questionnaire Design and Survey

The questionnaire survey in this study was divided into two stages. In the first stage, through the
inquiry model of the open-ended method, the initial price basis was determined for use in the official
questionnaire in the second stage. For the second-stage questionnaire, the respondents’ opinions
regarding the factors that influence house prices in the peripheries of stations were collected. Later, the
respondents were guided step by step to propose additional prices they would be willing to pay to
buy the houses in the peripheries of the MRT stations by using the inquiry model of the open DBDC
method designed in this study. The details are provided in the following subsections.

4.1. First-Stage Questionnaire

The contents of the first-stage questionnaire first allowed respondents to assess the positive and
negative conditions of amenities and environmental qualities in the areas surrounding MRT stations.
Subsequently, they were provided with the average price per square meter of the administrative district
of the MRT station as well as the average price per square meter of the houses within 500 m of that
MRT station. Then, the respondents were asked how much money they would be willing to pay per
square meter to buy a house in the peripheries of the MRT stations based on the average unit price of
the houses in that administrative district.

The house prices in the administrative districts where the six MRT stations are located as well as
the prices of houses within 500 m of these stations from October 2016 to October 2018 were obtained
from the Real Estate Actual Price Inquiry website of the Ministry of the Interior, Taiwan. A total of
2857 house transaction data items were found for these 2 years in Shilin and Beitou Districts, where
the elevated MRT stations (Mingde, Qilian, and Beitou Stations) are located, with an average house
price of US$3847 per square meter. Within 500 m of these 3 MRT stations, 46 house transaction
data items were found, with average house prices per square meter of US$4854 (Mingde Station),
US$6026 (Qilian Station), and US$5750 (Beitou Station). For Wenshan and Xindian Districts, where the
underground MRT stations (Wanlong, Dapinglin, and Xindian District Office Stations) are located,
8416 house transaction data items were recorded in the recent 2 years, with an average house price
of US$4506 per square meter. Within 500 m of these 3 MRT stations, 84 house transaction data items
were recorded, with average house prices per square meter of US$5201 (Wanlong Station), US$5566
(Dapinglin Station), and US$5002 (Xindian District Office Station). The surrounding areas of the six
stations were included in the survey in this study. Thus, the related price information of these six
areas differed in the questionnaire. An example of an item of the first-stage questionnaire for Wanlong
Station, an underground MRT station, is presented as Box 1.

Box 1. Questions of the first-stage questionnaire.

According to the house prices announced by the government, the average unit price of houses in Wenshan
District, Taipei City, from October 2016 to October 2018 was US$4015 per square meter. Considering the amenities
and environment qualities of the peripheries of the MRT station, how much money per square meter would you
be willing to pay additionally on the basis of the average unit price of US$4015 to buy a house within 500 m of
Wanlong Station?

When questionnaires designed with the CVM are used, individuals who object to the survey
may not respond to any questions; some may provide positive responses, but invalid bids (outliers);
whereas others may state a value of zero for a good that they actually value (protest zero bids) [67].
The questionnaire used in this study focused on identifying the respondents” WTP additional prices
for houses in the peripheries of mass transit stations based on the prices of regular house after they
considered the amenities and environmental qualities in these areas. Therefore, if the respondents
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believed that living in the special area provided no benefit, the WTP additional price would be zero,
indicating that the respondents were only willing to purchase house products with regular housing
prices. Given the characteristics of this study, the responses were acceptable.

The first-stage questionnaire survey was conducted from 6 to 12 November 2018. After invalid
samples with omissions or contradictions were omitted, 277 valid questionnaires were retrieved from
the surrounding areas of the 6 stations. Subsequently, to avoid respondents’ positive but invalid bids
and subsequent bias in WTP estimation, we ranked the WTP prices of the six stations from high to low.
The highest 10% of prices for houses in the peripheries of each station were considered outliers and
removed. The remaining 90% of the sample was calculated using quantiles and organized into five
price groups for each of the six stations (as shown in Table 2). The five price groups were used as the
initial price basis for the second-stage questionnaire. The halved prices of the five groups were used as
the basis for price increment or decrement for the second elicitation in the second stage.

Table 2. Willing-to-pay price distribution in the first-stage questionnaire (unit: US$/m?).

