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ABSTRACT

This thesis delves into the intricacies of the Green New Deal to promote equitable sustainability
transitions in both developed and low-income economies, taking into account the difficulties
posed by the COVID-19 pandemic and persistent geopolitical conflicts. To dissect this
multifaceted issue, the study concentrates on the financial hurdles and prospects, technology

adoption and transfer, as well as tailor-made strategies for various geographies and economies.

Findings from the eight (8) publications, forming this thesis by compilation, underscore the
crucial role of Green New Deals in realizing sustainability objectives and fostering social and
economic justice. The research accentuates the importance of crafting these deals to cater to
contextual needs and establish social protection frameworks, pinpointing major financial
challenges and opportunities in global sustainability transitions. Additionally, it highlights the
significance of various stakeholders, such as governments, industries, regulators, and

communities, in tackling these challenges.

The thesis sheds light on the potential of technology adoption, transfer, and innovation in
hastening sustainability transitions, and probes the necessary support mechanisms to expedite
these processes. Furthermore, it examines the detrimental effects of the COVID-19 pandemic
and the Russia-Ukraine conflict on technology advancement and transfer, leading to restricted

access to green technology for developing nations and Small Island Developing States (SIDS).

Providing an extensive analysis of climate change adaptation and mitigation research in Africa,
the study advocates for a Global Planetary Ecosystem Accounting system. It underscores the
need for Green New Deals to be structured in a way that addresses contextual requirements and
expedites sustainability transitions, complemented by social protection frameworks. This
approach ultimately empowers countries to pursue equitable sustainability transitions that

prioritize inclusivity and economic fairness.



1. INTRODUCTION

1.1 BACKGROUND

The 21st century has faced numerous global challenges, including increased urban population
growth, rapid urbanization, climate change, the COVID-19 pandemic, and the ongoing Russia-
Ukraine war. The impacts of climate change have been particularly widespread and alarming,
prompting a global push for lasting solutions. The COVID-19 pandemic has intensified the
urgency for climate transition policies, as it has demonstrated the vulnerability of our societies
and economies to unexpected shocks, underscoring the importance of building resilience

through sustainable development (Allam, 2020d).

Climate change impacts have been well documented, leading to political discourses aimed at
convincing stakeholders to commit to transitioning to low and/or zero carbon economies. Such
discourses have resulted in international agreements such as the Montreal Accord, Kyoto
Protocol, and Paris Agreement, with the latter setting a reduction commitment on carbon
emissions to ensure that global temperatures remain below 2°C above preindustrial levels (IPCC,

2014).

The ongoing Russia-Ukraine war has further complicated the challenges of sustainability
transitions. The conflict has led to disruptions in supply chains, increased energy costs, and a
higher cost of green products (Allam et al., 2022a). Consequently, the war highlights the need
for adaptive and resilient strategies to promote sustainability under rapidly changing global

conditions (Bin-Nashwan et al., 2022).

Global attention on the need to address climate change concerns has gained traction, with
industries accelerating their transition to sustainable practices (Baumgartner et al., 2017). Some
see decarbonization as an opportunity for competitive advantages and attracting a larger
consumer base, as people increasingly demand industries to be more responsive and proactive.
Despite the perceived straightforwardness of transitioning to sustainable practices, industries
often bear the cost of green premiums, which are then passed on to consumers and end-users
through higher prices (Allam, 2020a). However, the Third Industrial Revolution has facilitated
increased technological adoption in various sectors, allowing industries to leverage advanced

technologies to reduce the costs of going green (Popp, 2010).

International accords like the Paris Agreement have set the pace for the formulation of local,
regional, national, and urban policies aimed at low carbon production (Waisman et al., 2019).
These policies are also influenced by the Sustainable Development Goals (SDGs) and the New

Urban Agenda, which outline how nations and urban areas should work towards achieving
8



sustainability agendas. However, some policies derived from international accords become
diluted in the process and fail to achieve their intended objectives (Kreienkamp et al., 2022). This
dilution may result from a lack of cohesive and universally acceptable frameworks linking

environmental targets with governmental structures at various scales.

To address these challenges, including the exacerbating factors of the COVID-19 pandemic and
the ongoing Russia-Ukraine war, a cohesive model that supports sustainable transitions and
aligns with ratified goals is needed. One such movement gaining momentum is the Green New
Deal, which emerged in 2006 as a bold and transformative policy framework aiming to tackle
climate change, social inequity, and public health crises simultaneously (Allam et al., 2021b). The
Green New Deal proposes large-scale public investments in renewable energy, infrastructure,
and sustainable technologies to create jobs, reduce greenhouse gas emissions, and promote
social justice, while addressing the urgent need for pandemic recovery and geopolitical stability

(Green and Healy, 2022).

