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Abstract: In the current stage of urbanization in China, urban construction has gradually shifted
from incremental construction dominated by real estate to stock transformation based on improving
urban quality. The evaluation of urban renewal projects is crucial for decision-making and resource
allocation. However, there is no consensus on the evaluation indicators and methods. This study
evaluates the current status of urban quality using the MABAC method based on numerical indicators.
It evaluates the improvement of urban quality using the VIKOR method based on public satisfaction
indicators. It is found that the comprehensive weights and subjective weights of the five first-level
indicators in the evaluation index system of urban quality improvement in Shandong Province,
namely blue–green space improvement, air cleanliness improvement, road traffic improvement,
life service improvement, and governance capacity improvement, are quite different. The weight
distribution of these indicators needs to be adjusted and optimized, especially for improving living
services, as well as secondary indicators such as black and odorous water treatment, urban clean
heating, the number of public vehicles per 10,000 people in the city, the 15 min living circle, the
renovation of old residential areas, and the construction of urban intelligent management platforms.
Based on the comprehensive evaluation results, an attempt is made to propose a more scientific
evaluation index system, providing valuable references for urban renewal management.

Keywords: MABAC method; VIKOR method; urban quality improvement; urban renewal; index system

1. Introduction

Urban areas in China are expanding rapidly due to fast economic growth and the
agglomeration effect of the urban population. Shandong Province is a densely populated
urban area in northern China, and the Shandong Peninsula urban agglomeration is a typical
example of China’s urbanization process. The external expansion leads to the gradual
deterioration of infrastructure and buildings in the city center through the construction of a
new administrative district nearby rather than using the existing urban center [1]. This has
led to the gradual deterioration of the infrastructure and buildings in the city center [2].
The earliest recorded example of deliberate urban renewal dates back to the 17th century;
the redevelopment of Les Halles marked the beginning of a new era of urban planning
in Europe. However, it was not until the 19th century that urban renewal became more
widespread [3]. Haussmann’s Paris, a widely disseminated model that many European
and American cities have adopted, became a model for complex urban development
strategies [4].

In some cases, these efforts successfully transformed cities into more attractive and
livable places, while in others, they destroyed historic neighborhoods and displaced local

Sustainability 2024, 16, 3308. https://doi.org/10.3390/su16083308 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16083308
https://doi.org/10.3390/su16083308
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-9540-0191
https://orcid.org/0000-0003-1144-4355
https://doi.org/10.3390/su16083308
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16083308?type=check_update&version=2


Sustainability 2024, 16, 3308 2 of 18

residents. The United States was among the first countries to develop specific national
programs for urban renewal [5]. The urban renewal programs in European cities during
the 1960s were similar in many ways to those in North America but also had some sig-
nificant differences [6]. These programs often involved the demolition of old buildings,
the construction of new ones, and the creation of public spaces and parks. However, the
focus in Europe was often more on preserving historic architecture and heritage. In the
1980s, many cities in the West began to adopt a postmodern approach to urban policy,
which focused on “careful urban renewal” [7,8]. In the United States, the approach to urban
renewal underwent a significant shift in the 1970s, focusing on community-based planning
and development [9].

China’s urban renewal can be traced back to the urban construction work after the
founding of the People’s Republic of China in 1949, with the main content being improving
environmental sanitation, developing urban transportation, renovating municipal facilities,
and building workers’ houses. In the early 1980s, with the launch of economic reforms,
China began attracting foreign investment and technology, leading to urban construction
and renewal. Urban renewal entered a peak period in the 1990s. Large-scale demolition
and reconstruction activities took place in many cities. In the 2000s, the focus of urban
renewal shifted from purely infrastructure construction to including attention to the human
environment and sustainable development. In the past decade, urban renewal has focused
on improving urban quality and residents’ living standards, protecting traditional culture
and historical heritage, and transforming old urban areas into landscape areas with cultural
characteristics [10]. The 14th Five-Year Plan for National Economic and Social Development
of the People’s Republic of China and the Outline of the Vision Goals for 2035 propose to
accelerate the transformation of urban development methods, coordinate urban planning
and construction management, implement urban renewal actions, and promote urban
spatial structure optimization and quality improvement. Urban renewal and quality
improvement are necessary links for developing new urbanization. All provinces have
issued action plans for improving urban quality [11]. In August 2019, the General Office
of the People’s Government of Shandong Province (2021) issued a notice on issuing the
three-year action plan for improving urban quality in Shandong Province [12]. Urban
renewal research is an essential and growing field of study that seeks to understand the
impact of urban renewal projects on cities and their communities.

