Towards sustainability: An assessment of an urbanisation bubble in China using
a hierarchical - stochastic multicriteria acceptability analysis - Choquet integral
method
Abstract
Urbanisation bubbles have become an increasingly serious problem. Attention has been paid to the
speed of urbanisation; however, the issue of quality has been neglected, particularly in the case of
China. Therefore, the aim of this research is to evaluate China’s urbanisation bubbles by employing
a hierarchical - stochastic multicriteria acceptability analysis (SMAA) - Choquet integral method.
In order to highlight regional disparities, we measure the urbanisation bubbles at a provincial level.
Our study aggregates the urbanisation bubble indices using the Choquet integral preference model,
and considers the interactions between various indicators. Furthermore, robust ordinal regression
and SMAA are applied to resolve the robustness issues associated with the entire set of weights
assigned to the urbanisation bubble composite indicator. In addition, by employing a multiple
criteria hierarchy process, the study aggregates urbanisation bubble indices not only at the
comprehensive level, but also at the intermediate levels of the hierarchy. Our findings suggest that
the ranking of urbanisation bubbles is positively related to the level of regional development. This
study contributes to the evaluation of regional urbanisation and sustainable development.
Keywords
Urbanisation bubble; Sustainable urbanisation; Sustainable urban development; Sustainability; The
hierarchical-SMAA-Choquet integral approach; China
Highlights
• This study contributes to the evaluation of regional urbanisation and sustainable
development.
• A hierarchical - stochastic multicriteria acceptability analysis (SMAA) - Choquet integral
method is employed.
• This study aggregates the urbanisation bubble indices and considers the interactions
between various indicators.
• The research aggregates urbanisation bubble indices at both comprehensive and
intermediate levels.
• The ranking of urbanisation bubbles is positively related to the level of regional
development.
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1 Introduction
The 20th and 21st centuries have witnessed rapid urbanisation all over the world and urbanisation
has been viewed as an important strategy for development (Shen and Zhou, 2014). In China, there
has been a dramatic increase in urbanisation following reform and ‘opening-up’ in the late 1970s
(Zhang and Li, 2012; Miao and Wu, 2016). China’s urban population increased from 17.9% of the
total population in 1978 to over 57.31% in 2016 (National Bureau of Statistics, 2017). With
unprecedented speed, growing urbanisation has boosted China’s economic prosperity (Friedmann,
2006; Dyson, 2011). However, rapid economic growth and urbanisation has been accompanied by
a host of problems, such as environmental pollution (Fang, Wang and Xu, 2016; Cao, Chen and
Hickman, 2017; Wang et al., 2017), inefficient public services (Dyson, 2011), low living standards
(Li et al., 2018), gentrification (Lees, Shin and Lopez-Morales, 2016; Zhang et al., 2019), and loss
of arable land (Li et al., 2014; Li, 2015). These phenomena are a result of Chinese local government
prioritising the speed of urbanisation over the quality (Zhou et al., 2015), and are collectively known
as the urbanisation bubble (Wang, 2011; Xu, 2004). This kind of urbanisation is contrary to the
principles of regional sustainable development which is a significant component of development
processes in human society and the foundation of global or national sustainable development (Lu
and Liu, 1998). Within the complex natural socio-economic ecosystem, the aim of regional
sustainable development is to contribute to the harmonious development of regional economic,
societal and natural components (Dong et al., 2015). Thus, urbanisation bubbles result in a mismatch
between expansion of the urban population and urban infrastructure development, and between
urbanisation and industrialisation, and may also lead to conflict between urban and rural residents
(Fu, Liu and Zhao, 2012). Moreover, the urbanisation bubble causes a discrepancy between
economic growth and land use (Zhou, Zhang and Shen, 2015). For instance, although the average
annual growth rate of urban construction land in China was 15% between 1981 and 2011, the annual
economic growth rate was far below 15%1. In addition, the urbanisation bubble is responsible for a
number of other serious problems, such as resource depletion, population growth, and
environmental pollution. The aforementioned issues relating to unsustainability have a significant
negative effect on social advancement and economic growth within a region (Qi, Cheng and Shen,
2000). Therefore, in order to integrate the development of the economy, society and nature into
regional sustainable development (Zhao et al., 1999), there is an urgent need to evaluate the
urbanisation bubble.
In order to address the issues identified above, a sustainable approach to urbanisation is required,
which will contribute to healthy urban development (Zhao, 2010). A series of studies have tried to
seek effective tools with which to assess sustainable urbanisation, such as a hybrid heterogeneous
DEA method (Ji et al., 2018), and a hybrid Entropy–McKinsey matrix method (Shen et al., 2016).
For example, based on the Case-Based Reasoning (CBR) method, Wang et al. (2019) constructed a
Lessons Mining System (LMS) designed to help mine lessons learned from previous practice, and
suggested that LMS can be of use in understanding the potential problems associated with
urbanisation by referring to the lessons that have been previously experienced in similar
circumstances. From the perspective of sustainable development and new urbanisation theory and
practice, Liu et al. (2019) developed an evaluation model of comprehensive system dynamics-data
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envelopment analysis (SD-DEA), which can be used to create a green town development model
using the system dynamics method. Similarly, Tan et al. (2018) employed a system dynamics model,
consisting of four sub-systems of economic, social, environment and resource sectors to simulate
urban sustainability performance, and show how the systemic interactions can be modelled by
taking Beijing as a case study. However, these existing studies have several shortcomings: (1)
although some studies have examined the interactions between different systems, they cannot
capture the interactions between various indicators; (2) because these studies typically involve some
degree of imprecision, they may lead to the elicitation of the parameters of composite indices.
Moreover, because most existing studies overlook critical points, there will inevitably be a degree
of approximation in the process of indices computation; (3) although some studies have attempted
to evaluate sustainable urbanisation, few studies have assessed the urbanisation bubble from the
reverse perspective. For instance, Wang (2011) explored the urbanisation bubble for 35 Chinese
cities during the period from 1999 to 2008, and concluded that although the bubble phenomenon is
not a prominent feature of their living environments, Chinese cities generally show a bubble
tendency. However, the study does not include a specific and reliable method for measuring the
urbanisation bubble and therefore cannot help us to understand the process underlying the
phenomenon (Zhou, Zhang and Shen, 2015). In order to address this point, Zhou, Zhang and Shen
(2015) employed the four quadrants measurement model to quantitatively evaluate China’s
urbanisation bubble. Nonetheless, although this study is useful, it does not distinguish between
China's heterogeneous regions.
Therefore, this study aims to quantitatively evaluate China’s urbanisation bubble by employing a
hierarchical - Stochastic Multicriteria Acceptability Analysis (SMAA) - Choquet integral method.
More specifically, it addresses the following two research questions: 1) how to design an indicator
system with which to measure an urbanisation bubble; and 2) how can a hierarchical-SMAAChoquet integral method be applied to evaluate urbanisation bubbles’ rankings? Our study
contributes to the existing literature in the following ways. First, we explore the previously underresearched field of the urban bubble, rather than directly assessing sustainability; additionally, in
order to highlight regional disparities, our urbanisation bubble measure is applied at the provincial
level. Moreover, this study develops a complete indicator system and indicator hierarchy.
Specifically, we focus on the urbanisation bubble composite indices not only at a comprehensive
level, but also at a sub-indicator level, in terms of the environment, economy and society.
Furthermore, in terms of methodology, we employ a new composite index approach – the
hierarchical-SMAA-Choquet integral method - which can compute the interaction effects between
indicators; the proposed method is able to avoid the elicitation of the parameters of composite
indices, and take critical points into consideration. The Choquet integral is an aggregation process
and is more complex than the sum of common weights (Grabisch, 1996). Although indicators can
reflect the significance of the urbanisation bubble, a standard weighted sum is incapable of capturing
redundancy and synergy between these indicators (Silvia et al., 2018). However, the Choquet
integral method allows indicators to interact in the form of redundancy or synergy. This interaction
between indicators enables the poor assessment of some indices to be compensated with the more
accurate assessment of other indices (Marichal, 2004) which can make a significant difference in
terms of obtaining composite indices when evaluating sustainability (Munda, 2005). The index
weights of the Choquet integral is calculated from the participation of stakeholders and third parties.
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Changing the weight plurality will lead to a change in the ranking variability of the composite index.
It involves Robust Ordinal Regression (ROR) and SMAA, which can be included in the Choquet
integral (Angilella et al., 2010, 2012). In terms of robustness, ROR helps to obtain the necessary
preference relation and the possible preference relation (Giarlotta and Watson, 2013). In addition,
SMAA provides a probabilistic ranking by employing Rank Acceptability Indices (RAIs), which
gives the probability of picking one set of compatible weights, and Pairwise Winning Indices (PWIs),
which gives the probability of one unit obtaining a better value than another (Silvia et al., 2018).
Index hierarchy is an inevitable issue in the fields of sustainable development, environmental
governance and performance evaluation. Existing studies have extensively discussed the application
of MCDA (Corrente, Greco and Słowiński, 2013, 2016) and, as a result, they proposed a new method
known as the Multiple Criteria Hierarchy Process (MCHP). Thus, combining the MCHP with the
Choquet integral linked to SMAA and ROR, results in the hierarchical-SMAA-Choquet integral
method (Angilella et al., 2016).
This study is organised as follows. Section 2 presents a literature review on sustainable urbanisation
and the urbanisation bubble. Section 3 introduces our methodology, including indicators and their
measurement, as well as explaining, and expanding upon, the method used. The results and findings
are provided in Section 4, while Section 5 offers conclusions.