Station Elevated MRT Stations
mount . . o1s . . .
Group Mingde Station Qilian Station Beitou Station
1 100 500 500
2 200 1000 800
3 400 1600 1200
4 700 1800 1300
5 1000 2200 1800
Station Underground MRT Stations
Group mount Wanlong Station Dapinglin Station Xindian District Office Station
1 300 200 200
2 500 250 250
3 600 300 300
4 800 500 400
5 1000 800 500

Data source: Prepared by the authors.

4.2. Second-Stage Questionnaire

The items in the second-stage questionnaire were rated using a five-point Likert scale. The
respondents were asked their opinions on the factors influencing the house prices in the peripheries of
an MRT station. Subsequently, according to the five sets of WIP prices obtained from the first-stage
questionnaire, each respondent was guided to provide the additional prices they would be willing to
pay to purchase a house in the area surrounding the MRT station studied. The collected data were
used in the Tobit regression models to confirm the WTP prices of respondents for houses near each
MRT station by using the respondents’ perceived factors affecting prices of such houses. An example
of the item of the second-stage questionnaire for Wanlong Station, an underground MRT station, is
presented subsequently.

According to the results of the first-stage survey, five sets of inquiry amounts were confirmed for
each area; the amounts were separately included, thus yielding five versions of questionnaire for each
MRT station. The second-stage survey was conducted from 28 November to 7 December 2018. In the
surrounding area of each station, 200 questionnaires were distributed, totaling 1200 questionnaires
for the surrounding areas of all stations. After invalid samples with omissions or contradictions
were eliminated, 526 valid questionnaires remained for the peripheries of the elevated MRT stations,
whereas 567 valid questionnaires remained for the peripheries of the underground MRT stations, is
presented as Box 2.
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Box 2. Questions of the Second-stage questionnaire.

According to the house prices announced by the government, the average unit price of houses in Wenshan
District, Taipei City from October 2016 to October 2018 was US$4015 per square meter. The average unit price of
houses within 500 m of MRT Wanlong Station was US$5200 per square meter, which is US$1185 higher than the
average unit price in Wenshan District.
Considering the amenities and environmental qualities of the peripheries of MRT stations, are you willing to pay
US$500 per square meter in addition to the price of US$4515 per square meter to buy a house in the periphery of
MRT Wanlong Station, based on the average unit price of the houses in Wenshan District being US$4015 NTD
per square meter?
O Yes
L» Would you be willing to pay the additional amount of money if it were
increased to US$750 (at US$4765 per square meter)?
O Yes O No
o No
L» Are you willing to pay the additional amount of money if it were reduced

to US$250 (at US$4265 per square meter)?

O Yes o0 No
If the aforementioned amount is not what you have in mind, please fill out the blank below with the amount you
are willing to pay. On the basis of the average house price being US$4015 per square meter in Wenshan District,
the maximum amount of money you are willing to pay additionally to buy a house in the periphery of MRT
Wanlong Station is US$ per square meter.

5. Empirical Results

5.1. Basic Statistical Tests

In this study, basic statistical tests were conducted on the 13 factors influencing house prices in
the peripheries of MRT stations obtained from the second-stage questionnaire survey. Thus, it was
determined whether these factors were suitable for incorporation in the Tobit regression model. In
addition, the factors that needed to be eliminated in model calibration to prevent deviations in the
model results were determined.

The tolerance value and variance inflation factors were determined. For the questionnaire data of
the peripheries of both the elevated and underground stations, the tolerance values of all 13 influencing
factors were larger than 0.1, and the variance inflation factors for all 13 influential factors were less
than 10. This indicated that none of these factors had multicollinearity. The results of the correlation
analysis indicated that for the questionnaires in the peripheries of the elevated stations, the r value
between “pedestrian walking systems around the stations improve the convenience of the overall
walking space (GQ5)” and “traffic congregation influences the serenity of the living environment
(BQ5)” was 0.827, indicating a strong correlation. For the peripheries of the underground stations, the
r value between “additional public art installations to the stations improve the esthetics of the living
environment (GQ6)” and “traffic congregation influences the air quality of the living environment
(BQ2)” was 0.811, indicating that the two factors exhibited a strong correlation. The results served as a
reference for the deletion of influencing factors in the calibration of the Tobit regression model.

5.2. Calibration Results of the Tobit Regression Model

Tobit regression models for the peripheries of the elevated and underground MRT stations were
established, and the likelihood-ratio indexes (p?) were 0.2257 and 0.2509, respectively. This indicated
that the two models had favorable goodness of fit and significant explanatory power.

