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Abstract

Sustainable Development Goals (SDGs) are impacted by the Anthropocene's onset, hence critical actions must be taken to
develop tailored policies for these goals. This research aims to understand the interaction between anthropogenic activities
and SDGs or Millennium Development Goals (MDGs), as well as research trajectories, spatiotemporal development, scien-
tific networks, continuing research issues, and gaps in these fields. The present study compiled the top 500 most referenced
publications from 252 different sources from 1992 to 2022 using the Web of Science database. Scientific output in these fields
increased from 2016 to 2019, but we found a significant reduction from 2020 onwards. The top three countries generating
single-country publications in this field are China, USA, and India. Although human activities have hampered the achieve-
ment of SDGs, many small, developing countries are still not involved in the scientific production of this field. Institutions in
the USA, China, the UK, and Germany have a greater percentage of international collaborations than other countries. SDGs
3,6,7, 11, 12 and 13 are the most researched. The investigation produced helpful information and a full understanding of
significant researchers, institutions, current scenario of study, rising trends, and relevant subjects for scholars as well as how
that information is translated into actual SDGs attainment.
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more sustainable globe by 2030. The 17 SDGs are primar-
ily concerned with the coherent, interdependent progress of
the environment, society, and economy. The SDGs, which
replace the millennium development goals (MDG) have 17
goals and 169 targets. MDG (1990-2015) had eight goals.

There are a few significant scientific studies that have
been crucial, particularly in terms of monitoring real pro-
gress, combining the three dimensions of the SDGs, and
examining the SDGs' potential for creating a sustainable
future. Lu et al. (2015) proposed that economists, social
scientists, and scientific experts should create a set of useful
indices for monitoring progress on each SDG. The govern-
ment must provide long-term support and ensure that all
SDG data is accessible to the public. To reduce inequality,
restrict ecological damage, limit climate change, encourage
sustainable consumption, and ensure resilient livelihoods,
Bowen et al. (2017) identified three policy challenges, which
were major hurdles for sustainability science, society, and
the administration. Milan (2017) examined how other SDGs
that depend on the water will interact with future residen-
tial water demand in cities. Via a global SDG Interactions
Knowledge Platform, Nilsson et al. (2018) examined the
prospects and challenges of utilising the synergy and trade-
off method in SDG research and policy development. Sal-
via et al. (2019) identified the key SDGs as interpreted by
266 experts from various geographic regions throughout the
world and analysed how those objectives relate to the key
local problems and barriers of each area. The connections
between addressing climate change and attaining the SDGs
were investigated by Fuso Nerini et al. (2019). In assessing
the detailed performance of attaining the four-dimensional
SDGs based on 15 ‘Belt and Road’ countries, Huan et al.
(2021) created the Composite SDG Index which supported
local coherent planning and national-level decision-making
to achieve the SDGs.

The term ‘Anthropocene’ was first used by the biologist
Eugene F. Stoermer (Steffen et al. 2011). Anthropocene
can be stated as about or designating the current geologi-
cal epoch, considered as the time when human activity has
had the greatest impact on the climate and the environment
(Vignieri 2014). There are different opinions among scien-
tists about the start date of the Anthropocene (Edgeworth
et al. 2015). Environmental-human interactions may influ-
ence the outcome of achieving the SDG by 2030. Human
activities can be both beneficial (e.g., safeguarding and
restoring ecosystems, conserving species, etc.) and bad
(e.g., pollution, degradation of soils, loss of biodiversity,
overcrowding, deforestation, fossil fuel combustion, etc.) for
the environment.

Air and water pollution are two of our era's greatest
scourges, not only because of their impact on climate change
and water but also public health because of rising morbid-
ity and death. The burning of fossil fuels like coal, oil, and
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gas is the main cause of the surge in human-induced net
CO, emissions, though cement production and changes in
land use account for minor portions of it (Hall et al. 2021).
Particulate matter (PM) causes respiratory and cardiovas-
cular disorders, reproductive and central nervous system
dysfunctions, and cancer, which is one of them. According
to research led by the University of Colorado, anthropogenic
activity had increased the quantity of fixed nitrogen on the
globe by twofold since 1950 as a result of industrial agri-
culture and depleted the ozone layer by releasing chloro-
fluorocarbons (CFCs) on a large scale. The impacts of UV
on public health are harmful (such as skin cancer, cataracts,
and sunburn), and would all be amplified by ozone deple-
tion (Bais et al. 2018). Similarly, polluted water increases
the chance of being affected by cholera, giardia, etc. So, as
all the SDGs are interrelated if anthropogenic activities pose
a hindrance to achieving SDG 6 and 13, achieving SDG 3
(good health) is also impossible.

Overfishing, climate change, the introduction of exotic
species, ocean pollution, ocean acidification, and ocean
warming are all examples of human actions that impact
marine life and result in the alteration of the geographic
distribution of living organisms (Waters et al. 2016). Marine
pollution occurs when substances used or spread by people,
such as industrial, agricultural, and residential trash, particu-
lates, noise, excess carbon dioxide, or invading creatures,
reach the water and cause harm to aquatic wildlife. The
mean trophic level of world fisheries has fallen because of
the overfishing of high trophic-level species, a phenomenon
known as fishing down the food web (Cheung et al. 2009).
Nuclear testing has resulted in serious damage to test sites on
land and in the immediate marine environment since the late
1940s. For instance, it has been discovered that the release
of 137Cs and *Sr into the world's oceans resulted in their
bioaccumulation over time through the food supply chain
(Pravilie 2014). These, in particular, prevent the achieve-
ment of SDG 14.1 and SDG 3.

The majority of researchers concurred that human activi-
ties have sped up the rate of extinction of species (Sahney
et al. 2010; Pimm et al. 2014). According to a study by
Ceballos et al. (2020), anthropogenic factors were causing a
"biological annihilation" comparable to a sixth mass extinc-
tion event. Overconsumption, population expansion, and
intensive farming were credited for the collapse of 68% of
wildlife populations between 1970 and 2016 (Bullitt-Jonas
2021). Thus, the growing human influence on ecosystems,
biodiversity, species extinction, and land use is significantly
impeding the fulfilment of various targets of SDG 15.

According to Mahmood et al. (2016), the overuse of pes-
ticides may result in the extinction of biodiversity. Micro-
plastics are a clear indicator of the Anthropocene because
humans have been producing millions of tonnes of plastic
annually since the early 1950s (Syvitski et al. 2020). A
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modest amount of scientific research evaluated the intri-
cate connections between environmental elements and their
effects on people and the environment, and these studies
were linked to most of the SDGs. These are a few of them:

In 2009, Rockstrom and his coworkers developed a new
framework of planetary boundaries and stated that such
boundaries shouldn't be crossed to prevent humans from
generating unacceptably harmful environmental change
(Rockstrom et al. 2009a). Borgwardt et al. (2019) used an
environmental risk assessment approach to identify the
impact chains connecting to anthropogenic activities, and
they also demonstrated how well that information may be
utilised to inform stakeholders about trade-offs in the use of
different water resources and to support decision-making.
The main anthropogenic elements affecting ecosystem ser-
vices in various regions of China were clarified as essential
to managing ecosystems sustainably in a recent study by
Fang et al. (2021) and provided a scientific basis for com-
prehending management policies.

