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Abstract
The world is undergoing exponential urbanization, with consequences for society in gen-
eral, both for cities and people, with serious economic, social and environmental implica-
tions. Therefore, it is crucial to reconsider urban models of cities, to ensure global, long-
term sustainability. Numerous researchers have argued that one of these models involves 
eco-city projects, and this study aims to carry out a systematic review of the literature on 
this topic, through bibliometrics. To do so, the Smarter, Prisma and Vantage Point meth-
ods were used, reflecting the originality of the study. The results obtained show that China 
has aroused researchers’ interest regarding its eco-city projects, with most studies being 
empirical, and so this study complements them. The main contribution of this research lies 
in identifying the keywords most used by authors, these being eco-cities, sustainable cit-
ies (cluster 1) and eco-cities, China, sustainable urban development and eco-cycle model 
(cluster 2). Finally, implications for theory and practice are presented, together with sug-
gestions for future research.
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1 Introduction

The world’s population is due to growth by 2 billion in the next 30 years, from the current 
7,7 billion people to 9,7 billion in 2050, according to the United Nations–World Popula-
tion Prospects 2019 (UN, 2019). In Europe, urban areas account for around 67% of the 
population of the European Union, representing approximately 80% of the energy used 
and contributing 85% to Europe’s Gross Domestic Product (UE, 2021). This means that 
75% of Europe’s population live in urban areas, creating environmental challenges, and it 
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is important to find the right balance between density, compactness and quality of life in a 
healthy urban environment (EEE, 2017). The exponential growth of the urban population 
associated with greenhouse gas emissions suggests that including sustainability criteria in 
this process of urban growth is one of the main challenges of this century (Alberti, 2008).

In this scenario, numerous typologies of cities emerge, such as green cities, digital 
cities, information cities, knowledge cities, resilient cities, low-carbon cities and inhabit-
able cities, in addition to low-carbon eco-cities and ubiquitous eco-cities (Hart, 2007; Joss 
et al., 2013), sustainable cities, eco-cities, u-eco cities, eco-friendly cities (Shwayri, 2013), 
creative cities and smart cities (Visser, 2019). However, all these city concepts promote 
flexible, entrepreneurial economies, improved mobility through information and commu-
nication technology (ICT) infrastructure, participative, transparent governance, a clean 
sustainable environment, high levels of culture and education and creative, tolerant people 
(Vanolo, 2014). Moreover, Shwayri (2013, p. 41) argued that all this typology of cities 
is stimulated by the main objective of “combating global climate change and increased 
urbanization” but warned that this implies constructing cities from scratch. On the other 
hand, there are case studies on specific cities, such as the case of Kutahya, where it was 
concluded that green spaces are a pathway to sustainability (Cetin, 2015b), of Cide on how 
its coastline is important for the quality of life (Cetin, 2016) and of Pompeipolis, with its 
ancient karst characteristics that should be seen as an opportunity for sustainability (Cetin, 
2015a).

In the extensive literature on various typologies of cities, the concept of the eco-city 
stands out, and this has been discussed since the 1970s (Miao & Lang, 2015). In the last 
twenty years, this has aroused the interest of academics, town planners, environmentalists 
and non-profit organizations, the World Bank and the United Nations (e.g. Moffatt et al., 
2012; Register, 2006). The eco-city concept was popularized by Register (1987, 2006), 
who defined this as the reconstruction of cities and towns based on ecological principles 
for long-term sustainability, cultural vitality and a healthy biosphere, as well as producing 
a healthy and potentially happy future. In the following decades, this definition was com-
plemented with constructs originating in different domains (e.g. ecology, technology, green 
movement, low-carbon sustainability) (Li & Qiu, 2015). So the definition of eco-cities is 
seen to be surrounded by complexity, as it involves principles, models, techniques (Li & 
Qiu, 2015), designs, indicators and norms (Bulkeley, 2006; Wong & Yuen, 2011). Among 
the numerous definitions, this study adopted the one by Miao and Lang (2015), who postu-
late that an eco-city is one that minimizes waste and pollution, maximizes energy, transport 
and renewable resources and provides good-quality public places for its residents, conserv-
ing valuable characteristics of local ecology and countryside.

The increased interest in eco-cities has emerged as a consequence of exponential urbani-
zation in developing countries, where it has become urgent to reflect on concerns arising 
from waste production, the pollution created in cities, the growing costs of energy inputs 
and other resources for cities (Miao & Lang, 2015). However, for Caprotti and Romano-
wicz (2013), the popularity of eco-cities is due to the idea conveyed by authorities of the 
intention to construct new urban environments to achieve sustainable urban life, by promot-
ing technology and low-carbon industry. Furthermore, recent concern about cities’ green-
house gas emissions and their negative effects on global warming has increased the inter-
est in this topic. All these issues as a whole have convinced cities of the need to increase 
the energy efficiency of buildings, transport and production systems (Miao & Lang, 2015). 
Recently, Vakula et al. (2018) explained that a city’s sustainable urban renewal should be 
carried out holistically, considering quality of life, energy efficiency, environmental con-
cerns and climate change, suggesting some similarities with eco-cities which also aim for 
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sustainability (Miao & Lang, 2015). This line of thought is clear in an empirical study 
carried out in China by Xie et al. (2020), which concluded that building an eco-city is a 
high ambition, although necessary if aiming to manage and sustain urban economic growth 
while considering environmental questions.

