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Abstract: Sustainability has become a global concern in the 21st century.
However, sustainability is an ambivalent concept that can be interpreted in
many ways. In the beginning, it was environmentally-related. Later, however, it
was linked to social or economic sustainability, which was known as the ‘triple
bottom-line” or the ‘three-pillar model’ (social/economic and environmental
sustainability). Later, additional dimensions were incorporated, such as
institutional, cultural, or even spatial. As a result of the growth and importance
of sustainability, this study provides a comprehensive overview of the core of
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sustainability. With that aim in mind, we will analyse the following aspects of
scientific production: volume of scientific output, primary agents involved
(countries, institutions), web of science (WoS) categories, collaborations,
acknowledgement patterns, and thematic analysis. The findings in this paper
suggest an increasing growth in scientific output in all areas of sustainability,
albeit with different patterns (e.g., collaboration, specialisation) among the
three pillars.

Keywords: environmental sustainability; social sustainability; economic
sustainability; sustainability core; bibliometric indicators; sustainability
research; research for sustainable development; scientometrics.
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This paper is a revised and expanded version of a paper entitled ‘Analysis of
social, environmental and economic sustainability core: a bibliometric
overview’ presented at VI International Conference on Economic
Development and Social Sustainability (Edass 2018), Autonomous University
of Madrid (UAM), Madrid, Spain, 17-20 October, 2018.

1 Introduction

Humanity has experienced the impact of an unsustainable economic model in all spheres.
This global concern and debate started in the 1970s, and the United Nations Conference
on the Human Environment (1972) in Stockholm, which was the first conference related
to sustainability, has been recognised as the starting point for bringing political attention
to environmental problems (Nilsson, 2004). At this inaugural event, the production model
was questioned, and 26 principles related to environment and development, as well as an
Action Plan, were stated. These recommendations were further elaborated in the World
Conservation Strategy (1980) of the International Union for the Conservation of Nature,
which advanced sustainable development (SD) by identifying and prioritising
conservation and proposing policies (Amador and Oliveira, 2013). In 1983, due to the
interest generated by this topic, a World Commission on Environment and Development
(WCED) was created, which prepared the document ‘Our Common Future’ (also known
as the Brundtland Report). In this document, SD was defined as a sort of development
that meets the needs of the present without compromising the ability of future generations
to meet their own needs (Brundtland, 1987). However, some studies have determined that
this concept was defined previously by Carls von Carlowitz in a book on sustainable
forestry; by Malthus in his book on limits to population growth (Malthus, 1798); in the
publication ‘Limits to Growth’, by the Club of Rome in 1972 (Disterheft et al., 2013); or
by the Sustainable Society in 1974 (Lozano, 2008). This term is now globally accepted.
However, it has received many critiques for being highly anthropocentric (Waas et al.,
2010) and compartmentalised, lacking conceptual coherence, or interconnectedness
among all the aspects involved (Lozano, 2008).

This definition of SD from the Brundtland report is also seen as very broad and could
have multiple interpretations (Robinson, 2004). Furthermore, it is used as a synonym for
sustainability and is commonly interchanged with it (Lozano, 2008). Defining
sustainability is also complicated due to the ambivalence of the term (Mitcham, 1995;
Holland, 2000). However, there are differences: SD is related more to economic growth
as a development strategy that aims to achieve a ‘better’ type of growth, whereas
sustainability is environmentally-related and its main objective is related to humankind,
the ability to live within the environmental limits of the planet (Disterheft et al., 2013).
Other studies have stated that the main difference lies in the fact that SD is a journey or a
path to achieving sustainability (Lozano-Ros, 2003). According to Lozano-Ros (2003),
both concepts are a ‘change process in which the societies improve their quality of life,
reaching dynamic equilibrium between the economic and social aspects, while protecting,
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caring for and improving the natural environment’. The SD change process must have
sustainability as its dynamic goal. Originally, sustainability was more environmentally-
related (Leal Filho, 2000; Sibbel, 2009). Nevertheless, the social and economic
dimensions were incorporated as main pillars and are usually incorporated in a triangular
concept. The combination of these three pillars was defined as the ‘triple bottom line’
(TBL) (Elkington, 1998), ‘three-pillar model’ (Kastenhofer and Rammel, 2005) or the
three ‘Ps: people, planet, and profits’ (Zimmerman, 2005; Sosik, 2011; Sosik and Jung,
2018). Sustainability lies at the intersection between these three pillars. According to this
core model (TBL), decision-makers seek strategies to optimise not only environmental,
but also social and economic conditions (Wright, 2002). Other studies add other
dimensions to the model, such as institutional (Leal Filho et al., 2015), cultural (Axelsson
et al., 2013; Leal Filho et al., 2015), spatial (Alshuwaikhat and Abubakar, 2008), or
temporal (Zimmerman, 2005; Martens, 2006).

