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Abstract: African countries contribute less than 4% of global carbon emissions and are susceptible to
the repercussions of climate change due to pre-existing challenges such as poverty, unemployment,
and food insecurity. The Paris Agreement underscores the need for climate finance to support
resilience and low-carbon investments. However, African nations struggle to access adequate funds,
hindering effective adaptation and mitigation. Against this background, a bibliometric analysis was
conducted on climate finance literature for the period 20072023 in order to explore the publication
trends, emerging themes, and future research directions. Merging 91 documents from Web of
Science and 94 from Scopus yielded a dataset of 139 records. Web of Science experienced a 10.58%
publication growth rate, while Scopus had a higher publication growth rate of 13.18%. The merged
dataset’s publication growth rate was 13.88%, reflecting consistent contributions. The surge in
publications from 2019 to 2023 points to intensified discussions on climate change and associated
policies. International collaboration between authors is evident, with Web of Science at 37.76%, Scopus
at 28.7%, and the merged dataset at 26.62%. Temporally, 2007-2023 saw escalating interest, especially
post-2012, reflecting the evolution of climate change and renewable energy policies. Authors were
ranked based on article count and fractionalized ranks, with Chirambo D being the lead author in the
field of climate finance in Africa. Key articles advocated for supplementary fund integration into
government budgets. The UK, USA, and Germany topped in citations, reflecting the availability of
research funding, expertise, and collaborations. Leading sources included Climate Policy and Climate
and Development. Keyword co-occurrence identified five emerging thematic trends, contributing to an
in-depth understanding of climate finance literature’s dynamics and future directions.

Keywords: climate finance; climate vulnerability; global climate finance architecture; Africa; energy
transition; green economic growth

1. Introduction

Africa does not make significant contributions to global carbon emissions and is highly
vulnerable to the impacts of climate change [1-3]. The continent faces a confluence of chal-
lenges, including high unemployment rates, widespread poverty, and food insecurity,
which exacerbate the effects of climate shocks [3]. An additional challenge is that industrial-
ization is coupled with greenhouse emissions. A restriction on environmental externalities
implies that the gap between developing and developed countries is difficult to close since
developed nations industrialized without strict limitations on emissions [4]. Moreover,
Africa has been grappling with limited access to global climate funding. This situation has
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often left Africa in the cracks of the climate funding architecture, being marginalized and
struggling to adapt to and mitigate climate change.

Vulnerability to climate change shocks is a complex phenomenon that comprises
both environmental vulnerabilities and socio-economic vulnerabilities [5,6]. However,
past studies have only concentrated on the physical dimensions of climate vulnerability
to the exclusion of the socio-economic dimension [7]. Africa’s vulnerability to climate
change is rooted in its exposure to various climate-related risks, including droughts, floods,
desertification, and rising sea levels [8,9]. These risks pose severe threats to critical sectors,
such as agriculture, water resources, infrastructure, and socio-economic development.

Assessing differences in vulnerability levels across countries can facilitate the identifi-
cation of unique areas where context-specific efforts can be focused to reduce susceptibility
to climate variability [10]. Africa’s representation and access to climate finance are hin-
dered by financial, technical, social, cultural, and systemic barriers and biases [11,12].
Climate finance involves the examination of both local and global funding for public
and private investments aimed at facilitating the mitigation of and adaptation to climate
change [13]. Historically, the distribution of climate finance has favored developed and
emerging economies and regions due to their higher emissions [14]. However, the financial
and technical needs for climate finance greatly exceed the current availability of funds
for developing countries [15]. Limited capacity and resources for project development
and implementation, difficulties in accessing international climate funds, and complex
bureaucratic processes are some of the challenges that African countries face in effectively
channeling climate finance [16,17].

However, over the years, there has been recognition of the need to address this
imbalance and support vulnerable regions such as Africa [18]. Leading to the COP 15 in
2009, “Copenhagen Accord” was the specific monetary commitment of USD 10 billion a
year from 2010 to 2012, increasing to USD 100 billion by 2020, made by wealthy nations to
support developing countries in implementing adaptation and mitigation strategies [19].
Thereafter, several initiatives were launched to increase climate finance for developing
countries, including the Green Climate Fund (GCF), the Adaptation Fund, and various
bilateral and multilateral initiatives. These mechanisms aim to provide financial resources
to support climate change adaptation and mitigation projects in developing countries,
including those in Africa. In addition to global climate funds, scholars have also explored
the potential of the digital finance and digital economy in unlocking the green energy
transition of countries [20-22]. The authors showed that digital financial services have a
negative correlation with carbon emission in the long run and can leverage inclusivity in
finance for adaptation and mitigating strategies [23].

That said, challenges persist in effectively channeling climate finance to African coun-
tries. Some key challenges include limited institutional capacity [24], limited resources for
project development and implementation, difficulties in accessing international climate
funds, and complex bureaucratic processes. Additionally, developing countries often face
stringent requirements, which can make it challenging to access the necessary climate
finances [25]. In order to make an assessment of the barriers of Africa’s access to climate
finance and the potential solutions, this study carried out a bibliometric review addressing
the following questions:

(1) Whatis the aggregate production and distribution pattern of climate finance studies in
the context of Africa as reflected through publication trends, countries of publication,
and most productive journals?

(2) Which articles and authors have wielded a pronounced impact on the domain of
climate finance research in Africa, predicated upon citation metrics?

(3) What are the country collaborations within the purview of climate finance literature?

(4) What are the emerging themes based on the content analysis of the extant literature in
climate finance research, and what recommendations and future research directions
can be drawn?
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A bibliometric analysis provides a quantifiable evaluation of research excellence and
its output, spanning diverse chronological periods, research domains, prominent nations,
and other dimensions [26-28]. The application of this methodology aids in the detection
of research patterns and the evolutionary trajectory within a specific research domain. It
further illuminates the influence exerted by research publications, identifies influential
authors, and highlights frequently cited works [26,27].

The main contributions of the paper are as follows: The study undertook a comprehen-
sive exploration of the systemic barriers and biases that hinder Africa’s access to climate
finance, thereby leaving the continent at a disadvantage in addressing the effects of climate
change. While previous research has acknowledged the vulnerability of Africa to climate
change, this study delved deeper into the underlying issues related to climate finance.
Moreover, the study conducted a bibliometric review and analyzed the publication trends,
leading authors, most influential articles, journals, and countries. Moreover, the study
showed the emerging themes and solutions to promote a more equitable and inclusive
approach to climate finance, emphasizing the need to redefine climate vulnerability and
revamp the climate finance landscape.

The remainder of the paper is structured as follows. Section 2 presents the contextual
background, and Section 3 presents the methodology employed in conducting the study.
Section 4 provides the results and analysis of the study. Section 5 presents the discussions
of the paper based on the content analysis of the extant studies, and Section 6 concludes
the study.