The vast literature on topics involving the eco-city concept in its various aspects con-
tains numerous empirical studies about China (e.g. Caprotti & Romanowicz, 2013; Kang 
et al., 2019; Liu et al., 2014; Miao & Lang, 2015; Visser, 2019; Xu, 2017) and a shortage 
of bibliometric studies on scientific production in the field which would allow conclusions 
to be drawn about the state of the art. This gap is confirmed by a search on the WoS to 
identify the number of systematic literature reviews, resulting in six documents between 
2016 and 2018. Also the arguments that “eco cites can be seen as a new life style” and that 
“cities often focus on one or two elements of the paradigm and do not really follow an inte-
grated approach. Secondly, some cities wanted to be eco-cities in the 1990s and are trying 
to become sponge cities now (Zhuanghe), or smart cities (Shenzhen and Beijing), where 
they were an eco-city before (both). This has to do with the support received from the 
national level” (van Dijk & Zhang, 2019, p. 14). This argument confirms the importance 
of elaborating a systematic review of the literature on the topic, as highlighted by Wachs-
muth et al. (2016), who concluded that cities everywhere are facing unprecedented chal-
lenges, with new measures and actions being necessary to achieve broader goals of eco-
logical effectiveness, economic growth and equitable social development, given that they 
have become one of the largest contributors to greenhouse gas emissions and represent 60 
to 80% of global energy consumption (UN-Habitat, 2016). In addition, Saiu (2017, p. 3) 
concludes that “the vast body of literature on the projects analyzed can be subdivided into 
two general categories: single case studies and comparative research. This second category 
is often focused on the projects carried out in the same geographical, socio-economic and 
political context”, corroborating the justification for carrying out a systematic review of the 
literature on the topic.

Therefore, this study aims to make a bibliometric analysis of eco-cities and urban sus-
tainable development, so as to identify trend topics, using qualitative (descriptive analy-
sis and Prisma) and quantitative (Smarter and Vantage Point methods) methodology. The 
study’s contribution lies in using an innovative methodology resorting to three methods 
simultaneously to determine the state of the art of the subject. This will allow the elabora-
tion of a theoretical, conceptual study of which, according to Saiu (2017), there is a short-
age in the academic sphere. In addition, the use of the SMARTER method was crucial 
during the process of deciding the eligibility of the studies, given that its multiple attributes 
remove the subjectivity inherent in this phase. Furthermore, this method has been little 
used in research on cities, and this is the innovative character of this study.

2  Methodology

2.1  Bibliometrics

The systematic literature review requires all the stages followed to be transparent (Briner 
& Denyer, 2012) that the collection and systematization of data is specific (Hadengue 
et al., 2017) and that the results obtained are clear (Briner & Denyer, 2012). In this context, 
Tranfield et al. (2003) define the stages to follow in this type of review, i.e. planning the 
review, locating studies, evaluating their contributions and a summarized analysis of the 
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results obtained, which were corroborated by Xiao and Watson (2019). The review pre-
sented here followed the bibliometric analysis for scientific mapping of the topic under 
discussion (Connor & Voos, 1981; Garfield, 1979; Powell et  al., 1996; Quinlan et  al., 
2008; Wasserman & Faust, 1994; White & Griffith, 1981). The systematic review of the 
literature carried out through bibliometrics aims to identify the most relevant topics, as 
defended by several authors (e.g. Connor & Voos, 1981; Howard & Katherine, 1998; Pow-
ell et al., 1996; Quinlan et al., 2008; Wasserman & Faust, 1994) which assumes scientific 
documents (Article or review, Proceedings papers and Book Review) as the unit of analysis 
for grouping them, according to their objectives and issues central banks (Grácio, 2016). 
Consequently, the operationalization of a bibliometry requires the definition of rigorous 
steps to follow, which are: a) identification, assessment, content analysis in specific areas 
(Rowley & Slack, 2004); b) to assess critical aggregate value by summarizing the literature 
on the topic studied, identifying gaps and indications for future avenues (Mentzer & Kahn, 
1995); c) guarantee the standardized descriptive analysis (e.g. authors, scientific journals, 
citations and co-citations, keywords, countries, publications by year) (Prasad & Tata, 2005; 
Treinta et  al., 2014) and conceptual contents (Seuring & Müller, 2008); and d) through 
a methodical and structured research design, defining criteria and keywords and criterion 
(filtering and eligibility criteria). This means that the bibliometric analysis adopts a mixed 
methodology to allow assessment of the qualitative and quantitative coverage of a given 
area of interest (Geaney et al., 2015), as is presented here.

