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TRENDS IN RESEARCH: FUNDING GREEN AND SMART CITIES

1. INTRODUCTION

Cities generate around 70% of global greenhouse gas emissions (Giles-Corti, Lowe &
Arundel, 2020). They are getting bigger and faster and for the first time in history, more than
half of the world's population lives in them (Bibri, 2021). To minimize these impacts,
sustainable cities have become a new option with the proposal of models aimed at redesigning
and restructuring urban places to make life in cities more sustainable (Boca Santa et al., 2020).
This has allowed cities to function in ways that reduce energy consumption, reduce material
use, mitigate pollution, improve social equity, improve human well-being, minimize waste, and
improve quality of life (Bibri, 2021).

To implement innovations in the processes of restructuring cities, one of the barriers
faced is financial, as there is a lack of capacity for public investment and, also, unavailability
of private funding. Therefore, funding smart solutions requires an innovative approach to
funding, budgets, sources of capital and business models (Blanck & Ribeiro, 2021).

Traditional city funding is related to city infrastructure, with renewable projects, where
the intended money is expected to come from cash flow, funding banks or companies. But the
funding of sustainable and smart cities has a technology perspective, where many of them are
still in development, such as internet of things, cloud technology, green technology, among
others. These technologies are not always financed by banks and therefore need innovative
funding methods (Kavta & Yadav, 2016).

In this context, it is important to understand how the themes related to the funding of
cities (where the money comes from) relate to the other themes that involve sustainable and
smart cities (characteristics / indicators / sub-indicators). Thus, this article aims to understand
the connections between studies on the topic “funding sustainable and smart cities”, through an
analysis of publications in international journals. For this, the bibliometric method was used
considering articles published in the Web of Science database from 1997 to 2020.

The main authors, concepts and theories were analysed in the context of the 565 articles
found on the topic, using the analysis of citations, co-citations, and matching, multidimensional
scaling, and exploratory factor analysis. Thus, due to the scope of the present study, through a
broad bibliographic survey and of the most influential authors, it will seek to explore and
synthesize knowledge on the topic of funding sustainable cities. This article is structured in six
parts. In addition to the introduction, the second part contains a review of the literature based
on primary studies of the combination of the theme of funding sustainable cities. In the third,
the method used is discussed, including data collection, sample selection and analysis
procedures. In the fourth, the results of the research are found through techniques of co-citation
analysis, bibliographic pairing, co-citation map, and exploratory factor analysis. In the fifth
part, a discussion is carried out that includes the analysis of the factors found in the previous
step. And in the last part, the final considerations are presented with the contribution and
limitations of this study, as well as possible paths for future research.

2. LITERATURE REVIEW

2.1 Sustainable and Smart Cities

The urbanization process of modern cities is challenging, as economic activities
generate jobs, however, they also degrade the environment, as they generate waste and
pollutants (Yi, 2020). Still, natural resources are relevant for the development of society, but
have been exploited in a predatory way (Jing & Wang, 2020). Problems in cities are
increasingly worrying, and the need for urban sustainability is discussed. Sustainability is a
process that aims to make choices using common sense, intuition, and ethics to consider the



consequences of these choices in the long term (El Ghorab & Shalaby, 2016). According to de
Lima (2021), sustainable development encompasses three dimensions — economic, social, and
environmental — and according to Yi (2020), these dimensions must be considered when
managing cities. These dimensions are considered subsystems for Jing and Wang (2020), where
according to the authors, these subsystems have a complex relationship, but which supports all
human activities in terms of resource flow, information flow and capital flow.

The city plays a central role in achieving sustainable development. (Diamantini &
Zanon, 2000), even during and after the Covid-19 pandemic period (Boca Santa et al 2021). In
addition to being the place where a large part of the population lives, it is where there is more
consumption of resources and production of waste. However, urban conditions are different
depending on the city. Both the quality of life and the damage to the environment depend on a
variety of factors, such as economic, environmental, cultural. Municipal managers need to deal
with these local conditions, attitudes, and traditions (Diamantini & Zanon, 2000).