Sustainability and SD have been the core discussion at different summits and
conferences. That fact can be interpreted as a growing commitment by countries to work
together on the issue. After the Brundtland Report, in 1992, the United Nations
Conference on Environment and Development (UNCED), known as the Earth Summit,
was held in Rio de Janeiro, Brazil. At this conference, world leaders agreed to 27
principles on environment and development, and an action plan on SD. In 2002, the
World Summit on Sustainable Development (WSSD), a 10-year review after Rio,
established the Johannesburg Declaration on SD. Although Rio was mostly
environmentally-oriented, WSSD incorporated a social and economic aspect (Edwards,
2005), which illustrates the growing interest by the governments of different countries in
sustainability. In 2000, the Millennium Summit led to the Millennium Declaration and
the creation of the 8 Millennium Development Goals (MDG). These goals were criticised
for being inadequately aligned with human rights standards and principles (OHCHR,
2008), and for being relevant only to developing countries (Fukuda-Parr, 2016). Later, in
2012, the Rio + 20 Conference adopted a fifteen-year plan called Agenda 2030
(2015-2030), designed to achieve sustained economic growth, social development, and
environmental protection (United Nations, 2016). As a result, it established 17
Sustainable Development Goals (SDGs) indicators in the development agenda on the
path to sustainability. These indicators measure the level of achievement in each country,
and the High-level Political Forum on Sustainable Development monitors their progress.
MDGs and SDGs appeared as a result of the interest and commitment of different
countries to sustainable growth.

Sustainability has become a revolutionary movement, to the point of being labelled in
some studies as a ‘sustainability revolution’, and it is happening at different levels
(Burns, 2012). Many governments and conferences have highlighted the need to adopt
SD principles and to educate people in the direction of a sustainable future. Countries that
want to achieve SD must undertake transformations at different levels: education, health,
energy systems, land-use, urban development, and many other dimensions. These
transformations require long-term changes involving a large number of stakeholders
(government, Higher Education Institutions, businesses, civil society) (Bertelsmann
Stiftung and SDSN, 2018). All these societal stakeholders are facing this challenge and
need to be involved (Brown, 2006).

Higher Education Institutions (HEIs) play a fundamental role, and they should contact
agents of change (Hesselbarth and Schaltegger, 2014) in search of solutions. The
importance and growing interest in this concept can also be seen in the field of science;
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one of the primary missions of these institutions. The emergence of a new scientific field
in the 21st century called ‘sustainability science’ (Kates et al., 2001; Kajikawa, 2008) is
proof of this interest. Although there is no consensus on its definition, many topics
(renewable energy sources, sustainability, etc.) have been analysed from this perspective,
and its characteristics have been widely described in literature. Concepts such as
transdisciplinarity or being action-oriented are some of them (Kates et al., 2001;
Disterheft et al,, 2013). Sustainability science researches complex and dynamic
interactions between natural and human systems: it aims to bridge the gap between
science and society and to limit its knowledge to actions for sustainability (Wiek et al.,
2012; Disterheft et al., 2013). On the other hand, scientific databases such as Web of
Science (WoS) created a new category in 2016 called ‘Green & Sustainable Science &
Technology’, denoting the interest and emergence of a new discipline.

Several studies have analysed sustainability in a scientific field. Bibliometrics, which
studies academic publications, has developed tools for examining scientific activity in a
given subject area, institution, or country. It can assess the impact and its visibility at
different levels (scientific field, journal, or researchers), and it is a powerful way of
forming a global picture of research in a particular area. Some scientometric studies
have been conducted to analyse scientific production using bibliometric techniques.
Pulgarin et al. (2005) analyses sustainable development (SD) research output with 13,093
documents from different countries (Brazil, Spain, and Sweden), while Ramirez et al.
(2016) analyses sustainability discourse in the Scopus database. More recent studies
analyses sustainability science as a new scientific field (Kajikawa et al., 2014; Nucic,
2012), along with its dynamics, such as patterns of collaboration (Yarime et al., 2010)
Some studies focused more on the analysis of scientific production in the area renewable
energy sources (Dong et al., 2012; Romo-Fernandez et al., 2012; Sanz-Casado et al.,
2014), while others focused on sustainability journals (Tang et al., 2018). With regard to
the three pillars of sustainability, Fu and Zhang (2017) analyse the trajectory of urban
sustainability concepts, Feng et al. (2017) corporate social responsibility, and Ruhanen et
al. (2015) sustainable tourism research. As a result, we find that there is very little
analysis of the three pillars of sustainability from a bibliometric perspective. Further, in
the great majority of these studies, research output and its dynamics (patterns of
collaboration, visibility, impact) are analysed. However, acknowledgement patterns as a
third edge of the reward triangle (Costas and van Leeuwen, 2012) have been analysed in
some fields such as nanotechnology (Wang and Shapira, 2015) or in biomedical
disciplines (Alvarez-Bornstein et al., 2019), but not in sustainability research, which
constitutes another area of appeal of this paper.

