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ABSTRACT

This provides a comprehensive overview of the impact of climate finance on global sustainability, elucidating its multifaceted contributions to addressing the challenges
posed by climate change. Climate finance plays a pivotal role in fostering mitigation and adaptation efforts across various sectors. Investments in renewable energy
projects and energy-efficient initiatives contribute to substantial reductions in greenhouse gas emissions, mitigating the effects of climate change. Moreover, financial
support facilitates the development of resilient infrastructure, agricultural adaptations, and biodiversity conservation, crucial elements in bolstering global resilience to
the impacts of a changing climate. Beyond environmental aspects, climate finance catalyzes socio-economic development by alleviating poverty and empowering
communities through job creation and improved livelihoods. The abstract underscores the importance of capacity-building initiatives and technology transfer, highlighting
the role of knowledge sharing and innovation in enhancing the capabilities of developing nations. Furthermore, the global cooperation and diplomatic dimensions of
climate finance are explored, emphasizing its role in facilitating international collaboration to meet the targets set in agreements such as the Paris Agreement. This
abstract encapsulates the intricate web of positive influences that climate finance has on global sustainability, underscoring its significance as a catalyst for positive
change and a key driver in the transition towards a more resilient and sustainable future.
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1. Introduction

Climate finance is a rapidly growing field with complex institutional structures, principles, and governance systems. Researchers have given a lot of attention
to the topic of climate finance in recent times and have explored various avenues of research in the area. This research has been summarized in a new study
that uses bibliometric analysis to provide a snapshot of the research using quantitative and statistical tools on the bibliographic data.

The study's two objectives are to present 1) a quantitative assessment of the performance of different constituents of the research and 2) a qualitative assessment
of the themes, their development, and future directions. The study provides a comprehensive, up-to-date overview of the evolution and state of the field,
illustrating its main players and arenas and showcasing its evolving nature. Through two separate but complementary approaches, the study provides an
ontology of 6 themes that seem to capture the majority of the research outputs. The study discusses these themes, the overlaps and gaps, and suggests therefrom
a set of topics which would appear to be under-researched. The researchers believe that this will be useful to future researchers.

1.1 Analysis of themes

Bibliographic coupling is used to analyze the main themes in the field of climate financing.

We identified six significant topic clusters with the aid of this analytical method. Only six of the 111 clusters that the analysis first revealed were deemed
substantial clusters—those with 10 or more papers.

Together, these themes encompassed 1288 articles out of 1400, or 92% of the corpus, giving a trustworthy overview of the main themes the authors investigated.
After reviewing these significant clusters, we discovered that, in that order, clusters 1 through 6 addressed the following subjects: public policy, green financing,
climate change, green bond valuation, green finance and banking, and green bonds and financial markets.

Public policy,
Green financing,

Climate change,
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Green bond valuation,
Green finance and banking, and

Green bonds and financial markets.

2. Major Classification in Climate Finances:
2.1 Cluster 1: Climate Change:
The forests appear to be a significant issue of discussion among academics studying climate finance. The topics of agroforestry, reforestation, and deforestation

have received special attention.

Concerns about climate change are the main topic of discussion here, with writers concentrating on the Paris Agreement's implementation (Robiou du Pont et
al. [2017]). The writers have added to the conversation about policy debates related to sustainable development (Claudet et al. [2020]), carbon financing (Lewis
[2010]), and agriculture (Steenwerth et al. [2014], Ziegler et al. [2012]). The writers' main concerns under this theme cluster include issues like carbon emissions
and the policy discussion around them. When conversations about the subject are held, the subject becomes even more pertinent.

Economic Costs of Climate Change:

Physical Damages: Climate change can lead to extreme weather events such as hurricanes, floods, and wildfires, causing physical damage to infrastructure,
homes, and businesses. The costs of repairing and rebuilding can have substantial economic impacts.

Impact on Agriculture: Changes in temperature and precipitation patterns can affect crop yields and livestock productivity. This, in turn, can impact food prices
and food security, with potential economic consequences for both agricultural producers and consumers.

Transition to a Low-Carbon Economy:

Policy Responses: Governments worldwide are implementing policies to mitigate climate change by reducing greenhouse gas emissions. This transition to a
low-carbon economy involves changes in energy production, transportation, and industrial processes, presenting economic challenges and opportunities.

Investment in Renewable Energy: The shift towards renewable energy sources, such as solar and wind power, creates economic opportunities in the form of
new industries, job creation, and technological innovation.

Social and Economic Inequality:

Disproportionate Impact: Vulnerable populations, including low-income communities, may bear a disproportionate burden of the impacts of climate change.
This can exacerbate existing social and economic inequalities.

Adaptation Costs: The costs of adapting to a changing climate, such as building resilient infrastructure or implementing water management strategies, may
strain the financial resources of communities and governments.