As shown in Table 3, the factor “diverse public transportation provides fast and convenient transfer
functions (GQ2)” exhibited a significant positive effect in the model of elevated stations; specifically,
elevated MRT stations can lead to the congregation of related transportation facilities (e.g., bus stations,
public bicycle rental stations, and taxi stops). The higher the recognition levels respondents had for this
transportation transfer function, the more they were willing to pay to buy houses in the peripheries of
these stations. However, this factor was not significant in the model of underground stations. This may
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be because the MRT routes in the Taipei metropolitan area pass through areas with narrow roads and
dense buildings. Consequently, a construction method wherein both the rails and station facilities were
set up underground had to be adopted. Only the entrances and mechanical and electrical facilities
were established above the ground. Thus, the land areas on the ground are insufficiently large for
supportive transportation transfer facilities. For elevated stations, land areas of a certain range must
be used for the tracks. In addition, the land on the ground or elevated levels must be used by the
stations. Consequently, more space is available for transportation transfer facilities; residents in the
peripheries of elevated stations are not limited to using the MRT system alone, and the convenience of
using other transportation for residents is high. By contrast, underground MRT stations do not have
these functions. The factor “additional open space at the stations improves the recreational functions
of the living environment (GQ4)” showed a significant positive effect in the models of both types of
stations. This was because both elevated and underground stations, particularly elevated stations,
have open spaces around them. These recreational facilities directly create benefits of amenities for
people and thus increase their willingness to pay higher house prices. Notably, the factor “mixed land
use provides abundant and convenient commercial functions (GQ3)” was not significant in both the
elevated and underground station models. These results indicate that the commercial functions of
the peripheries of MRT stations in the Taipei metropolitan area are insufficient for respondents to
pay an additional price for houses in the areas. This can be attributed to the highly concentrated and
mixed land use pattern in Taiwan’s urban development, in contrast to that of Western countries. In the
Taipei metropolitan area, people’s needs for commercial services are satisfied easily and conveniently.
Consequently, people do not particularly desire to live in the surrounding areas of stations to obtain
superior daily life services.

Table 3. Regression model results for the additional willing-to-pay prices for houses in the peripheries

of MRT stations.
Station Type Variable Elevated MRT Station Underground MRT Station
Coefficient p-Value Coefficient p-Value
Constant 64.1115 0.8561 307.5472 0.4933
GQ1 —82.4639 0.3209 81.6459 0.1424
GQ2 244.1896 *** 0.0044 48.4192 0.2498
GQ3 —-39.0976 0.5336 —35.2468 0.4407
GQ4 169.7697 ** 0.0103 108.6497 *** 0.0095
GQ5 76.2604 0.1528 —26.8994 0.4967
GQ6 —83.8331 0.1500 56.7177 0.2156
BQ1 —36.7867 0.4031 -51.9199* 0.0739
BQ2 0.4426 0.9941 0.6542 0.1785
BQ3 3.6184 0.9367 48.9747 0.1424
BQ4 —97.5535 * 0.0595 —-32.7417 0.4285
BQ5 —62.6702 0.3564 —48.6202 0.2525
BQ6 —46.5519 0.4162 —65.2189 * 0.0645
BQ7 86.4634 0.1110 —86.3589 ** 0.0101
USE —-30.7837 0.7044 67.2104 0.2282
AGE 34.0040 0.3640 —60.6347 0.2290
COu 193.3824 ** 0.0168 166.7056 *** 0.0041
CT —95.0298 0.1152 86.4056 0.2011
EDU 26.5146 0.5989 127.3080 0.1310
INC 110.7526 *** 0.0009 107.7989 *** 0.0000
p2 0.2257 0.2509

Data source: Prepared by the authors. Note: *** p < 0.01; ** p < 0.05; * p <0.1.

