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Abstract 15 

Green finance (GF) supports the global fight against climate change and its impacts. It is critical 16 

to attaining the Paris Agreement and the United Nations Sustainable Development Goals. Since 17 

GF is regarded as the future of finance and investment, it needs to be fully understood. This 18 

paper presents the first mixed-methods systematic review with both bibliometric and 19 

qualitative analysis of the state-of-the-art and trends in GF research. A bibliometric review was 20 

performed to quantitatively examine the main areas of interest, journals, and clusters of GF 21 

research based on 995 related publications retrieved from Scopus and validated with the Web 22 

of Science, Google Scholar, and ScienceDirect. Results showed that GF is still relatively an 23 

immature but interdisciplinary research area. A further qualitative-systematic analysis of 60 24 

selected publications was conducted to identify the key findings, challenges, and 25 

recommendations for future research. Findings revealed six major research hotspots in GF: (i) 26 
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green bond market and greenium, (ii) green credit (loan), (iii) carbon investment and market, 27 

(iv) green banking, (v) market stress (e.g., the COVID-19 pandemic) and GF, and (vi) domestic 28 

and international climate finance policies. Based upon gaps in extant literature, suggestions for 29 

future research are proposed: GF policy initiatives and incentives; GF in green building; and 30 

Fintech-for-GF. This study provides insights into key applications of GF as it applies to specific 31 

research fields, as well as the pathways to realize the accruable benefits of GF to enhance 32 

research and development. 33 

 34 

Keywords: Green finance, Sustainable finance, Qualitative analysis, Bibliometric analysis, 35 

Mixed-methods systematic review.36 
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1. Introduction 37 

Today’s world faces many severe environmental challenges such as air pollution, scarcity 38 

of resources, and land degradation which have implications for productivity, economic success, 39 

and public health (UNEP, 2017). To overcome these, sustainable development towards a green 40 

economy has become a mainstream consideration for the financial sector (International Capital 41 

Market Association (ICMA), 2020). Green economic transition demands huge investments that 42 

protect the environment with its benefits – the case of green finance (GF). GF refers to 43 

“financial services provided for economic activities that are supportive of environment 44 

improvement, climate change mitigation and more efficient resource utilization. These 45 

economic activities include the financing, operation and risk management for projects in areas 46 

such as environmental protection, energy savings, clean energy, green transportation, and green 47 

buildings” (EIB and GFC, 2017 p.8). GF is a broad concept of sustainable finance for socially 48 

inclusive green projects, environmental finance to promote environmentally responsible 49 

investments, carbon finance, targeting reduction in greenhouse gas (GHG) emissions, and 50 

climate finance, focusing on climate change mitigation and adaptation initiatives (Noh, 2019). 51 

It covers a wide range of instruments, from private loans to insurance, and includes equity, 52 

derivatives, and fiscal or investment funds (Taghizadeh-Hesary et al., 2021). GF is crucial to 53 

achieving the Paris Agreement (UNFCCC, 2015) and the United Nations Sustainable 54 

Development Goals (UNEP, 2018). 55 

Hence, GF has received increasing attention from researchers, national governments, and 56 

international organizations, leading to increasing empirical studies (e.g., MacAskill et al., 2021; 57 

Ferrer et al., 2021). Alongside, some review studies have been published. However, most of 58 

them focus on the application of GF to a specific sub-sector, such as green banking (Akomea-59 

Frimpong et al., 2021; Sarma & Roy, 2021), renewable energy (Hafner et al., 2020), and green 60 

buildings (Debrah et al., 2022a). For instance, Debrah et al. (2022) conducted a “scoping 61 

review” of only 28 studies on the “implementation of GF in green buildings”. Akomea-62 
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Frimpong et al. (2021) presented a “content analysis” of only 46 studies on “GF of banks”. 63 

Similarly, Sarma & Roy (2021) conducted an “exploratory and descriptive” review of only 178 64 

studies on “green banking”. Hafner et al. (2020)’s review explored only 31 policy reports and 65 

73 research articles on the barriers to “large-scale clean energy infrastructure investment” in 66 

developed countries. Other review studies focused on a typology of GF such as green bonds 67 

and green loans (Bhutta et al., 2022; Gilchrist et al., 2021; MacAskill et al., 2021). Above-68 

mentioned reviews offer a narrowed perspective rather than a general, inclusive understanding 69 

of GF research. Moreover, they are based on qualitative manual analysis of the literature which 70 

is prone to subjective biases, lack of replicability, and decreased reliability (Darko et al., 2020; 71 

Pan & Zhang, 2021). While few recent reviews (Cai & Guo, 2021; Yu et al., 2021; Zhang et 72 

al., 2019) have attempted to address these limitations via quantitative-bibliometric approach, 73 

they also lack the in-depth understanding that qualitative approach could afford. To overcome 74 

the limitations of both the quantitative-bibliometric and qualitative approaches to achieve more 75 

valid and reliable analysis and understanding of GF research, there is a need to integrate the 76 

benefits of both approaches. Such a review is currently missing from the GF literature. 77 

To fill this gap, this study aims to provide a mixed-methods bibliometric-qualitative review 78 

of GF research for the first time. Unlike previous reviews that had narrowed perspectives, this 79 

review focuses on GF in general. To enhance the depth and breadth of understanding, this 80 

review addresses the following limitations of previous reviews: (1) searching multiple literature 81 

databases using a combination of multiple keywords to identify the relevant body of knowledge 82 

(Section 2), leading to 995 publications; (2) first, performing quantitative bibliometric analysis 83 

to summarize the evolution of the literature, structure and networks of GF body of knowledge, 84 

evaluating the depth of scientific collaboration in GF research (Section 3); (3) then, providing 85 

an in-depth understanding of the research hotspots and application areas of GF via a qualitative-86 

systematic analysis (Section 4); and (4) finally, identifying the signposts for future research to 87 

accelerate the development and impact of GF (Section 5). 88 
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2. Research methodology 89 

The “mixed-methods systematic review” was the primary method adopted for this study. This 90 

method incorporates both quantitative review (i.e., bibliometric approach) and systematic 91 

review (i.e., qualitative approach) in a single research (Oraee et al., 2017) for synthesizing and 92 

analyzing available literature on a subject (Harden & Thomas, 2010). The mixed-methods 93 

systematic review has the ability to reduce biased conclusions and subjective judgments and 94 

interpretations, as well as “to enhance the depth-and-breadth of understanding” in comparison 95 

to the “mono-method manual systematic review”(Heyvaert et al., 2016). Like previous studies 96 

(Yin et al., 2019), this study utilized the mixed-methods systematic review to overcome 97 

shortcomings and build on the strengths of both quantitative and qualitative methods when 98 

used in isolation. Also, the challenge of biased and subjective judgement and interpretations 99 

(Harden & Thomas, 2010) could be addressed with the mixed-method systematic review. 100 

According to Heyvaert et al. (2016), this research approach must follow an outlined protocol 101 

in terms of data collection and analysis to achieve the defined objectives of the study. Figure 1 102 

provides a summary of the guidelines for conducting a mixed-method systematic review, 103 

details of which are discussed next. 104 

 105 
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 106 

Figure 1. Research methodology (modified from Debrah et al., 2022b). 107 

2.1. Search for publications (stage 1) 108 

As illustrated in Figure 1, the first stage of this study involved the search for publications. A 109 

data collection strategy of previous literature is necessary to retrieve relevant data since it 110 

defines the knowledge framework upon which research conclusions are based. Therefore, it is 111 

critical to include all the known research terms based on past research to increase the quality 112 

and validity of the data. We however acknowledge that it is impossible to include all likely 113 

terms in one study (Darko & Chan, 2016). Keywords combination from the literature (Akomea-114 

Frimpong et al., 2021; Hafner et al., 2020; Zhang et al., 2019) were used to retrieve 115 

bibliographic data. The Scopus, Web of Science, Google Scholar, and ScienceDirect databases 116 

were selected for data identification due to their high coverage of high impact publications. 117 

Since the Scopus has higher indexing rate with wider and more recent publications coverage 118 

than other databases (Meho & Rogers, 2008), it was selected as the primary data source while 119 

the rest were employed to fully download the article and validate the data. It has also been 120 
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widely used in the literature (Debrah et al., 2022a, 2022b). To provide a comprehensive 121 

database, searches were performed in the “title”, “abstract”, and publication “keywords” 122 

sections with no date range restrictions. As of 13 March 2021, 1,125 publications were initially 123 

identified and downloaded. Table 1 shows the search parameters for document retrieval. 124 

 125 

Table 1. Search data parameters for document retrieval 126 
Parameter Settings 

TITLE-ABS-

KEY 

(“Green finance” OR “Climate finance” OR “Sustainable finance” OR “Carbon 

finance” OR “Environmental finance” OR “Carbon financing” OR “Sustainable financing” OR “Green 

bonds” OR “Climate bonds” OR “Green investing” OR “Eco-investing” OR “Carbon 

investing” OR “Green credit” OR “Green loan” OR “Green securities”) 

Type Article 

Time span No limitations (1989 to March 2021) 
Language English 

Note. TITLE-ABS-KEY = Title, abstract and keywords  127 

 128 

2.2. Exclusion and inclusion criteria (stage 2) 129 

Regarding the exclusion and inclusion criteria, the “document type” was limited to “article”. 130 

This is because compared to other document types such as conference papers, articles 131 

commonly have higher quality due to their relatively rigorous peer-review process. Moreover, 132 

articles offer a more authoritative body of knowledge for bibliometric analysis (Darko et al., 133 

2020; Debrah et al., 2022b). The CiteSpace function was used to remove 80 duplicate 134 

publications from the initial dataset. Further, 50 irrelevant publications were removed after 135 

reading of titles, abstracts, and in some cases, the full content of the initially identified 136 

publications, where the abstracts failed to provide sufficient information. The manual screening 137 

process was used to exclude all the research papers that were outside the scope of this study 138 

and further not duplicated using CiteSpace. Eventually, the dataset for this study included 995 139 

relevant publications. Publications in languages other than “English” were outside the study’s 140 

scope. 141 

 142 

2.3. Bibliometric analysis (stage 3) 143 
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The bibliometric approach refers to the mapping and visualization of large scientific dataset 144 