The contemporary city model has been an important factor for the propagation of more
sustainable, equitable, liveable, and efficient cities. The wide diffusion of sustainable
development in the early 1990s served as a stimulus for growing academic contributions in this
area. With population growth, sustainable cities will still face new challenges, such as
improving the quality of life, creating low-cost environments, maintaining economic growth,
and constantly adapting to new concepts that emerge. (Bibri, 2021).

Economic, technological, and sustainable development depends on investment. There is
economic development when there are roads, railways, ports, electrical networks, and fiber
optics developing the industry. Investment in infrastructure provides physical capital, but there
is also a need for investments in human capital, such as education and health. (Sachs, 2017).

With technological advances, the globalization process, and the need to think about the
environment, the management of cities has become complex (Rotmans, Asselt & Vellinga,
2000). Still, cities are relevant consumers and distributors of goods and services, thus, the
management of cities focused on sustainability is a significant component for sustainable
development (Bao & Toivonen, 2014). The sustainability theory of the 1990s advocated the
triple bottom line (economic, social, environmental). This definition of sustainability applied to
city management gave rise to several concepts, such as sustainable city, sustainable urbanism,
among others. The concept of green cities is more recent and encompasses the efforts and
research carried out by a city to make the city more sustainable and liveable. The concept of
sustainable city encompasses the triple bottom line, but also other issues such as health,
transport, and education, however, environmental issues prevail (Brilhante & Klass, 2018).

The concept of sustainable city focuses on technical results aimed at urban efficiency,
with the main objective of implementing sustainable policies that reduce negative impacts and
contribute to the regeneration of the environment. However, defining sustainable cities is not
easy, as cities are different, with different characteristics and needs, whether in terms of climate,
history, geography, wealth, culture, among other characteristics. These peculiarities make it
difficult to define a single approach to urban sustainability (Macke et al., 2019).

Sustainable cities are increasingly embracing the technologies that smart cities have to
offer, such as new apps to monitor, measure and improve sustainability performance. These
cities are being called smart sustainable cities (Bibri, 2021). A city can be considered a smart
city when it performs well in at least six indicators, namely: smart economy; smart mobility;
smart environment; smart people; intelligent life; and smart governance (Lazaroiu & Roscia,
2012). Sustainability indicators are not just traditional performance metrics, they are also
important to support city development (Mazon et al., 2019).

The concept of smart city emerged related to the technological context, aiming at social
benefits. But today, the connection of this concept with environmental issues is also observed.
Therefore, the smart city concept and the sustainable city concept are in the process of being



integrated (Vukovic, Rzhavtsev & Shmyrev, 2019), where together they form a new concept
and incorporate related terms. Due to environmental challenges and population expansion in
cities, it is not enough that city management is focused only on the characteristics of a smart
city, but also that it is a sustainable city (Anand, Rufuss, Rajkumar & Suganthi, 2017).

Smart cities include wireless connectivity, smart homes, smart urban management,
smart transport, smart public services, social management, smart health, smart tourism, green
city initiatives, smart infrastructure, smart governance, smart economy, smart policies, smart
agriculture, smart education, smart environment, smart industry, smart energy, smart feedback,
and other smart functions (Ullah et al., 2021). An addendum regarding smart technologies is
that it is not enough that they are efficient and bring benefits to the environment. For there to
be adherence to smart technologies, there is also a need for them to bring economic benefits.
Otherwise, the technologies may not be relevant to all stakeholders at the same level and may
still not meet expectations. In other words, it is necessary to balance the social, economic, and
environmental dimensions, avoiding conflict of interests (Macke et al., 2019).

There are two main approaches to smart cities, they are: (1) technology-oriented
approach (infrastructure, platforms, systems, architectures, models, applications); and (2)
people-oriented approach (citizens, knowledge, stakeholders, services, and data). However,
recently, sustainability has also become one of the goals of smart cities (Bibri, 2021). Therefore,
a sustainable smart city is one that uses information and communication technologies to
improve the quality of life of its citizens, as well as the efficiency of urban operations and
services, in addition to the competitiveness of services, however, also prioritizing the concepts
of sustainability (Ullah et al., 2021).