Global Cooperation and Trade:

International Agreements: Climate change is a global issue that requires international cooperation. Agreements like the Paris Agreement aim to bring countries
together to collectively address climate change, but economic considerations and trade dynamics play a role in shaping these agreements.

Carbon Pricing: Some economic approaches to addressing climate change involve putting a price on carbon emissions, either through carbon taxes or cap-and-
trade systems. This can incentivize businesses to reduce emissions and promote more sustainable practices.

Insurance and Financial Risks:

Insurance Industry: The increasing frequency and severity of extreme weather events pose challenges to the insurance industry. Insurers may face higher
payouts due to climate-related damages, affecting their financial stability.

Financial Sector Risks: Climate-related risks, such as the devaluation of assets due to climate impacts or policy changes, are increasingly recognized as potential
threats to the financial sector. This has led to a growing emphasis on climate-related financial disclosures and risk assessments.

Innovation and Green Technologies:

Economic Opportunities: The transition to a low-carbon economy has spurred innovation in green technologies. Businesses involved in developing and
implementing sustainable solutions may experience economic growth, creating new markets and job opportunities.
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2.2 Cluster 2: Green Financing:

Green finance is the subject of the corpus's second thematic grouping. Here, the financial markets have received more attention than the policy implications of
climate finance.

Among these are the following: corporate 7 sustainability ratings (Drempetic et al. [2020]), green lending (Cui et al. [2022]), sustainability transition (Falcone
et al. [2018]), financing of sustainable business models (Yip and Bocken [2018]), and green bonds (Flammer [2021], Hachenberg and Schiereck [2018], Tang
and Zhang [2020]). The industry's main point of contention is how sustainability-related measures will affect the bottom line. As such, it makes sense for the
writers to concentrate more on the financial aspect of the discussion. Although the preceding cluster's primary focus was on the economic impact

2.3 Cluster 3: Public policy:

Public policy pertaining to green financing is the third main area of study in climate finance. In this instance, the writers have concentrated particularly on
various aspects of the discussion around green financing and the part that public policy plays in it. Zhang et al. [2021] concentrate on the mediating function
of green finance in the relationship between public spending and sustainable economic growth, whereas Taghizadeh-Hesary and Yoshino [2019] concentrate
on the use of tax credits to encourage private engagement in green financing. The creation of carbon financing indices (Mohsin et al., 2021), the impact of
green financing on climate change (Nawaz et al., 2021), and energy efficiency (Song et al., 2021) have also received attention.

Public policy in economics refers to the government's actions and decisions aimed at influencing and managing the economy to achieve specific goals and
outcomes. These policies are designed to address various economic issues, promote stability, and enhance the overall well-being of the society. Public policy
in economics encompasses a wide range of measures, including fiscal, monetary, and regulatory policies. Here are some key aspects:

Fiscal Policy: This involves the government's use of taxation and spending to influence the economy. For example, during periods of economic downturn, a
government may implement expansionary fiscal policies by lowering taxes and increasing public spending to stimulate economic activity. Conversely, during
times of inflation, contractionary fiscal policies may be implemented to cool down the economy by reducing spending and increasing taxes.

Monetary Policy: Central banks play a crucial role in shaping economic policy through monetary tools. They control the money supply, set interest rates, and
use other mechanisms to achieve goals such as price stability, full employment, and economic growth. Adjusting interest rates is a common tool used to
influence borrowing, spending, and investment in the economy.

Regulatory Policy: Governments create and enforce regulations to ensure fair competition, protect consumers, and address market failures. These regulations
can cover a wide range of economic activities, including environmental protection, financial markets, labor markets, and product safety. Regulatory policies
aim to create a level playing field and prevent undesirable economic outcomes.

Trade Policy: Governments formulate trade policies to regulate international trade and protect domestic industries. Tariffs, quotas, and trade agreements are
tools used to manage imports and exports, promote economic growth, and safeguard national interests.

Social Welfare Policies: These policies aim to address issues related to income inequality, poverty, and social well-being. They may include programs such as
unemployment benefits, social security, and healthcare initiatives to provide a safety net for citizens facing economic hardships.

Infrastructure Investment: Governments often invest in infrastructure projects, such as transportation, education, and healthcare, to stimulate economic
development. These investments can have long-term effects on productivity, employment, and overall economic growth.

Stabilization Policies: Governments may implement policies to stabilize the economy, particularly during economic downturns. Counter-cyclical measures,
such as stimulus packages or austerity measures, are designed to manage fluctuations in the business cycle.