2. Literature Review

Urban quality is considered one of the most important aspects of maintaining any
urban development [13]. Early urban renewal mainly improved the urban infrastructure,
and current urban renewal pays more attention to improving the living environment and
the quality of life [10].There are many prjects and famous cases of urban renewal in big
cities, including urban area renewal such as Dazhalan in Beijingfang—Historic District
Renewal [14], London Dockland Port Area—Old Industrial Zone Renewal [15], Tokyo
Roppongi—Central Business District Renewal [16], and historical building renewal such as
of the Cooper’s Muller Museum in Germany [17], Shanghai Baoshan Energy Exhibition
Hall [18], etc. The evaluation of these successful cases is often limited to the evaluation of
the renovation area or the single building itself, ignoring the contribution and relevance
of the renovation project and the improvement of the overall quality of the city [19], and
focusing on the post-evaluation period [20].

Some scholars began to pay attention to urban quality involving more comprehensive
factors, such as systematic [21] and comprehensive benefits [22], and conducted relevant
research on evaluating the effect of urban renewal. Ng proposed five basic principles of
encouraging participation, building community character, advancing equity, improving
the environment, and enlivening the economy. Various quality-of-life indicators related
to these five principles evaluated the quality-of-life perceptions for urban regeneration in
Hong Kong [23]. Jihad and Chuloh extracted the planning elements (Urban Environment,
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Transportation, Social/Cultural, Economic, and Sustainability Sector) for sustainable urban
regeneration in Dubai with AHP [24].

There are also some unsatisfactory cases in the urban renewal process, such as the
excessive pursuit of modern style, the neglect or even destruction of traditional residential
buildings in the city, and low citizen satisfaction after renewal. Therefore, prior decision-
making for urban renewal is critical.

The research on the prior decision-making for urban renewal mainly uses various
decision-making theoretical models to conduct a multi-dimensional evaluation of urban
renewal. Doğan established a new urban renewal approach prioritizing the participation of
the local society with the capability to resolve problems with the contributions of govern-
ment, private sectors, and society, and visualized the results on a satellite map by using
Geographical Information System (GIS)-supported geostatistical analysis methods [25].
Zheng thought the multi-scale feature of urban renewal initiatives added uncertainty and
complexity to decision-making. He proposed a multi-scale model that supports decision-
making in realizing sustainable urban renewal [26]. Manupati proposed a multi-criteria
decision-making (MCDM) approach for urban renewal and demonstrated it with a real-life
case in South India [27]. Some scholars have also conducted related research on urban
sustainability and urban quality assessment [28–30].

The multi-attribute decision-making method is widely used in the evaluation research
of various disciplines [31]. One of the research directions in recent years is the integrated
evaluation of mixed indicators such as real numbers, interval numbers, and uncertain
linguistic variables [32–34]. The existing research rarely involves the evaluation of urban
renewal and quality improvement, and the evaluation indicators are mainly real and
interval numbers or the integrated evaluation of the two. Taking 16 cities in Shandong
Province as an example, this paper uses the MABAC method based on objective indicators,
uses the VIKOR method based on a mass satisfaction survey and probabilistic language
term set to evaluate the quality improvement in these cities comprehensively, and compares
and analyzes the evaluation results based on objective indicators and mass satisfaction.

3. Methods

First, an evaluation index system was established, various indicators were standard-
ized [35,36], and then indicator weights were determined through a combination of sub-
jective and objective weights. The subjective weight was determined according to the
proportion of the scores of each indicator in the Shandong Province Urban Quality Im-
provement Action Evaluation Index System, and the objective weight was calculated using
the coefficient of variation method. Finally, the quality improvement in 16 cities was evalu-
ated using the multi-attribute boundary approximation region comparison method and
the intuitionistic fuzzy multi-attribute decision-making method. Figure 1 illustrates the
research roadmap used in this study. The basic model is as follows:

3.1. Multi-Attribute Boundary Approximate Region Comparison Method (MABAC)

The main advantage of the multi-attribute boundary approximate region comparison
method (MABAC) is that it allows for a more comprehensive comparison of multiple
attributes than traditional methods [37]. This makes assessing the relative performance
of different items or services easier based on multiple criteria. Additionally, MABAC
efficiently identifies the best combination of attributes for a given task [38]. There are few
studies on the decision-making application of MABAC [39]. Evaluating urban quality
improvement involves uncertain information fusion and decision-makers’ behavioral
characteristics. Many factors are affected by uncertainty. MABAC is less affected by index
weight, and the evaluation results are more robust [40]. This paper applies the MABAC
method to study the comprehensive evaluation of urban quality improvement based on
the bounded rational behavior of decision-makers.
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The calculation process is as follows:
Step 1: Standardize the decision matrix’s benefit and cost attribute values using

Formulas (1) and (2), respectively.

h∗ij =
hij − h−i
h+i − h−i

, i = 1, 2, · · · , m; j = 1, 2, · · · , n. (1)

h∗ij =
hij − h+i
h−i − h+i

, i = 1, 2, · · · , m; j = 1, 2, · · · , n. (2)

where hij is the original evaluation value of i alternatives under the j attribute in the
decision matrix, h∗ij represents the standardized evaluation value in the decision matrix,

m denotes the number of alternatives, and n is the number of attributes. h+i =
max

i
(
hij
)
,

h−i =
min

i
(
hij
)
.

