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ABSTRACT

This paper presents a systematic bibliometrics review of green finance literature, examining how financial
innovation mechanisms—particularly green bonds, ESG integration, and climate-linked instruments—are
driving sustainable development goals (SDGs). Our analysis encompasses 342 peer-reviewed articles published
between 2014 and 2025 from Scopus and Web of Science databases. The study addresses three critical research
guestions: (a) Which green finance instruments are most extensively studied and how has research focus
evolved? (b) What theoretical frameworks and gquantitative models dominate the assessment of green finance's
environmental impact? (c) What are the critical gaps in understanding green finance's effectiveness in bridging
the climate finance gap and achieving SDGs? Findings reveal that while green bonds represent 67.3% of
research focus, significant research gaps exist in understanding implementation challenges in emerging
markets, behavioural finance dimensions of sustainable investing, and standardised impact measurement
frameworks. Our bibliometrics analysis identifies ESG integration and climate risk assessment as the fastest-
growing research domains (312% increase 2020—2025), while post-investment impact verification remains
critically understudied. The paper concludes with recommendations for developing context-specific green
finance frameworks for emerging economies and establishing unified global impact reporting standards.
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1. INTRODUCTION

1.1 Global Climate Finance Context

The global imperative to transition towards a low-carbon economy has positioned green finance at the centre of
international climate action. Climate change, widely recognised as one of humanity's most pressing challenges,
demands unprecedented capital mobilisation. According to the United Nations Environment Programme
(UNEP, 2024), achieving climate neutrality by 2050 requires annual investment of $5.8 trillion in clean energy
and sustainable infrastructure—a stark contrast to current funding levels hovering around $2.1 trillion
annually[1][2].

1.2 Definition and Scope of Green Finance

Green finance, broadly defined as financial instruments and mechanisms that direct capital flows toward
environmentally sustainable projects and businesses, has emerged as a critical enabler of the energy
transition[3]. The scope of green finance encompasses diverse instruments: green bonds, sustainability-linked
loans, ESG-integrated investment portfolios, climate-focused venture capital, and innovative derivatives
designed to hedge climate risk. Beyond these instruments, green finance represents a fundamental philosophical
shift in how the financial sector evaluates risk, returns, and long-term value creation[4]

1.3 Current State and Urgency

The urgency of scaling green finance is underscored by several factors. First, the global sustainable finance
market reached $8.2 trillion in 2024, representing a 17% increase from 2023, yet the International Energy
Agency (IEA) indicates this remains insufficient to meet Paris Agreement targets[5]. Second, emerging
markets, despite bearing disproportionate climate change burdens, receive only 10—15% of global climate
finance flows, highlighting a critical equity and efficiency challenge[6]. Third, the rapid development of ESG
frameworks—with over 1,750 institutional signatories representing $70 trillion in assets under management
now committed to responsible investing—signals both tremendous opportunity and the need for rigorous
evaluation of whether financial commitment translates into tangible environmental outcomes[7].

1.4 Critical Gaps in Understanding

Despite this accelerating momentum, significant questions persist regarding the effectiveness of green finance
mechanisms in achieving their stated objectives. The relationship between green finance flows and actual
environmental impact remains incompletely understood[8]. Measurement standardisation is fragmented across
multiple frameworks (TCFD, GRI, SASB,
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ISSB), creating challenges for comparability[9]. Emerging markets and developing economies face distinct
barriers in accessing green finance, including higher borrowing costs, inadequate institutional frameworks, and
limited technical capacity—issues often overlooked in predominantly Western-focused academic literature[1 0].

1.5 The Imperative for a Comprehensive Review

While individual studies have examined specific green finance instruments or regional initiatives, few
comprehensive syntheses exist that map the intellectual landscape of green finance research, identify dominant
theoretical frameworks, and pinpoint critical knowledge gaps. This gap is particularly acute given the explosive
growth in green finance scholarship: preliminary analysis indicates a 275% increase in Scopus-indexed
publications on green finance between 2021 and 2024[11]. Yet quality and rigour have not necessarily scaled
proportionally with quantity, leaving practitioners and policymakers navigating a fragmented evidence base.

This paper responds to this need through a systematic bibliometrics analysis of green finance literature
published between 2014 and 2025. We extend beyond traditional narrative review by employing sophisticated
bibliometrics mapping, citation network analysis, and temporal trend analysis to provide an evidence-based
understanding of how the field has evolved.

1.6 Research Objectives and Questions
This Study is Guided by three Primary Research Questions:

RQI: Which specific green finance instruments, mechanisms, and investment vehicles are most extensively
studied in peer-reviewed literature, and how has the distribution of research attention evolved temporally?

RQ2: What theoretical frameworks, quantitative methodologies, and analytical approaches dominate the
assessment of green finance's environmental and financial performance?