(van Eck & Waltman, 2014), which is useful in studying and comprehending the structural and 145 

dynamic features of a scientific domain (Darko & Chan, 2021). Bibliometric analysis uses 146 

networks to represent how scientific or research domains are structured socially, conceptually, 147 

and intellectually (Cobo et al., 2011). In line, this study employed the bibliometric analysis to 148 

identify the knowledge domains, research trends, and main research outlets regarding GF. Like 149 

any robust bibliometric study (Cobo et al., 2011), multiple bibliometric software were utilized 150 

synergistically to analyze the data. VOSviewer 1.6.17, Gephi 0.9.2, and CiteSpace 5.8.R3 151 

software were cooperatively used for analyzing the data and, developing and visualizing the 152 

knowledge maps. While VOSviewer provides distance-based visualizations of bibliometric 153 

networks to indicate relatedness (van Eck & Waltman, 2014), Gephi has the ability to visualize 154 

all kinds of networks (Bastian et al., 2009). Likewise, CiteSpace is useful for analyzing and 155 

visualizing emerging trends in a body of knowledge and their interrelatedness (Chen, 2006). 156 

The combined use of VOSviewer, Gephi, and CiteSpace allow data analysis at higher quality 157 

(Oraee et al., 2017). Thus, in stage 3, VOSviewer, Gephi, and CiteSpace were used for 158 

bibliometric analysis, forming the basis for the qualitative-systematic analysis in stage 4. 159 

 160 

2.4. Systematic analysis (stage 4) 161 

The qualitative-systematic analysis stage of carefully selected papers (see Figure 1) was based 162 

on the proposal by Harden and Thomas (2010) for mixed-methods systematic analysis. This 163 

analysis is effective in revealing knowledge gaps and suggesting areas for future studies 164 

towards advancing knowledge (Oraee et al., 2017). Adopting this method helps to triangulate 165 

and elaborate the study results (Greene et al., 1989). Hence, the mixed-methods systematic 166 

analysis has been developed to reveal the full picture of GF knowledge while isolating key 167 

areas for in-depth analysis.  168 
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The pre-defined criteria for selecting key literature in the systematic analysis stage are as 169 

follows: only empirical studies were eligible for the in-depth systematic analysis. By empirical 170 

studies, we refer to the qualitative and/or quantitative analysis of data collected from methods 171 

such as questionnaire surveys, interviews, case studies, and from archival databases. Antwi-172 

Afari et al. (2021) and Kirchherr & van Santen (2019)’s approaches were followed to select 173 

key articles for the in-depth systematic analysis. In this regard, this paper considered the 174 

following steps. We first selected the 15 most cited GF publications. Second, we selected the 175 

five most recent publications of the top ten GF journals (Table 6). Finally, using a manual 176 

forward-and-backward snowball search, 35 studies were randomly selected according to their 177 

importance in the literature. In the backward snowballing, relevant studies were identified from 178 

the reference list of the initial set (first and second steps above). The discovered studies formed 179 

a new set to undergo the same process referred to as forward snowballing. This cyclical process 180 

of backward-and-forward snowballing was repeated till no new studies were found. 181 

After deduplication and evaluation of the resulting studies according to the pre-defined 182 

criteria (i.e., empirical studies), a total of 60 articles were finally found eligible for further 183 

analysis. Consistent with previous studies (Oraee et al., 2017; Yin et al., 2019), the qualitative-184 

systematic analysis comprised a content analysis of concepts, themes, theories, developments 185 

and research focuses of the carefully selected papers. This was facilitated by an in-depth 186 

content analysis to provide insights into GF, identify research gaps, and provide directions for 187 

further research. Given the systematic approach adopted, we believe that our sample is 188 

representative of the now-available GF literature. However, we do not claim to present an 189 

exhaustive overview of the GF literature. All articles examined are listed in the Appendix A. 190 

 191 

3.  Bibliometric analysis 192 

3.1. Wave of GF research 193 



10 
 

The first study of the dataset related to GF turned out to be Feldman (1989)’s, “Paying for 194 

cleanup: tools for confronting environmental finance issues”, published in the Journal of the 195 

Air Pollution Control Association. Figure 2 indicates the trend of GF publications from 1989-196 

2021; where there are more publications in the 21st century (2001-2021) than in the 20th 197 

century (1989-2000). Noticeably, in contrast to the slow steady growth of GF research in the 198 

20th century, the number of relevant publications has increased significantly from 2009 to 199 

present. The current appreciable interest from academics on GF research could be due to the 200 

establishment of the Kyoto Protocol (in 2009) and the Paris Agreement (in 2015). Since the 201 

literature search was conducted on 13 March 2021, it is expected that the number of 202 

publications in 2021 may increase at the end of the year as suggested by the rising citations 203 

(blue line) and the Gompertz function (green line) (see Figure 2). 204 

The Gompertz function is used to predict the saturation level of a phenomenon under 205 

investigation by using only the previous values of a time series (Rządkowski et al., 2015). 206 

When the fitted Gompertz function works under an adjusted R-square of 0.756 (with a 95% 207 

confidence level), it is projected that the number of relevant publications on GF can increase 208 

to over 250 by the end of 2021. Impliedly, GF is gaining enough attention and interest among 209 

the academia making it a research hotspot. 210 

 211 

https://www.scopus.com/record/display.uri?eid=2-s2.0-84952236952&origin=resultslist&sort=plf-t&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84952236952&origin=resultslist&sort=plf-t&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/30746?origin=resultslist
https://www.scopus.com/sourceid/30746?origin=resultslist
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 212 

Figure 2. Trend of green finance publications from 1989 to March 2021. 213 

 214 

3.2 Structure of GF body of knowledge 215 

3.2.1 Main research areas: keyword co-occurrence analysis 216 

Keywords indicate the main content of a published research and portray the scope of the 217 

research area within a domain (Su & Lee, 2010). According to Darko et al. (2019), keyword 218 

analysis aids in the identification of key areas of research. As such, the VOSviewer software 219 

was used to create a co-occurrence network of keywords. A total of 2,544 keywords were 220 

extracted from the GF dataset based on “fractional counting”, of which 117 keywords met the 221 

threshold. To include a keyword in the network, we set the criterion of “minimum number of 222 

occurrences” of a keyword to “5”. In using the “VOSviewer thesaurus” similar terms (e.g., 223 

SDGs or sustainable development goals) were merged (to sustainable development goals). 224 

Similar logic applies to other keywords. This criterion is based on previous studies (Debrah et 225 

al., 2022b; Hosseini et al., 2018) and several experiments to create optimal, reproducible, 226 
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controllable and understandable research clusters and network. As a result, a network of 98 227 

nodes and 689 links was generated as shown in Figure 3, which represents the main research 228 

areas identified in GF research. 229 

  230 

 231 

Figure 3. Main research interest in green finance research (co-occurrence network of 232 

keywords). 233 

 234 

“Degree centrality” (Prell, 2012), the simplest and most reliable approach to calculating the 235 

network of measures led to the extraction of key information from the network. Calculating the 236 

importance based on the number of links indicates the influence of a node to other nodes. The 237 

VOSviewer co-occurrence network of keywords (Figure 3) was subsequently submitted to the 238 

Gephi software for calculating the centrality nodes. The main research areas were ranked 239 

according to the values of the degree centrality. If two or more research areas have the same 240 

degree centrality value, the area with the highest value of the weighted degree get the higher 241 
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ranking. A modified version of degree centrality, weighted degree centrality, considers the 242 

average of the sum of link weights across all nodes in the graph. Moreover, the betweenness 243 

centrality was used where the two criteria above have the same values. The betweenness 244 

centrality evaluates how nodes appear on the shortest paths between nodes in a network to 245 

identify the influential nodes (Bastian et al., 2009). 246 

Table 2 shows relative influence of the keywords in Figure 3 based on degree centrality. 247 

The rankings and relationships of research interests highlight several relevant findings and 248 

research gaps in the GF literature. 249 

 250 

Table 2. Relative influence of existing research interest in green finance research areas 251 

Research areas Degree centrality Weighted degree 

centrality 

Betweenness centrality Relative influence 

Climate change 66 96 469.18 1 

Climate finance 65 135 457.85 2 

Green finance 44 52 485.11 3 

Sustainability 37 33 30.24 4 

Green bonds 36 51 350.64 5 

Sustainable finance 35 56 0.00 6 

Renewable energy 34 28 117.11 7 

Carbon finance 30 29 40.86 8 

Sustainable development 30 29 21.92 9 

China 29 28 123.64 10 

Finance 27 21 139.97 11 

Paris agreement 26 27 93.46 12 

Adaptation 25 26 0.00 13 

Mitigation 24 19 126.76 14 

Sustainable development 

goals 

21 16 1.98 15 

Development 19 17 54.51 16 

REDD+ 19 16 2.52 17 

Governance 19 12 71.27 18 

Clean development 

mechanism 

18 18 53.21 19 

Climate change mitigation 18 12 91.21 20 

Developing countries 18 12 66.55 21 

Carbon markets 17 16 8.64 22 

Climate policy 16 18 29.84 23 

Agriculture 16 8 10.61 24 

Environmental finance 15 13 54.61 25 

Investment 15 7 29.19 26 

Regulation 15 6 1.45 27 

Green climate fund 14 14 42.73 28 

Economic growth 14 9 45.66 29 

Africa 14 9 8.62 30 

Banks 14 6 18.93 31 

Corporate social 

responsibility 

13 11 3.47 32 

Green economy 13 8 18.73 33 

Energy efficiency 13 7 51.65 34 

Nationally determined 

contributions 

13 7 31.08 35 

Private sector 13 6 14.41 36 
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Fossil fuels 13 6 10.15 37 