1.1 Objectives

Bearing in mind the importance of sustainability, the main objective of this paper is to
analyse the trends in sustainability in scientific research; more precisely, the trends
related to the core of sustainable development (social, economic, and environmental).
The specific objectives are the following:

e to identify the dynamics and agents in this field over time
e to identify the topics of interest

e to analyse any acknowledgement patterns.
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The following research questions are intended to determine the patterns of sustainability
in the three areas:

e RQI. How is core-related sustainability research developed?
e RQ2. What are the main thematic specialisations in these fields?
e  RQO3. What are the characteristics of the acknowledgements?

This article is structured as follows: after the Introduction, the Sources and the
Methodology are described, followed by the Results and Discussion sections, where the
responses to the research questions and the most prominent findings are discussed.
Finally, the article ends with the Conclusions.

2 Sources and methodology

Within the aforementioned framework, this study provides a comprehensive overview of
the core of sustainability. Research was based on publications collected from the WoS
database from 1993 to 2017. This international, multi-disciplinary database indexes
mainstream scientific publications, providing information used to determine the papers of
highest academic prestige in each field. Despite the bias and limitations of this source
(Gomez-Caridad and Bordons, 1996), it was chosen because of the high quality of its
papers. The publications were retrieved from the Core Collection: science citation index
(SCI), Social Sciences Citation Index (SSCI), and Arts and Humanities Citation Index
(A&HCI). Regarding the information on acknowledgements, since August 2008, WoS
includes the acknowledgement texts from publications when they mention any funding
information.
The procedure was the following:

Formulation of a search strategy. We designed a retrieval search strategy for social,
environmental and economic sustainability comprised of the following concepts in title,
abstract and keywords (TS field) for the this study applied to the WoS databases Social
Sciences Citation Index (SSCI, SSCI-Expanded), Arts & Humanities Citation Index
(A&HCI) and Proceedings (CPCI-S, CPCI-SSH).

e  ‘“‘economic sustainab*”
e  “social sustainab*”
e  ‘“environmental sustainab*”’.

The period of study is limited to the 1993-2017 timeframe. The primary reason for
selecting 1993 as a starting point is the fact that there are at least three documents on each
one of the pillars. This search strategy retrieved 1683 documents on economic
sustainability, 1302 documents on social sustainability and 6107 on environmental
sustainability.

Publications were retrieved without regard to the document type and date, and all
countries were considered.

e Scientific output retrieval and information processing: the information was retrieved
and exported into a relational database created with MySQL.
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e  Establishment of bibliometric indicators. The following indicators were analysed:
a  Research patterns:
e  Yearly variation in scientific output.
e Cumulative average growth rate (CAGR).

e  QOutput by country and institution (absolute values and specialisation index
by f-measure (Rousseau, 2018). This specialisation indicator is defined as
follows:

7 _ 2X0y
measure OD +0C

where Oc¢p is the number of publications in a domain (in this case, in the
WoS category) in a country in a specific publication window; Op is the
number of publications in the world in the domain in the same period, and
Oc is the number of publications in all domains in the country.

e Collaboration patterns: type (national/international/without collaboration).
National collaboration occurs when at least two institutions from the same
country collaborate, international collaboration when there are institutions
from more than one country, and without collaboration means that there is
only one institution.

b  Topic specialisation:
e Distribution of output by WoS categories.

e Identification of clusters based on co-occurrence map by keywords (Author
Keywords and Plus Keywords), using VOSviewer tool (van Eck and
Waltman, 2010).

¢ Acknowledgement patterns:

e  Comparison of output, visibility, and impact of documents with and without
acknowledgements.

e Analysis of similarity of the field acknowledgements with IRaMuTeQ
software (Camargo and Justo, 2013).