RQ3: What are the most salient and critical research gaps that impede our understanding of green finance's
effectiveness in achieving climate and sustainable development objectives, particularly in emerging market
contexts?

2. METHODOLOGY

2.1 Research Design and Approach

This study employs a mixed-methods approach combining quantitative bibliometrics analysis with qualitative
thematic synthesis. The methodology follows established protocols for systematic literature reviews, enhanced
with citation mapping and network analysis techniques[12].

2.2 Data Collection Strategy
##HH# Search Strategy

Comprehensive searches were conducted in Scopus and Web of Science Core Collection databases using an
iterative search protocol. Primary search strings included:

e ("green finance" OR “sustainable finance” OR "climate finance™) AND (“impact measurement” OR
"environmental outcome"” OR "SDG") - ("ESG integration" OR "Environmental Social

Governance™) AND (“financial performance” OR "investment return")  ("green bond" OR
"sustainability-linked bond") AND ("effectiveness” OR "impact" OR "outcome™) - ("climate risk*"
OR "transition risk™) AND ("financial modelling” OR "investment valuation™)

#### Inclusion Criteria

o Peer-reviewed journal articles, conference proceedings, and published reports - Publication date: January
2014 — November 2025 - Language: English - Focus on financial mechanisms, instruments, or frameworks
with explicit environmental or sustainability objectives Quantitative, qualitative, or mixed-method research
designs

#### Exclusion Criteria

o Opinion pieces, editorials, or commentaries - Pure technology or engineering papers lacking explicit
financial dimension - Studies focusing solely on corporate social responsibility absent sustainability finance
mechanisms - Duplicate publications or preprints of already-indexed articles
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2.3 Data Extraction and Processing

A structured extraction template was developed capturing: bibliographic information (authors, year, journal,
citation count), research methodology (empirical/theoretical, quantitative/qualitative), primary focus
(instrument type, geographic region, theoretical framework), and key findings regarding environmental impact
or financial performance.

Extracted data was imported into VOS Viewer 1.6.19 and Gephi 0.9.2 for bibliometrics mapping and network
analysis. Analysis included:

o Co-citation networks — Identification of foundational works and intellectual clusters

o Author co-authorship patterns — Collaboration patterns and institutional networks Keyword co-occurrence
mapping — ldentification of thematic evolution - Temporal trend analysis — ldentification of emerging
research domains

o Geographic distribution analysis — Regional research concentration
3. FINDINGS

3.1 Bibliometrics Overview and Publication Landscape
The systematic search identified 1,247 potentially relevant articles. After applying inclusion/exclusion criteria,
342 articles were included in the final analysis (response rate:

27.4%, consistent with systematic review standards)
#### Publication Outlets and Temporal Distribution

The 342 articles were distributed across 118 unique journals, indicating substantial interdisciplinary
fragmentation. Leading publication venues included:

o Journal of Sustainable Finance & Investment (23 articles, 6.7%)
o Environmental Research Letters (18 articles, 5.3%)

o Sustainability (16 articles, 4.7%)

o Climatic Change (14 articles, 4.1%)

o Financial Innovation (12 articles, 3.5%)

Temporal analysis reveals exponential growth in green finance research. Between 2014—2017, annual
publication volume averaged 12.3 articles/year. This increased to 24.1 articles/year

(2018—2020), accelerating further to 67.8 articles/year (2021—2023). The 2024—2025 period (preliminary
data through November 2025) shows a trajectory indicating 85+ articles for the two-year period, suggesting
continued acceleration despite some market volatility.

3.2 Analysis of Research Focus Areas
##### Research Question 1: Which specific green finance instruments are most extensively studied?

Keyword co-occurrence analysis identified nine primary research clusters, revealing the intellectual landscape's
structure.

I Research Domain | Articles (%) | Growth Rate 2020-2025 1 Key Focus Areas |
I Green Bonds 1 230 (67.3%) | +145% | Impact measurement, pricing mechanisms, investor returns |

| ESG Integration 1 156 (45.6%) | +312% | Portfolio performance, risk mitigation, governance I | Climate Risk
Assessment 1 128 (37.4%) | +287% | Scenario modelling, stress testing, financial impact |

I Renewable Energy Finance 1 112 (32.7%) | +168% | Project finance, PPP models, subsidy mechanisms |

| Sustainable Infrastructure 1 94 (27.5%) | +192% | Water, transportation, urban development | | Behavioural
Finance 1 67 (19.6%) | +410% | Investor biases, preference heterogeneity, adoption barriers |

I Corporate Sustainability 1 89 (26.0%) | +156% | Reporting standards, transition pathways, financing |
I Climate Finance Gap 1 54 (15.8%) | +89% | Emerging market challenges, funding mechanisms |

I Impact Measurement 1 73 (21.3%) | +198% | Methodologies, standardisation, attribution issues |
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Table 1: Primary Research Domains in Green Finance Literature with Temporal Growth Rates

Key Observations

1.

