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A green smart city is important in the urbanization of countries, and an evaluation system for
the functionality and management of the green smart city is inevitable in its construction and
maintenance. In this study, we used the fuzzy Delphi method to establish an evaluation index
system of the green smart city in line with 5G technology and IoT based on a literature review.
The fuzzy hierarchical analysis method was adopted to create questionnaires for experts and
extract the weights of the index in the green smart city evaluation system. The method was
applied to Shanghai and Taipei in China to assess the level of the application of the green smart
city. On the basis of the results, suggestions for the improvement of the evaluation system and
development strategies for the green smart city were made, which is an important reference for
promoting the construction of green smart cities.

1. Introduction

With the development of technologies including 5G and IoT, big data, fog computing, and
edge computing, many green smart cities have been constructed.!) Therefore, the evaluation
system for green smart city construction should be established and improved according to the
increasing need for green smart cities. The evaluation system must be used to measure the effect
of green smart city construction on its surroundings and provide appropriate information and
strategies for its development plan.

Graham® and Mitchell® laid the foundation for the principles of the smart city in China.
Since then, many researchers have claimed that the development of proper urban infrastructure
is important in the building of a smart city. Apart from buildings and transportation, information
and computer technology (ICT) plays an important role in smart cities.® Thus, it is necessary to
understand how ICT affects the development and is used for the evaluation of smart cities.®®)
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The Natural Resources Defense Council and the European Intelligence Council defined
smart cities from different perspectives,® but their definitions are consistent in that smart cities
have social, public, information, and business infrastructures.”) Giffinger et al.® stated that a
smart city is a smart society in which various elements such as people, environment, mobility,
governance, and economy are built into the smart infrastructure. As stated, smart cities are for
their citizens. Thus, they are the key element of a smart city with their continuous interaction in
and with smart cities, and they should have the appropriate knowledge to develop smart cities
further.(”) With citizens, social infrastructures are also an essential element as they are used to
connect people and form relationships.1? Yigitcanlar et al(!) proposed six subthemes of
productivity, sustainability, accessibility, well-being, livability, and governance as the desirable
outcomes of smart cities. On the basis of the elements and themes, the smart city blends
education, culture, arts, business, economics, and commerce. For smart cities, it is important to
understand how a smart city has been built and benefits citizens considering its purposes and
functionality, which requires an appropriate evaluation system for the inherent purposes of
smart cities and their management.

Therefore, in this study, a new evaluation system was developed on the basis of the interview
results of experts and scholars. The system was designed to apply to Shanghai and Taipei in
China, and the results were compared to validate its applicability. A fuzzy Delphi method was
used to develop the evaluation system with the fuzzy hierarchical analysis. The results of
questionnaire surveys and interviews were analyzed to obtain the weights of the indices in the
evaluation system. The verified indices were reviewed and verified to propose countermeasures
and suggestions for the infrastructure, economy, services, governance, innovation, productivity,
and smart living. Smart cities and their applications aim to maintain a high quality of life by

using smart technologies and enhancing economic productivity.(1>-13)

2. Literature Review
2.1 Smart city

The Intelligent Community Forum (ICF) has been selecting the smart city of the year since
19990415 on the basis of six dimensions, namely, smart economy, mobility, environment,
population, housing, and governance, which were identified by the Centre for Regional Science
at the Vienna University of Technology. These six dimensions are based on regional
competitiveness, transport, ICT economy, natural resources, human and social capital, the
quality of life, and the participation of members of the society, and are linked to urban growth
and development.(!®) For the governance of large cities, France launched the “Greater Paris Plan”
to promote the green, low-carbon, and sustainable development of Paris, reorganize its
transportation network, and integrate suburban development.(!7:18)

China’s research on the smart city has been conducted lately but research on the evaluation
system of the smart city has been widely carried out.1%29 In 2015, China put forward a new
development concept for cities: “innovation, coordination, green, openness, and sharing”. Since
then, these have become new connotations to city construction. The concept of a “new smart
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city” was also proposed. Currently, China’s smart city construction is aimed to provide for
“ubiquitous people’s services, transparent and efficient online government, integrated and
innovative digital economy, precise and fine urban governance, and safe and reliable operation
system” by emphasizing “people-oriented, integrated, and coordinated development” with
“interconnection, interoperability, and mechanism innovation”.1-22)

Smart sensors play a crucial role in the development and implementation of smart city
programs. These small smart devices are capable of collecting, processing, and transmitting data
in real time, enabling cities to gather insights, make informed decisions, and optimize all aspects
of urban life. In short, smart sensors are integral to the development of smart cities, data-driven
decision-making, resource optimization, improved public safety, enhanced sustainability, civic
engagement, and efficiency in transportation. With their ability to collect and analyze real-time
data, smart sensors are transforming cities into more efficient, liveable, and sustainable urban
environments. The application of sensors in smart cities is shown in Fig. 1.