Regarding negative influential factors, the factor “crowds influence the cleanliness of the living
environment (BQ4)” exhibited a significant negative effect only in the elevated station model. This is
because elevated stations have larger hinterlands and have corridor space under the elevated rails.
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Consequently, vendors often gather there for business, and relatively busy commercial activities
have negative effects on surrounding areas in terms of environmental cleanliness. Regarding the
underground station model, the three factors “traffic congregation results in insufficient parking
space (BQ1),” “noise and vibrations produced by the MRT system influence the serenity of the living
environment (BQ6),” and “buildings and additional facilities of MRT stations influence the landscapes
of the living environment (BQ7)” exhibited significant negative influences. These findings indicate
that the stronger the perception of these three factors among the respondents, the less willing they
are to pay more for houses in the peripheries of underground stations. Such results are clearly
related to the structural patterns of underground stations. As mentioned earlier, underground stations
require a small land area at ground level. Consequently, parking space is insufficient, which results
in inconvenient parking in the peripheries of underground stations. In addition, because of the
space problem, transformer boxes and ventilation facilities can be set only next to streets. Thus, the
respondents had negative feelings toward the landscapes of underground stations. Generally, the
established impression of elevated stations is that the tall stations and tracks affect the visual landscapes
of the surrounding areas. However, the empirical results indicated otherwise possibly because in the
construction design phase of elevated stations in the Taipei metropolitan area, the fusion of station
forms with the surrounding buildings was already valued. Thus, inharmony between station forms
and the surrounding environment was avoided. In addition, the stations and corridor space under the
tracks increase residents’ accessibility to green space and street furniture. Thus, residents do not have
negative feelings toward the visual landscapes. In addition, underground stations are mostly in areas
with narrow roads and concentrated buildings. Low-frequency noise and vibrations created when
MRT trains pass through also caused respondents to doubt the serenity of the living environment.

Regarding personal social economic conditions, family income exhibited a significant positive
effect in the models of both station types. This indicates that the higher the family income, the more
willing respondents are to pay more for houses in the peripheries of stations. This result is consistent
with that of Lund (2006), who conducted investigations in the San Francisco Bay Area, Los Angeles,
and San Diego [18]. People who currently lived within 500 m of an MRT station also exhibited a
significant positive effect on the results of both models. This indicates that people currently living
in the peripheries of stations (in their own houses or rented housing) are willing to pay more for
houses also in the said peripheries. This result can be interpreted as indicating that respondents who
currently live in the peripheries of stations still believe that houses in those areas are worth more after
experiencing the advantages and disadvantages of living there.

5.3. WTP Prices for Houses in the Peripheries of MRT Stations

The Tobit regression model established in this study is shown in Equation (4). WTP; presents
the WTP additional prices per square meter for houses in the peripheries of MRT stations; ffy . .. .20
represent the calibration coefficients; ¢; represents the random error term; GQ;. . GQg represent the
positive factors influencing house prices in the peripheries of MRT stations. BQ; BQ7 represent the
negative factors influencing house prices in the peripheries of MRT stations. USE, AGE, COU, CT,
EDU, INC represent the factors of personal social economic conditions.

WTP; = Bo + p1GQ1 + B2GQ2 + p3GQ3 + f4GQ4 + B5GQ5 + s GQ6 + f7BO1
+BsBQ2 + B9BQ3 + B10BQ4 + p11BOS5 + f12BQ6 + p13BQ7 4)
+B14aUSE + B15AGE + B17COU + B18CT + B19EDU + BrINC + ¢;

According to Equation (4), this study establishes WTP estimation models for elevated and
underground stations in Equations (5) and (6) respectively. This can be used to estimate the extra
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price people would be willing to pay to buy the houses in the peripheries of the MRT, compared with
regular houses.

WTP; = 64.1115 + 244.1896 x GQ2 + 169.7697 x GQ4 — 97.5535 x BQ4 )
+193.3824 x COU + 110.7526 x INC + ¢;
WTP; = 307.5472 + 108.6497 x GQ4 — 51.9199 x BQ1 — 65.2189 x BQ6

—86.3589 X BQ7 + 166.7056 x COU +- 107.7989 X INC + ¢; ©)

