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With the advent of the stock-planning era, urban renewal has gradually become an important part of urban construction. Urban
renewal is essentially a process of solving the rational redistribution of space. However, blind urban renewal can easily lead to the
waste of space resources. Therefore, an appropriate renewal location can maximize the space’s renewal efficiency. Based on the
perspective of space benefits, this study constructs an urban renewal site selection evaluation system suitable for Macau SAR from
two aspects of social and economic benefits and space benefits and uses the DEA model to verify the evaluation system. Thus, we
can more objectively and directly judge the evaluation of benefits in urban renewal site selection, maximize the efficiency of spatial
renewal, and provide reference for urban site selection decisions. The results are as follows: Funing Building is the best item among
the four renewal projects, and it is also the most suitable target point for development; the super-rich benefit is inefficient in terms

of both space benefit and production cost benefit.

1. Introduction

After 20 years of rapid development since the handover, the
Macau region is gradually facing problems, such as traffic
congestion, an ageing population, and deteriorating envi-
ronmental quality. Urban renewal is considered an effective
strategy to solve urban aging and to realize urban economic,
environmental, and social goals. At the same time, as my
country is gradually entering the urban renewal stage of
“stock optimization,” it will gradually get rid of the previous
modes of “scale expansion” and “large-scale demolition and
construction,” so as to improve the development connota-
tion and spatial quality through urban renewal. Urban re-
newal is the process of reusing resources and rebuilding the
urban environment, which has the potential to contribute to
sustainable development if it follows a sustainable approach.
However, due to the lack of evaluation and demonstration of

site selection in the practice of urban renewal projects, a lot
of resources have been wasted.

Macau’s urban redevelopment first originated from the
“Consultation Committee on Restructuring of Old Areas”
(“Legal System for Restructuring of Old Areas”) in 2005. In
2016, the “Urban Renewal Committee” (Administrative
Regulation No. 5/2016) was established to replace the
Restructuring of Old Areas. It was not until 2019 that
a government-led “Urban Renewal Co., Ltd. (Administrative
Regulation No. 12/2019) was established more than 15 years
ago. At the same time, the city of Macau is rapidly ageing;
many buildings are on the verge of becoming dangerous;
threats to the personal safety of citizens and the deterioration
of the urban environment urgently require the organic re-
newal of the city. Urban renewal in Macau has been slow. It
has taken many years to establish urban renewal laws and
institutions, and it is even more difficult to implement urban
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renewal projects. In addition, there is a lack of objective
evaluation methods for urban spatial transformation project
investment, and developers cannot effectively judge whether
the outcome of urban renewal project selection is conducive
to rational resource allocation and benefit maximization.
The uncertainty of spatial and economic input-output risks
often hinders the progress of urban renewal projects.
Therefore, this study attempts to analyze the urban renewal
performance of the Macau region based on the perspective of
spatial benefits and the DEA model, which effectively reflects
the relationship between social, economic, and environ-
mental aspects of urban renewal projects in terms of space
and emphasizes the assessment of the cost-benefit of project
implementation in terms of inputs and outputs without
dimensionless processing and weight assignment treatment,
so as to achieve the maximum rational allocation of spatial
resources. It also further validates the objectivity and effi-
ciency of the DEA model as an assessment of the benefits of
urban renewal site selection by using the comprehensive
evaluation method as a comparison. It provides ideas and
references for solving the existing problems of allocating the
benefits of urban renewal in Macau.

