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The current study undertakes a bibliometric examination to analyze the
emerging intersection of green finance and environmental monitoring,
two critical areas that are driving the global agenda for sustainability.
Based on evidence from the Scopus database and visualization using
VOSviewer, the study investigates 20 years of scholarly articles to
identify major authors, institutions, countries, and thematic groups.
The findings of the research pinpoint a discernible chronological
development—early research into pollution detection and
environmental monitoring systems giving way to subsequent
emphasis on financial tools such as green bonds, sustainable
development investments, and decentralized finance. Keyword co-
occurrence and overlay visualization show how environmentally
pertinent data increasingly is being made part of financial decision-
making and policy-making. In addition, the study reveals Chinese,
American, Indian, and certain European country regional leadership in
terming the story. Findings reveal theoretical and empirical
contributions through the convergence of environmental science and
financial innovation, as well as discovering limitations towards
database scope and metrics by citation. Lastly, the study provides a
strategic model for scholars, investors, and policymakers seeking to
align environmental intelligence with sustainable finance practice.
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1. INTRODUCTION

Over the past two decades, the global
environmental agenda has undergone a
profound transformation. Climate change,
biodiversity loss, and environmental
degradation are no longer peripheral
concerns—they are central to  the
socioeconomic stability of nations. In
response, governments, international
institutions, and the private sector have
started adopting more sustainable financial
practices, giving rise to the concept of green
finance [1], [2]. Green finance refers to
financial investments flowing into sustainable
development projects and initiatives that
encourage the development of a more
environmentally friendly economy. As part of
this shift, environmental monitoring—a
critical component in tracking ecological
change—has become an essential focus for
sustainable investment. By linking financial
instruments such as green bonds, climate
funds, and ESG investments to environmental
outcomes, green finance provides a powerful
mechanism to drive real change in how we
measure and respond to ecological challenges
[3].

The relationship between green
finance and environmental monitoring is
symbiotic. On one hand, environmental
monitoring  technologies—ranging  from
satellite imagery and sensor networks to big
data analytics—provide the data needed to
inform green investments and verify their
environmental impact. On the other hand,
access to green finance ensures that these
technologies are funded, scaled, and
integrated into national and regional
sustainability agendas. As the urgency to
meet international commitments such as the
Paris Agreement and
Development Goals (SDGs) grows, the
demand for transparent, accountable, and
data-driven  financial = decision-making
becomes more pronounced. Environmental
monitoring serves as the backbone of this new
financial logic, enabling policymakers and

Sustainable

investors alike to quantify outcomes and
adjust strategies in real time [4], [5], [6].

In the global context, green finance
has evolved rapidly, fueled by growing
investor demand for sustainable portfolios
and increased regulation promoting
transparency in climate-related disclosures.
The rise of environmental, social, and
governance (ESG) metrics, green taxonomies,
and sustainable investing indices has
reshaped how financial institutions allocate
capital [7], [8]. Countries like China, the EU
member states, and Canada have taken
leadership roles in formalizing green finance
frameworks, while emerging economies are
catching up with innovative financing
mechanisms and public-private partnerships.
Within  this context, investment in
environmental monitoring systems has
emerged not just as a technical priority, but as
a strategic asset. These systems provide the
empirical evidence necessary to validate the
environmental claims of green investments,
reinforcing credibility in a space prone to
greenwashing and misinformation [9], [10],
[11].

Academic interest in green finance
and environmental monitoring has expanded
concurrently, as scholars attempt to
understand the dynamics of green capital
flows, the efficacy of environmental metrics,
and the socio-political implications of
environmental investments. Various fields—
ranging from economics, policy studies,
engineering, to environmental sciences —have
contributed to this growing body of
knowledge. However, despite the rapid
proliferation of publications, little has been
done to map the scientific landscape of this
intersection systematically. A bibliometric
review offers a powerful lens to uncover
patterns, highlight knowledge gaps, and
identify key contributors and themes in the
literature. By synthesizing publication trends,
co-authorship networks, keyword clusters,
and citation impact, such an analysis provides
clarity to a multidisciplinary and fast-
evolving research domain.

