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Abstract. Smart cities possess huge potential in future urban development. However, the critical problems in developing
sustainable smart cities in China are the lack of clear strategies and effective strategy planning tools. Therefore, reason-
able plans and strategies play important roles in helping the government develop sustainable smart cities. In this study, 16
SWOT (Strength, Weakness, Opportunity, and Threat) factors were identified. According to a structured questionnaire sur-
vey about SWOT factors, an integrated method, composed of SWOT and AHP (analytic hierarchy process) was conducted.
A case study was conducted in Nanjing, China. The most powerful facilitators (strengths and opportunities) and the most
powerful obstacles (weaknesses and threats) for developing Smart Nanjing City (SNC) were identified. The strategic in-
tensity and value of the elements were confirmed. Moreover, proactive strategies were proposed including strengthening
intelligent clusters, establishing governance ecosystem, and providing integrated services for SNC, which can be considered
as policy suggestions for SNC, providing hybrid strategies for a planning approach integrating bottom-up and top-down
design to develop smart cities, as a reference for other global cities. Moreover, the proposed AHP-SWOT hybrid method
can be used as an effective quantitative strategy planning tool to help other authorities determine appropriate strategies for
developing smart cities.

Keywords: smart cities, SWOT, AHP, strategy formulation, sustainable development.

Introduction lution, application and promotion of New Generation of

Information Technology (NGIT)!, such as cloud comput-
ing, Internet of Things (IoT), etc., a smart city is thought
to be an effective solution to cope with “urban disease”

With the continuous development of human society, a
future city should accommodate larger populations. The
United Nations (2014) predicted that the level of urbani-

zation would reach about two-thirds by 2050. Urbaniza-
tion in developing countries is faster than that in the rest
of the world (Yin et al., 2015). The urbanization rate in
China has changed from 40.53% to 57.35% in the past
10 years, based on the reports by the National Bureau of
Statistics (2016). During the process of rapid urbanization,
a series of “urban disease” symptoms have emerged and
become increasingly prominent (e.g. traffic congestion,
hazy weather, construction waste, etc.), which have seri-
ously hindered the healthy and sustainable development
of cities (Sta, 2017; Wu et al., 2016). With the rapid evo-

and promote sustainable urban development (Silva et al.,
2018; Wann-Ming, 2019).

Nowadays, more and more cities in China are devoted
to developing smart cities. In 2012, the Ministry of Hous-
ing and Urban-Rural Development (MOHURD) issued
two files: “Temporary Administrative Measures for a Smart
City Pilot in China” and the “Indicator System for a Smart
City Pilot in China” (MOHURD, 2012), which promoted

1" Abbreviations and full names for the special nouns in this pa-
per are listed in Notations.

*Corresponding author. E-mail: jingfeng-yuan@seu.edu.cn

Copyright © 2020 The Author(s). Published by VILNIUS TECH Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0922-6853
https://doi.org/10.3846/ijspm.2020.13345
mailto:jingfeng-yuan@seu.edu.cn

380 J. Yuan et al. Strategy formulation for the sustainable development of smart cities: a case study...

the pilot work on the national smart cities. In 2014, the
“National New Urbanization Plan (2014-2020)” issued by
State Council (SC) made a clear proposal for accelerating
the development of smart cities (State Council, 2014). In
2015, the “Guidelines on Promoting the Healthy Devel-
opment of Smart Cities” put forward the goal of build-
ing new and distinctive smart cities for the year 2020 in
China, focusing on overall planning, institutional innova-
tion, mechanism innovation, and network security vulner-
abilities (National Development and Reform Commission
etal., 2015). According to the guidelines, the development
of smart cites also facilitates urban transformation and im-
provement of the environment, public services and social
security in different cities in China. China has launched
a series of policies to promote the development of smart
cities. From 2013 to 2014, MOHURD published 3 batches
of plans for national smart cities, a total of 290 pilot cit-
ies were launched (MOHURD, 2013a, 2013b, 2014). The
total investment in the development of smart cities has
exceeded 700 billion CNY, as is shown in Figure 1 (Shi,
2016). Huge investments in smart cities derive from the
government’s belief that the old development polices can
no longer guarantee sustainable development of cities. The
local governments in China are eager to find new ways to
develop the economy. The concept of a smart city gives
them enlightenment: developing smart cities is a sustain-
able way to achieve China’s new urbanization.

Therefore, smart cities are emerging as a fast-growing
topic for different cities in China, and has become a type
of label for urban development. There are many strate-
gies for developing smart cities around the world and re-
searchers have undertaken many studies on their design
and implementation processes (Silva et al., 2018). Lee
et al. (2014) proposed a conceptual framework and eight
“stylized facts” for managers to build an effective and sus-
tainable smart city. Luan and Li (2015) make suggestions
on how to build smart cities scientifically from the per-
spective of local government management and technology
through qualitative analysis. The analysis of the process
to make smarter cities highlights three elements from
smart city projects: the scale of the infrastructure; policy
areas and scope; and key performance indicators to as-
sess the success and progress of smart city projects (Bilbil,
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2017). With regard to how to promote the development
of smart cities, Mora et al. (2019) put forward different
hypotheses and tested them through a multi-case analysis
of European best practices, and finally formulated a set
of strategic principles to guide the development of smart
cities for Europe. Silva et al. (2018) identified opportuni-
ties and challenges for sustainable smart city development.
Vu and Hartley (2018) proposed a policy framework to
guide and evaluate smart city initiatives for developing
countries. The conditions such as resources, demograph-
ics, political, social and growing problems of the city had
a major impact on the eventual formulation of strategies
and guidelines for developing smart cities (Bednarska-
Olejniczak et al., 2019).

However, most strategies for developing smart cities
are formulated without considering bottom-up approach-
es (Sharifi, 2019), which cannot meet the local needs, and
inadequately consider privacy and security issues (Ange-
lidou, 2017). In the top-level design for developing a quite
efficient smart city, citizens can suffer huge economic
losses due to the neglect of information about security
(Li et al., 2018). Due to the lack of a clear strategy for
developing sustainable smart cities, there is a distorted un-
derstanding of urban development (Vu & Hartley, 2018),
such as, duplicated construction, isolated information is-
lands, lack of scientific top-level design, lack of standards
support, etc. These issues are very common. In order to
realize the sustainable and healthy development of smart
cities in China, significant top-down and bottom-up de-
signs will take an important role in promoting smart city
development in terms of differentiation characteristics,
accelerating wisdom about technological innovation and
industrial development, and promoting the effective inte-
gration of smart cities.

Another critical problem for developing sustainable
smart cities is the lack of effective strategy planning tools
(Mora et al,, 2019). Many prior studies adopted qualitative
methods (e.g. case studies, interviews, and SMART mod-
els), analyzing the strategies to develop smart cities (Ben
Letaifa, 2015). This research aims to provide a quantitative
path analysis for the strategic formulation of sustainable
developments for smart cities by analyzing the advantages,
disadvantages, opportunities and threats of their current
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Figure 1. Investment on development smart cities in China



International Journal of Strategic Property Management, 24(6): 379-399 381

development. In this case, the SWOT (Strength, Weak-
ness, Opportunity, and Threat) analysis is an appropriate
tool to identify key variables currently affecting the devel-
opment of smart cities, highlight the internal (strengths
and weaknesses) and external (opportunities and threats)
factors that determine these options, and provide strong
support for the decision makers (Seker & Ozgiirler, 2012).
However, the SWOT analysis is questioned because of the
lack of quantitative testing, this being its technical limita-
tion (Kurttila et al., 2000). To overcome this limitation,
Jeon and Kim (2011) proposed a hybrid method, called
SWOT-AHP, to enhance the availability and application
of the SWOT analysis, by using AHP (analytic hierarchy
process) method. AHP is a decision-making approach that
includes multiple attributes and has been widely used in
formulating multi-objective decisions to resolve quantita-
tive problems for independent factors (Saaty, 1977). The
hybrid method SWOT-AHP makes up for the deficien-
cies in SWOT qualitative analysis. It has been utilized for
quantitatively analyzing strategic planning in different are-
as, including forest management (Kurttila et al., 2000), the
development of the machine tool industry (Shinno et al,,
2006), tourism management (Jeon & Kim, 2011), and land
use (Polat et al., 2017), etc., which are the foundation for
this study, establishing a quantitative analysis method for
strategy formulation for smart cities.