"Significant net benefits in individual well-being and eco-
nomic growth have resulted from environmental changes,"
but these gains have come at an increased cost in the form
of degraded ecosystem services and the aggravation of pov-
erty for particular groups of people. If these issues are not
resolved, future generations will no longer gain as much
from ecosystems (Reid et al. 2005). So, there is an increas-
ing significance of studies that connect the Anthropocene
and its linkage with development goals (viz. MDG, SDG)
(AMSDG from here on).

2 Literature Review on Anthropocene,
MDGs and SDGs

There are various types of literature reviews, such as nar-
rative (traditional), critical, overview, scoping, systematic,
state-of-the-art, meta-analysis, fast, bibliometric, etc. There
are several reasons bibliometrics was used for this research:
(a) it is a quantitative approach, implying a higher level of
reproducibility; (b) it is based on a broad sense of publica-
tions, implying that it can gather a vast collection of articles
published; (c) statistical methods could produce pretty real-
istic appropriations for research domains; and (d) bibliomet-
ric analysis could be accomplished using a variety of tools
(viz. R, CiteSpace, Pajek, VOSviewer, BibExcel, etc.).

2.1 On Anthropocene

Belli (2016) conducted a bibliometric analysis of the publi-
cations and authors in the Anthropocene field, which is con-
troversial and multidisciplinary. He noticed two clusters of
co-occurring phrases, expressing approval and disapproval
of the Anthropocene, and compared the network's iconic

works. Brondizio et al. (2016) explored the term Anthro-
pocene’s widespread adoption, interpretative flexibility,
emergent narratives, and the disputes it has sparked. Cor-
reia et al. (2018) used bibliographical data to track major
contributions to the evolution of the multidisciplinary nature
of Anthropocene science in scientific literature during the
twentieth century. Biermann et al. (2020) proposed a new
paradigm called critical physical geography (CPG), which
allows scholars to take up the Anthropocene's methodologi-
cal and conceptual challenges.

2.2 On MDGs and SDGs

Zhu and Hua (2017) performed a bibliometric analysis and
discovered that two countries (the USA and the UK) domi-
nated sustainable development research overall, with China
having the most publications. To analyze the areas of focus
of SDG-related studies in Austria, Korfgen et al. (2018) con-
ducted a study to identify relevant published papers from
13 Austrian universities. The work by Olawumi and Chan
(2018), shows how the research field has progressed from
the Brundtland Commission report's formulation of ideas
to more modern sustainability indicators. The goal of the
bibliometric study by Armitage et al. (2020) was to inves-
tigate scientific publications linked to SDG 1, 2, 3,7, 13,
and 14 using the Bergen approach and Elsevier approaches.
According to Meschede (2020), most research comes from
the Social Sciences, Life Sciences, and Biomedicine catego-
ries, with SDG 3 being the most prevalent SDG. Sweileh’s
(2020) study was intended to give policymakers, academi-
cians, and researchers a glimpse of global SDG-related
research activities. Payumo et al. (2021) looked at research
production and collaboration to support the SDG using bib-
liometric approaches and network analysis, and they exam-
ined ways to detect research collaboration beyond the typical
one-time co-authorship. Roy et al. (2022) conducted a bibli-
ometric study to better understand scientific research trends,
spatiotemporal progress, scientific cooperation, continuing
research interests, and gaps linked to SDG 6. The study's
main finding was that countries from the Global South are
still falling short in the SDG 6 research area. Finally, they
suggested the ‘Sustainable Development of Water and Sani-
tation (SDWS)’ framework. We've collated the results of the
related literature studies in Table 1.

After a thorough literature review, we have found some
relevant research gaps in the already published bibliometric
studies. To begin with, the majority of bibliometric analy-
ses were based on both the retrieved peer-reviewed articles
and grey literature. Grey literature often lacks any stringent
or significant bibliographic control and reliability of the
information. Second, very few studies have discussed both
the SDGs and the Anthropocene notion. Third, the major-
ity of bibliometric studies only retrieved publications for a
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Table 1 Comparative recent literature about bibliometric analyses of the Anthropocene, MDGs and SDGs (AMSDG)-related research domain

Author(s) Overview period(s) Focus domain(s) Database(s) Documents
Belli (2016) 2001-2015 Anthropocene Scopus 1036
Brondizio et al. (2016) 20002015 Anthropocene Web of Science (WoS) 1066
Zhu and Hua (2017) 1987-2015 sustainable development WoS 59,926 (special selection—626)
Correia et al. (2018) 2001-2016 Anthropocene WoS 867
Korfgen et al. (2018) 2013-2017 SDGs Internal research 28,229 (and 3581 projects)
documentation
system (IRDS)
Olawumi and Chan (2018) 1991-2016 Sustainability; sustainable develop- WoS 2094
ment;
Knitter et al. (2019) 2002-2017 anthropocene WoS NA
Armitage et al. (2020) 2015-2018 SDGs 1,2,3,7,13, 14 WoS 500
Biermann et al. (2020) 2002-2019 anthropocene WoS 2192
Meschede (2020) 2015-2019 SDGs Scopus, WoS, 4593
Sweileh (2020) 2015-2019 SDG 3 Scopus 18,696
Payumo et al. (2021) 1999-2018 MDGs, SDGs, Microsoft Academic 16,447
Graph (MAG)
Roy et al. (2022) 2015-2021 SDG 6 WoS 289
This study 19922022 Anthropocene, MDG, SDG, WoS Top 500 (from 1198)

comparably shorter period, which made it challenging to dis-
cern the precise evolution of research themes and research
trajectories. To fill those gaps and grasp the comprehensive
bibliometric view of AMSDG research, we performed our
analysis based on only the peer-reviewed literature col-
lected from the Web of Science. So, there was almost no
grey literature among the publications we collected. In addi-
tion, we retrieved the publications for a very long duration
(1992-2022). Besides these, we covered all three topics
(Anthropocene, SDG, and MDG) in our study that played
an important role in understanding the Anthropocene's con-
sequences (both positive and negative) that mostly render
the notion of environmental sustainability practically impos-
sible to achieve, as well as existing policies and rules for
achieving SDG. Furthermore, we only included the most
significant and top 500 most cited papers from these three
categories.

3 Materials and Methods
3.1 Literature Search Tool

To identify and evaluate the hotspots and trends in AMSDG-
related research, bibliometrics analysis was used. This study
presents the analysis and categorization of scientific works
and publications from 1992 to 2022. The Web of Science
(WoS) Core Collection was used to find papers during that
period in the current study. For the bibliometric analysis,
we used the 'bibliometrix' package in R and the VOSviewer
software (v. 1.6.16). Using VOSviewer, we conducted a
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study of bibliographic coupling, citation, co-citation, and
co-occurrence. The 'bibliometrix' package (4.0.1) and the
'biblioshiny' function were used to complete the remaining
work in R (4.1.2).

3.2 Literature Search Strategy

The data collection was carried out in mid-February, 2022,
and all publications from 2022 could not be incorporated.