2.2 Green smart cities

In the 1980s, the report Limits to Growth introduced the idea of sustainable economic
growth.23) The Our Common Future states that economic growth, environmental protection,
and social development must be reconciled.*¥ The New Urbanism Movement advocated
limiting urban fragmentation and sprawling by using eco-friendly designs such as walkable
neighborhoods, hybrid land use, and transit-oriented development.(?%) Sustainability emphasizes
social equity, economic growth, environmental protection, and urban development in a
sustainable, green, liveable, and compact city. Since the early 2000s, climate change has become
an important issue for the global community. It was incorporated into the political agenda, and
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Fig. 1.  (Color online) Application of sensors in smart cities.
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the efficient use of energy and resources has been at the center of discussions on sustainable
development. Such discussions have brought the term ‘green’. The concept of the green city is a
response to decentralized development in cities for a more sustainable, less fragmented, and
more liveable environment.*®) Green urban planning implies the construction of livable
ecological cities based on “people-centered” and “protection of natural resources”. In it, nature is
regarded as the source of innovation and protection.?”) Various definitions and concepts for the
green city address issues related to sustainability theory, health, greenness, resilience, and
equity.232% The concepts of green and smart cities have much in common in terms of their
origins and mutual impact on progress.®? Scientists have cooperated to develop the concepts of
green and smart cities on the basis of their common purposes. Smart cities require the
optimization of urban management to facilitate people’s daily lives through continuous
development, in which ICT provides technical support. The green smart city requires green
ecology and the deepening of sustainable development.

The Shanghai Pudong Smart City Development Research Institute proposed in 2012 a smart
city indicator system that includes five dimensions, namely, smart infrastructure, public
governance and services, economic development, social security, and education.®") The China
Wisdom Engineering Association developed in 2011 an index system for smart city development
to measure the degree of citizen’s happiness, governance, and social responsibility. A large
number of indicators were included at different levels of the proposed systems. The Centre for
Software and Integrated Circuit Promotion of China’s Ministry of Industry and Information
Technology proposed a set of alternative indicators to assess the smartness of cities at three
different levels.

However, the limitations of the systems mentioned above are still evident in the effectiveness
of the evaluation of green smart cities in China as the systems do not reflect the level of green
smart cities, and their results have limits to be used for the development of smart cities. In
addition, unique and inherent factors of China are not considered so the previous systems cannot
be applied to Chinese smart cities as necessary data are lacking. Therefore, it is required to
construct a new evaluation system that is more applicable to Chinese smart cities.

3. Methodology
3.1 Indicators for evaluation

We defined six evaluation constructs, namely, smart infrastructure, economy, services,
governance, innovation, and green production and living, each of which corresponds to four
evaluation indicators based on the literature review (Table 1). The developed evaluation system
in this study had three layers, namely, the target, construct, and indicator layers, in which each
indicator was coded as shown in Table 1.
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Table 1
Green smart city evaluation indicator system.
Target layer Construct layer Indicator layer Original Code
Mobile Phones oC,
Artificial Intelligence 00,
Smart Infrastructure Network
Outlet Bandwidth 0Cs
Data Centre 0Cy
Interactive Design 0Cs
Software Development 0C
Smart Economy . Y
Digital Applications [0]&]
Capacity 0Cy
Healthcare 0Cy
Smart Services Public Transportation OC
Smart Education OCyy
. Employment Information 0Ci»
Green Smart City Data Development OCi3
Smart Governance Pl.lblic Safety OCu
Public Engagement OCis
Sustainability OCi¢
University Strengths 0Cy;
Research and Development OCg
Smart Innovation Innovation and
. 0OCy9
Entrepreneurship
Talent Capacity 0Cy
Resource Utilization 0Cy
Green Production and Life Gre?en Tran.sport 0Cx
Ecological Environment 0Cy
Water Environment 0Chy