The adoption of the bibliometric methods referred to above is related to the appropriate-
ness of the provision of this systematic review presented here with internal and external 
validity and, thus, excluding subjectivity. In other words, for the purpose of this study it 
is crucial to use a mixed approach, by using different qualitative and quantitative meth-
odological procedures, since the qualitative and quantitative methods are complementary 
to each other and not mutually exclusive (Minayo & Sanches, 1993; Patton, 1991, 2002). 
On the other hand, the quantitative method has a strong external validity and a weak exter-
nal validity, while the qualitative method has a strong internal validity and a little external 
validity (Serapioni, 2000). In these circumstances, the methods chosen for the elaboration 
of bibliometrics allow the weak validities to be overcome. This means that SMARTER 
(quantitative approach), Vantage Point (quantitative approach) and Prisma (qualitative 
approach—eligibility). In short, this research uses a mixed methodology, given that the 
eligibility of the documents was obtained by the qualitative PRISMA method and the bib-
liometry was carried out by the quantitative SMARTER and VANTAGE POINT methods. 
Additionally, a descriptive and content analysis is presented, for its replicability and valid 
inferences (Bryman, 2012; Krippendorff, 2012), to complement the results obtained by 
bibliometrics, endowing this investigation with internal and external validity. This means 
that the use of different methods of bibliometric analysis allows a holistic combination for 
the exploration of research trends in a given topic in the literature (Chang et al., 2015). In 
addition, Pasadeos et al. (1998) advocated that bibliometric methods have become domi-
nant and influential in defining future research on new topics.

Carrying out the bibliometrics involved: (1) the SMARTER method; (2) the PRISMA 
method; and (3) VANTAGE POINT software. Table 1 summarizes each of these methods.

Therefore, the use of the SMARTER method allowed, objectively, the reduction in the 
size of the initial database, through multi-criteria attributes (Choulak et  al., 2019; Evi-
dence-based et al., 2010; Garza-Reyes, 2015; Rutten-Van Mölken et al., 2018), while the 
PRISMA method improved the database returned by SMARTER, by applying eligibil-
ity criteria. Finally, the use of VANTAGE POINT, developed by Porter and Cunningham 
(2004), allowed the elaboration of a text-mining, to find patterns and relationships on the 
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basis of final documents selected in the WoS (n = 70) (see Fig. 1) and if approaching who, 
what, when, and where. This software has been used in previous research in mapping sci-
entific analyses (e.g. Morel et al., 2009; Porter & Youtie, 2009; Shapira et al., 2010).

2.2  Data collection and search flowchart

Data were collected online from the WoS database. WoS is widely recognized as a data-
base focused on peer-reviewed articles (Geissdoerfer et al., 2017), mostly used for biblio-
metric studies due to presenting more standardized and consistent data (Chen et al., 2017a, 
b). Table 2 shows the criteria used in the search of WoS.

According to the items in Table 2, Fig. 1 presents the sequential procedures of triangu-
lation of the three methods referred to in Table 1.

The data collection process required the definition of the two search strings (search 1 and 
2), supported by the previous reading of the literature on eco-cities, without any serial filter, 
returned 1414 scientific documents, the number of which was reduced to 203 with the applica-
tion of the serial filters defined in Table 1. On the other hand, the research was carried out on 
the WoS and the documents taken from the Science Citation Index (SCI), Science Citation 

Table 1  Methods used in the 
bibliometric analysis 1. SMARTER method

Mostly used in studies in the field of medicine (Dolan, 2010), 
but recently used in the field of management (Marques & 
Franco, 2020);

Supported by the multi-attribute utility theory (MAUT), as an 
analytical instrument linked to the area of decision analysis 
(Keeney & Raiffa, 1976);

Use of oscillating weights (SMARTs) and exploratory channels, 
by using distinct weighting methods, aiming to improve and 
reduce the load and time of the decision-maker (Edwards & 
Barron, 1994);

Use of the multi-criteria method for the decision-making of the 
American School (MCDM), which postulates a function of 
multi-attribute utility to represent decision-makers’ preferences 
(Barfod et al., 2016); questions being the comparability of 
alternatives, transitivity in the relation of preference and indif-
ference; formation of hierarchies and establishing a measure of 
global merit (Keeney & Raiffa, 1993);

This method is applied at the stage of selecting scientific docu-
ments (Garza-Reyes, 2015), varying according to the criteria 
adopted (Choulak et al., 2019; Dolan, 2010; Rutten-Van 
Mölken et al., 2018)

2. PRISMA method
A flow diagram (Donato & Donato, 2019);
Allows definition of eligibility criteria (Adiyarta et al., 2020);
These criteria guide data selection (Liberati et al., 2009)
3. VANTAGE POINT software
Text-mining tool for discovering knowledge in search results 

from patent and literature databases (Pradhan, 2016, page 29);
Can produce various networks, co-occurrence analyses, word 

clouds, descriptive analyses (Pradhan, 2016)
“It allows the user to analyse large volumes of structured text to 

discover patterns and relationships and quickly address who, 
what, when, and where” (Cobo et al., 2011, p. 1389)