Search string:

TS = (“anthropocene” OR “anthropogenic” OR “human-
induced” OR “man-made” OR “human-caused” OR
“human-related” OR “human-made”) AND (“millennium
development goal*” OR “millennium goal*” OR “millen-
nium development*” OR “millennium target*” OR “sus-
tainable development goal*” OR “sustainable goal*” OR
“sustainable development*” OR “sustainable target*” OR
“global goal*”)

Search period: 1992-01-01 to 2022-02-15

3.3 Inclusion and Exclusion Criteria

Based on the search string it is easily understandable that we
have included publications that encompass Anthropocene-
related Keywords along with development goals (viz. MDG/
SDG). These gave us a total publication count of 1216. From
there we removed 2 (reprints). This means we have included
all types of publications (i.e., original & review articles,
book chapters etc.). Then, we arranged the publications from
the highest to the lowest order of citation. From these, we
have selected the top cited 500 publications for this study.



Anthropocene Science (2023) 2:123-140

127

As per our understanding, selecting the top 500 highest cited
from a pool of 1214 publications makes this selection com-
prehensive and relevant enough for a bibliometric study.

4 Results and Discussions
4.1 Characteristics of Publication Outputs

500 documents relating to the AMSDG were collected from
252 different sources (journals, books, etc.) which com-
prised 388 articles (77.60%), 1 data paper article (0.2%),
19 proceedings paper articles (3.80%), 10 editorial materi-
als (2%), 78 reviews (15.60%), and 4 book chapter reviews
(0.8%) (Fig. 1a). On average, each document had 47.55
citations, and the average number of citations/year/docu-
ments was 6.87 (Fig. 1b). A total number of 35,050 cited
references were found. There were 2184 authors and 2445
author appearances, among them 57 authors with single-
authored publications and 2127 authors with multi-authored
publications. The collaboration index was 4.82, featuring
documents/author =0.229, authors/document=4.37, and
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Fig. 1 Characteristic features of publications on Anthropocene,
MDG, and SDG-related research. a Document types included in this
study. 77.6% of documents were articles and 0.8% of documents were
book chapter reviews. b Mean total citation (TC) characteristics—
per publication & year. The Mean total citations per publication had
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co-authors/document =4.89. 59 single-author publications
were found. There were 1916 author’s keywords and 1901
with Keywords plus. The number of publications relating to
the AMSDG started at 1 in 1992 and attained its maximum
value of 63 in 2019. A significant reduction in the annual
production of AMSDG-related documents was found in
2021 (Fig. 1.c).

4.2 Top Output Analysis
4.2.1 Analysis of Sources (Journals)

Figure 1d presents the top twenty most relevant sources > 5
publications output among the 500 selected documents.
From the selected 500 documents under consideration,
five leading journals based on maximum citations were
listed in Table S1 (Fig. S1). Bradford's law, also known as
the Bradford distribution or Bradford's law of scattering, is
a trend that forecasts the exponentially decreasing returns
of checking for references in scientific journals. According
to this research, zone 1 contained 20 journals, showing the
most frequently cited scientific journals in this field. The
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significantly decreased from 2016. ¢ Annual publication output. The
number of publications relating to the Anthropocene, MDG, and
SDG attained its maximum value in 2019, but a significant reduction
in annual production was found from 2020 onwards. d Most relevant
sources. Journals with>5 publications were shown in the figure
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3 leading journals with the maximum frequency were the
J. Clean. Prod. (21), Sci. Total Environ. (18), and Sustain-
ability (16) respectively (Fig. S2). Zone 2 and Zone 3 each
contained 67 and 165 journals. The top five ranked journals
based on Total Citations (TC) were listed in Table S1 under
the section of ‘sources’. Figure 2a provides the visualisation
of the twenty highest-ranked journals having the most local
impact by h-index. It also depicts that J. Clean. Prod. is in
the top position for both m-index and the g-index. Accord-
ing to cumulative production dynamics, among the sources,
the five leading journals were the J. Clean. Prod., Sci. Total
Environ., Sustainability, Ecol. Indic., and Renewable Sus-
tainable Energy Rev. (Fig. 2b).

4.2.2 Analysis of Authors

Fractional authorship is a measure used to determine an indi-
vidual author's contribution to a set of published papers,
assuming that all co-authors contributed equally to each
document. Based on the fractionalized articles, Kopnina H
(2.00), Warner RF (2.00), WuJ (1.99), Kim RE (1.50), and
Kohler N (1.50), currently occupy the top five positions in
the list of most relevant authors. Figure 2¢ shows the top
twenty most relevant authors based on papers included in

25

this study. We can visualise the twenty best authors based
on Local citations in Fig. S3. Among them, the top three
authors have twenty citations each. The ‘Authors’ section of
Table S1 provided the five leading authors with the highest
local impact (via h-index). Among the authors, the top three
authors as per productivity with time were Wu J, Zhang Y,
and Li S (Fig. S4).

Using Lotka's Law, we may calculate the frequency of
publishing in a selected area during a certain period based
on author trends (Allison et al. 1976). According to the find-
ings, 92.5% of the authors had just published one article.
With an increasing number of publications, the author's
contribution decreases, as shown by 2 (5.3%), 3 (1.1%), 4
(0.5%), 5 (0.4%), and 6 (0.2%) (Fig. S5).

4.2.3 Analysis of Affiliations

The 5 highest-ranked global affiliations for AMSDG-
related documents were listed under the ’Affiliations’ sec-
tion in Table S1. Additionally, Fig. 2d provides a more clear
visualisation of the twenty-five most relevant affiliations.
This implies that China accounts for the vast majority of
relevant affiliations related to this field. Only a few other
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Fig.2 Analysis of authors, institutions and sources related to Anthro-
pocene, MDG, and SDG research. a Local impact of 20 highest
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universities are listed among the most relevant globally
linked institutions.

4.2.4 Analysis of Countries

The five countries that were in the top positions with the
highest number of publications (over 100) were China (511),
the USA (367), the UK (179), Australia (133), and Ger-
many (106) (Fig. 3a). This signified that 40% of the top five
most AMSDG-related document publishing countries were
from Asia (China), and 60% were from the USA, Europe,
and Australia. Five leading countries to host corresponding
authors publishing documents related to this field were listed
under the ‘Countries’ section in Table S1. This indicated

N.Documents

.511
B~
B o
| K
| K

Average citations/publ.

Fig.3 Spatial distribution of publications. a Total scientific produc-
tion related to Anthropocene, MDG, and SDG. The darker the colour,
the more productive the country is for publishing documents in this
field. China is the most productive country in terms of publishing,

that among the five leading countries to host correspond-
ing authors, 55.30% were from Asia (China and India) and
44.70% were from the USA, UK, and Australia. We can see
the top five countries with > 15 publications, according to
Single country publications (SCP) under the ‘countries’ sec-
tion in Table S1. This indicates that among the top five most
AMSDG-related document publishing nations, around 60%
are from Asia (India and China) and 40% are from Europe
(Australia and UK) and America. Figure S6 presents a visual
comparison of the fifteen highest-ranked countries based
on single-country publications (SCP) and multiple-country
publications. The top 5 countries (with > 1100 Total cita-
tions) were listed under the ‘Countries’ section in Table S1.
This meant that 48.5% of the top 3 most AMSDG-related

7

followed by the USA and the UK. b Distribution of citations. The top
3 most Anthropocene, MDG, and SDG-related publishing countries
with the highest average citation count are London, Australia, and
Brazil
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publishing countries with the highest total citation count
were from Asia (China), whereas 51.5% are from Europe
and Australia. However, in terms of average article citations,
the top eleven (60 citations per average article) countries
were Australia (90.7), the UK (85.7), Brazil (78.2), Den-
mark (70.7), South Korea (66.5), Netherlands (66.3), Mexico
(64.2), Chile (64.00), Malta (64.00), Thailand (62.5), and
Austria (60.6). This signified that among the top 11 most
AMSDG-related articles cited on average, 50% are from
Europe (Fig. 3b).