2 Literature review
2.1 Sustainable urbanisation
The rapid increase in the level of urbanisation has resulted in serious concerns about urban
sustainability (Isendahl and Smith, 2013; Cohen, 2017), because sustainable urbanisation is
compatible with the principle of sustainable development (Roy, 2009; Ochoa et al., 2018).
Urban sustainability is a measure that can be used to assess the sustainability of a city (Huang,
Wu and Yan, 2015) and, consequently, sustainable urbanisation has emerged as a dynamic
procedure that takes various environmental, social, economic and governance factors into
consideration (Mori and Yamashita, 2015). After the economic reforms and ‘opening-up’ policy
were implemented in 1978, China has experienced a period of dramatic growth in urbanisation
(Li et al., 2018). The level of urbanisation has increased from less than 20% in 1978 to a
predicted 60% in 2020 (Liu, Su and Jiang, 2016). Due to this rapid urbanisation, China has
made great progress in terms of infrastructure improvements, the upgrading of social services
and economic growth. However, a number of developmental problems have emerged (Zhai et
al., 2019), including an unbalanced economic structure (Chen, 2007), regional imbalances (Wei,
2013), and environmental damage (Tan, Xu and Zhang, 2016). In addition, China also faces
many serious challenges in respect of improving people’s quality of life, and addressing
ecological degradation and economic development (Zhai et al., 2019). Therefore, although
sustainable development poses a huge challenge, pursuing it has become an urgent priority and
a key component of national strategy in China (Zhang, Yuan and Tian, 2019).
Given the concerns about achieving sustainable urbanisation, it is vital to be able to evaluate it
effectively. We first review several types of indices that have been used to measure sustainable
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urbanisation in existing studies. Because there are various perspectives on sustainable
urbanisation - primarily social, economic and environmental - multiple methods can be used to
assess sustainability, according to the respective research aims (Zhou et al., 2015; Ng, Cook and
Chui, 2001). A number of researchers have conducted a comprehensive literature review and
developed a series of frameworks with which to assess urban sustainability. Tan, Xu and Zhang
(2016) put forward six perspectives with which to assess sustainable urbanisation in China: ecoenvironmental protection; land development; energy utilisation; population growth and
migration; housing; and policy. These six perspectives can be regarded as a new and
comprehensive method for evaluating urban sustainability in China. Similarly, Cohen (2017)
conducted a systematic review, focusing on urban sustainability and produced a chart showing
current studies on the assessment of urban sustainability. According to Cohen’s (2017) results,
the majority of relevant research still tends to use the three pillars (i.e. economic, social and
environmental sustainability) model to analyse urban sustainability. Although there are flaws in
the framework, the three pillars model has been widely used. In addition, some studies have
linked sustainable urbanisation to smart cities, because it plays a vital role in urban planning
and smart city development (Ibrahim, El-Zaart and Adams, 2018). A smart city needs a highquality infrastructure designed to tackle sustainability challenges and improve the quality of life
(Caragliu, Del Bo and Nijkamp, 2011). Moreover, urban sustainability and smart cities share
very similar goals: the smart city aims to achieve sustainability and a high quality of life for
individuals (Tampouridou and Pozoukidou, 2018). It is evident that smart cities have a strong
impact on the objectives of urban sustainability.
Regarding the assessment tools, fuzzy set theory can also be used to assess sustainable
development. Although sustainable development is an objective concept, fuzzy set theory can
link human expectations of development, contributing to empirical support for decision making
within the context of sustainable development (Cornelissen, Berg, Koops, Grossman and Udo,
2001). In addition to fuzzy set theory, a hybrid Entropy-McKinsey Matrix method can also be
applied to assessing sustainable urbanisation (Shen, Zhou, Skitmore and Xia, 2016), because it
is helpful in terms of locating the urbanisation state point. Overall, these study tools can capture
progress over time, because they have moved on from a static population analysis to taking
advantage of operations research, quantitative methods and systems science (Zhang et al., 2020).
For example, using an earth observation based multi-scale assessment, and collecting cultural,
geographic, and economic data, some studies have explored regional and international patterns,
situations, and development trends relating to urbanisation (Chen, 2015). Apart from the
aforementioned assessment tools, there are also a number of indicator systems that can be used
to measure sustainable urbanisation (Tan, Xu and Zhang, 2016). Among the various indicators,
income level has close associations with development problems within the context of rapid
urbanisation. In fast-growing cities, people on low and middle incomes seem to encounter more
serious problems as a result of rapid urbanisation (Roy, 2009). Education is another important
indicator. Education enables people to gain knowledge and abilities and then obtain a job and
become urban citizens (Schwartz, 1973; Newbold, 1998). Individual age also plays a significant
role in migration mobility and a city’s development. A large number of talented young people
tend to move to China’s first-tier cities such as Beijing, Shanghai and Guangzhou, but older
adults prefer to stay in the places where they grew up (Zhang, 2010). Young adults usually
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pursue their career development in cities and thus they are the main subjects in urban
sustainability studies, though they face air pollution and traffic problems in cities (Zhang, 2010).
Additionally, there is emerging research investigating urban sustainability at an individual level.
For example, a sustainable city usually pays attention to eco-environmental protection, the
appropriate use of resources, citizens’ welfare and achieving satisfactory standards of living
(Shen, Ochoa, Shah and Zhang, 2011).
Most existing sustainable urbanisation studies that use composite indicators and tools have focused
on the inter-relationships between politics, economy and society. These studies have raised some
important concerns. The first is the construct complexity of sustainable urbanisation. The
characteristics of multi-levels, cause effect relationships and interaction effects have been discussed
(McLellan, Chapman and Aoki, 2016; Sun, Liu and Zhao, 2019). However, these studies do not
allow the full complexity of composite indicators to be constructed, resulting in a significant degree
of vagueness. This fuzziness seriously undermines the quality and usefulness of the indicators
obtained, because almost none of the indicators are clearer than the concept they aim to quantify
(Silvia et al., 2018). Moreover, these existing studies do not distinguish between inputs, outcomes,
and tools (Croes, 2011). The second concern is that the methodological building procedure of
sustainable urbanisation may be inappropriate or unclear. For example, few studies have employed
weighting procedures and interactions between indicators at different levels in evaluating
sustainable urbanisation, which means that the model and results are unlikely to be very robust. In
addition, the elicitation of the parameters of composite indices constitutes a problem due to the
methods and composite indicators lacking explanatory and predictive capacity (Mazanec and Ring,
2011).
2.2 Urbanisation bubble
The term ‘bubble’ was first put forward in the field of economics (Hommes, Sonnemans, Tuinstra,
and van de Velden, 2008; Nneji, Brooks and Ward, 2013), and Palgrave (1987) explained that an
economic bubble refers to the process whereby a rapid rise in asset prices suddenly collapses. This
definition has been supported by many studies, such as those by Smith, King, Williams and Boening
(1993), Nneji, Brooks and Ward (2013), and Painter and Yu (2013). According to their arguments,
China's economic bubble is a serious issue. Although China’s economy has witnessed rapid growth,
this growth cannot lead to a corresponding improvement in people’s living standards and income
levels (Ling, 1998; Lu, 1998). Regarding the phenomenon of urbanisation bubbles, existing studies
have mainly focused on the following fields: housing, population, land, industrialisation and the
social welfare bubble.
A housing bubble exists in representative Chinese cities, providing evidence of the unsustainability
of the urbanisation process (Zhi et al., 2019). Teng, Chang and Chen (2017) examined both
fundamental and bubble housing prices. They concluded that the housing bubble forced rising house
prices to spread and that there is a greater probability of a crisis caused by the bubble bursting in
the suburbs where bubble spread can occur. From a demographic perspective, Zhao (2005)
examined the urbanisation bubble in terms of the growing percentage of the urban population as a
proportion of the total population during a given time interval. However, the process of urban
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population growth cannot improve the quality of life for urban migrants, and hence results in an
urbanisation bubble (Zhou, Zhang and Shen, 2015). Based on urban population growth, a land
bubble is defined as occurring when the speed of urban land expansion exceeds the rate of
population expansion in the process of urbanisation (Ren and Li, 2006). Furthermore, a land bubble
can have a detrimental effect on social welfare and lead to inefficient overinvestment (Miao, Wang
and Zhou, 2015). Because the speed of urbanisation speed exceeds that of industrialisation, there is
a discrepancy between economic industrialisation and urbanisation development, which is known
as an industrialisation bubble (Zhou, Zhang and Shen, 2015). It is closely related to environmental
sustainability and human civilisation (Palit, 2014). In addition, some studies have discussed the
phenomenon of urbanisation bubbles from a social welfare perspective. For example, Shome (2013)
indicated that urban infrastructure plays an important role in the success of a city. Similarly, Ejaro
and Abubakar (2013) argued that a social welfare bubble entails a city not being able to provide
suitable public services to urban migrants in the process of urbanisation.
However, the existing studies do not use systematic or intelligent tools to assess urbanisation
bubbles. The foregoing discussion about urbanisation bubbles indicates that urbanisation
development should focus on sustainability and achieving a balance between the economy, society
and the environment. In other words, we need to avoid urbanisation bubbles in order to improve
sustainable urbanisation. The lack of evaluation of urbanisation bubbles has not only resulted in a
disequilibrium in the relationships between population increase, land use, public services and
infrastructure and industrial development, but also makes it much more difficult for urban planners
and managers to choose the most appropriate urbanisation strategy. Thus, our study offers a suitable
approach with which to address this issue and evaluate the urbanisation bubble phenomenon more
comprehensively.