Political economy 13 6 6.15 38 

UNFCC 12 14 0.00 39 

Subsidies 12 9 0.00 40 

Indonesia 12 8 15.46 41 

Carbon trading 12 6 40.53 42 

European union 12 6 26.65 43 

Climate governance 12 5 2.18 44 

Equity 11 7 42.61 45 

Institutional investors 11 7 25.37 46 

CO2 emissions 11 7 8.26 47 

Low-carbon investment 11 5 69.28 48 

Policy 11 6 12.17 49 

Crowdfunding 11 6 4.73 50 

Corporate sustainability 11 5 11.50 51 

Innovation 11 5 4.62 52 

Financing 11 4 28.13 53 

Deforestation 10 7 4.33 54 

Socially responsible investing 10 7 0.11 55 

Carbon 10 6 2.93 56 

Latin America 10 5 21.88 57 

Equator principles 10 5 12.59 58 

Energy policy 10 5 5.25 59 

Food security 10 5 2.96 60 

Green credit 9 10 16.26 61 

Adaptation finance 9 6 4.39 62 

Risk 9 6 1.33 63 

Financial institutions 9 5 27.62 64 

Kyoto protocol 9 5 8.13 65 

Infrastructure 9 5 1.18 66 

ESG 8 9 17.33 67 

Financial development 8 8 6.94 68 

Environmental policy 8 7 6.00 69 

Bangladesh 8 5 10.69 70 

Climate bonds 8 3 3.86 71 

Project finance 8 3 1.58 72 

Green credit policy 7 8 39.50 73 

Financial innovation 7 7 8.18 74 

Carbon emissions 7 6 0.00 75 

Cities 7 5 2.34 76 

Cookstoves 7 5 1.58 77 

Cap-and-trade 7 5 0.00 78 

India 7 4 3.17 79 

Energy consumption 7 4 1.25 80 

Energy transition 7 4 0.54 81 

Public policy 7 4 0.00 82 

World Bank 7 4 0.00 82 

Climate justice 6 6 3.94 84 

Climate change adaptation 6 6 1.11 85 

Environmental 6 6 0.00 86 

Environmental protection 6 5 16.98 87 

Development assistance 6 5 1.83 88 

Adaptation fund 6 5 0.00 89 

Low-carbon economy 6 4 2.52 90 

Green investment 6 4 1.86 91 

Financialization 5 4 1.16 92 

Carbon pricing 5 4 0.00 93 

Financial crisis 4 4 5.56 94 

Carbon financing 4 3 5.89 95 

Carbon sequestration 4 3 4.83 96 

Climate negotiations 4 3 0.00 97 

Corporate governance 3 5 0.00 98 

 252 

Some research interests (such as climate change, climate finance, GF, sustainability, green 253 

bonds, sustainable finance, renewable energy, carbon finance, and sustainable development) 254 
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have received considerable attention in GF research globally, while others have remained 255 

under-researched. This result is consistent with earlier findings of  Akomea-Frimpong et al. 256 

(2021) and Zhang et al. (2019). The co-occurrence of GF, climate finance, carbon finance and 257 

sustainable finance confirms their overlapping and relatedness in financing climate change 258 

actions and sustainable development. This further indicates the consensual interests among 259 

policy makers and the academia on investigating GF efforts in line with the UN-SDGs and the 260 

Paris Agreement goals. Renewable energy (Ji & Zhang, 2019) was also seen to highly co-occur 261 

with GF showing increasing attention in GF for supporting renewable and clean energy 262 

developments.  263 

Surprisingly, certain key research areas which appear under-researched and isolated include 264 

corporate governance, climate negotiations, carbon sequestrations, and financial crisis. This 265 

however presents promising grounds to further the course of GF especially in corporate 266 

governance since governance plays a major role in GF (Zhang et al., 2019). Other GF 267 

governance-related studies such as climate negotiations will complement existing studies. Ji 268 

and Zhang (2019) emphasised that the development of GF is heavily reliant on policy making 269 

and authorities. Even so, the presence of China among the top 10 research areas in GF reaffirms 270 

their role as a key player of GF (Zhang et al., 2019). 271 

 272 

3.2.2 Co-occurring subject category network 273 

“Categories” on the interface of CiteSpace were selected as the network nodes for the analysis 274 

of “subject category”. We used the “minimum spanning trees to pruning” and the “time 275 

scaling” value was set to “1” to generate a co-occurring network map. Since each article 276 

indexed in Web of Science belongs to one or more subject categories, the CiteSpace network 277 

of subject categories (Figure 4) reveals the relationship between the identified categories. The 278 

category map consists of 69 nodes and 220 links. Figure 4 visualizes the top 30 GF subject 279 

categories which is ranked in Table 3. It can be seen that “Environmental Science & Ecology” 280 
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was the key subject category of GF research contributing “321 studies”, followed by “Business 281 

& Economics”, “Environmental Sciences”, and “Environmental Studies”, contributing 265, 282 

219, and 216 studies respectively. This confirms that GF is interdisciplinary in nature (Zhang 283 

et al., 2019) with studies focusing on multiple research areas such as business and economics, 284 

accounting, finance and investment, and energy, environment and climate issues. Section 4.4 285 

provides a detailed analysis of the dimensions or application areas in GF research so-far. 286 

 287 

Table 3. The top-30 subject categories according to frequency (Figure 4). 288 

No. Frequency Category 

1 321 Environmental Sciences & Ecology 

2 265 Business & Economics 

3 219 Environmental Sciences 

4 216 Environmental Studies 

5 184 Science & Technology – Other Topics 

6 170 Green & Sustainable Science & Technology 

7 128 Business, Finance 

8 113 Economics 

9 43 Government & Law 

10 40 Public Administration 

11 36 Engineering 

12 35 Energy & Fuels 

13 31 Management 

14 28 Development Studies 

15 27 Law 

16 27 International Relations 

17 26 Business 

18 23 Meteorology & Atmospheric Sciences 

19 22 Political Science 

20 22 Mathematics 

21 20 Engineering, Environmental 

22 16 Mathematics, Interdisciplinary Applications 

23 16 Ecology 

24 14 Multidisciplinary Sciences 

25 12 Geography 

26 11 Forestry 

27 10 Regional & Urban Planning 

28 10 Computer Science 

29 10 Public, Environmental & Occupational Health 

30 9 Social Sciences – Other Topics 

 289 

 290 
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 291 

Figure 4. Co-occurrence subject category network. 292 

 293 

3.2.3 Citation patterns: document co-citation analysis 294 

Citation patterns between publications help to appreciate the structure of the field knowledge 295 

(Hosseini et al., 2018). According to Chen (2006), CiteSpace’s clustering function provides a 296 

means to accurately identify clusters. CiteSpace is used to create a network of document co-297 

citation clusters. Filtering minor clusters produced a network of eight major clusters (with 298 

cluster IDs #1, #2, etc.), as shown in Figure 5. Each cluster represents an underlying theme of 299 

research or topic (Darko et al., 2020; Debrah et al., 2022b). CiteSpace automatically selects a 300 

label for each cluster group using noun phrases extracted from the titles, keyword lists, and 301 

abstracts of publications to describe the nature of each defined cluster. In this type of analysis, 302 
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the structure of the clusters is the focus as against the content (Chen, 2006). The log-likelihood 303 

ratio (LLR) algorithm (Chen, 2014) was implemented to generate the cluster labels in Figure 304 

5.  305 

Along with the cluster visualization, the CiteSpace has the function to assess the “structural 306 

properties” of the whole network through the calculation of two basic metrics, the modularity 307 

Q-value range and the mean silhouette value. Ranging from 0 to 1, the modularity Q reflects 308 

the relationships and connections among the clusters. A modularity Q value of 0.6507 (~ 0.7) 309 

is acceptable and quite high (Liang et al., 2018; Chen, 2014). This indicates that the division 310 

capacity of the network into clusters is strong with fairly dense links between nodes in clusters, 311 

but sparse links between nodes of different clusters. In addition, the silhouette value of each 312 

cluster indicates which nodes fit well into the cluster as well as which nodes lie somewhere 313 

between the clusters. A mean silhouette value close to 1 indicates that references within a 314 

cluster contain highly consistent or similar content (Liang et al., 2018; Chen, 2014). The mean 315 

silhouette value of 0.8855 indicates a high homogeneity with similar or consistent content. 316 

These findings imply that while few studies have been conducted on GF, the available studies 317 

embody a network with dense connection that addresses similar issues in the research area. 318 

However, it can be concluded that quite dense nature of the clusters indicates that the study 319 

areas although similar are quite disjointed. The silhouette values calculated indicates an almost 320 

homogeneous GF research. Hosseini et al. (2018) argue that such homogeneity in clustering 321 

occurs when authors fail to cite studies outside their clusters. As a result, the network’s clusters 322 

are connected through citations internally rather than outside of their clusters. Consequently, it 323 

can be deduced that GF research appears to be inward, not benefitting from borrowing 324 

theories/ideas applicable to other research fields or outside of their cluster. 325 

  326 
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 327 

Figure 5. Clustering structure for green finance research. 328 

 329 

The current body of knowledge on GF comprises eight major clusters as shown in Table 4. 330 

With the calculated silhouette values, all approaching homogeneity, confirm the earlier 331 

assertion that GF research appears to be introspective, and does not benefit from borrowing 332 

applied theories/ideas from other research fields. The mean (year) indicates the average length 333 

of time during which a given cluster has been researched. Table 4 shows that GF research has 334 

been dominant within the 21st century (2001-2014) except cluster #6 which was averagely 335 

researched within 1998. Additionally, the following observations were made. The largest 336 

cluster (#1) has 122 members, a silhouette value of 0.861 and is labelled as “green bond” by 337 

the LLR. The second largest cluster (#2) has 119 members, a silhouette value of 0.890 and is 338 

labelled as “carbon finance”. This suggests the dominance of “green bonds” and “climate 339 

finance” – typologies of GF (Debrah et al., 2022a) – in the research space. 340 

 341 
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Table 4. Citation patterns and identified clusters (Figure 5). 342 

Cluster ID Size Silhouette value Mean (Year)a  Focus of the cluster  

#1 122 0.861 2014 Green bond 

#2 119 0.890 2005 Carbon finance 

#3 59 0.878 2014 Loaning scale 

#4 41 0.947 2008 Green credit 

#5 25 0.993 2009 Current debate 

#6 20 0.999 1998 Private financing 

#10 18 0.994 2001 Aid fragmentation 

#16 12 0.991 2010 Critical issues 
 a Note: This shows the average year of publication 343 

 344 

 3.2.4 Burst detection 345 

Citation burst detection is associated with keywords with high frequency of occurrence in a 346 

specific time period, i.e., fast-growing topics, or topics associated with the highest citations 347 

(Chen, 2014). A citation burst analysis was performed using CiteSpace. 28 keywords 348 

experienced citation bursts from the dataset. Figure 6 shows the top 25 keywords with the 349 

highest citation burst. The light green lines in the figure represent the year range of reviewed 350 

literature, while the red line stands for the duration of a citation burst event.  351 

Figure 6 shows that green bond (burst strength, 17.31; burst period, 2020-2021), carbon 352 

finance (9.13; 2008-2015), clean development mechanism (8.91; 2003-2015), finance (8.24; 353 