2. Research Overview

2.1. Urban Renewal Performance. Urban renewal began
earlier in Europe and the United States. For example, the
American housing economist Miles Colean proposed the
concept of urban renewal in 1953. He believed that urban
renewal should restore the vitality of the city and promote
the efficient use of urban land. Most of his early development
models used “bulldozers” to demolish the old and build the
new ones [1], but this caused many problems, such as in-
creased costs and the psychological burden of the demol-
ished. Many scholars have also begun to introduce the
concept of sustainable development. Upgrading should take
into account public opinion and upgrade organically in
a step-by-step manner. Fairbanks [2] believes that urban
renewal aims to continuously improve the socio-economic
and environmental conditions of the areas to be developed
and to solve urban problems in a comprehensive and co-
ordinated manner. Urban renewal should accept public
opinion and update organically in a gradual way. Therefore,
people-oriented sustainable development has also led to the
evaluation of the benefits of urban renewal, but, at present,
there are relatively few studies by scholars on the benefits of
urban renewal. Schofield [3] was the first to apply cost-
benefit analysis (CBA) to economic evaluation in urban
planning, including urban regeneration projects. Chan and
Lee [4] argue that if we overemphasize economic goals, it will
not be conducive to promote the global trend of sustainable
urban development and the environmental and social
benefits from community conditions. Shen et al. [5] sum-
marised urban sustainability indicators proposed by several
institutional organizations and researchers to reflect sus-
tainable urban development in four dimensions: social,
economic, environmental, and governance. La Rosa et al. [6]
proposed a method to spatially quantify the benefits of
regenerating areas by combining environmental and urban
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factors, such as reduced seismic risk, increased accessibility,
and land use diversity. Manupati et al. [7] identified seven
aspects and 27 subcriteria related to economic, social and
environmental aspects from the literature on socio-technical
perspectives and demonstrated their validity using the South
Indian Urban Renewal Project. Cabanek et al. [8] have
integrated probiotic streets through a pronaturalist lens into
the spatial design of four street revitalization projects in
Victoria—Gasteiz, Berkeley, Portland, and Melbourne,
stimulating economic, social, and environmental benefits of
renewal. Pérez et al. [9] construct a sustainability assessment
of urban regeneration in terms of six community-scale
development goals, including economic and environmen-
tal, to take into account the specificity of existing buildings,
businesses, and residents in the Swiss community of
“Moulins”. In China, in the 1980s, Chen Zhanyuan defined
urban renewal as the process of “urban metabolism,” Wu
Liangyong placed more emphasis on urban “organic re-
newal.” Chen and Zhou [10] argue that urban renewal is
about restructuring the social structure of old urban areas,
replacing facilities, improving the environment, and evac-
uating traffic to reconfigure the physical space of buildings,
and points out that urban renewal should uphold the
principle of sustainable development, consider economic,
environmental, and social benefits and strive to maximize
comprehensive benefits. Assessing the transformational
benefits of projects is at the heart of urban regeneration.
Based on the new connotation of urban renewal, Li [11]
argues that urban renewal should be considered more from
the perspective of a stakeholder game based on the re-
placement of physical space and identifies 30 impact factors
to explore the comprehensive benefits of urban renewal with
social, economic, and environmental benefits as modules.
Based on “spatial performance,” Cao et al. [12] established an
evaluation system with three main components, spatial ef-
fectiveness, spatial efficiency, and spatial equity, and used
hierarchical analysis to validate the system using Hangzhou
as an example.

2.2. Performance Evaluation Model. In evaluating urban
renewal performance, most scholars use quantitative
methods such as hierarchical analysis [13], TOPSIS [14], the
fuzzy evaluation method [15], and a hybrid genetic algo-
rithm [16], but these methods only consider the output
benefits in urban renewal performance, while ignoring the
multiobjective and dynamic nature of outputs of urban
renewal. In fact, urban renewal performance is consistent
with the idea of input-output efficiency in economics [17]. In
recent years, the “input-output” mode of thinking in Data
Envelopment Analysis (DEA) has become increasingly
popular among scholars, and DEA is now widely used in
economics [18], environmental science [19], finance [20],
etc. Arsu [21] investigated the sporting ability and revenue of
clubs using the biobjective multicriteria data envelopment
analysis (BiO-MCDEA) model and also verified the sig-
nificant correlation between the indicators of inputs and
outputs in DEA. Rasoulzadeh et al. [22] proposed a new
portfolio Markowitz and cross DEA model to achieve the
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optimal portfolio by accepting the minimum risk. Zou et al.
[23] took the Longmencheng site and the Ming Dynasty King’s
Tomb in Wuhan as examples and invented a multidimensional
evaluation method based on the GIS-DEA-MI model to
compare the dynamics of spatial development efficiency and
nonspatial development efficiency of the two cultural landscape
heritage cases mentioned above. The DEA approach can also be
applied to site selection for urban renewal benefits. Huang et al.
[24] categorised urban renewal projects in Taipei into three
dimensions of environmental, economic, and social, by clas-
sifying them into decision units, and evaluated the efficiency of
renewal projects based on DEA. Tang et al. [25] combined
energy analysis and SBM-DEA to construct an eco-efficiency
model and illustrated the applicability of this eco-model in
urban regeneration using the questionnaire statistics of
Chonggqing, China, as an example. Numerous studies have
shown that DEA treats the study area as a grey system in
a complex urban system, focusing on the relationship between
its “input” and “output,” instead of studying the interaction of
various factors, similar to “black box operation,” which can
avoid the bias caused by the interaction of the internal links of
the complex urban system and thus obtain more realistic
performance evaluation results.

Scholars have conducted a wealth of research on the
benefits of urban regeneration, but in general, there are the
following characteristics: first, most studies have focused on
the evaluation of the traditional three-dimensional system.
That is, using the social, economic, and environmental di-
mensions to analyze the sustainability of urban renewal, the
methodology used to spatially evaluate the benefits of urban
renewal remains a less addressed area of research in urban
planning studies. Second, the DEA model is based on the
premise of multi-indicator data measurement, and its main
advantage is that it does not require dimensionless pro-
cessing and indicator weight determination, and it also does
not need to set the specific form of the frontier production
function. Most of the other evaluation methods need to
assign weight values directly or indirectly by humans, so the
evaluation results can maximize the reduction of bias due to
subjective factors. At present, few scholars analyze spatial
efficiency and DEA models together to evaluate the benefits
of urban renewal, so this paper attempts to combine the two
and conduct an empirical study on the location of urban
renewal priority transformation projects in Macau SAR,
which can provide a practical case study for evaluating the
dynamic benefits of urban renewal, and then help to im-
plement scientific and reasonable spatial control of regional
land resources to promote intensive and economic use
of land.