3 Methodology
In this study, we examine cases at the provincial level, namely 22 provinces, 5 autonomous regions
and 4 municipalities. Generally, this kind of analysis is effective on a regional scale. We chose
Chinese provinces as cases based on the following considerations. Evaluation at the provincial level
can enable the results from the decision model to be directly understood in the process of
interpreting the territory (Silvia, Pierluigi and Salvatore et al., 2018). Moreover, it is reasonable to
make the change from regional to provincial level in our study, because the complexity of China’s
provinces is the same as its regions with respect to their social relationships, quality and variety of
resources. Previous studies have indicated a privileged observation for the evaluation of China’s
urbanisation bubble because of obviously differing socio-economic situations at the provincial level,
such as the actual benefits of people’s living standards, industrial structure, and income (Ling, 1998;
Lu, 1998; Xiong, 1998; Silvia, Pierluigi and Salvatore et al., 2018). In addition, China is facing
issues of unsustainability and imbalance associated with the process of urban development (Xu,
2004; Zhang, 2006). For example, provinces in Western China are characterised by significant
backwardness, more specifically economic underdevelopment and poor eco-environmental
conditions, as well as a low anthropic dimension (Ke, Chen and Robson et al., 2015; Ahmad et al.,
2018). Based on the above analysis of the highly contrasting and variegated features of China’s
provinces, there is no methodological defect associated with undertaking the study at the provincial
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level.
The aim of our study is to evaluate the urbanisation bubble for 22 provinces, 5 autonomous regions,
and 4 municipalities in China by employing the hierarchical-SMAA-Choquet integral method. All
cases are listed in Table 1.
Table 1 Code and province listing
Code

Province

Code

Province

Code

Province

a1

Anhui

a12

Henan

a23

Shanghai

a2

Beijing

a13

Hubei

a24

Shaanxi

a3

Chongqing

a14

Hunan

a25

Shanxi

a4

Fujian

a15

Inner

a26

Sichuan

Mongolia

Autonomous Region
a5

Gansu

a16

Jiangsu

a27

Tianjin

a6

Guangdong

a17

Jiangxi

a28

Tibet Autonomous Region

a7

Guangxi Zhuang Autonomous

a18

Jilin

a29

Uygur

Region

Autonomous

Region

a8

Guizhou

a19

Liaoning

a30

Yunnan

a9

Hainan

a20

Ningxia Hui Autonomous

a31

Zhejiang

Region
a10

Hebei

a21

Qinghai

a11

Heilongjiang

a22

Shandong

3.1 Indicator system for urbanisation bubble
Based on the studies by Zhou, Zhang and Shen (2015), the study selects indicators from the
perspectives of the economy (ED), the environment (EL) and society (SD) to describe the
urbanisation bubble in detail. We employ the ratio of urban dwellers to the total number of dwellers
at the provincial level to measure the urbanization rate (UR), and a change in UR can reflect
residents’ dynamic migration from a rural area to an urban area (Zhou et al., 2005). The change in
urbanization rate during the period between time t1 and t2 can be obtained by the following equation:

𝐶𝑈𝑅 =

𝑇 ′ 𝑈𝑅𝑡 −𝑇 ′ 𝑈𝑅𝑡
2

𝑡2 −𝑡1

1

=

∆𝑇 ′ 𝑈𝑅
∆𝑡

(1)

Where 𝐶𝑈𝑅 is the value of urbanisation velocity; 𝑇 ′ 𝑈𝑅𝑡2 and 𝑇 ′ 𝑈𝑅𝑡1 represent the normalisation
values of UR at time t1 and t2 respectively; ∆𝑇 ′ 𝑈𝑅 means the urbanization rate change during a
time interval; ∆𝑡 is the time interval increment.
Zhou, Zhang and Shen (2015) suggested that the urbanisation bubble means a transformation where
there is a systematic deviation in the urbanisation rate in terms of measurement indicators. We use
CED, CEL and CSD to describe this deviation. Therefore, the urbanisation bubble can be identified
using the following formulae:
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𝐶

𝐵𝑢𝑏𝑏𝑙𝑒𝐸𝐷 = 𝐶𝑈𝑅
𝐸𝐷

𝐶𝑈𝑅

𝐵𝑢𝑏𝑏𝑙𝑒𝐸𝐿 =

𝐶

𝐵𝑢𝑏𝑏𝑙𝑒𝑆𝐷 = 𝐶𝑈𝑅

𝐶𝐸𝐿

𝑆𝐷

(2)

3.1.1 Economic development (ED)
Population (PB). This refers to the inflow of population from rural areas to urban areas. Due to
China’s household registration system, migrant workers are not recognised as urban residents, and
they cannot obtain the same social welfare benefits as urban residents, which may lead to a
population bubble. Thus, in order to avoid a population bubble, the increase in urban population
should be synchronised with the process of urbanisation (Zhou, Zhang and Shen, 2015). This
indicator is measured by the percentage of registered urban residents as a proportion of the overall
urban population. According to Zhou, Zhang and Shen (2015), the PB varies during the process of
urbanization. Thus, CPB is employed to test the significance of the percentage change over a period
of time from t1 to t2:

𝐶𝑃𝐵 =

𝑇 ′ 𝑃𝐵𝑡 −𝑇 ′ 𝑃𝐵𝑡
2

1

𝑡2 −𝑡1

=

∆𝑇 ′𝑃𝐵
∆𝑡

(3)

Where CPB refers to the percentage velocity of the registered urban population. 𝑇 ′ 𝑃𝐵𝑡2 and 𝑇 ′ 𝑃𝐵𝑡1
are the normalization values at time t1 and t2, respectively. ∆𝑇 ′ 𝑃𝐵 is the ratio difference at the
specified time interval (∆𝑡) of the registered urban population.
Construction land (CI). Zhou, Zhang and Shen (2015) showed that urban construction land is
expanding faster than the population, indicating that a disequilibrium exists between urban
population and land expansion, and thus, a land use bubble appears. The value of CI varies during
the process of urban expansion, and thus there are different values of CI at different stages of
urbanization. We selected the velocity (CCI) of construction land area to measure the urban land use
bubble.

𝐶𝐶𝐼 =

𝑇 ′ 𝐶𝐼𝑡 −𝑇 ′ 𝐶𝐼𝑡
2

𝑡2 −𝑡1

1

=

∆𝑇 ′𝐶𝐼
∆𝑡

(4)

Industrialisation level (II). When the pace of urbanisation is inconsistent with the speed of industrial
development, industrial bubbles will emerge (Zhou, Zhang and Shen, 2015). The existing studies
usually use the percentage of industrial production in GDP to measure the industrialisation level
(Yang et al., 2005; Wang and Wu, 2006). In the process of urbanisation development, II refers to a
specific value of industrialisation level at a given time. CII is employed to test whether there is a
significant change in the industrialisation development level from t1 to t2.
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𝐶𝐼𝐼 =

𝑇 ′ 𝐼𝐼𝑡 −𝑇 ′ 𝐼𝐼𝑡
2

1

𝑡2 −𝑡1

=

∆𝑇 ′ 𝐼𝐼
∆𝑡

(5)

Where, 𝑇 ′ 𝐼𝐼𝑡2 and 𝑇 ′ 𝐼𝐼𝑡1 denote the normalisation values of the industrialisation level (II) at t1 to
t2 respectively, and ∆𝑇 ′ 𝐼𝐼 is the change in industrial development during a specific time interval.
Agricultural modernisation (AM). Similarly to an industrialisation bubble, an agricultural
modernisation bubble means that the balance between the speed of urbanisation development and
agricultural modernisation is disturbed (Zhou et al., 2015). Following the existing studies (Guo and
Li, 2003; Ma and Gong, 2010; Xin and Jing, 2010), we use agricultural land productivity to measure
agricultural modernisation (CAM). Thus, the velocity of agricultural modernisation can be measured
as follows:

𝐶𝐴𝑀 =

𝑇 ′ 𝐴𝑀𝑡 −𝑇 ′ 𝐴𝑀𝑡
2

1

𝑡2 −𝑡1

=

∆𝑇 ′ 𝐴𝑀
∆𝑡

(6)