Step 2: Construct a weighted standardized decision moment Ĥ from Formula (3),
where ωj is the weight of attribute j.

ĥij = ωj

(
1 + h∗ij

)
(3)

Step 3: Construct the boundary approximation region matrix G from Formula (4).
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g
j=(∏m

i=1 ĥij)
1/m =

(
m

∏
i=1

ĥij

)1/m

(4)

Step 4: Calculate the distance qij to the boundary approximation region from Formula (5).

qij = ĥij − gj, i = 1, 2, · · ·m; j = 1, 2, · · · n (5)

Step 5: Calculate the total distance from each solution to the boundary approximation
region according to Formula (6).

Di = ∑n
j=1 qij, i = 1, 2, · · · , m. (6)

Step 6: Obtain the ranking of each scheme according to the descending order of the
total distance.

3.2. Intuitionistic Fuzzy Multi-Attribute Decision-Making Method (VIKOR)

VIKOR is a compromise decision-making method based on the TOPSIS method [41].
It provides a more accurate representation of decision-makers’ preferences and beliefs and
helps reduce decision-making subjectivity [42,43].

The calculation process is as follows:
Step 1: Construct an initial decision matrix F =

(
fij
)

m×n, where fij is evaluating each
attribute by a probabilistic uncertain linguistic term set.

Step 2: Determine positive and negative ideal solutions. For scenario set X, determine
each attribute’s best and worst values.

The positive and negative ideal solutions under the benefit-type attribute are respectively

f+j =
max

i
{

fij, i = 1, 2, · · · , m
}

, f−j =
min

i
{

fij, i = 1, 2, · · · , m
}

, (7)

The positive and negative ideal solutions under the cost-type attribute are respectively

f+j =
min

i
{

fij, i = 1, 2, · · · , m
}

, f−j =
max

i
{

fij, i = 1, 2, · · · , m
}

, (8)

The positive ideal solution and the negative ideal solution are

X+ ,
(

f+1 , f+2 , · · · , f+n ,
)

(9)

X− ,
(

f−1 , f−2 , · · · , f−n ,
)

(10)

Step 3: Calculate the group effect value Si and the maximum individual regret value
Ri. This is calculated by using the score value of the probabilistic uncertain language
term set.

Si =
n

∑
j=1

ωj

(
f+j − E fij

)
f+j − f−j

, i = 1, 2, · · · , m (11)

Ri =
max

j

ωj

(
f+j − E fij

)
f+j − f−j

, j = 1, 2, · · · , n

 (12)

Step 4: Calculate the compromise function value Qi.

Qi = ν
Si − S+

S− − S+
+ (1 + ν)

Ri − R+

R− − R+
(13)

S+ = min{Si, i = 1, 2, · · · , m}, S− = max{Si, i = 1, 2, · · · , m} (14)
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R+ = min{Ri, i = 1, 2, · · · , m}, R− = max{Ri, i = 1, 2, · · · , m} (15)

where ν ∈ [0, 1] is the decision mechanism coefficient, the reinforcement group effect
mechanism ν > 0.5, and the reinforcement individual regret mechanism ν < 0.5. If the
compromise equilibrium mechanism is adopted, then ν = 0.5. The smaller the value of Qi
is, the smaller the distance from the positive ideal solution is, and the better the scheme is.

Step 5: Sort the candidate schemes.

(1) Under the mechanism of enhancing group utility, the optimal solution is the one with
the smallest corresponding S(i) in the set of compromise solutions;

(2) Under the mechanism of strengthening individual regret, the optimal solution is the
one with the smallest corresponding R(i) in the set of compromise solutions;

(3) Under the compromise equilibrium mechanism, the optimal solution is the one with
the minimum value of S(i) + R(i).

3.3. Coefficient of Variation Method

The attribute value rij is normalized data.

(1) If r̃ij is an interval number,

rij =
(

r−ij + r+ij
)

/2 (16)

(2) If r̃ij is a triangular fuzzy number,

rij =
(

rl
ij + 2 ∗ rm

ij + ru
ij

)
/4 (17)

(3) If r̃ij is a language variable, first convert it into the corresponding triangular fuzzy
number, then calculate the median value.

(4) Calculate the average value of the j indicators.

rj =
1
m

m

∑
i=1

rij, j = 1, 2, · · · , n (18)

(5) Calculate the mean square deviation of the j indicators.

Dj =

√
1

m− 1 ∑m
i=1

(
rij − rj

)2, j = 1, 2, · · · , n (19)

(6) Calculate the coefficient of variation for the j indicators.