2016-2018), and green finance (8.10; 2019-2021) were the five keywords with the strongest 354 

burst amongst the 25 keywords. Regardless, the low burst strength of the other keywords 355 

varying from 4.02 to 7.50 reinforces the need for more GF research. Additionally, the burst 356 

periods (2019-2021) of major GF keywords (such as “green bond”, “green finance”, “green 357 

credit”, “sustainable finance”) and “sustainable development goal” suggest the recent interest 358 

in related research.  359 

  360 
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 361 

Figure 6. Top 25 keywords with the strongest citation burst in green finance literature (1989-362 

2021) 363 

 364 

3.2.5 Citation and distribution analysis toward significant articles 365 

Citation information for the 995 documents was analyzed to reveal the top 15 most cited 366 

publications in the field of GF as shown in Table 5 below.  Knowledge of the most-cited GF 367 

publications informs researchers and practitioners on key information sources. The citation 368 

count for GF research is encouraging baring the few available studies. As shown in Table 5, 369 

all the most cited GF publications were conducted in the 21st century, an indication of the 370 

nascency and current widespread growth of the research area. 371 

 372 

Table 5. Top 15 most cited green finance-related publications 373 

S/N Authors Title Citations   

Scopus Web of 

Science 

Google 

Scholar 
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1 Schueth (2003) Socially responsible investing in the United States 220 162 671 

2 Campiglio (2016)  Beyond carbon pricing: The role of banking and 

monetary policy in financing the transition to a low-

carbon economy 
 

160 149 385 

3 Ebeling & Yasue (2008) Generating carbon finance through avoided 

deforestation and its potential to create climatic, 

conservation and human development benefits 

156 134 321 

4 Ziegler et al. (2012) Carbon outcomes of major land-cover transitions in SE 

Asia: Great uncertainties and REDD+ policy 

implications  

129 122 201 

5 Robiou et al. (2017) Equitable mitigation to achieve the Paris Agreement 

goals 

122 93 206 

6 Zerbib (2019) The effect of pro-environmental preferences on bond 

prices: Evidence from green bonds 

116 110 320 

7 Wylie et al. (2016) Keys to successful blue carbon projects: Lessons 

learned from global case studies 

105 103 174 

8 Taghizdeh-Hesary & 

Yoshino (2019) 

The way to induce private participation in green finance 

and investment 

103 92 149 

9 Yip & Bocken (2018)  Sustainable business model archetypes for the banking 

industry 

103 90 204 

10 Lewis (2010)  The evolving role of carbon finance in promoting 

renewable energy development in China 

99 93 182 

11 Zhang et al. (2011)  Tracking the implementation of green credit policy in 

China: Top-down perspective and bottom-up reform 

91 87 146 

12 He et al. (2019) Green credit, renewable energy investment and green 

economy development: Empirical analysis based on 

150 listed companies of China 

82 77 99 

13 Li et al. (2018) Green loan and subsidy for promoting clean production 

innovation 

79 78 92 

14 Reboredo (2018) Green bond and financial markets: Co-movement, 

diversification, and price spillover effects 

78 75 153 

15 Huang & Liao (2019) Loaning scale and government subsidy for promoting 

green innovation 

72 71 89 

 374 

3.2.6 Top research outlets: outlets citation analysis 375 

In bibliometric analysis, the analysis of direct citation from journals (outlets) in any field of 376 

study reveals the important and growing journals in the specific field (Hosseini et al., 2018). 377 

According to Darko et al. (2020) analyzing academic journals in any scientific domain is 378 

essential for readers and authors to find the best sources of information and where to best 379 

publish, and for journal editors to make relevant adjustment to their journals’ goals. Institutions 380 

and libraries may also benefit in optimizing their investment in journals. Using the VOSviewer; 381 

“type of analysis” was “citation”, and the “unit of analysis” was “sources”. The “minimum 382 

number of documents of a source” and the “minimum number of citations” were both set to 383 

“5”, to achieve optimal network. Of the 420 identified sources, 26 reached the threshold and 384 

were included in the resulting network consisting of 26 nodes and 111 edges. The weight 385 

calculation based on the number of links indicates the influence of one node on the other nodes. 386 

https://www.webofscience.com/wos/woscc/full-record/WOS:000181857200004
https://www.scopus.com/record/display.uri?eid=2-s2.0-84952864525&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=0&citeCnt=124&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84952864525&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=0&citeCnt=124&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84952864525&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=0&citeCnt=124&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84952864525&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=3728d5ee1eb0110296af6fbd43eceb9c&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=0&citeCnt=124&searchTerm=
https://www.webofscience.com/wos/woscc/full-record/WOS:000254577500026
https://www.webofscience.com/wos/woscc/full-record/WOS:000254577500026
https://www.webofscience.com/wos/woscc/full-record/WOS:000254577500026
https://www.scopus.com/record/display.uri?eid=2-s2.0-84865861222&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=1&citeCnt=129&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84865861222&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=1&citeCnt=129&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84865861222&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=1&citeCnt=129&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85056195380&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=5&citeCnt=116&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85056195380&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=5&citeCnt=116&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84953277021&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=6&citeCnt=105&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84953277021&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=6&citeCnt=105&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065150739&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=7&citeCnt=103&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065150739&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=7&citeCnt=103&searchTerm=
https://www-scopus-com.ezproxy.lb.polyu.edu.hk/record/display.uri?eid=2-s2.0-85038821751&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=453aca8948012954e16b0827fdf16e98&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=12&citeCnt=78&searchTerm=
https://www-scopus-com.ezproxy.lb.polyu.edu.hk/record/display.uri?eid=2-s2.0-85038821751&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=453aca8948012954e16b0827fdf16e98&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=12&citeCnt=78&searchTerm=
https://www-scopus-com.ezproxy.lb.polyu.edu.hk/record/display.uri?eid=2-s2.0-79251647881&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=453aca8948012954e16b0827fdf16e98&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=20&citeCnt=61&searchTerm=
https://www-scopus-com.ezproxy.lb.polyu.edu.hk/record/display.uri?eid=2-s2.0-79251647881&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=453aca8948012954e16b0827fdf16e98&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustainable+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=20&citeCnt=61&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85056160017&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=13&citeCnt=82&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85056160017&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=13&citeCnt=82&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85056160017&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=13&citeCnt=82&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85044535363&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=15&citeCnt=79&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85044535363&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=15&citeCnt=79&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064594593&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=19&citeCnt=72&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064594593&origin=resultslist&sort=cp-f&src=s&nlo=&nlr=&nls=&sid=74e4c4f8a3b5b5e14f3197f288301fa2&sot=a&sdt=a&cluster=scosubtype%2c%22ar%22%2ct%2c%22English%22%2ct&sl=347&s=TITLE-ABS-KEY%28%28+%22Green+finance%22+OR+%22Climate+finance%22+OR+%22Sustainable+finance%22+OR+%22carbon+finance%22+OR+%22Environmental+finance%22+OR+%22Carbon+financing%22+OR+%22Sustaianble+financing%22+OR+%22Green+bonds%22+OR+%22Climate+bonds%22+OR+%22Green+investing%22+OR+%22Eco-investing%22+OR+%22Carbon+investing%22+OR+%22Green+credit%22+OR+%22Green+loans%22+OR+%22Green+loan%22+OR+%22Green+securities%22+%29%29&relpos=19&citeCnt=72&searchTerm=
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The VOSviewer direct citation analysis of outlets (Figure 7) was subsequently submitted to the 387 

Gephi software for calculating the centrality nodes. Nodes and edges were resized based on 388 

their weight strengths. Table 6 ranks the top 25 GF outlets according to the values of weighted 389 

degree centrality in the network.  390 

The results show that Sustainability, having obtained the highest weighted degree value 391 

(98), is the most influential GF research outlet. As indicated in Figure 7, due to citations, there 392 

is considerable information flow between Sustainability, Journal of Cleaner Production, 393 

Energy Economics, and Finance Research Letters. Similarly, Climate and Development and 394 

Climate Policy, which are among the 10 topmost journals publishing in GF, exhibited high 395 

influence in the network. Thus, these well-recognized GF outlets could be the first reference 396 

point for stakeholders. 397 

As noted, the interdisciplinary nature of the journals publishing in GF is encouraging with 398 

journals ranging from economics, accounting, finance and investment, energy, environment 399 

and climate issues or policies. Contrastingly, it is evident that journals publishing in other top 400 

research areas like engineering and construction, social sciences, and health and medicine, 401 

among others have paid less attention to GF research. Notably, the mainstream finance and 402 

economics journals (such as Journal of Finance and Journal of Financial Economics) are also 403 

silent on GF research, although this research area has been acknowledged as the future of 404 

finance (Zhang et al., 2019). This observation is a clarion call for the introduction of GF 405 

techniques and models in other mainstream (finance, economics, construction and engineering, 406 

social sciences, and health and medicine) journals by making relevant adjustments to their 407 

goals to encourage the research community to publish more in GF which serves as a catalyst 408 

for sustainable development. 409 

  410 

Table 6. Top 25 green finance research outlets 411 

Outlets Number of publications Weighted degree value Rank a 

Sustainability 74 98 1 
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Journal of Cleaner Production 35 89 2 

Climate Policy 54 80 3 

Journal of Sustainable Finance and 

Investment 

49 77 4 

World Development 11 49 5 

Energy Economics 13 47 6 

Finance Research Letters 15 46 7 

International Environmental 

Agreements: Politics, Law and 

Economics 

14 34 8 

Climate and Development 16 32 9 

Energy Policy 19 30 10 

Business Strategy and the 

Environment 

7 25 11 

Climatic Change 9 24 12 

Ecological Economics 12 24 13 

Technological Forecasting and Social 

Change 

6 21 14 

Global Environmental Change 8 17 15 

Journal of Environment and 

Development 

5 15 16 

International Journal of Environmental 

Research and Public Health 

6 14 17 

Energy for Sustainable Development 10 11 18 

Global Environmental Politics 5 11 19 

Land Use Policy 8 9 20 

Environmental Research Letters 9 8 21 

Accounting and Finance 5 7 22 

International Journal of Green 

Economics 

5 3 23 

Global Policy 6 2 24 

World Economy and International 

Relations 

7 2 25 

a Ranking based on weighted degree values 412 

 413 

 414 

Figure 7. Network of prominent outlets for green finance research. 415 

 416 
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3.3 Scientific collaboration in GF research: co-authorship analysis 417 