Where, 𝑇 ′𝐴𝑀𝑡2 and 𝑇 ′𝐴𝑀𝑡1 are the normalisation values of agricultural modernisation (AM) at t1
to t2, respectively, and ∆𝑇 ′𝐴𝑀 is the change in agricultural modernization during a specific time
interval.
3.1.2 Environment level (EL)
An environment bubble in the process of urbanisation means that environmental pollution caused
by urbanisation has already jeopardized the health of residents. In other words, if the level of
environmental governance cannot keep up with the rate of urbanisation, an environment bubble
would be inevitable. A set of indicators was chosen to measure the environment level (EL) within
the process of urbanization as follows: green area per capita (GA); number of days with good or
above good air quality (AQ); and environmental pollution control investment (EP) (Zhou, Zhang
and Shen, 2015; Gao et al., 2018). The various environmental indicators will have specific values
at given time points within the process of urbanization. The change in the environment level can be
calculated by the following equation

𝐶𝐸𝐿 =

𝑇 ′ 𝐸𝐿𝑡 −𝑇 ′ 𝐸𝐿𝑡
2

𝑡2 −𝑡1

1

=

∆𝑇 ′ 𝐸𝐿
∆𝑡

(7)

Where 𝑇 ′ 𝐸𝐿𝑡2 and 𝑇 ′ 𝐸𝐿𝑡1 are the EL values after normalisation at time t1 and t2, respectively;
∆𝑇 ′ 𝐸𝐿 is the variation in the environment level over a specified time interval.
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3.1.3 Social development (SD)
A social development bubble indicates that the level of social development cannot meet the demands
of the speed of urbanisation growth and urban expansion. Based on the existing studies (Li and Xia,
2006; Pan and Ma, 2007), we chose the following indicators to measure the level of social
development (SD) within the process of urbanization: density of drainage pipeline (DP); urban road
space per capital (RS); and internet users per 100 of the population (IU). These indicators focus on
the urban infrastructure and facilities which are closely related to the social welfare of urban
residents (Zhou, Zhang and Shen, 2015). The various indicators each have a specific value at a given
time point in the process of urbanisation. Thus, the velocity of social development from t1 to t2 can
be measured by the following equation:

𝐶𝑆𝐷 =

𝑇 ′ 𝑆𝐷𝑡 −𝑇 ′ 𝑆𝐷𝑡
2

𝑡2 −𝑡1

1

=

∆𝑇 ′ 𝑆𝐷
∆𝑡

(8)

Where 𝐶𝑆𝐷 refers to the velocity of the social development level within the process of urbanization;
𝑇 ′𝑆𝐷𝑡2 and 𝑇 ′𝑆𝐷𝑡1 are the normalisation values of SD at time t1 and t2, respectively; ∆𝑇 ′𝑆𝐷 denotes
the change in the level of social development during a specified time interval.
The data used in this study were derived from the official Statistical Yearbooks of every province
in China from 2000 to 2017.
3.2 Hierarchical-SMAA-Choquet integral
Some studies have examined urban sustainability from the perspectives of data, indices and
information (Mayer, 2008; Dahl, 2012; Singh et al., 2012). Silvia et al. (2018) suggested that the
“dashboard approach” employed by the aforementioned studies, meaning that they control for the
collection of diversified indicators, is inadequate. The composite indices combined on the indicators
dashboard to produce a meaningful aggregation are necessary to measure progress towards goals.
Composite indices have been used in a number of research areas, such as economic evaluation
(Bandura, 2008), sustainable development (Silvia et al., 2018), tourism construction (Mendola and
Volo, 2017), and innovation development (Grupp and Mogee, 2004). Our assessment of the
urbanisation bubble comes within the field of sustainable development, and composite indices are
a key feature of the modelling process (Böhringer and Jochem, 2007; Singh and Murty, 2012). When
using composite indices, some critical questions should generally be considered, in particular: index
weight, index aggregation, the robustness of the model and results, different index levels, and
participation of stakeholders (Nardo et al., 2005; Greco et al., 2017). Multiple Criteria Decision
Analysis (MCDA) focuses on the points discussed above and has been applied in sustainable
development (Rowley et al., 2012; Cinelli et al., 2014; Gao et al., 2018). Based on MCDA, Silvia
et al. (2018) put forward an advanced methodology for calculating composite indices, known as the
hierarchical-SMAA-Choquet integral, which is able to deal with the aforementioned critical
questions by adhering to the semantics of the problem at hand. We therefore chose the hierarchicalSMAA-Choquet integral to evaluate China’s urbanisation bubble in our study.
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Figure 1 depicts the process involved in the hierarchical-SMAA-Choquet integral, which is
employed to evaluate issues associated with the urbanisation bubble in China. In this study, we first
introduce the Choquet integral preference model, and then the Non-additive robust ordinal
regression (NAROR). SMAA is then explained. Based on SMAA, we explore the interaction
between the MCHP and the Choquet integral preference model. Lastly, we obtain the hierarchicalSMAA-Choquet integral by applying NAROR and SMAA to the hierarchical Choquet integral
preference model. Silvia et al. (2018) and Salvatore Corrente et al. (2016) provided a detailed
discussion on how this method developed.

Choquet
integral
preference
model

Non-additive
robust ordinal
regression

SMAA

MCHP and
Choquet
integral
preference
model

hierarchical-SMAA-Choquet integral

Figure 1 Development process of the hierarchical-SMAA-Choquet integral method

G is a family of assessments indicators and 𝐺 = {𝑔1 , … ,𝑔𝑛 }. The Choquet integral is defined as
follows:
𝐶𝜇 (𝑎) = ∑𝑛𝑖=1[(𝑔(𝑖) (𝑎) − 𝑔(𝑖−1) (𝑎))𝜇({(𝑖), … ,(𝑛)})]

(9)

Where subscripts (.) reorders the criteria in such a way that 𝑔(1) (𝑎) ≤ ⋯ ≤ 𝑔(𝑛) (𝑎) and
𝑔(0) (𝑎) = 0; 𝐼 = {1, … ,𝑛}, and 𝑖 ∈ 𝐼. Considering the Möbius representation of a capacity μ is
useful, and the function is 𝑚: 2𝐺 = [𝑅 such that, for all 𝑆 ⊆ 2𝐺 ],
𝜇 (𝑆) = ∑𝑅⊆𝑆 𝑚(𝑅)

(10)

Equality has the following constraints:
𝑚(∅) = 0; ∑𝑇⊆𝐺 𝑚(𝑇) = 1; ∑𝑇⊆𝑆 𝑚(𝑇 ∪ {𝑔𝑖 }) ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑔𝑖 ∈ 𝐺 𝑎𝑛𝑑 𝑆 ⊆ 𝐺 ∖ {𝑔𝑖 }
12

(11)

According to the Möbius representation of μ, the Choquet integral can also be expressed as follows
(Gilboa and Schmeidler, 1994):
𝐶𝜇 (𝑎) = ∑𝑇⊆𝐺 𝑚(𝑇) 𝑚𝑖𝑛𝑔𝑖 (𝑎)

(12)

Due to the interaction between indicators, the importance of an indicator is not only linked to its
own relevance, but also to its significance to all the indicators’ coalitions (Silvia et al., 2018).
According to the Shapley value (Shapley, 1953), these features of an indicator can be represented
as follows:

𝜑({𝑔𝑖 }) = ∑ 𝑇⊆𝐺∖ {𝑔𝑖}

(|𝐺−𝑇|−1)!|𝑇|!
|𝐺|!

(𝜇(𝑇⋃{𝑔𝑖 }) − 𝜇(𝑇))

(13)

The relationship between two distinct indicators (𝑔𝑖 , 𝑎𝑛𝑑 𝑔𝑗 ) can also be assessed by calculating
their interaction indicator (Murofushi and Soneda, 1993):

𝜑({𝑔𝑖 , 𝑔𝑗 }) = ∑ 𝑇⊆𝐺∖ {𝑔𝑖 ,𝑔𝑗 }

(|𝐺−𝑇|−2)!|𝑇|!
|𝐺|!

(𝜇(𝑇⋃{𝑔𝑖 , 𝑔𝑗 }) − 𝜇(𝑇⋃{𝑔𝑖 }) − 𝜇 (𝑇 ∪ {𝑔𝑗 }) + 𝜇 (𝑇))
(14)

Möbius representations allow the two equations above to be simplified (Grabisch, Marichal and
Roubens, 2000):

𝜑({𝑔𝑖 }) = ∑ 𝑔𝑖∈𝐴⊆𝐺

𝜑({𝑔𝑖 , 𝑔𝑗 }) = ∑

𝑚 (𝐴)
|𝐴|

𝑚 (𝐴)
{𝑔𝑖 ,𝑔𝑗 }⊆𝐴⊆𝐺 |𝐴|−1

(15)

(16)

If the Choquet integral preference model is applied directly, it must meet the elicitation of 2|𝐺| − 2
parameters. However, it is unfeasible to undertake a large number of parameter calculations. In order
to overcome this problem, q-additive capacity is introduced to make the application of the model
realistic (Grabisch, 1997). Silvia et al. (2018) argued that the condition of q=2 seems to be
unrestrictive in the majority of real applications, and there is an obvious advantage in that 2-additive
capacity only requires a limited number of parameters. There are three constraints when we employ
2-additive capacity, namely base, monotonicity and normalization, which can be represented as
follows:
𝑚(∅) = 0
𝑚({𝑔𝑖 }) ≥ 0
{𝑚({𝑔𝑖 }) + ∑ 𝑚({𝑔𝑖 , 𝑔𝑗 }) ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑔𝑖 ∈ 𝐺 𝑎𝑛𝑑 ∅ ≠ 𝑇 ⊆ 𝐺 ∖ {𝑔𝑖 }
𝑔𝑖 ∈𝑇