As one of the first pilot smart cities, Smart Nanjing
City’s (SNC) development has been initiated early in Chi-
na. It has achieved the top level in design, infrastructure
development, city management, promotion of information
technology and the development of intelligent industry
(Liu, 2015). Recently, SNC has been ranked as a leading
city according to “The Sixth (2016) Evaluation Report on
the Development Level of Smart Cities in China” (Infor-
mation Research Center of Chinese Academy of Social
Sciences, 2016). In addition, the “Approval for the estab-
lishment of ‘Nanjing Jiangbei New Area” was issued by SC
(2015). Since then, the development of Nanjing Jiangbei
New Area has been promoted as part of the national strat-
egy and the government is committed to building a smart
city. The experiences of Nanjing will not only help other
cities at the same level (e.g. Hangzhou, Suzhou, Jinan etc.)
to develop smart cities, but will also provide useful les-
sons and references for other smart cities in China and
elsewhere.

1. Research methodology

In this paper, the hybrid method of SWOT-AHP is ad-
opted to analyze the status of smart city development, and
to develop strategies for the government in China. SNC is
used as an example in this study to illustrate the process
of formulating the strategies. The specific implementation
process of the SWOT-AHP hybrid method is shown in
Figure 2. The development of smart cities cannot be the
solution to all of a city’s problems. Actually, every pilot
city should analyze the actual local situation and seek the
direction of future development. The proposed common

SWOT factors generation

v

Questionnaire

v

Conducting SWOT-AHP analysis

v

To calculate the weight of objectives

¢ Literature
review

A group of 21 experts
A group of 21 experts \‘

dno.s yova
Uy s.018f JOMS

JO uosLwduiod asimav g

A 4

§ v

f? T To calculate the weight of SWOT factors
Sy

3 v

E é To calculate the strategy value

IS

& v

Strategies formulation

To formulate strategies for Smart Nanjing
City

v

Further strategies for Smart Nanjing City

v

Implications for other cities

\ 4

Figure 2. The procedure to formulate strategies

strategic planning tool, the SWOT-AHP hybrid method,
may also be applicable to other cities and may provide a
strategic analysis for each city.

1.1. Research survey

To obtain the significance of SWOT factors, a question-
naire survey was conducted from August 20, 2016 to
October 20, 2016. The questionnaire was provided to the
experts one by one and face to face, which was helpful
when figuring out their doubts, to ensure that the results
are more reliable. Smart city is a governance system that
coordinates multiple stakeholders and emphasizes the par-
ticipation of different actors. Therefore, a smart city devel-
opment should incorporate the opinions of stakeholders.
In order to avoid the problems caused by the public’s lack
of reasonable knowledge about smart cities, the general
public are not surveyed, but the opinions of researchers
are used instead. Some prior studies in this field are also
designed in this way to investigate the opinions of dif-
ferent stakeholders (Sharifi, 2019; Starr et al., 2019). In
order to have a common understanding of smart cities
and guarantee the validity and scientificity of the ques-
tionnaire, the experts should have solid theoretical foun-
dations (IoT, cloud computing, urban planning, urban
management, etc.) or rich practical experience in differ-
ent areas (intelligent transportation, smart grids, intelli-
gent government management, intelligence services, etc.).
To generate a reliable and forwarding-looking strategy for
SNC development, the survey targeted officials and re-
searchers with 10 years” experience in the area of smart
cities in Nanjing, and the education background of all the
experts is undergraduate and above. In the end, 21 ex-
perts agreed to take the questionnaire. Eight people came
from Nanjing government departments, nine people came
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from the suppliers or relevant enterprises of intelligence
services in Nanjing, and four people came from the uni-
versities or related scientific research institutes in Nanjing.
The sample size is not an important issue in performing
AHP, for the researchers could not agree on the number
of experts needed for a reliable AHP analysis (Ghimire &
Kim, 2018). Since the AHP method can perform reliable
analysis even when the number of experts is small, this
study does not consider a small sample size as a constraint
condition. Each expert carried out an in-depth analysis
and evaluation combined with his or her own professional
background.

The questionnaire contains two parts. The first part is
about the investigation of SWOT factors in smart cities.
To be more specific, a 5-level scale is adopted to collect
the experts’ viewpoint for every SWOT factor from 0 to 4
(Table 1). No matter how big the advantage (S and O) is, it
will promote the sustainable development of smart cities,
while the disadvantage (W and T), no matter how big or
small, will hinder the development of smart cities. So, the
score for W and T is minus.

In the second part, pairwise comparison is conducted
to compare every two factors in the same SWOT group in
pairs to judge their relative importance and to grade them
based on a 5-level scale. Actually, pairwise comparisons
usually involve difficulties in making judgments across the
5 numbers, which leads to biases. In this case, selecting ex-
perts with a solid theoretical foundation, rich practical ex-
perience and strong professional background was helpful
to reduce these biases. The key issues for comparisons are:
(1) Which factors are more important from the perspec-
tive of opportunity, threat, weakness, and strength, and (2)
How much is the degree of importance. The local priori-
ties for these factors are calculated using the eigenvalue
method, where the comparisons are the input, based on
which of the global priorities for each factor in all the fac-
tors also can be obtained. These matters of priority reflect
the understanding of policymakers about the significance
of these factors. The paired comparison matrix A will be
conducted as shown in Equation (1), where a; is of lo-
cal relative importance for i to j in every group of SWOT
factors; and a;; =1/a;. Hence, if j = i, aj; = a;; = 1. In this
study, the letter w is used to represent the weights of the
16 SWOT factors affecting the development of SNC. The
weights can reflect the significances of different SWOT
factors to help the government compare different strate-
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Table 2. Measurement of relative importance

Definition Score
Equal important 1
Obvious important
Extreme important 5
Between 1, 3, 5 2,4

gies and make decisions about developing smart cities. In
detail, the value of w; can range from 1 to 5 (Table 2).

L om/ W/
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Based on the pairwise comparison, the opinions on
SWOT factors of the respondents investigated through
the survey can be integrated. Furthermore, factor weights
will be used to determine the intensity of different SWOT
groups for every expert. Moreover, the intensity of the
strategic goal can be analyzed when integrating the opin-
ions of each respondent. Thus, the formulation of the
strategy can be further discussed, based on the results of
the final strategy value.

1.2. SWOT-AHP method

First, the hierarchy structure for AHP is established using
the factors obtained by the SWOT analysis, which can be
shown in Figure 3.

The hierarchy structure contains three levels, which
are the levels of the objectives, factors, and strategies. The
parameters of the different levels are shown in Table 3.