4.2.5 Analysis of Publications

The top five documents from each of these five categories,
viz. Global citations (GC), Total Citations per year (TCpy),
Local citations (LC), Local Global citations ratio (LC/GC, in
%), and Locally cited references, were listed in the ‘Publica-
tions’ section in Table S1. When the ratio of local to global
citations (i.e., LC/GC in%) was considered, it showed that
3 leading academics had received more local citations for
their papers, showing that their papers are important both
locally and globally. Using reference publication year (RPY)
spectroscopy, we may see the year the oldest references were
published. The top five most distant years of citation in our
study were 1798 (1), 1817 (1), 1833 (1), 1841 (1), and 1861
(1). Every year since 1957, there had been at least ten cita-
tions. Starting from 1983 up to 2014, there were > 100 cita-
tions every year. 2014 was the year with the most citations
(2080) (Fig. S7). It formed five clusters from the network of
global citation and local citation score coupling. There were
81 (cluster 1), 91 (cluster 2), 66 (cluster 3), 4 (cluster 4), and
8 (cluster 5) documents in each of these clusters (Fig. S8).

4.3 Academic Cooperation

Through intriguing research collaborations, academic
researchers from different countries with similar expertise
have been found to communicate and contribute consider-
ably to AMSDG-related research. The world's 10 leading
countries having multi-country collaboration for publica-
tions in this domain, with a frequency of > 9, were the
USA, China, the UK, South Africa, Australia, Germany,
Norway, Italy, Spain, and Canada. So, countries in Europe
and America had a higher collaboration than countries
in Asia, South Africa and Australia (Fig. 4a). Table 2
presents the academic cooperation of countries, authors,
and institutions showing the clusters also. Collaboration
networks of countries depicted that countries with a high
level of international collaboration were concentrated in
these three clusters, as shown by the data (Clusters 1, 2,
and 3). As we have seen from the collaboration network
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of authors, most of the authors with multi-country publi-
cations were found in cluster 1. Moreover, it was evident
from the collaboration network of institutions that clusters
1 and 2 represented the majority of the institutions engag-
ing in multi-country collaboration.

Bibliographic coupling is a common metric that builds
a similar relationship between publications using citation
analysis. When two documents refer to the same third
work, then it is called bibliographic coupling. It shows
that the two documents are probably about the same thing
(Jarneving 2007). If two documents share one or more
citations, they are considered bibliographically related.
The more references to other works two papers share, the
higher their coupling strength. Likewise, two authors are
bibliographically connected if they both have a reference
to the same work in their cumulative reference lists, and
the strength of their coupling grows with the increas-
ing number of citations to other publications they share
(Glianzel and Czerwon 1996). We collated the biblio-
graphic coupling of AMSDG-related research for nations,
sources, authors and documents in Table S2. In the bib-
liographic network of authors, there were 4 clusters. Five
authors were in cluster 1. Clusters 2, 3, and 4 had four
authors each. There were 4 clusters in the bibliographic
coupling network of countries. Clusters 1 and 2 each had
11 countries. Cluster 3 had 7 countries and Cluster 4 had
3 countries. Countries like China, the United States, and
Australia had the most bibliographic connections, while
the far-flung countries of South Korea and Iran had the
fewest (Fig. 4b). Five clusters were present in the bib-
liographic coupling network of documents. Cluster 1 had
seven documents, Cluster 2 had five documents, Cluster
3 had four documents, and Clusters 4 & 5 each had two
documents. This is clear from Fig. S10, which shows very
poor bibliographic linkages among the documents. In the
bibliographic network of organizations, there were five
clusters. Clusters 1 & 2 each had 8 organizations. Clus-
ters 3 & 4 each had five organizations In contrast to other
bibliographic networks, the institutional graph of Fig. S11
demonstrates how this collaboration represents a highly
centralised arrangement, congested with complex insti-
tutional interlinkages in a developed centre, which then
permeates a series of less well-connected organisations
mainly connected to the network via their links. 2 clus-
ters were present in the bibliographic coupling network
of sources. Cluster 1 had 15 journals and Cluster 2 had 6
journals. The bibliographic network of sources remains
quite diffused, which means sources shown in Fig. S12
have a comparatively lesser bibliographic connection and
the common citations shared by those sources are lesser.
We can get a more detailed visualization of the biblio-
graphic network of documents, organizations, and sources
from Fig. S10-12 respectively.
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Fig.4 Analysis of countries and academic cooperation related to
Anthropocene, MDG, and SDG research. a Global collaboration
of publications on AMSDG. Countries in Europe had the highest
research collaborations with the USA, China, Brazil, and Australia,
with extensive linkages. b Bibliographic coupling network of the

4.4 Keyword Analysis

The top 10 most often used words, according to Keywords
Plus, were: ‘climate-change’ (60), ‘sustainable develop-
ment’ (41), ‘management’ (40), ‘impacts’ (34), ‘impact’
(32), ‘biodiversity’ (31), ‘conservation’ (27), ‘land-use’ (26),
‘anthropocene’ (25), and ‘China’ (23). ‘Sustainable develop-
ment’ (477), ‘climate change’ (184), ‘development goals’
(92), ‘ecosystem services’ (88), and ‘anthropogenic activi-
ties’ (65) were the five most frequently used words from
the analysis of abstracts. From the analysis of the author
keywords, ‘sustainable development’ (74), ‘climate change’
(41), ‘sustainability’ (32), ‘Anthropocene’ (18), and ‘sus-
tainable development goals’ (17) were the five most often

countries. The maximum number of bibliographic linkages were
found in countries like China, the USA, and Australia in the middle
of the map, while the fewest connections were found in the outermost
nations like South Korea and Iran

used words. As per the title analysis, the five most frequently
used words were: ‘sustainable development’ (57), ‘climate
change’ (31), ‘development goals’ (16), ‘river basin’ (13),
and ‘ecosystem services’ (12). Cumulative word dynamics
can explore further temporal trends. According to Keywords
Plus's examination of cumulative word dynamics, 'manage-
ment' was the most commonly used word from 1994 to 2016,
but it was surpassed by 'climate change' from 2017 onwards.
'Climate change', 'management', and 'impacts' are the most
frequently used terms in that order. The keywords—'climate
change', 'management’, and 'impacts' are on the rise. 'Model'
and 'conservation' are falling in popularity. From the analy-
sis of the author's keywords of cumulative word dynamics,
‘biodiversity', ‘climate change’, ‘China’, and ‘management’
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Table 2 Analysis of academic cooperation of the Anthropocene, MDG and SDG (AMSDG)-related research