(17)
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And

∑𝑔𝑖∈𝐺 𝑚 ({𝑔𝑖 }) + ∑{𝑔𝑖,𝑔𝑗} 𝑚 ({𝑔𝑖 , 𝑔𝑗 }) = 1

(18)

Thus, we can compute the Choquet integral as follows:

𝐶𝜇 (𝑎) = ∑𝑔𝑖 ∈𝐺 𝑚 ({𝑔𝑖 })𝑔𝑖 (𝑎) + ∑{𝑔𝑖 ,𝑔𝑗}⊆𝐺 𝑚({𝑔𝑖 , 𝑔𝑗 }) min{𝑔𝑖 (𝑎), 𝑔𝑗 (𝑎)}

(19)

In this context, the two equations, which give the Shapley value of an indicator and a pair of
interaction indicators respectively, can be expressed simply as follows (Silvia et al., 2018):

𝜑({𝑔𝑖 }) = 𝑚({𝑔𝑖 }) + ∑ 𝑔𝑖 ∈𝐺∖ {𝑔𝑖 }

𝑚 ({𝑔𝑖 ,𝑔𝑗 })
2

𝜑({𝑔𝑖 , 𝑔𝑗 }) = 𝑚 ({𝑔𝑖 , 𝑔𝑗 }

(20)

(21)

NAROR belongs to the family of ROR methods (Corrente et al., 2017). It can provide preference
information, based on two complexity levels: comparing alternatives and preference intensities to
each other. It differs from other ROR methods as the DM in NAROR is able to give some preference
information about the criteria 𝑔𝑖 , 𝑔𝑗 , 𝑔𝑙 , 𝑔𝑘 ∈ 𝐺. In particular, the indicator gi is more important
than gj (𝑔𝑖 > 𝑔𝑗 ; 𝜑({𝑔𝑖 }) ≥ 𝜑({𝑔𝑗 }) + 𝜀); indicators gi and gj are indifferent (𝑔𝑖 ~𝑔𝑗 ; 𝜑({𝑔𝑖 }) =
𝜑({𝑔𝑗 })); there is a positive or negative interaction between gi and gj (𝜑({𝑔𝑖 , 𝑔𝑗 ≥ 𝜀(≤ −𝜀)}));
indicator gi is preferred to gj more than gl is preferred to gk ((𝑔𝑖 , 𝑔𝑗 ) > (𝑔𝑙 , 𝑔𝑘 ); 𝜑({𝑔𝑖 }) −
𝜑({𝑔𝑗 }) ≥ 𝜑({𝑔𝑙 }) − 𝜑({𝑔𝑘 }) + 𝜀, 𝜑({𝑔𝑙 }) ≥ 𝜑({𝑔𝑘 }) + 𝜀); the important difference between gi
and gj is the same as that between gl and gk. Regarding the above conditions, 𝜀 is an auxiliary
variable, which is a small positive number used to transform strict inequality into weak inequality.
The NAROR output is a necessary and a possible preference, which is made up of a pair of
preference relationships (≿𝑁 , ≿𝑃 ). ≿𝑁 and ≿𝑃 are the necessary preference and the possible
preference respectively, and for each 𝑎, 𝑏 ∈ 𝐴, they have to meet the following conditions:
𝑑𝑒𝑓

𝑎 ≿𝑁 𝑏 ⇔

𝐶𝜇 (𝑎) ≥ 𝐶𝜇 (𝑏) 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑐𝑜𝑚𝑝𝑎𝑡𝑖𝑏𝑙𝑒 𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠,

(22)

And
𝑑𝑒𝑓

𝑎 ≿𝑃 𝑏 ⇔

𝐶𝜇 (𝑎) ≥ 𝐶𝜇 (𝑏) 𝑓𝑜𝑟 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑐𝑜𝑚𝑝𝑎𝑡𝑖𝑏𝑙𝑒 𝑎𝑏𝑖𝑙𝑖𝑡𝑦
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(23)

Compatible ability reflects a set of Möbius measures, and the preference information offered by the
DM is restored. In addition, a linear programming method can be employed to check for the
existence of compatible abilities, that is:
ε* = max ε , limited to 𝜉 𝐷𝑀

(24)

If 𝜉 𝐷𝑀 > 0 and 𝜉 𝐷𝑀 is feasible, this means that there is at least one compatible ability. Otherwise,
there would be inconsistencies in the preferences given by the DM. If there is at least one compatible
ability, then the following constraints set can be used to calculate the necessary and possible
preferences:
𝜉 𝑁 (𝑎, 𝑏): 𝐶𝜇 (𝑏) ≥ 𝐶𝜇 (𝑎) + 𝜀 𝑎𝑛𝑑 𝜉 𝐷𝑀 ; 𝜉 𝑃 (𝑎, 𝑏): 𝐶𝜇 (𝑎) ≥ 𝐶𝜇 (𝑏) 𝑎𝑛𝑑 𝜉 𝐷𝑀

(25)

We now turn to explaining SMAA. In the process of a value function and an outranking relationship,
we need to compute the following parameters: the G capacity of the Choquet integral preference
model, and the preference, indifference and veto thresholds for the outranking method (Roy, 1996).
SMAA belongs to the MCDA family, and it can be used to consider the imprecision and/or
uncertainty of the alternative assessments and the preference parameters. By regarding value
functions and outranking relationships as a preferred model, SMAA methods can be employed to
examine choice, ranking and sorting issues (Tervonen and Figueira, 2008). One such SMAA method,
known as SMAA-2, is able to process ranking issues and contains a value function to indicate its
underlying preference model (Lahdelma and Salminen, 2001). The value function for every
alternative is the weighted average of all criteria for its numerical evaluation. Therefore, for every
𝑎𝑘 ∈ 𝐴, we can obtain the following:
𝑈(𝑎𝑘 , 𝑤) = ∑𝑛𝑖=1 𝑤𝑖 𝑔𝑖 (𝑎𝑘 )

(26)

𝑛
Where, 𝑤 ∈ 𝑊 = {(𝑤1 , … , 𝑤𝑛 ∈ [𝑅 : 𝑤𝑖 ≥ 0 𝑎𝑛𝑑 ∑𝑛𝑖=1 𝑤𝑖 = 1)} is the vector of the index
weights. We can then calculate the ranking position of the alternative using the following function:

𝑟𝑎𝑛𝑘 (𝑘, 𝜉, 𝑤) = 1 + ∑ℎ≠𝑘 𝜌(𝑈(𝜉ℎ , 𝑤) > 𝑈(𝜉ℎ , 𝑤))

(27)

Where 𝜌(𝑇𝑟𝑢𝑒) = 1 𝑎𝑛𝑑 𝜌(𝐹𝑎𝑙𝑠𝑒) = 1. In addition, based on 𝜉 ∈ 𝜒, SMAA-2 is employed to
calculate the set of indicator weights where 𝑎𝑘 ranks the 𝑠 . For each 𝑠 ∈ {1,2, … , |𝐴|}, the
following formula can be used:
𝑊𝑘𝑠 (𝜉) = {𝑤 ∈ 𝑊: 𝑟𝑎𝑛𝑘 (𝑘, 𝜉, 𝑤) = 𝑠}

(28)

In order to consider the possible rankings plurality and obtain robust recommendations, the
following indices are also calculated using SMAA-2:
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𝑅𝑎𝑛𝑘 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥: 𝑏 𝑠 (𝑎𝑘 ) = ∫𝜉∈𝜒 𝑓𝜒 (𝜉) ∫𝑊 𝑠(𝜉) 𝑓𝑊 (𝑤)𝑑𝑤 𝑑 𝜉

(29)

𝑘

And

𝑃𝑎𝑖𝑟𝑤𝑖𝑠𝑒 𝑤𝑖𝑛𝑛𝑖𝑛𝑔 𝑖𝑛𝑑𝑒𝑥: 𝑝(𝑎ℎ , 𝑎𝑘 ) = ∫𝑤∈𝑊 𝑓𝑊 (𝑤) ∫𝜉∈𝜒:𝑈(𝜉

ℎ ,𝑤)>𝑈(𝜉ℎ ,𝑤)

𝑓𝜒 (𝜉)𝑑𝜉 𝑑 𝑤 (30)

Where, 𝑏 𝑠 (𝑎𝑘 ) indicates the probability that the alternative 𝑎𝑘 ranks 𝑠; 𝑝(𝑎ℎ , 𝑎𝑘 ) denotes the
probability that the alternative 𝑎ℎ is preferred to 𝑎𝑘 . Based on a computational view, the
multidimensional integrals for the aforementioned two indices are estimated by employing a Monte
Carlo approach.
We now introduce the MCHP and the Choquet integral preference model. The MCHP shows that
the assessment indicators are not on the same level, but are structured hierarchically. Therefore,
there is a root index at zero levels, and a set of sub-indices at the first level, and so on. The indicators
at the lowest level are elementary (Figure 2).