V is the global strategic value for the strategies; there-
fore, V can be acquired from Equation (2):

4 4 4 4
V=w, ZWSiUSi Wy ZWWiUWi +Wo ZWOiUOi +wr ZWTiUTi >

i=1 =1 =1 i=1

2)
where: V is derived from one questionnaire according to
the opinions of one expert.

Table 1. Measurement of importance

Definition Score Definition Score
Sand O No advantage 0 Wand T No disadvantage 0
Ordinary advantage 1 General disadvantage -1
Good advantage 2 Large disadvantage -2
Major advantage 3 Severe disadvantage -3
Absolute advantage 4 Extreme disadvantage —4
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Strategic goal for
developing Smart
Nanjing City

Objectives S o

Factors
Stratesies To develop Smart
rategt Nanjing City
Figure 3. The AHP hierarchy structure for SWOT factors
Table 3. The parameters when determining the strategic goal
Level Parameters Explanation
Objectives Wg Wiy Wo, and wyp The significance of the different SWOT groups
(There are 4 groups in this paper, the S group is comprised of strengths, the W
group is comprised of weaknesses, the O group is comprised of opportunities,
the T group is comprised of threats)
Factors Wg-Wsp Wii—Wwp Wor-Wos | The local significance of different SWOT factors in the same group
and wp;-wry
Strategies Ug;-Usy, Uy =Upp Ugi=Upy | The scoring for different SWOT factors in the questionnaire survey
and UTI_UT4

Next, the questionnaire survey can collect the opinions
of all respondents for different SWOT factors, which can
be used to calculate the importance of the SWOT groups
from Equation (3):

21 4
HZ i—1Uf Si

>

21 21 21 4
‘Zr 1Zx 1Uf5l r= 12; 1UrW1‘ \Zr 12: =1 ’Ol‘ ‘Zr:lZi:lU"Ti
b g
r—1zz‘—1UfWi 5
‘Zr lzr 17 rSi ‘Zr lzr 1 'W“+‘zr lzl 1 ’Ol‘+‘zr lzt 1T
" i—1U'Oi 5
4
‘zr 1Zz rsi| T i:lUleMzr 1Zz 1 'Oler 121 1T
21
j=1-rTi 5
21 21 21 4
RS SN ek U S T O

(3)
where: U,g;, U,y U, and U, indicates the scoring of
the " respondent on the it S, W, O, and T factor, sepa-
rately.

The eigenvalue technique is further used to estimate
the priority or weight when there are inconsistencies in
matrix A, which can be acquired from Equation (4), as
shown in below:

(A=Dp DIW=0. (4)

Equation (4) can be converted into Equation (5):

za,, . ﬁwizl. 5)

where: kmax = matrix A’s maximum eigenvalue; w = weight
vector; and I = matrix of identity, which provided the de-
tailed calculation for A ,,, and w (Saaty & Vargas, 2012).
Therefore, the following steps can describe the details of
the calculation.

Step A: To figure out the local importance of wg; from
Equation (6):
W, (6)
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Step B: The maximum eigenvalue A, for matrix S can
be acquired from Equation (7):

4 .
D Si0q(i'=12,3,4)
Ay =2k, =2 .
4'0)51‘

max

(7)

Step C: The consistency index for a comparison matrix
can be provided according to Equations (8) and (9). CR is
the consistency ratio, CI is the consistency index, and RI
is the random consistency index. When n = 4, RI is 0.90,
while the value of CR should be 10 percent or less, which
can be considered acceptable (Saaty & Vargas, 2012).

CR:g; (8)
RI
CI = (o —11) / (n-1). 9)

Step D: The intensities for each SWOT group can be
calculated through the scoring of the SWOT factors from
one survey questionnaire, which are obtained from Equa-
tion (10).

4 4 4
Ig =Wszlsv Iy =WWZIWi’ I =Wozlov
i=1 i=1 i=1
! (10)
Ir :WTZITi’

i=1
where: Ig; =wg -Ugs Iy =wy; -Uyy» Io; =wo;-Ug;
Iy =wr-Upy.

Finally, this study sought to obtain the intensities of
the SWOT factors, based on the integration of the opin-
ions for all 21 respondents. By using the average value of
intensities for the SWOT factors to calculate the SWOT
groups’ intensities, V, which means the final strategic
value, can be acquired from Equation (11):

Vg =Igg +Ipy +Ipo +Ipr = (11)

Ws  Lusi * Wy - Lywi +Wo Lo +wr Ly
where all the experts’ final group intensities can be repre-
sented by Irg, Iy, Ipgs and Ipp; and the average factor
intensities within each group are described by I,,¢;, I,,,y; »

I,0i>and I, r; and
21 4 21 4
I o ZT’ZI iZIWSiUYSi I - ZT’ZI i:IWWiUVWi
mSi 71 mWi 71
21 4 21 4
I _ Zr:lziZIWOiUrOi _ Zr:lZi:leiUrTi
mOi 21 mTi 21

2. Identification of SWOT factors

Identification of SWOT factors is important because it can
inform later steps in the strategy formulation to achieve
the specific objectives for developing smart cities. A
SWOT analysis is a strategic balance sheet of a specific
city, which includes the strengths, the weaknesses, the op-
portunities, and the threats of the city. The strengths are to
enable the government to fulfill its mission of developing

smart cities, according to which sustainable success can
be achieved. The weaknesses are preventing the govern-
ment from completing the tasks of developing smart cities.
Thus, the weaknesses can affect growth and success when
developing smart cities. Opportunities could be influ-
enced by the external environment, under which the city
operates. These can happen when cities are able to use the
conditions in their environment to plan and implement
strategies that make them more competitive and sustain-
able. When external environment conditions endanger the
sustainable and healthy development of the city, there will
be threats. Threats exacerbate vulnerability when they are
related to weaknesses (Polat et al., 2017).

According to Giest (2017), the fundamental factors
influencing the development of smart cities can be con-
cluded to include the impacts of the macro environment,
the demands of multiple stakeholders, and the current
situation of the specific city in a smart city development.
For the impacts of the macro environment, external op-
portunities and threats can be identified when considering
the impacts of politics, economics, society, and the natu-
ral environment (Matthews, 2004). How to strengthen
the capability and resilience of cities, when dealing with
constantly changing environments, should be critical for
developing smart cities. For the demands of different
stakeholders, external opportunities and threats, as well as
internal strengths and weaknesses, can be identified when
placing the demands of government, enterprises, general
public, and research institutes into consideration (Ahven-
niemi et al., 2017). How to meet the requirements of dif-
ferent stakeholders innovatively should be the key task in
developing smart cities. For the current status of a specific
city in developing smart cities, the internal strengths and
weaknesses can be identified when considering the foun-
dations of technologies, services, industries, and applica-
tions related to the development of smart cities (Paliwal,
2006). How to develop competitive intelligent products
and enhance the intelligence level of the infrastructure
should be crucial for the long-term success of any urban
development. Therefore, the universal SWOT analysis
framework for path analyzing is shown in Figure 4, which
reveals how to get different factors of S, W, O and T.