3 Results

3.1 Research patterns

Concerning research activity patterns, 8765 unique documents on the three pillars of SD
were collected during the period (1993-2017). Environmental sustainability has the
highest concentration of papers (6107 documents, 69.67%), followed by economic (1683
documents, 19.20%) and social sustainability (1302 documents, 14.85%). Regarding
evolution, the number of documents in each of them shows the growing interest in these
issues, with a cumulative average growth rate (CAGR) of 20.48% in the scientific
community, with particular emphasis on environmental research (21.15%). During the
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period, research in social and economic aspects has grown by 20.01% and 19.57%,
respectively. Production on this subject is very recent: in the three subfields, more than
54% is concentrated in the last five years of the study. There were 107 documents on
urban sustainability detected since 1996, 62% of them published in the previous five
years (Figure 1).

Figure 1 Distribution of publications (1993-2017) on the core of sustainability: economic,
environmental, and social (see online version for colours)
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The number of countries involved in scientific research varies by area: 155 countries
participated in environmental documents, 107 countries in economic documents, and 83
countries in social documents. As shown in Figure 2, the USA has the highest production
in economic sustainability, with 307 documents (18.24% of the total). However, China,
with 263 documents (15.63%), and Italy, with 207 documents (12.3%), have grown
significantly over the period analysed. Regarding social sustainability, China, with 203
documents (16%), leads the scientific production on this topic, switching the top position
with the USA (193 documents, 14.82%) in the last eight years. The USA, with 1373
documents (22.5%), leads the production in environmental sustainability, followed by
Italy, with 702 documents (11.49%), and the UK, with 673 documents (11.02%).

However, considering the f-measure (Figure 3), which shows specialisation in a
specific field, the country distribution offers a different view. Using the f-measure,
countries such as Kenya, Indonesia, Romania, or Portugal are the most specialised in
economics. In social sustainability, production is specialised most in countries such as
Indonesia, Malaysia, Botswana, Kenya, or the Philippines. Finally, regarding
environmental sustainability, according to this measure, countries such as Indonesia,
Finland, Malaysia, Sweden, Chile, Portugal, Romania, or the Netherlands are the most
specialised.
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Figure 2 Publications on sustainability: output by country (1993-2017) (see online version
for colours)
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Figure 2 Publications on sustainability: output by country (1993-2017) (see online version
for colours) (continued)
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Figure 3 F-measure index by countries (with at least 10 publications) from 1993 to 2017
(see online version for colours)
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Figure 3 F-measure index by countries (with at least 10 publications) from 1993 to 2017
(see online version for colours) (continued)
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The main agents involved in research are universities, government departments (e.g.,
United States Department of Agriculture), and research councils (e.g., Chinese Academy
of Sciences or Consiglio Nazionale delle Ricerche, CNR). When considering production
by pillars of sustainability, it differs: The University of California System is the leading
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producer for environmental sustainability, with 102 documents (2%); the Wageningen
University Research in the Netherlands, with 25 documents (2%), has the highest number
of publications in social sustainability; and the Chinese Academy of Sciences, with 33
documents, is the top publisher in the economic field (Table 1). From the results, it is
possible to infer that there is no participation by other sectors, such as hospitals or private
companies, which would be a very valuable interaction between the public and the
private sectors.

Table 1 Top-10 institutions by pillar of sustainability

Economic Social Environmental
No No. No
Institution docs Institution docs Institution docs
Chinese Academy of 33 Wageningen University 25  University of California 102
Sciences (China) Research (Netherlands) System (USA)
Wageningen University 32 Aalto University 18 Wageningen University 89
Research (Netherlands) (Finland) Research (Netherlands)
Consiglio Nazionale delle 24  Polytechnic University 18 Chinese Academy of 79
Ricerche, CNR (Italy) of Milan (Italy) Sciences (China)
University of California 24 Chinese Academy of 16  State University System 54
System (USA) Sciences (China) of Florida (USA)
United States Department 20  Chalmers University of 15 United States 51
of Agriculture (USA) Technology (Sweden) Department of
Agriculture (USA)

State University System 17 University of California 15  University of London 51
of Florida (USA) System (USA) (UK)
University of Milan 16  Aristotle University of 12 Polytechnic University 51
(Italy) Thessaloniki (Greece) of Milan (Italy)
Institut National de la 15 Delft University of 12 Universidade De Sao 49
Recherche Agronomique, Technology Paulo (Brazil)
INRA (France) (Netherlands)
Polytechnic University of 15  University of Helsinki 12 University of 45
Milan (Italy) (Finland) Melbourne (Australia)
Pennsylvania 14 University of London 12 University System of 45
Commonwealth System (UK) Georgia (USA)
of Higher Education
PCSHE (USA)