g (1,1,1)
g (1,1)
g (1,1,2)
g1

g (1,2,1)
g (1,2)

g (1,2,2)
g (2,1,1)

g (2,1)
g (2,1,2)
g0

g2

g (2,2,1)

g (2,2)
g (2,2,2)
g (3,1,1)
g (3,1)
g (3,1,2)
g (3,2,1)
g3

g (3,2)

g (3,3)

g (3,2,2)
g (3,3,1)
g (3,3,2)

Figure 2. A hierarchy of indices displayed on three levels.
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In Figure 2, 𝑡ℎ𝑒 𝑖𝑛𝑑𝑖𝑐𝑒𝑠 𝑠𝑒𝑡 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠: 𝐸𝐺 =
{(1,1,1), … , (3,3,2)}; 𝑔(1,1) 𝑎𝑛𝑑 𝑔(1,2) give the immediate sub-indicators of 𝑔1. The calculation
of the Choquet integral is based on 𝜇𝑟 . The following equation is employed to define 𝜇𝑟 :
𝜇𝑟 (𝐹) =

𝜇({𝑔𝑡 :𝑡∈𝐸(𝐹)})

(31)

𝜇({𝑔𝑡 :𝑡∈𝐸(𝑔𝑟 )})

Where, 𝑔𝑟 ∈ 𝐺; 𝜇({𝑔𝑡 : 𝑡 ∈ 𝐸(𝑔𝑟 )}) ≠ 0; 𝐹 ⊆ {𝑔(𝑟,1) , … , 𝑔(𝑟,𝑛(𝑟)) }. Thus, the Choquet integral of
𝑎 on 𝑔𝑟 can be obtained by the following formula:
𝐶𝜇 (𝑎𝑟 )

(32)

𝐶𝜇𝑟 (𝑎) = 𝜇({𝑔 :𝑡∈𝐸(𝑔
𝑡

𝑟 )})

𝑎𝑟 refers to a fictitious alternative, and it has the same assessment as 𝑎 on the elementary indicators
in 𝐸(𝑔𝑟 ). In addition, the null assessment on the elementary indicators is outside of 𝐸(𝑔𝑟 ). Thus,
a preference relation to every non-elementary node 𝑔𝑟 can be obtained by the equation below:
𝑑𝑒𝑓

(33)

𝑎 ≿𝑟 𝑏 ⇔ 𝐶𝜇𝑟 (𝑎) ≥ 𝐶𝜇𝑟 (𝑏); 𝑎, 𝑏 ∈ 𝐴

Angilella et al. (2016) provided a detailed description of how to apply the Choquet integral
preference model to the setting of hierarchically structured indicators.
Lastly, we explain how ROR and SMAA are incorporated into the hierarchical Choquet integral
preference model, in other words, the hierarchical-SMAA-Choquet integral method. The first step
is to compute the Möbius representation of an ability, which is the powerset of the elementary
indicators set. Regarding the special case with a 2-additive ability, the 𝑚({𝑔𝑡 }) to each elementary
indicator 𝑔𝑡 , and the 𝑚({𝑔𝑡1 , 𝑔𝑡2 }) to each unordered pair of elementary indicators {𝑔𝑡1 , 𝑔𝑡2 },
have to be determined. An ordinal regression is employed to calculate these values, which is based
on providing appropriately indirect preference information. Silvia et al. (2018) explained this
technique in detail. Using this method, the indices of the rank acceptability index and pairwise
winning index can be computed by the SMAA methodology. Furthermore, we can also calculate the
following indices by taking advantage of the rank acceptability indices:
𝑞

𝐷𝑜𝑤𝑛𝑤𝑎𝑟𝑑 𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑎𝑛𝑘 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 𝑏𝑟≤𝑠 (𝑎𝑘 ) = ∑𝑠𝑞=1 𝑏𝑟 (𝑎𝑘 )

(34)

And
|𝐴|

𝑞

𝑈𝑝𝑤𝑎𝑟𝑑 𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑎𝑛𝑘 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 𝑏𝑟≥𝑠 (𝑎𝑘 ) = ∑𝑞=𝑠 𝑏𝑟 (𝑎𝑘 )
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(35)

𝑏𝑟≤𝑠 (𝑎𝑘 ) denotes the 𝑎𝑘 frequency which is not greater than 𝑠. 𝑤. 𝑟. 𝑡 ; 𝑏𝑟≥𝑠 (𝑎𝑘 ) refers to the
frequency which is also not lower than the aforementioned. Finally, at a comprehensive level, we
can obtain Nap-preference and SMAA indices, that is the root indicator 𝑔0.

4 Results and findings
Based on the discussion in the methodology section, the entire hierarchy of indicators is shown in
Figure 3. The application of the Choquet integral requires all assessment indicators to be expressed
using the same scale. Thus, we generally conduct the normalisation procedure before offering a
proposed methodology. In our indicator selection, we processed these indicators by normalisation.
However, the results of applying NAROR at the integrated level and each macro standard (i.e. social,
economic and environmental) are not sufficient to fully capture our decision-making problems
(Silvia et al., 2018). In addition to the weak advantage relationship, using the NAROR adds only a
few new pairs to the necessary preference relationship at the comprehensive level and macro
standards. Therefore, in order to better understand the case studies being reviewed, the study
implemented the SMAA. First, we calculated the best and worst positions that each province can
achieve. To this end, the study considered the full set of capabilities that are appropriate to the
preferences provided by the decision-makers, and the three grades that represent the highest-level
acceptability index (i.e. the three most frequent positions occupied by that province). In order to
compare different provinces, we considered the reference ranking of Environment, because this
macro standard is the most important according to the evaluation of the DM. The provinces are
ranked according to the position of their highest-ranking acceptability indicator. In the first positions
are those provinces which show the highest-ranking acceptability indicator for the first positions.
For example, in Table 2 (3), according to the environment macro-criterion, the study presents the
three highest-ranking acceptability indices, and the best and the worst positions for the first seven
and last three provinces with respect to their considered ranking.

DP, g(1,1)
Society, G1

RS, g(1,2)
IU, g(1,3)

GA, g(2,1)

G(0)

Environment, G2

AQ, g(2,2)
EP, g(2,3)

PB, g(3,1)

CI, g(3,2)
Economy, G3
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II, g(3,3)
AM, g(3,4)

Figure 3 The hierarchy of indicators.