“Co-authorship” is an abbreviated form of scientific collaboration. Cognizance of the existing 418 

scientific collaboration network in any research field can expedite funding, expertise, and 419 

specialties; limit research isolation; and enhance productivity (Hosseini et al., 2018). By these 420 

standards, the co-authorship network of institutions and countries in GF literature is presented 421 

in the following sub-sections. 422 

 423 

3.3.1 Influential institutions 424 

Realizing the collaboration network of institutions is critical to high investments and research 425 

interest in GF, a key to lasting scholarly communication and policy-making (Debrah et al., 426 

2022b; Ding, 2011). Using the VOSviewer, the “type of analysis” was “co-authorship”, the 427 

“unit of analysis” was “organizations”, and the “counting method” was “fractional counting”. 428 

The “minimum number of documents of an organization” and the “minimum number of 429 

citations” were set to “2” for achieving the optimum network. The resultant network comprised 430 

71 out of 2,057 organizations identified.  431 

As Figure 8 portrays, there is a clear lack of cross-institution collaboration in the network, 432 

highlighting the neglected nature of the existing literature. In order to attain the highest standard 433 

of scholarship and debate on GF, institutions should collaborate to benefit from varied 434 

knowledge and research experience as this is currently lacking in GF body of knowledge. 435 

Interestingly, the network is not comprised of only universities but other purely research-based 436 

institutions (e.g., Stockholm Environment Institute) and financial institutions (e.g., Asian 437 

Development Bank) contributing to GF research. 438 

 439 
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 440 

Figure 8. Collaboration network of institutions in the literature on green finance 441 

 442 

3.3.2 Influential countries 443 

We have created a VOSviewer network to identify the most influential countries and to show 444 

the collaborations between them. This showed the countries that were keen on GF research. 445 

The “type of analysis” was “co-authorship”, the “unit of analysis” was “countries”, and the 446 

“counting method” was “fractional counting”. The “minimum number of documents of an 447 

organization” and the “minimum number of citations” were set to “10” to achieve an optimal 448 

network. Of the 110 countries identified, 27 met the threshold and were included in the 449 

resulting network. The VOSviewer citation analysis of countries (Figure 9) was subsequently 450 

submitted to the Gephi software for calculating the centrality nodes. Table 7 ranks the top 25 451 

countries keen on GF research based on the values of the weighted degree centrality in the 452 

network. The network comprised 27 nodes and 187 edges. Nodes and edges were resized based 453 

on their weight strengths. Key highlights revealed by the network are described below. 454 
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The US, UK, and China were found to be the most influential countries in this GF 455 

collaboration network, with US emerging as the biggest contributor to the field. This is 456 

consistent with a recent study by Zhang et al. (2019) where the authors claimed that the 457 

dominance of US in GF research can be attributed to international world bodies like the World 458 

Bank and the UN among others which are headquartered in US and as such can much facilitate 459 

and encourage relevant research. The dominance of Europe in the network can be attributed to 460 

the EU’s policy against climate change – the European Union Emission Trading System 461 

(European Commission, 2016) – which has attracted a substantial attention from academic 462 

researchers. On the other hand, the network showed that a few developing countries (China, 463 

India, South Africa, Vietnam, Malaysia, Kenya) have been contributing to GF research – hence 464 

the need for developing countries to improve upon their current contribution to GF research 465 

and development. 466 

 467 

 468 

Figure 9. Collaboration network of countries in the literature on green finance. 469 

 470 

It is obvious from the network that the collaboration link between researchers in US-China 471 

is stronger than US-UK. In terms of relationships, the strongest ties were between the paired 472 

countries: US-China, US-Germany, China-UK, US-UK, and UK-Australia. Compared to the 473 
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187 relations, these existing five strong collaborations identified are very limited and does not 474 

represent the importance of the area. It can be concluded that there is limited cross-border 475 

collaboration and comparative studies in the GF literature. Generally, while strong 476 

collaborations existed between the developed countries, weaker nodes and links indicating little 477 

collaboration were found for many developing countries. This highlights the need for national 478 

institutions to reform policies and develop more collaboration with each other to advance GF 479 

research in terms of global collaboration, knowledge exchange, and enhanced productivity in 480 

the research area. 481 

 482 

Table 7. Top 25 collaborating countries in green finance research 483 

Countries Number of 

publications 

Number of 

citations 

Degree value Weighted degree 

value 

Rank a  

United States 176 2215 24 80 1 

United Kingdom 157 2109 25 70 2 

China 192 1195 20 56 3 

Germany 93 887 22 51 4 

Australia 76 832 23 33 5 

France 60 618 17 28 6 

Netherlands 34 503 19 26 7 

Canada 48 871 16 25 8 

Sweden 37 557 16 23 9 

Switzerland 30 660 19 20 10 

Italy 51 433 12 20 11 

India 42 368 15 18 12 

Japan 35 309 14 16 13 

South Africa 25 270 11 13 14 

Belgium 20 136 9 13 15 

Brazil 17 145 10 12 16 

Austria 14 265 12 11 17 

Spain 34 195 9 11 18 

Vietnam 16 90 11 11 19 

Indonesia 14 156 12 10 20 

Ireland 11 121 12 10 21 

Kenya 11 153 10 8 22 

Hong Kong 15 190 9 8 23 

New Zealand 11 83 9 7 24 

Malaysia 15 45 9 6 25 
                          a Ranking based on weighted degree values 484 

 485 

4. Systematic analysis 486 

To provide an in-depth analysis of GF research, this section presents a systematic analysis of 487 

carefully selected studies. In using the pre-defined criteria (see Figure 1), a qualitative 488 

screening and examination of GF publications identified in stage 4 revealed 60 relevant 489 
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publications included in the systematic analysis (Appendix A). The sub-sections first argue the 490 

theoretical underpinning promoting ecological balance between conventional finance and 491 

addressing the climate change through GF (sub-section 4.1). Subsequently, we describe a 492 

content analysis of the methodological characteristics (sub-section 4.2), underlying key areas 493 

(sub-section 4.3), and the application areas of the reviewed studies (sub-section 4.4). 494 

 495 

4.1 Theoretical underpinnings of GF 496 

As noted, GF supports low-carbon investments that reduce GHG emissions compared with 497 

counterfactual conventional finance. This is necessary to promote ecological balance between 498 

conventional finance and preserving the environment to address climate change. However, with 499 

no consensus achieved on its definition (Zhang et al., 2019), researchers and practitioners are 500 

still debating on the theoretical basis for GF. At present, the question of whether GF is 501 

underpinned by existing or new finance theories is one of the central dilemmas among 502 

stakeholders.  503 

Conventional finance is rooted in “neoclassical economic theory” (UNEP, 2015) and 504 

“efficient market hypothesis” (Fama, 1970). The theories explain that finance or capital 505 

markets are rationally “driven by profit opportunities” towards maximizing shareholder 506 

wealth. However, the assumption that many investors are able to incorporate all available 507 

information to make rational decisions in profit-driven (low-carbon) investments have been 508 

challenged in the literature (Ameli et al., 2020). This refers to “bounded rationality” (Simon, 509 

1990). Besides, the complexities associated with sustainability cannot be explained by a single 510 

theory (Grubb et al., 2015) due to resource, cost and economic trade-offs. In line, Grubb et al. 511 

(2014) proposed three basic domains for GF: (1) “behavioral and organizational economics” 512 

that assumes that the organizational decision-making diverges from the traditional assumption 513 

of rational choice theory; (2) “neoclassical and welfare economics” that is premised on the 514 

basic rational economic actors and market efficiency; and (3) evolutionary and institutional 515 
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economics that explores evolving structural and institutional effects on economic systems. Hall 516 

et al. (2017) argue that since the neoclassical and behavioral finance assumptions of capital 517 

markets fail to consider wider systemic changes relating to Grubb et al. (2014)’s “third 518 

domain”, they are inadequate to facilitate GF transformations. Extending this, Hall et al. 519 

(2017), propose “adaptive markets hypothesis” which considers structural and behavioral 520 

constraints on investments and associated long-term systems change as more suitable. The 521 

adaptive market hypothesis is grounded in evolutionary economics theory (Nelson & Winter, 522 

1985). This theory incorporates long-term and progressive change in economic or “profit-523 

seeking” decisions. The literature suggests that investment environment and investor behavior 524 

evolve over time by considering the realities of the period (Lo, 2012) – climate change in this 525 

case. Hence, institutionally focused understanding about evolutionary systems of GF is 526 

necessary. Additionally, Foxon (2011) proposes a coevolutionary framework to underpin 527 

sustainability transition by combining ecological economics with evolutionary economics and 528 

other ideas from socio-technical transitions, innovation systems and industrial dynamics. 529 

Ecological finance theory proposes re-embedding financial systems with social and ecological 530 

constraints to ensure social resilience (Lagoarde-Segot & Martínez, 2021). 531 

From the above, the evolutionary economics and ecological finance theories largely 532 

underpin current GF research. For instance, relying on “adaptive market hypothesis”, 533 

Kawabata (2019) examined how institutional and stakeholder theories are effective in 534 

promoting GF. The study found that external institutional pressures and internal corporate 535 

governance are critical to GF mobilization. Additionally, Zerbib (2019) and Lau et al. (2022) 536 

agree that GF growth represent a combination of non-pecuniary environmental benefits, as 537 

perceived by the investor, as well as  a range of monetary and non-monetary benefits associated 538 

with GF. Flammer (2021) indicate that companies use GF to credibly signal their commitment 539 

toward the environment. From the above, it is observed that unlike conventional finance, GF 540 

considers other non-monetary benefits such as environmental benefits. Despite the increasing 541 
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debate on the theoretical frameworks supporting GF, more research is necessary to build 542 

consensus on these theories. This is critical to streamline what can be classified as “green” in 543 

financing, and the pecuniary and non-pecuniary benefits of GF. Additionally, future empirical 544 

studies should discuss how their results aligns with existing GF theories. This necessary to 545 

relate and interact with the results in more “knowledgeable and competent ways” than would 546 

otherwise be the case (Lawson, 2019 p.3). 547 

 548 

4.2 Methodological characteristics of reviewed studies 549 

From the reviewed papers, several data collection methods and data analysis methods were 550 

employed in existing GF studies. Archival or historical data was the most preferred (36%) data 551 

collection method in past studies. Archival data sources were predominantly the Bloomberg 552 

Green Bond Index, Barclays MSCI Green Bond Index, S&P Dow Jones Green Bond Index, 553 

Solactive Green Bond Index, Bank of America Merill Lynch Green Bond Index, NASDAQ 554 

