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Introduction

According to Article 4 of Taiwan’s Urban Renewal Act, 
the primary objectives of urban renewal are to promote 
comprehensive environmental sustainability, improve the 
quality of living, and transform the appearance and aes-
thetics of a city. The process of urban renewal entails three 
approaches: reconstruction, renovation, and maintenance. 
In reconstruction, specific urban renewal areas are desig-
nated where the existence of worn-out houses could po-
tentially impact their surrounding area, and these build-
ings are demolished on a large scale in order to enhance 
the quality of living and to promote the growth of hous-
ing prices in neighboring areas. In renovation and main-
tenance, houses that have a dilapidated exterior, a visually 
unappealing appearance, or a deteriorated functionality 
are subjected to small-scale renovations and facelifts to 
enhance their functionality and usage as well as to beau-
tify the city they are found in.

With regard to the issue of urban renewal on housing 
prices, many studies have explored the impacts of urban 
renewal laws and provisions and analyzed the imple-
mentation of urban renewal projects. For instance, Jones 
(2008) and Hyra (2008) examined urban renewal and the 
post-war “new urban renewal” in the United States. Both 
authors focused on the racial differences and expounded 
unjust urban renewal projects by attaching importance to 
the process of community participation and the continu-
ous development of housing prices. Some studies and data 
reviewers had analyzed the impacts of an urban renewal 
project on housing prices within the project area after its 
completion, and few had studied the impacts of urban re-
newal and reconstruction on housing prices in neighbor-
ing areas. In a recent study, Lee et al. (2017) investigated 
the impacts of urban renewal delineation time on housing 
prices in neighboring areas by employing the difference-
in-difference estimation approach. The empirical results 
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indicated that housing prices per ping within the urban 
renewal area (the experimental group) were increased by 
NT$11,320 after the delineation time. This increase indi-
cates the value added on houses in neighboring areas after 
the implementation or urban renewal. Liang et al. (2020) 
examined the impacts of urban renewal on neighboring 
housing prices by combining the difference-in-difference 
approach and spatial econometrics, as well as taking into 
account the spatial dependence of neighboring houses. 
Their empirical findings showed that the estimated coeffi-
cient of the interaction variable of an 800-meter range and 
time of an urban renewal project in the renewal/review 
phase was 0.0752 and attained a 1% level of significance. 
This showed that for housing transactions completed 
within 800 meters of an urban renewal range and after 
urban renewal, housing prices had increased by 7.52% on 
average. On the other hand, the estimated coefficient of 
the interaction variable of an 800-meter range and time of 
an urban renewal project in the implementation/comple-
tion phase was 0.0309 and did not attain a level of signifi-
cance. This showed that even though housing transactions 
completed within 800 meters of an urban renewal range 
and after urban renewal had increased neighboring hous-
ing prices, the impact was not statistically significant.

Nonetheless, Lee et al. (2017) and Liang et al. (2020) 
did not explore the impacts of an urban renewal project’s 
intrinsic differences on neighboring housing prices, the 
impacts of the scale of urban renewal on neighboring 
housing prices, and the differences between these two 
kinds of impacts. Housing data are multilevel by nature, 
and the traditional hedonic pricing model generally uses 
the ordinary least squares (OLS) estimation approach, in 
which data with different hierarchical characteristics is 
confined to a single hierarchy for data processing. Since 
this approach does not consider the estimation of hierar-
chical problems, it is unable to break down the changes 
in housing prices at different spatial levels and may eas-
ily confound the house’s locational characteristics with 
its structural attributes (Jones & Bullen, 1994). Uyar and 
Brown (2007) concurred that a house is not just a single 
entity, and that each housing unit is nested within or be-
longs to a block, zone, school zone, and a town. Houses 
in the same neighborhood have similar attributes in terms 
of the neighborhood’s geography, economy, environment, 
and society. Variables such as the natural environment, 
living environment, folk customs, economic status, and 
level of medical services in these neighborhoods or socie-
ties affect the samples and cause the residuals to violate 
the independence assumption of a model. Consequently, 
the estimated error variance is overestimated while the re-
gression coefficient standard error is underestimated. In a 
similar vein, since housing units are nested within various 
urban renewal projects, the impacts of an urban renewal 
project on neighboring housing prices should take into 
account the intrinsic differences of the project on neigh-
boring housing prices.

This study sought to explore the impacts of urban re-
newal and reconstruction projects on neighboring hous-

ing prices after the completion of the projects. In Taiwan, 
most existing urban renewal projects are located in Tai-
pei City. Nonetheless, this study explored the changes in 
housing prices affected by urban renewal projects nearby. 
Hierarchical linear modeling (HLM) was employed for 
data analysis. Compared to the conventional ordinary 
least squares (OLS) models, HLM can further illuminate 
the relationships between housing prices and the charac-
teristics of urban renewal projects. The characteristics of 
an urban renewal project were represented by the project 
scale in this study, which sought to elucidate the differ-
ences of the impacts of various urban renewal projects in 
Taipei City on neighboring housing prices, as well as to 
analyze the extent to which the differences in neighbor-
ing housing prices are caused by the differences between 
urban renewal projects.

This study distinguishes itself from previous studies by 
using hierarchical linear modeling to examine the impacts 
of various urban renewal projects on neighboring hous-
ing prices. We expect that our findings can contribute to 
enhancing the quality of urban renewal-related studies.

This study consists of five sections: Section 1 offers a 
literature review of relevant theories and studies; Section 2 
describes the methods and procedures used in this empiri-
cal research; Section 3 and 4 describes the sample and data 
collection, processing, and descriptive statistics; Section 5 
presents and discusses the empirical results; and the last 
section lays out the conclusions and recommendations.

1. Literature review

Urban renewal is undoubtedly an issue of global concern, 
and its externalities are also emphasized by many scholars. 
Chau and Wong (2014) suggested that positive and nega-
tive externalities may exist concurrently in urban renewal. 
Positive externalities are produced because urban renewal 
can help refurbish dilapidated houses and reduce the neg-
ative externalities they pose to neighboring houses. On the 
other hand, negative externalities are produced because 
an urban renewal project would diminish the likelihood 
of renewal in surrounding areas. Since the specific pro-
cess and implementation of urban renewal varies across 
countries, the positive and negative externalities exerted 
by urban renewal on neighboring housing prices would 
differ as well. For example, the empirical results obtained 
by Zheng et  al. (2020) revealed that the significant and 
positive impacts brought by urban renewal on neighbor-
ing housing prices would persist for more than five years. 
Lai et al. (2018) opined that in government-led urban re-
newal Hong Kong aim to exploit private property rights. 
Nonetheless, the empirical results indicated the absence 
of positive externalities derived from urban renewal on 
neighboring houses.