The three types of sustainability show a different profile of citation per document,
depending on their area. For that reason, social sustainability documents have the lowest
rate of citations (0.8 citations/paper). Economic sustainability is the field with the greatest
impact (15.35 citations per paper), followed by environmental sustainability (14.81
citations/paper). By using an 8-year period citation window, economic sustainability is
the area with the highest citation/paper rate in the 1993-2000 and 2001-2008 periods
(33.13 and 42.60 citations/paper, respectively), despite the figures in the environmental
area, which is higher than economic sustainability in the latter period (11.91 vs 8.39
citation/paper).
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Patterns of collaboration are different. However, international collaboration has
increased in all fields. Environmental sustainability has the highest number of documents
with international collaboration (23.62%), followed by social sustainability (20.43%) and
economic (18.36%). If we check the evolution using the cumulative average growth rate
(CAGR), environmental sustainability is the area with the highest growth during the
period (28.4%), followed by social (CAGR of 18.68%) and economic (CAGR of
18.35%). However, regarding national collaboration, economic has the highest value
(26%), followed by environmental sustainability, with 24.05%, and social sustainability,
with 19.20%. Social is the area in which this collaboration has grown the most during the
period (27.5% CAGR), followed by environmental (20.31%), and economic (17.76%)
(Table 2 and Figure 4).

3.2 Topic specialisation

The three areas focused their production on the WoS category ‘Environmental Sciences’:
24.46% in the environmental area, 16.59% in the social area, and 14.02% in the
economic area. The next two categories are: ‘Environmental Studies’ (15.31% social,
12.41% environmental, 7.55% economic) and ‘Green & Sustainable Science &
Technology’ (13.66% environmental, 11.83% social, and 6.89% economic). Other
categories involved in economic sustainability are: ‘Energy and Fuels’ (6.60%),
‘Economics’ (5.17%), ‘Ecology’ (4.22%), or ‘Engineering, Environmental’ (3.86%).
Regarding social sustainability, some of the WoS categories are: ‘Planning and
Development’ (5.07%), ‘Geography’ (4.38%), or ‘Urban Studies’ (3.61%). In last place,
environmental sustainability is included in WoS categories such as ‘Engineering,
environmental” (9.9%), ‘Management’ (5.85%), ‘Water resources’ (3.96%), or
‘Engineering, civil’ (3.83%) (Figure 5).

Figure 4 Evolution of national collaboration, international collaboration and without
collaboration in the three pillars (see online version for colours)
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Figure 4 Evolution of national collaboration, international collaboration and without
collaboration in the three pillars (see online version for colours) (continued)
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A co-occurrence map based on keywords was drawn to determine the state of research:
node size is indicative of the number of documents, whilst the thickness of the lines
identifies inter-document relationships and their intensity. In the period analysed
(1993-2017), the economic sustainability network identified four clusters. Based on the
terms used, Cluster 1 is related to research that seeks to examine the different potential
environmental impacts associated with each stage of a product’s life cycle and includes
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terms such as ‘life-cycle assessment’, ‘energy’, ‘impact’, or ‘biomass’, among others.
The second cluster is related more to SD and is linked to the other pillars (environmental
and social). It includes terms such as ‘agriculture’, ‘policy’, and ‘innovation’, which
indicates that economic research of SD is linked to policies on these matters, especially
on agriculture. The third cluster deals with management and performance to achieve a
more sustainable future. Research in this cluster includes terms such as ‘indicators’,
‘systems’, ‘performance’, or ‘impact’, and may be related to the evaluation of
sustainability with regard to the economy. It also includes terms such as ‘China’ or
‘growth’, which denotes that, in economic sustainability, there is a concern over China’s
growth. A fourth cluster is related to ‘conservation’, ‘biodiversity’, ‘climate change’,
and ‘governance’, and may be associated with the economic view of sustainability.
(Figure 6).

Four clusters were detected in the social sustainability network. One of them deals
with sustainable development, and its terms seem to be linked to evaluation or impact
assessments in this area and how they affect decision-making. It is also connected to
environmental aspects (biodiversity, conservation, energy, and water). The second cluster
is related to management, and performance and industry appear as a node, indicating the
importance of the relationship between industry and sustainability. From a social
perspective, there are certain terms, such as ‘corporate social responsibility’ that indicate
a business approach that goes in line with SD by delivering economic, social, and
environmental benefits to all stakeholders. The third is related to policy, consumption,
environment, and communities. The ‘cities’ node indicates interest in urban studies. This
term is also linked to concepts such as ‘density’, ‘health’, or ‘governance’, which shows
concern over the way cities are managed. Finally, the last and smallest cluster is related
to ‘certification’ and, especially, ‘construction’. It is also linked to terms such as ‘quality’
or ‘integration’ (Figure 7).

