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Abstract 

The study aimed to provide a one-stop overview of research regarding carbon financing through carbon markets and 
offsetting mechanisms based on a comprehensive bibliometric analysis. The main research question that this study 
sought to answer was "how has scientific research on carbon financing evolved in the Paris Agreement era in terms 
of thematic focus, emerging trends, and international collaboration patterns? To answer this question, the dataset was 
derived from the Web of Science and analyzed using the biblioshiny package available in R, Vos viewer software, 
and Microsoft Excel. The study summarizes results on the main details of the corpus used, trend patterns, thematic 
topics, co-citation performance, and co-occurrences. The study reveals valuable insights, including a conspicuous re-
search gap within the African region. China is identified as the most dominant country regarding research related to 
carbon financing and carbon credit trading. There is evidence of regional and inter-regional research collaborations 
between continents and countries, especially within Asia, Europe, and North America. The study recommends 
strengthening research collaborations with African countries as well as exploring emerging themes such as carbon 
sequestration, blue carbon initiatives, and the application of game theory in driving carbon financing innovations. 
Regarding research limitations, the scope of the analysis is limited to one database i.e., the Web of Science, and results 
might be geographically biased as there is a high absence of research contributions from Africa. 
Keywords: Carbon financing; carbon markets; offsetting mechanisms; VOS Viewer; R   

JEL: Q53, Q54 

Introduction 

Following notable previous global initiatives including the UNFCCC of 1992, the Kyoto Protocol 

of 1997, and the 2015 Paris Agreement, innovative concepts such as carbon financing have since 

emerged (Su et al., (2023). While there is no agreed-upon definition of carbon financing, previous 

authors have presented various versions. Guo et al., (2021) define carbon financing in a general 

sense as the use of market-based financial instruments such as carbon taxes, ETS, green, blue, 

transition, catastrophe, or sustainability-linked bonds, climate hedging instruments and derivatives, 

blended financial instruments, climate-linked equities, insurances, and nature-based financial in-

struments among others to address the issues of climate change. Labatt & White, (2011) present a 

narrow version and define carbon finance as cashflows derived from the trading of carbon permits. 

According to Dunbar et al., (2024), the concept of carbon financing involves financial mechanisms 

that promote policies and activities that seek to reduce greenhouse gas emissions (GHG) from the 

atmosphere or enhance carbon sequestration. Song & Wu, (2023) note that among these mecha-

nisms, carbon credit trading and market-based solutions have emerged as critical initiatives and 

strategies in pursuing sustainable development goals as part of the global climate policy. Carbon 

financing fosters green innovations and technologies that are key to achieving the net zero goals 

(Swinkels, 2024). The scope of carbon financing extends to multiple disciplines including finance, 

policy, economics, and environmental science (Su, Yu and Zhou, 2023). 
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Carbon markets and offsetting mechanisms provide the framework upon which financial re-

sources are channeled to projects that support carbon sequestration or reduce GHG emissions 

(Geng et al., 2023). These include carbon markets that operate either in voluntary (e.g. Verra, Gold 

Standard, etc.) markets or compliance markets such as the EU ETS. Carbon credits & offsetting 

mechanisms generate the carbon credits that are then traded in the carbon markets (Blanton et al., 

2024). Such includes the Reducing Emissions from Deforestation and Forest Degradation (REDD) 

mechanisms, the Certified Emission Reduction (CERs) and Verified Carbon Units (VCUs). Ideally, 

the carbon credits traded in the carbon markets are supplied by offsetting mechanisms while the 

carbon markets connect the buyers of these credits usually mostly companies or governments from 

developed economies that need to meet their voluntary or compliance sustainability obligations (Li 

and Zhang, 2024). Offsetting mechanisms and carbon markets work hand in hand in driving global 

initiatives to combat climate change.  

As economies across the globe strive to meet their sustainability goals, significant interest is 

drawn to both voluntary and compliant carbon market activities (Zhou and Li, 2019). Carbon fi-

nancing has become a crucial component in promoting green transition through financing green 

projects such as renewable energy (Zhang & Wang, 2024). This has attracted growing academic 

interest in exploring the various dynamics of the carbon credit market, evaluating the effectiveness 

of strategies, and analyzing market gaps among others (Wu, Liu and Tang, 2024). Su et al., (2023), 

notes that despite this growing interest, comprehensive analysis of thematic evolution, emerging 

trends, intellectual structure, and collaborative efforts between authors and countries remains lim-

ited. 