The value of real estate increases in response to its sur-
rounding landscape and environment as well as the ap-
pearance of special buildings. These values are related to 
the external benefits generated by urban renewal. Simons 
et al. (1998) surveyed housing prices following the deline-
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ation of an urban renewal area and revealed that housing 
prices located within one to two blocks from the renewal 
area had increased by US$677. Jones (2008) studied urban 
development in England and stated that joint cooperation 
and community participation had improved the country’s 
urban appearance during the period of post-war construc-
tion. Hyra (2008) studied the changing forms of commu-
nities in the US by segmenting different blocks, empha-
sizing urban afforestation, and conducting various urban 
community reconstructions, which resulted in housing 
price variation. Wang et al. (2013) noted that dilapidated 
houses in urban areas had to undergo reconstruction or 
renovation in order to increase their economic benefits, 
thus affecting the neighboring housing prices.

From 2008 to 2017, Nigeria actively promoted urban 
renewal through urban renewal plans in which 63 real 
estate and appraisal companies compiled city infrastruc-
ture and commercial property-related data. Research has 
shown that city infrastructure such as roads, sewerage 
systems, water supply systems, and waste treatment sys-
tems were upgraded through the urban renewal plans. 
From the perspective of emerging economies in Africa, 
these urban renewal plans have offered business oppor-
tunities for investors, who have invested in commercial 
property in droves, resulting in remarkable changes in 
the rental prices of local commercial property. In par-
ticular, the rental prices of commercial property adjacent 
to public transportation facilities have increased tenfold 
or more compared to pre-urban renewal prices. Given 
that these commercial interests are held by a handful of 
individuals, even though the public would enjoy a bet-
ter quality of urban life after urban renewal, the high 
rental prices of commercial properties would limit 
the operations and applications of economic activities 
(Wang et  al., 2013). In Tokyo, many urban areas have 
undergone urban renewal to prepare for the Olympics 
that was scheduled to be held in 2020. Conducted based 
on the perspectives of different stakeholders and par-
ticipants and adopting development strategies rooted 
in public–private partnerships, a study on the effects of 
urban renewal on neighboring housing prices and resi-
dents’ quality of life demonstrated that urban renewal 
would drastically increase the rental prices of areas that 
have undergone urban renewal. Furthermore, services 
provided by public infrastructure would become more 
diverse and accessible, which would drive a new wave of 
migration. Housing rental prices in renewal areas closer 
to the city center are considerably higher than those in 
suburban areas. In addition, places near public transpor-
tation systems offer more business services and conveni-
ence, which would attract middle class and upper class 
citizens and thereby create new business agglomeration 
models (Mori, 2017). The goal of urban renewal should 
be centered on creating a sustainable, livable, salubrious, 
and modern city. To this end, in order to prevent partial-
ity among land owners, the local conditions and value of 
an urban renewal area should be evaluated in advance to 
confirm how much the properties in the area are worth. 

Yalpir and Bayrak (2017) performed a valuation of real 
estate in urban renewal areas by utilizing 23 criteria that 
covered 1078 real estate properties in Uluirmak District, 
Meram Town, Konya Province, Turkey. The Cobb-Doug-
las hybrid regression model was used for analysis. The 
results revealed that land valuation should not be merely 
dependent on the area index, but should include analyses 
and research based on the criteria completed within a 
short time, such that all land owners can obtain more 
rights.

Previous studies have concurred that the continuous 
development of urban renewal and comprehensive land 
use planning can help decision-makers make the right 
decisions in terms of building maintenance (Wang et al., 
2013). Chau et al. (2003) explored the impacts of a real 
estate refurbishment project in Hong Kong on market 
value and demonstrated that the refurbishment project 
could increase neighboring real estate prices by 9%, which 
exceeded the cost of the refurbishment project. Yau et al. 
(2006) advocated that refurbished buildings are benefi-
cial for increasing neighboring property prices, and the 
refurbishment of old buildings can reduce negative exter-
nalities, thus enhancing the overall aesthetics and hous-
ing quality. They also reported that refurbishment and 
maintenance projects had resulted in a 6.57% increase in 
neighboring property prices. Rosenthal (2008) investigat-
ed the decline of cities in the US as well as the scope and 
nature of their reconstruction efforts. The empirical find-
ings demonstrated that the reconstruction of old hous-
ing buildings can help increase the positive externalities 
of neighboring areas and improve the quality of the local 
neighborhood environment. The study by Musakwa and 
Niekerk (2013) indicated that urban renewal in southwest-
ern Stellenbosch, South Africa had changed the region’s 
land use patterns and subsequently increased its commer-
cial and industrial usage area by 28% and 8%, respectively, 
in addition to 17% more office properties. However, urban 
renewal does not necessarily increase neighboring hous-
ing prices. For instance, Uitermark and Loopmans (2013) 
examined Belgium’s urban renewal policies and pointed 
out that urban renewal had a negative impact on housing 
prices within the urban renewal influence range because 
the delineated renewal area was a community consisting 
of poor families. Since the local government had failed 
to implement holistic planning when investing in urban 
renewal activities, the area that was supposed to undergo 
urban renewal was not redeveloped according to plans 
and remained unchanged.

Recently, Lee et  al. (2017) investigated the impacts 
of urban renewal delineation time on housing prices in 
neighboring areas by employing the difference-in-differ-
ence estimation approach. The empirical results indicated 
that housing prices per ping within the urban renewal area 
(the experimental group) were increased by NT$11,320 
after the delineation time. This increase indicates the value 
added to houses in neighboring areas after the implemen-
tation or urban renewal. Liang et al. (2020) examined the 
impacts of urban renewal on neighboring housing prices 
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by combining the difference-in-difference approach and 
spatial econometrics, and took into account the spatial 
dependence of neighboring houses. Their empirical find-
ings showed that the estimated coefficient of the interac-
tion variable of an 800-meter range and time of an urban 
renewal project in the renewal/review phase was 0.0752 
and attained a 1% level of significance. This shows that 
for housing transactions completed within 800 meters of 
an urban renewal range and after urban renewal, housing 
prices had increased by 7.52% on average. On the other 
hand, the estimated coefficient of the interaction variable 
of an 800-meter range and time of an urban renewal pro-
ject in the implementation/completion phase was 0.0309 
and did not attain a level of significance. This shows that 
even though housing transactions completed within 800 
meters of an urban renewal range and after urban renewal 
had increased neighboring housing prices, the impact was 
not statistically significant.