Comprehensive Green New Deal pathways are required to work effectively in both the Global
South and low-income economies, ensuring that the pursuit of sustainability is equitable and
inclusive, even amidst the challenges posed by the COVID-19 pandemic and geopolitical conflicts
(DOYLE, 2022). This necessitates a context-specific approach, taking into consideration the
unique challenges and opportunities faced by these regions, including limited access to
resources, vulnerability to climate change impacts, public health concerns, and the need for

economic development and resilience against external shocks (Hepburn et al., 2020).

In the Global South, Green New Deal pathways should prioritize climate adaptation and
resilience measures, as these regions are often disproportionately affected by climate change
and are facing additional pressures from the pandemic and geopolitical tensions (Singh, 2022,
Allam et al., 2022b). This includes investing in early warning systems, resilient infrastructure, and
climate-smart agriculture to help communities adapt to changing conditions and reduce their
vulnerability to climate-related disasters and health crises (Usman, 2022, Allam et al., 2020).
Additionally, the Green New Deal should support the development of decentralized renewable
energy systems, enabling these regions to leapfrog over carbon-intensive development
pathways and gain access to reliable, clean energy sources, even as global supply chains are

disrupted by conflict (Jacobson et al., 2018).

In low-income economies, Green New Deal pathways must focus on addressing poverty and
inequality, while simultaneously promoting sustainable development and pandemic recovery.

This can be achieved through targeted investments in education, healthcare, and social
9



protection programs, as well as supporting the development of sustainable industries that
provide decent jobs and contribute to reducing emissions (Stiglitz et al., 2009). Importantly,
these initiatives should be coupled with progressive tax reforms and redistributive policies to
ensure that the benefits of the green transition are shared equitably across society, despite the

challenges posed by the COVID-19 pandemic and ongoing geopolitical crises (Gore, 2020).

Furthermore, international cooperation and financial support from developed countries are
crucial to implementing Green New Deal pathways in the Global South and low-income
economies, especially in light of the added burdens from the pandemic and conflicts such as the
Russia-Ukraine war (Bloomfield and Steward, 2020b). This includes providing financial and
technical assistance, promoting technology transfer, and ensuring fair and just global trade
policies that support sustainable development in these regions, while navigating the complex

global landscape (UNCTAD, 2020).

This thesis looks at how to recalibrate and encourage contextual Green New Deal policies to

accelerate sustainability transitions.

1.2 PREVIOUS RESEARCH IN THIS AREA

Green New Deals (GNDs) have emerged as a critical response to the growing challenges of
climate change and economic instability (Green and Healy, 2022). These ambitious policy
frameworks aim to simultaneously address environmental and socio-economic issues through
sustainable development and economic regeneration (Barbier, 2009). This section evaluates the
current state of GNDs research, focusing on their implementation mechanisms, their potential
for aiding post-COVID-19 economic recovery, and the complications arising from the Russia-
Ukraine conflict. It also underscores the necessity of expanding the GNDs discourse to include
the Global South and Africa, as well as recognizing the role of urban centers in sustainable

development.

GNDs implementation mechanisms encompass a range of policy instruments, including
investment in renewable energy, retrofitting of buildings, and the promotion of clean
transportation (Filipovic et al., 2022). These measures aim to create green jobs, reduce carbon
emissions, and foster economic growth while ensuring a just transition for affected communities
(Cha et al., 2022). Such policies have gained momentum, with several countries, such as the

United States and the European Union, adopting their versions of GNDs (Allam et al., 2021b).
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The COVID-19 pandemic has intensified the need for GNDs, as governments grapple with the
dual challenge of economic recovery and climate action (Hepburn et al., 2020). As a result, GNDs
have become an integral part of post-pandemic recovery plans, with investments targeted at
sustainable infrastructure, clean energy, and green innovation (Kim et al., 2022). However, the
ongoing Russia-Ukraine war poses additional challenges, as it disrupts global markets and
intensifies geopolitical tensions (Boungou and Yatié, 2022). This conflict underscores the urgency
of transitioning to renewable energy sources to promote energy independence and resilience

(Emenekwe et al., 2022).

Despite the growing interest in GNDs, there remains a critical gap in the literature regarding their
applicability to the Global South and Africa. These regions face unique socio-economic and
environmental challenges, necessitating tailored GNDs that address local contexts (Scoones et
al., 2020). Moreover, cities play a vital role in sustainable development, as they are responsible
for significant greenhouse gas emissions and are often at the forefront of climate adaptation and
mitigation efforts (Acuto et al.,, 2018). Therefore, integrating urban centers into the GNDs

discourse is essential for achieving comprehensive sustainability outcomes.

1.2.1 Green New Deals and Sustainability: Implementation Mechanisms

It is important to note that addressing the imperative for sustainability transitions in the context
of climate change necessitates a comprehensive understanding of sociotechnical transitions and
multi-level perspectives. Sociotechnical systems encompass the intricate interplay between
technology, society, and the environment. The multi-level perspective (MLP) offers a lens
through which to view these systems, illustrating how niche innovations evolve to disrupt
entrenched regimes, particularly within the energy sector, amid overarching landscape pressures
such as climate change (Geels, 2002). To ensure these transitions are not ephemeral, it is crucial
to support them with robust policies and societal engagement. This includes incentivizing
innovation, developing infrastructure, and most importantly, fostering public and private sector
collaboration. The Green New Deal aims to provide a blueprint for this, advocating for a
decarbonized economy where sustainability and equity align as key principles in this transition

(Klein, 2020).