First, we focus on Table 2 (3) because Environment is the most relevant and important indicator in
the evaluation of the urbanization bubble. According to Table 2 (3), a31 (Zhejiang) has the most
serious urbanization bubble, because its ranking acceptability indicator of first position is 99.71%.
Due to rapid urban sprawl, a significant Urban Heat Island effect exists in Zhejiang, while
urbanisation has also led to hot degree days and additional hot days in urban areas (Yang etal., 2014).
Moreover, urbanisation has placed a heavy burden on regional and local air quality in Zhejiang,
resulting in serious environmental problems at both the city and regional levels (Yang etal., 2014;
Chen, Yang and Zhu, 2014). a16 (Jiangsu), a6 (Guangdong) and a4 (Fujian) also appear to have
significant urbanisation bubbles, since they have high ranking acceptability indices in the first
ranking positions, and their position intervals are [2,5], [2,6] and [2,6], respectively. Although
significant progress has been made in the sustainable urbanisation of coastal areas in social terms,
this has not been accompanied by a similar improvement in relation to the environment (Liu et al.,
2013). In China’s Eastern Coastal regions, economic growth and the rapid expansion of the urban
population are regarded as significant factors in stimulating the urban expansion process, but highly
efficient use of urban land does not take land resource preservation into consideration (Li et al.,
2014). In addition, the literature indicates that soil landscapes are dispersed and fragmented in their
distribution, and thus the permanent loss and increasing fragmentation of soil landscape patterns
and valuable soil resources poses a threat to sustainable urbanisation in Eastern China (Li et al.,
2015). In addition, the last three provinces show the highest-ranking acceptability indices with
respect to the lowest positions. In particular, a29 (Uygur Autonomous Region) frequently occupies
positions 30 or 31, and it is one of the two lowest-ranked provinces in all cases. Meanwhile, the
highest-ranking acceptability indicator for a20 (Ningxia Hui Autonomous Region) is 29.99%, and
its best position is 24th. Lastly, a28 (Tibet Autonomous Region) is the province with the highestranking acceptability for the last position (31.27%). Its second and third highest-ranking
acceptability indices occupy 31st and 26th positions, respectively. The best position it achieves is
30th, although the ranking acceptability indicator for this position is 0. Overall, due to a high degree
of socio-economic exclusion and an increasing income gap, China’s Western regions are
experiencing a slow urbanisation process, and compared with the previous urban development, the
drawbacks of urbanisation for this area have not been clearly highlighted (Cao, 2010). However, the
Chinese government plans to use market-based instruments to promote the development of the
western region, in a way that protects its fragile ecological systems and environment. Accelerating
sustainable urbanisation is viewed as a potential means of encouraging western development (Deng
and Bai, 2014).
Second, the study discusses the rankings of the other three cases. Table 2 (2) is computed using the
Society macro-criterion. Unlike for the Environment macro-criterion, a31 (Zhejiang) is unstable with
respect to the Society macro-criterion, since its highest-ranking acceptability indicator is very low
(2.13%), meaning that Zhejiang’s social bubble is only minor. Zhejiang's urban development not
only benefits from economic factors, but is also based on a wide range of continuous movements of
political and local restructuring from the bottom up, which has fostered a new social and political
dynamism both at local and national levels (Bernard and Shi, 2011). By contrast, a4 (Fujian) is stable
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in economic terms, because its three highest-ranking acceptability indices are those corresponding
to the 5th and 6th positions. Chen (2006) suggested that because it has had to find a way to transform
a low-value-added economy, urbanisation in Fujian is impacted by non-agricultural employment
and industrialisation. By managing to resolve the imbalance and lack of coordination within
economy, Fujian has avoided many of the economic events that threaten sustainable urbanisation
(Luo et al., 2018). In addition, a16 (Jiangsu) can be regarded as having a significant social bubble,
because the positions of its three highest-ranking acceptability indices range from 2nd to 4th. Capital
and power have played a significant role in promoting the rapid development and growth
urbanisation, but the gap between regions and the inequalities in incomes between urban and rural
areas in Jiangsu province have not been correspondingly reduced, which has led to a number of
potential social risks and spatial inequalities (Ye et al., 2017). Moreover, residents tend not to form
close social relationships with each other and social interaction is not very dynamic in Jiangsu
province (Wu et al., 2019). The range of the best and worst positions is relatively small, being within
the interval [4,6]. Finally, a23 (Shanghai) ranks relatively high for the Environment macro-criterion,
whereas it ranks relatively low in relation to Society, meaning that Shanghai has a higher level of
welfare. Turning to the last three provinces, compared to the Environment macro criterion, the
positions of a20, a28 and a29 have improved with respect to the Society bubble, though they still
occupy the lowest positions.
We then analysed the same provinces against the Economy macro criterion. According to Table 2
(4), a6 (Guangdong) has the most serious economic bubble out of the first seven provinces
considered, since the positions of its highest-ranking acceptability indices range from 5th to 8th.
Moreover, the province’s best position is 2nd, albeit with a negligible frequency, and its worst
position is 21st with a frequency of 0.16%. a16 is relatively stable as none of its highest-ranking
acceptability positions are lower than 12, indicating that Guangzhou has experienced a serious
economic bubble in the process of urbanization. Regarding the last three provinces in Table 2 (4),
none of their positions have improved. In addition, although a20’s and a28’s highest positions are 21
and 20 respectively, they are frequently located in the bottom section of the rankings. Thus, none of
these three provinces has a serious economic bubble.
Finally, we explain Table 2 (1), which is based on the comprehensive level. According to Table 2
(1), the best two provinces are a31 and a4 because they achieved the three highest-ranking
acceptability indices in the first three positions, indicating that Zhejiang and Fujian have
experienced serious urbanisation bubbles. In addition, the position of a4 can be located at the top of
the rankings, since its worst position is 10th, compared to a31’s 16th. Meanwhile, a6 is ranked 3rd as
its most frequent positions are 2, 3 and 4 with frequencies of 45.33%, 41.08% and 24.96%,
respectively. Regarding the last three provinces, compared with their rankings for the Environment
macro-criterion, their positions at the comprehensive level have only improved slightly.
Furthermore, these three provinces achieved their highest-ranking acceptability indices with respect
to the lowest positions in this ranking. In addition, a29 is placed 31st (last position) with a highestranking acceptability of 89.37%. The other two provinces are placed at the bottom of the worst
ranking provinces, in particular a20 with a frequency of 13.71%.
Table 2 Highest ranking acceptability indices, as well as the best and worst positions for the ranked provinces in
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China, based on comprehensive level (1), society (2), environment (3) and economy (4)
(1) Comprehensive level
Province

ℎ𝑖𝑔ℎ1

ℎ𝑖𝑔ℎ1

𝑏0

ℎ𝑖𝑔ℎ2

(∙)(%)

ℎ𝑖𝑔ℎ2

𝑏0

ℎ𝑖𝑔ℎ3

(∙)(%)

ℎ𝑖𝑔ℎ3

𝑏0

(∙)(%)

𝐵𝑒𝑠𝑡

𝑏0𝐵𝑒𝑠𝑡 (∙)(%)

Worst

𝑏0𝑊𝑜𝑟𝑠𝑡 (∙)(%)

a31

1

18.28

1

31.19

2

13.29

1

31.26

16

0.00

a4

3

43.71

2

25.23

3

18.91

1

24.28

10

0.00

a6

2

45.33

4

41.08

3

24.96

3

0.33

9

0.00

a16

6

19.84

5

38.13

6

21.22

3

0.01

13

0.01

a9

9

32.11

12

19.99

7

17.73

4

0.00

11

0.00

a26

8

28.07

9

15.43

7

16.72

2

0.03

15

0.03

a23

11

16.99

10

26.62

12

14.13

7

0.00

17

0.00

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

a20

28

39.88

27

24.31

30

43.32

26

0.00

30

13.71

a28

25

43.21

28

20.05

29

9.06

27

0.01

30

0.23

a29

31

89.37

30

20.33

31

15.55

29

0.00

29

21.42

(2) Society
Province

ℎ𝑖𝑔ℎ1

ℎ𝑖𝑔ℎ1

𝑏1

ℎ𝑖𝑔ℎ2

(∙)(%)

ℎ𝑖𝑔ℎ2

𝑏1

ℎ𝑖𝑔ℎ3

(∙)(%)

ℎ𝑖𝑔ℎ3

𝑏1

(∙)(%)

𝐵𝑒𝑠𝑡

𝑏1𝐵𝑒𝑠𝑡 (∙)(%)

Worst

𝑏1𝑊𝑜𝑟𝑠𝑡 (∙)(%)

a31

3

2.13

7

18.19

5

18.27

2

0.02

8

0.00

a4

5

19.04

5

14.26

6

16.51

1

7.23

9

0.00

a6

4

8.20

9

31.07

5

11.39

4

0.00

11

2.11

a16

2

7.12

4

18.29

3

8.99

4

0.00

6

0.00

a9

7

11.46

5

22.01

7

20.38

3

0.01

7

0.01

a26

6

51.37

3

31.18

8

17.32

5

11.21

12

0.00

a23

18

2.98

5

9.92

11

9.66

7

18.19

5

4.25

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

a20

20

28.77

22

27.31

19

41.01

28

24.12

19

0.01

a28

23

21.06

20

23.19

20

34.29

26

0.00

23

0.03

a29

26

33.15

28

30.63

24

31.77

30

0.03

29

0.00

(3) Environment
Province

ℎ𝑖𝑔ℎ1

ℎ𝑖𝑔ℎ1

𝑏2

ℎ𝑖𝑔ℎ2

(∙)(%)

ℎ𝑖𝑔ℎ2

𝑏2

ℎ𝑖𝑔ℎ3

(∙)(%)

a31

1

99.71

a4

2

98.92

4

2.08

6

a6

3

97.47

5

3.12

a16

4

94.56

3

a9

5

96.88

a26

6

a23

7
⋮

ℎ𝑖𝑔ℎ3

𝑏2

(∙)(%)

𝐵𝑒𝑠𝑡

𝑏2𝐵𝑒𝑠𝑡 (∙)(%)

Worst

𝑏2𝑊𝑜𝑟𝑠𝑡 (∙)(%)

1

100.00

1

100.00

0.07

3

98.31

6

0.00

6

0.16

2

99.82

4

0.00

1.21

5

1.27

2

0.75

3

0.00

3

1.22

5

1.94

4

1.24

11

0.00

92.31

6

4.33

5

2.11

5

0.86

9

0.00

89.64

8

6.91

8

0.95

3

0.00

8

0.01

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

a20

29

29.99

28

34.31

24

18.16

29

0.01

27

11.21

a28

30

31.27

31

36.12

26

15.21

30

0.00

30

3.03

a29

31

25.69

27

33.50

28

9.03

31

0.02

30

72.13

(4) Economy
Province

ℎ𝑖𝑔ℎ1

ℎ𝑖𝑔ℎ1

𝑏3

(∙)(%)

ℎ𝑖𝑔ℎ2

ℎ𝑖𝑔ℎ2

𝑏3

(∙)(%)

ℎ𝑖𝑔ℎ3

21

ℎ𝑖𝑔ℎ3

𝑏3

(∙)(%)

𝐵𝑒𝑠𝑡

𝑏3𝐵𝑒𝑠𝑡 (∙)(%)

Worst

𝑏3𝑊𝑜𝑟𝑠𝑡 (∙)(%)

a31

16

15.38

19

14.29

14

12.19

3

0.00

25

0.00

a4

13

21.03

12

27.13

11

17.64

6

0.01

19

0.07

a6

5

28.77

6

16.52

8

8.79

2

2.13

21

0.16

a16

9

29.91

10

21.18

6

12.17

4

0.00

16

0.00

a9

21

9.75

17

9.78

15

9.46

9

0.02

18

0.05

a26

18

11.34

20

11.29

19

7.04

5

1.11

14

0.00

a23

15

27.11

14

18.22

18

24.31

11

0.03

9

0.01

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

⋮

a20

25

18.06

27

12.19

30

14.27

21

0.00

22

0.21

a28

27

20.22

31

10.33

26

11.33

25

0.00

20

0.03

a29

30

23.17

29

15.42

28

17.08

28

13.01

31

0.00

Table 3 shows the barycenter of compatible capacities Möbius representation with the preferences
obtained by the DM. These results can help us to understand the provinces’ rankings at the Social
bubble level, Environment bubble level, Economic bubble level and comprehensive level. Without
taking the interaction between the indicators into account, we can see that the three most important
indices come under the Environment macro-criterion, i.e., GA (0.1912) > EP (0.1451) > AQ
(0.1076). In addition to the preference information provided by the DM, Table 3 also gives
information about the positive and negative interaction between indicators. For example, the
interaction between DP and II is negative, whereas the interaction between DP and AQ is positive.
Table 3 The barycenter of compatible capacities Möbius representation
𝑚({𝐷𝑃})