3. Research Ideas

3.1. Research Content. This research adopts the multifactor
analysis method to construct the “target-criteria-indicator”
evaluation system and uses the spatial indicators calculated
by the geographic information system to demonstrate and
evaluate several urban renewal projects in the Macau special
administrative region and to propose corresponding man-
agement suggestions for this purpose, as shown in Figure 1.

3.2. Construction of an Indicator System. Based on the in-
dicator system of HaiFeng Liang, YiMin Cao, Kuan-Hua,
and Daniele, as well as the principles of geographical dif-
ferences, quantitative integration, and operability, this paper
selects four aspects of the urban renewal projects, namely,
spatial accessibility, spatial diversity, spatial risk, and eco-
nomic and social benefits as the index system of trans-
formation potential, as shown in Table 1.

3.3. Evaluation Methods of Urban Renewal Projects

3.3.1. Entropy Method. In multi-index decision problems,
the weight of each index needs to be determined, which
requires an evaluation of the effectiveness and utility of the
information obtained. To determine the weights of in-
dicators, subjective weighting methods, such as AHP, are
usually used, which often leads to biases in the evaluation
results due to human subjective factors. Therefore, this paper
adopts the entropy method as an objective weighting
method to determine the weights of indicators at all levels.
Entropy is a measure of the degree of disorder in a system,
and it can measure the amount of effective information
provided by the data. When the value of the evaluation
object is very different for a certain index, the entropy value
is small, indicating that the effective information provided
by the index is larger and the weight of the index is cor-
respondingly larger, and vice versa [14, 26].

(1) Data Standardization. Considering that different in-
dicators have different dimensions and values, the tradi-
tional method of range standardization is used to solve the
effects of different indicators and dimensions due to the
inability to aggregate. Range standardization refers to the
method of standardizing the positive and negative indicators
of the original data and finally achieving the process of
normalizing the data of different indicator values to the [0, 1]
interval. The specific operation formula is as follows.

If the evaluation index X is a positive index or a negative
index, then
Xij — min {Xj}

max {Xj} — min {Xj} ’

Positive indicator: X;;°
(1)
max {X;} - Xij

max {Xj} — min {Xj} .

Negative indicator: X;;* =

(2) Calculate the Weight. We calculate the proportion of
the i-th city/year to this indicator under the j-th indicator

Pij:

P, = X;} (2)
v LX)
We calculate the entropy value e; of the j-th index:
— 1 N 1
€ = “Inn ZPU nPij(ej 20). (3)

i=1
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FIGURE 1: The technical route of urban renewal site selection assessment (source: self-drawn by the author).

We calculate the difference coefficient d; of the j-th
index:

dj=1-e; (4)
We calculate the weight w; of the j-th indicator:
d, .
wjzz;ildi(]:l,Z,---,m). (5)

3.3.2. Multifactor Comprehensive Evaluation Method.
When evaluating the benefits of urban renewal, scholars
mainly use these evaluation models: fuzzy comprehensive
evaluation, systematic clustering, principal component
analysis, and multifactor comprehensive evaluation. Due to
the different evaluation objects and evaluation purposes, the
selected evaluation models are also different. Combined with
the actual situation, this paper adopts the multifactor
comprehensive evaluation method with less subjective in-
fluence on the evaluation results to evaluate the renovation
potential of the Shunde urban renewal project in Shunde.
The formula expression is as follows:

S=Y W,P;(j=12,.,n). (6)
j=1

3.4. Data Envelope Analysis. The data envelopment analysis
model was developed by A. Charnes, W.W. Cooper, and
E. Rhodes in 1978 and has been widely used in the field of
project and policy evaluation. It uses a mathematical pro-
gramming model to evaluate the relative effectiveness (DEA

effectiveness) of “departments” or “units” (called decision-
making units or DMUs) with multiple inputs, especially
multiple outputs [27].

The model is divided into C’R and BC* according to
“whether the return to scale is variable or not.” Most of the
existing studies are based on the C°R model to discuss the
performance or site selection evaluation of urban renewal,
that is, to judge that urban renewal is not only technically
effective but also scale efficient. Therefore, this paper also
uses the C°R method to quantitatively compare the input
and output data of the urban renewal site selection evalu-
ation. In this way, the rationality of spatial performance site
selection is tested, and the formula is obtained by referring to
the relevant literature as follows [28, 29]:

There are n decision-making units DMU;(1<j<n), and
each DMUj; has m inputitems (i=1, 2, 3, ..., m) and s output
items (r=1, 2, 3, ..., s) obtain.

Input variable: Xj = (xyj, x2j, X35 - -
Y= ()/1]', Yop YV3p oo )’sj)-

Assuming that the weight coeflicient of the input of the i-
th item is v; and the weight coefficient of the output of the r-
th item is u,, the efficiency evaluation index can be obtained
as follows:

s Xj); output variable:

-
viX;

. 7)

r:luryrj .