3.2. Shanghai and Taipei

Shanghai is located in the eastern part of China at the mouth of the Yangtze River. It is
bordered by the East China Sea in the east, Hangzhou Bay in the south, Jiangsu and Zhejiang in
the west, and the Yangtze River in the north. The city has 16 districts with a total area of 6340.5
km?2. Shanghai represents the advanced Chinese economy and is a leading smart green city.
Taipei is located in the Taipei Basin in the northern part of Taiwan Island. It is bordered by the
Danshui River and its tributary Xindian River in the west, Nangang in the east, the hilly area
south of Muji in the south, and the south foothill of Datun Mountain in the north. It consists of 12
districts, covering an area of 271.8 km? (Fig. 2). The Taipei City Government has developed it as
a smart city and has won international recognition. Since 2006, it has been recognized as the
best “ICF Global Smart City”. The Global Smart City Index was developed by the International
Institute for Management Development and the Singapore University of Technology and Design.
They surveyed 15000 people in 118 cities around the world to demonstrate how technology
addressed health, safety, socialization, and working environment. In the 2021 Global Smart City
Index, Taipei was ranked 4th in the world and 2nd in Asia, while Shanghai was ranked 71st.
According to the “Top 50 Smart City Governments 2021” by the Singapore-based Eden Strategy
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Fig.2.  (Color online) Locations of Shanghai and Taipei.

Institute, Shanghai and Taipei were ranked 8th and 19th among 235 cities, respectively. Its
criteria included vision, leadership, budget, financial incentives, support programs, talent
readiness, people, innovation ecosystems, smart policies, track record, and rank.

3.3 Fuzzy theory

The concept of fuzzy sets was introduced by Zadeh for the automatic control of uncertainty.?
Ishikawa et al. developed algorithms for two problems and compared the results with those
obtained by the Delphi method to obtain feasible results.®3 The fuzzy Delphi method identifies
two types of affiliation functions, i.e., “highly reachable” and “highly unreachable” periods. By
the maximum—minimum fuzzy Delphi method and the new Delphi method with fuzzy
integration, new methods have been proposed to be more effective and applicable. The fuzzy
Delphi method effectively determines the indicators for mixed criteria decision-making
(MCDM) based on experts’ inputs.3439 To integrate fuzzy mathematics into the Delphi
method, we used fuzzy hierarchical analysis.

The process of the maximum—minimum projection method of the fuzzy Delphi method is
summarized as follows.

Step 1: The cumulative number of times function F(x) is established to obtain the maximum
value of the degree of agreement and the cumulative number of times function F,(x) for the
minimum value of the degree of agreement.
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Step 2: The Ist quartile, median, and 3rd quartile of F;(x) (C, M}, and D,) and F»(x) (C, M,,
and D,) are calculated in trigonometrics. Then, the most and least probable time attainment
functions are obtained by concatenating (C,, M;, D;) and (C,, M,, D,). The two affiliation
functions with the triangular fuzzy number of overlapping parts (C;, D,, M) are defined as the
grey zone whose intersection of the point X" is shown in Fig. 3.

Step 3: The predicted value X" is obtained using (C,, M;, D) and (C,, M,, D,). After the
predicted value (M)) of each assessment factor (4;) is counted, the required assessment factors
are screened by defining the threshold value (S).

3.4 Fuzzy Delphi method

The Delphi method was initiated and implemented in the 1950s. The method is characterized
by anonymity, feedback, and statistics. Experts are involved in the solicitation of opinions and
feedback until a consensus is reached. The Delphi method is a back-to-back approach with each
expert’s independent judgment. It gets rid of subjective differences caused by different opinions,
experiences, and perceptions of experts.?7) In the Delphi method, experts with professional
knowledge and experience are invited to define indicators.®® Experts are fed with as much
information as possible to seek consensus in multiple rounds of feedback.(?) The fuzzy Delphi
method was developed on the basis of the Delphi method and the fuzzy theory to overcome the
difficulties in the conventional Delphi method. The fuzzy Delphi method can deal with semantic
ambiguity by retaining more expert information.®3 It combines the prediction or trends of
experts’ feedback that is presented with fuzzy numbers using a cumulative frequency
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Fig. 3. (Color online) Max—min projection method.?
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distribution function and the intersection of the fuzzy numbers. The maximum-to-minimum
range is set through fuzzy synthesis, transforming the subjective opinions of experts into quasi-
objective data.#?)