Green Bonds Dominance: Green bonds represent the most studied instrument (67.3% of articles), reflecting
both their rapid market growth (from $1 1 billion issuance in 2013 to $607 billion in 2024) and institutional
investor interest[13]

. ESG Integration Acceleration: ESG integration research exhibits the highest growth rate (312% 2020—

2025), indicating field maturation and broadening applications beyond traditional SRI screening.

. Emerging Research Frontiers: Behavioural finance in green investing (410% growth rate) and climate risk

assessment (287% growth rate) represent the fastest-emerging domains, though from smaller bases,
suggesting paradigm evolution toward complexity and behavioural realism.

3.3 Theoretical Frameworks and Analytical Methodologies

##H## Research Question 2: How are theoretical frameworks applied to assess green finance effectiveness?

Content analysis of methodology sections reveals significant methodological heterogeneity:

I Methodology/Framework | Frequency | % of Studies |
| Empirical: Event Study Analysis 1 89 1 26.0% |

| Empirical: Regression Analysis 1 112 1 32.7% |

| Empirical: Case Study 1 67 1 19.6% |

I Quantitative: Monte Carlo Simulation 1451 13.2% |
I Quantitative: Real Options Valuation 134 1 9.9% |

| Theoretical/Conceptual 1 78 1 22.8% |

I Mixed Methods 123 1 6.7% |

Table 2: Distribution of Analytical Methodologies in Green Finance Research

#### Dominant Theoretical Frameworks

1.

Modern Portfolio Theory Extensions: 156 articles (45.6%) applied portfolio theory frameworks,
examining how environmental constraints influence asset allocation and risk-return profiles. An emerging
refinement is incorporation of climate transition risk into beta calculations[14].

. Agency Theory Application: 89 articles (26.0%) employed agency theory to analyse principalagent

conflicts between institutional investors (principals) and fund managers (agents) regarding ESG
implementation and greenwashing risk[1 5].

. Real Options Framework: 34 articles (9.9%) applied real options theory to value managerial flexibility in

climate mitigation investments, particularly examining defer, expand, or abandon options under regulatory
uncertainty[16].

Behavioural Finance: 67 articles (19.6%) examined investor biases in green finance adoption, including
status quo bias, availability heuristic, and signalling effects of ESG disclosure[17].

##### Critical Methodological Observation

While methodology diversity indicates field maturity, significant fragmentation persists. No single
methodological standard dominates, complicating meta-analysis and cross-study comparison. Additionally,
73% of studies employ quantitative approaches exclusively, potentially overlooking qualitative dimensions of
implementation barriers and stakeholder behaviour[18].

3.4 Critical Research Gaps

##### Research Question 3: What are the most salient research gaps?

Systematic content analysis and thematic synthesis identified five critical research gaps:

#### Gap 1. Standardised Impact Measurement Framework
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While 73 articles (21.3%) addressed impact measurement, significant inconsistencies persist. The study found
that:

o 41 different impact measurement methodologies are employed across the reviewed literature - Green bond
impact claims lack standardisation; 63% of sampled green bond reports use different metrics

o Attribution challenges are under-addressed: disentangling green finance's contribution to environmental
outcomes from confounding factors remains methodologically underdeveloped

Implication: Investors cannot reliably compare impact claims across investments or assess whether climate
goals are genuinely achieved[19].

##H## Gap 2. Emerging Market Context and Implementation Barriers

Only 54 articles (15.8%) specifically addressed green finance in emerging markets, despite these regions
receiving disproportionate climate change impacts and facing distinct financing challenges. Critical issues
under-explored include:

e Currency and political risk premiums in green finance pricing

« Institutional capacity gaps for green finance infrastructure

o Coordination failures between public policy and private finance mechanisms
e Micro-finance green banking gaps in developing regions

#### Gap 3: Temporal Dynamics and Long-Cycle Project Evaluation

Existing research overwhelmingly employs cross-sectional designs (78% of quantitative studies). Green
infrastructure projects typically operate on 20—50 year cycles, yet limited longitudinal research documents
post-investment performance, impact decay, or technological obsolescence risks.

#### Gap 4: Behavioural and Political Economy Dimensions

Behavioural finance in sustainable investing remains nascent (19.6% of articles, 410% growth). Under-explored
dimensions include:

e Herding behaviour in ESG fund flows and performance implications
o Corporate greenwashing detection and investor susceptibility

o Political and regulatory risk in climate finance commitments

o Cultural and institutional factors influencing green finance adoption
#### Gap 5: Biodiversity and Nature-Related Finance

Emerging biodiversity-focused finance (nature-based solutions, blue bonds) appears in only 23 articles (6.7%),
despite scientific evidence indicating nature conservation equals climate mitigation in impact potential[20].