2.4 Cluster 4: Variation of Green Bonds

One of the most popular methods of green financing is green bonds. These mentions are present in the thematic clusters presented above. In this cluster, the
authors have majorly focused on the 8 topic with a particular interest in the valuation of green bonds. Zerbib [2019] finds a low impact of investors’ pro-
environmental preferences on the bond prices and suggests that investors have a low incentive in investing in such bonds. Gianfrate and Peri [2019], on the
other hand, find that issuing green bonds is more financially more convenient for the issuers than the regular bonds. The interest of the investors and issuers is
more indirectly related to the pricing of the bond markets and their study is more logical in the context of the valuation of green bonds. The role of issuers has
been further studied by Bachelet et al. [2019], who find the role of the reputation of issuers and the third-party certification of green binds on the bond yields.
They put more focus on the information asymmetry present in the green bond markets with regard to the suspicions related to green bonds (‘green-washing).
Febi et al. [2018] find that the liquidity risks have a negligible impact on the yield spread of the green bonds. The research on the topic seems to be more
focused on the factors relating to the value of green bonds with more focus on their financial convenience, and associated risks. Overall, there seems to be an
agreement among scholars that while the value of green bonds and related premia is less than that of non-green bonds (‘brown bonds’), the volatility and risk
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is also less. The focus on green bonds as a tool of green financing is also highlighted in the word cloud for the cluster (Figure 5) as the words such as green
bonds, green finance, climate finance and sustainable finance appear prominently.

2.5 Cluster 5: Green Financing and Banking:

The role of banking in green financing is the special emphasis of the fifth major cluster. In order to fulfill the objectives of the Paris Agreement, the emphasis
is mostly on the application of banking laws to support green financing. Here, the writers are especially interested in the function of central banks. According
to Campiglio (2016), macroprudential rules and monetary policy are crucial for the execution of a low-carbon strategy. At the very least in terms of signaling
capability, carbon pricing is insufficient to meet low emission targets. Banga [2019] similarly focuses on building a more specialized regulatory framework
for green bond markets in order to encourage the issuance of these bonds in developing nations.

Green Loans and Financing:

Green Bonds: These are debt instruments specifically issued to raise funds for projects with environmental benefits. The proceeds from green bonds are
earmarked for activities such as renewable energy projects, energy efficiency improvements, and sustainable infrastructure development.

Green Loans: Financial institutions offer green loans to businesses and individuals for environmentally sustainable projects. These projects may include the
installation of renewable energy systems, energy-efficient building upgrades, or other eco-friendly initiatives.

Sustainable Investment Portfolios:

Socially Responsible Investing (SRI): Green banks and financial institutions often offer investment products that align with environmental and social values.
SRI involves selecting investments based on ethical criteria, such as environmental impact, social responsibility, and corporate governance.

Impact Investing: Investors may choose to allocate funds to projects or companies that aim to generate positive environmental and social impacts alongside
financial returns. This approach goes beyond avoiding harm and actively seeks to make a positive difference.

Environmental Risk Assessment:

Integrating Environmental Factors: Green banks consider environmental risks in their lending and investment decisions. They may conduct environmental
impact assessments to evaluate the potential negative effects of projects on ecosystems and communities.

Climate Risk Management: Financial institutions increasingly assess climate-related risks to their portfolios, considering factors like physical risks (e.g.,
extreme weather events) and transition risks (e.g., policy changes impacting industries).

Incentives for Green Initiatives:

Interest Rate Discounts: Green financing may offer lower interest rates or favorable terms for projects that meet specific environmental criteria. This
incentivizes borrowers to undertake environmentally sustainable initiatives.

Tax Incentives: Governments may provide tax incentives for green projects or offer deductions to individuals and businesses engaged in environmentally
friendly activities.

Green Banking Practices:

Energy Efficiency in Operations: Green banks often implement energy-efficient practices within their own operations, such as using renewable energy sources,
reducing paper consumption, and adopting sustainable business practices.

Carbon Neutrality Goals: Some banks commit to achieving carbon neutrality by offsetting their carbon emissions through investments in carbon offset projects
or implementing internal measures to reduce their environmental footprint.

Certifications and Standards:

Green Banking Certification: Certain organizations and industry bodies offer certifications or standards for green banking practices. Financial institutions may
seek these certifications to demonstrate their commitment to sustainability.

Environmental, Social, and Governance (ESG) Standards: Investors and financial institutions may follow ESG criteria to assess the sustainability and ethical
impact of their investments. ESG factors cover a range of issues, including environmental performance, social responsibility, and corporate governance.
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3. Development of Theme:

When examining the word cloud during the years 1992-2006, when there was little study conducted in this field, the themes of green finance and ethical
investing were the main focus. The clusters' publishing patterns also imply that all of the publications were in cluster 1, which addresses ecological concerns.
This basically means that the subjects of green finance and ethical investing are where the study on climate financing originated.

4. Concluding Remarks:
The purpose of this study is to provide an overview of the field of climate finance research. The review summarizes the relevant literature using a range of
approaches. We focus on two main goals, which are accomplished via science mapping and performance analysis, respectively.

According to the performance analysis results, there has been a significant increase in publications on climate funding in recent years. This may be attributed
to the impact of the Paris Climate Agreement, which peaked in 2017 and brought about a large interest in the topic. The publications have also been contributed
to by people all around the world, with the US, UK, and China being the main sources.

Six main topics in the field are identified by the corpus' scientific mapping.
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