In this study, the six assessment constructs and 24 indicators were defined through the
literature review and the questionnaire survey for 11 experts. The defuzzified indicators were
converted into fuzzy evaluation scores as shown in Table 2, and then the fuzzy scores were
calculated. The conversion of the fuzzy number into the best fuzzy number (BNP) was calculated

as
BNP=[(Us, =L )+ (Mg, - L, ) | +3+ Ly, i M

Wi

where i denotes the indicator code, L is the average of the low rating given to the indicator
weight by the expert group, M i is the average of the medium rating given to the indicator weight
by the expert group, and Uy, is the average of the high rating given to the indicator weight by the
expert group.

The fuzzy comparison matrix score table was calculated according to Eq. (1). The indicators
and the values of each term in Eq. (1) are shown in Table 3. After multiple rounds of questionnaire

Table 2
Defuzzification results.
. Overall . . . Overall
Construct layer Indicator layer LRi MRi URi BNP  Rank
value rank
Mobile Phones 4.27 6.27 7.27 8.09 7.21 4 14
Artificial Intelligence 57 3¢ 727 818 727 3 12
Smart Infrastructure Network
Outlet Bandwidth 4.36 6.64 7.64 8.18 7.49 2 9
Data Centre 473 7.18 8.09 8.55 7.94 1 2
Interactive Design 4.00 6.00 7.00 7.82 6.94 2 18
Smart Economy Software Development 3.82 5.27 6.55 7.36 6.39 3 21
Digital Applications 4.36 6.45 7.27 8.18 7.30 1 11
Capacity 3.64 5.09 6.18 7.09 6.12 4 22
Healthcare 4.36 6.64 7.64 8.27 7.52 2 7
Smart Services Public Transportation 4.73 7.09 8.00 8.73 7.94 1 3
Smart Education 4.18 6.27 7.27 8.09 7.21 3 15
Employment Information  3.64 4.82 6.00 7.00 5.94 4 23
Data Development 4.27 6.36 7.36 8.09 7.27 2 13
Smart Governance Public Safety 4.18 6.09 7.18 7.82 7.03 3 17
Public Engagement 4.18 5.91 7.00 7.91 6.94 4 19
Sustainability 4.82 7.36 8.27 8.82 8.15 1 1
University Strengths 3.55 4.82 591 6.91 5.88 4 24
Rescarch and 418 582 691 782 685 3 20
. Development
Smart Innovation Innovation and
. 4.55 6.82 7.73 8.55 7.70 2 6
Entrepreneurship
Talent Capacity 4.64 6.91 7.91 8.64 7.82 1 4
Resource Utilization 4.18 6.27 7.27 7.91 7.15 4 16
Green Production and Green Transport 4.45 6.64 7.55 8.36 7.52 2 8
Life Ecological Environment  4.64 7.00 7.91 8.55 7.82 1 5
Water Environment 4.36 6.55 7.45 8.18 7.39 3 10
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surveys and data processing, we obtained a list of evaluation indicators after defuzzification. In
the smart infrastructure, the mobile phone indicator was ranked 4th, and the experts believed
that mobile phones were popular as a “basic configuration”. The indicators of the smart economy
generally showed lower scores so they were deleted in the following analysis. Public
transportation was combined with green transportation in green production and life. Public
safety and public engagement were ranked 3rd and 4th, respectively, so they were included in
public engagement. The strength of universities was ranked 4th in the smart innovation. The
experts believed that the content of research and development and university strength partially
overlapped so they retained research and development but deleted university strength. In the
green production and life dimension, resource utilization was duplicated with the sustainability
in the smart governance so resource utilization was deleted.

After fuzzy processing, the previous evaluation system was revised with 15 indicators as
shown in Table 3.