2.2 Funding Smart and Sustainable Cities

Building smart and sustainable cities is one of the goals of municipal governments
around the world, aiming to mitigate the effects of climate, population increase and depredation
of nature on the planet. However, funding the transition to smart and sustainable cities is a
challenge. Thus, some cities have been experimenting with innovative financial mechanisms.
In terms of funding for energy efficiency, some move faster than their national governments,
however, overall, the financial competence for cities to transition is inadequate (Bai et al.,
2020).

There are many obstacles that block the shift to smarter and more sustainable cities,
such as political disagreement, lack of funding and institutional weakness. Operationally
speaking, some of the obstacles are disputed information, rising costs, fraud and inadequate
oversight. Therefore, intelligent institutions, by focusing on efficiency, must promote
sustainable growth with quality, restricting their extraction modes. Therefore, there is a need
for guidance on resilience, creativity, and willingness to collaborate, seeking not to reinforce
structural inequalities (Huston, Rahimzad & Parsa, 2015).

Making a city smart and sustainable requires funding. Funding programs are important
to revitalize the city and provide better living conditions for the population, so these programs
are considered socio-political measures. Thus, funding programs for urban planning projects
should also be seen as long-term investments (Zabel & Kwon, 2021).

Public funding can serve as a financial lever for cities' transition to sustainability, and
thus encourage private sector investment. Furthermore, the public sector can subsidize new
technologies that aim to promote climate action, since subsidized resources are not aimed at a
financial return on the amount invested, which reduces the difficulties of acceptance and
implementation of actions by stakeholders, reducing the initial cost. for the adopters. Therefore,
subsidies and concessions are widely used (Bai et al., 2020).

Most nature-based solutions tend to rely only on public funding, however, the
requirements to achieve public funding can hamper projects to some extent. Strong business



models are less reliant on public funding, can quickly generate revenue and self-finance their
operations (Kampelmann, 2021). In this context, there is the concept of green finance, which is
funding that aims to provide environmental benefits. Green finance includes green financial
bonds, carbon market tools, green banks, new financial instruments, new policies, green central
bank, fiscal policy, green community funds, among others (Khan et al., 2021).

There are several effects of adopting green finance. Green finance is a support for green
innovation organizations, as it helps in the purchase of green equipment, in the introduction of
new environmentally efficient technologies, among other actions. Furthermore, green finance
can help stakeholders fund research and development on environmental issues, thus reducing
the risk related to green policies, which may have higher costs than traditional practices. Green
funding includes renewable energy and efficiency, but also extends to biodiversity protection,
recycling, pollution control and environmental protection (Khan et al., 2021).

The funding of smart and sustainable cities can be through direct investment (the capital
received comes directly from the owner of the capital), or through indirect investment (the
process of receiving funding has an intermediary that finances a given initiative, but the capital
comes from other stakeholders). A challenge for governments is to select the best funding
option for each initiative (Blanck & Ribeiro, 2021).

One source of funding is to capture the rise in land values when there are improvements
nearby, such as transportation, construction, or street beautification. The mechanism can be
direct or indirect. The direct mechanism works through rental fees or infrastructure connection
fees. The indirect mechanism works through taxes. In this funding modality, you must designate
the project benefits and value capture rate and then assign the collection rights to the project
proponent, usually a special purpose company (Huston, Rahimzad & Parsa, 2015).

Various methods have emerged to finance sustainability projects, such as green banks,
green bonds, and village funds (microfinance program). Green banks have some advantages:
they offer better credit conditions; aggregation of small projects; market expansion; and
creating innovative financial products. Green bonds can provide affordable long-term capital to
refinance projects, however, a high rate of return guarantee is required to mitigate risks.
(Yoshino, Taghizadeh-Hesary & Nakahigashi, 2019). Another funding option is incubation
mechanisms, aimed at creating value for startup entrepreneurs, promoting research and
development via university-company collaboration. (Blanck & Ribeiro, 2021; Perdond &
Soares, 2021).