13688 M. Rodrigues, M. Franco 

1 3

Index Expanded (SCI-Expanded), Social Science Citation Index (SSCI) and Social Scientific 
Citation Index (AHCI) compiled by Thomson / Reuters, in ISI’s online database, one of the 
largest repositories and frequently used in this type of research, which includes numerous 
scientific publications and all bibliographic information about their authors, citations, jour-
nals, among others. Based on the 203 documents obtained, it became crucial to proceed to a 
scientific cut, using the SMARTER method, which led to the definition of decision criteria 
shown in Fig. 2. Thus, this method reduced the final basis to be analysed in this study, for 133 
articles. However, since this is a quantitative methodology, the application of the PRISMA 
method was crucial to analyse the 133 articles by means of two eligibility criteria (Fig. 4), 

Fig. 1  Methodological procedures

Table 2  Keywords and systematization criteria for the search

Items Criteria

Keywords Search 1—("eco cit*" or “eco-cit*” or "ecological cit*" 
or "green cit*" and "sustainability" or "triple bottom")

Search 2—(“eco cit*” or “eco-cit*”)
Date of search 23 March 2020
Period of time No chronological filter
Language English
Type of document Article or review, Proceedings papers and Book Review
Area of search Environmental Studies or Business or Business Finance 

or Regional Urban Planning or Economics or Man-
agement or Urban Studies
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which resulted in the reduction of the final base to 70 documents. Finally, bibliometrics was 
applied to 70 documents by using VANTAGE POINT for the operationalization of a meta-
analysis. These methodological procedures are explained in detail in the following sections.

2.3  Document selection

The SMARTER method was applied to the total of 203 documents selected. This adopts 
different criteria to assess different alternatives for different lines of arguments (Marques & 
Franco, 2020) and in this way present a common result (Garza-Reyes, 2015). Figure 2 shows 
the criteria used for systematization of the 133 articles (see Fig. 1).

With this method, it is essential to define the relative importance of the criteria and respec-
tive weights, i.e. exploration of the ordering of criteria (Marques & Franco, 2020). According 
to Olson and Dorai (1992), the centroid method attributes different weights, where W1 is the 
weight of the most important objective, W2 the weight of the second most important objec-
tive and W

k
 for the most important K objective. Consequently, for the K objectives, we have 

Eqs. 1, 2 and K, the importance of the respective criteria, with the total sum of weights equal 
to 1 (Olson & Dorai, 1992):

Edwards and Barron (1994) presented the stages to be followed rigorously in this method, 
as summarized in Table 3.

Table 4 presents the potential alternatives (A
n
) for the 203 documents (S4).

The steps defined in S4 led to S5, obtained by creating a spreadsheet with the following 
Eqs. 1–5 applied to all D203s, as follows:

w
1
= (1 + 1∕2 + 1∕3 + ... + 1∕k)∕k

Fig. 2  SMARTER Criterion ( adapted from Keeney & Raiffa, 1976)
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Table 5 shows the weights of the ROC curve used to analyse assessment of the criteria 
(S6), as defined by Roberts and Goodwin (2002).

Finally, Table 6 contains the utilities for each attribute (W𝟑)).
From the results obtained in the nine stages and through Fig.  3, the cut year can be 

determined, as graphic representation of the ROC curve shows the cut axis. This means 
that the ROC curve has the great advantage of allowing a relation to be established between 
sensitivity and specificity and representing the whole universe of possible events (Azevedo 
& Pereira, 2010).

In Fig. 3, the cut is the penultimate point on the ROC curve, i.e. a value of 96.13 for 
sensitivity and 64.52 for specificity, meaning a cut in the ROC weights from 64.52. In this 
specific case, the cut of the 133 documents is according to time, which defined a cut of 
approximately 10 years from the date of publication (Cerón-Palma et al., 2012).

After determining the cut year (2012) PRISMA was applied (Fig. 4) to obtain the final 
sample of documents for the bibliometric analysis using VANTAGE POINT.

2.4  Qualitative (descriptive) and quantitative analysis

The typology of the final 70 documents selected presents the distribution shown in Fig. 5.

Table 3  Stages (S)

An Potencial alternatives, Cm Criterion, Wm Roc weights

S1 –Objectives and decision-making: ordering of the alternatives for selection of the state of the art  
by the decision-maker

S2 – Hierarchy of the attributes defined to value the alternatives
S3 –Alternative articles to be used to replicate the model proposed, through a search of WoS with the  

keywords and filters indicated in Table 2 (Table 4)
S4 – Articles assessed by the type of attribute (Table 4), with n = 203 potential alternatives (A

n
)  

according to m = 3 criteria (C
m

) to be applied to S3
S5 – Analysis of the values obtained for the criteria defined in S4
S6 – Assessment according to C

m
: C1– Citescore and C2 – Number of citations are functions of maximi-

zation, where the higher the value, the greater the utility; C3 – Time, assesses performance in qualita-
tive terms. The weights used are those of the ROC curve (Centroid Order) (Roberts & Goodwin, 2002) 
(Table 5)

S7 – Ordering of attributes (W
3
) according to the decision-maker (Table 6)

S8 – Use of the ROC weights for W
3
 (Table 6)