3.5 Fuzzy analytical hierarchical process (FAHP)

The analytical hierarchical process (AHP) is useful and important for MCDM.#142) I used
FAHP to scrutinize decision-making. FAHP is designed to analyze and select alternatives in
decision-making. It integrates the principles of hierarchical analysis and fuzzy set theory. The
fuzzy approach allows decision-makers to incorporate quantitative and qualitative data to allow
for more confident judgment compared with that based on fixed values.* This has made the
FAHP one of the most popular MCDM methods, which has been widely used in research areas
related to urban development issues. The FAHP method decomposes, groups, and arranges
problems into a hierarchy and prioritizes criteria by comparing them in an identified
measurement scale. In addition, experts’ opinions are used as input to create subjective elements

Table 3
Revised evaluation system after fuzzy processing.
Target layer Construct layer Indicator layer New code
Artificial Intelligence NG
Network
Smart Infrastructure Outlet Broadband NG,
Data Centre NC3
Healthcare NCy
Smart Services Smart Education NCs
Employment Information NCs
Data Development NC7;
Green Smart City Smart Governance Public Engagement NCy
Sustainability NCy
Research and Development NCo
Smart Innovation Innovation anq NCyy
Entrepreneurship
Talent Capacity NC1»
Green Transportation NCi3
Green Production and Life ~ Ecological Environment NCi4

Water Environment NCis
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in the retrieval decision. In FAHP, data validity is considered a persistence constraint.*!)
Although FAHP is similar to AHP, FAHP replaces possible uncertainties in the data based on
fuzzy logic theory. FAHP converts the AHP scale into a fuzzy triangle scale for evaluation. The
measurement results can refine the interval of the evaluation scale. AHP has been applied to
complex decision-making.¥ Its computational procedure is described as follows.
(I) Analyzing a problem and creating a hierarchical structure

A problem to solve is analyzed to determine evaluation factors. The evaluation system was
established on the basis of questionnaire survey results, expert interviews, and a literature
review to establish a hierarchy in this study. The evaluation system of the smart city was
composed of the target, construct, and indicator layers.
(2) Comparing two by two to create a fuzzy matrix

A pairwise comparison of indicators was conducted to determine the weight of each indicator.
A comparison scale of 1 and 9 was used®-46) as shown in Table 4.

The judgment matrix was created on the basis of pairwise comparisons of indicators. If the
number of indicators is n, then n(n — 1)/2 comparisons should be conducted. In the pairwise

comparison, the characteristic of inverse exists. When the ratio of indicator i to j is a@;;, the ratio

ij>
of j to i is 1/a;;. Similarly, the lower triangular portion of the pairwise comparison matrix 4 is the

inverse of the triangular portion.

1 &12 aln
1 ~
— 1 - @,
A:[&ij]: 1:2 : .. : @
A |
_dln dZn i

The geometric mean based on the assessment of expert questionnaires and evaluation criteria
was used to integrate the comparative values of experts for each target.

1

iy =(ay®a; @ ®ay ) 3)

Table 4
Fuzzy variables for evaluation system of smart city.

Fuzzy number Semantic value Fuzzy number endpoint
1 Equally important (1,1,3)
2 Between equally important and slightly important (1,2,4)
3 Slightly important (1,3,5)
4 Between slightly important and fairly important (2,4,6)
5 Fairly important (3,5,7)
6 Between fairly important and clearly important (4,6,8)
7 Significantly important (5,7,9)
8 Between clearly important and absolutely important 6.,8,9)
9 Absolutely important (7,9,9)
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Here, Ez,-l]‘.
is the fuzzy number of row 7 and column j in the fuzzy matrix of the group of experts after

is the fuzzy number of row i and column j in the fuzzy matrix of the k-th expert, and a;;

decision-making.
(3) Calculating fuzzy weights

The weight of an indicator is an eigenvector. A triangular fuzzy positive inverse value matrix
was used to calculate weights using the column vector geometric mean normalization method.

7= (dy ®dp ®-®dy, )n @)

F=F@(FRF®F - ®F) 5)

Here, a;; is the number of fuzzy numbers in the j-th column of the ith row in the fuzzy matrix, 7
is the average of the column vector of fuzzy numbers, and W is the fuzzy weight of the i-th
factor.

3.6 Consistency test

(1) Consistency indicator (CI)

In the matrices, the larger the n, the larger the CI. To determine whether the matrix has
consistency, C/ and the random index (R/) are calculated. R/ is obtained by using the average
random method in which CI is calculated and averaged®) (Table 5).

(2) Consistency ratio (CR)
When CR < 0.1, the matrix has consistency; otherwise, the matrix must be readjusted.