As shown in Table 4, the average market price of the houses in the peripheries of the elevated MRT
stations is US$5543 per square meter. This is up to US$1696 higher than the average market price of
houses in the administrative district where the stations are located, with a difference of more than 40%.
The estimation results indicated that when the average market price in the entire administrative district
was US$3847, the respondents were willing to pay an additional US$304 per square meter to purchase
houses in the peripheries of elevated stations, that is, they were willing to pay up to US$4151 per square
meter. The average market price of the houses in the peripheries of the underground MRT stations is
US$5295 per square meter. The difference between this price and the average market price of houses in
the districts where the stations are located is US$941, which is 21.6% higher. This study estimated that
after considering the advantages and disadvantages of the amenities and environment qualities of the
peripheries of stations, the respondents were willing to pay an additional US$257 per square meter for
houses, with the average house price of all administrative districts as their basis for judgment. Specifically,
the respondents were willing to purchase houses in the peripheries of underground MRT stations at a price
of US$4611 per square meter. Accordingly, the TOD-based living fields caused the housing submarket
in the peripheries of mass transportation stations to develop differently from the housing submarket in
ordinary regions, affecting individuals” willingness to pay for housing. Specifically, the empirical results
of this study revealed that, in the Taipei metropolitan area, the establishment of mass transit stations
changed the amenities and environmental qualities of the adjacent peripheries. After consideration of the
advantages and disadvantages of living in such regions, individuals were more willing to pay higher
prices in such housing submarkets than in ordinary ones.

Table 4. Prices that the respondents were willing to pay and the market prices of houses in the
peripheries of the MRT stations.

Item Elevated Station Underground Station
Average market price of houses in the administrative 3847 4354
districts in which the stations are (US$/m?2)
House market price Average market price of houses in the peripheries of the
. 2 5543 5295
stations (US$/m=)
Price difference of houses between the peripheries of the 169 941
stations and the administrative districts (US$/m?2)
Price difference ratio of houses in the peripheries of the 4410 21.60
stations and in the administrative districts (%) ’ :
WTP price of respondents living in the peripheries of the
. 476 471
stations
Respondents” WTP price WTP price of respondents not living in the peripheries of
. 214 136
the stations
WTP price of houses in the peripheries of the stations
(US$/m?) 304 257
Average price of houses in the gerlpherles of the stations 4151 1611
(US$/m=)
R Ratio of respondents” WTP price to the average market 789 591

price in the administrative districts (%)

Price difference between the average market price of
- houses in the peripheries of the stations and the 33.55 14.82
respondents” WTP price (%)

Data source: Prepared by the authors.
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In addition, perceptions regarding the advantages and disadvantages of the amenities and
environmental qualities derived from the surrounding areas varied among respondents for different
station types. Consequently, the additional WTP prices also differed when respondents made purchase
decisions for houses in these areas. For houses near elevated stations, the respondents were willing
to pay approximately an additional 7.89% above the average market price of houses in the entire
district per square meter. For those near underground stations, the respondents were willing to pay
approximately an additional 5.9% above the average market price of houses in the entire district per
square meter. The results of the Tobit regression models were further used to explain the reasons for
these findings. In the constructed models, transportation transfer convenience as well as the open
and recreational space near the elevated stations generated positive effects, thereby increasing the
respondents’ willingness to pay more. Only the factor of unfavorable cleanliness of the environment
surrounding the stations negatively influenced the WTP prices. Underground stations have more
factors that negatively influence WTP prices, including traffic congregation causing insufficient parking
space, noise and vibrations generated by the MRT system influencing the amenity of the living
environment, and buildings and additional facilities of the MRT station influencing the landscapes of
the living environment. Consequently, the houses in the peripheries of elevated stations were slightly
more attractive to respondents compared with those in the peripheries of underground stations. To
conclude, the respondents were willing to pay prices higher than those of average houses to own
houses in the peripheries of the MRT stations to enjoy more diverse transportation services, open space,
and recreational facilities. Therefore, the first study hypothesis was supported.

The differences in the current residential locations of respondents were further observed. For
both elevated and underground stations, the respondents currently living in the peripheries of stations
were willing to pay more than those who did not live in such areas. In addition, the price differences
were up to 1.22 and 2.45 times higher for houses near elevated and underground stations, respectively.
Compared with respondents who did not live in the peripheries of stations, who offered more
conservative prices, the respondents already living in those areas were willing to pay more for houses
in those areas. This was because they were already dependent on the additional advantages of the
surrounding areas of stations in their daily lives.