Number Cluster 1
of clus-

ters

Features

Cluster 2

Cluster 3 Cluster 4

Countries 4 USA, China, Germany, Italy,
Canada, Sweden, France, Swit-
zerland, India, Denmark, Finland,
Iran, Poland, Japan, South Korea,
Ethiopia, Czech Republic New

Zealand
WuJ, Lin Y, Wang X

BNU, UCAS, IGSNRR, CAS,
RADI,

Authors 4

Institutions 4
HUB,

UK, South Africa, Australia, Neth-
erlands, Austria, Brazil, Nepal,

Spain, Norway, Argen-
tina, Chile, Portugal,

Turkey, Russia

Mexico, Belgium, Malaysia, Greece

Nigeria, Kenya, Indonesia
Zhang Y,Li G Zhang Y, Li G Zhang Z,Luo Y
SU, ANU, CU, MON, OU, ASU, PKU, THU, TJU, UCSB

BNU Beijing Normal University, UCAS The University of the Chinese Academy of Sciences, IGSNRR The Institute of Geographical Sciences and Natural Resources Research, CAS The Chinese Academy of

Sciences, RADI The Institute of Remote Sensing and Digital Earth, SU Stockholm University, ANU Australian National University, CU Columbia University, MON Monash University, OU The University of
Oxford, ASU Arizona State University, H#UB Humboldt University, PKU Peking University, THU Tsinghua University, 7JU Tianjin University, UCSB University of California, Santa Barbara

are the most frequently used terms. The keywords—'climate
change', 'development’, and 'planetary boundaries' are on the
rise. 'Ecosystem’, ‘habitat’, and 'environment' on the other
side, are falling in popularity. According to the analysis of
abstracts of cumulative word dynamics, ‘climate change’,
‘water quality', ‘ecosystem services’ and ‘water resources’
are the most commonly used terms. As per the title examina-
tion of cumulative word dynamics, ‘climate change’, ‘devel-
opment goals’, ‘ecosystem services’, and ‘river basin’ are
the most frequently used words. On the other hand, 'global
warming', ‘groundwater sanitation’, and 'greenhouse gas' on
the other side, are falling in popularity.

A co-occurrence network is a group of terms linked based
on their recurrence in the same text unit. Networks are cre-
ated by combining pairs of phrases using a collection of
co-occurrence criteria. Co-occurrence networks are a com-
mon technique to see how people, organizations, concepts,
and other things in a text are connected. The emergence
of electronically stored text that is a text-mining complaint
has made the development and visualization of co-occur-
rence networks possible. From the examination of the co-
occurrence word network of keyword plus (Fig. 5), there
were five clusters. The three most frequently occurring co-
words of significant clusters were: ‘climate change’ (occur-
rence=59), ‘management’ (39), and ‘quality’ (21) in cluster
1; ‘China’ (23), ‘urbanization’ (16), and ‘pattern’ (15) in
cluster 2; ‘water’ (19), ‘pollution’ (15), and ‘river’ (14) in
cluster 3; ‘impact’ (30), ‘model’ (23), and ‘consumption’
(14) in cluster 4; ‘biodiversity’ (31), ‘land-use’ (26), and
‘conservation’ (25) in cluster 5 (Fig. S13). From the analysis
of author keywords, they were: ‘ecosystem services’ (12),
‘China’ (12), and ‘biodiversity’ (12) in cluster 1; ‘planetary
boundaries’ (11), ‘resilience’ (8), and ‘groundwater’ (7) in
cluster 2; ‘climate change’ (44), ‘adaption’ (7), and ‘renew-
able energy’ (6) in cluster 3; ‘remote sensing’ (8), ‘social-
ecological system’ (7), and ‘urbanization’ (6) in cluster 4
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(Fig. S14). As presented in Fig. (5), all keywords, were:
‘management’ (45), ‘impact’ (30), and ‘land-use’ (27) in
cluster 1; ‘climate change’ (44), ‘adaption’ (19), and ‘frame-
work’ (18) in cluster 2; ‘biodiversity’ (40), ‘China’ (34),
and ‘ecosystem services’ (33) in cluster 3; ‘sustainability’
(45), ‘environment’ (23), and ‘consumption’ (16) in cluster
4; ‘impacts’ (35), and ‘resources’ (11) in cluster 5.

4.5 Research Trajectories

According to Keywords Plus, the latest trending topics with
the highest frequency were—’contaminations’ (8), 'waste-
water' (7), 'health' (7), 'CO, emissions' (6), and 'land use'
(50) in 2020. In 2019, 'system'(15), 'area' (13), 'fresh-water’
(11), 'classification’ (9), and 'ecosystem' (9) were included in
the list. In 2018, they were ‘climate change’ (60), ‘land-use’
(26), 'Anthropocene' (25), 'China’ (23) and 'ecosystem ser-
vices' (20) (Fig. S9). Through the analysis of the contents of
the abstract, the most trending terms were— ‘climate action’
(7), ‘biomass energy’ (6), ‘ecological integrity’ (5), ‘posi-
tive impact’ (5), and ‘water pollution’(5) in 2021; ‘water
stress’ (20), ‘planetary boundaries’ (19), ‘water cycle’ (15),
‘ecological security’(14), and ‘water security’ (14) in 2020;
and ‘energy consumption’ (25), ‘heavy metals’ (25), ‘land
degradation’ (22), ‘goals SDGs’ (21), and ‘air quality’ (19)
in 2019 (Fig. S15). It presented an overview of the changing
nature of AMSDGe-related research, particularly in recent
years. According to the authors' keywords analysis, trend-
ing terms were: ‘human activities’ (6) in 2020; ‘planetary
boundaries’ (9), and ‘land degradation’ (5) in 2019; and ‘sus-
tainability’ (32), ‘sustainable development goals’ (17), ‘land
use’ (10), ‘ecosystem’ (8), and ‘remote-sensing’ (8) in 2018
(Fig. S16). Last, from the analysis of titles, the most trend-
ing terms were— ‘human activities’ (7), and ‘heavy metals’
(5) in 2020; ‘ecosystem services’ (12) in 2019; ‘develop-
ment goals’ (16), ‘remote sensing’ (6), ‘water quality’ (6),
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Fig.5 Co-occurrence network of all keywords. Five colours represent five major clusters. The larger the nodes, the more linkages there are,

based on the recurrence of the words in the same text unit

‘environmental sustainability’ (5), and ‘groundwater quality’
(5) in 2018 (Fig. S17). The following basic themes emerged
from the thematic network analysis: ‘climate change’, ‘sus-
tainable development’, and ‘anthropocene’ (from keyword
plus); ‘sustainable development’, ‘united nations’, ‘human
activities’, ‘anthropogenic activities’, ‘goals SDGs’ and
‘development goals’ (from abstracts); ‘climate change’,
‘resilience’, ‘adaption’, ‘planetary boundaries’, ‘ecosystem
services’, ‘anthropocene’, ‘development’, ‘urban’, ‘biodiver-
sity’, ‘management’, ‘renewable energy’ and ‘sustainable
development goals’ (from author keywords); and ‘particu-
late matter’, ‘ground chemistry’, ‘heavy metals’, ‘ecologi-
cal risk’, ‘sustainable development’, ‘development goals’,
‘climate change’, ‘ground water quality’, ‘environmental