S9 – Decision: calculation of all utilities for the attributes (W
3
): Uj = Σk. wk. ujk(Table 6)

Table 4  Summary of the 
assessment matrix

Documents (D) C1 (Citescore 
2018)

C2 (Nº Cita-
tions)

C3 Time 
(Publication 
year)

D1 0.944 401 2006
D2 2.124 187 2005
D3 1.371 173 2006
D4 3.853 138 1997
… – – –
D203 1.115 0 1996
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Figure 5 clearly shows the prevalence of scientific articles on other typologies of docu-
ments and shows the areas of research they deal with, highlighting that most studies are 
related to searching on the term of “Urban Studies”(e.g. Caprotti et al., 2015; Flynn et al., 
2016; Lee, 2015; Lin, 2018; Mehmood, 2016; Mneimneh et al., 2017; Tateishi, 2018; Wu, 
2020; Zhuang, 2015). In other words, the fact there is growing concern about increased 
population density in cities, with environmental and social consequences, has aroused 
researchers’ interest in urban areas, especially those that have already implemented models 
of eco-cities, as in the case of China. Successful eco cities include Reykjavik—Iceland, 
Zurich—Switzerland, Bristol—South West England, Portland—Oregon, Vancouver—
Canada, Copenhagen—Denmark and others (Better World Soluctions.eu, 2021; Joss et al., 
2013).

The countries with most publications are shown in Fig. 6.
Once more, China stands out with 26 publications about eco-cities, since a great 

many studies included here are about this country and the first authors originate there. 

Table 5  Analysis of assessment 
of the criteria

Function ( fx) Definition Weight

C1 Journal’s Citescore (2018)
 4.01 or more 0.5208
 2.01–4.00 0.2708
 1.01–2.00 0.1458
 0–1.00 0.0625

C2 Number of citations
 21 or more 0.4567
 11–20 0.2567
 4–10 0.1567
 1–3 0.0900
 0 0.0400

C3 Time criterion (year of publication)
 2014–2020 0.4567
 2004–2008 0.2567
 2009–2013 0.1567
 1999–2003 0.0900
 1996–1998 0.0400

Fig. 3  Roc Curve ( adapted from Zweig & Campbell, 1993)
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For example, of the 70 articles analysed here, a great many are empirical studies about 
China, which is considered one of the pioneers in eco-city projects (e.g. Kang et al., 2019; 
Li & Qiu, 2015; Liu et al., 2014; Miao & Lang, 2015; Rugkhapan & Murray, 2019; Vis-
ser, 2019; Xie et al., 2020; Xu, 2017), Sweden has only six publications in comparison, 
although Malmo, Sweden, “In the last few years, the city is looking forward to a bright 

Procedures already carried out (figure1)

Records screened by 
SMARTER
(n = 133)

Elegibility criterion (EC):
EC1 - the authors' keywords include at least one of 

the terms defined for the initial search(33 excluded)
EC2 – documents without pdf available(30

excluded)
Documents, excluded with reasons(n= 66

Records excluded
(n = 81)

Full-text articles assessed for eligibility
(n = 70)

Studies included in qualitative synthesis
(n = 70)

Studies included in meta analysis (bibliometric 
analysis) with VANTAGE POINT

(n = 70)
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Fig. 4  PRISMA diagram (Liberati et al., 2009)

Fig. 5  Cross correlation map of document type crossed with research areas
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environmental future. There are many redevelopment projects scheduled that will take care 
of brownfields and treat soil contamination. The city put a plan in place according to which 
the whole city will run on renewable energy by 2030. Malmo is concentrating on reducing 
greenhouse emission and optimization of transportation facilities, waste management, and 
proper urban planning.” (Better World Soluctions.eu, 2021, p.1).

Also important is the relation existing in studies between countries (Joss & Molella, 
2013; Mullins, 2017; Naguib et al., 2016; Rohracher & Späth, 2014), as shown in Fig. 7. 
Here China is the largest circle, due to concentrating on this type of city, albeit with some 
difficulties (e.g. Dongtan Shanghai, China 2004–Unrealized; Caofeidian Tangshan, China 
2007–Unfinished) (Saiu, 2017). This does not mean there are no successful cases—we 
already have many examples of successful implementation of ecocity principles around the 
world. (Mersal, 2017, p. 31).

Lexical analysis of the 70 documents also shows the terms occurring most frequently in 
the articles’ contents (Fig. 8).

The word-cloud reveals the emergence of the words “eco-city, China, governance, tran-
sitions” in the documents selected on this topic.

The most cited of the total 70 articles are shown in Table 7.

USA: 12 
Records 

Chine: 26 
Records 

UK: 21 
Records 

Fig. 6  Publications by country

Fig. 7  Cross-correlation between countries and regions
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The above table provides various interpretations. The first is that the most cited article 
(135) is about eco-cities in Africa, which intends to highlight the fantasy of implementing 
this type of city in that region, but without presenting any scientific bibliographic refer-
ences (Watson, 2014). The second is that the JOURNAL OF URBAN TECHNOLOGY is 
the journal with most articles (5) in this list with a citescore of 2.25 (Quartile 1), while 
CITIES with a citescore of 3.853 only presents 2 articles (Anthopoulos, 2017; Caprotti, 
2014), although the one by Anthopoulos, (2017) is in the second position in the Top 10 
with 95 citations. Finally, the year 2014 includes four articles, with the most recent article 
being from 2017 (Anthopoulos, 2017).