Green New Deals (GNDs) are founded on the notion that environmental preservation and
economic growth can be achieved concurrently and can complement each other. Central

11



elements of GNDs typically involve investments in renewable energy, green infrastructure, and
resource efficiency, along with measures to ensure a just transition for affected workers and
communities. As a result, GNDs can foster sustainability by catalyzing essential systemic changes
to decrease greenhouse gas emissions, advance the circular economy, and enhance social equity

(Pettifor, 2020).

Implementation mechanisms for GNDs have been proposed at multiple levels, from national to
supranational scales. For instance, the European Green Deal (EGD) of the European Union
combines regulatory measures, incentives, and investments to attain climate neutrality by 2050
(Puaschunder, 2021). Similarly, the United States' proposed GND envisions a comprehensive
policy package encompassing sector-specific interventions such as clean energy standards and
public investments in clean technologies (Galvin and Healy, 2020). These varying implementation
mechanisms demonstrate the flexibility and adaptability of GNDs to different socio-political
contexts, allowing countries and regions to design their GNDs based on their unique needs and
priorities. Moreover, GNDs emphasize the importance of stakeholder engagement, ensuring that
policies are co-created and tailored to local circumstances (Newell and Mulvaney, 2013). This
collaborative approach fosters ownership and long-term commitment to sustainability goals.
Furthermore, GNDs can contribute to achieving the United Nations Sustainable Development
Goals (SDGs) by addressing multiple dimensions of sustainable development, including
economic, social, and environmental aspects. By integrating these dimensions, GNDs offer a
holistic approach to sustainability, facilitating the transition towards a low-carbon, resource-
efficient, and socially inclusive future, even in the cases of countries facing conflict (Shevchenko

et al., 2021).

1.2.2 Sustainability Pathways in Post-COVID19 Economic Regeneration Policies

The Covid-19 pandemic has led to unprecedented social and economic disruptions, emphasizing
the need for a resilient and sustainable recovery. Researchers and policymakers have advocated
for the incorporation of GND principles into post-pandemic economic regeneration policies
(Boyle et al., 2021). By aligning stimulus packages with sustainability objectives, countries can

foster green growth, create jobs, and enhance social welfare (Lee and Woo, 2020).

Various studies have outlined potential sustainability pathways in the wake of the pandemic. For
instance, Barbier (2020) suggests a three-pronged approach that includes investing in renewable

12



energy, enhancing natural capital, and promoting the circular economy. Similarly, the
International Renewable Energy Agency highlights the role of renewables in driving a sustainable
recovery, emphasizing the need for policies that incentivize their deployment and integration
into the broader energy system (Ferroukhi et al., 2020). These approaches underscore the
potential of GND-inspired policies to contribute to economic regeneration while advancing

sustainability goals.

This is further explored in the publications and in section 2.2.

1.2.3 The Russia-Ukraine War: Implications for Sustainability

The ongoing Russia-Ukraine war has posed significant challenges to global sustainability efforts
by disrupting commodity prices and supply chains. The conflict has led to increased volatility in
energy markets, with potential knock-on effects on the cost and feasibility of renewable energy
projects (Fang and Shao, 2022). Moreover, the geopolitical tensions have strained international
cooperation, hampering the collective action needed to tackle global environmental challenges

(Raza, 2023).

In this context, GNDs may serve as a critical policy tool for mitigating the adverse effects of the
war on sustainability efforts. By prioritizing investments in domestic renewable energy sources
and promoting regional cooperation, GNDs can help countries enhance their energy security and
reduce their reliance on vulnerable supply chains. Additionally, GNDs can facilitate international
collaboration by providing a shared framework for addressing environmental and economic
challenges, fostering a more resilient and sustainable global economy (Newell and Mulvaney,

2013).

This is further explored in the publications and in section 2.3.

1.2.4 Expanding the Focus: Global South, Africa, and Cities
Despite the burgeoning interest in GNDs, a significant focus gap remains concerning the Global
South and the African continent, where the need for sustainable development is most pressing.

Scholars have urged for a more inclusive GND discourse that acknowledges the unique
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challenges confronted by developing countries and accentuates the importance of international
solidarity (Chohan, 2019, Pollin, 2019). This involves recognizing the differentiated
responsibilities of nations in addressing climate change and ensuring that GND policies foster
equitable access to resources and opportunities, especially for the global south which does not
necessarily have the financial means to implement large scale and indepth reforms in view of

economic constraints and geopolitical challenges (Chen and Li, 2021).