= "~ - (] = 1’...’;1).

YiLIViXi j

In order to maximize Z;, Z;<1, we form the fractional
programming model (C?R) of DEA:
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FIGURE 2: Overview of the study area (source: self-drawn by the author).

max Z i
2 .
(CR) ZjSL]:L"',Yl . (8)
u,20,v;20,u, +v; =1
If t = (1/v;X,), w=tv; and p=tu,, the fractional pro-
gramming problem is transformed into an equivalent linear
model P:

max y,Y,
wX;-—uY;20,j=1,---,n
w; Xy =1
w; 20,4, 20

(Pcag) (9)

Finally, we take the dual model D of the planning model

- (10)

Amongthem, S™=(S;, S5, ..., S, ) is the slack variable
of m input; S"=(S;%, S5, ..., Ss7) is the slack variable of s
output; A=(A;, A, ..., A,) is the n decision-making unit
DMU combination coefficient.

Let Ao, S7% S, and 6, be the optimal solution of (D,);
then,

(1) 6y < 1; then, DMUj, is DEA invalid, and the unit can
reduce the input to the ratio of ¢, of the original
input X, through the combination and keep the
original output Y, unchanged

(2) 0y=1, ¢;"S°+e,"S">0; then, DM Ujp is weakly
DEA effective; that is, in the system composed of n
decision-making units, the input X, can be reduced
by S~ and the original output Y, can be kept un-
changed, or the output can be increased by S* when
the input X, remains unchanged

(3) Op=1, €,"S " +e,"S* = 0; then, DMUj, is valid for
DEA; that is, the output Y, obtained by this unit on
the basis of the original input X, has reached the
optimum

(4) LetK = Z;‘zllj * (1/0); when K= 1, the DMU is said
to be efficient in scale; when K < 1, the scale returns
are increasing; when K> 1, the scale returns are
decreasing
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FIGURE 3: Assessment of Macau’s urban renewal space adaptability (source: self-drawn by the author).

3.5. Data Sources. The road network and vector map data in
this study were obtained from the conversion of the Macau
Cadastre Bureau and Websites; the land use data were
obtained from the draught “Macau Special Administrative
Region Urban Master Plan (2020-2040);” the socio-
economic data of population and renewal projects were
obtained from the official websites of the Macau Statistics
and Census Bureau, the Bureau of Land, Public Affairs and
Transport, and the Macau Real Estate Website; the data on
storm surge and climate and environmental quality were
obtained from the Macau Geophysics and Meteorology
Bureau.

4. Case Selection

Macau’s urban renewal is still in its infancy, and the seven
buildings of You Han are the only government-led urban
renewal project, and it is currently the largest urban renewal
project in the Macau area. The project is in the negotiation
stage, and progress is very slow. The current urban renewal
faces two main problems.

4.1. Percentage Ownership Issue. Under the current law, if
the old neighborhood is to be rebuilt, demolition and re-
construction require the consent of 100% of the owners. If

one household objects, the project is shelved or cancelled. If
the issue of ownership is not resolved, urban renewal cannot
take place. Society has many opinions on the ownership
ratio, but it is generally believed that the ratio threshold
should be lowered. At present, the ownership ratio has been
reduced. The building age is>40years, and 80% of the
houses can be renovated if the owners agree. In addition,
there will be arbitration procedures to treat 20% of
households as priority cases of emergency.

The issue of urban renewal is often discussed in the news
and in public opinion, and there are often many articles
criticising the slow efficiency of the redevelopment of old
districts due to the problem of property ownership. How-
ever, according to the relevant laws of the current capitalist
system of the Macao SAR, “private property is sacrosanct,”
so unlike urban renewal on the mainland, the Macao SAR
government cannot enforce the enforcement of personal
property in the form of collective interests. That is to say, it is
necessary to coordinate the contradiction between “pro-
tecting private property and satisfying urban development.”

4.2. Construction Cost Problem. If a building is to be
demolished and rebuilt, the cost per square foot is about
2000-3000. If it is calculated on the basis of 500 feet, it will
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FIGURE 4: Assessment of the accessibility of Macau’s urban renewal space (source: self-drawn by the author).

cost about 1 million. At present, it is understood that, after
the establishment of the urban renewal committee, the main
method is “business + government + residents.” The situa-
tion of joint ventures is encouraged, and many people often
cannot afford too much capital investment, so it is also
particularly difficult in terms of funds. At present, many
articles suggest that the reconstruction of old buildings
should be updated by raising the floors, that is, increasing the
floor area ratio from the perspective of citizens. People living
on the original floors can move back after the renovation. In
addition, the raised floors can be sold to recoup the in-
vestment before the company is rebuilt, or the locals can
make their own capital contributions and even reap the
benefits. Conducive to urban renewal, however, in terms of
total area, Macao has a wide variety of land uses, the land is
dense, the building density is high, and the distance between
many buildings is very small. As a result, when floors are
raised, there are often issues, such as the spacing of sunlight,
fire safety, and new population support in other buildings.
Therefore, it is necessary to coordinate the contradiction
between “renewing economic benefits and ensuring a livable
and safe life.”