sustainability’, ‘north China’, ‘land use land’, ‘planetary
boundaries’, ‘river delta’, ‘basin China’, ‘river basin’, ‘eco-
system services’ and ‘human activities’ (from the title). Aris-
ing motor themes were—‘quality’, ‘water’, and ‘framework’
(from keyword plus); ‘land cover’, ‘land degradation’, and
‘remote sensing’ (from abstracts); ‘environmental’, ‘envi-
ronment’, ‘assessment’, ‘monitoring’, ‘sustainable develop-
ment’, and ‘sustainability’ (from author keywords); ‘urban
development’, ‘landscape fragmentation’, and ‘time series’
(from titles). The niche themes that arise are— ‘climate’,
‘dynamics’, ‘patterns’, ‘consumption’, ‘indicators’, and
‘systems’ (from keyword plus); ‘anthropogenic sources’,
‘human activity’, ‘air pollution’, ‘heavy metals’, ‘natural
systems’, and ‘policy makers’ (from abstracts); ‘capital’,
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‘accounting’, ‘degradation’, ‘catchment’, ‘classifications’,
‘ground water’, ‘anthropogenic’, ‘India’, ’climate scenarios’,
‘Mediterranean basin’, ‘scenarios’ and ‘assets’ (from author
keywords); ‘central amazon’, ‘energy water’, ‘environmental
change’, and ‘hierarchy process’ (from titles). The emerging
themes are— ‘management’, ‘model’, ‘river’, ‘conservation’,
‘biodiversity’, and ‘land use’ (from keyword plus); ‘climate
change’, ‘global warming’, and ‘greenhouse gas’ (from
abstracts); ‘China’, ‘ecosystem’, ‘land use’, ‘social-ecolog-
ical systems’, ‘human activity’, and ‘urbanization’ (author
keywords); ‘northwestern China’, ‘water resources’, ‘global
environmental’, ‘air pollution’, ‘environmental change’, ‘st
century’ and ‘renewable energy’ (from titles) (Figs. 6a &
S18-S19).

The term ‘thematic evolution’ refers to the evolution of
a group of themes over time even across the sub-phases.
We divided the total number of phases (1992-2022) into
two intervals, 1992-2007 and 2008-2022 to distinguish

temporal trends. Themes that were prevalent in AMSDG-
related research from 1992 to 2007 are—‘human’, ‘develop-
ment’, ‘reserved’, ‘change’, ‘anthropogenic’ (from abstracts);
‘health’, ‘sustainable development’, ‘biodiversity’, ‘conser-
vation’, ‘dynamics’, ‘emission’, ‘catchment’, ‘environment’
and ‘health’ (from keyword plus); ‘assessment’, ‘sustain-
able development’, ‘water’, ‘sustainability’, ‘China’ (from
author keywords); ‘water’, ‘challenges’, ‘future’, ‘sustain-
able’, ‘assessment’, ‘energy’, ‘management’, ‘coastal’, ‘eco-
logical’ (from the title). The current themes (2008-2022)
that are predominantly present in this research field,
are— ‘development’, ‘environmental’, ‘rights’, ‘manage-
ment’ (from abstracts); ‘sustainable development’, ‘sustain-
ability’, ‘China’, ‘biodiversity’, ‘development’ (from author
keywords); ‘water’, ‘impacts’, ‘impact’, ‘climate-change’,
‘conservation’ (from keyword plus); ‘China’, ‘environmen-
tal’, ‘development’, ‘ecological’, ‘management’ (from titles).
Themes like ‘environment’, ‘biodiversity’, ‘health’, and
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Fig.6 Analysis of Keywords and research trajectories related to
Anthropocene, MDG, and SDG (AMSDG). a Thematic map from
analysis of the Author’s keywords. Niche themes, motor themes,
basic themes, and emerging or declining themes of the Author’s key-
words are visible in the figure. b Temporal trend of thematic develop-
ment of AMSDG research (keyword plus). It's clear that the theme
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climate

nsumptior

management

of 'sustainable development’ has been consistent from 1992 to 2022
and has even become more prominent in the recent period. ¢ Concept
structure map of keywords from Multiple Correspondence Analysis
(MCA) analysis. Two (Red and blue) colours represent two clusters in
two dimensions (23.75% and 15.75%) for keywords
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‘conservation” were prevalent in the 1992-2007 time period
but absent in the 2008-2022 time period. New themes like *
climate change’, ‘quality’, ‘consumption’, and ‘management’
are trending in the 2008-2022 time period but were absent
in the earlier period (from keyword plus) (Fig. 6b).

MCA (Multiple Correspondence Analysis) is a method
for finding and clarifying underlying principles in nominal
category data. Two clusters arise in two dimensions (23.75%
and 15.75%) from the conceptual structure map of most cited
documents created using MCA. Similarly, there are two clus-
ters in two dimensions (23.75% and 15.75%) for keywords
(Fig. 6.¢), and two clusters in two dimensions (23.75% and
15.75%) for documents with the highest citations. Topic den-
drograms can also illustrate this (Fig. S20).
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We have created three field plots for nations, best-
performing affiliations and AMSDG-related documents
publishing sources. It shows nations on the left side, pub-
lishing sources in the middle and affiliations on the right
side. This implies that China accounts for the vast major-
ity of publications and affiliations related to the AMSDG
research while a handful of nations like Poland, Canada,
Austria, Brazil, and Denmark fall into the bottom catego-
ries (Fig. 7a). We have also composed three-field plots of
reference-author and keywords plus (Fig. S21).
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Fig.7 Analysis of research trajectories, affiliations, and authors. a
Temporal trend of thematic development of Anthropocene, MDG,
and SDG (AMSDG) related research. Three-field plots showing
nations on the left side, publishing sources in the middle and best-
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performing affiliations on the right side. China accounts for the
vast majority of publications and affiliations related to the AMSDG
research. b Co-citation network of the authors. Five colours represent
five different clusters of co-cited authors
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4.6 Citation analysis

Five clusters were present in the citation network of organi-
zations. 9 institutions were in Cluster 1, 8 institutions are in
Cluster 2, 6 institutions were in Cluster 3, 2 institutions were
in Cluster 4, and 1 institution was in Cluster 5. As seen from
these five clusters, the Chinese Academy of Sciences, The
University of California, Santa Barbara, Stockholm Univer-
sity, Zhejiang University, and the University of Amsterdam
were the most cited organizations related to AMSDG-related
study (Fig. S22).