3.7 Defuzzification

On the basis of the calculated fuzzy numbers, the triangular fuzzy number of each indicator
was obtained. Since the fuzzy number was imprecise, anti-fuzzification had to be executed by
fuzzy sorting.#?) The center of gravity method was used to solve this problem to find the
centroid of the triangular area to represent the value of the fuzzy number.

3.8 Weight

The value obtained from the selected value £ for constructs was multiplied by the weight W
to obtain the total rating (R) of the structure [Eq. (6)]. The results are presented in Table 6.

Table 5

Coherence indicator of RI.

Number of indicators 1 2 3 4 5 6 7 8 9 10 11 12
RI 0 0 0.58 090 112 124 136 141 146 149 152 154
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Table 6
Weights of indicators in green smart city evaluation system.
Target layer Construct layer Weight Indicator layer Weight
Artificial Intelligence Network 0.120
Smart Infrastructure 0.366 Outlet Broadband 0.097
Data Centre 0.148
Healthcare 0.073
Smart Services 0.138 Smart Education 0.044
Employment Information 0.022
Data Development 0.037
Green Smart City Smart Governance 0.104 Public Engagement 0.028
Sustainability 0.039
Research and Development 0.069
Smart Innovation 0.128 Innovation and Entrepreneurship 0.028
Talent Capacity 0.031
. Green Transportation 0.057
Green PE.Od.ucnon and 0.264 Ecological Environment 0.123
ving Water Environment 0.084
R=WxE 6)

Smart infrastructure had the highest weight of 0.366, indicating that it was the most important
in the green smart city. The weight of green production and life was 0.264, and those of smart
services and smart innovation were 0.128 and 0.138, respectively. The weight of smart
governance was 0.104. Among the indicators, data center (0.148) was the most important,
followed by ecological environment (0.123), artificial intelligence network (0.121), outlet
broadband (0.097), water environment (0.085), healthcare (0.073), research and development
(0.069), green transportation (0.057), smart education (0.044), sustainability (0.039), data
development (0.037), talent capacity (0.031), innovation and entrepreneurship (0.028), public
engagement (0.028), and employment information (0.022). Data center and ecological
environment were important indicators in evaluating the green smart city.

4. Results and Discussion

In this study, 188 questionnaires were collected through interviews with people traveling
between Shanghai and Taipei. After obtaining the evaluation of respondents for Shanghai and
Taipei as green smart cities, the scores were multiplied by the weights of each indicator. The
final scores for the respondent’s evaluation of Shanghai and Taipei are presented in Table 7. The
average scores of Shanghai and Taipei were 79.71 and 72.67, respectively. Shanghai scored
higher than Taipei in all indicators of smart infrastructure, smart governance, and smart
innovation. In smart services, Taipei scored higher than Shanghai in healthcare and smart
education, while Shanghai scored higher than Taipei in employment information. In green
production and life, Taipei scored higher than Shanghai in green transportation. In green
production and life, Taipei scored higher than Shanghai in green transportation, while Shanghai
scored higher than Taipei in ecological environment and water environment.
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Table 7
Evaluation results of respondents for Shanghai and Taipei as green smart cities by indicators.

Combined Score of  Score of

Construct Indicator Shanghai Taipei weights  Shanghai Taipei
Artificial Intelligence 7 ) 9 g3 0.120 9.43 8.57
Network

Smart Infrastructure Outlet Broadband 78.11 70.54 0.097 7.58 6.84
Data Centre 80.34 71.24 0.148 11.89 10.54

Healthcare 78.91 80.33 0.073 5.76 5.86

Smart Services Smart Education 77.63 80.16 0.044 342 3.53
Employment Information ~ 80.20 70.13 0.022 1.76 1.54

Data Development 81.23 71.32 0.037 3.01 2.64

Smart Governance Public Engagement 79.71 71.67 0.028 2.23 2.01
Sustainability 79.95 70.75 0.039 3.12 2.76

Research and 81.61 70.73 0.069 5.63 4.88

Development
Smart Innovation Innovation anq 3185 69.64 0.028 599 1.95
Entrepreneurship

Talent Capacity 83.85 70.47 0.031 2.60 2.18

Green Production and Green Transportation 76.68 79.23 0.057 4.37 4.52
Life Ecological Environment 80.58 72.21 0.123 9.83 8.81
Water Environment 79.94 71.00 0.085 6.79 6.04

4.1 Smart infrastructure

The smart infrastructure contained artificial intelligence network, export broadband, and
data center as indicators, and was the most important in the evaluation of the green smart city.
The smart infrastructure significantly impacts the green smart city. The results showed that
Shanghai scored higher than Taipei in artificial intelligence network, outlet broadband, and data
center, indicating that Shanghai City had advantages in the smart infrastructure.