Several trustworthy and reliable sources such as re-
search articles, journals, newspapers, magazines, and
search engines have been required for SWOT analy-
ses (Sindhu et al., 2017). In this study, the factors for
strengths, weaknesses, opportunities and threats for the
SWOT analysis were conducted through a literature re-
view, including policy documents, planning documents,
action plans, reports, newspapers, articles, journals, books,
etc. As explained earlier, Nanjing is used as an example
in this study. In order to understand the development of
the SNC better, all the materials reviewed are related to
Nanjing. The purpose of this research is to evaluate the
influencing factors for developing sustainable smart cit-
ies in China and prioritize them. Therefore, these influ-
encing factors should be identified as independently as
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city:

Political
Economic
Social

The macro environment for
development of a smart

Environment

city:
o Citizens
e Firms

A

Smart Cities

The participants for
development of a smart

e Government
e Research institutions

Opportunity & Threat
(external)
Strength & Weakness
(internal)

smart city:

The self-development of a

e Technical means

e Service management
o Intelligent industry
o Intelligent aplication

Figure 4. The path to identify SWOT factors

possible. When identifying factors, this research tries to
ensure that they are independent of each other through
defining different positive elements generated by the in-
teraction between external environment and stakeholders
as opportunities and different negative elements as threats
and defining different positive elements generated by the
interaction between internal conditions and stakehold-
ers as strengths and different negative elements as weak-
nesses. Detailed identification and explanation are in the
following sections.

2.1. Strengths

The development of intellectual technology is now grow-
ing quickly. From the perspective of technological devel-
opment, smart city development requires the realization
of comprehensive perception, ubiquitous interconnection,
pervasive computing and integrated application through
the application of NGIT. Therefore, in terms of smart city
development, intellectual technology is its own advantage
rather than external. Nanjing is one of the leading cities
in China considering the informatization level, according
to “Evaluation Report on the Level of Informatization De-
velopment in China” (Qin & Luo, 2014) and the “Jiangsu
Province informatization development report” (Jiangsu Pro-
vincial Government, 2015).

Strong support from local governments is the most
important strength to facilitate smart cities development.
Accordingly, the People’s Government of Nanjing (NPG)
have issued a number of policies to strongly and effec-
tively promote the development of SNC, such as “The 12th
five-year plan of smart city development in Nanjing” (NPG,
2011) and “The 13th five-year plan of smart city develop-
ment in Nanjing” (NPG, 2017).

There are greatly increasing needs for intelligent ap-
plications in Nanjing, which can also be viewed as an
important strength for developing SNC. According to
“Investments in Nanjing’, a series of intellectual products
will undoubtedly become the components of intelligent
life services to enhance the convenience of life for peo-
ple with large investments in the intelligence industry in
Nanjing (Nanjing Investment Promotion Center [NIPC],
2017). Moreover, in Nanjing, many new urban develop-
ment projects, including Jiangbei New District, Airport
New District, and many old city renewal projects, will
bring more demands for intelligent applications.

Long-term good learning and innovative environ-
ments also provide sustainable strength for developing
SNC. Nanjing is a city with many universities and research
institutions, ranking No. 3 in China. Moreover, Nanjing
built the Kylin Technology Innovation Park in 2015, and
signed major projects, which effectively gathered a large
number of specialized high-quality talents together, and
laid the foundations for the promotion of innovation abil-
ity and the rapid development of intelligent technology in
Nanjing.

2.2. Weaknesses

The development of smart cities requires huge investments
(Soderstrom et al., 2014). In China, local governments
are major participants in supporting smart city projects.
However, local governments are unable to gather a large
amount of funds in a short time due to the financial re-
sources being mainly concentrated in central government
(Jiang et al., 2014). Therefore, the financial resources avail-
able to NPG are insufficient to achieve all the smart proj-
ects needed.
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The security of information and networks is a critical
weakness when developing smart cites. The development
of Nanjing cloud platform gathers information to improve
rates of resource sharing and resource utilization. Howev-
er, at the same time, cloud technology, smart devices and
agents, broadband networks, opening government data,
and Web-based applications and e-Services, also bring
huge risks to information security (S6derstrom et al., 2014).
An enormous amount of information can be revealed and
misused, which could pose a significant threat to countries,
companies and personal privacy (Modi et al., 2013).

The difficulties in dealing with intellectual property
are becoming ever greater due to the increasing com-
plexity of people’s requirements, which would lead to the
realization of complicated functions. Although the usage
of intellectual products has brought great convenience to
people and made a huge contribution to products’ values,
it has also created new challenges and negative impacts,
such as the use of smart meters in smart grids (Broman
Toft et al., 2014).

Furthermore, an imperfect evaluation system has hin-
dered the development of SNC. Evaluation is a key step
in developing smart cities during the process of strategy
definition, implementation, evaluation, and performance
measurement for smart cities. Essentially, during the
development of SNGC, it lacked a clear long-term vision,
which resulted in the local government finding it difficult
to identify the smartness level of Nanjing (Wang & Zheng,
2013). NPG should create a long-term academic, cultural,
business vision for SNC.

2.3. Opportunities

There is an urgent need to adjust the structure of tradi-
tional industry. It also brings great new opportunities for
high-technology industries and a lot of Small and Medium
Enterprises, mainly working in energy, the environment
or the NGIT industry. For example, the study results of the
IBM China Institute of Business Value indicate that China
has spent 30 billion CNY on the infrastructure for “smart
health”, which will offer nearly 160000 job positions di-
rectly and indirectly, most of which are knowledge-based
jobs for college students (Gu et al., 2013).

Urban disease is an important problem existing in so-
cial management and public services and is caused by the
imbalance between a rising population and urban resourc-
es (Marceau, 2008). Signs of urban disease have emerged
in Nanjing, such as environmental degradation, traffic
jams, overpopulation, etc. The traditional technologies and
public management methods fail to resolve these prob-
lems, which are needed for developing SNC to strengthen
urban public services and infrastructure technically, and
to enhance the utilization of urban resources (Zhao et al.,
2013). Therefore, the urgency of solving urban diseases in
Nanjing provides great opportunities for developing SNC.

The demand to strengthen people’s lives are the ulti-
mate objectives to facilitate SNC. Smart cities develop-
ment has been used as a strategy for increasing the quality

of urban life (Dameri & Cocchia, 2013). With economic,
society-sustainable development, people begin to pay
more attention to travel, security, education and other
social services. According to “The 13th five-year plan of
smart city development in Nanjing’, SNC emphasizes that
it is “people-oriented” and concentrates on enhancing the
citizens’ life-quality and pursing the all-round develop-
ment of society (NPG, 2017).

Furthermore, the demands for improving the level
of public management and the ability to make decisions,
brings the government new opportunities for developing
SNC. Society development has placed higher demands
on public management, which needs the government to
coordinate the development of various fields in a timely
manner (Chourabi et al., 2012). By developing SNC, it
should be able to use intelligent information technology
to understand, analyze and integrate various information
into the city’s operation system, thereby making intelligent
responses, judgments, decisions and actions to meet de-
mands and offer management in all aspects of the city in
a timely manner (Kernaghan, 2014).

2.4. Threats

There are no clear objectives and precise identifications
of requirements for different stakeholders in a smart city,
which should be the most important threat for develop-
ing SNC. NPG lacks a standard definition of SNC to de-
fine its strategic vision and to establish a comprehensive
framework that links all the projects and plans. Therefore,
the smart city goals system cannot be built efficiently to
present the features of Nanjing because the perception of
SNC and its comprehensive framework are still unclear.

The political and legal system is inadequate for devel-
oping SNC. Therefore, it is difficult to put policies into
practice. Policies issued by governments are important in-
stitutional resources for the evolution and expansion of an
industry (Mladen & Vanja, 2006). NPG has put forward
the planning outline for developing SNC in 2009. How-
ever, the policies and corresponding measures related to
SNC are still not perfect. In fact, the concept of Smart Cit-
ies in China has been mainly policy-driven. In this case,
the impacts of policies on the development of smart cities
should be highly addressed. Moreover, the practical ap-
plication of related policies should also be very important,
which can reflect the effects of policies (Scott, 2008).