Moreover, there is a necessity to integrate cities into the GND narrative, considering their role
as primary population centers and engines of economic activity. Urban areas contribute to over
70% of global greenhouse gas emissions and grapple with numerous sustainability challenges
related to air pollution, waste management, and more (Allam, 2020c). Additionally, as cities are
projected to accommodate 68% of the global population by 2050, they will emerge as crucial
nodes of power and, consequently, key players in policy reforms and drivers, even in the case of

conflicts and pandemics (UN-HABITAT, 2021).

In this context, GND-inspired policies can support sustainable urban development by promoting
compact urban planning, green transportation, and resource-efficient infrastructure (Agyeman,
2005). Furthermore, these policies can advance environmental justice by addressing the
disproportionate impacts of climate change and pollution on marginalized urban communities
(Schlosberg and Collins, 2014). By engaging city-level actors and fostering multi-level
governance, GNDs can facilitate effective, context-specific policy responses that drive

sustainable urban transformation (Bulkeley et al., 2014).

1.3 JUSTIFICATION OF THIS STUDY

As much as the Green New Deal is expected to prompt an unprecedented paradigm shift on the
discourse of climate change, it is however subject to several notable hurdles. For instance, with
first world economies, it is possible to invest in infrastructural programs supporting a relatively
quick transition in the next decades (Barbier, 2009). However, this would be very different in the
case of developing and low-income economies which experiences numerous financial and
technical capacities to invest in such infrastructural programs, noting that financing for basic
infrastructure is often lacking and those rank higher in terms of national priority over
environmental programs (Gurara et al., 2017). Actually, it is often argued that for most of the

least developed and developing economies to reach a point where they can be termed as
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economically mature, they would have to overlook environmental concerns and incidentally
contributing to carbon emissions in the process (Aye and Edoja, 2017, Frankel, 1999).
Additionally, as investments in hard infrastructures and in coal fired power plants are already
established, those countries may unfortunately tend to support non-renewable energies in the
short and medium term, until an economic maturity is reached for substantial investments in

greener industries and means of energy production.

It is possible to counter this hurdle by ensuring that these economies benefit and have access to
substantial economic support, to encourage them to align with global sustainable efforts. Such
support is expected to come in terms of financial and technical forms as well as through global
frameworks that ensure that decarbonisation programs are sufficiently funded. Additionally, as
of now, a review of literature showcases that there is no clear framework for Green New Deals
that would help encompass both local roadmaps and global financial flows. There is also a need
to look into ways in which Green New Deals could be embraced across the political divide and to
what extent Green New Deals influence foreign relations. This research thus aligns with the

topical need for equitable and inclusive transition pathways.

2. RESEARCH QUESTIONS

This study reviewed the drive to support sustainability transitions through both theory and
applied frameworks, and in this line focus on the evolution of the Green New Deal. In this
narrative, the pitfalls for least and developing economies were examined so that a better

understanding is gained, leading to the design of a sustainability transition pathway.
To this end, 1 primary research question was defined, supported by 3 sub questions:

1. How can the Green New Deal be designed and implemented to ensure equitable
sustainability transitions in both (i) developed and (ii) low-income and developing
economies, considering the challenges posed by the COVID-19 pandemic and ongoing

geopolitical conflicts?

1.1 What are the key financial challenges and opportunities in the development and
implementation of global sustainability transition pathways, and what roles do
different levels of government, industry, regulators, and communities play in

addressing these challenges?
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1.2 How can technology adoption, transfer, and innovation contribute to

accelerating sustainability transitions, and what supportive mechanisms are

required to facilitate these processes?

1.3 What specific strategies and mechanisms can be developed to address the

contextualized challenges and opportunities faced by different geographies and
economies in the pursuit of equitable Green New Deal-inspired sustainability

transitions?

2.1 RELATIONSHIP BETWEEN PRODUCED PUBLICATIONS AND RESEARCH QUESTIONS

Question 1

Paper 5: Explores the potential of Green New Deals as a critical tool to ensure
the attainment of sustainability agendas while pursuing social and economic
justice. It emphasizes the importance of designing these deals to address
contextual needs and provide social protection frameworks for both

developed and developing countries.

Paper 6: Offers a comprehensive understanding of the Green New Deal's
evolution, knowledge structures, and trends through bibliometric analysis and
science mapping techniques. This information can be valuable for researchers
and policymakers as they develop and implement equitable sustainability

transitions in different geographies and economies.

Question 1.1

Paper 3: Analyzes the outcomes of COP26, which provided financial
instruments to aid climate mitigation in the global south and compensation
avenues for loss and damage. The paper argues that the science rhetoric
driving these initiatives may reinforce unjust north/south narratives and calls

for a more equitable approach.

Paper 7: Investigates the challenges posed by the COVID-19 pandemic and the
Russia-Ukraine war on climate financing for achieving equitable and just

transition mechanisms. It emphasizes the need to review these issues and
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encourage more cooperation for technology development and transfer,

despite the current global crises.