For the reference about hierarchical linear modeling 
(HLM), Basu and Thibodeau (1998) consider that if the 
spatial autocorrelation in the error term is ignored, it 
would lead to the estimation bias of the hedonic model. 
This means the estimated coefficient will not be accu-
rate and it will generate an incorrect conclusion. Brown 
and Uyar (2004) used HLM to study the effects of the 
characteristics of the house and neighborhood on hous-
ing prices. They used the house square footage as the 
variable for Level 1, and the distance to downtown as 
the variable for Level 2. The empirical result shows that 
the characteristics of the house and neighborhood have a 
significant effect on housing prices. Moreover, the char-
acteristics of the neighborhood will also influence how 
the characteristics of the house affect housing prices. Ar-
ribas et  al. (2016) applied hierarchical linear modeling 
on mass appraisals. In Level 1, they add in the attrib-
utes of the house, including area, number of bedrooms, 
number of bathrooms, and how many floors. In Level 2, 
they add in the attributes of the block, such as the age 
of the block, the number of apartments, and location. 
Compared to the ordinary least squares adopted by the 
traditional hedonic model, HLM apparently can make 
the estimation more accurate, lower the estimation bias, 
and increase the efficiency of the estimation. HLM con-
siders the prices of houses in the same block as not in-
dependent of each other, so they will be affected by the 
attributes of the block. In his research on the effects of 
leisure and sport on housing prices, Lee (2010) used hi-
erarchical linear modeling. He put housing attributes in 
level 1, such as area, age, and living space. In Level 2 he 
put the attributes of neighborhood environment (based 
on township) such as whether residents thought facili-
ties for leisure and sport were satisfactory. His empiri-
cal results show that leisure and sport have significant 
effects on average housing prices and that they generate 
the need for very significant adjustments. This means the 
positive effects of the living space on housing prices will 
be affected by the moderate based on leisure and sport.

2. Research method

2.1. Empirical model settings

In this study, analyses and estimations through HLM 
were performed on urban renewal proposals approved 
by the Taipei City Government, so as to examine the dif-
ferences between the housing prices in neighboring ar-
eas impacted by an urban renewal project. Do and Park 
(2018) stated that hierarchical linear modeling (HLM) is 
a complex form of OLS estimation. Chang et  al. (2018) 
employed HLM to study the impacts of auditor tenure on 
auditor quality. They pointed out that previous studies had 
produced conflicting results because the authors of these 
studies have overlooked the nested properties of the data. 
For instance, nesting auditors under an audit company 
would lead to interrelations between observed values, 
and using OLS estimation would augment type I errors. 
Comparatively speaking, HLM has considerably better 
estimation efficiencies as it simultaneously analyzes the 
intergroup and intragroup relations of nested data.

In the field of education, Chien and Wu (2020) exam-
ined the impacts of students’ perceived teacher unfairness 
on their science achievement by applying data (classified 
into country-level, school-level, and student-level) from 
52 countries into a three-level HLM. The empirical results 
showed that perceived teacher unfairness had negative im-
pacts on the students’ science achievement. In their re-
search on the factors influencing dropout among students, 
Pov et  al. (2020) employed a two-level HLM model in 
which the first level consisted of student attributes (such 
as age, grade retention, degree of absenteeism, academic 
performance, academic expectations, and employment of 
tutors); while the second level consisted of school factors 
(such as learning environment, degree of teacher fairness, 
degree of teacher assistance, degree of teacher absentee-
ism, home to school distance, and the sufficiency of text-
books). The results demonstrated that grade retention, ab-
senteeism rate, academic expectations, and employment of 
tutors had significant effects on student dropout. Chien 
and Wu (2020) also utilized HLM to investigate the factors 
affecting science teachers’ application of technology-based 
assessment (TBA) to assess students’ performance. The 
authors divided the data into two levels – the first com-
prised student-level factors such as their degree of TBA 
engagement and computer literacy; and the second com-
prised school-level factors such as teachers’ intensity of 
TBA usage and computer experience. The results demon-
strated that the students’ degree of TBA engagement and 
computer literacy had complementary effects on teachers’ 
willingness to use TBA, while the school-level variables 
had moderating effects.

In the field of transportation and land use, Xu et  al. 
(2021) employed HLM to study the factors of cultivated 
land fragmentation. The first level consisted of township-
level variables including natural factors (latitude, slope, 
land area); economic factors (GDP, proportion of second-
ary industries); social factors (population density and land 
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Level 1 (individual level) explanatory variables were the 
variables pertaining to housing structure and neighbor-
hood attributes; the Level 2 (aggregate level) explanatory 
variables were the variables pertaining to the scale of an 
urban renewal project.

2.1.1. Null model

The null model tests whether differences exist between the 
mean housing prices in various urban renewal projects 
without considering any explanatory variables. The main 
purpose of the null model is to distinguish the intra-group 
(intra-project) and inter-group (inter-project) variation in 
housing prices by means of an analysis similar to one-way 
ANOVA. Since the inter-group effects (u0j) are random ef-
fects, the model is also dubbed the one-way ANOVA with 
random effects. The model settings are as follows:

Level 1:
2

0ln ,   ~ (0,  ). ij j ij ijP r r N= β + σ
 (1)

Level 2:

0 00 0 0 00,  ~ (0,  ),j j ju u Nβ = γ + τ
 (2)

in which lnPit is the ith housing price in the jth urban re-
newal project; b0j is the mean housing price in the jth pro-
ject; rij represents the within-group error term, where the 
mean value is 0 and the variance has an independent and 
homogeneous normal distribution. g00 is the mean hous-
ing price of all projects; u is the inter-group error term, 
where the mean value is 0, the variance is t00, and has an 
independent and homogeneous normal distribution. u is 
the difference between the mean housing price in the jth 
project and the mean housing price of all projects. Sub-
stituting Equation (2) into Equation (1) yields the mixed 
model.

In HLM analysis, the null model is often used for 
preliminary analysis as it yields the grand mean housing 
price. If the validation result of the random component 
(u0j) is significant, then the mean housing prices differs 
between projects. Therefore, it is necessary to consider the 
differences between urban renewal projects. We further 
derived the intra-class correlation coefficient (ICC) to de-
termine the percentage of the variance in housing prices 
that can be explained by an urban renewal project to the 
total variance. The ICC is also used to determine whether 
the HLM approach should be used for analysis.