A lack of relevant professionals in related fields has had a
strongly negative impact on the sustainability of SNC. SNC
development actually requires much intellectual capital in-
vestment along with the relevant professionals. Although
there are many talents in Nanjing, the relevant professionals
who can meet the needs of SNC development are few. The
shortage of skilled and trained personnel has been identi-
fied as a critical barrier to facilitating the projects for smart
cities in Europe (Mosannenzadeh et al., 2017). Similar to
Europe, the advanced talents are deficient with the develop-
ment of NGIT in such a short time, which will inevitably
negatively affect SNC development.
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A shortage of effective communication among differ-
ent departments of local government is also a significant
threat factor for the SNC. A smart city, as an integrative
framework, has urgent requirements for institutional
mechanisms, whereby city should integrate all key infra-
structure conditions, including bridges, seaports, rails,
tunnels, airports, water, power, communications, roads,
and even major buildings (Hall et al., 2000). The IoT and
cloud computing development center in Nanjing have
provided a good platform for social coordination gov-
ernance. However, much of the information is relatively
isolated from the rest and not open to other governmental
departments, which are bottlenecks for data mining, ap-
plications, and utilization of data.

2.5. SWOT factors generation for SNC

To sum up, the initial list of SWOT factors for develop-
ing SNC is conducted. Then, the 21 experts detailed in
Section 1.1 were interviewed face-to-face to discuss the
rationality and independence of the identified factors, and
to make corrections to propose the final list. Since there is
not much difference between the initial list and the final
list, this paper shows the final list directly (Figure 5).

3. AHP-SWOT analysis

According to the questionnaire data and Equation (3),
shown in Section 1.2, the importance of the objectives is
calculated as follows:

w,=0.28; w, =022, w, =0.27; wp =0.23.

For the local importance of factors, this paper will show
an example of the calculations by using the data from one
expert in the survey (Table Al in Appendix). According to
Equation (6), it can be shown that the weight for each factor
of the S matrix about this expert is as follows:

wg, =0.289, wg, =0.432, wg; =0.112, wg, =0.167.

Based on Equation (7), the value of A
is 4.187.

In matrix S, the value of CR is 0.069, which is less than
0.1, meaning that the calculation results in the local im-
portance in group S being acceptable. Thus, the results of
the local importance in group W, O and T also can be
achieved by the same equations as those shown in Egs.
(6)—(9) (Table A3—-A5 in Appendix).

According to Equation (10), the intensities for differ-
ent SWOT groups can be obtained (Table A2—A5 in Ap-
pendix). The strategic value V can be achieved from one

max for matrix S

Internal Conditions

Positive

JAIBION

External Environment

Figure 5. The SWOT factors
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questionnaire from Equation (4). According to Equation
(11), the value of V is 0.253, greater than 0, which means
there are large strengths to facilitate the development of
SNC and the positive strategies should be adopted. How-
ever, this result comes from one expert. All the experts’
data will be used to make further analysis for achieving
reasonable strategies. Then, the mean value (Table A6 in
Appendix) and the intensities of the SWOT factors for all
21 experts are obtained (Table 4). The final groups’ inten-
sities and the final strategic value are shown in Table 4.
The value of the final strategy, based on the data from
all respondents, is V = 0.174, which indicates that the de-
velopment of SNC has more positive effects than negative
ones. The value of V is small, which shows that hinder-
ing effects to facilitate SNC are still large. Table 4 dem-
onstrates the priorities of strengths and opportunities to
develop SNC are not inconsiderable, compared with the
weaknesses and threats. However, the priorities of smart

cities would become more obvious when more and more
advanced technologies are being put into use and related
policies can be issued.

The final factor intensities of different objectives have
been obtained, as presented in Figure 6. For the positive
effects from internal strengths and external opportuni-
ties, S1 (0.301), O1 (0.219), S4 (0.180) and O4 (0.148) are
strong facilitating factors for the development of SNC,
because of the intelligent, clean and green methods for
urban development being used, as well as the highly effec-
tive energy consumption. Thus smart cities should be the
best choice for urban development, which can help cities
improve their competence and provide huge chances to
move forward. Additionally, for the negative effects from
internal weaknesses and external threats, W1 (-0.140), T1
(—0.154), and T4 (-0.141) are critical hindering factors,
which indicate that financing difficulties and inadequate
political and legal systems are critical problems.

Table 4. Final group intensities and strategy values in SNC (all experts)

Weichts of Mean factor Final factor Final group Final strate
Objectives s Factors intensities within | intensities in all | intensities for all &Y
objectives value
groups groups exp erts
0.28 S1 1.076 0.301 0.217 0.174
S2 0.561 0.157
S3 0.491 0.137
S4 0.643 0.180
0.22 W1 -0.637 —0.140 —0.098
W2 -0.359 —0.079
W3 —0.480 —0.106
W4 —0.557 —0.123
0.27 o1 0.810 0.219 0.170
02 0.545 0.147
03 0.432 0.117
04 0.549 0.148
0.23 T1 —0.669 —0.154 —0.116
T2 —-0.557 —0.128
T3 —0.345 -0.079
T4 -0.614 —0.141
Strategic Internal Strengths (S) Internal Weaknesses (W)
Options g
SO Strategies WO Strategies
SO,-Making full use of different kinds of | WO;-Adopting Public-Private Partnership (PPP) mode (01/03/04-W1)
External new technologies (S1/52/S3/S4-01/02/ o ) )
Opportunities | 03) WO,-Building a Cyber Security Regime (01/04-W2)
((0)] SO»-Facilitating the application of Big WOs-Promoting the innovation of an NGIT (01/02/03/04-W3)
Data (S1/52/83/54-04) WO,-Establishing SNC evaluation system (01/02/03/04-W4)
ST Strategies WT Strategies
ST)-Setting clear objectives and WT,-Developing a comprehensive and sustainable implementation
External strengthening political and legal system system for SNC (W1/W2/W3/W4-T1/T2)
Threats for developing SNC (S1/S2/S3/S4-T1/T2/ . .
(T) T4) WT,-Improving the attractiveness of SNC (W1/W2/W3/W4-T3/T4)
ST,-Establishing smart city knowledge
transfer platforms (S1-T3)

Figure 6. The intensities for different SWOT groups
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Figure 7. Final intensities for SWOT groups

The final intensities of SWOT groups from small to
large are weakness (0.098), threat (0.116), opportunity
(0.17), and strength (0.217), as presented in Figure 7.
Therefore, the advantages for developing SNC are obvious.
The development of intelligent technology, represented by
the IoT and cloud computing, has advantages compared
with traditional methods of urban development, which
would contribute to the adoption of cleaner technologies
and improve environmental performance. The opportuni-
ties to develop SNC can be obtained from the perspectives
of demands for adjusting traditional industry structures,
improving the level of public management, and the capac-
ity to improve decision-making for governments, which
show that the development of SNC is imminent. However,
the intensity of threat groups comes near to that of op-
portunity groups, which indicates that the opportunities
and challenges for developing SNC are coexisting. Pro-
viding clear strategy objectives, precise identifications of
requirements, adequate political and legal systems and
effective communication, related professional training,
and eliminating the difficulties of putting the policies into
practice, should be further improved upon before devel-
oping SNC. The negative impacts of the weakness group
are minimal, which indicates that negative impacts are
less important than the attractiveness of developing SNC,
when facing enormous opportunities, whilst having their
own strengths.