OMX Green Economy stock, Environmental Finance, and Xinhua GF database. Others were 555 

the Thomas Reuters Datastream, WilderHill Clean Energy Index, RENIXX world index, Wind 556 

database, China Statistical Yearbooks, UNFCCC Nationally Determined Contributions (NDC) 557 

registry, and the Climate Bonds Initiative (CBI) database. Other data collection methods such 558 

as interviews (5%), questionnaire surveys (3%), and case studies (3%) have not seen 559 

widespread use in GF research so far.  560 

The primary and secondary data in past studies were analyzed using robust tools such as 561 

content analysis, statistical models, econometric models, and mixed methods. From the 562 

reviewed studies, while econometric analysis was most-preferred (accounting for 36%); 563 

statistical models, content analysis, and mixed-methods were least preferred (accounting for 564 

3% each). The content analysis was performed on GF policy reports and interviews. Regarding 565 

the surveys, the respondents ranged from professionals in building and construction, banking 566 

and finance, private investors, asset-managers and asset-owners, actuaries, and scholars in the 567 
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academia. The statistical models employed in past studies included system dynamics, relative 568 

importance index, mean score analysis, sample t-test, analysis of variance, multiple regression 569 

analysis, factor analysis, and structural equation modelling. Econometric models employed 570 

included ordinary least squares regression analysis, fixed effects generalized least squares, 571 

propensity score matching method, difference-in-differences, cross-quantilogram method, 572 

Diebold-Yilmaz approach, Barunik-Krehlik method, wavelet-based methods, spatial 573 

autocorrelation test, vector autoregressive model, quantile regression models, asymmetric 574 

multifractional analysis, and generalized method of moments. Notwithstanding, some studies 575 

employed mixed-methods analysis. The findings appear consistent with Akomea-Frimpong et 576 

al. (2021) who agree that GF require robust empirical evidence. Figure 10 presents a summary 577 

of the research methodologies employed in past studies.  578 

 579 

 580 

Figure 10. Research methodology adopted in green finance research. 581 

 582 

4.3 Key areas of GF 583 
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Following a comprehensive review of the 60 selected publications, this section provides a 584 

content analysis of the key areas of GF. We classify GF research into six key areas or research 585 

hotspots. More significantly, the research hotspots are highly related to the cluster analysis 586 

(Figure 5). For instance, (1) “green bond market and greenium” is related to “green bond (#1) 587 

and private financing (#6)”; (2) “green credit (loan)” is related to “green credit (#4)”; (3) 588 

“carbon investment and market” is related to “carbon finance (#2)”; (4) “green banking” is 589 

related to “loaning scale (#3)”; (5) “market stress and GF” is related to “current debate (#5) 590 

and critical issue (#16)”; and (6) “domestic and international climate finance policies” is related 591 

“aid fragmentation (#10)”; details of which are discussed next. 592 

 593 

4.3.1. Green bond market and ‘greenium’ 594 

A green bond is “any type of bond instrument where the proceeds are exclusively applied to 595 

finance or re-finance projects with clear environmental benefits”. Eligible green projects 596 

include energy efficiency; renewable energy; terrestrial and aquatic biodiversity conservation; 597 

climate change adaptation; sustainable water and wastewater management; pollution 598 

prevention and control; clean transportation; circular economy adapted products, production 599 

technologies and processes; and/or green buildings (ICMA, 2018). Since the inception in 2007, 600 

the green bond market has risen from US$1.5 billion to US$1.524 trillion (2021) (CBI, 2021). 601 

This momentous market growth is accompanied by a growing literature examining the 602 

outcomes of green bonds in different sectors such as green building (MacAskill et al., 2021), 603 

clean or renewable energy (Kuang, 2021; Rannou et al., 2021; Reboredo, 2018), and others. 604 

The green bond market growth is influenced by factors such as credit ratings (Chiesa & Barua, 605 

2019; Mankata et al., 2020), coupon rate, collateral availability, issuer’s sector and financial 606 

health (Chiesa & Barua, 2019), investor attention (Owusu-Manu et al., 2021; Pham & Luu Duc 607 

Huynh, 2020), sustainable leadership by government and financial institutions, issuer-investor 608 

collaboration (Torvanger et al., 2021), NDCs, macroeconomic factors (e.g., GDP, lower 609 
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interest rates), and institutional factors (e.g., regulatory quality)  (Owusu-Manu et al., 2021; 610 

Tolliver et al., 2020). Other studies reveal that green bonds deliver the most effective 611 

diversification (Kuang, 2021; Naeem et al., 2021; Reboredo, 2018) and hedging benefits 612 

(Naeem et al., 2021; Rannou et al., 2021) for diversified portfolios. Alongside, evidence from 613 

both price connectedness (Ferrer et al., 2021) and time-frequency connectedness analysis 614 

(Pham, 2021; Reboredo et al., 2020; Reboredo & Ugolini, 2020) show that green bonds are 615 

almost identical to bonds in other high-quality financial markets such as government and 616 

corporate bonds. 617 

Recent literature has therefore focused on investigating the evidence of a greenium (or green 618 

premium) in the green bond market. A greenium is the yield premium or discount on green 619 

bonds vis-à-vis similar conventional bonds (Hyun et al., 2020). It is observed that the literature 620 

remains inconclusive on the extent of a greenium in the green bond market. This is because 621 

while some studies report a greenium ranging from -2 to -22 basis points (Hyun et al., 2020; 622 

Sheng et al., 2021; Zerbib, 2019), others observe no significant yield premium (Hyun et al., 623 

2020; Larcker & Watts, 2020). The mixed evidence in the literature could be attributed to the 624 

risk of greenwashing (Lau et al., 2022) or methodological design misspecifications (Larcker & 625 

Watts, 2020) that lead to inconsistent results. However, analogous to MacAskill et al. (2021), 626 

averagely, a greenium is reported in both primary and secondary market studies reviewed. The 627 

greenium enjoyed by green bonds increases with certifications (e.g., the CBI certification) 628 

(Hyun et al., 2020). Based on the literature, green bonds appear as a valuable tool to fight 629 

climate change without sacrificing returns (Ferrer et al., 2021). The green bond market 630 

therefore represents an emerging, promising, and impactful financing mechanism in climate 631 

change mitigation efforts (MacAskill et al., 2021) with potential for growth. More so, further 632 

research and consensus are needed on the extent of a greenium to promote increased green 633 

bond investment.  634 

 635 
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4.3.2 Green credit (loan) 636 

Green credit or loan basically refers to the “green deposit and loan industry, including mortgage 637 

loans and project loans” (Ren et al., 2020) that aims to facilitate and support environmentally 638 

sustainable economic activity  (Loan Market Association, 2021). To facilitate the growth of 639 

GF, a mandatory guideline, the green credit policy, was introduced by the Chinese government 640 

which has been the focus of majority of academic studies on green credit in GF. This policy 641 

requires “banks to allocate more investment toward green industries, constrain investment in 642 

pollution and overcapacity industries, and withdraw financing from prohibited industries that 643 

have been primarily targeted for their negative environmental impact” (China Banking 644 

Regulatory Commission, 2012). For example, the results of Hu et al. (2021) showed that the 645 

green credit policy have had a positive and significant effect on the green patent output of 646 

heavily polluting enterprises, especially those with stronger financial constraints. Similarly, 647 

Song et al. (2021) proved that green credit, credit scale, environmental regulations, 648 

technological progress, and industrial structure have significant effect on high-efficiency 649 

utilization of energy. He et al. (2019) agree that combining the green credit policy of 650 

government and financial institutions is necessary to maximize the promoting effect of 651 

renewable energy investment on green economy. Further, Chen & Chen (2021) suggest that 652 

commercial banks should increase the proportion of green credit, gradually tighten the funds 653 

flowing to high emissions, and increase the investment in credit funds for environmental 654 

protection and green industries. Other studies have focused on green loan and government 655 

subsidy (Li et al., 2018), causal effects of bank loans on firms’ pollution abatement 656 

performance (Zhang et al., 2021), and the impact of higher green credit ratio on reducing a 657 

bank’s non-performing loan ratio (Cui et al., 2018). Despite the growing studies on green credit 658 

implementation, various limitations have been identified. For example, the low implementation 659 

of green credit policy (Zhang et al., 2011) could be attributed to environmental tax regulation 660 

(Liu & He, 2021). Based on the findings from the reviewed studies, the literature has focused 661 
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on strengths and limitation of the green credit policy implementation in China. The findings 662 

could therefore serve as useful lessons for other countries to develop their own green credit 663 

policy suitable to their local condition. This is necessary to explore available green credit policy 664 

incentives to promote GF in both private and public sectors. 665 

 666 

4.3.3 Carbon investments and markets 667 

Carbon finance or investment refers to “trading and investment activities relating to financial 668 

policies for reducing GHG emissions such as trading and investment of ‘carbon emission 669 

rights’, and their derivatives, as well as financing low-carbon projects and related activities”. 670 

Carbon market is a place for these financial transactions, including arrangements and policy 671 

systems (Zhou & Li, 2019). Carbon credits are verified by a certain “standard”, which includes 672 

accounting, monitoring, verification, and certification standards, and registration and 673 

enforcements (Wylie et al., 2016). Two types of carbon market exist: the regulatory 674 

compliance and voluntary markets. While the voluntary markets trade carbon credits 675 

voluntarily, the compliance market is used by companies and government that by law must 676 

account for GHG emissions (Seeberg-Elverfeldt, 2010). The regulatory market relies on the 677 

three Kyoto Protocol mechanisms: Clean Development Mechanism (CDM), Joint 678 

Implementation, and the International Emission Trading. The Kyoto Protocol operationalizes 679 

the UNFCCC by committing industrialized countries and economies in transition to limit and 680 

reduce GHG emissions with agreed individual targets (UNFCCC, 2021c). While carbon credits 681 

from CDM projects are called Certified Emission Reductions (CER), Verified Emission 682 

Reductions (VER) are on the voluntary market (Seeberg-Elverfeldt, 2010). Similarly, Reduced 683 

Emissions from Deforestation and Forest Degradation (REDD+) expands upon the land use 684 

sector in an effort to more effectively implement projects focused on reducing carbon emissions 685 

from land use change (Wylie et al., 2016).  686 
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Using a small-scale blue carbon project, Wylie et al. (2016) show that VERs provide other 687 

viable alternatives to UNFCCC’s mechanisms that are currently more cost-effective and easier 688 

to implement. Other studies have focused on the institutional arrangements related to carbon 689 

finance (Peskett et al., 2011), financial development to curb carbon emissions (Chen & Chen, 690 