Moreover, the policy dimension of
green finance has grown increasingly
complex. Regulations and incentives related
to green investment differ widely across
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jurisdictions, with differing levels of maturity,
standardization, and enforcement.
International policy bodies such as the Task
Force on  Climate-related  Financial
Disclosures (TCFD) and the International
Sustainability Standards Board (ISSB) are
driving greater convergence, but national
contexts still shape the implementation of
green finance strategies. In parallel,
monitoring and evaluation frameworks for
green investments are still emerging. The
integration of environmental monitoring into
these frameworks is often ad hoc or
underutilized. Understanding how policy
developments are reflected in academic
publications can help illuminate areas where
regulation is outpacing scholarship, or vice
versa. A bibliometric perspective is uniquely
suited to assess this alignment (or
misalignment) between scientific inquiry and
policy direction.

Despite the growing recognition of
the importance of green finance in
environmental governance and the increasing
deployment of environmental monitoring
tools in investment decision-making, there
remains a fragmented understanding of how
these two domains are evolving in academic
literature. The absence of a consolidated
bibliometric analysis has made it difficult for
scholars, practitioners, and policymakers to
trace the intellectual trajectory, dominant
themes, influential works, and collaborative
networks in this field. Furthermore, it is
unclear whether research outputs are keeping
pace with the urgent policy and investment
needs of the green transition. Without such a
mapping, critical gaps may persist unnoticed,
and opportunities for interdisciplinary
integration may be missed. This study aims to
conduct a comprehensive bibliometric review
of scientific publications at the intersection of
green finance and environmental monitoring.

2. METHODS

This study employs a bibliometric
analysis approach to systematically map the
structure and evolution of scholarly research
on green finance and environmental

monitoring. Bibliometric analysis is a
quantitative =~ method  that  examines
publication patterns, citation networks,
keyword co-occurrences, and authorship
collaborations to provide a comprehensive
overview of a research field. Given the
interdisciplinary nature of the topic,
bibliometric analysis offers valuable insights
into how different disciplines converge and
evolve over time. The methodology is
particularly suited for identifying influential
publications, emerging trends, and thematic
gaps that may not be immediately apparent
through traditional literature reviews.

The data for this study were retrieved
from the Scopus database, one of the most
comprehensive and widely used sources for
peer-reviewed scientific literature. The search
strategy used a combination of keywords
including “green finance”, “environmental
monitoring”, “sustainable  investment”,
“ESG”, and “green bonds”. Boolean operators
(AND, OR) were applied to refine the search
and ensure relevance to the intersection of
finance and environmental science. The
timeframe was limited to the last two decades
(2003-2023) to capture the rise of green
finance following the post-Kyoto and Paris
Agreement periods. Only journal articles,
conference papers, and reviews published in
English were included. After screening for
duplicates and irrelevant entries, a final
dataset of 882 documents was selected for
analysis.

To analyze the dataset, this study
utilized VOSviewer, a widely used software
tool for visualizing bibliometric networks.
VOSviewer was applied to generate co-
authorship networks, keyword co-occurrence
maps, and citation analysis to identify
intellectual structures and research frontiers.
The co-occurrence of keywords helped
identify thematic clusters within the
literature, revealing dominant and emerging
topics. Co-citation and bibliographic coupling
analyses were used to determine influential
works and connections between research
communities.
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3. RESULTS AND DISCUSSION
Co-Authroship Network
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Figure 1. Author Visualization
Source: Data Analysis