This study therefore seeks to unravel this gap by applying bibliometric tools, especially the bib-

lioshiny package available in R and the VOS viewer software to analyze the current trends, thematic 

evolution, and collaboration initiatives for scientific research relevant to carbon credit. The aim is 

to examine the intellectual landscape and highlight research trends that potentially provide action-

able insights to practitioners, academics, and policymakers. The study is therefore anchored on the 

following specific objectives: 

1. Identifying the trend patterns of scientific research on carbon financing in the Paris era 

2.  Uncovering the most relevant research themes, co-occurrences, and emerging topics after 

the Paris Agreement. 

3.  To visualize and analyze research collaborations among countries, and performance anal-

ysis through co-citation to expound on global knowledge-sharing patterns. 

Materials and Methods 

At the heart of this study was to unravel in what ways has scientific research on carbon financing 

progressed since the Paris Agreement, particularly regarding thematic priorities, emerging research 

trends, and patterns of international collaboration? In addressing this research question, the study 

design employed in this study is bibliometric analysis which is a data-centered quantitative approach 

designed to explore the intellectual structure and emerging thematic or topical trends for a given 

area of research (Donthu, Kumar, Mukherjee, et al., 2021). Bibliometric analysis has gained much 

popularity over recent years due to various reasons including the accessibility and availability of 

bibliometric software such as Leximancer, VOS viewer, Gephi, and scientific databases such as 

Web of Science, Scopus, etc. (Khan et al., 2021). These tools offer great utility, especially in handling 
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large volumes of scientific data enabling researchers to uncover emerging research trends, collab-

oration patterns, journal performance, and intellectual structure of literature domains (Verma and 

Gustafsson, 2020; Donthu, Kumar, Pattnaik, et al., 2021). This study used R and VOS viewer soft-

ware to conduct the analysis. These two tools were selected due to their ability to handle robust 

data and produce quality visualizations. Also, both can read plain text files making it easy to analyze 

as there is no need to convert the files to other formats like bitext, etc.  

The data was derived from the Web of Science database which is recognized as a reliable and 

comprehensive source for academic literature. Relevant keywords were carefully selected and com-

bined to construct the search query as follows;  

TS= ((("Carbon credits") OR ("carbon trading") OR ("Carbon Markets") OR ("Carbon Offset 

Mechanisms") OR ("Carbon Pricing") OR ("Emissions Trading Systems (ETS)") OR ("Carbon 

Sequestration Financing") OR ("Voluntary Carbon Markets (VCM)") OR ("Compliance Carbon 

Markets")))  

The aim was to attract research related to carbon financing and different facets of carbon market 

trading and mechanisms. After running the search based on the keyword combination above, a 

total of 6833 scientific publications relevant to the selected keyword above were attracted. Accord-

ing to Donthu, Kumar, Mukherjee, et al., (2021) bibliometric analysis is preferred when the scope 

of review is broad otherwise alternative manual review approaches such as meta-analysis and sys-

tematic review are selected. In this case, the data (6833 documents) was too large for manual review. 

The study focused on research publications published from 2016 to 2025. The selection of this 

timeline was motivated by the fact that 2016 was the year the Paris Agreement was enacted. Argu-

ably, it would be expected that countries would accelerate their carbon reduction initiatives and 

potentially explore all available mechanisms to achieve their nationally determined contributions 

(NDC) moving forward (Su, Yu and Zhou, 2023).  

Regarding document type, open-access original research articles, reviews, data papers, book 

chapters, and early access written in the English language were included in the study. Retracted 

articles and those not relevant to the study after a manual review were excluded from the analysis. 

As part of the inclusion criteria, the study included articles that were anchored on the following six 

SDGs); 06 (clean water and sanitation), 07 (affordable and clean energy),09 (Industrial innovation 

and infrastructure), 11(sustainable cities and sanitation), 12 (responsible consumption and produc-

tion), and 13(climate action). The selection of these SDGs was informed by their direct alignment 

with the objectives and carbon credit markets and mechanisms. 