2. Contextual Background
2.1. Africa’s Unique Climate Risks and Vulnerabilities

Climate risk refers to the interconnectedness of climate-related disasters that arise from
diverse climatic hazards. Nonetheless, the extent of these hazards” impact is contingent
upon the susceptibility or vulnerability of the affected systems [29]. Table 1 presents the
most common hazards/environmental vulnerabilities in African countries.

Table 1. Environmental vulnerabilities in African countries.

Hazard Type Description Countries Most Affected

Africa is very concerned with desertification, which is the growth of arid and
semi-arid areas. It is influenced by a number of variables, including

population pressure, deforestation, climate change, and unsustainable land

Desertification management techniques [30]. The degradation of agricultural land and Algeria, Morocco, and Tunisia
biodiversity loss and the reduction in access to water supplies are all
consequences of desertification [31].
The frequent and protracted droughts that occur in Africa have a serious
D impact on agriculture, water supplies, and food security. Millions of people  Ethiopia, Kenya, Madagascar,
roughts . S . .
rely on agriculture for their livelihoods, and droughts can cause crop failures, and Somalia.
animal losses, and water shortages [32].
Floods p ge sy ) ’ y Mali, Burundi, South Africa,

uprooting, infrastructure damage, crop destruction, and an increase in the
spread of waterborne diseases [33].

and Zimbabwe

Rising sea levels

Due to Africa’s extensive coastline, both coastal communities and
ecosystems are seriously threatened. One of the effects that can have serious
social, economic, and environmental repercussions is coastal erosion [34].
Other effects include saltwater intrusion into freshwater sources and a
greater vulnerability to storm surges.

Exposures to coastal countries.

Wildfires

Energy infrastructure, such as power plants, transmission lines, and oil and
gas installations, is at risk from wildfires [35]. Critical infrastructure may be
destroyed or damaged by these fires, resulting in power outages, disruptions
in the energy supply, and financial losses.

Algeria, Tunisia, and Morocco
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The socio-economic dimension serves as a bridge between climate change effects and
adaptation [36]. Therefore, it is important to recognize that the vulnerability of countries
to climate shocks is not solely determined by environmental hazards but also by the
susceptibility of individuals and economic assets to experience loss and damage. Attempts
to achieve sustainable development in Africa may be thwarted by climate change. Increased
poverty, inequality, and social instability may result from effects on infrastructure, water
supplies, agriculture, and marginalized communities [37]. According to [38], the informal
sector constitutes 55% of the GDP, and 90% of people work in the informal economy in
Africa. The authors in [39] asserted that the size of the informal sector in Africa is a direct
measure of the failures of the socio-economic policies.

The formalization of the informal sector makes it insurable by providing legal pro-
tection and intellectual property rights and by helping to overcome obstacles to growth,
such as limited access to investment capital for adaptation activities as well as government
support [40]. Other socio-economic vulnerabilities of African countries include poverty
and inequality, social exclusion, and the double burden of food insecurity [3]. Furthermore,
large proportions of the African population rely on rain-fed agriculture as their primary
source of income. Climate change affects crop productivity, alters rainfall patterns, intensi-
fies temperature extremes, and raises the risk of food insecurity [41]. Additionally, increased
flooding has the potential to harm transportation networks and obstruct access to vital
services, which can have an impact on business operations and can impede socio-economic
development [42].

2.2. Challenges Faced by African Countries in Accessing Climate Finance

The impacts of climate change disproportionately affect African countries due to their
limited capacity to respond adequately. Challenges in accessing climate finance, limited
resources for project development and implementation, and complex bureaucratic processes
hinder effective support for adaptation and mitigation efforts. Additionally, African nations
often struggle to meet the stringent requirements and criteria set by international climate
funds. These barriers further exacerbate the challenges faced by African countries in
addressing climate change. African nations encounter various obstacles when attempting
to execute efficient adaptation and mitigation measures and receive climate finance.

The effective use of climate finance is hampered by limited administrative capacity, lack
of technical knowhow, and inadequate human resources [43,44]. Inadequate institutional
frameworks in African countries pose another barrier to accessing climate finance. Strength-
ening these frameworks, including governance structures and coordination mechanisms,
is essential to enhance the effectiveness and efficiency of climate finance utilization [45].
Weak institutional frameworks include a lack of specialist climate finance units, inadequate
laws and regulations, and poor coordination amongst government entities, which make it
difficult to allocate and use climate financing resources effectively [46].

Furthermore, allocating sufficient funding for climate-related activities is challenging
due to conflicting development goals, such as infrastructure improvement and poverty
alleviation [47]. In its current state, climate finance does not necessarily take into account
the unique vulnerabilities of African nations. This limits the participation and inclusivity
of climate finance, making it difficult to support adaptation projects in Africa. The lack
of project development and implementation capacity of climate projects that satisfy the
standards of climate financing may be difficult for African countries due to a lack of project
development and implementation capabilities.

2.3. The Complex Nature of the Global Architecture of Climate Finance

The global architecture of climate finance is of increasing importance and is highly
sophisticated and ever changing [17]. Financial resources are directed through various
channels, both within and outside of the UNFCCC Financial Mechanism, including multi-
lateral avenues, bilateral and regional initiatives, and other funding channels [48]. Funds
flow through multilateral channels within and outside the UNFCCC Financial Mecha-
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nism, bilateral and regional initiatives, and channels [49]. While efforts have been made
to allocate funds to developing countries, including those in Africa, there are still gaps
and limitations that hinder effective support for the continent’s climate adaptation and
mitigation efforts. In the last 25 years, numerous climate funds at the national, regional,
and international levels have been established. Each subsequent fund addressed specific
requirements and shortcomings that were present at that time.

In the structure of international climate adaptation finance, the allocation can be
categorized into three primary streams: bilateral, multilateral, and funds. Bilateral flows
presently constitute the largest portion of international adaptation finance. Contributions
from Multilateral Development Banks (MDBs) make up a significant portion of multilateral
non-fund climate finance. It is worth noting that multilateral climate funds have emerged
as a rapidly expanding source of international adaptation finance. Within the institutional
framework of the UNFCCC, four major funds—the Least Developed Countries Fund,
Special Climate Change Fund, Adaptation Fund, and Green Climate Fund—play pivotal
roles in facilitating climate finance. Beyond the UNFCCC, there exist external funding
sources such as the Climate Investment Funds (CIFs), which consist of the Clean Technology
Fund (CTF) and the Strategic Climate Fund (SCF) [50]. Notably, the CIFs incorporate
a clause that mandates their closure once a new climate finance framework, primarily
centered around the Green Climate Fund, becomes operational. Since these funds operate
independently of the UNFCCC'’s governance structure, it is expected that they do not
preempt the ongoing deliberations within the UNFCCC [17,45].