Figure 1 indicates the structural co-
authorship network among the most
contributing authors in the field of green
finance and environmental monitoring.
Taghizadeh-Hesary, Farhad is at the center of
the network and is the most significant
intellectual connection between various
clusters. His close co-authorship links with
scholars like Yoshino, Naoyuki, Phoumin,
Han, and Rasoulinezhad, Ehsan (light blue
cluster) indicate a clique of scholars with
similar interests in Asia-centered green
finance policies and energy transition
economics. Another group densely connected
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(red) is Mohsin, Muhammad, Sadiq,
Muhammad, and Ngo, Quang-Thanh, and
this indicates joint interests in emerging
market sustainability, quite possibly from
within the South or Southeast Asian academic
network. At the same time, the yellow cluster
of Dong, Kangyin and Liu, Yang refers to an
increasing body of work in green investment
and monitoring tools, and Sharif, Arshian
Aslam, Siddik, Abu Bakkar, and Ridwan,
Lanne Ibrahim's green cluster refers to local
studies probably with Islamic finance or
Southeast Asian contexts.
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Figure 2. Affiliation Visualization
Source: Data Analysis

Vol. 3, No. 03, September 2025: pp. 205-215



West Science Nature and Technology

a 209

This chart reveals the cooperative
scenario between institutions and research
centers contributing inputs to the green
finance and environmental monitoring
debate. The central cluster, including
institutions such as Wuhan University
(China), Southwestern University of Finance
and Economics, Tokai University (Japan), and
the University of Tehran, is a dense cluster of
cooperation, which signifies a high level of
concentration of scholarly contribution from
Asia, particularly East and Central Asia.

regional initiative policy projects. The other
prominent cluster involves Korea University,
Universidade de Sao Paulo, and City
University of Macau, indicating South
America-Asia transcontinental collaboration.
Meanwhile, the green cluster—focusing
around Chandigarh University (India) and
Consiglio Nazionale delle Ricerche (Italy)—
indicates inter-regional collaboration between
South Asia and Europe. The far-flung nodes
also connect the central Asian cluster with
thin linkages, suggesting sparse but

These institutions appear to be networked increasing cross-continental research
close to each other, indicating co-authorship, exchanges.
maybe between cross-disciplinary groups or
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Figure 3. Country Visualization
Source: Data Analysis

Figure 3 depicts the global network of
scholarly cooperation in green finance and
environmental monitoring. Overhanging the
network is China, the largest node itself and
hence located in the center of global
collaboration and highly efficacious. The
United States, India, and the United Kingdom
follow closely, contributing heavily to intra-
regional and cross-continental collaborations.
The red cluster indicates close intra-European
collaboration, with Germany, Italy, Spain, and
France forming a close and highly cohesive
research community. In contrast, the yellow

cluster, with China, Japan, Singapore, and
South Korea, suggests an East Asian research
core with deep ties to the likes of Malaysia,
Philippines, and Thailand. The blue cluster,
which has the Russian Federation and Middle
Eastern countries as its core, projects rising
involvement in the industry, particularly
through relationships with Iran, Pakistan, and
United Arab Emirates. In an interesting
development, India links various clusters,
further establishing itself as a regional and
global partner.
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Keyword Co-Occurrence Network
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Figure 4. Network Visualization
Source: Data Analysis

The fourth figure shows a clear
thematic difference between two major
groups: environmental monitoring (red) and
green finance (green). The red cluster,
directed towards "environmental
monitoring," comprises keywords such as
environmental engineering, wireless sensor
networks, Internet of Things, air pollution,
water quality, heavy metals, and pollution.
These keywords indicate a focus on
technological and scientific approaches of
environmental data collection and analysis.
The fact that words like quality control,
nonhuman, and human appear indicates
diverse  applications  of = monitoring
technologies in ecological as well as human
health contexts, which is proof of
interdisciplinarity of interest from the areas of
engineering, environmental science, and
health research.

Conversely, the green cluster is
revolving around '"green finance" and
encompasses wide policy, economic, and
sustainability-related terms. The major words
like  sustainable
economy, carbon emission, financial system,
and renewable energies focus on the financial

development,  green

tools utilized in financing sustainability

activities. The mutual prevalence of keywords
like green bonds, economic development,
investments, and innovation is testimony to
the blending of environmental aims with
financial instruments and economic policies.
The inclusion of decentralized finance and
green innovation also reflects the growing
relevance of new technologies and fintech to
pursue environmental objectives, particularly
in environments where access to conventional
capital may be restricted. Above all, the
linkages between the two clusters, as
indicated by overlapping nodes such as
environmental protection, climate change,
carbon dioxide, and environmental policy,
reflect the interdisciplinary relationship
between financial science and environmental
science.