The search for the dataset analyzed in this study was conducted as of January 2025 and exported 

in plaintext format. This format was preferred because it was easily readable by both R and VOS 

viewers which are the main tools used in analyzing the data. The data was exported in bits of 500 

records which covered full records and cited references as it was impossible to export more than 

500 reports at a time when capturing full records and references. The multiple files were then 

compiled into one plain text file that was used for analysis. The research process is illustrated in 

the Prisma model as shown in figure 1 below:  
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Figure 1; Prisma flowchart (Page et al., 2021) 

Source: Authors own analysis based on Prisma template 

Findings and Analysis 

This section presents the analysis results. Particularly, the section details the main characteristics of 

the corpus used in this study, results for trend analysis, world cloud, co-citation, Zipf's Law, and 

co-occurrence network. Results are presented in tables and figures.  

 

Table 1: Main Information of the Corpus 

Description Results 

MAIN INFORMATION ABOUT DATA  
Timespan 2016:2025 

Sources (Journals, Books, etc.) 880 

Documents 4025 

Annual Growth Rate % -21.32 

Document Average Age 3.53 

Records identified from: 

Web of Science (n = 6833) 
 

Records removed before the 

screening: 

Records marked as ineligi-

ble by automation tools (n 

= 1510) 
 

Records screened 

(n =5323) 

Records excluded 

(n =372) 

Reports sought for retrieval 

(n = 4951) 
Reports not retrieved 

(n =4) 

Reports assessed for eligibility 

(n =4847) 

Reports excluded: 

Language not English (n 

=55) 

Articles not focused on 

SDGs, 13,07,12,09,11or 

06(n = 767) 

 
Studies included in the review 

(n =4025) 
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Average citations per doc 19.06 

References 151950 

DOCUMENT CONTENTS  
Keywords Plus (ID) 4446 

Author's Keywords (DE) 9802 

AUTHORS  
Authors 10761 

Authors of single-authored docs 313 

AUTHORS COLLABORATION  
Single-authored docs 364 

Co-Authors per Doc 3.93 

International co-authorships % 28.55 

DOCUMENT TYPES  
article 3665 

article; book chapter 34 

article; data paper 1 

article; early access 100 

article; proceedings paper 32 

review 183 

review; book chapter 1 

review; early access 9 

Source: Author’s work based on R studio. 

The analysis of the main information regarding the dataset used for the study reveals some im-

portant insights. Table 1 reveals that the average age of the documents is 3.53 years indicating that 

most of the studies considered are recent potentially addressing contemporary trends and issues. 

The 4025 research publications were published across 880 sources. The average citation of 19.06 

indicates that this area of study has significant relevance and influence in policy and academic dis-

course. Notably, the publications drew insights from a wide body of literature with a total of 

151,950 references and a total of 10,761 authors. The area of research also has a high level of global 

collaboration as indicated by 28.55% international co-authorship and a co-authorship of 3.93 av-

erage per document. Empirical research is dominant (3665) though well supplemented by system-

atic reviews (183). 

Trend Analysis 

Table 2 shows a steady growth in the number of articles published over the years from 2016 to 

2023. The increase is notably enormous between 2022 to 2023 with an increase of 163 articles 

which is relatively higher by far from the other years. This rising trend indicates the rising attention 

on research related to climate change strategies, the carbon market, and pricing mechanisms. Table 

2 provides more details on the annual scientific production from the year 2016 all through to 2024.   
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Table 2: Publication Production over Years 

Source: Author’s work based on R studio. 

Figure 2 below shows a sharp increase after 2020 which can be attributed to net zero commit-

ments, carbon market developments, and EU ETS reforms among others. The exponential growth 

between 2022 to 2024 could potentially be attributed to increased funding for climate-related re-

search or multidisciplinary intersections especially in policy, finance, and technology. The sharp 

growth after 2021 aligns with the current developments, especially with new carbon market mech-

anisms, growth in ESG investing, and growing commitments in corporate climate investments. 