2.4. Climate Finance Landscape in Africa

Within the international climate policy regime, climate finance holds a central position
and has been a subject of extensive academic research and political debate [19,51]. The
landscape of climate finance is often described as institutionally fragmented, characterized
by the presence of separate and non-integrated institutions [52,53]. These institutions
encompass a range of actors, including those associated with the United Nations Frame-
work Convention on Climate Change (UNFCCC), World Bank-affiliated institutions, and
government ministries in both developing and developed countries. Figure 1 illustrates the
flows of climate finance in Africa, the sources and intermediaries of the finance, as well
as the financial instruments used. Out of the USD 29.5 billion in funding, 85% of climate
finance flows into Africa from international sources, with a very small component coming
from domestic sources (3.7 billion). Figure 2 shows the allocation of climate finance to
mitigation and adaptation activities, as well as the sectors that receive the funds. Traditional
grant-based funding from multilateral and bilateral sources continues to dominate the
climate finance landscape in Africa, and the energy sector receives the largest share of
climate finance.

One of the challenges in the architecture of climate finance is the fragmentation of
funds and initiatives [54,55]. With the establishment of multiple funds over the years,
each with its own objectives, priorities, and eligibility criteria, it has become difficult
for countries, especially developing ones, to navigate through the system and access
the necessary funding. This fragmentation also leads to the duplication of efforts and
inefficiencies in resource allocation [36]. Moreover, this fragmentation is indicative of
deeper political divisions among these actors, as they support different institutions and
uphold conflicting norms (various forms of fragmentation are explored in [50]). In light
of this situation, a widely held viewpoint emphasizes the vital importance of climate
finance coordination to address the adverse effects of institutional fragmentation and to
maximize the benefits derived from climate finance. However, despite the recognition
of coordination’s significance, climate finance flows continue to display a marked lack
of coordination.

Furthermore, there is a lack of predictability and stability in climate finance flows.
Many funds operate on a voluntary basis, relying on contributions from donor countries,
which can vary from year to year. Moreover, contributor countries may not adhere to
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multilaterally agreed principles when allocating adaptation finance bilaterally [54]. This
unpredictability makes it difficult for developing countries to plan and implement long-
term climate projects, as they often require sustained financial support.
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Figure 1. Climate finance flows, sources, and instruments in Africa, Source: [56].
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Figure 2. Diversification of financial instruments for mitigation and adaptation in African countries,
Source: [56]. * Other & Cross-sectoral flows include financing for capacity building, policy support at
national level, disaster risk management, financial inclusion, COVID-19 and other benefits such as

healthcare and social security.
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2.5. How Diversified Are the Types of Financial Instruments

The diversification of climate finance instruments varies across different countries and
regions [57-60]. While there has been progress in expanding the range of instruments, the
overall level of diversification remains relatively limited and requires integration with other
forms of financing, such as micro-finance [61]. Several initiatives have been launched to
increase climate finance for developing countries, including the Green Climate Fund (GCF),
the Adaptation Fund, and various bilateral and multilateral initiatives. These mechanisms
aim to provide financial resources to support climate change adaptation and mitigation
projects in developing countries, including those in Africa. However, challenges persist in
effectively channeling climate finance to African countries. Table 2 presents the financial
instruments used in climate finance in Africa.

Table 2. Financial instruments used in climate finance in Africa.

Grants

This refers to financial assistance that is provided without the expectation of repayment or
reimbursement. They are primarily allocated for purposes such as technical assistance, early-stage
project development, and capacity building efforts. Grants play a crucial role in supporting activities that
facilitate the advancement of climate-related initiatives, particularly in terms of enhancing technical
expertise, fostering project inception, and strengthening the capabilities of stakeholders involved. For
example, the Ethiopian government initiated the Productive Safety Net Program in 2005.

Project finance

Climate finance investments of this nature entail direct injections of debt or equity into individual
projects. These investments can take the form of fully commercial arrangements or can incorporate
elements of concessional finance, such as loan guarantees, first loss debt, and off-taker guarantees.

Financing facilities

Climate finance instruments of this type pertain to the provision of debt or equity funding targeted at a
portfolio of projects, companies, or individuals, as opposed to individual projects. They may encompass
a range of concessional levels, which can include subordinate debt or equity, extended debt tenors or
fund horizons, or additional grant capital.

Results-based finance

Climate finance instruments falling under this category entail the provision of debt or grant capital for a
specific project or a portfolio of projects, with funding contingent upon the attainment of specific climate
adaptation outcomes. The disbursement of financial resources is linked to the achievement of predefined
targets or milestones related to climate adaptation, ensuring that the allocated funds are effectively
utilized to enhance resilience and address climate-related challenges.

Debt for climate swaps

Climate debt swaps refer to a specific form of debt swap mechanism wherein a debtor nation, rather than
making external debt payments in a foreign currency, redirects those payments in local currency towards
financing domestic climate projects based on mutually agreed terms. This arrangement allows the debtor
nation to channel the funds that would have been used for debt servicing into climate initiatives within
their own borders, thereby promoting sustainable development and climate action within the country.

Liquidity instruments

Climate finance instruments in the form of rapid-response grants or debt facilities are specifically
designed to facilitate prompt access to capital. These facilities are typically established with the objective
of assisting governments, businesses, or individuals in meeting their immediate financial requirements
following a significant climate-related event. By providing expedited access to funding, these facilities
aim to support timely response and recovery efforts in the aftermath of such events, helping to address
urgent needs and to promote resilience in the face of climate challenges.

Insurance

The predominant risk transfer mechanism in climate finance encompasses various instruments, such as
catastrophe bonds, parametric insurance, index insurance, and risk pooling. These instruments are widely
utilized to mitigate risks associated with climate-related events by transferring them to external parties,
enabling the effective management of climate risks and enhancing resilience in vulnerable regions.

3. Methodology

A review of literature is the main approach utilized in this study to examine fresh
perspectives arising from prior research. According to the authors in [62], conducting a
literature review is a widely employed approach to examine ideas from previous studies
and transform them into an objective and systematic framework for defining and evaluating
content. The Scopus and Web of Science databases were used to search for relevant articles
using specific keywords and search strings shown in Table 3.
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Table 3. Summary of criteria used for the inclusion and exclusion of articles.

Criteria

Logical Statement in Scopus

TITLE-ABS-KEY ((Africa OR “African countries” OR “Sub-Saharan Africa”) AND (“climate
finance architecture” OR “climate finance system” OR “climate funding” OR “climate finance”
OR “climate finance mechanisms”)).

Logical Statement in WoS

TS = ((Africa OR “African countries” OR “Sub-Saharan Africa”) AND (“climate finance
architecture” OR “climate finance system” OR “climate funding” OR “climate finance” OR
“climate finance mechanisms”))

1. Document is located in SCOPUS/WoS databases;

2. Documents include the keywords Africa, African countries, sub-Saharan Africa; climate
Inclusion Criteria finance architecture; climate finance system; climate funding; climate finance; climate

finance mechanisms;

3. Documents are written in the English language.

1. Document is not written in English;
Exclusion Criteria 2. Documents do not include the scope of the key words;

3. Documents are not in Scopus and WoS.

3.1. Design of the Review

The initial phase of the study involved conducting an initial literature search on the
Web of Science (WoS) and Scopus databases. The assessment of the literature commenced
with the identification of papers most aligned with the research scope, drawn from an
extensive array of references, particularly those in recent times. The flow chart depicted
in Figure 3 shows the steps followed in selecting the literature. The literature review was
structured in a logical and systematic manner and clustered into themes. The systematic
organization of the literature review facilitated a comprehensive understanding of the topic
and served as a foundation for policy recommendations and future research directions.