0.0312

𝑚({𝑅𝑆})

0.0367

𝑚({𝐼𝑈})

0.0132

𝑚({𝐺𝐴})

0.1912

𝑚({𝐴𝑄})

0.1076

𝑚({𝐸𝑃})

0.1451

𝑚({𝑃𝐵})

0.0378

𝑚({𝐶𝐼})

0.0211

𝑚({𝐼𝐼})

0.0853

𝑚({𝐴𝑀})

0.0742

𝑚({𝐷𝑃, 𝑅𝑆})

0.0002

𝑚({𝐷𝑃, 𝐼𝑈})

-0.0001

𝑚({𝐷𝑃, 𝐺𝐴})

0.0003

𝑚({𝐷𝑃, 𝐴𝑄})

0.0005

𝑚({𝐷𝑃, 𝐸𝑃})

-0.0002

𝑚({𝐷𝑃, 𝑃𝐵})

0.0007

𝑚({𝐷𝑃, 𝐶𝐼})

0.0003

𝑚({𝐷𝑃, 𝐼𝐼})

-0.0004

𝑚({𝐷𝑃, 𝐴𝑀})

0.0006

𝑚({RS, IU})

-0.0005

𝑚({RS, GA})

0.0001

𝑚({RS, AQ})

0.0004

𝑚({RS, EP})

-0.0003

𝑚({𝑅𝑆, 𝑃𝐵})

0.0007

𝑚({𝑅𝑆, 𝐶𝐼})

0.0010

𝑚({𝑅𝑆, 𝐼𝐼})

0.0011

𝑚({𝑅𝑆, 𝐴𝑀})

0.0002

𝑚({𝐼𝑈, 𝐺𝐴})

0.0007

𝑚({𝐼𝑈, 𝐴𝑄})

-0.0013

𝑚({𝐼𝑈, 𝐸𝑃})

0.0005

𝑚({𝐼𝑈, 𝑃𝐵})

0.0007

𝑚({𝐼𝑈, 𝐶𝐼})

-0.0002

𝑚({𝐼𝑈, 𝐼𝐼})

-0.0012

𝑚({𝐼𝑈, 𝐴𝑀})

0.0008

𝑚({𝐺𝐴, 𝐴𝑄})

-0.0006

𝑚({𝐺𝐴, 𝐸𝑃})

-0.0121

𝑚({𝐺𝐴, 𝑃𝐵})

0.0017

𝑚({𝐺𝐴, 𝐶𝐼})

0.0015

𝑚({𝐺𝐴, 𝐼𝐼})

0.0009

𝑚({𝐺𝐴, 𝐴𝑀})

0.0014

𝑚({𝐴𝑄, 𝐸𝑃})

0.0001

𝑚({𝐴𝑄, 𝑃𝐵})

0.0021

𝑚({𝐴𝑄, 𝐶𝐼})

-0.0000

𝑚({𝐴𝑄, 𝐼𝐼})

0.0013

𝑚({𝐴𝑄. 𝐴𝑀})

-0.0003

𝑚({𝐸𝑃, 𝑃𝐵})

0.0024

𝑚({EP, CI})

0.0011

𝑚({EP, II})

-0.0031

𝑚({𝐸𝑃, 𝐴𝑀})

0.0007

𝑚({𝑃𝐵, 𝐶𝐼})

-0.0008

𝑚({𝑃𝐵, 𝐼𝐼})

0.0003

𝑚({𝑃𝐵, 𝐴𝑀})

-0.0010

𝑚({𝐶𝐼, 𝐼𝐼})

0.0009

𝑚({𝐶𝐼, 𝐴𝑀})

0.0011

𝑚({𝐼𝐼, 𝐴𝑀})

0.0004

In order to rank the provinces at the macro-criteria level and comprehensive level, the study
calculated the Choquet integral value of every province using the barycentre of compatible
capacities Möbius representation. Table 4 depicts the positions of each province using Möbius
representation. The results displayed in Table 4 indicate that the ranking of each province relies on
the criterion used. For instance, in terms of Society and Economy, Zhejiang ranks 4th and 12th,
respectively, while it is ranked in 1st place at the comprehensive level. These results reflect the
advantages of the method we used, because it provides two different aspects of assessment of the
urbanisation bubble, namely each node of the criteria hierarchy and a global level (Silvia et al.,
2018).
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Table 4 Rank and corresponding Choquet value of each province
Province

Rank (Choquet value)
(1) Comprehensive level

(2) Society

(3) Environment

(4) Economy

Zhejiang

1 (0.71)

4 (0.54)

1 (0.98)

12 (0.65)

Fujian

4 (0.59)

6 (0.49)

2 (0.96)

13 (0.63)

Guangdong

3 (0.63)

2 (0.61)

3 (0.91)

7 (0.71)

Jiangsu

6 (0.52)

8 (0.38)

4 (0.89)

9 (0.68)

Hainan

9 (0.45)

5 (0.51)

5 (0.82)

18 (0.52)

Sichuan

8 (0.47)

7 (0.46)

6 (0.79)

21 (0.47)

Shanghai

11 (0.41)

14 (0.25)

7 (0.73)

14 (0.58)

⋮

⋮

⋮

⋮

⋮

Ningxia Hui Autonomous Region

28 (0.21)

21 (0.19)

29 (0.33)

26 (0.35)

Tibet Autonomous Region

25 (0.27)

24 (0.15)

30 (0.29)

30 (0.27)

Uygur Autonomous Region

31 (0.17)

28 (0.11)

31 (0.20)

31 (0.20)

5 Conclusions
The study evaluated China’s urbanisation bubble at the provincial level by proposing a hierarchicalSMAA-Choquet integral method to calculate composite indices. The method is able to aggregate
the urbanisation bubble indices using the Choquet integral preference model and consider the
interactions between various indicators. In addition, we applied ROR and SMAA to deal with the
robustness issues associated with considering the entire set of weights assigned to the urbanisation
bubble composite indicator. Furthermore, by employing MCHP, the study aggregated urbanisation
bubble indices not only at the comprehensive level, but also at the intermediate levels of the
hierarchy. It also considered spatial disparity by focusing on the measure at the provincial level.
It is important to evaluate China’s urbanisation bubble effectively with respect to sustainability. The
study findings showed that, overall, the ranking of urbanisation bubbles is positively related to the
level of regional development. There is a high level of urbanization in Zhejiang, Fujian, Guangzhou
and Jiangsu. On the contrary, in some less developed provinces, such as Uygur Autonomous Region,
Tibet Autonomous Region, and Ningxia Hui Autonomous Region, the urbanisation bubble is not
very obvious, which may be due to the low level and speed of urbanisation in these places. There
are also some limitations which can be taken into consideration in further studies. First, although
we presented the final results of China’s urbanisation bubble by introducing an appropriate
methodology, this study does not provide an in-depth analysis of the reasons for these results. Thus,
future studies could explore the reasons for these rankings in more depth. Moreover, our
methodology does not take spatial dependence into account. This is important because spatial
dependence may change the weights of indicators in the urbanization bubble evaluation, and thus,
future studies could try to include spatial effects within the hierarchical-SMAA-Choquet integral
method.
The contributions of this research are threefold: first, to the best of our knowledge, an innovative
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approach, namely the SMAA Choquet integral method, was applied to evaluate the urbanisation
bubble in China. Second, using the SMAA model enabled us to compare and evaluate a relatively
large number of cities, namely 31, whereas previous studies have assessed a much smaller number
(Zhou et al., 2015; Zhang and Li, 2020). Third, although the SMAA-based model has been applied
to real life situations, such as examining the Italian public health bill (De Matteis et a., 2019),
providing decision-making support for centralising cargo at a Moroccan airport hub (Menou et al.,
2010), and undertaking a market acceptability assessment of electric vehicles (Gong et al., 2020), it
has not been used to assess a real-life urbanisation bubble within the field of sustainable urban
studies. Therefore, our research adds value in this respect.
In terms of policy implications, our findings could help urban planners and policy makers to
understand and identify which cities are more likely to experience urbanisation bubbles and thus
apply a series of mitigating measures to tackle the resulting issues in order to direct them towards a
more sustainable trajectory.
With regards to further research, the SMAA Choquet integral method is used in this research as a
relatively innovative way of measuring and evaluating an urbanisation bubble in China. The next
step/further research could compare the goodness-of-fit of the SMAA model with other potential or
existing models used to assess urbanisation bubbles.
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