Question 1.2

Paper 2: Conducts a bibliometric analysis and uses science mapping
techniques to study the concept of smart urban governance, with a focus on
the technological and digital domains. The analysis reveals emerging themes
that highlight the importance of citizen participation, e-governance, and

policy frameworks in accelerating sustainability transitions.

Paper 7: Explores the impact of the COVID-19 pandemic and the Russia-
Ukraine war on technology development and transfer. These crises have
resulted in rising commodity and labor prices, negatively affecting global
supply chains and making green technology less accessible for developing

countries and Small Island Developing States (SIDS).

Question 1.3

Paper 1: Offers a comprehensive review of climate change adaptation and
mitigation research in Africa, emphasizing the need for improved
understanding and research capacity. The paper identifies priority research
topics and themes and discusses the uneven distribution of articles and

research focus across the continent.

Paper 4: Advocates for a Global Planetary Ecosystem Accounting system that
economically weights ecologically sensitive areas, equating their preservation
with revenue-generating activities. This approach aims to address disparities
in resource accounting and management on a planetary scale, allowing for a

more equitable and sustainable global ecosystem.

Paper 5: Stresses the importance of structuring Green New Deals to address
contextual needs and accelerate sustainability transitions with social
protection frameworks. This approach can help nations pursue equitable

sustainability transitions that consider inclusivity and economic equity.

Paper 8: Calls for a global discourse on how funding flows should be directed

towards revitalizing communities during and after conflicts, such as those in
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Ukraine and Russia. The paper highlights the need to address climate change,
which is currently being overshadowed by these ongoing conflicts, and
discusses the challenges of achieving deep decarbonization and net-zero

targets in the affected countries.
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3. AIMS AND OBIJECTIVES

The primary aim of this thesis was to investigate the potential of the Green New Deal in driving
equitable sustainability transitions for both developed and low-income and developing
economies. This was achieved through the examination of the evolution of the Green New Deal,
its theoretical underpinnings, and applied frameworks, with a focus on the unique challenges
and opportunities faced by these different economic contexts. The study analyzed the financing
hurdles, the role of technology, and the development of specific mechanisms tailored to

individual geographies and contexts.

The following objectives guided this research:

1 Examined the evolution of the Green New Deal and its potential for supporting inclusive
sustainability transitions in both developed and low-income and developing economies,

while considering the impacts of the COVID-19 pandemic and geopolitical conflicts.

2 Identified and assessed the financing hurdles associated with global sustainability
transition pathways, as well as the roles and responsibilities of various stakeholders,
including governments, industries, regulators, and communities, in addressing these

challenges.

3 Investigated the potential of technology in accelerating sustainability transitions and
analyzed the necessary support mechanisms required to facilitate technology adoption,

transfer, and innovation.

4 Developed specific mechanisms and recommendations tailored to the contextualized
challenges and geographies of both developed and low-income and developing
economies, ensuring that the Green New Deal pathways are equitable and responsive

to the unique needs and opportunities of these regions.

By addressing these objectives, the thesis aimed to contribute to the ongoing discourse on
sustainable development and provide valuable insights for policymakers and stakeholders
engaged in the design and implementation of Green New Deal-inspired sustainability transition

roadmaps.
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3.1 RESEARCH AND POLICY SIGNIFICANCE

The research and policy significance of this thesis lies in its comprehensive examination of the
Green New Deal as a framework for driving equitable sustainability transitions in both developed
and low-income and developing economies. Amidst the growing urgency to address climate
change and its consequences, exacerbated by the COVID-19 pandemic and ongoing geopolitical
conflicts, this study offers valuable insights for policymakers, industry leaders, regulators, and

communities to design and implement effective and inclusive sustainability transition pathways.

First, by investigating the key financial challenges and opportunities in the development and
implementation of global sustainability transition pathways, this thesis contributes to the
understanding of the roles and responsibilities of various stakeholders. It will help identify the
necessary financial instruments, incentives, and public-private partnerships to overcome the
financing hurdles and enable the successful implementation of Green New Deal-inspired
policies. The findings of this research can inform decision-makers on how to allocate resources
effectively, prioritize investments, and leverage international cooperation and support to ensure

that the financial aspects of sustainability transitions are adequately addressed.

Second, the study's exploration of technology adoption, transfer, and innovation in accelerating
sustainability transitions provides valuable information on the supportive mechanisms required
to facilitate these processes. This includes the identification of key technological advancements,
capacity building measures, and enabling environments that promote innovation and technology
diffusion. Policymakers and industry leaders can use this information to design targeted
interventions, invest in research and development, and foster collaborations that drive

technological progress and contribute to a sustainable and resilient future.

Third, by developing specific strategies and mechanisms to address the contextualized
challenges and opportunities faced by different geographies and economies, this thesis
contributes to the body of knowledge on tailored approaches to sustainability transitions. The
research emphasizes the importance of recognizing the unique needs and circumstances of
different regions and the potential for context-specific solutions. This can inform policy design
and implementation, ensuring that Green New Deal-inspired policies are inclusive, equitable,

and responsive to local realities.