‘{ Inclusion Criteria }ﬁ

Documents are Screened

§ ieval of Li d to remove duplicates and
o Fetrlesva 2 the:ja:,l:’rebR?cor S irrelevant records (based
S | |Seionce wstabases N ™ |on abstracts, titles and
= clence gatabases screening document
& content)
# Exclusion Criteria —
|— J J
=]
v g 3 c q .
= Summary of descriptives Most cited countries Trending topics
c
<
L
k5]
5
o) Annual scientific citations Top 10 influential authors Top 10 influential documents
m
= ) J

Co-occurrence of
Keywords

[

Co-occurence of key words

Discussion

Policy Recommendations

| W S—

Figure 3. Flow chart of literature retrieval and analysis.
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3.2. Tools and Software Used in the Study

There are several software choices available for conducting bibliometric analyses.
These options encompass VOSviewer [63] bibliometrics in R, and Biblioshiny [64]. In this
particular study, the authors employed Biblioshiny to acquire descriptive statistics and pub-
lication trends. VOSviewer was used for the co-occurrence of keywords [63]. VOSviewer
stands out as a widely embraced tool recognized for its capacity to visually represent
bibliometric networks. By leveraging these software solutions, the researchers unearthed
valuable insights into publication relationships and identified emerging research themes.

3.3. Collection of Data

The initial phase of data collection involved retrieving studies from the Scopus and
WoS databases, wherein we collected bibliometric data from a repository of scientific
papers. To ensure the selection of relevant papers for our study, specific search criteria were
employed. While the Scopus database presented records spanning from 2010 to 2023, the
WoS database contained records from 2007 to 2023. The merging of datasets from these two
databases offers the distinct advantage of covering a longer time span, ranging from 2007 to
2023. The search in both Scopus and WoS databases incorporated the following keywords in
our search strategy: “Africa”, “African countries”, “Sub-Saharan Africa”, “climate finance
architecture”, “climate finance system”, “climate funding”, “climate finance” OR “climate
finance mechanisms”. The initial merged dataset had 139 records and was retrieved on
1 August 2023.

The second step involved evaluating the retrieved papers. We conducted a thorough
assessment to identify and eliminate duplicate records. In total, 53 duplicate records
were deleted when merging the datasets. To further narrow down our selection, we
closely assessed the full titles, description of abstracts, and authors keywords, excluding
those that did not significantly contribute to the subject area of our study. Following this
selection process and the exclusion of articles that were not relevant, the dataset consisted
of 102 articles. Table 3 summarizes the criteria used for inclusion and exclusion during
this stage.

4. Results and Analysis

Table 4 presents information about the data obtained from Web of Science (WoS) and
Scopus databases, as well as the merged data from both sources. The data span from
2007 to 2023 and encompass various types of documents, such as articles, book chapters,
conference papers, editorial reviews, and letters. While the Scopus database presented
records spanning from 2010 to 2023, the WoS database contained records from 2007 to 2023.
The merging of datasets from these two databases offers the distinct advantage of covering
a longer time span, ranging from 2007 to 2023. This extended time coverage enhances
the comprehensiveness and depth of the dataset, providing a more robust foundation for
analyzing trends and patterns related to the research topic.

Table 4. Summary bibliometric data obtained from the Scopus and WoS databases and the merged dataset.

Main Information WoS Scopus Merged
Timespan 2007:2023 2010:2023 2007:2023
Sources (journals, books, etc.) 66 76 102
Documents 91 94 139
Annual growth rate % 10.58 13.18 13.88
Document average age 4.64 4.54 4.43
Average citations per doc 17.68 13.41 13.65

Average citations per year per doc 3.245 2.221 2.548
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Table 4. Cont.

Main Information WoS Scopus Merged
DOCUMENT TYPES

Article 75 59 100
Article; early access 2 2
Book chapter 17 17
Conference paper 2 2
Conference review 1 1
Editorial 1 1
Editorial material 3 3
Letter 1 1 1
Review 12 9 12
Note 4

DOCUMENT CONTENTS

Keywords plus (ID) 279 357 380
Author’s keywords (DE) 301 257 375
AUTHORS

Authors 324 257 421
Author appearances 364 314 483
Authors of single-authored docs 17 22 30
AUTHORS COLLABORATION

Single-authored docs 22 31 41
Documents per author 0.302 0.366 0.33
Co-authors per doc 3.71 3.34 3.47
International co-authorships % 37.76 28.7 26.62

4.1. Summary of Bibliometric Data

Considering the number of documents, WoS contained 91 documents, while Scopus
included 94. The merged dataset combined both sets, resulting in a total of 139 documents
available for analysis. Furthermore, WoS exhibited a growth rate of 10.58%, indicating a
steady increase in document publications over time. Scopus, on the other hand, presented
a slightly higher growth rate at 13.18%. The merged dataset shown in Table 4 had a growth
rate of 13.88%, which suggests a consistent rise in document contributions overtime. There
is a notable jump in the number of publications from 2019 to 2023, and this may be attributed
to the rise in discussions and importance of climate change agenda in recent years.

Additionally, the metric of co-authors per document sheds light on the collaborative
nature of research efforts. The average co-authors per document stood at approximately
3.71 for WoS, 3.34 for Scopus, and 3.47 for the merged dataset. Moreover, international
co-authorships offer insights into the extent of global collaboration within the datasets. WoS
recorded a percentage of 37.76% for international co-authorships, while Scopus reflected
a slightly lower figure at 28.7%. The merged dataset maintained a significant level of
international collaboration at 26.62%. This shows that there are rising global efforts and
collaboration between scholars in the field of climate finance.

4.2. Annual Scientific Production

As depicted by Table 5, the distribution of articles over the years revealed an increasing
trend from 2007 to 2023. The years 2007, 2010, and 2011 saw a relatively lower number
of articles, suggesting a gradual initiation of research interest in climate finance within
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the context of African countries. There was a notable surge in the number of articles in
2012, indicating a growing focus on the topic. The trend fluctuated and reached its peak in
2022 with 26 articles. This surge could be attributed to several factors, including growing
relevance of climate finance, transition to green economy, and policy developments.

Table 5. Annual output of publications.