 

 
Figure 2: annual scientific production 

Source: Authors own analysis based on excel 

Thematic analysis  

Thematic analysis reveals that carbon financing is the most dominant theme with 409 appearances,  

followed by carbon trading (301) and followed by climate change (257). These results indicate that 

carbon pricing and market mechanisms in the broader environmental context are the central con-

cepts for the publications analyzed. Notably, China is the only country that has appeared among 

the keywords possibly suggesting that it could be the country with the highest level of research 
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activity on carbon financing and carbon market-related research. Also, climate policy, combined 

with the carbon tax and carbon pricing appeared 135 times indicating a high prevalence of policy-

centered research on carbon financing. It is worthwhile to note that, the technical aspects including 

economic instruments i.e., trading, pricing, and market mechanisms are more prominent than tech-

nological solutions. More emphasis is also given to implementation i.e.; major themes revolve 

around policy and market-based solutions. Table 3 shows the results of the thematic analysis based 

on the author's keywords.  

 

Table 3: Author's Keywords Frequency  

 

Source: Author’s work based on R studio. 

 

 

 

 
Figure 3: word cloud 

Source: Author’s work based on R 

Author’s Keywords Frequency 

Carbon Pricing 409 

Carbon Trading 301 

Climate Change 257 

Carbon Tax 158 

China 143 

Climate Policy 135 

Carbon Markets 126 

Carbon Credits 125 

Carbon Market 125 

Carbon Emissions 92 
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Figure 3 presents a visual for the main themes identified based on the authors keywords fre-

quency through a word cloud. Similarly, the word cloud depicts the dominant market-based mech-

anisms i.e. carbon pricing/trading, the growing emphasis on mitigation, collaboration and policy 

as well as the emerging geographical hotspot for related research. 

Co-authorship  

Co-authorship is visualized in a network made of nodes, colored clusters and connecting lines as 

shown in figure 4. The size of the nodes in the co-authorship network is a representation of the 

volume of co-authored publications (Tian et al., 2024). The People's Republic of China has the 

highest number of co-authored publications followed by England, Germany, India, and Australia. 

Notably, China has the most prominent node indicating that it is the largest contributor of research 

collaborations on carbon financing and carbon credit market-related research. Countries are 

grouped into different clusters based on their frequency of collaboration. Each cluster has a differ-

ent color. The red color represents the countries within the Asian region with the highest collabo-

rations including China, Japan, Russia, and India. The green cluster represents European countries 

including Germany, Italy, and the Netherlands. The yellow cluster includes countries within the 

Asia-Pacific region such as Malaysia, New Zealand, and Australia while the blue cluster represents 

countries within North America and Northern Europe such as Norway, Canada, and England. 

The thickness of the connecting lines between the nodes indicates how strong the co-authorship 

ties are between countries (Chinchilla-Rodríguez et al., 2024). Figure 4 shows strong collaborative 

ties between China, Russia and India while Germany is strongly connected with other European 

countries.  The co-authorship network highlights China as the central hub of research activities for 

carbon financing and carbon market-related research. Notably, regional collaborations such as be-

tween Asia Pacific and Europe are well pronounced. Although European Countries tend to have 

smaller nodes compared to China, it is important to note that its network interconnections seem 

denser potentially indicating strong collaborations within the European region.  

The full accounting method considers the total publications for the given countries without 

minding the number of authors involved therefore providing an equal treatment for the co-author-

ship contributions (Lim and Kumar, 2024). Notably, African countries like Kenya, Ethiopia, and 

Nigeria have very small nodes indicating less involvement in the research area highlighting a po-

tential research gap within the African continent. A similar study examining the global trends from 

1992 also identified China as the hub of carbon finance research and also noted the absence of 

similar studies from African countries (Su, Yu and Zhou, 2023). These findings could be attributed 

to the various economic, political and institutional factors. 