Crowdfunding is also carried out successfully, but although discussed in the mainstream
media, it lacks academic analysis (Toxopeus & Polzin, 2021). Crowdfunding allows an idea to
be shared with others over a fixed period, usually a few weeks, attracting interested parties to
the proposed idea. (Motylska-Kuzma, 2018).

3 METHODOLOGICAL PROCEDURES

The present study will make use of bibliometric research, as it has the potential to
introduce a systematic, transparent, and reproducible review process based on statistical
measurement of science, scientists, or scientific activity. In addition to defining the overall
productivity in each area, bibliometric research can also be used to assess the productivity of
individual researchers, journals, countries, or any other type of data of interest to scholars.

As for data collection, these were collected in the Web of Science Core Collection of
the Web of Science, as it is one of the most widely used in applied social sciences. In addition,
this database has search tools that facilitate bibliometric research. The Web of Science was used
for data collection due to its wide coverage of scientific publications and citations in the context
of the social sciences.

As for the search strategies, these involved the following keywords and Boolean
operators: (funding OR funding) AND ("green*" OR "smart*") AND ("cit*" OR "urban"). The



use of an asterisk at the end of the keyword captured all possible variations of these words in
the titles, abstracts, and keywords (“topic” option) of the selected articles, which totalled 1,189
articles. Subsequently, the selection took place manually to ensure that all articles were related
to the topic, by reading the titles and abstracts, which resulted in 565 articles, until November
2020, eliminating articles not related to the topic. These validated articles used 26,160
references, and for the purpose of this article, the most cited references in the sample will be
analysed.

In this research, four main types of analysis were performed: citations, co-citations,
bibliographic pairing, and analysis of the most frequently researched contents (factor analysis).
Citation analysis is used to recognize the influence of studies and their authors on the researched
content. This analysis is based on counting the number of times a primary study is cited by
other researchers, thus expressing relevance to their own research (Lima, et al, 2020; da Silva,
et al, 2022; de Souza, Proenca & Soares, 2022). All references from the 565 articles were
involved in the citation analysis, and articles that were cited 6 or more times, according to
Lotka's Law, were analysed, totalling 39 articles.

The co-citation analysis is based on examining how often a given pair of primary studies
is cited by other works, seeking to show their interrelationships, allowing the identification of
a community of authors based on their positions in the researched field. Pairing analysis is based
on the frequency with which two articles in the sample share at least one common reference
(Vogel & Guttel, 2013).

To verify the theoretical relationships between the 565 studies, a co-citation matrix was
created, using the Bibexcel software, which allows the generation of data files that can be
imported into Excel. The co-citation matrix was converted into a Pearson correlation matrix,
using SPSS software, to support Exploratory Factor Analysis (EFA). To extract the factors from
the primary studies (articles), the principal components method was also used, with Varimax
rotation and Kaiser normalization (Vils et al., 2019).

In bibliometric research, a factor is a subfield of study, based on the analysis of authors
who have high loads on that factor. Authors with factor loadings greater than 0.5 were included
in a factor, as recommended by Hair, Black, Babin, & Anderson (2019). The recognition and
naming of each factor are made from the reading and identification of the theoretical line
common to the works that belong to a certain group.

The pairing network was created with the help of the Ucinet 6 software. The function
of the pairing network is to present the main links between the authors, showing a connection
about the line of research worked by them, following the same base of references and studies.
Thus, using the Web of Science database and using the four main analyses mentioned at the
beginning of this section, it was possible to trace the theoretical structure of the theme “funding
sustainable and smart cities”.

4 RESULTS

4.1 Analysis of co-citations

The co-citation analysis is based on examining how often a given pair of primary studies
is cited by other works, seeking to show their interrelationships, allowing the identification of
a community of authors based on their positions in the researched field. Based on the results
obtained with the co-citations, studies with a factor loading greater than or equal to 0.50 were
retained. Vogel & Glttel (2013) point out that when grouping primary studies to factors, only
those with main loadings are considered, while those studies with crossed loadings, which mean
interrelationships between different research streams, are not considered. For the exploratory
factor analysis of co-citation, adjustments to the values of Commonalities>0.5, KMO>0.5,
Bartlett p<0.05, Explained Variance>60% were observed (Hair et al., 2019). Thus, the selected



sample of 39 references was reduced to 21 due to adjustments during the factor analysis
procedure using these adjustments. To define the titles of the factors, the readings of the primary
studies (articles) were made, observing the similarities between them.