No less important is the number of publications per year (Fig.  9), with 2017 having 
most publications, followed by 2014. It stands out that 2014 has five articles in the Top 10.

The prevalence of 2017 with most publications shows it is important to study how strat-
egies are used in eco-city projects, to understand the transition of other cities to this typol-
ogy, because, as explained by the European Union, it is urgent to achieve global, long-term 
sustainability (UE, 2021).

Bibliometric analyses generally show author clusters for the articles on their databases. 
However, this study presents the cross-correlations between authors and keywords, as 
shown in Fig. 10. There are two main clusters, where the size of the node reflects the vol-
ume of associated registers and the lines the measures of similarity.

Cluster 1 includes the words “sustainable city, eco-city” and Cluster 2 the words 
“eco-city, China, sustainable urban development and eco-cycle model”. There is also 
a correlation between all the authors shown around the two largest nodes, for example, 
Caprotti (2014) in Cluster 1, whose keywords were used by the authors in the smaller 
nodes on the right; Caprotti (2014) analysed Tianjin Eco-City, China, as the starting 
point for discussion on eco-city projects in the light of their definition, social resilience 

Fig. 8  Word-cloud

Table 6  Order of attributes according to relevance and ROC weights, pre-defined

Order of attributes 1 2 3
Journals (C1) Citations (C2) Time (C3)

Weights W1 (attribute 1) W2 (attribute 2) W3 (attribute 3)
0.6111 0.2778 0.1111



13695Bibliometric review about eco‑cites and urban sustainable…

1 3

Ta
bl

e 
7 

 T
op

 1
0 

m
os

t c
ite

d 
ar

tic
le

s

Ti
tle

Jo
ur

na
l

C
ite

sc
or

e
To

ta
l c

ita
tio

n

W
at

so
n 

(2
01

4)
. A

fr
ic

an
 u

rb
an

 fa
nt

as
ie

s:
 d

re
am

s o
r n

ig
ht

m
ar

es
?

EN
V

IR
O

N
M

EN
T 

A
N

D
 U

R
BA

N
IZ

A
TI

O
N

1.
37

1
13

5
C

ap
ro

tti
 (2

01
4)

. C
rit

ic
al

 re
se

ar
ch

 o
n 

ec
o-

ci
tie

s?
 A

 w
al

k 
th

ro
ug

h 
th

e 
Si

no
-S

in
ga

po
re

 T
ia

nj
in

 E
co

-
C

ity
, C

hi
na

C
IT

IE
S

3.
85

3
95

C
ug

ur
ul

lo
 (2

01
3)

. H
ow

 to
 B

ui
ld

 a
 S

an
dc

as
tle

: A
n 

A
na

ly
si

s o
f t

he
 G

en
es

is
 a

nd
 D

ev
el

op
m

en
t o

f 
M

as
da

r C
ity

JO
U

R
N

A
L 

O
F 

U
R

BA
N

 T
EC

H
N

O
LO

G
Y

2.
25

95

Y
ig

itc
an

la
r a

nd
 L

ee
 (2

01
4)

. K
or

ea
n 

ub
iq

ui
to

us
-e

co
-c

ity
: A

 sm
ar

t-s
us

ta
in

ab
le

 u
rb

an
 fo

rm
 o

r a
 b

ra
nd

-
in

g 
ho

ax
?

TE
C

H
N

O
LO

G
IC

A
L 

FO
R

EC
A

ST
IN

G
 

A
N

D
 S

O
C

IA
L 

C
H

A
N

G
E

1.
38

95

Sh
w

ay
ri 

(2
01

3)
. A

 M
od

el
 K

or
ea

n 
U

bi
qu

ito
us

 E
co

-C
ity

? 
Th

e 
Po

lit
ic

s o
f M

ak
in

g 
So

ng
do

JO
U

R
N

A
L 

O
F 

U
R

BA
N

 T
EC

H
N

O
LO

G
Y

2.
25

91
C

ha
ng

 a
nd

 S
he

pp
ar

d 
(2

01
3)

. C
hi

na
’s

 E
co

-C
iti

es
 a

s V
ar

ie
ga

te
d1

 U
rb

an
 S

us
ta

in
ab

ili
ty

: D
on

gt
an

 E
co

-
C

ity
 a

nd
 C

ho
ng

m
in

g 
Ec

o-
Is

la
nd

JO
U

R
N

A
L 

O
F 

U
R

BA
N

 T
EC

H
N

O
LO

G
Y

2.
25

85

Ro
hr

ac
he

r a
nd

 S
pä

th
 (2

01
4)

. T
he

 In
te

rp
la

y 
of

 U
rb

an
 E

ne
rg

y 
Po

lic
y 

an
d 

So
ci

o-
te

ch
ni

ca
l T

ra
ns

iti
on

s:
 