4. Formulating strategies for SNC

Therefore, active strategies for developing SNC can be pro-
posed. First, based on this research, NPG should actively
and aggressively develop SNC and address all the positive

factors. Aggressive strategies, focusing on strengths and
opportunities, are more inclined to become defensive op-
tions for developing SNC, which means the weaknesses
and threats identified as presented before should be mini-
mized when selecting strategy options. Therefore, three
major strategies can be further proposed to meet future
challenges and promote the sustainable development of
SNC. The research findings can not only help the NPG
explore an effective approach to facilitating the evolution
and expansion of a smart city, but also provide guidance
for other cities.

4.1. Strategy formulation for SNC

According to the quantitative calculation results of AHP-
SWOT above, logical SWOT combinations can be identi-
fied, including SO strategies, ST strategies, WO strategies,
and WT strategies through cross analysis (Figure 8).

S
0.25
0.2
0.15,
0
00

O
Figure 8. The application of SWOT matrix for SNC

SO strategies focus on utilizing the opportunities from

external environments by using internal strengths.

- 8O, — Making full use of different kinds of new tech-
nologies (S§1/52/S3/54-01/02/03): NPG should seize
the advantages of SNC and grasp the present oppor-
tunities. In this case, more and cleaner technologies
such as ride-hailing services and bicycle sharing
should be developed to meet the increasing require-
ments for SNC, focusing on the use of technology to
produce digitalized services and improve efficiency
in the city.

- SO, — Facilitating the application of Big Data (S1/
S2/S3/54-04) (Sharifi, 2019): NPG should strength-
en the application of Credit Big Data and promote
the construction of “Integrity of Nanjing” platform
(NPG, 2018). Meanwhile, it is necessary to estab-
lish and improve the Big Data Platform for Business
Invitation, which can promote the success of major
activities and improve the effectiveness of business
invitation (NPG, 2019).

WO strategies focus on reducing internal weaknesses

by using opportunities from the external environment.

- WO, — Adopting Public-Private Partnership (PPP)
mode (01/03/04-W1): NPG should issue guidance
to absorb the private sector into SNC development
by using a PPP mode, because a number of relevant
policies on PPP have been introduced by central gov-
ernment, which can solve the problem of financing
difficulties. The objectives of the PPP mode in China
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are not only to resolve the problems related to fis-
cal constraints and financing difficulties, but also to
enhance the quality of public services (Yang et al.,
2017).

- WO, — Building a Cyber Security Regime (O1/04-
W2): The risks of information and network security
have a very close relationship with industry, people’s
lives, and urban management. Therefore, NPG can
establish a Cyber Security Regime to reduce risks for
sustainable development of SNC (Parasol, 2017).

- WO; — Promoting the innovation of an NGIT (O1/
02/03/04-W3): The key technology is the product
of technology innovation and industrial develop-
ment, which can determine the development level
of a smart city (Parasol, 2017). NPG should vigor-
ously promote the innovation of an NGIT in the ar-
eas of product informatization, energy conservation,
emission reduction, security production, which can
strengthen enterprise management and intelligent
development, as well as reduce environmental pol-
lution.

- WO, — Establishing SNC evaluation system (O1/02/
03/04-W4): NPG should carefully design the local
evaluation system on the sustainable development
of SNC. Facing the new external opportunities, the
evaluation system should contain the priorities and
weaknesses of industrial structure, urban manage-
ment, people’s lives, public management, and deci-
sion-making by governments, which can provide
guidance for developing SNC (Gu et al., 2013).

ST strategies focus on minimizing the threats from ex-

ternal environments by using internal strengths.

- ST, — Setting clear objectives and strengthening politi-
cal and legal system for developing SNC (S1/52/S3/S4-
T1/T2/T4): It is useful to set clear objectives related
to intellectual technology, intelligent application, as
well as learning and innovation environments, which
would provide useful guidelines for NPG to develop
smart cities. Meanwhile, the government’s political
and legal system should be strengthened, including
sufficient political papers and legal provisions.

- ST, — Establishing smart city knowledge transfer plat-
forms (S1-T3): Carrillo et al. (2006) indicated that
the establishment of knowledge transfer platforms is
crucial for smart cities. Nanjing intellectual technol-
ogy level is higher than that of most of cities because
many universities and high technology enterprises
are located in Nanjing. It is useful to train relevant
professionals in the field of smart cities to realize

knowledge transfer for NPG by using the existing hu-
man resources priorities, such as management and
technical professionals.

WT strategies focus on reducing the internal weak-

nesses for avoiding the threats from external environment.

- WT, — Developing a comprehensive and sustain-
able implementation system for SNC (W1/W2/W3/
W4-T1/T2): NPG should try its best to eliminate
the shortcomings for developing SNC, solving the
financing difficulties, information security risks and
other issues. Simultaneously, different departments
of government should be communicated with effec-
tively, using intellectual technologies and intelligent
application with the support of local authorities.

- WT, — Improving the attractiveness of SNC (W1/W2/
W3/W4-T3/T4): SNC consists of intelligent trans-
portation, smart governance, intelligent medical,
and other intelligent projects. It should be built by
NPG, which can boost the sharing of information re-
sources and the collaboration of business among de-
partments at different levels. Meanwhile, NPG should
adhere to taking the best of the Internet thinking for
innovation, pay attention to meeting different kinds
of requirements, individualize the needs of people
and promote the participation of people in urban
transformation, which can attract a large number of
related professionals.

4.2. Policy suggestion to develop SNC

Although SO, WO, ST, and WT strategies have been pro-
posed, there are many overlapping elements. Therefore,
based on the quantitative calculation results, three pri-
mary overall suggestions (intelligent clusters, governance
ecosystems, and integrated services) can be further pro-
posed, as below, to deal with future challenges and pro-
mote the sustainable development of SNC (Table 5).
According to SO,;, WO3, and ST),, strengthening the
intelligent cluster should be an important suggestion to
develop SNC from the perspective of technology devel-
opment. According to the futures of development of high
technologies in Nanjing, NPG should focus on the devel-
opment of Big Data (Sharifi, 2019), Artificial Intelligence,
Next Generation Network, IoT, telecommunication-cable
television-computer networks convergence, new flat-panel
display, high performance integrated circuit and cloud
computing, as well as facilitating the innovation of these
technologies by 2030 (NIPC, 2017; NPG, 2019). Innova-
tion is indispensable to the sustainable development of

Table 5. Policy suggestions

Logical SWOT combinations

Driven

Primary overall suggestions

SO,, WO,, ST,

Technology

Intelligent clusters

WO,, ST, WO,

Institutional environment

Governance ecosystems

SO, WO,, WT,, WT,,

The demands of people

Integrated services
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SNC (Sharifi, 2019). For the innovative subjects, a gradient
development promotion mechanism can be adopted for fa-
cilitating the development of high-technology enterprises
by NPG. For the innovative environment, NPG should
accelerate the construction of Major Scientific and Tech-
nological Innovation Platforms, such as Fifth Generation
(5G) Mobile Communication and Future Network Experi-
ment Facility (NPG, 2018). Meanwhile, the development of
a number of new research institutions such as Nanjing In-
telligent Manufacturing Research Institute should be pro-
moted. Furthermore, NPG should integrate these technol-
ogies with the real economy, and form a modern industrial
system dominated by strategic emerging industries, such as
Liquid Crystal Display Industry, Software and Information
Service Industry, Modern Communication Industry, Satel-
lite Application Industry, and Integrate Circuit Industry,
which is in line with the development policies proposed
by “Investments in Nanjing” (NIPC, 2017).