These shared keywords indicate
rising convergence in the literature, with
environmental data (from surveillance
systems) being progressively used to inform
fiscal choices and examine the impact of
environmentally-friendly investments.
Convergence between these two areas is the
secret to success for initiatives toward global
sustainability since it relates environmental
responsibility to capital allocations.
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Figure 5. Overlay Visualization
Source: Data Analysis

The fifth graph indicates the temporal
trends of keywords in the academic world at
the intersection of environmental monitoring
and green finance from 2010 to 2025. The color
scale from darker blue (more aged terms) to
lighter yellow (more recent terms)
demonstrates how the research interest
changed over time. The blue and teal clusters,
centered around terms like environmental
monitoring, environmental engineering,
water quality, pollution, and heavy metals,
indicate early research agendas (2010-2015).
These terms denote core scientific studies of
pollution sensing, quality control, and
environmental data collection devices—
especially through devices like wireless
sensor networks and the Internet of Things
(IoT). As we move into the green and yellow
regions of the map, we observe the rise of
green finance and supporting economic-
policy discourse from as far back as 2016.

Keywords like
development, climate change, carbon dioxide,

sustainable

and environmental policy appear in light
green shades, suggesting they gained
prominence  during  the  mid-2010s.

More recently, however—especially
in the post-2020 period —keywords such as

green economy, green bonds, decentralized
finance, financial system, innovation, and
green innovation dominate the bright yellow
zone. These terms reflect the increasing
attention on financial instruments, market-
based environmental solutions, and digital
finance innovations aligned with
sustainability agendas. This trend signals a
shift from the mere generation of
environmental data to strategic integration
into financial decision-making and policy
design. The intersectional nexus of ideas like
sustainable development, green protection,
and carbon emission—integrated in mid-
green tones—serves as a theoretical bridge
between the science-technology environment
of environmental monitoring and the
economics-policy environment of green
finance. This shift points to how
contemporary research has trended towards
interdisciplinary
information on the environment is utilized in
evaluating the effects and responsibility of
financial  investments. Moreover, the
invention of the usage of terms such as green
innovation and decentralized finance over the
past few years (since 2022) signifies that there
will likely be even more research in the future

convergence, where
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on financial systems of innovation (such as
blockchain-based ESG products) and real-

L{)% VOSviewer

time monitoring schemes facilitating open,
data-driven environmental governance.

Figure 6. Density Visualization
Source: Data Analysis

Figure 6 illustrates research intensity
and keyword density in the literature relating
environmental monitoring and green finance.
The sharp bright yellow ring surrounding
"environmental monitoring” and
"environmental engineering" signals dense
publication frequency and high co-occurrence
of related terms. This signals that the scientific
and engineering foundations of
environmental ~monitoring—e.g.,  quality
control, water quality, IoT, and sensor
networks—have been the focus of significant
literature interest. These themes have served
as the benchmark for environmental data
collection and pollution identification,
particularly in the early 2010s when climate
Citation Analysis

and pollution figures began to appear as
regulatory and investment indicators. Across
the other side of the world, "green finance"
and "green economy" are another group, a
newer but growing exuberance in research
themes.  Challenges like  sustainable
development, climate change, carbon
emission, and economic growth form a
moderately dense cluster, indicating the
rising integration of environmental objectives
into financial systems. Interestingly, the area
around green bonds, decentralized finance,
and green innovation is relatively less dense,
indicating that these are frontiers with rising
but limited academic research.