Th
e 

Ec
o-

ci
tie

s o
f G

ra
z 

an
d 

Fr
ei

bu
rg

 in
 R

et
ro

sp
ec

t
U

R
BA

N
 S

TU
D

IE
S

1.
62

8
82

A
nt

ho
po

ul
os

 (2
01

7)
, S

m
ar

t u
to

pi
a 

V
S 

sm
ar

t r
ea

lit
y:

 L
ea

rn
in

g 
by

 e
xp

er
ie

nc
e 

fro
m

 1
0 

sm
ar

t c
ity

 
ca

se
s

C
IT

IE
S

3.
85

3
67

Jo
ss

 a
nd

 M
ol

el
la

 (2
01

3)
. T

he
 E

co
-C

ity
 a

s U
rb

an
 T

ec
hn

ol
og

y:
 P

er
sp

ec
tiv

es
 o

n 
C

ao
fe

id
ia

n 
In

te
rn

a-
tio

na
l E

co
-C

ity
 (C

hi
na

)
JO

U
R

N
A

L 
O

F 
U

R
BA

N
 T

EC
H

N
O

LO
G

Y
2.

25
63

de
 Jo

ng
 e

t a
l. 

(2
01

3)
. E

xp
lo

rin
g 

th
e 

Re
le

va
nc

e 
of

 th
e 

Ec
o-

C
ity

 C
on

ce
pt

 in
 C

hi
na

: T
he

 C
as

e 
of

 S
he

n-
zh

en
 S

in
o-

D
ut

ch
 L

ow
 C

ar
bo

n 
C

ity
JO

U
R

N
A

L 
O

F 
U

R
BA

N
 T

EC
H

N
O

LO
G

Y
2.

25
62



13696 M. Rodrigues, M. Franco 

1 3

and urban population growth, aiming to raise new questions in future research on the 
topic. Li and Qiu (2015) also made a comparative study between Suzhou (China) and 
Kitakyushu (Japan), as examples of reference on eco-cities, to analyse the structural 
development of this type of city by the Chinese government and their quality. These 
authors concluded that the Chinese city showed a notable evolution in its green spaces 
and environmental infrastructure, despite persistent gaps in indicators to measure envi-
ronmental quality. Miao and Lang (2015) considered two ambitious eco-city projects 
launched in China in the last 15  years—the “Dongtan eco-city” project in Shanghai 
(currently halted) and the Sino-Singaporean Tianjin Eco-City (in progress) in Tianjin, 
aiming to understand the status of each of them. The Dongtan project failed due to the 

1
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Fig. 9  Publications by year

Fig. 10  Cross correlation map; authors vs keywords
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lack of more government support, financial funding and international knowledge inputs. 
Finally, Liu et  al. (2014) argued that the complexity surrounding sustainability and 
future uncertainties suggests the construction of more robust, resilient, as well as sus-
tainable, cities to address climate change and the shortage of resources. Standing out in 
Cluster 2 is Yigitcanlar (2015), who made a critical review of the smart city model and 
the application of intelligent urban technology, analysing particularly emerging prac-
tices of ubiquitous eco-cities as examples of smart city initiatives, concluding that city 
planning should consider the implications of those technologies in achieving sustainable 
environments in the future. Included in this cluster is the ROC cut-off article (Cerón-
Palma et  al., 2012) which examined the obstacles and opportunities related to imple-
menting Rooftop Eco.Greenhouses in Mediterranean cities in Europe, these being eco-
logical greenhouses that improve the sustainability of buildings in cities. The authors 
concluded that the sustainable urban model for the future should facilitate the exchange 
between cities, for example.

With this being a topic of great interest to academics, town planners, politicians and 
other entities, it is concluded that the construction of an eco-city is undoubtedly an 
extremely complex process. In other words, the ideal eco-city would be built from scratch, 
which in most cases is not possible, given the case of China with its unfinished projects, 
or by implementing eco-spaces within existing cities. Therefore, presenting a theoretical 
framework for these cities means including questions of various typologies of existing cit-
ies and regrouping them according to the definition of the eco-city. In these circumstances, 
the model presented here (Fig. 11) is supported by the keywords of Clusters 1 and 2 and 

Fig. 11  Theoretical framework of the future of cities
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the respective articles at their origin. It is paramount that eco-cities should not neglect any 
urban actor, and specifically residents, who in the midst of the current COVID 19 pandemic 
look increasingly for a sustainable future, environmental, social and economic safety, and a 
high quality of life.

3  Conclusion and contributions

The topic studied here is complex and controversial, as it involves numerous economic, 
social and environmental questions. These questions are directed to the building of cit-
ies that can stimulate global sustainability. In this context, research related to eco-cities 
has not included any article mapping only the term eco-city, as studies have interlinked 
this with other topics, such as smart cities, technological infrastructure, maximizing energy 
efficiency and reducing greenhouse gas emissions among many other issues. Therefore, the 
bibliometric mapping carried out revealed that studies eligible according to various criteria 
defined were empirical, with comparative studies and focusing mainly on China. The pre-
dominance of this country is justified by the fact that in May 2003, the Chinese state estab-
lished a plan to build ecological urban areas (Li & Qiu, 2015). However, the unfinished 
projects aroused even greater interest in understanding why.