4.2 Smart services

The smart service of the green smart city is provided for all aspects of citizens’ lives. The
levels of healthcare, smart education, and employment information reflect the quality of smart
services. Taipei scored higher in healthcare and smart education than Shanghai, while Shanghai
scored higher in employment information. Healthcare and smart education were weighted more
in the evaluation system.

4.3 Smart governance

Smart governance serves to meet the requirements of the modernization of nationwide
governance and is one of the intrinsic drivers and goals of smart city construction. The
governance of a green smart city is executed for sustainability, productivity, innovation, reducing
energy consumption, and mitigating the negative impacts of urban production on the
environment. Shanghai scored higher than Taipei in data development, public engagement, and
sustainability, indicating that Shanghai had a smarter governance system than Taipei.
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4.4 Smart innovation

Research and development and talent capacity are the sources of continuous innovation. The
results showed that Shanghai scored higher than Taipei in the two indicators, indicating that
Shanghai had advantages in smart innovation over Taipei.

4.5 Greening production and life

In a green smart city, green and low-carbon policies are important to sustain a sound ecology
and a clean environment. The average weight of green transportation, ecological environment,
and water environment in the green production and life was 0.123, being ranked second. This
indicated that the ecological environment was important in the development of green smart
cities. For green transportation, Taipei scored higher than Shanghai, indicating that Taipei City
had a better public transportation system. The ecological environment and water environment
had higher weights and were advantages of Shanghai.

5. Conclusions

The construction of green smart cities impacts contemporary society significantly, but at the
same time, social resources have not yet been effectively integrated and should be planned and
managed effectively. The rapid development of industry is always ahead of policy and decision-
making, which requires harmonious cooperation in government to invest in and support green
smart cities. Therefore, it is necessary to improve the level of green smart city construction
through accurate evaluation. Considering the present development of green smart cities, the
evaluation system of the green smart city with five targets and fifteen indicators was developed
in this study. The targets included smart infrastructure, smart services, smart governance, smart
innovation, and green production and life. To establish the system, data were collected from
Shanghai and Taipei through expert feedback and questionnaire surveys, and processed using
FAHP; 11 experts and 188 respondents were involved in the survey and interviews to define the
targets, construct, and indicators of the evaluation system. The results indicated that the smart
infrastructure was the most significant in the development level of green smart cities, followed
by green production and life. The least impact was found for smart governance. The developed
system was applied to the evaluation of Shanghai and Taipei as green smart cities. The results
showed that Shanghai scored higher than Taipei in artificial intelligence network, outlet
broadband, data center, employment information, smart governance systems, research and
development, talent capacity, ecological environment, and water environment. Taipei presented
better healthcare, smart education, and green transportation.

With the rapid development of IoT technology, the construction of information infrastructure
is required for the construction of green smart cities. Green smart cities must continue improving
information infrastructure and developing related technologies. At the same time, green and
sustainable development must be sustained to create a suitable environment for citizens with
efficient and timely services. Therefore, to develop better green smart cities, information
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infrastructure should be developed continuously. Green smart cities should empower the
economy and society but have neglected the ecological environment that is closely related to the
lives of citizens. In the low-carbon and recycling development, “carbon peak™ and “carbon
neutral” strategies should be established in green smart cities by expanding green space,
strengthening ecological governance, and utilizing information technology. Interconnected
infrastructure is also required to improve the level of smart governance.

The level of green smart city development and management varies considerably from city to
city, and the government should put efforts to lead cities to greener smart development and
lowering barriers between cities. Cities with less development must create a social environment
and a regional collaborative system with greener smart cities. More developed green smart cities
must disseminate their capabilities to accelerate collaboration and co-development by building a
new model of synergistic development. Cities should collaborate for the inter-regional exchange
of talents and human resources. It is necessary to establish a government-led, market-oriented,
and multi-party participation for sustainable urban development. More funds are required for the
establishment of the smart infrastructure of green smart cities to provide clean energy,
environmental governance, and green transportation.
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