Table 1 presents the results of the factorial analysis of co-citation, with the four most
important factors, the titles assigned to each of them and the articles that comprise them. Each
set of articles composes a factor, where the articles have a similarity relationship, and each
article belongs to a certain factor with a factor loading (Nerur, Rasheed & Platts, 2008).

Tabela 1. Factor analysis of co-citation

Factor 1- making sense | Factor 2 - performance in Factor 3 - Ecosystem Factor 4 - green space and
of smart cities smart cities services in urban areas infrastructure
Factor Factor Factor Factor
Authors Load Authors L oad Authors L oad Authors L oad
Kitchin R (2015) | 0.833 | Hollands Robert G | 0.791 | Haase D (2014) | 0.882 | Fletcher T (2015)| 0.856
(2008)
Lee J (2014) 0.818 Ahvenniemi H 0.731 | Bolund P (1999) | 0.864 | Wolch J(2014) | 0.835
(2017)
Kitchin R (2014) | 0.792 | Bakici T (2013) | 0.729 | Costanza (1997) | 0.658 | Lovell S (2013) | 0.805
Hollands R 0.753 | Chourabi H (2012) | 0.726 Gomez- 0.573
(2015) Baggethun(2013)
Vanolo A (2014) | 0.744 | Giffinger R (2007) | 0.700
Angelidou M 0.718 Soderstrom O 0.671
(2015) (2014)
Caragliu A 0.676 | AlbinoV (2015) | 0.670
(2011)

Source: Prepared by the authors

Factor 1 is related to the concept of smart cities. The concept of Smart Cities is not yet
consolidated, as different authors propose different concepts and perspectives for this theory.
The concept of smart cities started in the 1980s with the discussions that took place about easy-
to-manage cities. These cities would then be focused on the speed and flexibility of adapting to
global markets, which would make them efficient and competitive (Sokolov, et al, 2019).

Subsequently, this concept was used again in the late 1990s by the Intelligent Growth
movement, thus promoting a new urban growth policy. In the 2000s, this term began to be used
by high-tech companies to describe complex information systems for the integration of
municipal infrastructure. Since then, the term smart city has been used for technological
innovations related to urban planning, development, and operations (Sokolov, et al, 2019).

Factor 2 refers to performance in smart cities. City-focused systems approaches date
back to the 1960s (Rotmans, Asselt & Vellinga, 2000). With the implementation of Agenda 21,
the use of more comprehensive indicators has been promoted. Thus, the number of indicators
has grown, to the point of covering almost all aspects of a city (Rosales, 2011). The management
and performance models of actions aimed at the sustainability of cities can become appropriate
strategies for planners and policymakers who aim at the transition of cities, aiming at
sustainability. Because they can provide qualitative and quantitative information to follow the
evolution, identify problems and prepare strategies (Dong et al., 2016).

The use of indicators, composite indices and ranking has been used to inform city policy
(Laslett & Urmee, 2020). The indicators are divided into economic, social, and environmental,
each with a series of sub-indicators (Rotmans, Asselt & Vellinga, 2000). A model tested in
Mexico presents indicators for water, energy, and materials, aiming to quantify urban
sustainability (Rosales, 2011). Bao and Toivonen (2014) proposed dimensions of the eco-city
concept, with the following indicators: Urban expansion; Local self-sufficiency; rebuilding
biodiversity; Renewable energy; Better water supply; Treatment of sewage and garbage;
Sustainable food production; Green buildings; Public transportation; and social harmony.