Co-citation analysis is the technique of locating pairs
of publications that are credited in the same source article.
When a significant number of authors co-cite consistent
pairs of publications, clusters of research arise. The theme
of such clusters of co-cited publications is likely to be the
same. It's a method for exploring the cognitive structure of
a scientific field. For the authors, there were five clusters. 15
authors were in Cluster 1, 11 authors in Cluster 2, 10 authors
in Cluster 3, and Clusters 4 and 5 each had three authors.
Report materials that have been approved by the institutions
have been excluded. The top three authors from each cluster
in terms of betweenness were Folke C (572), Liu JG (455),
and FAO (311) in cluster 1; Falkenmark M (156), Li PY
(34), and Rao NS (15) in cluster 2; Steffen W (882), Rock-
strom J (628), and Galaz V (424) in cluster 3; Costanza R
(324), Pauly D (139), and Junk WJ (16) in cluster 4; Jorgen-
son AK (446), Dietz T (435), and York R (429) in cluster 5
(Fig. 7b). We can regard the UN, WHO, World Bank, IPCC
(Intergovernmental Panel on Climate Change), IEA (Interna-
tional Energy Agency), and UNEP (United Nations Environ-
ment Programme) as the six most essential institutions work-
ing on AMSDGe-related research publications. Likewise, if
the co-citation network of sources is considered, there are
five clusters. 12 journals were in Cluster 1 (red), 7 journals
in Cluster 2 (violet), 11 journals in Cluster 3 (green), 8 jour-
nals in Cluster 4 (yellow), and 10 journals in Cluster 5 (sky
blue) (Fig. S23). Three important journals from each cluster
in terms of betweenness were Sci. Total Environ. (13,850),
Environ. Sci. Technol. (7788), and Environ. Pollut. (5859)
in cluster 1; J. Clean. Prod. (8459), Ecol. Econ. (8467), and
Ecol. Indic. (4944) in cluster 2; Science (24,573), Glob.
Environ. Change (9772), and Ecol. Soc. (8010) in cluster 3;
Plos One (8891), Glob. Change Biol. (9460), and Conserv.
Biol. (6204) in cluster 4; J. Hydrol. (5426), Remote Sens.
Environ (5115), andClim. Change (6026) in cluster 5. From
the analysis of a co-citation network of references, we got
five clusters. The best reference from each cluster based on
the link strength was Foley JA, 2005, Science (from the red
cluster); Costanza R, 1997, Nature (from the yellow cluster);
Steffen W, 2007, Ambio (from the violet cluster); Rockstrom
J, 2009, Nature; (from sky blue cluster); and Crutzen PJ,
2002, Nature; (from the green cluster) (Fig. S24).
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We can understand which works were quoted more fre-
quently by other works across periods by studying histori-
ography (i.e., annually). This was calculated using the local
citation score (LCS) and the global citation score (GCS). As
per the local citation score, the five leading papers that were
cited most by other works from the period of 1992 to 2022
were Griggs D, 2013, Nature; Subba Rao N, 2006, Envi-
ron. Geol.; Griggs D, 2014, Ecol. Soc.; Newbold T, 2016,
Science; and Johnson CN, 2017, Science. The top five arti-
cles that were cited the most by other works from 1992 to
2022, according to global citation score are Griggs D, 2013,
Nature; Monteiro CA, 2018, Public Health Nutr.; Newbold
T, 2016, Science; Liu Haibin LH, 2010, Resour Conserv
Recycl; and Weiss DJ, 2018, Nature (Fig. S25).

6 clusters emerged from the citation analysis of countries.
Cluster 1 had 7 countries. Clusters 2, 3, and 4 in each coun-
try. Cluster 5 had 4 countries and Cluster 6 had 2 countries.
USA, Germany, Australia, China, India, and Italy were the
most cited countries from these 6 clusters (Fig. S26).

4.7 Discussion

This study shows how research on the AMSDG has
advanced in the years after the UN SDG and MDG were
formed throughout the world. A summary of research in
the aforementioned field was offered, including authors'
information, organizations, journals, countries, articles,
keywords, research advancements, and so forth. The find-
ings showed that quantitative analysis and data presentation
regarding research publications over a broad array of top-
ics, journals, and countries all reflected growth rates in the
specific study field, which was quite similar to the conclu-
sion of studies performed by Olawumi and Chan (2018) and
Payumo et al. (2021).

In terms of corresponding authors (from 52 countries)
and multi-country publications (MCP), China, the USA, and
the UK were the top three countries (52 countries). This
signified that just a few nations have taken part in this study
which was also reflected in the study of Meschede (2020).
Although human activities have impeded the fulfilment of
SDG, many small, less economically developed nations
are still not sufficiently involved in AMSDG research that
ultimately would help in human development. Three uni-
versities were at the top of the list of affiliations that had
produced AMSDG-related scientific publications: Beijing
Normal University (China), Stockholm University (Swe-
den), and the Institute of Geographical Sciences and Natural
Resources Research (China). This finding and the results
derived from the studies of Olawumi and Chan (2018) and
Zhu and Hua (2017) are somewhat identical. Wu J, Zhang
Y, and Li S were the most productive of the 2185 writers
involved in AMSDG-related research papers. J. Clean.
Prod., Sci. Total Environ., and Sustainability were three of
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the most productive sources of AMSDG-related academic
articles. In previous years, these journals also experienced
strong citation bursts and co-citation frequency. Olawumi
and Chan (2018) and Wang et al. (2019) mentioned several
high-impact journals that give significant insights into sus-
tainability research, which is consistent with our evaluation
of the most productive journals. China, the USA, and India
were the top three nations producing single-country publica-
tions (SCP) in this subject, out of 52. Science, Nature, and
Sci. Total Environ. were the most co-citing sources in the
AMSDG-linked domain, out of the 50 sources of co-cita-
tions. This outcome is consistent with the keyword analysis
in the study of Olawumi and Chan (2018). Rockstrom et al.’s
(2009b) study were one of the most cited studies according
to co-citation analysis of references as well as authors, which
was also evidenced by the study of Zhu and Hua (2017).

Herrera-Calderon et al. (2021) found in their article that
institutions are the knowledge-generating entities for the
SDG. Similarly, according to our findings, the institutions
engaged in the publishing of these publications are mainly
research centres and universities, which play an essential
role as knowledge-generating bodies in the AMSDG-related
fields. Universities are now graded based on the amount of
SDGe-related research they produce. Recently, numerous aca-
demic organizations throughout the world have developed a
strategy to eliminate undernourishment through social pro-
grams (Chang and Lien 2020), projects, and curricula that
are led to integrate the SDG in some courses to achieve SDG
2 (Leal Filho et al. 2019). For example, in 2019, the Univer-
sidad de Chile and the FAO signed a contract to establish
the Forest Engineering School, provide technical help for
the food processing industry through the Faculty of Agron-
omy, and implemented training programs in the agriculture
research institutions and more in food security (FAO 2021).
Like, the Pacific Alliance promoted commercial develop-
ment and common aspects such as poverty reduction and
inequality reduction between member countries, but there
are a few shortfalls that could stymie progress, like fund-
ing in science and innovation and political assessments to
reach this goal (Salvia et al. 2019). The above-said initiatives
are some noticeable steps that are already taken by different
bodies throughout the world in achieving SDG and in uplift-
ing SDG research.

Scientific output in the fields of the AMSDG increased in
a linear and rising manner from 2016 to 2019. This conclu-
sion is comparable to that of Sweileh (2020), who examined
articles relevant to the aim of good health and well-being
(2015-2019). But if we look at annual scientific production
from 2020 onwards, a significant reduction in the annual
production of AMSDG-related documents was found.
Eventually, it is very important to know the reasons for the
lack of research in this field, i.e., the underlying reasons
for the disinterest of the authors in this field, otherwise, the

major obstacles in the way of SDG development will remain
unknown which will ultimately prevent SDG achievement
and necessary policy-making.