2.1.2. Intercepts-as-outcomes model

The intercepts-as-outcomes model can clarify whether the 
Level 2 (aggregate level) explanatory variables directly in-
fluence the Level 1 (individual level) dependent variable. 
The Level 1 explanatory variables were chosen in accord-
ance with the hedonic pricing model and included house 
area (AREA), building age (AGE), square of building age 
(AGES), number of living rooms (LIVROOM), number 
of rooms (ROOM), number of bathrooms (BATH), house 
floor (FLOOR1), type of housing (BUILDING, HUAXIA), 
availability of parking (PARKING), the distance to the 

use intensity); and locational factors (road accessibility 
and distance to city center). The second level consisted 
of county-level variables. The township-level variables in-
cluded similar natural factors, economic factors, and so-
cial factors, with the difference being the addition of ur-
banization rate as a locational factor. The empirical results 
revealed the existence of significant interactions between 
the county-level and township-level variables. Chen and 
Jou (2019) employed HLM to investigate the relationship 
between the traffic accident risk of private vehicles and 
public transportation. Individual factors were placed in 
the first level while city factors were placed in the second 
level. The empirical results indicated that expanding the 
length and daily frequency of a bus route can reduce the 
likelihood and frequency of accidents.

This study employed a two-level hierarchy linear mod-
el for data analysis. Housing attributes and urban renewal 
projects formed the first and second levels of the model, 
respectively. The range of influence of an urban renewal 
project is defined to be 800 m. The dependent variable 
in this study was the logarithmic form of housing price 
(lnPit). By taking the logarithmic form of housing price as 
a dependent variable, data heterogeneity can be reduced 
and the housing price distribution is more likely to ap-
proach a normal distribution suitable for linear analysis 
(Zient et al., 2008). In Taiwan, the transaction of a house 
is often based on the total price agreed to between the 
buyer and the seller. Moreover, even though unit price is 
converted from the total price and area, the registration 
of a house’s area in the Ministry of the Interior’s database 
is inconsistent, as some owners had registered the area of 
their balconies or public infrastructure, while some had 
not. This explains why the basis for the estimation of unit 
price is inconsistent. Lastly, as the reviewer had pointed 
out, if we chose to use total price, we would only be es-
timating effects on the distribution of housing sizes, but 
consequently, we can also estimate effects on the distribu-
tion of housing ages or lots, and this will cause unclear 
interpretations. However, we also think that the use of unit 
prices has similar shortcomings. The independent vari-
ables consisted of housing structure attributes and neigh-
borhood environment attributes. Variables in the former 
included house area (AREA), building age (AGE), square 
of building age (AGES), number of living rooms (LIV-
ROOM), number of rooms (ROOM), number of bath-
rooms (BATH), house floor (FLOOR1), type of housing 
(BUILDING, HUAXIA), and availability of parking lots 
(PARKING); variables in the latter included the distance 
to the city center (DISURBA), distance to the nearest 
metro station (MRT), distance to the nearest railway sta-
tion (TRAIN), distance to the nearest elementary school 
(PRIM) and distance to the nearest junior high school 
(JUNI). In addition, the scale of an urban renewal project 
(FLAREA) served as a characteristic variable of urban re-
newal. Empirical analyses were performed in this study 
through two HLM sub-models, namely the null model 
(one-way ANOVA with random effects) and the inter-
cepts-as-outcomes regression model with fixed effects. The 
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city center (DISURBA), the distance to the nearest school 
(PRIM, JUNI), the distance to the nearest metro station 
(MRT), and the distance to the nearest railway station 
(TRAIN). The Level 2 explanatory variable was the scale 
of an urban renewal project (FLAREA). The variables are 
described in Table 1; the model settings are as follows:

Level 1:
0 1 2 3 4

5 6 7 8

9 10 11 12

13 14 15

ln
1

.

ij j j ij j ij j ij j ij

j ij j ij j j ij

j ij j j ij j ij

j ij j ij j ij ij

P AREA AGE AGES ROOM
LIVROOM BATH FLOOR BUILDING
HUAXIA PARKING DISURBA PRIM
JUNI MRT TRAIN r

= β +β +β +β +β +

β +β +β +β +

β +β +β +β +

β +β +β +  

(3)

Level 2:
0 00 01 ;j jFLAREAβ = γ + γ

 
(4)

0 ,  1,...,15. kj k kβ = γ =
 

(5)

Substituting Equations (4) and (5) into Equation (3) 
yields the mixed model.

2.2. Selection of variables

The Level 1 explanatory variables consisted of housing 
structure attributes and neighborhood environment at-
tributes. The Level 2 explanatory variable was the scale 
of an urban renewal project. The variables are described 
in Table 1.

Guidry et al. (1999) explored the effects of urban resi-
dential land size on residential land prices. The results 
demonstrated that land size had a positive effect on land 
price, albeit not statistically significant. Lin (2000) also 
demonstrated that the land prices increases with an in-
creasing floor area ratio, that is, the larger the floor area 
permitted for the construction of a building per unit land 
size, the higher the housing prices. We can further de-
duce that the scale of an urban renewal project has posi-
tive impacts on neighboring housing prices. We used the 
grand floor area of an urban renewal project to represent 

Table 1. Description of variables

Variable Code Definition Predicted 
sign

Dependent variable
Logarithm of housing price LnPij Logarithm of the price of a housing transaction (including objects)

Housing structure attributes
House area AREA A continuous variable that refers to the registered building transfer area. 