Finally, the research and policy significance of this thesis is underscored by its potential to inform
the development of effective and inclusive Green New Deal-inspired sustainability transition

pathways. By addressing financial challenges, leveraging technology, and developing context-
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specific strategies, this study offers valuable insights that can guide decision-makers and

stakeholders in the pursuit of a more sustainable and just future for all.
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4. LITERATURE REVIEW

4.1 THE GREEN NEW DEAL

The Green New Deal, framed as a pivotal environmental transition policy, is inspired by the New
Deal, spearheaded by President Franklin D. Roosevelt. The New Deal was then coined as a series
of programs, public work projects and financial and regulatory reforms. This led to the

production of over 960,000 miles of roads and several public facilities (Reagan, 1999).

In regards to the climate change and sustainability transition narrative, the Green New Deal
movement originated in the United States in 2006, being championed by the Green New Deal
Taskforce that was formed to articulate issues of Global Greens (Conte, 2019). The formulation
of the Green New Deal was a culmination of active activism by different groups that had begun
in the 1970s, especially after the 1973 oil crisis (Bloomfield and Steward, 2020a). The 2006 Green
New Deal idea was thus the outcome and fruits of such activism that had seen the political class
join the debate and proposing the setting up of a task force. After 2006, the green movement
was appealing to a number of politicians, like Jill Stein, who through her Green Party ran for

presidential position in 2012 and also in 2016 (D'Souza, 2022).

In 2010, Howie Hawkins, also of Green Party had contested for the gubernatorial position of New
York riding on the Green New Deal platform (Hawkins et al., 2020). Later, in 2018, the Green New
Deal gained unprecedented attention after the idea was adopted and made a congressional
resolution by Representatives Alexandria Ocasio-Cortez and Senator Edward J. Markey
(Congress, 2019). The effort of these politicians, supported by their counterparts in congress
passed resolutions, which they argued would assist the federal government of the United States
to adopt and implement a raft of programs proposed in the resolution, to not only help the
country achieve net-zero emissions by 2030, through adoption of renewable energies, but also
would help address issues of ‘social injustices’ (Congress, 2019). In Europe, the deal is dubbed
the Green Deal, and was championed by the European Commission. In 2019 the EU drafted a
proposal for the Green Deal, which has been received warmly; and has also gained substantial
support from both the European Council and the European Parliament (European Commission,

2019).

Besides those two regions, the Green Deal has had support from institutions and organisation
that represent, virtually every part of the globe. Thus, the deal was thus dubbed, ‘Global Green
New Deal’. For instance, since its inception in 2006, the deal has become popular with most of
the United Nations Institutions such as UNEP and UNCTAD amongst others, with a converging

message from all those calling for actions that would accelerate the achievement of zero
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emission by 2030s and beyond. Also, they promote the adoption of the deal to serve as a tool
for helping developing and least developed economies grow their economies without

necessarily relying on means that compromises the sustainability agenda.

The discourse on decarbonisation is however not unique to the Green New Deal. The debate has
been ongoing since the 19™ century, after the acknowledgement of severe and abrupt natural
changes due to greenhouse gases were identified. However, the Green New Deal idea is an
important one for decarbonisation efforts, as it brings in the support of the political class,
pushing for a top-down policy approach (D'Souza, 2022). This is important, as such a move would
pressurize federal governments to commit resources, formulate new policies and act in a way

that is bound to bring measureable results in different aspects related to environmental justice.

It is important to note that the term ‘justice’, within the climate change narrative, interweaves
the disproportionate effects of climate change on marginalized communities with broader
ethical obligations. As outlined in publications 3 and 7, it insists on rectifying the 'climate debt'
owed by industrialized nations, which have historically emitted the majority of greenhouse
gases, to those less responsible yet severely impacted. The discourse encompasses ethical
dilemmas such as equitable greenhouse gas budget allocation and defining responsibilities
across generations and geographies (Stanford Encyclopedia of Philosophy). The debate between
treating climate issues in isolation versus an integrated approach that considers climate justice
in conjunction with broader social injustices is pivotal, hence extending this narrative to future
generations, acknowledging the enduring impact of greenhouse gas emissions and our ethical

duty to them.