The mapping and bibliometrics presented here suggest that cities have to be approached 
holistically in all their dimensions, as argued by Vakula et al. (2018). This means that the 
urban buzz of cities must involve all the ergonomics of their ecosystems to achieve the 
desired sustainability and reduce the ecological footprint, although this is a high ambition 
(Xie et al., 2020). It should be noted, the rapid urbanization that has been seen in the global 
urban area has triggered environmental and socio-economic challenges, which include cli-
mate change and pollution, among others, which can be understood as an opportunity for 
the transition to more ecological cities, supported by the models of success of eco cities 
(e.g. Madrid, Singapore, Zurich, Bristol and Vancouver) and, at the same time, economi-
cally sustainable, assuming cities as the driving vehicles for this potential lasting change.

The bibliometric methods used, particularly SMARTER, PRISMA and VANTAGE 
POINT, are original in management studies and studies on urban spaces, which is an origi-
nal contribution of this research. This study showed the importance of continuing to study 
sustainable city models already developed by the scientific community and proceed with 
empirical studies on them, to conclude about their weaknesses and strengths and, thus, pro-
mote future improvements. Farther the importance of the transition to a model of a circu-
lar economy, as highlighted by the European Union, the theoretical framework proposed 
here aims to show that cities, of any typology, should promote their economic, social and 
environmental development without neglecting community life, history, local values and 
culture, proximity, mobility, good governance practices, information and communication 
technology (ICT), the network functioning of hard and soft infrastructure, and people, to 
be able to provide their residents with quality of life and well-being. Furthermore, the pil-
lars and issues of cities should be directed towards a circular urban economy, in order to 
reduce the ecological footprint by diminishing the use of non-renewable resources, maxi-
mizing energy efficiency and reducing greenhouse gas emissions, among other measures. It 
is important to mention that these considerations to the presented framework do not aim to 
define the direction of the future development of cities, nor to recall the obligations of local 
authorities, but rather a useful guide for all economic and non-economic actors crucial for 
the sustainable development of ecosystems in cities in a near future.
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Another contribution to theory lies in adopting a mixed methodological approach 
where the research techniques used—qualitative PRISMA method and the quantitative 
SMARTER and VANTAGE POINT methods—are complementary rather than mutu-
ally exclusive (Minayo & Sanches, 1993; Patton, 1991, 2002). Therefore, this approach 
overcame the weaknesses of the quantitative and qualitative methods, as this triangula-
tion allowed the external and internal validity of the research presented here.

Concerning implications for practice, the articles reviewed show the importance of 
continuing with research to identify cases of success and failure, to provide lessons for 
future projects. In addition, sustainability and concern about climate change, among 
many other aspects, should always be present in those projects. This is even more 
urgent, given the current COVID 19 pandemic and all its tangible and intangible con-
sequences, and the increased ecological footprint witnessed. In addition, the empirical 
contributions of the studies presented here provide practical implications for public pol-
icy and local authorities. These types of studies are essential for local governments and 
political decision-makers to be able to take corrective measures in the various axes of 
their urban economic growth strategies at the macro-, micro- and meso-levels to achieve 
the intelligent, inclusive and sustainable growth aimed for by the European Union.

Like any study, this one is not without limitations. The first concerns only using 
WoS, despite this being recognized internationally as the most widely used. The second 
has to do with the search terms used, as many others could have been employed. Finally, 
the bibliometric methods adopted do not preclude others.

These limitations suggest various indications for the future. The first would be to use 
the WoS and SCOPUS databases to replicate this study. The second would be to add 
search terms, such as infrastructure, technology, intelligence, greenhouse gases, waste, 
pollution and energy efficiency. As this is a fertile field of research, also suggested is 
study of all smart cities of reference, to determine if they can be framed in the eco-
city concept, and research relating this concept to the transition to the circular economy 
model. It would also be interesting to study the eco-city model implemented in Korea. 
Finally, using other bibliometric software would provide numerous paths for the future, 
given the proliferation of this, as well as using SMARTER through SPSS software.

Finally, this study showed that the trend topics for future research are fertile, due to 
the wide-ranging nature of the eco-city concept. Continued study of Chinese eco-cities 
is certainly pertinent for better understanding of their strengths and weaknesses, and 
also as in that country it is the government’s will to construct eco-cities, studying why 
in these cities with excellent systems to monitor epidemics (e.g. Singapore), COVID 19 
did not occur to a lesser extent. Another topic would be to study how eco-cities world-
wide reach a balance between the rural city and the urban city, as mentioned by Regis-
ter (1987, 2006). The relation between eco-cities and sustainability is also seen to be a 
trend topic in need of more research, in order to understand how a sustainable city can 
be transformed into an eco-city, as it would be utopian to believe that eco-cities of the 
future could be built from scratch.
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