Therefore, due to the early start of urban renewal and the
difficulty of advancing the project, the urban renewal pro-
jects that have been successfully completed in Macau at

present mainly include New Funing, Hyde Building, Min-
gxing Building, Ju Fu Garden, and Shanfeng Garden. Their
locations are shown in Figure 2. The characteristics and
methods of renewal are more different from those of
Youhan, mainly the reconstruction of small scale, single-
building and old buildings. In order to confirm the evalu-
ation of the site selection research studies of urban renewal
projects from the perspective of space, the research of this
case site is mainly based on the following successful projects
(Table 2), so as to facilitate the rationality of the site selection
evaluation through actual project comparison in the
later stage.

5. Project Update Site Selection and
System Evaluation

5.1. Social and Economic Benefits. The social and economic
benefits mainly include the proportion of owners who agree
to participate in urban renewal and the construction costs of
urban renewal in the early stages, mainly to respond to the
issue of percentage ownership in Macau and the issue of
housing construction cost input. In the process of renewal,
the monistic guiding idea often simplifies the process and
lacks procedural justice [30], and the redevelopment of old
residential areas is not only the reuse of material space but
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FIGURE 5: Assessment of the spatial diversity of urban renewal in Macau (source: self-drawn by the author).

also the process of redistribution of interests based on
specific property rights. Allocation is the key to the progress
of the old residential area redevelopment project [31]. The
higher the proportion of owners who agree to participate in
urban renewal, the smoother the implementation of urban
renewal projects and the open and fair distribution of in-
terests among owners, developers, and the government;
influenced by uncertain factors, there are often huge
transaction costs and become an important factor in de-
termining whether the renewal can be promoted [32].
Construction costs are an important foundation and source
of construction for urban regeneration projects, and this
situation indicates that transaction costs are high when
significant effort and time are required for the parties in-
volved to reach an important agreement that is critical to the
regeneration process. Therefore, the greater the investment
in the construction costs, the greater the difficulty of urban
regeneration [33].

Due to their similar scale, the main economic and social
indicators for the four regeneration projects are not very
different. It is difficult to see the difference in the proportion
of owners agreeing to renew from the quantitative data. This
study has learned from the relevant information from in-
terviews and news reports that the four urban regeneration
projects have one important characteristic in common: they

are all driven by dilapidated buildings. Therefore, while it is
related to the life and health of the owners, the willingness to
participate in and agree to the regeneration project is also
very active. At the same time, due to the small scale of the
renewal project, the interest relationship network for dif-
ferent subjects in the project is relatively simple, and the
subjects can quickly realize the redistribution of interests. In
the benefit distribution of the renovation project, through
the participation of China Merchants Real Estate Company
in the renovation, an appropriate new floor is added on the
basis of the original floor as a new title of the property
developer’s external distribution, which generates benefits
for the company. The company provides the capital in-
vestment for the original residents to renovate, and the
residents do not need to waste their own funds to obtain new
space use rights. The redistribution of their respective spatial
interests is achieved between the two, essentially on the basis
of the original space, by squeezing the public space (affecting
the lighting of nearby blocks) and regenerating new private
space for use. This is why almost all of them have a 100%
owner approval rate. Among them, the proportion of owners
who agreed to the Hyde Building was initially 85% mainly
because it involved the transfer of ownership and in-
heritance, but they quickly reached an agreement on their
respective spatial interests to realize the renovation plan.
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TaBLE 4: Evaluation of Macau urban renewal site selection benefit from the perspective of spatial benefit.

. 1 g1 Ming Hing Ju Fu .
Funing Building Hyde Building Building Garden Weight

Space income created by capital (10,000 mop/m?) 2.9326 0.9036 0.5037 0.6974 0.0739
Space revenue created by time (year/m?) 729.8822 343.3840 123.4040 188.2925 0.0739
Proportion of owners agreeing (%) 100 85 100 100 0.0739
Storm surge impact (feet) 2.5 3 2.5 2.5 0.0883
Environmental pollution 36 36 29 36 0.1977
Project accessibility (m?) 128854 101057 166124 158188 0.2867
Land use structure entropy 0.5041 1.06734 0.6452 0.4869 0.2055
Comprehensive evaluation value 0.5111 0.2312 0.1295 0.1287
Source: made by the author.
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FIGURE 6: Site selection evaluation of Macau urban renewal projects (source: self-drawn by the author).

In transaction cost theory, projects with high capital,
high time, and low space returns are often avoided in the
selection of capital for renewal projects. The pure renewal
investment amount cannot reflect the real cost of the project,
so a better comparison can be made through the ratio be-
tween them and the time and renewal projects. Therefore, it
can be seen that the Funing Building has the lowest cost
input and the greatest benefit, while the Mingxing Building
is at the bottom of the four projects and has the least benefit
for businesses. The specific data are shown in Table 3.