Ej =
Dj

rj
, j = 1, 2, · · · , n (20)

(7) Normalize the coefficient of variation of each indicator to obtain the weights of
each indicator.

ωj =
Ej

∑n
j=1 Ej

, j = 1, 2, · · · , n (21)

4. An Empirical Study on the Evaluation of Urban Quality Improvement in
Shandong Province
4.1. Study Area and Data

The 16 cities in Shandong Province are taken as an example, as shown in Figure 2.
Located in eastern China and the lower reaches of the Yellow River, by the end of 2021,
Shandong Province had a permanent resident population of 101.527 million, ranking
second in the country in terms of total population and being one of the two provinces with
a population over 100 million. The urbanization rate of the permanent resident population
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reached 63.94%. The main reason for choosing cities in Shandong Province as the research
object is that the urban population in Shandong has reached 65.59 million, ranking second
in China, and the relevant data are detailed. In 2021, the Department of Housing and
Urban-Rural Development of Shandong Province organized a comprehensive evaluation
of the quality improvement work for all 16 cities. The evaluation data were collected in
2020, and on-site evaluations and public satisfaction surveys were conducted until the end
of August 2021.
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The data for this study are sourced from the “Research Report on the Evaluation of
Urban Quality Improvement in Shandong Province in 2020”. The report establishes a
primary indicator system comprising ten indicators, including eight indicator evaluations,
one satisfaction survey, and one bonus item. The evaluation indicators come from the
“Shandong Province Urban Quality Improvement Action Evaluation Indicator System” and
the “Urban Physical Examination Work Plan of the Ministry of Housing and Urban-Rural
Development of the People’s Republic of China”. The total score of indicator evaluation
is 80 points, satisfaction is 20 points, and an additional 10 points are set for the bonus
item. The bonus item mainly focuses on the achievements of national and provincial
demonstration cities, which are not highly relevant to this research work. Therefore, the
following research adopts 9 primary evaluation indicators and 26 secondary indicators.
The indicator system is shown in Table 1. Among the secondary indicators, 14 indicators
are provided by relevant provincial departments, inspection teams score 6 indicators
during on-site evaluations, and 6 satisfaction indicators are obtained through random
telephone surveys of residents in 16 main urban areas of cities with a sample size of 50 valid
questionnaires per city. The three change options for satisfaction surveys are “improvement,
unchanged, and deterioration”, corresponding to the satisfaction evaluation of “satisfied,
average, and unsatisfied”.
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Table 1. Evaluation index system of urban quality improvement in Shandong Province.

Evaluation
index system
of urban
quality improvement

First-Level
Indicators Second-Level Indicators Scores Subjective Weights Objective Weights Combination Weights

A1: Enhancement of
style and features

C1: Urban design coverage and implementation 4 0.05 0.0766 0.0886
C2: Historical and cultural block and historical
building protection and utilization 5 0.0625 0.0535 0.0774

C3: City appearance detail beautification 6 0.075 0.0178 0.0309

A2: Blue–green space
promotion

C4: Black and odorous water treatment 3 0.0375 0 0
C5: Sewage treatment to improve quality and
efficiency 3 0.0375 0.1933 0.1678

C6: Sponge city construction 3 0.0375 0.1738 0.1509
C7: Greenway construction 3 0.0375 0.0608 0.0528

A3: Air cleanliness
improvement

C8: Urban clean heating 4 0.05 0 0
C9: Dust control and road cleaning 4 0.05 0.0028 0.0032

A4: Road traffic
improvement

C10: Road network density of urban
built-up area 3 0.0375 0.1479 0.1284

C11: Parking facility construction 5 0.0625 0.0778 0.1125
C12: Number of public transportation vehicles
per 10,000 people in cities 3 0.0375 0 0

C13: Pipe gallery construction 3 0.0375 0.0916 0.0796

A5: Life service
improvement

C14: 15 min living circle (education, medical
care, pension) 6 0.075 0 0

C15: Old community renovation 6 0.075 0 0

A6: Governance
capacity improvement

C16: Intelligent city management
platform construction 3 0.0375 0 0

C17: Domestic waste classification and treatment
system construction 6 0.075 0.0034 0.0060

A7: Safe
operation improvement C18: City safety development 4 0.05 0.0501 0.0580

A8: Civilization
quality improvement

C19: Civilized city creation 3 0.0375 0.0379 0.0329
C20: Credit system construction 3 0.0375 0.0127 0.0110

A9: Mass
satisfaction survey

C21: City appearance improvement 3.5 17.5
C22: Park and green space play convenience 3.5 17.5
C23: Water environment improvement 3.5 17.5
C24: Air quality improvement 3.5 17.5
C25: Traffic travel convenience 3.5 17.5
C26: Life shopping convenience 2.5 12.5
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Satisfaction evaluation is an uncertain linguistic term description that needs to
be transformed into probabilistic linguistic terms [44]. The transformation method is
as follows:

Suppose S = {st|t = −τ, · · · ,−1, 0, 1, · · · , τ} is a finite set consisting of an odd num-
ber of linguistic terms. Then, a probability linguistic term set is defined as

L(p) =
{

L(k)
(

p(k)
)∣∣∣Lk ∈ S, rk ∈ t, pk ≥ 0, k = 1, 2, · · · , #L(p), ∑#L(p)

k=1 pk ≤ 1
}

(22)

where L(k)
(

p(k)
)

represents the possibility degree p(k) of linguistic evaluation information

L(k), satisfying 0 < pi ≤ 1. rk represents the subscript of L(k), and #L(p) represents the
number of linguistic terms in L(p).