While the Green New Deal has often been termed as being radical in nature and has thus faced
hurdles in its acceptability, there are select resolutions and ideas that can be implemented
straight away, in an effort to support the move toward a net-zero carbon economy by 2050.
The implementation of renewable energies primarily depends on the commitment of
policymakers, where those can create policies to adjust renewable energy pricing, ensuring
infrastructure costs are not passed on to consumers. (Fischer and Jacobsen, 2021). In this case,
as observed with solar energy policy, a notable $141 billion investment was attracted in the
sector in the U.S. (Jaganmohan, 2021), prompting an increase in its adoption, including in
decentralized fashion through rooftops photovoltaic installations in varying geographical
locations. Overall, the entire renewable energy sector was projected to experience an additional
$1.4 trillion by end of 2022, he was the significant importance clean energy has post-pandemic

(Hall, 2022). Going forward, such policies need to encourage to ensure similar frameworks for
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industries to invest in R&D, not only in renewable energies, as collectively those actions which
would not only help in reducing emissions but serve as frontiers for the creation of sustainable
employment opportunities, promotion of social justice, and sustainable economic growth. With
effective policy frameworks, it is understood that resources and investments would be channeled
effectively to targeted sectors, rather than concentrating on supporting pollution intensive
activities. One challenge however remains the associated costs of decarbonisation programs,
which can be a burden to low and emerging economies if no appropriate frameworks and

support mechanisms exist.

While the need for sustainability transitions is well established, programs like the Green New
Deal still face some criticisms. Some argue that the GND is an example of government overreach,
and lacking in detail, particularly regarding its financial feasibility and the practicality of its goal
to convert all U.S. power to renewable sources within a decade. Additionally, carbon capture,
utilization and storage (CCS), and nuclear power, was noted to potentially lead to more cost-
effective strategies for decarbonization. There also lies deeper political barriers as the ambitious
coupling of climate action with social issues, such as poverty alleviation, could complicate
bipartisan support and impede progress toward sustainability (Klein, 2020). However, the
prospects of the program far outweigh its negatives, especially noting that the tailor made

policies and roadmaps can be generated to benefit specific themes and interests.

4.2 THE IMPACTS OF THE COVID-19 PANDEMIC ON GLOBAL SUSTAINABILITY

The COVID-19 pandemic has had a profound impact on global sustainability, especially in regard
to use of fossil fuels. During the height of the pandemic, specially thefirst and second quarters
of 2020, significant reduction in emission were reported in many countries, especially the heavy
polluters such as China, India and the U.S (Allam, 2020d, Allam, 2020b). Overall, it is reported
that global emissions dropped by approximately 6% in 2020, more so due to a 4% reduction in
energy demand, and some noticeable levels of growth in renewable energy production and
consumption. However, post-pandemic, the celebrated reductions turned to be short-lived. This
was instigated by factors like increased demand for energy that prompted a 4.8% increase in
consumption of fossil fuels (Davis et al., 2022). This has been seen as detrimental to the
sustainability agenda, especially since it is seen to reverse some gains already achieved in pursuit

of the Paris Agreement proposed objectives.

While the virus has affected people all over the world, it has been particularly brutal on some

economies, especially those that were the least prepared, such as the global south, developing
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and least developing economies. This is true in terms of millions of people who have already
been pushed into extreme poverty. For instance, it is reported that over 75 million more people
pludged into poverty between 2020 and 2022 due to the impacts of the pandemic, coupled with
the impacts from the Ukraine-Russia war (United Nations Statistics Division, 2022). In addition,
the pandemic has widened socio-economic gaps, especially highlighting disparities between the
rich and the poor, and increased global debt to unprecedented levels. For example, African
countries experienced a sharp increase in their debt-to-GDP ratios, which increased by
approximately 6% in 2020 to reach a high of 58%, according to the International Monetary Fund
(IMF) (Georgieva, 2021). It rose to 68% in 2021 and is expected to decrease marginally to 67% in
2023 (African Development Bank Group, 2022).

As a result of the above, the need for regenerative mechanisms has become more urgent than
ever. This would help countries to experience some levels of relief from the debt-trap and in their
pursuit to raise funds to combat the pandemic, which has put a strain on the already limited
resources of some economies (Gautam and Hens, 2020). Regenerative mechanisms, however,
need to be fashioned in a manner that promotes long-term sustainability while also addressing
immediate needs. For energy production and consumption, the long-term objective should be
to focus more on renewable energies, for it is already apparent that the fossil fuels cannot be an
option for either short-term or long-term endeavors (Dhunny et al., 2019). Other long-term
regenerative mechanisms, such as sustainable agriculture and alternative mobility options,
promoting sustainability should be encouraged and financed. The main target should be focusing
on supporting urban planning and development programs that seek to reduce resource
exploitation and consumption, while increasing service delivery in areas like housing, food
security energy and water production and distribution, as well as reduction of waste generated

in those areas.

It would also be important to ensure that short-term interventions do not jeopardize the long-
term pursuits (United Nations Economic and Social Council, 2021). On this, it is noted that many
countries in the least-developed and developing categories are not financially equipped to
engage in national sustainability transitions in the aforementioned areas. They would therefore
be wary of their contribution to the sustainability agenda, especially in view that they bear the

greatest risks and burden of climate change events and impacts.
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4.3 THE IMPACTS OF THE RUSSIA-UKRAINE WAR ON GLOBAL SUSTAINABILITY

The Russia-Ukraine war compounded the difficult period that most global economies
experienced as a result of the COVID-19 pandemic. Whereas the two countries have been in a
state of conflict since 2014, a major escalation became evident on the 24" February 2022, when
Russia invaded and took hold of some parts of Ukraine (Bigg, 2023). Like any other war, the
extent of destruction, displacements, casualties and disruptions have been immense, especially
for the Ukrainians. Unfortunately, a year since the full-scale war began, it is not yet clear when

this would stop, as alternative conflict resolution mechanisms seem to bear no tangible fruits.