Unit in ping (1 ping is equal to 35.6 ft2 or 3.31 m2)
+

Building age AGE A continuous variable measured from the completion of building 
construction to the day of transaction; unit in years

–

Square of building age AGES The coefficient of the square of building age Observes the linear changes of 
the depreciation and is expected to be positive

+

Number of rooms ROOM Number of rooms in a house +
Number of living rooms LIVROOM Number of living rooms in a house +
Number of bathrooms BATH Number of bathrooms in a house +
Floor number FLOOR1 A dummy variable that represents the registered floor of the house. A value 

of 1 indicates the first floor and 0 indicates otherwise
+

Type of housing BUILDING 
HUAXIA

A dummy variable that consists of apartment buildings, low residential 
buildings, and high residential buildings. Apartment buildings serve as 
the comparison benchmark and two dummy variables are set. A value of 1 
indicates high residential buildings and 0 indicates otherwise. A value of 1 
indicates low residential buildings and 0 indicates otherwise

+

Neighborhood environment attributes
Availability of parking lots PARKING A dummy variable that represents whether a housing building has a 

parking lot(s). A value of 1 indicates yes and 0 indicates none
+

Distance to the city center DISURBA A continuous variable that indicates the distance to the city center –
Distance to the nearest 
junior high school

JUNI A continuous variable that indicates the distance to the nearest junior high 
school

–

Distance to the nearest 
elementary school

PRIM A continuous variable that indicates the distance to the nearest elementary 
school

–

Distance to the nearest 
railway station

TRAIN A continuous variable that indicates the distance to the nearest railway 
station

+

Distance to the nearest 
MRT station

MRT A continuous variable that indicates the distance to the nearest MRT 
station

–

Scale of an urban renewal 
project

FLAREA The grand floor area of an urban renewal project indicates its scale. The 
grand floor area is calculated in square meters (m2)

+
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its scale. The characteristic variables of Level 2 can also 
consider the budget of the renewal project, but this infor-
mation is certainly hard to get. Our research examines the 
budget items in 23 cases of urban renewal which were in 
actual execution. Those items included: 1) the construc-
tion cost (cost of rebuilding and public facilities); 2)  the 
cost of changing rights or joint construction in agreement 
(cost of planning, appraisal of real estate, measurement 
before renewal, compensation for demolition and settle-
ment of land improvement, and cadastral arrangement, 
which includes the agency fee of trust registration and reg-
istration obliteration); 3) loan interests; 4) taxes; 5) man-
agement costs (personnel administration, construction 
project management, sales and administrative expenses, 
risk management and trust management); 6) cost of trans-
fer of development rights (processing fee and floor area 
acquisition cost), and 7) the burden cost of changing the 
urban plan.

3. Data area and research data

Urban reconstruction in Taiwan can be traced back to the 
1959 China Plaza reconstruction project. At present, the 
city of Taipei has been promoting urban reconstruction 
for nearly 60 years. There are three types of demarcation 
for urban reconstruction projects: general demarcation, 
prioritized demarcation (Article 6 of the Urban Renewal 
Act), and prompt demarcation (Article 7 of the Urban Re-
newal Act). The general demarcation method was applied 
to projects selected in this study and the reconstruction 
areas were self-demarcated reconstruction units. In terms 
of implementation, urban reconstruction projects consist 
of rights transfer projects and agreement-based joint de-
velopment projects. In a rights transfer project, land and 
legally-constructed building owners, other rights holders, 
or implementers provide land, buildings, other rights, or 
funds to take part in or implement urban reconstruction. 
After the completion of an urban reconstruction project, 
the shares or royalties of the reconstructed buildings or 
land should be allocated according to the initial propor-
tion of rights or funds provided. In an agreement-based 
joint development project, a land owner(s) provide land 
for urban reconstruction, while a construction company 
provides the funds. After the completion of the project, 
the shares or royalties of the reconstructed buildings or 
land are allocated according to the proportion of value 
agreed by both parties. According to Article 4 of the Ur-
ban Renewal Act, there are three forms of urban renewal – 
reconstruction, renovation, and maintenance. In Taiwan, 
urban reconstruction is the most common form.

In general, the administration process of an urban 
reconstruction project consists of four stages – demarca-
tion, presentation of a business summary, formulation of 
a proposal, and rights transfer. In the demarcation stage 
(first stage), a comprehensive survey and evaluation of the 
urban reconstruction area is performed according to the 
urban development condition, residents’ willingness, ex-

isting society, economic relations, and cultural features of 
the area. After demarcation, a business summary must be 
presented (second stage), where the ratio of approval from 
private land owners and rights holders of legally-construct 
buildings in the urban reconstruction must be over one-
tenth. In addition, the ratio of approval for reconstructing 
existing land areas or the total floor space of a legally-
constructed building must be over one-tenth (Article 10 of 
the Urban Renewal Act). This procedure can be negated if 
the ratio of approval exceeds the threshold defined in Arti-
cle 22 of the Urban Renewal Act. During the formulation 
of the project proposal (third stage), if the urban recon-
struction project was implemented via the rights transfer 
method (fourth stage), a rights transfer proposal should 
be implemented and submitted for review when necessary. 
The rights transfer proposal should be handled together 
with the urban reconstruction proposal (Article 29 of the 
Urban Renewal Act). During urban reconstruction, failure 
to reach a consensus due to rights disputes is not uncom-
mon, therefore rights transfer projects that have been re-
viewed and are completed were chosen in this study.

Due to the considerable manpower and funds required 
for urban reconstruction, local governments often encour-
age private urban reconstruction, under which relevant 
organizations can submit their self-formulated recon-
struction agenda for review by the competent authorities. 
After approval, the project can either be implemented by 
the organization themselves or by a reconstruction enter-
prise commissioned by the rights holders of the land and 
legally-constructed buildings. Currently, many urban re-
construction projects in Taiwan are privately-funded but 
are reviewed and supervised by the government. However, 
disputes often occur when seeking approval from rights 
holders. In particular, media reports on the Wenlin Yuan 
controversy had sparked much public interest and dis-
dain with respect urban reconstruction, which had even 
halted other reconstruction projects. In light of this issue, 
a draft revision of the Urban Renewal Act was approved 
on March 2018, in which the ratio of approval from land 
owners and total land area was increased, and the rights 
of involved parties during the reconstruction process were 
guaranteed. Furthermore, the government promulgated 
the Statute for Expediting Reconstruction of Urban Unsafe 
and Old Buildings on May 2017, with the hope of expedit-
ing the progress of urban reconstruction.

On November 11, 1998, the central government prom-
ulgated the Urban Renewal Regulations. On April 20, 2001, 
the Taipei City Government revised and promulgated the 
original “Taipei Urban Renewal Implementation Measures” 
into the “Taipei City Urban Renewal Autonomy Regula-
tions”, and subsequent applications were submitted to the 
Urban Renewal Review Committee for deliberation of the 
543 urban renewal business plans, 446 were approved by 
the municipal government. In these renewal projects, the 
implementers also donated community activity centers, re-
served pedestrian walkways for public passage, and assisted 
in the development of planned roads. The city government 
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will discuss the simplification of the review process, single-
window operations, and related incentive mechanisms to 
promote and guide private forces to handle urban renewal 
(Taipei City Regeneration Office, https://uro.gov.taipei/
News_Content.aspx?n=B649EEAA7A7E35DB&sms=3DC
F9FD28E559058&s=F0E9E31078AF60FE).