4.2. Weight Calculation Results
4.2.1. Subjective Weights

The subjective weight of indicators is directly allocated according to the score of each
indicator of the research report. See Table 1 for details.

4.2.2. Objective Weights

The coefficient of variation method, abbreviated as CV, is a commonly used approach
to calculate weights based on the relative dispersion of data. Compared to more complex
weighting methods, the CV method is relatively simple and easy to implement. It can also
be applied to various types of data, including continuous and discrete variables.

Table 2 shows the scoring data for quality improvement evaluation indicators of cities
in Shandong Province. The data from C1 to C20 represent the scores of 16 city evaluation
indicators. C21 to C26 are the probabilistic linguistic term sets converted from satisfaction
survey results with uncertain linguistic terms using the formula (22). The objective weight
is calculated by CV, and the specific values are shown in Table 1.

4.2.3. Combined Weights

Subjective weights consider experts’ experience, knowledge, and personal preferences,
capturing factors that objective data cannot fully reflect. However, they rely on qualitative
judgments and may introduce biases in the evaluation process. Objective weights are based
on quantitative data and scientific methods, using statistical analysis and mathematical
models to determine the weight of each criterion. However, objective weights are also
influenced by potential limitations and biases, such as the quality and accuracy of the
data used. Combining both approaches can achieve a more balanced and comprehensive
assessment by considering both quantitative and qualitative factors.

The primary multiplicative integration method [45] is used for the combination
weights. For specific values, see Table 1.

ωi =
αiβi

∑ αiβi
(23)

where αi is the subjective weight and βi is the objective weight.
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Table 2. Evaluation data on urban quality improvement in Shandong Province.

Jinan Qingdao Zibo Zaozhuang Dongying Yantai Weifang Jining Taian Weihai Rizhao Linyi Dezhou Liaocheng Binzhou Heze

C1 4.00 4.00 3.50 1.50 4.00 3.00 3.00 4.00 4.00 3.00 3.50 3.00 0.50 2.50 3.00 3.50
C2 5.00 3.90 5.00 4.30 2.77 4.00 5.00 4.30 3.50 2.30 3.67 3.50 2.57 3.10 3.31 2.37
C3 5.07 4.97 5.18 4.05 4.81 5.33 4.42 4.71 5.33 5.67 5.17 5.17 4.81 4.94 4.58 4.52
C4 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
C5 3.00 3.00 1.00 0.00 1.00 3.00 3.00 0.00 3.00 0.00 3.00 0.00 0.00 0.00 3.00 3.00
C6 2.50 0.00 0.00 3.00 0.00 3.00 3.00 0.00 3.00 3.00 0.00 3.00 2.50 0.00 3.00 3.00
C7 3.00 3.00 3.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 0.00 3.00 3.00
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C15 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
C16 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
C17 6.00 6.00 6.00 6.00 5.80 6.00 6.00 5.80 6.00 6.00 6.00 6.00 5.80 6.00 5.80 5.80
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C19 3.00 3.00 3.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 2.00 2.00 2.00 2.00
C20 3.00 3.00 3.00 2.66 2.64 2.64 2.63 2.63 2.62 2.62 2.62 2.62 2.62 2.59 2.55 2.55
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4.2.4. Weight Analysis

According to the comprehensive weight calculation results, it can be seen that the
weight proportion of the first-level indicators from large to small is as follows: A2 > A4 >
A1 > A7 > A8 > A6 > A3 > A5. However, the proportion of subjective weight in order is
A1 > A4 > A2 > A5 > A6 > A3 > A8 > A7. The score distribution of the current evaluation
index system is inconsistent with the comprehensive weight. The weight ratio comparison
chart is shown in Figure 3. Among these, the comprehensive weight and subjective weight
of A2, A3, A4, A5, and A6 are quite different, indicating that the score distribution of
these five first-level indicators needs to be adjusted and optimized, especially for the A5
life service promotion index, so the objective weight is 0, and the discrimination in the
evaluation process is not high.
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Figure 3. Comparison between subjective weights and combined weights for first-level indicators.