However, in the peripheries of both the elevated and underground stations, the current house
market prices were higher than those that the respondents were willing to pay. In the peripheries of the
elevated stations, the market prices of houses were 33.55% higher than the house prices respondents
were willing to pay. For houses in the peripheries of underground stations, the market prices were
14.82% higher than the prices respondents were willing to pay. Since the MRT started operation
in the Taipei metropolitan area in 1996, the expansion of MRT routes has been ongoing. When
land development and urban renewal are conducted in the peripheries of stations, the marketing of
house products mostly emphasizes the advantages derived from being near MRT stations. Thus, the
particularity of houses in the peripheries of MRT stations is gradually being established. Under such
market trends and the registration system for the actual selling prices of real estate effective since
2012, sellers must report the actual transaction prices of house products to competent authorities. This
credible price information system has an anchoring effect on the market. Although prospective house
buyers have their suitable WTP price for a house product, they must accept existent transaction prices
on the market to obtain market-oriented special houses. Consequently, the market prices for this
special housing type increase gradually, even to a level beyond the value that home buyers assume.
This result verified the second hypothesis.

6. Conclusions

Growth management refers to the introduction of urban growth activities to suitable areas at
the appropriate time. Moreover, public transit is used to connect land use activities and construct
urban residential living environments with a concentrated mixed use of residential and commercial
zoning. Thus, the urban sprawl of a metropolis is slowed. In addition, the efficiency of land and
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environmental use is increased, thus increasing construction investment. Based on this idea of
sustainable development, local governments can use the TOD strategy to reconstruct land use patterns
in the peripheries of public transit stations (including increasing the efficiency of the mixed use of
residence and commerce, increasing building height, and renewing pedestrian walkways). Thus,
people’s dependence on vehicles for personal transport is expected to decrease, and the problems of
worsening traffic congestion, air pollution, and noise pollution will be subsequently reduced. The
sustainable planning of this type of metropolis also allows houses in the peripheries of public transit
stations to become a special product in the housing market. In this study, the Taipei metropolitan area
was used as an example, and a questionnaire was designed using the open DBDC model based on
the CVM. After the respondents considered the advantages and disadvantages of the amenities and
environmental qualities of the peripheries of MRT stations, the additional prices they would be willing
to pay to purchase houses in those areas compared with those for regular houses were estimated. Thus,
the present research clarified whether the living environment shaped by the land use patterns that fit
sustainable development are popular. Additionally, the results reflect the actual housing prices and the
presence of price gouging. The findings are described in three aspects as follows:

First, CVM is generally used to estimate the value of nonmarket goods. However, the method
can also be used for market goods for which prices are currently unavailable. Studies regarding real
estate prices have mostly used the CVM to explore the effect of environmental pollution on housing
prices [50-54,56-61,68]. This study applied CVM to explore the WTP of houses in the peripheries
of mass transit stations. It is different from other studies that focus on the housing market price
level changes before and after the operation of mass transit stations, the scope of effect, and their
causes [15-31]. This study is the first to use the CVM to estimate the house prices of the peripheries
of public transit stations. The respondents were allowed to consider their positive and negative
feelings toward amenities and environmental qualities if they lived in these areas and determine
the house prices they would be willing to pay. An empirical analysis was used to demonstrate the
differences between the market prices of houses in the peripheries of MRT stations and the prices
that the respondents were willing to pay. This organized empirical design framework may serve as a
reference for relevant future studies.

Second, the empirical results suggested that the recreational functions of peripheries are improved
by the additional open space near both elevated and underground MRT stations. Thus, people are
willing to pay more for houses in these areas compared with regular houses. Next, the introduction of
TOD strategies in urban planning entails using mixed land use to improve the commercial functions
and convenience of residents’ daily lives. Thus, the attractiveness of the areas surrounding public
transit stations is increased. This is the main reason for the higher housing prices in the peripheries of
public transit stations in European and North American countries. However, current land use patterns
in urban areas in Taiwan are already concentrated with a mix of residence and commerce. Therefore,
people can satisfy their needs for commercial services easily and conveniently with the shops near their
houses without the demand of living in the peripheries of public transit stations to obtain superior
commercial services. Therefore, abundant commercial function is not why people are willing to pay
more to purchase houses in these areas. This finding is different from the development characteristics
of urban areas in European and North American countries. In the Taipei metropolitan area, both
elevated and underground stations provide open space that can improve the leisure functions of the
peripheries, thus increasing people’s WTP for house products in the peripheries of the stations than
regular house products. Apart from the positive factors that affect housing prices in the peripheries of
mass transit stations in the Taipei metropolitan area, factors such as insufficient parking space and the
compromised tranquility of the residential environment due to noise and vibrations resulting from
the MRT system negatively affect people’s decisions to purchase houses in the peripheries of MRT
stations. Because elevated stations feature greater hinterland areas and corridor spaces beneath the
elevated railways, the relatively more active commercial activities and intense crowds negatively affect
the environment; this effect is reflected in people’s house purchase decisions. The negative factors



Sustainability 2020, 12, 8701 18 of 21

affecting the housing prices of the peripheries of the stations are similar to those in European and
North American metropolitan areas [14-16].