Years Articles
2007 1
2010 1
2011 1 Annual Scientific Production
2012 6 30
2013 7 .
g 25
2014 7 =
; 20
2015 6 B
a 15
2016 9 °
@ 10
2017 10 -
2018 11 z 3
2019 9 0 " A
2020 14 B U G Rt R S
2021 23 Years of publication
2022 26
2023 8

4.3. Top 10 Most Prolific Authors

Table 6 showcases the top 10 most productive authors in the field of climate finance
in the context of African countries. The authors were ranked based on the number of
articles attributed to them and their respective fractionalized ranks. Chirambo D emerges
as the most prolific author, leading the list with 11 articles and thereby securing the top
rank. Doku I follows with six articles, obtaining the second rank. Phiri A holds the third
position with four articles, although their fractionalized rank of 2.00 indicated a competitive
presence. Dougill A is in fourth place with three articles.

Table 6. Most productive authors.

Refs. Authors Articles Authors Artic.les . Rank
Fractionalized

[59,61,65-73] Chirambo D 11 Chirambo D 11 1
[35,74-78] Doku I 6 Doku I 2.83 2
[35,75,77,78] Phiri A 4 Islam M 2.00 3
[79-81] Dougill A 3 Phiri A 1.50 4
[35,75,77] Ncwadi R 3 Pauw W 1.33 5
[79-81] Stringer L 3 Ahenkan A 1.25 6
[54,55,82,83] Ahenkan A 2 Diko S 1.17 7
[84,85] Amadu F 2 Aassouli D 1.00 8
[60,86] Besson S 2 Afful-Koomson T  1.00 9
[86,87] Cull T 2 Arezki R 1.00 10
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Ncwadi R and Stringer L are in the fifth and sixth positions, respectively, with each
contributing three articles. Ahenkan A and Amadu F, both with two articles, are listed
seventh and eighth, respectively. Besson S and Cull T close the list in the ninth and tenth
positions, each credited with two articles.

4.4. Most Influential Articles

Table 7 presents the top 10 notable research publications in the field of climate finance,
along with details regarding the authors, publication years, journals, total citations (TC),
average citations per year (TC/year), normalized total citations (NTC), and correspond-
ing ranks.

Table 7. Top 10 articles per citation.

Ref. Authors Year Journal TC TC/Year NTC Rank
[88] Muller M 2007 Environment and Urbanization 128 7.53 1.00 1
[89] Schwerhoff G 2017 Renewable and Sustainable Energy Reviews 115 16.43 3.05 2
[90] Blasiak R 2017 Plos One 97 13.86 2.57 3
[79] Stringer L 2012 Environmental Science and Policy 76 6.33 3.10 4
[59] Chirambo D 2018 Renewable and Sustainable Energy Reviews 66 11.00 4.27 5
[91] Lobell D.B 2013 Environmental Research Letters 65 591 3.92 6
[80] Dougill A.J 2012 Philosophical Transactions of The Royal Society B 61 5.08 2.49 7
[85] Amadu FO 2020 World Development 56 14.00 4.13 8
[92] Bracking S, 2015 Third World Quarterly 56 6.22 1.87 9
[93] Yang Q 2022 Resources Policy 52 26.00 8.78 10

As illustrated in Table 7, Muller M (2007) [88] published an article titled “Adapting
to climate change: water management for urban resilience” in Environment and Urbaniza-
tion. The article highlighted that the allocation of supplementary funds is based on the
“polluter pays” principle, advocating for these funds to be integrated into government
budgets instead of being exclusively earmarked within distinct climate finance mecha-
nisms. The article had 128 total citations and an average of 7.53 citations per year, se-
curing the top rank position. The second position was occupied by an article written by
Schwerhoff G (2017) [89]. The article was published in Renewable and Sustainable Energy
Reviews. The article is titled “Financing renewable energy in Africa—Key challenge of the
sustainable development goals”, and it accumulated 115 total citations and an average
of 16.43 citations per year. The article highlighted that governance practices need to be
enhanced with the aim of attaining an enhanced credit rating, thereby leading to a reduction
in financing costs.

4.5. Research Output by Country

Table 8 shows the top 10 most productive countries based on their total citations in
the context of climate finance in Africa. Germany holds the first position with a total
of 496 citations, showcasing its strong contribution to the field. The United Kingdom
secures the second position with 311 citations. The USA stand in the third position with
274 citations. The positions of Germany, the United Kingdom, and the USA in the top three
could be attributed to the availability of research funds and expertise in the field of climate
finance, as well as strong scientific collaborations on research projects.
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Table 8. Top 10 most productive countries measured by citations.

Ranking Country Total Citations Average Article Citations
1 Germany 496 21.57
2 United Kingdom 311 20.73
3 USA 274 18.27
4 South Africa 243 13.50
5 China 115 16.43
6 Japan 99 49.50
7 Ghana 61 8.71
8 Kenya 49 8.17
9 Congo 40 40.00
10 Switzerland 32 10.67

At the bottom four of the top 10 most productive countries there are mostly African
countries, namely Ghana, Kenya, and Congo. This could be due to limited research
infrastructure and funding resources dedicated to climate finance and green transition,
leading to limited research output.

4.6. Most Productive Sources

As illustrated in Table 9, Climate Policy is the leading source, and it has published
eight articles, indicating its significant role in disseminating research related to policies
and strategies addressing climate change and finance in Africa. The second position is
occupied by Climate and Development, which published six articles and contributed to
research that explores the nexus of climate change and sustainable development, including
climate finance. The last two positions are occupied by African Handbook Of Climate Change
Adaptation and Climate Change Management both with 2 publications each.

Table 9. Most relevant sources.

Sources

Articles

Climate Policy

Climate And Development

TOP 10 SOURCES BY ARTICLES PRODUCED

Environmental Research Letters

International Journal Of Climate Change Strategies And Management

Renewable and Sustainable Energy Reviews

World Development

Advances In Climate Change Research

Advances In Science Technology And Innovation

African Handbook Of Climate Change Adaptation

Climate Change Management

NININNIN QW WO

4.7. Bibliometric Coupling of Countries

Figure 4 illustrates the bibliometric coupling analysis of countries, with circles rep-
resenting nodes and lines indicating collaborations among these countries. The size of
each node reflects the respective country’s impact and influence in the domain of climate
finance research in Africa. Larger nodes indicate greater influence within the field. Nodes
of similar color denote countries belonging to the same research cluster.
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Figure 4. Bibliometric coupling of countries.

Germany possesses the largest node, signifying its prominent position as a leading
country with substantial impact and influence in the field. Collaborative research ties are
evident through connecting lines to Japan, the United Kingdom, Sweden, and Austria.
Conversely, countries with smaller nodes, such as Nigeria, Ghana, and Ethiopia, exhibit
comparatively minimal research influence and impact in the domain.

Regarding African countries, South Africa stands out with the most significant influ-
ence and impact in the field, reflected by its larger node size. Additionally, South Africa’s
extensive collaborations with other nations beyond the African continent underscore its
role as a key contributor to global climate finance research efforts. This could be attributed
to the fact that South Africa is one of the largest emitters in Africa, and it continues to
seek climate adaptation finance in order to facilitate its transition to a green economy
characterized by zero carbon emissions.