The weight proportion of secondary indicators from large to small is C5 (sewage
treatment quality improvement and efficiency), C6 (sponge city construction), C10 (ur-
ban built-up area road network density), C11 (parking facility construction), C1 (urban
design coverage and implementation), C13 (pipe gallery construction), C2 (historical and
cultural block and historical building protection and utilization), C8 (urban safety develop-
ment), C7 (greenway construction), C19 (civilized city building), C3 (city appearance detail
beautification), C20 (integrity system construction), C17 (construction of domestic waste
classification and treatment system), and C9 (dust control and road cleaning). Compared
with the subjective weight proportion of secondary indicators, the score distribution of
secondary indicators in the current evaluation index system is also inconsistent with the
comprehensive weight. The weight ratio comparison chart is shown in Figure 4. Among
these, the comprehensive weights and subjective weights of C1, C3, C4, C5, C6, C8, C9, C10,
C12, C14, C15, C16, C17, and C20 are quite different, indicating that the score distribution
of these secondary indicators needs to be adjusted and optimized, especially for the C4,
C8, C12, C14, C15, and C16 indicators, for which the objective weight is 0, and there is no
discrimination in the evaluation process.
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4.3. Evaluation Results
4.3.1. Evaluation Based on the Numerical Index

The MABAC method aggregates the information from 20 numerical indicators, allow-
ing the calculation of the total distance from each city to the approximate border area. For
the specific numbers, see Table 3 for values and ranking.

Table 3. Evaluation ranking based on numerical index and mass satisfaction.

City Di Ranking Si Ranking Ri Ranking Qi Ranking

Jinan 0.0832 3 0.8341 16 0.1750 16 0.5 16
Qingdao 0.0269 5 0.7935 15 0.1750 15 0.4730 15

Zibo 0.0112 6 0.4015 7 0.0875 3 0.2118 7
Zaozhuang −0.0028 10 0.7037 14 0.1750 14 0.4131 14
Dongying −0.0077 11 0.4093 8 0.1073 5 0.2170 8

Yantai −0.0138 12 0.2461 2 0.0875 2 0.1082 2
Weifang 0.0914 2 0.3647 4 0.1073 6 0.1873 4

Jining −0.0517 15 0.3189 3 0.1167 7 0.1567 3
Taian 0.0949 1 0.4487 10 0.1167 8 0.2432 10

Weihai 0.0101 7 0.3878 6 0.1361 9 0.2026 6
Rizhao −0.0308 13 0.4968 11 0.1361 11 0.2753 11
Linyi 0.039 4 0.0836 1 0.0452 1 0 1

Dezhou −0.0497 14 0.5557 12 0.1411 12 0.3145 12
Liaocheng −0.1025 16 0.5771 13 0.1524 13 0.3288 13
Binzhou 0.002 8 0.4267 9 0.1361 10 0.2286 9

Heze 0.0008 9 0.3816 5 0.0948 4 0.1985 5

4.3.2. Evaluation Based on Mass Satisfaction Index

The VIKOR method is used to aggregate the information from six probabilistic linguis-
tic indicators, and the maximum group utility value Si, the maximum individual regret
value Ri, and the compromise equilibrium mechanism value Qi (ν = 0.5) of 16 cities are
obtained. See Table 3 for details.

It can be seen that according to the optimal scheme criterion 1 of the VIKOR method,
the city with the minimum value for the maximum group effect and the maximum individ-
ual regret value is Linyi, and Q2−Q1 ≥ 1/15, so Linyi is the best among the 16 cities based
on mass satisfaction. According to the optimal scheme criterion of the VIKOR method,
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the optimal solution for other cities is solved, and finally, the evaluation ranking of urban
quality improvement based on mass satisfaction is obtained.

4.3.3. Analysis of Evaluation Results

The evaluation based on the MABAC method and 20 numerical indicators is mainly for
evaluating the current situation of urban quality, while the evaluation based on the VIKOR
method and 6 satisfaction indicators is for describing the improvement in urban quality.

Table 4 shows that Weifang, Linyi, Zibo, and Weihai are all in the top eight based on
the ranking of the MABAC method and the ranking of the satisfaction index. Weifang
and Linyi are in the top 4, and Zibo and Weihai are in the 5–8 ranks. Zaozhuang, Rizhao,
Dezhou, and Liaocheng are all in the last eight rankings based on the MABAC method and
satisfaction index, and Liaocheng is in the last four.

Table 4. Ranking of evaluation results.

Ranking 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Numerical
indicators Taian Weifang Jinan Linyi Qingdao Zibo Weihai Binzhou Heze Zaozhuang Dongying Yantai Rizhao Dezhou Jining Liaocheng

Mass
satisfaction Linyi Yantai Jining Weifang Heze Weihai Zibo Dongying Binzhou Taian Rizhao Dezhou Liaocheng Zaozhuang Qingdao Jinan

From a geographical perspective, most of the top eight cities based on the MABAC
ranking and satisfaction index ranking are located in the central and eastern regions of
Shandong Province, and only Heze ranks fifth in the western cities based on the satisfaction
index ranking.