Arguably, many African countries tend to allocate little budget to research and development to 

niches such as carbon finance or climate change related due to their low national budgets as there 

are other competing development priorities such as infrastructure, healthcare and poverty allevia-

tion among others (Best and Zhang, 2020). Universities and other related research institutions 

therefore lack the financial capacity to support such specialized research (Nulambeh and Eryiğit, 

2022). Also, although government across the globe including in the African continents have indi-

cated initiatives to integrate green financing initiatives into their national climate and development 

policies, unstable governance arising from political instability potentially disrupt international col-

laborations and long-term agendas such as climate change related initiatives(Rennkamp, 2019). 

Lastly, there are few institutions in Africa which specialize in climate related studies and as a result 

African researchers tend to migrate to institutions abroad where they contribute under the affilia-

tions of other countries.  
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Figure 4: co-authorship results 

Source: Authors analysis based on VOS viewer 

Zipf's Law (Word Frequency) 

Zipf's Law is based on the formulae f(r)∝1/r and its key idea is that word frequency is inversely 

related to its rank (Ryland Williams et al., 2015). It is mainly used in keyword identification, index-

ing, and text analysis to uncover the most significant words for topic analysis within a research 

area. The results of Zipf’s analysis are summarized in Table 4 below and visualized in Figure 5.  

 

 

Table 4: Zipf's Law (Word Frequency) 

Source: Authors analysis based on R studio 

 

Authors Keywords Occurrences 

Carbon pricing 409 

Carbon trading 301 

Climate change 257 

Carbon tax 158 

China 143 

Climate policy 135 

Carbon markets 126 

Carbon credits 125 

Carbon market 125 

Carbon emissions 92 
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The results in Figure 5 indicate that carbon pricing ranked first with 409 occurrences, carbon 

trading second with 301 occurrences and climate change ranked 3 with 257 occurrences. The fre-

quencies tend to decrease inversely as expected under Zipf’s law. However, the decline is not pro-

portionally perfect as expected. The decline ratio for this dataset is calculated as (409/301) = 1.36 

which is less than the ideal value of 2 according to the law. Carbon pricing, carbon trading, and 

climate change are the dominant terms in the dataset. Given this pattern, it is more helpful to 

investigate the co-occurrence of these major terms to further explore their thematic relationship. 

 

 

Figure 5: Keyword Occurrences based on Zipf's Law 

Source: Author’s analysis based on Excell 

Co-occurrence Analysis  

As indicated in Figure 6 below, the co-occurrence analysis confirms carbon pricing, climate change, 

and carbon trading as the dominant topics. Keywords like climate policy bridge the various clusters 

revealing its relevance across the three themes. Regarding the thematic groups, the purple cluster 

is the largest node and has carbon pricing and climate policy as the dominant terms. The green 

cluster primarily focuses on climate change, carbon markets and mitigation strategies. The blue 

cluster mainly focuses on emission reduction technologies and mechanisms. The yellow cluster 

highlights systematic and regional issues with keywords such as carbon tax, emission reduction 

with China being highlighted as the major regional player. The red cluster is much focused on 

sustainability, broader environmental themes showcasing the integration of carbon discourse and 

ecological concerns.   
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Figure 6: Co-occurrence analysis 

Source: Authors analysis based on VOS Viewer 

Conclusions, Recommendations and Limitations 

The study provided a comprehensive bibliometric analysis and identified major thematic areas such 

as carbon pricing, carbon trading, climate policy, and climate change-related topics. These thematic 

results reveal the critical role of regulatory tools and market-based mechanisms in the carbon fi-

nancing discourse. The trend analysis reveals a growing trend for publications in this domain most 

of which have been published in recent years as revealed by the document's average age of 3.53 

years.  China has been identified to have played the largest role in the related research activities and 

strong research collaborations were evident across North America, Asia, and Europe. Research 

engagements from Africa are conspicuously missing with only a few appearances from Kenya, 

South Africa, and Nigeria revealing the potential under-development of the carbon trading market 

in Africa. The Zipf’s law reveals the presence of power-law distribution indicating the focused 

nature of the examined literature and emphasizing underrepresented themes and regions such as 

Africa. To address this challenge, initiatives to strengthen institutions for successful implementa-

tion of carbon pricing policies are highly recommended. From an economics point of view, policies 

that aim at diversifying economies from fossil fuel centric economies to renewable energies are also 

recommended.  Study limitations include limited scope as only the Web of Science database was 

used.  
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