According to Pereira Ribeiro, et al. (2021) the water, energy and food nexus are crucial for the
future of cities. Factor 3 refers to ecosystem services in urban areas, where, according to Haase
(2014), urban landscape is the built environment. The city environment involves several sectors
in the city. Themes related to this factor are energy efficient technologies, clean transport, air
pollution (including noise) (Anand, et al, 2017), afforestation area, wastewater capacity, use of
solid waste (Jing & Wang, 2020), green spaces (Rotmans, Asselt & Vellinga, 2000; Sokolov,
et al, 2019; Meerow, 2020; Jing & Wang, 2020; Lowe et al., 2020). In short, the entire
ecosystem of urban areas. Factor 4 refers to green spaces and infrastructure. A sustainable city
must invest in green spaces (Kourtit, Nijkamp & Soushi Suzuki, 2020; Jing & Wang, 2020),
because they contribute in several aspects related to the city, such as economic growth
(attractiveness of foreign capital) (Su et al., 2019) and reduction of greenhouse gases (Subadyo,
Tutuko & Jato, 2019). Furthermore, the green spaces are home to different species of animals
that live in the city (Meerow, 2020). This theme has also been related to the mental health of
the city's inhabitants (Meerow, 2020).

The pairing network presented was elaborated with the aid of the Ucinet 6 software. In
the drawings of the pairing networks, it is possible to perceive the existence of some lines with
different contours. In this case, this means that the greater the thickness of this contour, the
greater the relationship between the researchers, and the smaller the thickness, the smaller this
relationship. The nodes demonstrate the authors, and it is through them that the relationships
happen, as shown in Figure 1.

Figure 1. Pairing network
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Factor 1 was named “making sense of smart cities”. Together, these articles seek to
present a framework for building smart cities (Kitchin, 2015, Lee et al., 2014, Angelidou, 2015,
Vanolo, 2014, Soderstrom, 2014), examples of smart cities (Lee et al., 2014, Caragliu et al.,
2011), critical interventions in smart cities (Hollands, 2015, Kitchin, 2014). Also, factor 2 was
named “performance in smart cities”. This set of articles presents a basis for discussing the
characteristics and evolution of smart cities (Hollands, 2008, Bakici et al., 2013, Chourabi et
al., 2012, Soderstrom et al., 2014) highlighting the differences between smart and sustainable
cities (Ahvenniemi et al., 2017), smart cities ranking (Giffinger, 2007) and performance
indicators for smart cities (Albino et al., 2015).

When analysing the articles in factor 3, the factor was named “ecosystem services in
urban areas”. The articles that make up this factor discuss practical applications (Bolund &
Hunhammar, 1999, Haase et al., 2014) and implications for governance (Haase et al., 2014),
the relationship between ecosystem services and natural capital (Constanza et al., 2014). al.,
1997) and classifying and evaluating ecosystem services (Gomez-Baggethun & Barton, 2013).
Factor 4, when analyzing the articles, named the factor as “green space and infrastructure”. The
articles discuss the application and evolution of green spaces (Fletcher et al., 2014), how green
spaces, public health and environmental justice make cities fairer (Wolch et al., 2014) and the
discussion of infrastructure green in the United States (Lovell & Taylor, 2013).

4.2 Bibliographic pairing
Pairing analysis is based on the frequency with which two articles in the sample share
at least one common reference. The greater the number of shared references, the greater the

similarity between them.

Table 2. Factorial analysis of bibliographic pairing
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Authors Load Authors Load Authors Load Authors Load Authors Load Authors Load
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Source: Prepared by the authors

Factor 1 refers to several articles that aim to survey the evolution of the history of
sustainable and smart cities, from their first definitions to current studies. Still, there are
materials referring to how sustainable and smart cities are and how they will be in the future,
aiming that they usually follow technological development.

Factor 2 refers to smart growth, as a sustainable and smart city aims for smart growth,
promoting the development of cities and countries efficiently. Smart growth includes
population density and growth indicators and appropriate public policies.



Regarding Factor 3, access to parks is one of the main characteristics of a sustainable
and smart city, as it influences indicators aimed at the health of the population. The parks
provide space for the practice and promotion of sports, providing the population with benefits
related to mental and physical health.

Regarding Factor 4, smart cities have a series of initiatives to promote cities in a
sustainable way, aiming at the efficiency of processes with the use of artificial intelligence and
other technologies.