5.2. Spatial Adaptability. Spatial adaptability mainly refers
to the degree of environmental change and risk in the re-
generation area. A good environment and low risk can bring
a suitable renewal environment to the renewal area [34].
Based on local natural disasters in Macau, there are more
storm surges and extreme weather as indicators. Protecting
and improving the ecological environment and ecological
balance can create a beautiful and comfortable living en-
vironment for the city. Urban renewal and sustainable de-
velopment are inseparable, and urban renewal and urban
safety cannot be ignored. Only a city with a good envi-
ronment and safety can promote the organic renewal and
development of the city.

The results (Figure 3) show that all four urban renewal
sites are affected by storm surge, with Hyde House facing the

greatest impact, which can cause significant economic
damage and threaten the lives of residents in the renewal
area.

5.3. Project Space Accessibility. Spatial accessibility refers to
the accessibility of projects in the area to the outside world,
emphasising spatial attributes and ignoring nonspatial
factors, such as personal preferences, race, and class
[35, 36]. The stronger this is, the more convenient it is to get
to the project site and the more people it will attract. There
are many methods for measuring accessibility, including
the buffer method, the proportional method, the closest
distance method, the two-step mobile search method, and
the potential model. Different measurement methods
target different research objects and have their own ad-
vantages [37]. The network analysis method [38] is used to
measure the project accessibility of the urban re-
development area. According to the different traffic modes,
the accessibility of the road network is mainly divided into
vehicle roads and pedestrian roads. For the convenience of
the research, the pedestrian road network is used to cal-
culate the 5min and 15 min walking time as the degree of
connectivity between the project point and the outside
world. At the same time, the greater the reachable area from
the project point, the greater the accessibility of the project
accessories.



13

Journal of Mathematics

feainq 1092(01d 23 JO SIYOUIQ [RIDOS JU) SSISS vole
UOTONISUOD UeqIN PUB puUe] NeIBJA : 3O $Igateq T¥ 4 v 9014195 o11qnd jo wonzodoig
neainq 123(o1d uoryesouar UOTJBAOUDI B
UOTONISUOD UBQIN PUB pUB] NEIBIA oy} jo amjonxs Teneds o) ur saueypd Ay AJLIo A Io)je eare Surping ndino [eros pue srwouodg Heout
uonesoy aepdn
neainq yo2loxd
awn Jyondy
UOTJONIJSUOD UBQIN pUE PUB[ NEJBJ|  UOIBAOUDI 3} JO AOUSIOIYS UOTONIISUOD Y} AJIIDA
JIOMISU 2)e)S3 [edI NEJRIN sigouaq pue ndur srwrouosd 30a(oxd Ajrra A UOIJRAOUDI I9}je LI
neainq
sad£) asn puef Jo AJISISATP 3y} 103]j9 Adonyua a1njonas asn pue Ays1aA1p Tened
ansepeo pue yderdolres neosejy dis PUPLJO AISISAIP 9t 399P D SN puvT HSIOAIP [PHEdS
neainq
ardoad joere 03 102foad ayy jo [enusjod o 299 £ 2008 }03/0, £ sSad0E [ene
snisepes pue AydeiBorres nesepy [doad 1oeme 01 109(01d oy jo [enualod ayy s1P[RY N[IqIssadoe 199(01g Iqr [eneds
neainq 103(oxd
Aypenb ary
Teo1sfydoad pue [eo130[010930W NEJRJA [EMAUSI Y} UO JUSWUOIIAUS Y3 Jo Joedwil oy} J0oJYy wonerdene rened JUSWISSISSE
neainq Hedepe [eneds uonoapas AA1s ajepdn
s300(01d Temauar wo siajsesip jo Joedwr ) 1o9geyY yoedwr a81ns wI0lg : :
[eo1sfydoad pue [eordooroajowr nesejy
sI9p[oyayels JUISUOD
SOTISTIBIS JISTA
Suowre uonrudosar Jo uoHNQLISIP Y} SPIFNY diyszoumo jo a8ejuadiog JUSUI}SIAUT
SOTISTIBYS JIST 53foxd 3y jo aseq uondNNSUOd Y} depdn pue JOI[9 JUSULSIAUL [P0 puv SHuouoy
nsnels 1SIA 109fo1d 2y jo aseq uondnn ) 23Epdn pue 15939y [emaua1 Surpimg
20In0g Surueswr 10je21pU] JIoKe] 10)BOIPUT JIoAe] UOLIILID IoAe] 131e],

"V UO paseq NedSeA Ul [EMAUAI UeqIN JOJ UONEIYLISA UOII[AS 93IS JO WIA)SAS XPUT A, :G TTAV],



14 Journal of Mathematics

TaBLE 6: DEA-based verification data of urban renewal site selection in Macau.