The housing transaction data used in this study was 
obtained from two sources. The first is the Taiwan Real Es-
tate Transaction Bulletin on the Gigahouse website. These 
data sets, dated from January 2008 to December 2009 and 
from January 2011 to December 2011, are the real estate 
transaction data of guaranteed performance from various 
real estate agencies. The second data source is the Ministry 
of the Interior’s actual housing price registration system, 
from which data covering the period between January 
2012 to October 2016 was obtained. The total sample for 
this period included 19,157 transactions.

Urban renewal cases were retrieved from the publicly 
available Taipei City urban renewal network database. This 
study examined 23urban renewal projects that were pro-
moted/reviewed and implemented/completed from 2011 
to 2012. The promoted/reviewed projects were based on 
approvals obtained from governmental authorities, while 
the implemented/completed projects were based on the 
acquisition of licenses for construction and use. As shown 
in Figure 1, the 23 urban reconstruction projects investi-
gated in this study were located in the administrative dis-

tricts of Shilin, Datong, Zhongshan, Zhongzheng, Song-
shan, Da’an, Xinyi, Wenshan, Neihu, Nangang, and Beitou.

The range of influence of an urban renewal project, 
as defined by Lee et al. (2017) and Liang et al. (2020) is a 
distance of 800 meters. About the research on the range 
of effects for urban renewal, according to the regulations 
in Article 5 of the Urban Renewal Act, the factor of des-
ignating an urban renewal area includes the range of the 
renewal area, the basic goal and strategics, substantive re-
development, and designating the renewal units and their 
standards. Therefore, urban renewal occurs when an area 
decays; it is a way to redevelop the area as a whole. When 
self-designating the urban renewal units in urban renew-
al, it should use whole block planning as a principle. The 
block means the base surrounded by planning roads or at-
tached to permanent open space, parks, squares, embank-
ments, or rivers. The urban renewal during the process of 
implementation should put the planned improvement or 
repair of public facilities in the urban renewal business 
plan. And after its completion, if enforced in the way of 
changing rights, the joint burden of public facilities would 
include seven types of land use: roads for public use, 
ditches, playgrounds, neighborhood parks, squares, green 
lands, and parking lots. These have the effect of improving 
public landscaping and increasing the liveliness in the area 
of urban renewal. On the other hand, any improvement 
of the environment that does not have an effect on the 
renewal area, can still also affect nearby houses. Its range 
of effects is considered one or two blocks, and a distance 
of about 800 meters in general.

Zahirovich-Herbert and Gibler (2014) studied the 
effects of new housing on the prices of neighborhood 
houses. They set the range of effects at 1/4 mile (400 me-
ters), 1/2 mile (800 meters), and 1 mile (1600 meters). The 
empirical results show that the effects of new housing on 
the prices of neighborhood houses, whether it is positive 
or negative, are the strongest within a range of 1/2 mile. 
From the perspective of neighborhood service facilities, 
the empirical result from Knaap et al. (2001) shows that 
housing prices increased 36% within 1/2 mile of a Light 
Rail Station in Portland. Dai et  al. (2016) use the SDID 
method to study the effects of a Beijing Railway Station on 
the prices of neighborhood houses. They targeted houses 
inside the range of 1800 meters as the experimental group, 
and they used 1800–2000 meters as the control group. The 
empirical results showed that the station had significant 
negative effects on house prices inside the range of 200 
meters, significant positive effects in the range of 200–800 
meters, and no effect on the range of 800–1000  meters. 
This probably means that the negative effects of issues like 
noise, pollution, overcrowding, and public safety on hous-
ing prices almost disappeared beyond 800 meters. There-
fore, he considered the effects of negative externalities of 
the train station is 800 meters. Given the walking time 
of ordinary people, Lee et al. (2017) and So et al. (1997) 
think that the best walking time is 10 minutes, which is 
the same as a distance of about 800 meters. This research 
aimed at the discussion of the effects of the neighborhood 

Figure 1. Taipei city urban renewal case map (The dots 
represent urban renewal projects)

https://uro.gov.taipei/News_Content.aspx?n=B649EEAA7A7E35DB&sms=3DCF9FD28E559058&s=F0E9E31078AF60FE
https://uro.gov.taipei/News_Content.aspx?n=B649EEAA7A7E35DB&sms=3DCF9FD28E559058&s=F0E9E31078AF60FE
https://uro.gov.taipei/News_Content.aspx?n=B649EEAA7A7E35DB&sms=3DCF9FD28E559058&s=F0E9E31078AF60FE
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on urban renewal, in order to prevent overextension of the 
distance to affect the estimation. Therefore, we narrowed 
the range of effects to within 800 meters. On this basis, 
800 meters served as the comparison benchmark of the 
range of influence in this study, and data of houses located 
outside the range of influence was removed.

To measure the actual distance from a house to pub-
lic infrastructure, this study utilized a geographic infor-
mation system software  – Arc GIS version 10.1 to link 
the data of a house’s internal and external characteristics, 
while integrating the spatial location data of the house and 
the sample image layer data to construct a database on a 
house’s spatial attributes. This study obtained the address-
es of transacted houses from the Taiwan Real Estate Trans-
action Bulletin. Afterwards, Google Maps and the Taiwan 
Geospatial One-Stop Portal (TGOS) were employed to 
convert all sets of house transaction data into spatial data 
in accordance with the addresses of transacted houses ob-
tained from the Taiwan Real Estate Transaction Bulletin. 
Afterwards, the location of the sample points of the house 
transaction spatial data was established in the image layer 
of Taipei City’s administrative districts. After constructing 
each set of spatial data on housing transactions within the 
scope of research, the geographic information system soft-
ware Arc GIS version 10.1 developed by Environmental 
Systems Research Institute, Inc. (ESRI) was used to overlay 
the layer of the location of the house transaction spatial 
data on other layers of relevant public infrastructure, such 
as MRT stations, railway stations, and schools, with the 
purpose of calculating the nearest distance from each spa-
tialized housing data to public infrastructure.