4.8. Co-Occurrence of Keywords

Figure 5 shows a visual representation of the co-occurrence of “Keywords” terms. A co-
occurrence analysis examines the frequency of keyword occurrences in analyzed documents
to evaluate their relationships. The size of each node in the visualization, determined by its
diameter, corresponds to the number of articles featuring the respective term, indicating its
frequency of appearance. The proximity of keywords within the visualization indicates the
extent of their interconnectedness or relatedness.

Figure 5 depicts that the keywords “Climate Change” and “Climate Finance” stand
out as the most frequently utilized terms, represented by their large node size compared
to others. Climate Finance is frequently associated with other terms, such as “renew-

v V7S i

able energy”, “energy policy”, “private sector”, “sustainable development”, “financial
services”, “alternative energy”, and “energy access”. This indicates that researchers focus
on understanding the implications for climate finance for energy access and sustainable
development in Africa. The color coding of nodes in Figure 5 reveals that there are five
clusters of keywords nodes. Based on the keyword co-occurrence, the study identified the
following emerging themes in the literature (see Table 10): (i) exploring renewable energy,
policies, and investments for a sustainable energy transition; (ii) climate change resilience
and smart agriculture: navigating adaptation and the mitigation finance landscape; (iii) en-
hancing sustainable development through capacity building, governance, and informed
decision making; (iv) advancing climate change mitigation and emission reduction in the
developing world: policy implications under the United Nations Framework Convention
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on Climate Change; (v) the role of microfinance in achieving sustainable development and
financial inclusion for entrepreneurs in climate change adaptation.

financialinclusion

entreprepeurship
climate change mitigation

emissiof control

econgmics
- food security y f
developing countries invesiments
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w
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adagtion clima ance
* X investiment
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decisiogymaking
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) L
{;}5 VOSviewer
Figure 5. Keyword co-occurrence mapping and clusters.
Table 10. Summary of keyword clusters and emerging themes.
Cluster Node Color Keywords Emerging Theme(s)
“alternative energy”, “clean development
mechanisms”, “energy access”, “energy efficiency” . ..
" e gy a L gy Y . Exploring renewable energy, policies, and
1 red energy policy”, “financial services”, “investments”, . . .
e you y o ,/ investments for a sustainable energy transition.
private sector”, “renewable energy”, “stakeholder”,
“sustainable development goal”
“climate change”, “adaptation”, “agriculture ” . .
s o 8¢ P ;38 P Climate change resilience and smart
climate”, “climate change adaptation”, “climate R . .
2 green . v e o . . agriculture: navigating adaptation and
smart agriculture”, “finance”, “global climate”, . .
o mitigation finance landscape.
mitigation
“developing world”, “climate finance”, “adaptive
management”, “capacity building”, “decision Enhancing sustainable development through
3 blue making”, “development”, “environmental capacity building, governance, and informed
economics”, “environmental policy”, “governance decision making.
approach”, “poverty alleviation”, “sustainability”
“climate change mitigation”, “developing Advancing climate change mitigation and
4 lemon countries”, “developing world”, “economics”, emission reduction in the developing world:
“emission control”, “greenhouse gases”, “united policy implications under the United Nations
nations framework convention on climate change”  Framework Convention on Climate Change.
The role of microfinance in achieving
5 purple “entrepreneurship”, “financial inclusion”, “food sustainable development and financial
VTS s

security”, “microfinance”, “sustainable development”

inclusion for entrepreneurs in climate
change adaptation.
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5. Discussion

Africa’s active participation in global climate action is essential for addressing the
continent’s unique vulnerabilities and promoting a sustainable future. Based on the content
analysis of the extant studies, this study discussed the following key aspects;

(1) Redefining climate vulnerability;
(2) Exploring financing mechanisms to improve access and distribution of climate finance
in Africa

(a) Scaling up concessional finance, a vital step towards building regional resilience;

(b)  Harnessing the untapped potential of climate funds as a crucial funding source
for climate mitigation and adaptation in Africa;

(c) Mobilizing pension funds as a strategic source of investments for climate action;

(3) Mobilizing political will and commitment;

(4) Addressing low sovereign credit ratings and the de-risking of projects in Africa;
(5) Gendered climate finance and investment;

(6) Strengthening domestic resource mobilization;

(7) Coordinating and harmonizing climate finance mechanisms.

5.1. Redefining Climate Vulnerability

To date, there is no consensus on the definition of vulnerability to climate change [94].
However, scholars agree that it consists of physical exposure and sensitivity to natural
hazards and adaptive capacity [95]. To ensure that Africa receives adequate support to
tackle climate change, it is necessary to redefine climate vulnerability and revamp the
existing climate finance landscape. Identifying countries that are vulnerable to climate
change requires political and normative decisions that are hard to capture with quantitative
indicators [96]. This would involve considering additional criteria that reflect the unique
vulnerabilities of African countries, such as climate-related risks, geographic vulnerability,
and socio-economic indicators.

Redefining vulnerability would enable a fairer distribution of climate finance to
African nations. Policymakers face the challenge of operationalizing vulnerability, which
is further complicated by the lack of a scientific consensus on conceptually defining and
measuring it [97,98].

There are three primary indices widely recognized for measuring and ranking coun-
tries” vulnerability to climate change. Firstly, the ND-GAIN (Global Adaptation Index),
developed by the Notre Dame Global Adaptation Initiative, assesses vulnerability through
a comprehensive set of indicators, encompassing exposure to climate hazards, sensitivity
to climate impacts, and adaptive capacity at the country or regional level. Notably, among
the top ten most vulnerable nations worldwide, eight are located in sub-Saharan Africa,
as indicated by ND-GAIN [99]. Secondly, there is the INFORM index INFORM, [100] and
thirdly, there is the World Risk Index World Risk Report [101]. It is worth noting that these
indices may yield slightly divergent rankings for countries.

Based on the aforementioned indices, a limited body of research has previously aimed
to track international adaptation finance and examine the extent to which bilateral, multi-
lateral, and fund-based adaptation finance are aligned with the vulnerability of recipient
countries [51]. Studies focusing specifically on bilateral adaptation finance have indicated
that donors do consider vulnerability when allocating funds for adaptation purposes [102].
However, an examination of the variables used to measure vulnerability revealed that
physical vulnerability or exposure appear to have a greater influence than factors related to
socio-economic vulnerability [98,102,103].

Against the above background, redefining climate vulnerability and reaching a con-
sensus are crucial to address the disparities faced by African nations in accessing climate
finance [103]. A comprehensive and context-specific approach is needed, considering fac-
tors such as food insecurity, water scarcity, ecosystem fragility, and social vulnerability [104].
By broadening the definition of vulnerability and mapping vulnerability to multiple stres-
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sors, African nations can receive a fairer share of climate finance and better address their
specific challenges [105].