In Factor 5, forests that are close to cities are included as urban forests, several cities
have environmental reserves within cities. But also, the term can be used to define the
afforestation of a city, which can be both on the streets and in green spaces. Community gardens
and urban agriculture are also considered.

Regarding Factor 6, the evaluation of green space is carried out with the help of
environmental performance assessment systems, where green spaces become an indicator and
consists of several sub-indicators. The following sub-indicators can be found in this indicator
of green spaces: Access to green spaces, Urban agriculture, Public green area per capita, Fitness
Park and Square.

Figura 2. Pairing network
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Factor 1 was named “Smart Cities: past, present and future”. Articles on this factor
discuss current developments (Dwyer et al., 2019; Pevcin, 2019; Viktéria & lldikd, 2019),
trends (Dwyer et al., 2019; Pevcin, 2019) and future directions (Dwyer et al., 2019; Pevcin,



2019), technology adoption (Araral, 2020), smart cities pilot projects (Vanwiden & den Buuse,
2017).

Also, factor 2 was named as “Smart growth”. Articles on this factor discuss the
implementation of growth management (Hamin & Steere, 2006), investment in water and
sewage (Howland & Sohn, 2007), public funding for the growth of cities (Carruthers &
Ulfarsson, 2008) and the future of housing (Danielsen et al., 1999). Factor 3 was named “Park
access”. Articles on this factor discuss access to parks and public funding for these spaces (Tu
et al., 2018, Oliphant et al., 2019, Rigolon, 2019). And factor 4 was named as “Smart Cities
initiatives”. The articles on this factor discuss mobile policy (Wathne & Haarstad, 2020), a
comparative study between cities (Hu & Zheng, 2020) and scientometrics of literature (Moradi,
2020).

When analysing the articles, factor 5 was named “Urban forests”. The articles discuss
local government and governance of urban forests (van der Jagt & Lawrence, 2018), ecosystem
assessment and urban green space appreciation (Raum et al., 2019) and business attitudes
(Davies et al., 2108) . Also, factor 6 was named “Evaluation of green spaces”. The articles
promoted a multi-criteria evaluation (Baycan-Levent et al., 2009), development patters (Li et
al., 2005), influence factors (Li et al., 2005), research prospects and the relationship between
urban public green spaces and property value (Xiao et al., 2016).

5 DISCUSSION OF THE RESULTS

This research sought to analyse the theme “funding sustainable cities”, through a
bibliometric study, using citation, co-citation, pairing and factor analysis in 565 primary
studies. With the analysis of citations, the evolution of the theme over the years and its
importance to society and organizations was verified, from the implementation of strategies,
policies, projects, among other initiatives.
The studies of factors generated in co-citations (based on references from 565 primary studies)
and pairing (based on 565 primary studies) generated a research framework that shows the
evolution of research on funding for healthy and smart cities.

Figure 3 — Funding framework for healthy and smart cities

Smart Cities: past, | | i Evaluation of
present and future | | | green spaces
; : Factor 6

Factor 1

Smart C:)ities

Factor 3

making sense performance | | ecosystem services || green space and
of smart cities i in smart cities i |inurbanareas i | infrastructure
Factor 1 i Factor 2 i Factor 3 | Factor 4

Source: Prepared by the authors

The results of co-citation and bibliographic coupling need to be reconciled, considering
the structural relationships between the two approaches. In this way, it became possible to
identify the evolution of research in the area. To investigate the influence of the literature
structure on the works in progress, an analysis was carried out between the results of co-citation
and pairing. To achieve this objective, a co-occurrence matrix was created for the references
that constitute the co-citation factors and for the articles in the pairing analysis. In this matrix,
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the co-citation references were the lines, and the matching articles were the columns, both
grouped in the factors previously obtained. The cross between rows and columns was binarized,
and we filled it with “1” if such a reference was used in any of the articles and “0” if not. This
matrix made it possible to assess the influences of intellectual roots (co-citation) on current
research (pairing).