There are three main clusters in the environmental sustainability network (Figure 8).
The first is related primarily to life-cycle assessment and energy, covering research that
seeks to quantify and characterise the different potential environmental impacts. Terms
such as ‘greenhouse emissions’, ‘carbon’, ‘impact’, ‘efficiency’, or ‘energy consumption’
are examples of this concern. The second cluster deals with performance and
management. From an environmental perspective, it includes terms such as ‘innovation’,
‘barriers’, or terms that are firm-related (‘firm performance’, ‘competitive advantage’,
‘operations management’, or ‘logistics’). This cluster, which is common to all the three
pillars, indicates that there is research on how to evaluate the different measures to
achieve a sustainable future. The third cluster in the network is related to sustainable
development, environment, and climate change. It includes terms such as ‘China’,
‘growth’, ‘policy’, ‘education’, or ‘health’ and covers the different topics of sustainable
development. This specific cluster is also common to the third pillar, which shows the
interest of scientific literature in SD.

Table 2 Number of documents with national collaboration, international collaboration, and
without collaboration in the three pillars

Economic  No. docs % Social ~ No. docs % Environmental No. docs %
Int. col. 309 18.36 Int. col. 266 20.43 Int. col. 1443  23.63
Nat. col. 437 25.97 Nat. col. 250 19.20 Nat. col. 1469  24.05

With col. 903  53.65 With col. 767 58.91 With col. 3092 50.63
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Figure 5 Distribution by WoS categories by economic sustainability (a), social sustainability (b),
and environmental sustainability (c) (see online version for colours)
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Figure 6 Analysis of topics (cooccurrence map by keywords) in economic sustainability
(<20 keywords) (see online version for colours)
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Figure 7 Analysis of topics (cooccurrence map by keywords) in social sustainability
(<15 terms) (see online version for colours)
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3.3 Acknowledgement analysis

Analysing information on acknowledgements in WoS enables us to explore the
relationship between funding and research output. Table 3 shows the patterns in the
different areas of the sustainability core. The highest number of documents with
acknowledgements belongs to environmental sustainability (32.83%), whilst economic
sustainability has the lowest number of documents with acknowledgements (29.01%).
Taking into consideration the funding organisations, in environmental sustainability the
organisations with the highest number of documents are government institutions
(European Commission with 86 documents) or research councils (National Natural
Science Foundation of China with 199 documents, Engineering and Physical Sciences
Research Council (EPSRC) with 30 documents). In economic sustainability, the funding
organisations are councils (Chinese Academy of Sciences with 21 documents or
Consiglio Nazionale delle Ricerche (CNR) with 12 documents) and Higher Education
Institutions (HEIs)/Research Centres (Wageningen University research with 16
documents or State University System of Florida with 9 documents). Regarding social
sustainability, the profile of funding agencies with acknowledgements are councils
(National Science Foundation of China with 20 documents) or government organisations
(European Commission with 19 documents).

Figure 8 Analysis of topics (cooccurrence map by keywords) in environmental sustainability
(see online version for colours)
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As regards impact, considering the citations/article rate, the impact is higher in
documents with funding than in those with no funding in social sustainability (21.81
citations/art. vs 11.73 without funding acknowledgements, FA) and environmental
sustainability (26.31 citations/art. vs 26.3 citations/art without FA). The impact is higher
in the sustainability area, and there is also greater international collaboration. In the area



374 N. Bautista-Puig et al.

of visibility, first-quartile documents (1Q) seem to have a higher percentage in
documents without FA. In terms of the size of the teams (number of authors per paper), it
is higher in all pillars in documents with funding (4.3 authors/doc in economic,
3.35 authors/doc in social, and 4.28 authors/doc in environmental sustainability), which
indicates that research in sustainability with funding is conducted by larger teams.

Figure 9 shows an analysis of similarity based on the three pillars in the field
‘Acknowledgments’, showing how the authors specified their acknowledgment. This
approach studies the way authors express their gratitude: terms such as ‘research’ or
‘fund’ are related to ‘project’, ‘development’, ‘program’; ‘support’ is a term related to the
grant that has financed the paper, but other words belonging to this block are ‘work’,
‘acknowledge’ or ‘science’. Another pattern detected is the way the author expresses
thanks for the assistance or the contribution received. Finally, a ‘comment’ part is linked
to the manuscript, the editor, or is related to help received or improvements made to the

paper.