Against the above background, this review study argues that the following aspects need
to be taken into consideration when re-defining climate vulnerability in African countries:

i Ecosystem fragility: The diverse African ecosystems offer vital services to nearby
communities, such as food, water, and livelihoods. The fragility and resilience of
ecosystems, such as forests, wetlands, and coastal areas, which are essential for
maintaining biodiversity, regulating the climate, and providing ecosystem services,
should be taken into consideration when assessing vulnerability [106].

ii ~ Exposure to climate-related hazards: As indicated before, Africa is significantly ex-
posed to a variety of climate-related problems. Any vulnerability assessment should
focus on this exposure. When assessing vulnerability, one should take into account
elements such as flood frequency and intensity, sea-level rise projections, and temper-
ature extremes [107].

iii ~ Reliance on rain-fed agriculture: Many African countries heavily rely on rain-fed
agriculture, making them particularly vulnerable to climate change and fluctuation.
Analyzing the reliance on agriculture, the accessibility of irrigation systems, the
availability of agricultural supplies, and the ability to modify farming operations in
response to shifting climatic conditions are all important components of assessing
susceptibility [41].

iv  Social vulnerability and governance: Social factors have a big impact on climate
change vulnerability. The ability of communities to deal with and adapt to issues asso-
ciated with climate change is influenced by factors such as poverty, inequality, access
to healthcare and education, social cohesiveness, and governance systems. Indicators
of social vulnerability, such as demographic traits, social cohesion, and government
efficiency, should be taken into account when assessing vulnerability [108].

v Water shortage and access: Lack of access to clean water is a serious problem in
Africa, which is made worse by climate change. Water resource availability and
quality should be taken into account when assessing vulnerability, as well as the
ability to manage water shortages through infrastructure, water-saving techniques,
and effective water allocation mechanisms [109].

Moreover, to ensure equitable participation and avoid leaving behind countries with
limited institutional capacity and high vulnerability, it is essential for funds to enhance
their existing mechanisms. This includes strengthening the emerging simplified approval
track, which would enable the inclusion of countries facing significant challenges. It is
crucial to prioritize the needs of these countries and their populations in the long run, as
emphasized in the studies by [7,45].

The international community can better appreciate the distinct difficulties faced by
African nations by adopting a more thorough and context-specific approach to measuring
vulnerability. To address the unique needs and to promote resilience in these countries,
specialized interventions, policies, and support structures can be based on this under-
standing. It is essential for policymakers, academics, local communities, and international
organizations to work together to ensure that vulnerability assessments accurately reflect
the multifaceted and unique character of climate vulnerability in Africa.

5.2. Exploring Financing Mechanisms to Improve Access and Distribution of Climate Finance
in Africa

Leveraging private sector investments, climate bonds, insurance mechanisms, and
partnerships with international financial institutions can help bridge the gap and ensure
funds reach those who need them the most.

Efforts should be made to increase the overall funding available for climate finance and
ensure a more equitable distribution across regions. Developed countries and international
institutions should fulfill their commitments to mobilize USD 100 billion annually by 2020
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to support climate action in developing countries, as pledged under the United Nations
Framework Convention on Climate Change [110].

To improve the scalability of projects and ensure stable funding, African countries
need to diversify financial instruments, shifting focus from grants to loans and private
capital. This strategic shift will enhance the predictability of funds and enable sustainable
funding mechanisms for ambitious projects in the region [60].

5.2.1. Scaling Up Concessional Finance: A Vital Step towards Building Regional Resilience

Concessional climate finance should be considered as additional funding, comple-
menting existing development aid flows instead of competing and substituting them [111].
It is worth emphasizing that concessional finance for African countries should be targeted
at projects that will add value not only to the environment, but also to the economy and
society, such as investments in infrastructure to produce energy that most sub-Saharan
African (SSA) countries desperately need to transform their economies and increase pro-
ductivity. Climate financial intermediary funds (FIFs) stand as significant reservoirs of
multilateral grants and concessional finance specifically designated for climate-related
purposes, encompassing middle-income countries (MICs) as beneficiaries [112].

5.2.2. Harnessing the Untapped Potential of Climate Funds as a Crucial Funding Source for
Climate Mitigation and Adaptation in Africa

Climate funds, although they play a valuable role in supporting climate goals, consti-
tute only a small portion of sub-Saharan Africa’s overall climate finance landscape. Donors
perceive these funds as convenient and specialized funds for channeling assistance specif-
ically for climate-related objectives. The financing for climate funds is typically sourced
from bilateral donors or multilateral financial institutions, which are then allocated to
various recipients, such as governments, national development banks, (non-governmental
organizations) NGOs, and the private sector.

It is worth highlighting that climate funds have resulted in a surplus, with disburse-
ments falling short of the funds received. The overall deposits in global climate funds have
reached USD 35 billion, following initial pledges of USD 43 billion [111]. However, actual
disbursements has been less than USD 11 billion [111].

Collaborative capacity-building efforts are essential to equip individuals with the skills
necessary to develop projects that are likely to secure funding from the Green Climate Fund
(GCF) and from the CFU [113]. This capacity building should involve close cooperation
with the funds themselves, local universities, and relevant government departments. It is
crucial to ensure that the funds are directed towards the right destinations, as highlighted
in the preceding section on the rise in concessional funding. Therefore, the projects should:
(a) align with the country’s key priorities, as outlined in the national development plan
and vision document; (b) concentrate on infrastructure development to enhance economic
productivity and foster competition in strategic sectors of the economy; (c) incorporate in-
dependent civil society representation, including the presence of a free press, in committees
responsible for monitoring and evaluating budget allocations and fund utilization. This
inclusion will fortify transparency and accountability mechanisms.

5.2.3. Mobilizing Pension Funds as Strategic Source of Investments for Climate Action

Engaging pension funds in climate finance and investment through suitable financial
instruments is crucial. The key challenge is that, traditionally, pension funds have a low risk
appetite due to liquidity requirements. While some North African countries have achieved
a pension coverage rate of approximately 80%, sub-Saharan Africa still has a relatively low
coverage rate of around 10%. Pension funds are particularly robust in South Africa and
Botswana. The total assets under management in 12 emerging markets in Africa amount
to nearly USD 400 billion. According to reports, it was anticipated that the assets under
management of African pension funds would increase to approximately USD 1.1 trillion by
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2020. The vehicle for green investing for climate change adaptation and mitigation includes
green bonds, structured green products, and green infrastructure funds.

5.3. The Importance of Political Will and Commitment

Political will plays a crucial role in addressing the challenges faced by African countries
in accessing climate finance [114]. Commitment to the pace of change and the realignment
of financial flows towards low-emission and climate-resilient investments is necessary.
Political will is a critical determinant of the success or failure of environmental policies
and interventions [115]. This requires collective efforts from governments, international
institutions, and stakeholders to ensure that Africa receives adequate support to tackle
climate change and build climate resilience. For example, South Africa is amongst the few
African countries with a climate change bill (B9-2022) introduced in February 2022 by the
Minister of Forestry, Fisheries, and Environment to encourage low carbon transition and
climate resilience.