Table 1. Top Cited Literature

Citations | Author | Title

502 [12] Impact of green finance on economic development and environmental
quality: a study based on provincial panel data from China

492 [13] Role of green finance in improving energy efficiency and renewable
energy development

480 [14] Green technological innovation, green finance, and financial development

and their role in green total factor productivity: Empirical insights from
China
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459 [15] Global low-carbon energy transition in the post-COVID-19 era

449 [16] ESG ratings promote corporate green innovation? A quasi-natural
experiment based on SynTao Green Finance's ESG ratings

344 [17] Nexus between green finance, fintech, and high-quality economic
development: Empirical evidence from China

245 [18] Does green finance really deliver what is expected? An empirical
perspective

241 [19] Green finance for sustainable green economic growth in india

239 [20] Does green finance counteract the climate change mitigation: Asymmetric
effect of renewable energy investment and R&D

217 [21] Do green finance and innovation matter for environmental protection? A
case of OECD economies

Source: Scopus Database

Practical Implication

These actionable insights are
intended for policymakers, investors, and
practitioners working at the intersection of
green finance and environmental monitoring.
By revealing key research trends and
collaboration networks, the study helps
stakeholders identify ~which countries,
institutions, and researchers are leading the
discussion, facilitating targeted partnership
and funding efforts. For governments and
financial institutions, the clustering of the
keywords green bonds, carbon emission,
climate  change, and  environmental
monitoring systems reveals the increased
integration of empirical environmental data
into financial decision-making. This entails
need for stronger infrastructure and
regulation policies that link environmental
monitoring outputs and finance mechanisms
for greater transparency, risk assessment, and
sustainable development outcomes.
Furthermore, the study encourages the use of
frontier technologies (e.g., 10T, blockchain,
decentralized finance) for ESG investment
analysis, paving the way for smarter, data-
driven environmental financial products.
Theoretical Contribution

Theoretically, the study contributes to
the  emerging  literature = combining
environmental science, finance, and
sustainability = studies. By synthesizing
bibliometric trends across time, the study
helps to conceptualize green finance and
environmental governance as not separate
disciplines, but instead as interacting
components of an enlarged sustainability

system. The keyword emergence and cluster
convergence depict a widening paradigm
wherein financial systems are reconfigured
around  environmental = metrics  and
accountability. This provides the foundation
for extending theoretical models of
sustainable finance to include data
infrastructure, environmental intelligence,
and technology feedback loops. Additionally,
the study offers a multi-level agenda—at the
level of author networks, institutional
collaboration, national participation, and
thematic development—upon which
researchers can build to further explore
knowledge diffusion and policy coordination
in the green economy transition.
Limitation

Although the bibliometric approach
presents an overview and data-supported
description of the research context, it is not
without its shortcomings. First, it is restricted
to papers indexed on the Scopus database and
just those in the English language only, which
may exclude related studies in regional
databases or non-English literature—
particularly those of developing countries
that are at the center of the global green
finance agenda. Second, bibliometric tools like
VOSviewer rely on keyword co-occurrence
and citation frequency, which might not
capture the depth, quality, or contextual
sensitivity of included studies. Third,
interpretation of cluster and network is
inherently subjective to the researcher's
viewpoint and might overlook emerging but
less-widely-cited fields of research. Follow-up
studies might utilize ancillary techniques
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such as systematic review of the literature,
qualitative expert
interviews in an effort to accrue more
penetrating data on causality, thematic
framing, and policy significance.

meta-analysis, or

4. CONCLUSION

This bibliometric study provides a
thorough overview of the evolving research
landscape at the intersection of green finance
and environmental monitoring. The evidence
marks a clear temporal and thematic shift—
initially, there was a preoccupation with
detecting environmental pollution and
monitoring technologies, whereas now the
focus has shifted more recently to applying
environmental data to financial products,
policy programs, and sustainable investment

policies. ~ The  co-authorship
institutional co-operation, and keyword co-
appearance signify the international and
interdisciplinary nature of this field, with
China, the USA, India, and European nations
featuring their scholarly inputs prominently.
Perhaps most importantly, the confluence of
keywords such as sustainable development,
carbon emission, and environmental policy
signifies the maturity of a research system that

image,

values the possibility of integrating empirical
environmental insights into economic choice-
making. This study not only follows
intellectual trends but also emphasizes the
necessity for forging improved cooperation
between scientists, market players, and
policy-makers to facilitate an open and
effective green transition.
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