2021; Liu & Liu, 2021), and low-carbon investment challenges (Bolton & Foxon, 2015; Hafner 691 

et al., 2020b). For example, Hafner et al. (2020) confirmed that policy uncertainty and short-692 

termism are responsible for low-carbon investments. Besides, Ren et al. (2020) analyzed the 693 

relationships between the development level of GF, non-fossil energy, and carbon intensity in 694 

China. The results show that non-fossil energy consumption was driven by clear policy effects 695 

of GF and carbon intensity but lacked self-driving ability. Similarly, carbon pricing and 696 

tradable green certificate are more effective to promote low-carbon renewable energy 697 

investments (Tu et al., 2021). The current debate on carbon investment and market is necessary 698 

to inform stakeholders on mechanisms, challenges, and strategies to achieving individual 699 

emission reduction targets. This presents future opportunities for increased research especially 700 

in developing countries and for small-scale carbon reduction projects.  701 

 702 

4.3.4 Green banking 703 

“Green banking facilitates private investments in domestic low-carbon, climate resilient 704 

infrastructure and other green sectors” (OECD, 2016). Green banking has been receiving 705 

growing attention both in terms of research and practice. A recent review showed that past 706 

green banking studies have focused on “green bank products” and “determinants of green 707 

bank” (Akomea-Frimpong et al., 2021). The reviewed studies focused on the role of green 708 

banks in green cites (Bazbauers, 2021), barriers and the role of private commercial banks in 709 

GF (Zheng et al., 2021), and green loans and green credits of banks (Cui et al., 2018; Zhang et 710 

al., 2011; Zhang, 2021). For instance, Zhang et al. (2021) demonstrated that banks’ green loan 711 

policy significantly pushes highly polluting firms to finance water and gas emission treatment 712 
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activities, implying that green loan policy has a positive impact on pollution abatement through 713 

financing. Additionally green loans are less-risky than non-green loans, and positively affect 714 

the environmental and financial performance of banks by reducing banks’ non-performing loan 715 

ratio (Cui et al., 2018). Moreover, studies have shown that environmental performance 716 

increases the likelihood of eco-friendly firms to receive credits at reduced collateral 717 

requirements (Zhang, 2021). Nonetheless, Zheng et al. (2021) discovered that small-scale local 718 

businesses find it difficult to access GF until they have demonstrated creditworthiness. In 719 

another study, Yip & Bocken (2018) revealed that customers favored three sustainable business 720 

archetypes for banking: substitute with digital processes, adopt a stewardship role, and 721 

encourage sufficiency. Since the financial institutions are key stakeholders and the largest 722 

direct contributors of GF (Zheng et al., 2021), more green banking studies are necessary to 723 

promote more low-carbon investments, reduce non-performing loans and transaction costs, and 724 

track the environmental performance of green projects. The increasing development of green 725 

banks is required for banks to play their chief role in promoting GF through education, 726 

sensitization, and increased green investments. 727 

 728 

4.3.5 Market stress and GF 729 

Financial markets are usually fraught with instabilities resulting into good/positive and 730 

bad/negative news/shocks (Baruník & Křehlík, 2018). Investors therefore prioritize risk 731 

consequences of their investment portfolios to effectively manage risk decisions especially 732 

during market stress and uncertainty periods (e.g., the COVID-19 pandemic) (Dutta et al., 733 

2021; Gutiérrez Ponce et al., 2021; Mensi et al., 2021; Yi et al., 2021). This is because 734 

investors, especially the risk-averse ones, are more concerned about losing their investments 735 

during extreme market stress (Naeem et al., 2021). As discussed, GF provides both 736 

diversification and hedging benefits (Kuang, 2021; Pham, 2021) necessary for portfolio 737 

managers’ risk management (Mensi et al., 2021) when developing optimal portfolios to benefit 738 
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from investment protection under different market conditions. For instance, a comparative 739 

study of US and China showed that, green bonds are long-term sustainable investments that 740 

serve as hedging tools against climate risks, financial risks, and rare disasters like COVID-19 741 

(Guo & Zhou, 2021). Additionally, Naeem et al. (2021) revealed that green bond market is 742 

more efficient during a black swan event (e.g., COVID-19). This represents the potential of 743 

green bonds to become an effective diversifier for investors in traditional assets in times of 744 

extreme market turmoil, financial crises, or natural disasters. In particular, sustainable 745 

businesses have lower volatility returns, and are less prone to scandals and other reputational 746 

fiascos due to their superior risk management (Husse & Pippo, 2021). The discussed GF 747 

benefits provide incentives for investors to consider more diverse set of environmentally-748 

friendly investments under both extreme and normal market conditions  (Pham, 2021). Besides, 749 

Tu et al. (2021) suggest that GF policy mix such as green credit, carbon pricing, and tradable 750 

green certificate are still necessary, especially for renewable energy investments, to further 751 

improve GF profitability. The growing evidence on GF as a “safe-haven” against financial 752 

shocks is important for portfolio management and risk diversification and management in both 753 

“good” and “bad” times. Hence, hedging and diversification benefits of GF further represent 754 

an incentive – for both pro-environmental investors and those that consider its financial 755 

performance – to manage risk. Further, to bridge the GF gap, more financial market stress-756 

related GF studies are needed. Research on the performance of GF during market stress periods, 757 

impact of uncertainty measures on the risk management, and policies to mitigate financial 758 

contagion during crises to enhance the diversification and hedging benefits of GF could be 759 

useful additions to the GF body of knowledge, and to encourage investors.  760 

 761 

4.3.6 Domestic and international climate finance policies 762 

Climate finance refers to “local, national or transnational financing – drawn from public, 763 

private and alternative sources of financing – that seeks to support mitigation and adaptation 764 
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actions that will address climate change” (UNFCCC, 2021a). To facilitate the provision of 765 

climate finance, financial mechanisms to provide financial resources to developing countries 766 

have been established by the UNFCCC (UNFCCC, 2021a). Parties have therefore established 767 

four special funds: the Special Climate Change Fund, the Least Developed Countries Fund 768 

(both managed by the Global Environmental Facility), and the Green Climate Fund under the 769 

Convention and the Adaptation Fund under the Kyoto Protocol. Since 2009, developed 770 

countries have reaffirmed their promise to provide US$100 billion in international climate 771 

finance annually to support developing countries to address climate change (UNFCCC, 2009). 772 

Moreover, countries have collectively agreed to take ambitious domestic and international 773 

actions to limit the rise in global average temperature to 1.5°C (UNFCCC, 2021b). Hence, 774 

research on the mechanisms of domestic and international climate finance policies are on the 775 

rise. For instance, some previous studies have investigated the influence of bureaucratic 776 

agencies on climate finance allocation (Peterson & Skovgaard, 2019), coastal adaption project 777 

design patterns and contributions (Kuhl et al., 2020), economic impacts of climate actions 778 

between countries (Román et al., 2019), climate mainstreaming (Bhandary, 2021), the 779 

complementarity or disparity between domestic and international climate policies (Peterson, 780 

2021), the impact of self-regulation in the adoption of the Equator Principles (Contreras et al., 781 

2019), and the moderating role of politics and the media in climate investment decisions (Bae 782 

et al., 2021; Pickering & Mitchell, 2017). It is observed that past studies have focused on the 783 

barriers, strategies, and the impact of climate finance at both domestic and international levels. 784 

More research on innovative means of applying both domestic and international climate 785 

finance to achieve the Paris Agreement goals and sustainable development is needed. 786 

 787 

4.4. Dimensions or application areas in GF 788 

As pointed out (see sub-section 3.2.2), GF is multidisciplinary with studies focusing on 789 

multiple research areas such as business and economics, accounting, finance and investment, 790 
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and energy, environment, and climate issues. This section provides a detailed analysis of the 791 

application areas of the reviewed studies (Appendix A). 792 

First, majority (52%) of the reviewed studies were interdisciplinary focusing on areas such 793 

as clean and renewable energy, metals, agriculture, green building, and green firms. This could 794 

be due to the lack of or incomplete data on all individual categories from GF databases. For 795 

instance, the Environmental Finance database does not contain information of the share of all 796 

proceeds allocated to different categories of each issuance. Hence, in using the Environmental 797 

Finance database, Torvanger et al. (2021) considered just four categories including energy, 798 

green buildings, clean transportation, and circular economy. Aside the interdisciplinary studies, 799 

energy (18%), green firms and manufacturing (10%), and green banking (10%) categories 800 

received the highest sector-specific attention in the literature. This could be due to the high 801 

performance and lower volatility of clean energy companies and investments on financial 802 

markets (IEA, 2021). For instance, Kuang (2021) revealed that the risk diversification benefits 803 

of clean energy assets provide market-based incentives for investors to decarbonize their equity 804 

portfolios and to exchange dirty energy for clean energy assets. On the other hand, banks 805 

provide the largest direct contributions to GF (Zheng et al., 2021). Other sector-specific studies 806 

focused on green building, coastal protection, forestry, and cybersecurity. The small number 807 

of sector-specific studies in the sample provides opportunities for more studies focusing on 808 

specific sectors to understand the GF challenges and opportunities peculiar to each sector. For 809 

example, Debrah et al. (2022) revealed that GF in green building is a highly under-researched 810 

and under-invested area requiring more studies and investment. Figure 11 provides a summary 811 

of the GF application areas from the reviewed studies. 812 

 813 
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 814 

Figure 11. Dimensions or application areas of green finance. 815 

 816 

5. GF gaps and future research directions 817 

This study is a bibliometric-qualitative analysis to provide the full picture of research focuses 818 

and reveal the gaps and needs regarding GF research. The findings show that the literature on 819 

GF is still relatively immature needing more research, especially more sector-specific studies 820 

to understand the GF challenges and opportunities in the various fields. It is therefore necessary 821 

to identify and investigate significant directions for future research. 822 

Hence, some research gaps, needs, and potential directions for future research are discussed 823 

as follows: 824 

 825 

1. GF policy initiatives and incentives 826 

GF provides financial assistance to aid the transition to green economy in line with the Paris 827 

Agreement. Moreover, increasing environmental challenges have prompted governments to 828 

adopt a number of green policy initiatives and incentives in recent years to enhance 829 
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environmental performance without diminishing economic growth (Wang & Bernell, 2013; 830 