5.4. Africa’s Credit Rating and De-Risking Projects

Countries in Africa have lower sovereign credit ratings that make it difficult for them to
access climate finance [116]. Climate change vulnerability has adverse effects on sovereign
credit ratings, even after taking into account conventional macroeconomic determinants of
sovereign bond spreads and credit worthiness [117]. Improving the resilience of African
countries to climate change can reduce the likelihood of sovereign debt default and improve
capital flows to mitigation and adaptation projects, especially renewable energy [118].
Other challenges of climate finance in Africa include the lack of collateral, significant
initial capital requirements for investment projects, and uncertain long-term horizons
for infrastructure initiatives. Moreover, obvious risks associated with climate capital
flows to African countries include currency risk, regulatory and political risk, business-
related risk, and technical risks. These risks introduce uncertainties and potential negative
outcomes that can discourage investors or alter expected returns. Multilateral development
banks should prioritize the financial de-risking of investment projects within African
countries as a strategy to unlock the vast renewable energy potential present in the African
region [87,119,120].

5.5. Gendered Climate Finance and Investment

There are several advantages in bridging the gender gap within the energy sector,
including a wider availability of the skilled labor workforce. Some academic studies suggest
that women as corporate leaders may tend to be more balanced in their ambition vis-a-vis
the environmental consequences [121,122]. Furthermore, the African Development Bank
has shown that about 90% of the informal labor force constitutes women who are mostly
engaged in agricultural activities. However, the informal sector remains largely uninsured
from climate risks, and this makes women more prone to climate change shocks since the
agricultural sector is one of the hardest hit by climate hazards. This requires innovation on
gendered financial instruments, which will channel adaptation funding to women-owned
projects across susceptible sectors, especially agriculture [123,124].

5.6. Strengthening Domestic Resource Mobilization

Promoting sustainable and inclusive economic growth, enhancing governance frame-
works, and fostering partnerships between governments, the private sector, and civil society
organizations are crucial for strengthening domestic resource mobilization in African coun-
tries. By mobilizing and raising funds domestically through carbon taxes on most emitting
sectors, countries can raise adaptation funds.

Building local capacity in African countries to access, manage, and utilize climate
finance effectively is essential. This involves promoting sustainable and inclusive eco-
nomic growth, enhancing governance frameworks, and fostering partnerships between
governments, the private sector, and civil society organizations. By strengthening domestic
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resource mobilization, African countries can become more resilient to climate change and
can reduce their dependence on external funding.

5.7. Coordinating and Harmonizing Climate Finance Mechanisms

Fragmented governance characterizes the management of climate finance for mit-
igation and adaptation in developing countries, both at the international and national
levels. Fragmented governance refers to the decentralized and disjointed management of
public climate finance for mitigation and adaptation in developing countries, both at the
international and national levels. This fragmentation is characterized by the involvement of
numerous actors with overlapping mandates, preferences, and areas of expertise in climate
finance [125].

To address the challenges posed by this fragmentation, coordination among these
actors has emerged as a necessary approach. The authors in [60] highlighted the importance
of harmonization and raised a crucial question: What distinguishes the operations of the
Global Climate Fund from the existing climate funds that provide financial resources for
climate change activities in Africa?

The coordination and harmonization of climate funds are essential to tackle the
complexity and inefficiencies in the climate finance architecture. This requires closer
engagement between the secretariats and governing bodies of these funds to minimize
the duplication of efforts and streamline processes. By harmonizing fund requirements,
application procedures can be simplified and consistent standards for accessing funds
can be established. Furthermore, enhancing coordination and harmonization allows for a
clearer division of labor and specialization among funds. This means that different funds
can focus on supporting specific thematic areas, project sizes, and risk levels, effectively
addressing gaps and overlaps in climate finance support.

Overall, by promoting coordination, harmonization, and specialization among climate
funds, the management of public climate finance can become more efficient, streamlined,
and effective in supporting mitigation and adaptation efforts in developing countries.

6. Conclusions

Africa faces significant challenges in accessing climate finance and addressing climate
vulnerability. This study carried out a bibliometric analysis to determine the publication
trends, productive authors, journals, and country collaborations. Moreover, the study
showcased leading articles in the field of climate finance in Africa, as well as the emerging
themes. Finally, the study unearthed and discussed critical topics from the content analysis
of the extant literature. The study combined bibliometric data retrieved from the Scopus
and Web of Sciences databases.

Web of Science (WoS) contained 91 documents, while Scopus included 94. Merging
these datasets resulted in a total of 139 documents available for analysis. WoS showed a
growth rate of 10.58%, while Scopus exhibited a slightly higher rate of 13.18%. The merged
dataset had a growth rate of 13.88%, indicating a consistent rise in document contributions
over time. There was a significant increase in publications from 2019 to 2023, possibly
due to the growing importance of climate change discussions. Moreover, international
collaboration was evident, with WoS recording 37.76% for international co-authorships,
Scopus recording 28.7%, and the merged dataset recording 26.62%. This suggests increased
global collaboration among scholars in the field of climate finance.

Leading authors were identified based on their published documents and fractional-
ization. Chirambo D ranks first with 11 articles, followed by Doku I with 6. The leading
article based on the number of citations is by Muller M published in 2007, and the article is
titled “Adapting to climate change: water management for urban resilience”. It discusses
the allocation of funds based on the “polluter pays” principle, suggesting the integration
of renewable energy costs into government budgets. The second-most influential article
was published by Schwerhoff G in 2017. The article is titled “Financing renewable en-
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ergy in Africa—Key challenge of the sustainable development goals”, and it accumulated
115 citations and focused on renewable energy financing.

Germany is the leading productive country and it holds the top position with 496 cita-
tions, followed by the United Kingdom with 311 citations, and the USA with 274 citations,
reflecting their strong contributions to the field of climate finance in African countries.
These countries likely benefit from research funding, expertise, and scientific collaborations.
The top sources are Climate Policy with eight articles and Climate and Development with six,
highlighting their leading roles in publishing and disseminating climate finance research.

Through keyword co-occurrence analysis, this study unveiled several emerging themes
within the climate finance literature. These themes shed light on various dimensions
of research in the field. The first theme delves into research exploring the dynamics of
renewable energy, policy frameworks, and investments, with the ultimate goal of facilitating
a smooth transition towards sustainable energy sources. The second theme focuses on
the intricate relationship between climate change resilience, smart agricultural practices,
and the complex financial landscape of adaptation and mitigation efforts. The third theme
revolves around the pursuit of sustainable development through capacity building, effective
governance, and informed decision-making processes. The fourth theme addresses the
critical challenge of advancing climate change mitigation efforts and emission reduction
strategies in developing nations, with a specific focus on policy implications guided by the
United Nations Framework Convention on Climate Change. The fifth theme highlights the
crucial role of microfinance in facilitating sustainable development and financial inclusion,
particularly for entrepreneurs seeking to adapt to the impacts of climate change. Future
research, both qualitative and quantitative, must endeavor to explore these themes further.
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