Project Funing Building  Hyde Building Ming Hing Building  Jufu Garden
Building renewal investment (10,000 mop) 1120 1900 1225 1080
Proportion of owners agreeing (%) 100 85 100 100
Storm surge impact (feet) 2.5 3.0 2.5 2.5
Environmental pollution 36 36 29 36
Project accessibility (m?) 128854 101057 166124 158188
Land use structure entropy 0.5041 1.0674 0.6452 0.4869
Price after update (average per square foot/10,000 mops) 1.63 0.95 0.72 0.53
Update time 4.5 5.0 5.0 4.0
Building area after updating (m?) 3284.47 1716.92 617.02 753.17
Proportion of public service area 478 0 16.73 3.76

Source: made by the author.

TaBLE 7: Effectiveness analysis of Macau urban renewal site selection benefit based on EAD.

Item Overall benefit (0) Slack variable (S-) Slack variable (S+) Validity

Funing Building 1 0 0 DEA is strong and effective
Hyde Building 1 0 0 DEA is strong and effective
Ming Hing Building 1 0 0 DEA is strong and effective

Ju Fu Garden 0.922 31101.0514 2145.962 Not DEA valid

TaBLE 8: Redundancy analysis of investment in the benefits of Macau urban renewal site selection.

. 1.2 a1 Ming Hing  Ju Fu
Item Funing Building Hyde Building Building  Garden
Construction renewal investment (10,000 mop) 0 0 0 0
Proportion of owners agreeing (%) 0 0 0 3.359
Storm surge impact (feet) 0 0 0 0.084
Relaxed variable S-analysis Environmental pollution 0 0 0 1.26
Project accessibility (m?) 0 0 0 31096.348
Land use structure entropy 0 0 0 0
Summary 0 0 0 31101.051
Building renovation investment (10,000 mop) 0 0 0 0
Proportion of owners agreeing (%) 0 0 0 0.034
Storm surge impact (feet) 0 0 0 0.034
Input redundancy rate Environmental pollution 0 0 0 0.035
Project accessibility (m?) 0 0 0 0.197
Land use structure entropy 0 0 0 0

Source: made by the author.

The results are shown in Figure 4. Mingxing Building has
the widest 5-minute accessibility coverage, followed by Ju Fu
Garden and Funing Building, and the Hyde Building has the
lowest accessibility. From a spatial point of view, the location
of the regeneration project in the central area of the city can
maximize the flow of population to nearby cities. At the
same time, the road network structure in the city centre is
often denser, which promotes the evacuation of the pop-
ulation. The spatial location of the Mingxing Building is in
the central area of northern Macau, so it is easier to radiate to
the surrounding areas.

5.4. Project Spatial Diversity. Spatial diversity primarily
refers to mixed land use. In the context of decaying cities,
urban planning often assumes that a mix of land uses will
reduce car use, increase active travel, and property values,

resulting in a better urban environment. In the context of
urban decay, mixed-use planning and development is an
invaluable strategy for the rich and sustainable regeneration
of the city center [39, 40]. The massive mix of land use,
social, economic, and time use in the environment can be
mixed and heterogeneous [41]. This study uses the Shan-
non-Wiener Diversity Index to measure the degree of di-
versification of land use types [42, 43]. A mix of land use
types reduces vehicle use and increases the number of active
trips and property values, resulting in better urban envi-
ronmental conditions and a higher level of sustainability.
The specific formula is as follows:

| >

(11)

S

n ) A
MILU = — Z fn =,
i=1 Al
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Among them, MLU is the Shannon-Wiener diversity
index, Ai is the coverage area of a certain land use type, At is
the total area in the buffer zone, and # is the total number of
land use types in the buffer zone.

This study divides the urban land use types within the
300 metre coverage area based on the project centre point
and calculates the Land Use Diversity Index of the re-
generation project. The results are shown in Figure 5, where
the Hyde Building, despite being close to the urban fringe,
has a higher land use diversity index than other regeneration
projects, regardless of motor traffic factors. In addition to
being far from large public areas, the Hyde Building is easily
accessible on foot. Different types of land use can be in-
volved, such as commercial, park, recreational, and
infrastructure land.

6. Comprehensive Evaluation and
Verification of Project Site Selection

6.1. Comprehensive Evaluation of Project Site Selection.
According to the spatial analysis of the urban renewal
projects in the previous section, combined with the relevant
economic and using social information from the Land Af-
fairs Bureau, the four renewal projects are evaluated. The
results (Table 4 and Figure 6) show that among the four
projects, the renewal site of the Hyde Building has the
highest score, followed by the Mingxing Building, and the
Funing Building has the lowest score. It shows that, in the
rationality of urban renewal site selection, the postrenewal
benefit of the Hyde Building is the most significant, while the
renewal benefits of the Funing Building and Ju F Garden are
lower. And avoid sites, such as Funing Building and Ju Fu
Garden. For the indicator dimension, the amount of in-
vestment in building renewal and the entropy of the land use
structure are important indicators that affect the urban
renewal effect. Although the Hyde Building has an owner-
occupancy rate of 85% (the latter is 100%, but this survey is
subject to the vote of the first owners’ meeting) the storm
surge had a greater impact and the project is less accessible.
However, the Hyde Building stands out among the re-
generation projects due to its high regeneration investment
and diversity of uses.