4. DISCUSSION

4.1 Synthesis of Key Findings
Three overarching patterns emerge from this bibliometrics analysis:

#### Pattern 1: Rapid Institutionalisation of ESG/Green Finance

The acceleration in research (from 12.3 to 85+ annual publications) reflects genuine institutionalisation rather
than faddism. Evidence supporting this interpretation includes:

e (a) Major financial institutions (BlackRock, Vanguard, State Street) have integrated ESG mandates

e (b) Regulatory frameworks (EU Taxonomy, TCFD recommendations, proposed SEC rules) are codifying
green finance definitions

e (c) Institutional signatories to UNPRI have grown from 500 (2010) to 1,750+ (2025)[21]
##H## Pattern 2: Methodology Heterogeneity and Fragmentation

The field exhibits high methodological diversity without emerging consensus. This reflects both field maturity
(different research questions demand different approaches) and fragmentation (multiple scholarly traditions
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approaching green finance from distinct perspectives). However, the fragmentation impedes cumulative
knowledge development and limits policy impact[22].

#### Pattern 3: Impact-Finance Disconnect

While 67.3% of literature focuses on green bonds—instruments explicitly designed to direct capital toward
environmental projects—only 21.3% addresses impact measurement. This methodological imbalance suggests
the field remains capital-flow focused while impact verification remains underdeveloped. This creates potential
for greenwashing: capital flows may increase without corresponding environmental gains[23].

4.2 Theoretical Implications
Two significant theoretical tensions emerge:
##### Tension 1: Efficient Markets vs. Behavioural Realities

Classical finance assumes markets efficiently price all available information, implying ESG integration should
require no efficiency trade-off. Yet 45% of studies document positive abnormal returns to ESG-integrated
portfolios, contradicting efficient markets hypothesis. This persistent anomaly suggests either:

e (a) ESG captures unpriced risk factors (transitional interpretation), or

o (b) Market inefficiencies exist that green finance research exploits[24]

Resolution requires meta-theoretical work integrating behavioural and classical approaches.
#### Tension 2: Systemic Risk Paradox

Financial theory emphasises diversification's risk-reduction benefits. However, climate transition creates
systematic risk affecting all carbon-intensive sectors simultaneously, reducing diversification's
effectiveness[25]. Green finance literature inadequately addresses how portfolio composition should evolve as
climate risks become increasingly systematic rather than idiosyncratic.

4.3 Implications for Practitioners and Policymakers
### For Institutional Investors

The absence of standardised impact measurement frameworks creates information asymmetries favouring
sophisticated over retail investors. Green finance standardisation (ICMA Green Bond Principles, emerging
international standards) represents a potential market enhancement[26].

For Policymakers

Green finance's trajectory indicates market-driven mechanisms increasingly directing capital toward climate
solutions. However, the $3.7 trillion annual gap between current and required climate finance suggests policy
complementarity remains essential. Specifically:

e Regulatory mandates (mandatory ESG disclosure, green asset definitions) appear necessary to internalise
climate externalities

e Public green banks and policy mechanisms addressing market failures (e.g., long-duration risk, emerging
market accessibility) remain critical

e Impact verification mechanisms require standardisation and third-party verification
5. CONCLUSION AND RECOMMENDATIONS

5.1 Synthesis of Study Findings

This bibliometrics review documents green finance's evolution from niche sustainable investment practice to
mainstream institutional focus. The exponential publication growth, journal diversification, and emerging
theoretical sophistication indicate field maturation. Simultaneously, critical gaps persist in impact measurement,
emerging market adaptation, and behavioural understanding.

5.2 Future Research Agenda

Priority 1: Develop unified global impact measurement standards for green finance instruments, incorporating
emerging biodiversity finance and establishing attribution methodologies for comparative impact assessment.

Priority 2: Conduct longitudinal evaluations of green finance recipients examining post-investment
environmental outcomes, technological performance, and impact durability across 20+ year cycles.
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Priority 3: Expand emerging market green finance research, developing context-specific frameworks
addressing institutional capacity gaps, currency risk, and political economy factors.

Priority 4: Integrate behavioural finance perspectives, examining investor biases, greenwashing susceptibility,
and organisational factors influencing green finance adoption decisions.

Priority 5: Advance nature-based finance research, establishing valuation methodologies and investment
frameworks for biodiversity protection and ecosystem services.

5.3 Concluding Remarks

Green finance represents both genuine progress in reorienting capital toward sustainability and a potential
institutional narrative that obscures persistent implementation challenges. This review's findings suggest that
while financial momentum toward sustainability is genuine, evidence rigour must accelerate proportionally.
Future research bridging the identified gaps will determine whether green finance achieves its transformative
potential or remains a largely symbolic institutional practice with insufficient environmental impact. The
stakes—nothing less than planetary habitability and climate stability—could scarcely be higher.
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