4. Descriptive statistics of samples

The descriptive statistics of the sample is presented in Ta-
ble 2. The mean housing price was NT$26.6933 million. 
(1 USD = 27.9 NTD, January 6, 2021) The mean housing 
area was 43.28 ping. The mean house age was 21.90 years. 
The mean number of rooms was 2.92. The mean number 
of living rooms was 1.85. The mean number of bathrooms 
was 1.74. 7% of houses were located on the first floor. In 
terms of the type of housing, 44%, 30%, and 26% of houses 
were high residential buildings, low residential buildings, 
and apartment buildings, respectively. 37% of houses had 
a parking lot(s). The mean distance to the city center was 
598.68 m. The mean distance to the nearest elementary 
school was 365.74 m. The mean distance to the nearest 
junior high school was 503.63 m. The mean distance to 
the nearest MRT station was 632.41 m. The mean distance 
to the nearest railway station was 3276.43 m. The mean 
grand floor area of urban renewal was 5404.24 m2.

5. Empirical results

First, we used the null model to test the variation in the 
mean house price between various urban renewal projects. 
As shown in Table 3, with regard to fixed effects, the es-
timated value of the mean house price g00 is 12.095; with 

regard to random effects, the estimate value of t00 is 0.028, 
and the statistics of c2 is 8861.028, the degree of freedom 
is 22 (J = 23 projects), attaining a 1% level of significance. 
These results show that the mean housing price varies sig-
nificantly between each urban renewal project.

The variance t00 of the mean urban renewal project 
price b0j and the individual level intra-group variance s2 
can be used to calculate the intra-group correlation coef-
ficient (ICC), which is 0.3146 (0.028 / (0.028 + 0.061) = 
0.3146). According to Cohen’s (1998) recommendations, 
the correlation is strong. This indicates that 31.46% of the 
variance in the mean house price is caused by the differ-
ences between the urban renewal projects. Thus, it is im-
portant to take into account the differences between urban 
renewal projects.

Table 2. Descriptive statistics of the sample

Variable Mean S.D. Minimum Maximum

Level 1
PRICE (in 
NT$10,000 units)

2669.33 1676.64 33.50 24500.00

AREA (ping) 43.28 20.07 20.00 149.83
AGE (years) 21.90 13.47 1.00 49.98
ROOM 2.92 0.83 1 6
LIVROOM 1.85 0.40 1 3
BATH 1.74 0.59 1 5
FLOOR1 0.07 – 0 1
BUILDING 0.44 – 0 1
HUAXIA 0.30 – 0 1
PARKING 0.37 0 1
DISTURBA 598.68 261.40 0 999.99
PRIM 365.74 173.16 0 1114.77
JUNI 503.63 255.85 3.36 1436.33
MRT 632.41 482.35 3.70 2388.18
TRAIN 3276.43 2474.58 68.96 8842.66

Level 2
FLAREA 5404.24 4274.29 906.62 17669.32

Table 3. Null model analysis results

Fixed effects Coefficients Standardi-
zed errors t-ratio p-value

g00 12.095*** 0.035 344.386 0.001
Random 
effects

Variance 
components

df Chi-
square

p-value

t00 0.028*** 22 8861.028 0.001
Level-1 s2 0.061
Deviance 
(-2LL)

933.978

Number of 
estimated 
parameters

2

Note: * indicates p < 0.1, ** indicates p < 0.05, *** indicates p < 0.01.
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The empirical estimation results are presented in Ta-
ble 4. The estimated coefficient of the grand floor area of 
urban renewal (FLAREA) was 0.001 and attained a 1% 
level of significance. This indicates that the large the scale 
of an urban renewal project, the larger its effects on neigh-
boring housing prices. Guidry et al. (1999) explored the 
effects of urban residential land size on residential land 
prices. The results demonstrated that lot size had a posi-
tive effect on land price, albeit not statistically significant. 
With regard to the housing structure attributes, the sym-
bols of most of the variables were as expected. The es-
timated coefficient of house area was 0.001 and attained 
a 1% level of significance. This indicates that the larger 
the house area, the higher the price. Freybote and Fruits 
(2015) demonstrated that house area has a significant and 
positive effect on housing prices. The estimated coefficient 
of building age and the square of building age was –0.012 
and 0.001, respectively, and both coefficients attained a 
1% level of significance. This indicates that the higher 
the building age, the lower the price, and the smaller the 
price drop. Wilhelmsson (2008) also employed house age 
and the square of house age as explanatory variables, and 
showed the negative impacts of house age, in which the 
impacts decrease with increasing house age. The estimated 
coefficient of the number of living rooms was 0.024, and 
attained a 1% level of significance. This indicates that the 
higher the number of living rooms, the higher the hous-
ing price. Huang et al. (2010) stated that a living room is 
an internal layout of a house and the more living rooms 
a house has, the higher its floor space as well as its price. 
They expected that the number of living rooms have a 
positive impact on housing price as well. The estimated 
coefficient of the number of bathrooms was 0.049, and 
attained a 1% level of significance. This indicates that the 
higher the number of bathrooms, the higher the hous-
ing price. Baltagi and Bresson (2011) demonstrated the 
positive influence of the number of bathrooms on housing 
price. The estimated coefficient of floor number was 0.167, 
and attained a 1% level of significance. This indicates that 
the mean price of houses on the first floor was 16.7% high-
er than those that are not on the first floor. Houses on 
the first floor can also be used for commercial purposes, 
which explains why they often have higher prices. The es-
timated coefficients of high residential buildings and low 
residential buildings was 0.197 and 0.174, respectively, 
and coefficients attained a 1% level of significance. This 
indicates that the mean price of high residential buildings 
and low residential buildings was 19.7% and 17.4% high-
er than apartment buildings, respectively. Since high and 
low residential buildings have many floors, due to safety 
concerns, housing prices would increase in response to 
higher construction costs. The estimated coefficient of the 
number of rooms was –0.016, and attained a 1% level of 
significance. The estimated coefficient of the availability of 
parking lots was –0.065 and attained a 1% level of signifi-
cance. Christiansen et al. (2017) highlighted that houses 
with parking lots would pose a higher challenge to afford-
able housing. This also shows that for house buyers who 

purchased low- to mid-priced houses, buying a house with 
a parking lot increases affordability, and they would rather 
buy houses located near a MRT station or those with a 
larger floor space.