4.3.4. Analysis of Evaluation Data

According to the quality improvement evaluation data for each city in Table 2, the
final indicators of each city, which is the indicators with a large improvement space, is
summarized in Table 5.

It can be seen from Table 5 that Jinan, Qingdao, Weifang, and Tai’an rank low in
only one indicator. In contrast, Zibo, Yantai, Jining, Weihai, and Linyi rank low in two
indicators, indicating that all departments pay more attention to improving urban quality
and achieving good results. Zaozhuang and Rizhao lagged in three indicators, Dongying
in four, Dezhou in five, and Liaocheng, Binzhou, and Heze in six. The four cities of Dezhou,
Liaocheng, Binzhou, and Heze also need to mobilize relevant departments and intensify
their efforts to improve the weak indicators of urban quality.

Table 5. Final-ranked indicators for each city.

City Final Index City Final Index

Jinan C10 Taian C11
Qingdao C6 Weihai C2, C5

Zibo C11, C13 Rizhao C6, C10, C18
Zaozhuang C3, C5, C7 Linyi C6, C10
Dongying C2, C6, C10, C13 Dezhou C1, C2, C5, C11, C19

Yantai C10, C18 Liaocheng C5, C6, C7, C10, C13, C19
Weifang C3 Binzhou C3, C10, C11, C13, C19, C20

Jining C5, C6 Heze C2, C3, C13, C18, C19, C20

5. Discussion
5.1. Optimization of Indicator Weights

The analysis of indicator weight distribution indicates that it is necessary to adjust
the score distribution of primary and secondary indicators, primarily the life service
improvement indicators in the primary indicators. The objective weight should be corrected
to more accurately reflect the actual performance. Optimizing indicator weights can be
achieved through the following strategies:
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(1) Expert consultation: Seeking the opinions of relevant domain experts can provide
valuable insights into the relative importance of each indicator.

(2) Stakeholder participation: Involving various stakeholders, including government
officials, urban planners, and residents, in the evaluation process ensures a compre-
hensive and inclusive assessment. This approach helps capture different perspectives
and priorities, resulting in a more balanced weight allocation.

(3) Data-driven analysis: Conducting comprehensive data analysis by reviewing histori-
cal data provides objective evidence for determining the weight of each indicator.

(4) Regular review and adjustment: The distribution of indicator weights should be
periodically reviewed and adjusted to reflect evolving priorities. This ensures the
assessment system remains relevant and aligned with the city’s changing needs.

5.2. Optimization of the Indicator System

Based on the analysis of the index weight distribution, it is evident that specific
indicators require adjustments and optimization to accurately reflect their importance in
evaluating a city’s performance. The optimization of the evaluation index system applied
in the evaluation of urban quality improvement in Shandong Province in 2021 is as follows:

(1) In the primary indicators, improvement in life services is a critical indicator that
requires high attention. All cities achieved full marks in this indicator, indicating
significant progress in developing life services. Revising the indicator to “community
facility improvement” is recommended to assess urban development more compre-
hensively. Similarly, some secondary indicators need scrutiny to ensure a scientific
assessment process. For example, we should consider replacing the secondary indi-
cators of black and odorous water body treatment, clean heating in cities, number
of public transportation vehicles per thousand people, 15 min living circle, and con-
struction of intelligent city management platforms with indicators such as reuse rate
of recycled water, ratio of excellent air quality days, ratio of electric vehicle charg-
ing stations to electric vehicles, coverage rate of community elderly care facilities,
retrofitting rate of elevators in existing residential buildings, and coverage rate of
three-dimensional data in the City Information Model (CIM) platforms.

(2) A suggestion is to modify the primary indicator “safety operation improvement”
to “resilience enhancement of infrastructure”. Additionally, to measure the safety
development of cities more specifically, it is recommended to split the corresponding
secondary indicators into the following three specific indicators: the number of safety
production accidents in housing and municipal engineering, the completion rate of
renovation for old gas pipelines, and the radius of the coverage of urban fire stations.

5.3. Research Method

In comparing this study with previous research, the MABAC method, based on
numerical indicators, allows for a quantitative assessment of urban quality, and the VIKOR
method, focusing on public satisfaction indicators, brings in the subjective perspective and
provides a more comprehensive evaluation. There is a significant difference between the
comprehensive weight and subjective weight of some indicators, indicating that there may
be a mismatch between objectively measured indicators and public perception. Therefore,
more detailed evaluation methods need to be adopted.