Exploring the reason, it can be found that, in the entropy
method of weight, the size of the weight value is mainly
determined by the degree of dispersion of the sample size,
and the size of the sample often affects the accuracy of the
index weight. There are not many samples, so there is
a certain deviation in the assignment of weights.

6.2. Verification of Project Site Selection Evaluation. In order
to confirm the accuracy of the chosen evaluation model, this
study used DEA for evaluation. Taking the updated location
variable as the input element of the model and the updated
socio-economic element as the output element, a dataset
envelopment analysis model is constructed. It is worth
noting that DEA has a temporal division in urban renewal,
so it is not appropriate to use the two indicators of spatial
benefits created by time and spatial benefits created by

Journal of Mathematics

capital since both indicators involve data before and after
renewal. Instead, the amount of investment in building
renewal is used. The details are shown in Tables 5 and 6.

The results are shown in Table 7; in the four renewal
projects, the three comprehensive benefit values of Funing
Building, Hyde Building, and Mingxing Building are all
equal to 1, and the slack variable S— and slack variable S+ are
both 0, which belong to DEA strong and effective, indicating
that, relatively speaking, the DMU units of the three renewal
projects are the most efficient, and only the comprehensive
benefit value of Ju Fu Garden is less than 1, which is invalid
for DEA, indicating that the input-output ratio is relatively
inefficient.

The slack variable S-values of the three projects of Funing
Building, Hyde Building, and Mingxing Building are all 0, so
there is no investment redundancy problem in a relative
sense. As a non-DEA effective decision-making unit DMU,
Ju Er Fu Garden can further analyse its “input redundancy”
situation. It can be seen from Table 8 that there are certain
problems with the impact of storm surges and environ-
mental pollution in Ju Fu Garden, and the risk prevention
and control measures around the project should be
strengthened to reduce the lack of space benefits caused by
environmental problems.

The relaxation variable S+ values of the three projects of
Funing Building, Hyde Building, and Ming Hing Building
are all 0, so there is no problem of insufficient output in
a relative sense. As a non-DEA effective decision unit DMU,
Ju Fu Garden can further analyse its “insufficient output.” It
can be seen from Table 9 that, after the renovation of the old
building, the housing price, renovation area and public
service area proportion of Jufu garden all face a situation of
insufficient output, and the insufficient output rate of the
updated area is the largest, indicating that there is no relative
input in the factors. In order to achieve the expected effective
update area effect, there is still room for improvement in
output efficiency.

7. Conclusion

Based on the perspective of spatial benefits, this study
constructs an evaluation system for the benefits of Macau’s
urban renewal site selection from four indicators: socio-
economic benefits, spatial accessibility, spatial diversity, and
spatial adaptability. Based on the “input-output” theory, the
DEA model is used to compare and verify the feasibility of
the evaluation system:

(1) In terms of social and economic benefits, the pro-
portion of owners of the four projects tends to be the
same, and they all obtain new space benefits by
expanding the building space, so as to achieve
a rebalance in the distribution of space interests
between owners and developers; and in terms of
input costs, Funing Building uses The lowest capital
and realizes the largest space expansion and the
lowest input cost.

(2) In terms of spatial efficiency, Ju Fu Garden and
Funing building both maintain a relatively
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comfortable environment and have the highest
spatial adaptability; Ming Hing Building is most
convenient for communication with the surrounding
environment and has the highest spatial accessibility;
Hyde Building has better land use. The more the
complex, the richer the spatial diversity. Therefore,
the four projects have certain spatial advantages in
different areas.

(3) In terms of comprehensive evaluation, Funing
Building is the best option for urban renewal project
site selection, showing strong comparative advan-
tages in terms of social and economic benefits and
spatial benefits, while Ju Fu Garden is the least
suitable for site selection.

(4) In terms of input-output analysis, Ju Fu Garden has
the worst input-output ratio among the four pro-
jects, mainly showing the insufficiency of urban
environment construction, updated housing price,
construction area, and public service ratio.

(5) The comprehensive evaluation method is consistent
with the results of the DEA model. From the per-
spective of space, the Ju Fu Garden is the most in-
appropriate in the urban renewal site selection. It
verifies the rationality of urban renewal site selection
evaluation from the perspective of spatial benefit.
Through comparative analysis, the comprehensive
evaluation method needs to consider the interaction
between indicators in the selection and construction
of indicators. For example, “building renewal in-
vestment” should be understood and transformed
into “spatial benefits created by time/funds,” and it
needs to be uniformly dimensionless weight as-
signment. The DEA model does not need to take
their interaction into account, directly separates the
two categories of “input-output,” according to before
and after updating, and replaces them with pro-
cessing, which is more objective and convenient in
the calculation process.
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