With regard to the neighborhood environment attrib-
utes, the estimated coefficient of the distance to the city 
center –0.001 and attained a 1% level of significance. This 
indicates that the closer a house is to the city center, the 
higher the price. Sunak and Madlener (2016) pointed out 
that the city center offers more infrastructure, is more 
developed, and has more commercial and business ben-
efits. Therefore, the closer a house is to the city center, 
the higher its price. The coefficient of the distance to the 
nearest elementary school (PRIM) was 0.001 and attained 
a 1% level of significance. The coefficient of the distance 
to the nearest junior high school (JUNI) was –0.001 and 
attained a 10% level of significance. This indicates that a 
junior high school offers school district-related benefits to 
houses nearby. Proximity to a school not only ensures the 
accessibility and safety of school children, but also increas-
es recreational space for residents. Therefore, house buyers 
often consider whether a house is located near a school 
when they make their purchases. The estimated coefficient 
of the distance to the nearest MRT station was –0.001 and 
attained a 1% level of significance. This indicates that the 
closer a house is to a MRT station, the higher the price. 
Many middle-to-low income groups rely on public trans-
portation to commute or travel, and hence a house that is 
located nearer to a MRT station is often more expensive 
(Ahlfeldt & Maennig, 2010). The estimated coefficient of 
the distance to the nearest railway station (TRAIN) was 
0.001, and attained the 1% level of significance. Nelson 

Table 4. Empirical estimation results

Fixed effects Coefficients Standardized 
errors t-ratio

g00 11.960*** 0.005 2203.893
FLAREA g01 0.001*** 0.001 8.803
AREA g10 0.001*** 0.001 6.831
AGE g20 –0.012*** 0.001 –18.253
AGES g30 0.0002*** 0.001 18.743
ROOM g40 –0.016*** 0.003 –5.233
LIVROOM g50 0.024*** 0.005 4.312
BATH g60 0.049*** 0.005 10.971
FLOOR1 g70 0.167*** 0.008 20.975
BUILDING g80 0.197*** 0.007 29.409
HUAXIA g90 0.174*** 0.006 28.168
PARKING g100 –0.065*** 0.006 –10.403
DISURBA g110 –0.001*** 0.001 –6.099
PRIM g120 0.001*** 0.001 10.814
JUNI g130 –0.001* 0.001 –1.775
MRT g140 –0.001*** 0.001 –39.312
TRAIN g150 0.001*** 0.001 5.638

Note: * indicates p < 0.1, ** indicates p < 0.05, *** indicates p < 0.01.
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(2004) and Simons and Jaouhari (2004) concurred that 
while proximity to a railway station offers ease of transpor-
tation, a house that is too close to a railway station would 
be exposed to high noise levels and a high frequency of 
accidents, which has negative impacts on its price. Comber 
and Arribas-Bel (2017) pointed out that crime rates could 
be higher in places near railway stations.

Conclusions and recommendations

Conventional hedonic pricing models generally use the 
ordinary least squares (OLS) estimation approach, spatial 
econometrics or other methods, in which data with dif-
ferent hierarchical characteristics are confined to a single 
level for data processing, and the estimation of hierarchi-
cal problems are not taken into account. Since housing 
units are nested within various urban renewal projects, 
the impacts of an urban renewal project on neighboring 
housing prices should take into account the intrinsic dif-
ferences of the project on neighboring housing prices. Hi-
erarchical linear modeling (HLM) was employed for data 
analysis. Compared to the conventional ordinary least 
squares (OLS) models, HLM can further provide deeper 
insights into the relationships between housing prices and 
the characteristics of urban renewal projects.

Arribas et al. (2016) think that OLS couldn’t solve the 
within-group correlation of datasets on housing prices or 
the correlation between housing prices and neighborhood 
environment. Housing information belongs to the nested 
structure. If we use single-level OLS, it will lead to infer-
ence errors. In past research, the paper by Lee et al. (2017) 
and Liang et al. (2020) adopted HLM model to study the 
effects of urban renewal on housing prices, and Liang et al. 
(2020) adopted spatial econometrics for their research. 
They both neglected the hierarchical structure of hous-
ing information. This will generate bias in the modeling 
estimation. In addition, it will not be possible to observe 
the cross-level influence of the effects of urban renewal. In 
this study, the HLM we adopted considered hierarchical 
structures, which can provide more information for the 
estimation and the result will be more accurate (Arribas 
et al., 2016). By using HLM analysis, we can understand 
how variations in individual houses affect Level 1 and how 
(the explained variation) urban renewal affects Level 2.

The empirical results showed that the mean housing 
price varies significantly between each urban renewal 
project. 31.46% of the variance in the mean house price is 
caused by the differences between the urban renewal proj-
ects. In this regard, it is important to take into account the 
differences between urban renewal projects when examin-
ing the impacts of urban renewal projects on neighboring 
housing prices. The estimated coefficient of the grand floor 
area of urban renewal (FLAREA) had a positive value and 
attained a 1% level of significance. This indicates that the 
larger the scale of an urban renewal project, the larger its 
effects on neighboring housing prices. Our findings show 
that urban renewal projects of different scales have differ-
ent impacts on neighboring housing prices. Previously, we 

also used 500 meters as the range of effects for estimation, 
but there was no significant difference in the results.

Subsequent research could include other features of 
urban renewal for analysis to allow for a more thorough 
analysis on the impacts of urban renewal on neighbor-
ing housing prices. In addition, we suggest examining 
whether the features of urban renewal projects moderate 
the impacts of housing features on housing prices, that is, 
whether moderating effects exist between the aggregate-
level variables and the individual-level variables.

Level 1 of this research is the attributes of the neigh-
borhood environment of the individual house (such as the 
distances to downtown, to schools, to the nearest MRT 
station, to the nearest train station). This means that the 
attributes of the neighborhood environment are variables 
of Level 1. If thinking about taking “urban renewal proj-
ects are nested within various neighborhood areas” for de-
sign, it will set the neighborhood environment as the third 
level of variables. If you are thinking about three levels of 
analysis, it means the individual house is nested in cases 
of urban renewal, and cases of urban renewal are nested 
in the neighborhood. Now we must deal with the problem 
of measuring the neighborhood–how to divide the neigh-
borhood–which was unclear in Taiwan. This time the 
variables that represent the neighborhood environment 
of each neighborhood are the distance of the neighbor-
hood to downtown, to schools, to the nearest MRT sta-
tion, to the nearest train station. If these are the variables 
of the neighborhood environment, it creates the problem 
of overlapping variables of the neighborhood environment 
from Level 1. Analysis on three levels is complicated, and 
for Level 3 we must consider how to represent the char-
acteristic variables of Level 3. This analysis will be more 
complicated than ever. However, if we consider taking 
Level  1 as the individual house, Level  2 as the cases of 
urban renewal, and Level 3 as the administrative area, this 
is more feasible, and we suggest this should also be the 
direction of future research.
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