The global perspective and collaboration are crucial
aspects of the SDG. According to the findings of the current
study, the strength and amount of research collaboration in
AMSDG-related research vary by geographic location. As
seen in the results, Beijing Normal University, the Univer-
sity of the Chinese Academy of Sciences, the Institute of
Geographical Sciences, Stockholm University, Australian
National University, Columbia University, Monash Univer-
sity, and the University of Oxford were mainly involved in
multi-country collaboration regarding research in this field.
Based on the current study, the USA, China, the UK, Ger-
many, Norway, Italy, Spain, and Canadian institutions had a
higher share of international collaborations than nations in
Asia, South Africa, and Australia. This study's scientific col-
laboration among countries is identical to Meschede (2020).
Policymakers in areas with poor research outcomes in the
Anthropocene and SDG should promote and facilitate col-
laborative research with researchers from the USA, Europe,
and China. This type of research partnership is thought to
garner more funding and increase the possibility of pub-
lishing high-impact papers (Didegah and Thelwall 2013;
Herrera-Calderon et al. 2021). Based on our findings, we
agree with Didegah and Thelwall that articles co-authored
by authors from many organizations receive much more
citations than papers co-authored by writers from a single
organization (Didegah and Thelwall 2013). Our findings also
indicate that, both at the author and organizational level, col-
laboration rates have risen over time, which is also reflected
in the study by Payumo et al. (2021). This increase in collab-
oration could be explained by higher research funding, the
availability of other supplies like infrastructure and labour,
as well as potential changes in the types of research ques-
tions investigated and methodologies employed, which may
make SDG even more flexible and adaptable to coopera-
tive research (Wagner 2018, Adams 2013). Spatial proxim-
ity persists as a significant motivator for cooperative SDG
research, supporting the conclusions of Glénzel and Schu-
bert (2005).

Based on the retrieved literature, the most researched
SDGs were health (SDG 3), clean water and sanitation (SDG
6), affordable and clean energy (SDG 7), sustainable cit-
ies and communities (SDG 11), responsible consumption
and production (SDG 12), and climate action (SDG 13).
This result is partially similar to that of Salvia et al. (2019).
In general, based on our study, socio-economic goals are
represented rather well, whereas environmental objectives
are only marginally incorporated into policy initiatives. The
findings of the 2018 study by Korfgen et al., where social
goals prevail because fundamental human needs are sup-
ported by environmental systems, our study also showed
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this tendency. According to Keywords Plus, the terms "cli-
mate change," "sustainable development,” "management,"
"impacts," "impact," "biodiversity," "conservation," "land
use," "anthropocene," "ecosystem services," and "anthro-
pogenic activities" were the most often used. This shows
that most trending research topics are related to the environ-
ment and anthropogenic effects on SDG. Climate change
and global warming are big worldwide challenges to life and
the economy on Earth. Conflicts around the Anthropocene
notion can assist the investigators in developing new con-
ceptual formulations and integrative approaches needed to
produce useful information that is consistent with globaliza-

tion and sustainability challenges.

"non

4.8 Limitations

There are a few drawbacks to this study, and these should be
considered while reading. To begin with, the present study
only looked at peer-reviewed literature and excluded grey
literature, which occasionally contained critical informa-
tion on progress toward achieving the MDG or SDG. Sec-
ond, only publications from WoS databases were used in
our investigation. The number of publications produced by
nations or regions having regional journals that haven't been
listed in WoS was negatively impacted by this. Third, the
present study's strategy did not discriminate between pub-
lications that concentrated on the AMSDG and those that
just included the phrase. Likewise, the inverse is also true.
A paper might tackle a subject like health without referenc-
ing the SDG. Fourth, the records for 2022 were incomplete
because we ran our query after mid-2022. Fifth, a different
methodological approach from ours could produce a differ-
ent outcome. Because the approach/method typically makes
a significant impact. Various methods can change the final
country rankings and different interpretations of the SDGs
and points of relevance view can be influenced by search
term selection, how they are integrated, and query structure.

4.9 Policy and future recommendations

This study can be helpful to understand the effects of
anthropogenic activities on MDG, SDG and steps or initia-
tives taken to achieve SDG. This work may be used as a
guide to undertake new studies in anthropogenic activities
and sustainability research from a bibliometric standpoint,
expanding to additional sources and information systems,
as a recommendation. This research aids government agen-
cies in formulating research policies and implementing them
by identifying the major contributors and institutions with
whom they might contact to help them develop policies that
promote long-term sustainability. The research yielded use-
ful information and a thorough awareness of the important
researchers, institutions, current scenario of the subject

@ Springer

of study, rising trends, and important topics for scholars.
In addition, the research assisted in the critical discover-
ies to improve the execution of a comprehensive approach
to attain holistic sustainability, which is extremely helpful
to both human civilization and the mother planet. Junior
researchers will use the data of this study to identify gaps
and advancements in sustainability research, and academ-
ics will collaborate with other researchers in their fields. To
have a uniform SDG roadmap for every nation is impracti-
cal. So, each nation must create its customized policies and
standards while keeping an overall objective at the forefront.
Governments should take the initiatives to make the data-
sets or databases related to different indicators of the SDG
updated and also openly accessible, which will facilitate
the smooth progress of research. Besides these, policies
and governance should be stringent. Furthermore, policies
should be made based on the opinions of three stakeholders
(academics, policymakers, and common people) that will
provide the real-world scenario to better achieve environ-
mental sustainability as well as SDGs. So, further investi-
gation might focus on the knowledge transfer between aca-
demic and non-academic stakeholders, customised policy
making, and tracking the implementation of SDG policies
in the real world (Olawumi and Chan 2018). Other areas
for future research based on current studies could include
the use of sustainability knowledge in waste management,
carbon footprint reduction, campus sustainability, sustain-
able infrastructure, sustainable smart city formation, green
neighbourhoods, and the development of country-specific
sustainability evaluation indexes (Olawumi and Chan 2018).

5 Conclusion

The MDGs signalled a significant and successful world-
wide mobilisation strategy to achieve several crucial socio-
economic goals around the globe. Though the global envi-
ronmental goals needed to have more visibility in a world
already plagued by severe climate change and some other
severe ecological evils primarily driven by anthropogenic
activity. The result was the introduction of the Sustainable
Development Goals (SDGs), an innovative roadmap that
offers an opportunity to apply the lessons discovered during
the previous phase and concentrate on creating a sustainable
world where environmental sustainability, social equality,
and economic progress are given equal weight (Diaz-Lopez
et al. 2021).

Despite the promising potential of that SDG planning,
we observed more discussion about integrated research than
actual implementation (Biermann et al. 2020). So, under-
standing the benefits and drawbacks of various knowledge
areas and SDG methods is thus necessary, with the idea of
the Anthropocene acting as a connecting thread.
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The outcomes of our study have implications for how
well we comprehend the current scenario of collaboration
and how to draw out stable, long-term collaborations, which
will ultimately lead to the fulfilment of SDG 17. This study
enables the development of research policies, significantly
improving the subject of government actions. The research
results also assist in identifying research gaps in the existing
Anthropocene, MDG, and SDG-related literature and, as a
result, offer suggestions for future studies.

Finally, we may infer that scientific knowledge on the
social side, as well as societal knowledge on the theoretical
underpinnings, are both crucial. More studies might look at
the rate of beneficial and detrimental effects of anthropo-
genic activities on SDG and the transfer of that knowledge
into actual SDG achievement.
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