According to WO,, ST}, and WO,, a governance eco-
system should be adopted to take full use of Nanjing’s
advantages to promote the sustainable development of
SNC. The key to a governance ecosystem is to optimize
the relationship between funds, resources, and technolo-
gies through a governance structure, including NPG, en-
terprises, the community, and the market. The collabora-
tions between the public and private sector investment for
SNC development should be encouraged, which would
cope with the financial problem (NPG, 2017). PPPs can be
adopted to participate in high-technological innovations
and strategic emerging industries development. Universi-
ties and R&D institutions in Nanjing can provide techno-
logical innovations, conceptual development innovations,
management mechanism innovations, operation mode in-
novations, capital operation innovations, etc. NPG should
promote the transformation of Jiangning, Xianlin and Ji-
angbei university towns into innovation towns and pro-
mote the development of the Yangtze Ecological Civiliza-
tion Innovation Center, so as to accelerate the creation of a
number of major and original achievements (NPG, 2019).
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The efficient cooperation between network communica-
tion and Zijinshan Security Laboratory should be further
promoted, which can deal with the high risk of informa-
tion and communication security (NPG, 2019). Moreover,
a coordination mechanism should be included to guide
communication and action among multiple departments of
NGP (Sodiq et al., 2019). In the context of the governance
ecosystem, policy support, enough investments, feasible
intelligent solutions, and enough professionals should be
provided, which can facilitate the sustainable development
of SNC. These fit well with the local government policies
“Investments in Nanjing” (NIPC, 2017) and “2019 Nanjing
People’s Government work report” (NPG, 2019).

According to SO,, WO,, WT,, and WT,, further inte-
grated services of SNC should be provided to facilitate the
application of smart technologies and change the social
and cultural environment of the city. The eventual devel-
opment of SNC will give people in Nanjing a better service.
The supply of goods and services can be further optimized
to meet final demands and expand new market. Based on
the support of high-technologies, the needs of various
stakeholders should be discovered timely and accurately
(Sharifi, 2019), such as culture and environment aspects,
and then great efforts should be made to meet them, so
that supply and demand can reach a balance. NPG should
vigorously promote the “Internet + Government Service”
and establish the Big Data Base of government service for
SNC (NPG, 2019). Meanwhile, the opening of government
data should be promoted to the society, so as to realize the
share of information resources. Furthermore, NPG should
comprehensively evaluate the level of public services in
SNC, such as transportation, education, health, hospital,
old-age care, etc., so as to improve the quality of life of the
people through the healthy and sustainable development
of SNC. These are in keeping with local government poli-
cies “The 13th five-year plan of smart city development in
Nanjing” (NPG, 2017).

The policy suggestions can be viewed as a system as
shown in Figure 9.
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Figure 9. The policy suggestions to develop smart Nanjing
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4.3. The implications for other cities

First, the policy suggestions of intelligent clusters, gover-
nance ecosystems, and integrated services provide a hy-
brid strategic planning approach by integrating bottom-
up and top-down designs to develop SNC, which can be
promoted for other cities to develop smart cities. From
a bottom-up perspective, intelligent clusters focus on the
development of high-technologies like Big Data and Arti-
ficial Intelligence. Technology-led urban systems have al-
ways been the traditional strategic principle for developing
smart cities, which can drive the development of health,
transportation, culture, education, and the environment
(Mora et al., 2019). However, Vu and Hartley (2018) indi-
cate that the emphasis on the “hardware” (e.g. technology)
and “software” (e.g. requirements management) should
be balanced. Therefore, different from prior studies, the
proposed intelligent clusters should not only focus on the
technology, but also consider integrating the high-tech-
nology with the real economy, and form a modern indus-
trial system dominated by strategic emerging industries. A
smart city is not a technology-only focused system, with
large-scale NGIT devices and infrastructures (Mora et al.,
2019). Thus, the proposed integrated services, including
smart living and smart people, should be established to
timely and accurately discover and meet the requirements
of stakeholders from human, social, cultural, economic
and environmental aspects with the support of high-tech-
nologies. The interaction between technologies and people
can provide a proactive framework for developing a smart
city from a bottom-up perspective, which still needs gov-
ernance from a top-down perspective to avoid reduplica-
tion, resource waste, chaos and a lack of long-term vision
(Mora et al., 2019). The governance ecosystem of a smart
city is therefore designed to coordinate the relationships
across funds, resources, technologies, people and institu-
tions to realize smart people and smart living. A lack of ef-
fective governance is viewed as a hindrance for developing
smart cities by Vu and Hartley (2018). Prior studies ad-
dress the integration of different components (e.g. stake-
holders, processes, technologies, data, etc.) in smart city
governance (Ruhlandt, 2018). The proposed governance

J. Yuan et al. Strategy formulation for the sustainable development of smart cities: a case study...

ecosystem provides an effective institutional approach
and structure to bring multiple stakeholders together to
promote smart services and smart utilization of resources.
Considering the characteristic of Nanjing, the adoption
of a PPP method and the role of universities and R&D
organizations are highly addressed. Therefore, different
components in the proposed governance ecosystem can
be connected through multiple kinds of flow (e.g. money,
data, demands, and human resources, technologies, poli-
cies), which finally construct a multi-dimensional gover-
nance system. For other cities in the world, the combined
method, integrating bottom-up and top-down designs to
develop smart cities can be encouraged, because the tech-
nologies, people, and institutions cannot be ignored in any
case. Meanwhile, the city’s social and economic situation,
as well as the level of related technologies, professionals,
and resources should also be considered when formulat-
ing strategies to develop smart cities.

Another important contribution of this study is to es-
tablish a method of quantitative analysis to formulate the
smart city development strategies. As shown in Table 6, dif-
ferent strategies may have different priorities, which can
be calculated by using the proposed approach and cannot
be reflected in prior studies. Based on the SWOT-AHP
calculation results, a quantitative priority analysis can be
obtained. According to Table 6, the strategic value of SO,
is 1.258, which is an absolute advantage in the strategy of
intelligent clusters. Therefore, making full use of different
kinds of new technologies (SO, ) is the first strategic combi-
nation of the three in an intelligent cluster strategy, which
should be undertaken for developing sustainable SNC.
NPG should promote the construction of Innovation
City, cultivate innovation subjects, enhance independent
innovation ability, and construct the pattern of develop-
ment and innovation. The sequence of strategic portfolio
implementations is sorted by strategic value. Therefore,
setting clear objectives and strengthening political and legal
system for developing SNC (ST ) and facilitating the applica-
tion of Big Data (SO,) are the priorities of the Governance
ecosystem and Integrated services, respectively. For the
policy suggestions, the highest priority should be put into
the Governance ecosystem, which means governance is

Table 6. The priorities of different strategies in developing SNC

Strategy S0 WO ST WT Total strategy
value

Intelligent SO, (1.258) WO; (0.737) ST, (0.38) 2.375

cluster

Governance WO, (0.624) |WO,(0.754) |ST, (1.198) 2.576

ecosystem

Integrated SO, (0.923) | WO, (0.446) WT, (0.73) | WT, (0.448) |[2.547

services

Where, SO; =S1 + 82+ 83 +S4+ 01+ 02+ 03=1.258;SO,=S1 +S52+S3 +S4+04=0923; WO, =01+03+04 +
W1 =0.624; WO, = O1 + 02 + W2 = 0.446; WO3; =01 + O2 + O3 + O4 + W3 = 0.737; WO, = O1 + O2 + O3 + O4 +
W4 =0.754; ST, =S1+S2+S3 +84 + T1 + T2 + T4 =1.198; ST, =S1 + T3 = 0.38; WT; = W1 + W2 + W3 + W4 +
Tl +T2=0.73; WT; = W1+ W2+ W3+ W4+ T3+ T4 =0.448