Pueyo, 2018). According to Bhatnagar & Sharma (2022), regulatory reforms and the 831 

involvement of local government can significantly support the transition of the financial system 832 

and the GF growth. Hence, suitable policies are needed to provide environmental and financial 833 

benefits to green investors. This is because GF can only thrive with clear and robust legal 834 

frameworks (Sachs et al., 2019). For instance, to increase GF among the private sector and 835 

financial institutions, legal regulations should encourage and /or mandate the integration of 836 

climate and environmental issues in financial decisions and risk management analysis. This is 837 

because GF remains largely government-driven (He et al., 2022). Similarly, financial 838 

institutions are encouraged to construct a reasonable and effective GF system and control the 839 

green credit volume in the optimal investment range. This is necessary to guide and encourage 840 

more social capital into green industries through policy support measures and effective 841 

financial system (He et al., 2019; Lv et al., 2021). Hence more GF studies related green credit 842 

guarantee schemes (Naeem et al., 2021), tax reliefs, exemptions, and subsidies (Mankata et al., 843 

2020; Tu et al., 2021) are needed to boost private sector participation. While governmental 844 

subsidy promotes firms’ innovation (Wang et al., 2017), Liu & He (2021) argue that 845 

environmental tax regulation suppresses economic expansion. It is therefore critical to 846 

understand the trade-offs between environmental regulation and economic growth to guide 847 

government policy and regulation. The above gaps reveal that while market mechanisms and 848 

state policies may promote GF (Wang et al., 2021), more research is needed to guide regulators 849 

and policymakers on strategies to adopt in promoting GF through polices and regulations. 850 

On the other hand, further studies on the risk management mechanisms of green securities 851 

and green insurance are required due to market uncertainties which deters firms’ innovation 852 

(Wang et al., 2017). For instance, while green securities support green industry projects to 853 

augment resource allocation in the capital market and the real economy (Shanghai Stock 854 

Exchange, 2021), green insurance diversifies and transfers environmental risks (Chen et al., 855 
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2021) and encourages emission-reducing innovation (Mills, 2012). While green insurance 856 

cannot improve expected profits (Wang et al., 2017), the risk reduction ability plays an 857 

important role in influencing corporate overseas investments (Chen et al., 2021). It thus 858 

imperative to explore how green insurance and green securities can be adopted to boost GF 859 

investments and manage risks in GF markets especially during market stress periods such as 860 

the COVID-19. Research on theories related to green insurance and green securities (Chen et 861 

al., 2021) and the effects on GF market structure present interesting opportunities for future 862 

studies.  863 

As noted above, GF policies and incentives are key in developing strong financial systems 864 

that encourage both the private and public sector participation in decarbonizing their 865 

investments. Hence it is suggested that policymakers scale-up appropriate environmental 866 

policies to enhance the GF market and make it more resilient to shocks (Naeem et al., 2021). 867 

Such policies and incentives will significantly support the development and growth of GF. 868 

 869 

2. GF in green building 870 

A ‘green’ building is a “building that, in its design, construction or operation, reduces or 871 

eliminates negative impacts, and can create positive impacts, on our climate and natural 872 

environment” (World Green Building Council, 2022). Green building has become necessary 873 

due to unsustainability and inefficiency of the construction sector which accounts for the largest 874 

share of both energy use (36%) and carbon emissions (37%) in the world (UNEP, 2021). 875 

Moreover, the ICMA (2018) identifies green building as an eligible GF project leading to 876 

increasing investment. However, GF in green building remains under-invested and under-877 

researched (Debrah et al., 2022a). For instance, global investment in green building accounted 878 

for US$148 billion of the US$5.6 trillion investment on building construction and renovation 879 

in 2019 (UNEP, 2020). Similarly, Likhacheva Sokolowski et al. (2019) recount that green 880 

buildings represent only a fraction of the US$ 24.7 trillion investment opportunity by 2030. 881 
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This huge investment gap calls for the need to investigate why green building lacks the needed 882 

GF. Such studies will increase the understanding of developers, investors, owners, and the 883 

government on GF in green building. This will promote the development of green building via 884 

the application of GF instruments such as green fiscal investment, green credit, green 885 

insurance, and green bonds (He et al., 2022). Increased green building related research that 886 

focuses on the debt market (An & Pivo, 2020) will help developers and investors to understand 887 

the present GF challenges and opportunities in green building. Again, in using real case 888 

examples, favorable economic (investment returns) and lower interest rates associated with GF 889 

(Akomea-Frimpong et al., 2022) can be modelled to assess the economic feasibility of GF in 890 

green building projects (Taghizadeh-Hesary et al., 2022). Additionally, to increase GF in green 891 

building econometric studies and archival data analysis, improved databases on GF in green 892 

building is necessary. Such databases could promote research on the impact of green building 893 

finance on carbon emissions (Gholipour et al., 2022), economic feasibility studies (An & Pivo, 894 

2020), and time series econometrics (He et al., 2022) of GF in green building at both national 895 

and international levels. Besides, the challenges associated with analyzing investment risks of 896 

GF in green building could be reduced with adequate data (Akomea-Frimpong et al., 2022). 897 

Additionally, future studies may evaluate the costs and benefits of GF in green building 898 

(Debrah et al., 2022a). Also, future research that focuses on GF in green building certification 899 

or rating system is critical (Debrah et al., 2022a) in clarifying what constitutes GF in green 900 

building and the difficulty in ascertaining GF certification (Akomea-Frimpong et al., 2022). 901 

The rising interest of stakeholders such as government, investors, and green building 902 

developers in GF open up opportunities for increased GF in green building research and 903 

development. This critical to explore the reported investment gap of GF in building and the 904 

associated research needs. 905 

  906 

3. Fintech-for-GF 907 
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There is growing research in technological development and artificial intelligence (Debrah et 908 

al., 2022b), more particularly, financial technology (fintech). Fintech refers to technology-909 

enabled financial solutions (Arner et al., 2015). This comprises digital innovation and modern 910 

technology to improve, develop, and automate financial services. It is used to assist and support 911 

firms, investors, and customers in managing their financial activities using specialized 912 

applications and software (Al Hammadi & Nobanee, 2019) that are more user-friendly, 913 

efficient, and transparent (Moro-Visconti et al., 2020). As such, the integration of fintech and 914 

GF using technologies such as artificial intelligence (AI), blockchain, cloud computing, big 915 

data, and Internet of Things are critical (He et al., 2020). However, its application in GF is 916 

limited. According to Macpherson et al. (2021), the challenges of the COVID-19 pandemic 917 

present opportunities to rethink and explore the potentials of integrating fintech and GF.  918 

Besides, fintech can revolutionise GF to promote efficient industrial performance and effective 919 

resource utilization (Bhatnagar et al., 2021). It has the capacity to fill the technological gap in 920 

GF and create investment opportunities (Bhatnagar & Sharma, 2022). For example, through 921 

fintech, GF challenges such as information asymmetry could be reduced by establishing GF 922 

databases to promote effective communication and coordination between parties (Xueqing, 923 

2021). This will promote mature information disclosure system for GF. Additionally, fintech 924 

could facilitate real-time tracking and monitoring of enterprises participating in green credit. 925 

With fintech, GF-related information can be updated in real-time (He et al., 2020), reduce 926 

identification and transaction costs of green economic activities (Xueqing, 2021). The 927 

outcomes of fintech for GF will thus to be well-suited to investor needs, customise GF 928 

processes and investment decisions. Moreover, the transparency that comes with improved 929 

technological capabilities in gathering and analyzing data through AI techniques such as 930 

machine learning will foster transparency and make GF more efficient (Husse & Pippo, 2021), 931 

thereby diminishing many of the existing problems such as “greenwashing” – the issuance of 932 

so-called green securities that lack genuine environmental benefits (Larcker & Watts, 2020). 933 
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Further, AI and blockchain technologies can be leveraged in developing an intelligent GF 934 

rating tool as a significant valuation tool to reflect the real-time GF market value to both 935 

investors and issuers (Debrah et al., 2022a). Additionally, GF-fintech related studies such as 936 

big data-based asset-level information, robo-advisory, crowdfunding, distributed ledger 937 

technology, environmental risk assessment and pricing, ethical guidelines for trustworthy 938 

fintech-for-GF, and policy and regulatory considerations would increase our understanding of 939 

the area. Emerging AI- and fintech-related technologies could provide opportunities and 940 

common platforms for regulators, standard setters, investors, financial institutions, and project 941 

developers to promote GF. Since fintech-for-GF is emerging, further research is needed to 942 

provide more insights to stakeholders. 943 

 944 

6. Conclusions and Limitations 945 

This study explored the state-of-the-art GF research hotspots and identified gaps that could 946 

be addressed in future research. This study adopted a bibliometric-qualitative systematic 947 

analysis to review the now-available GF literature. The mixed-methods bibliometric-948 

systematic review was effective in limiting subjectivity in the analysis and the ability to 949 

replicate similar studies in future. The database search was conducted using searches from 950 

Scopus database and validated with data from three other academic databases including Web 951 

of Science, Google Scholar, and ScienceDirect from 1989 to March 2021.  952 

Theoretically, this study identified six major themes of GF research: “green bond market 953 

and greenium”, “green credit (loan)”, “carbon investment and market”, “green banking”, 954 

“market stress and GF (e.g., the COVID-19)” and “domestic and international climate finance 955 

policies”. We show that GF research so-far has been underpinned by evolutionary economics 956 

and ecological finance theories. Although GF has shown great relevance in recent times with a 957 

steady growth, the findings depict an immature research area that demands a renewed focus 958 

from the academic community. Basically, this study serves as an up-to-the-minute reference 959 
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point for GF. The study identified key areas and knowledge gaps in GF-research. The results 960 

obtained thus serve as a guideline for practitioners and policymakers to evaluate their level of 961 

development in terms of GF and analyse their shortcoming in terms of developing a GF 962 

economy. The findings thus set the tone for further studies by providing paths and 963 

recommendations for future studies in GF. The recommendations (GF policy initiatives and 964 

incentives; GF in green building; and fintech-for-GF) provide fertile grounds for both 965 

researchers and practitioners to explore the emerging aspects of GF to promote research and 966 

development. 967 

Despite the contributions, this study still has limitations which should be considered when 968 

interpreting the results of this study. The analysis was limited to journal articles. To improve 969 

this study, future studies may combine different document types. Additionally, the literature 970 

searches were based on specific keywords that may not reflect the full picture of the research 971 

area. Future research may include more keywords. 972 
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