Figure 9 Analysis of similarity of the field acknowledgements with IRaMuTeQ software
(see online version for colours)
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Table 3 Acknowledgement patterns by sustainability area (Economic, social and
environmental)
Economic Social Environmental
Without Without Without
With FA FA With FA FA With FA FA
No. documents 489 1194 338 964 2005 4102
% 29.01 70.94 25.96 74.04 32.83 67.17
1Q journals
% 48.01 56.03 6.30 13.98 2.80 3.72
Citations
Citations/article 21.13 24.90 21.81 11.73 26.31 19.77
Group size
No. Authors/art. 4.33 2.49 3.35 2.04 4.28 2.39

4 Discussion and conclusions

Achieving long-term sustainability and SD is a challenge for all countries. Numerous
Earth Summits and Conferences have been held during the 21st century, which is
indicative of the interest of global leaders in working together to achieve better growth.
In this work, an analysis of research in the triple bottom line approach (TBL) has been
conducted to determine whether or not scientific interest is in line with the interest in
society.

RQI. How is core-related sustainability research developed?

Regarding scientific production, 8613 unique documents were collected from WoS for
the period of 1993-2017: environmental sustainability is the pillar with the highest
number of documents (n =6107). The results of this study suggest that although one
could assume that this topic might have a long tradition, the number of documents is
concentrated in the most recent years (more than 54% in the three fields). Research
output begins to grow during the 2000s, coinciding with the different Conferences
(Millennium Summit 2000, Earth Summit 2002, Rio + 20) and the development of the
MDGs and SDGs. This trend supports the findings of Pulgarin et al. (2005), Nuci¢ (2012)
or Kajikawa (2014) regarding SD and sustainability science. Further, according to certain
studies (Ramirez Rios et al., 2016), this growth can be explained by the emergence of the
concept of ‘sustainable development’. Among the three pillars, the one with the greatest
increase over the period (CAGR of 21.15%) is environmental sustainability, which shows
that research has gained more interest in this pillar. Regarding social sustainability, as
pointed out by some studies (Ramirez Rios et al., 2016), growth can be related to the
emergence of urban sustainability studies.

As to the main agents involved, the number of countries in scientific research is
higher in environmental science, related to international collaboration, which has a higher
percentage (23.63%). This fact is associated with the study by Yarime et al. (2010),
which stated that there is an increasing number of countries engaged in research on
sustainability. The results suggest that scientific production is concentrated mainly in
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developed countries. The primary producers are the USA and China for economic
sustainability, the USA and China for social sustainability, and the USA and Italy for
environmental sustainability. The importance of China in the number of publications is
also seen in other studies and can be related to the considerable increase of scientific
research funds in recent decades (Tang et al., 2018) and their leadership in the scientific
field, as China has become the world’s largest producer of scientific papers (Tollefson,
2018). However, this distribution is logical when compared to the size of these countries:
the bigger they are, the more they produce. Yet, checking the f-measure leads to a
different: countries such as Indonesia or Malaysia show specialisation in the social and
environmental fields, indicating their interest in those issues. Regarding environmental
research, northern European countries (Finland and Sweden) are at the top of the
rankings: these countries also score highly in the Sustainable Development Goals (SDGs)
Index. According to the 2018 Ranking, Sweden was in the first place and Finland in the
third place (Bertelsmann Stiftung and SDSN, 2018). This suggests that, apart from being
involved in SDG practices at different levels, they are specialised and do research on
these topics.

As concerns institutions, research on these topics is done primarily at universities,
government Departments (e.g., United States Department of Agriculture), and research
councils (e.g., Consiglio Nazionale delle Ricerche, CNR). The Chinese Academy of
Sciences (China), the Wageningen University Research (Netherlands), and the University
of California System (USA) are institutions that often appear in the three pillars. The
Wageningen University Research is the top university in the GreenMetrics Ranking
(2017 edition), and some in the University of California System (4 of 10 campuses) are
present in the ranking. This ranking, developed by Indonesia University, values aspects
of sustainability in the universities and shows that these institutions, apart from being
proactive regarding sustainability actions, are also researching these topics. These results
are in line with those of the studies on renewable energy sources (Romo-Fernandez et al.,
2012; Sanz-Casado, 2014), where the key producers are universities or research centres.
In addition, there is no participation by hospitals and companies in the scientific
production: this is indicative of the limited commitment by any other institutional sectors
to basic scientific research related to sustainability.