Third, respondents were willing to pay more for houses in the peripheries of both elevated
and underground stations after considering the advantages and disadvantages of living in these
areas. However, they perceived the advantages and disadvantages of living in the surrounding areas
of different types of MRT stations differently, leading to different additional prices that they were
willing to pay for houses near those stations. The additional amount people were willing to pay per
square meter was approximately 7.89% and 5.9% more than the average market price of houses in
the entire administrative district for houses in areas surrounding elevated stations and underground
stations, respectively. In addition, in daily life, people already living in the peripheries of stations
were dependent on the additional advantages of such areas. Thus, their WTP price was higher than
that of people who did not live in such areas. Furthermore, this study verified that the market prices
of the houses in the peripheries of MRT stations were higher than the prices people were willing to
pay after considering the advantages and disadvantages of amenities and environmental qualities.
Specifically, the market price of houses in areas surrounding elevated stations was 33.55% higher,
and that of houses in areas surrounding underground stations was 14.82% higher, indicating that the
market prices of this type of house product already surpass the values they should have.

To conclude, people are willing to pay more to purchase this type of house product in the Taipei
metropolitan area compared with regular houses. This indicates that the TOD-based living fields
are popular to some degree. However, the factors affecting amenities and environmental qualities
of the areas surrounding transit stations differ between Taiwan and European and North American
countries. Subsequent studies can use the analytical framework established in this study to further
discuss the situations of Asian metropolises such as Shanghai, Hong Kong, Seoul, and Tokyo. The
results of the study systematically present the characteristic differences in urban development between
Asian and Western countries. Thus, current planning ideas and strategic systems created according to
the characteristics of urban areas in Western countries can be further examined to clarify the required
adjustments for the implementation of such ideas and strategies in Asian cities. In addition, similar
to Western countries, the prices of houses in the peripheries of MRT stations are higher than those
of regular houses. For middle-class and young populations, buying houses in such areas is difficult.
However, according to the social development characteristics of the Taipei metropolitan area, Taipei
residents comprise the major population that commutes using the MRT. Individuals living a certain
distance from MRT stations continue to use private vehicles for their commutes or other transfer
transportation. Thus, to increase the benefits of TOD and implement growth management in the
Taipei metropolitan area, the structural predicament caused by current market mechanisms should be
gradually improved by adjusting related policies and establishing complementary measures. Regarding
housing policy adjustment, the supply of affordable housing and social housing in the peripheries
of MRT stations should be increased with a floor area incentive mechanism. Thus, opportunities for
middle-class and young populations to buy or rent houses in the areas surrounding stations can be
increased. In other words, new buildings must be composed of certain ratios of affordable or social
housing to obtain additional floor area. Moreover, regarding the adjustment of land use projects,
transit-oriented corridors should be introduced in TOD for urban renewal projects or large-scale block
remodeling should be adapted in the peripheries of MRT stations in the future. The planning of space
corridors should be combined with the development of areas surrounding multiple MRT stations. A
basis for pedestrian-oriented space should be created through overall network connections, walking
corridor configuration, and reinforcement of commercial facilities along streets.

Finally, by using data such as the house price-to-income ratio, future studies can identify whether
housing price levels in the peripheries of the stations exert an excessive load on prospective house
buyers. Furthermore, questionnaires can be used to obtain detailed demographic data of prospective
house buyers, such as household compositions and the area of houses to be purchased. In this way, the
variance on the affordability of houses for buyers with different socioeconomic backgrounds will be



Sustainability 2020, 12, 8701 19 of 21

analyzed. In addition, in the entire MRT network, differences in station scale, relative location, and
functional orientation generate various types of stations. The market characteristics of houses in the
peripheries of stations also differ, thereby forming different housing submarkets and engendering
different levels of attractiveness to prospective house buyers. Future studies should set different
types of stations as targets to compare the characteristics of prospective house buyers” house purchase
decisions and WTP prices in different housing submarkets.
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