6. Conclusions

According to the research results of the evaluation work, the specific problems that
exist in each city are as follows:

(1) Zaozhuang and Dezhou still need to complete the preparation of the overall urban
design. Liaocheng and Heze have achieved the overall urban design results but must
complete the approval process. Urban design implementation in most critical urban
areas is slow or has yet to be implemented. Cities should take adequate measures
to promote the formulation and approval of overall urban designs and accelerate
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the implementation of urban designs in critical areas. Relevant departments should
improve the mechanism for formulating and approving overall urban designs and
strengthen the organization and management of critical urban design formulation
and implementation.

(2) The influent weighted BOD concentration of the sewage treatment plants in Zibo
and Dongying is slightly lower than the annual target requirements, and that in
Zaozhuang, Jining, Weihai, Linyi, Dezhou, and Liaocheng is far from the annual
target requirements. The proportions of built-up area and built-up area of sponge
cities in Jinan, Qingdao, Zibo, Dongying, Yantai, Jining, Rizhao, Dezhou, Liaocheng,
and Heze are less than 25%, and the proportions in Zibo, Jining, Rizhao and Liaocheng
are less than 20%. Sewage treatment and sponge city construction in the blue and
green space promotion index must catch up. It is suggested that the construction of
the sponge city should be coordinated, the area of the sponge city should be increased,
and the improvement of sewage treatment quality and efficiency should be accelerated.
Relevant departments need to strengthen policy support, provide economic incentives
and technical assistance, and encourage businesses and residents to participate in
sponge city construction and improvement of wastewater treatment.

(3) The road network density of built-up areas in 12 cities, namely Jinan, Zaozhuang,
Dongying, Yantai, Jining, Weihai, Rizhao, Linyi, Dezhou, Liaocheng, Binzhou, and
Heze, is less than 8 km/km2, and that in 5 cities, namely Dongying, Dezhou, Liaocheng,
Binzhou, and Heze, is less than 7 km/km2. The road network density of 11 cities is
lower than that in 2019. Zibo, Tai’an, Weihai, Rizhao, Dezhou, Liaocheng, Binzhou,
and Heze should introduce more effective and specific preferential policies to speed
up the construction of parking facilities. Zibo, Dongying, Yantai, Weifang, Dezhou,
Liaocheng, Binzhou, Heze, and eight other cities have a significant gap in the construc-
tion of comprehensive pipe galleries, among which Binzhou has completed less than
30% of the tasks determined in the relevant documents of the provincial government.
It is recommended that the density of road networks in developed urban areas be
increased and more investment be made in road construction. This can be achieved
by planning new roads, expanding existing roads, and implementing measures such
as optimizing traffic organization and signal control. These efforts aim to increase
the number and connectivity of roads within urban areas. Furthermore, it is crucial
to strengthen project management and supervision and accelerate the construction
of comprehensive utility tunnels. Measures should be taken to ensure that the work
progresses according to plan. Additionally, expediting the construction of parking
facilities, including underground parking lots, multi-story parking buildings, tempo-
rary parking spaces, and other public parking areas, is crucial. Reasonable planning
and layouts should be implemented to provide more convenient parking options
in critical areas. Specific preferential policies need to be introduced to encourage
the development of parking facilities. These may include tax exemptions, priority
land supply, investment subsidies, and other measures to attract more investors and
businesses to participate in parking facility construction.

This paper provides a comprehensive application of the MABAC and VIKOR methods
to evaluate the effect of urban quality improvement. It is found that the comprehensive
weight of some indexes in the current evaluation index system of urban quality improve-
ment in Shandong Province is quite different from the subjective weight. The objective
weight of some indexes is zero, which leads to no discrimination in the evaluation pro-
cess. Optimizing the evaluation index system and adjusting the weight appropriately are
suggested. Given the problems of different cities, the corresponding policy implications
are put forward, including accelerating the preparation and approval of the urban overall
design, accelerating the construction of sponge cities, improving the density of urban
road networks and the speed of comprehensive pipe corridor construction, accelerating the
construction of parking facilities, and preferential policies. Through these specific measures,
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the progress of urban quality improvement can be better promoted. This can be an excellent
reference for urban planning and management decision-making.

The level and quality of urbanization in China among developing countries is rel-
atively high. The research results of this article have significance for foreign cities that
are still in the early stage of urbanization. The research approach can be replicated in
other regions. The methods are not geographically limited and can be applied to different
urban settings and contexts. To replace the data obtained from the reports used in this
study, it is possible to consider using government reports, statistical databases, or other
reliable organization surveys. This may involve surveys, interviews, or observations in
other evaluated cities. The pursuit of sustainability in the indicator system can help other
developing countries achieve more effective and equitable urbanization. Of course, this
study also has its limitations. Firstly, taking cities in Shandong Province as an example may
limit its promotion in other regions with different urban characteristics and development
levels, especially abroad. Secondly, the data used in this study may have certain limitations
in terms of availability and comparability. Collecting and analyzing urban quality data
may be challenging, and the reliability and effectiveness of the data may affect the accuracy
of assessment results.
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