Regarding collaboration patterns, there is a growing trend of international
collaborations (23.63% in environmental, 20.43% in social, and 18.36% in economic), as
well as national collaborations (25.97% in economic, 24.05% in environmental, and
19.20% in social), in contrast to documents without collaboration. These results are in
line with those of Yarime et al. (2010), who analysed sustainability science and showed
that the proportion of articles published through international collaboration is on the rise.

RQ2. What are the main thematic specialisations in these fields?

Taking into consideration the topics of interest, this information has been analysed in
two ways: by WoS categories and by the cooccurrence in a keyword network. The WoS-
indexed journals containing papers on the three pillars of sustainability were most
frequently classified under the ‘Environmental Sciences’, ‘Environmental Studies’, or
‘Green & Sustainable Science & Technology’ categories. However, the rest of the WoS
categories have their specific fields: social sustainability has scientific production in
categories related to urban research (‘Urban Studies’ or ‘Planning & Development’);
economic sustainability in ‘Business’, ‘Economics’, or ‘Management’; and, in the case of
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environmental sustainability, research is concentrated under ‘Environmental Engineering’
or ‘Energy & Fuels’, amongst others.

Given that sustainability is defined as a very ambiguous concept (Walker and Shove,
2007), some terms in cooccurrence network maps are shared amongst the networks. Two
common topics are addressed in the three groups:

e performance and management
e sustainable development.

The first can be related to the analysis and assessment of different measures to achieve a
sustainable future. This concern is common in the three clusters and is related to
industry/business performance (e.g., corporate social responsibility, supply chain
management). As stated in Vilches and Gil (2003), those measures to achieve
sustainability would be technologies for sustainability and universal governance and are
seen as nodes in the cluster. In the second cluster, on sustainable development, some
terms cover different topics (e.g., climate change, agriculture, biodiversity). Research in
SD could be related to the fact that it has not been deemed a priority area. In the social
sustainability cluster, research is linked to city nodes, denoting interest in urban research
(Ramirez Rios et al., 2016). There is another fact worth mentioning: the network where
SD is linked to the other three pillars (the other nodes), showing the relationship between
the three of them in SD research.

RQ3. What are the characteristics of the acknowledgements?

Differences between these three major pillars in the funding data for acknowledgements
do exist and constitute relevant information concerning impact and collaboration patterns.
The area with the most acknowledgement documents is Environmental Sustainability
(33%), indicating that most of the research done on this topic could be related to research
councils, governments or HEIs/Research centres that are providing funding for
conducting this research (e.g., European Commission, National Science Foundation of
China). Social sustainability is the area with the lowest number of documents with
funding acknowledgements. This fact was also observed in Diaz-Faes and Bordons
(2014), where the lowest presence of funding information was found in social sciences
and humanities (SSH).

Regarding impact, it is higher in documents with funding in the environmental (26.31
citations/document) and social areas (21.81 citations/documents). This is in line with
some studies that mentioned that funded research receives higher citation rates (Wang
and Shapira, 2015; Alvarez-Bornstein et al., 2019) than research that is not funded.
Contrary to other disciplines, such as Cardiology and Virology in Alvarez-Bornstein
(2019), funded research was not more likely to appear in high-impact factor journals
(higher Q1), indicating less visibility of funded research.

Another fact to be considered is the size of the teams (no. of authors). The results
show that funded research was conducted by larger teams, indicating higher
collaboration. This higher presence in papers with funding is consistent with previous
studies (Costas and van Leeuwen, 2012; Diaz-Faez and Bordons, 2014).

In conclusion, this study helps to understand the research landscape in important, but
heterogeneous, of the three main pillars of SD. From this study, it can be inferred that
there has been a greater scientific effort in the subject of sustainability in recent years,
denoting that the research interest goes in line with a greater societal awareness on this
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topic. This paper tries to shed some light on the matter, providing an overview of
research on this field.

A few limitations of this study should be noted. First, we did not conduct a systematic
search for all articles about sustainability: we identified primary articles of the three main
pillars of sustainability, identifying its ‘seed’ of publications. On this regard, we might
have missed some articles that included other aspects of sustainability. In particular,
articles related to other pillars (e.g., institutional) could have been excluded from our
study. Future research could build on our work and include other pillars of sustainability
and determine the characteristics and relationships among them. Second, regarding FA
field it bears mentioning that authors do not always acknowledge funding sources.
Nevertheless, this analysis could lead to a general overview of how funding affects
scientific papers in this field.
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