International Journal of Strategic Property Management, 24(6): 379-399 393

The scope of evaluation:
e The macro environment for developing smart cities
(political, economic, social, environment)
e The participants for developing smart cities

(citizens, firms, government, research institutions)

St(?p k X o The self-development of smart cities
Evaluating the city (technical means, service management, intelligent industry,
intelligent application)
Obtained:
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e Opportunity & thre%factors (external)
Step 2: It contains two parts.
Surveying multiple o Investigating SWOT factors
stakeholders e Pairwise comparison in the same group
Step 3:
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analysis
Step 4:
Formulating strategies

Figure 10. The roadmap for other cities developing strategies

the most important in the SNC development, focusing on
the integration of different smart components in Nanjing.
Integrated services are the second most important policy
suggestion according to the results, which means precise
identification of service demands and a reasonable evalua-
tion system can be adopted to facilitate the development of
SNC. Meanwhile, Intelligent clusters can provide a founda-
tion for a Governance ecosystem and Integrated services.

For other cities, the proposed approach can be cali-
brated as Figure 10. The first step of the strategy formula-
tion should focus on evaluating the status related to the
smart city development for specific cities to identify dif-
ferent factors in the SWOT analysis. Then a similar sur-
vey and proposed AHP-SWOT analysis can be conducted.
Finally, the strategies to develop smart cities can be raised
according the results. In the future, more data will be col-
lected to develop strategies for different cities to develop
smart cities. The roadmap can be adopted for any city in
the world.

Conclusions

Rapid urbanization has caused a series of “urban disease”
in China. A smart city is regarded as an effective solution
to deal with “urban disease” and promote sustainable ur-
ban development. There are many strategies for developing

smart cities around the world and researchers have under-
taken many studies on their design and implementation
processes. However, many cities have unclear or similar
strategies for developing sustainable smart cities. In or-
der to realize the sustainable and healthy development of
smart cities in China, this paper puts forward a strategy
formulation thinking that comprehensively considers the
combination of top-down and bottom-up.

Every city has different characteristics. Taking Nanjing
as an example, this study identified the strength, weak-
ness, opportunity and threat factors for developing SNC
from the macro environment, participants and its self-de-
velopment. As the factors and their intensities are scored
by experts from governments, related industries, and
research institutes, the strategies proposed are more ac-
ceptable to the public. Different from previous studies, this
paper provides a quantitative path analysis for the strategic
formulation of sustainable developments for smart cities
by integrating SWOT and AHP methods. Based on the
most powerful motivators and the strongest hindering
factors, a proactive strategy has been put forward for de-
veloping SNC, including a couple of strategies. Moreover,
intelligent clusters, governance ecosystems, and integrated
services, which are primary suggestions, as well as their
priorities were proposed to deal with future challenges in
SNC development.
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The research results can not only help NPG explore an
effective approach to promoting and developing a smart
city, but also provide the guidance for other cities in China
with similar characteristics (region, urban hierarchy, ad-
ministrative category, policy support, population, Gross
Domestic Production, colleges and universities, etc.) to de-
velop smart cities. At the same time, the hybrid strategy
planning approach proposed in this paper, which combines
bottom-up and top-down designs, can also provide ideas
for other cities in the world to develop smart cities. Fur-
thermore, the proposed AHP-SWOT hybrid method es-
tablishes a quantitative analysis model to formulate smart
city development policy suggestions, which also can be used
as effective strategy planning tools to help other countries
determine appropriate strategies in developing their own
smart cities. Each city is different in its economy, resources,
policies, environment, etc., this paper considered context-
relevance issues to help cities develop smart cities based on
their own strengths and weaknesses. The proposed model
of Industry-University-Research Collaboration can provide
useful guidance for the development of smart cities.

Some limitations still exist. The questionnaire data
are collected from local government, enterprises and
research experts in Nanjing, reflecting the opinions of a
specific city, meaning the policies may not apply to other
cities. Meanwhile, the SWOT factors are relatively inde-
pendent. Simultaneously, it is difficult to do the pairwise
comparisons for the judgments, because the subjectivity
is relatively strong, which may cause biases, although the
selected experts have solid theoretical foundations, rich
practical experience and strong professional backgrounds.
Hence, the introduction of ANP and fuzzy methods could
be adopted in future studies. Meanwhile, the focus of the
SWOT analysis is on SNC. However, it can be partitioned
into many sub-systems, from different perspectives. Thus,
further research may be to conduct a national survey to
collect extensive amounts of data and compare the opin-
ions from different regions.
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Appendix
Table Al. Matrix of paired comparisons for SNC (one expert)

Strengths S1 S2 S3 S4 Weaknesses W1 W2 W3 W4
S1 1 1 3 1 W1 1 3 1 1/5
S2 1 1 5 3 W2 1/3 1 1/3 1/4

S3 1/3 1/5 1 1 W3 1 3 1 1

S4 1 1/3 1 1 W4 5 4 1 1
Opportunities 01 02 03 04 Threats T1 T2 T3 T4

o1 1 5 5 5 T1 1 4 5 1
02 1/5 1 1 1 T2 1/4 1 3 1/4
03 1/5 1 1 1/3 T3 1/5 1/3 1 1/3

04 1/5 1 3 1 T4 1 4 3 1
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Table A2. Intensity for strength factors and groupings in SNC (one expert)

397

Local
Objective tmp grtapce of Factors importance of | Scores of factors | Factor intensity | Group intensity
objectives P
actors
S 0.28 S1 0.289 4 1.156 0.811
S2 0.432 3 1.296
S3 0.112 1 0.112
S4 0.167 2 0.334
Table A3. Intensity for weakness factors and groupings in SNC (one expert)
Importance of Local
Objective portat Factors importance of | Scores of factors | Factor intensity | Group intensity
objectives P
actors
w 0.22 w1 0218 -2 ~0.436 ~0.668
w2 0.086 -1 ~0.086
w3 0271 -3 -0.813
w4 0.425 -4 -1.7
Table A4. Intensity for opportunity factors and groupings in SNC (one expert)
Importance of Local
Objective portar Factors importance of | Scores of factors | Factor intensity | Group intensity
objectives P
actors
O 0.27 0O1 0.619 2 1.238 0.471
02 0.124 2 0.248
03 0.094 1 0.094
04 0.163 1 0.163
Table A5. Intensity for threat factors and groupings in SNC (one expert)
Importance of Local
Objective portar Factors importance of | Scores of factors | Factor intensity | Group intensity
objectives P
actors
T 0.23 T1 0.453 -2 ~0.906 -0.361
T2 0.262 -1 ~0.262
T3 0.167 -1 ~0.167
T4 0.118 -2 ~0.236
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Notations

Abbreviations:

SWOT - Strength, Weakness, Opportunity, and Threat;
AHP - Analytic Hierarchy Process;

SNC - Smart Nanjing City;

NGIT — New Generation of Information Technology;
IoT - Internet of Things;

MOHURD - Ministry of Housing and Urban-Rural Development;
SC — State Council;

NPG - People’s Government of Nanjing;

NIPC — Nanjing Investment Promotion Center;

PPP — Public-Private Partnership;

5G - Fifth Generation.

399