The articles of co-citation factor 1 were in the references of the articles that make up the
pairing factors 1 “smart cities: past, present and future” and 4 “smart cities initiatives”. The
articles that make up factor 4 also had references to factor 2 of the “performance in smart cities”
co-citation. Thus, it is understood that the research of these two initial factors identified in the
co-citation migrated to factors 1 and 4 of the pairing, evidencing the evolution of research in
the area. The “making sense of smart cities” factor shifted from the discussion of what smart
cities were to “smart cities: past, present and future”, that is, how cities should be in the future.
Another discussion that emerged from the “making sense of smart cities” factor was “smart
cities initiatives”, that is, what are the initiatives that cities should adopt in their practice so that
they can be considered smart cities.

The “performance in smart cities” factor began to discuss, in addition to issues related
to the performance of cities, what they need to do to be smart cities. The articles that make up
factor 3 “ecosystem services in urban areas” were present in the references of articles from two
other matching factors, factor 5 “urban forests” and factor 6 “evaluation of green spaces”. The
articles that make up factor 4 “green spaces and infrastructure” were present in factor 3 “park
access”. This demonstrates the evolution of research in these areas of study. Bibliographic
matching factor 2 “smart growth” did not have any reference identified in the co-citation
factors. Thus, it is understood that this is an emerging theme that arises from new demands from
the field of study and not from previous studies like the other 5 factors.

6 CONCLUSIONS

The purpose of this work was to investigate the theoretical approaches that supported
the studies on the topic of funding sustainable cities, which shows an evolution in the last three
decades, through bibliometric research. The present research proved to be comprehensive and
relevant, as an extensive search was carried out in the Web of Science database, in a more recent
period, from 1997 to 2020, presenting a more current perspective of the field studied here.

In the present research, it was possible to contextualize the theme of funding sustainable
cities, analysing its theoretical foundations. In the citation analysis, it was possible to identify:
i) evolution of publications according to the years researched; ii) sorting of works according to
the number of citations in the Web of Science; iii) frequency of citations according to citations
by other articles in the sample; iv) identification of the frequency of the most used keywords,
according to the theme addressed.

For co-citation analysis, the Exploratory Factor Analysis approach was used to identify
the factors indicated in the research. 39 works were selected from the initial list of 565
publications, divided into 4 factors: Factor 1- making sense of smart cities; Factor 2 -
performance in smart cities; Factor 3 - Ecosystem services in urban areas; Factor 4 - green space
and infrastructure.

In the pairing analysis, the Exploratory Factor Analysis approach was used to identify
the factors indicated in the research. The articles were grouped into six factors: Factor 1- Smart
Cities: past, present, and future; Factor 2 - Smart growth; Factor 3- Park access; Factor 4 —
Smart Cities initiatives; Factor 5 - Urban forests; Factor 6 - Evaluation of green spaces. In the
pairing network, the relationships between the authors were found, who, in this case, cited one
or more references, because the greater the number of cited documents, the greater the bond
established between their studies. Also with this analysis, it was possible to identify the research
fronts, which allowed us to understand the current discussions on funding cities.
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This research has limitations that are typical of bibliometric research. One of them refers
to the use of certain keywords to search for articles. Although the choice was made with care,
without using categorizations and having used the asterisk (*) at the end of each keyword to
capture all possible variations, this is still a limitation. However, choosing a broader
combination of keywords reduced this limitation when compared to other literature reviews.
Other limitations are related to citation, co-citation, and pairing analyses, since the decision to
analyse the most cited studies, even if they are more expressive, excludes other works and
ignores what is happening in the entire scientific field linked to the topic. As for co-citation,
which shows the similarity between two articles, as they are cited together, the limitation
concerns the lack of analysis of how and under what circumstances the articles were cited.

However, these findings may lead to proposals for future research. A possibility for
future research would be the use of other content analysis methods to assess how and in what
context the citations occurred, enabling a better understanding of the connection between the
studies. Another research possibility would be to consider the evolution of studies over time
and carry out analyses in separate periods. Finally, the research can also be extended to works
that are not among the most cited, enabling an even more comprehensive study of the theoretical
field.
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