Whereas it is obvious that most people have focused on the impacts this war has had on people,
their livelihoods and properties, there is sufficient evidence that the war has had immeasurable
impacts on the economies beyond the borders of the two countries (European Commission,
2022). To begin with, the two countries play a critical role in agriculture and global food security.
Russia for instance is amongst the top exporters of farm inputs such as fertilizers, while Ukraine
leads the exportation of grains, edible oils and other foodstuff to many countries (Ben Hassen
and El Bilali, 2022). With the war, there has been significant disruption in the supply chain of
those products, triggering a chain reaction on different sectors of the global economy (Allam et
al., 2022a). For instance, there is a raging food insecurity in most countries, with high inflations
due to shortages and scarcity (Behnassi and El Haiba, 2022). Scarcity of petroleum products from
Russia have further escalated the economic challenges experienced by different countries,
especially those reliant on oil importation. For instance, in the better part of 2022, the american
economy, and those of many western countries, were substantially derailed by oil shortages. At
the global scale, it is reported that the economic growth plummeted by 1% point to 3.2% from
what was experienced in 2021, and with the escalation of the war, projections are that the global
economic growth may decline to about 2.6% in 2023 (OECD, 2022). Such a drop is poised to have
an imaginable ripple effect on different sectors of the economy, with most of the global

population being affected.

Besides the economy, the war has had significant impacts on the environment, not only in
Ukraine, but at the global level. Of the most profound impacts is the attack on nuclear power
plant e.g., the Zaporizhzhia nuclear power plant (Mandler, 2022). Attacking these increases the
risks of radiation leaks, which would have devasting impacts on biodiversity as well as people
(Pereira et al., 2022). Also, the war is reported to have contributed to increasing emissions,

causing deforestation and soil degradation due to bombing, and excavations done on the
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landscape of Ukraine. In addition, the debris and harmful components have been finding their

way into the water and water bodies, impact the quality thereof (Shumilova et al., 2023).

The overall impacts of the Ukraine-Russia conflicts are not limited to the geographic boundaries
of those countries, and hold a significant global bearing, especially on sustainability on all
spheres, whether economic, political, environmental, or social. In fact, in the recent past,
because of these wars, new political trends and alignments were seen to emerge with significant
impacts on the global political landscape, including affecting decision and stands taken on key
issues like environments. For instance, the close cooperation between Russia and China that is
shaping, at the time of writing of this thesis, may have some implications on the discourse on
the climate action and agenda in the future, especially noting that Russia is not in good terms
with many countries, including the West and North America which are key players in the climate
agenda discourse. The ramification of sanctions on Russia have further had significant
sustainability impacts, especially on economies that are oil reliant, with recent trends showing
countries shifting from a dollar-reliance to multicurrency in a bid to overcome the dollar shortage
prompted by the combined impacts of the pandemic and conflict, among other geopolitical

factors (Jha, 2023).

4.4 GREEN NEW DEALS AND SUSTAINABILITY TRANSITION PATHWAYS

Green new deals are generally celebrated for their positions in supporting radical changes across
a range of sectors aiding to speed urgent climate action, including numerous social issues, like
healthcare, unemployment, inequality, housing, and education amongst many others. The
radical nature of these deals is the timelines for their achievement. For instance, the American
version proposes that most of the social targets can be achieved before 2030, while the 100
percent transition to renewable energy targeted to be achieved by 2050 (Congress, 2019). The
European version on the other hand, proposes that by 2050, ‘there are no new emissions of
greenhouse gases’, and that by then, all economic growth pursuits in each of the member states
would be decoupled from resource use. It also proposes that by 2027, it will have amassed at
least 100 billion Euros to assist those adversely affected by the proposed transition to a greener

economic model (European, 2021).

While the proposals captured in the new green deals have emerged principally within the
developed economies, their principles can work equally well in developing and in less developing
economies, especially in view of current challenges prompted by the impacts of COVID-19 and

the ongoing Russia-Ukraine conflict. However, proposals which call for a total paradigm shift have
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attracted much criticism, where critics term the proposals as ‘radical’, “Trojan horse for socialism’,
‘socialists wish list’ and many other such term (Stepman, 2019, Zak, 2019). Their arguments,
which incline more on the capitalist perception is that economies must first be able to satisfy the

basic amenities of its community prior to developing environmentally focused programs.

It is perceived that the targeted period for the achievement of some of the proposals, like social
interventions are not feasible, as those would require substantial budgetary provisions, which
most economies cannot absorb at the moment (Loris, 2021, Jordana, 2021). For instance,
Stepman (2019) argue that the American version of new Green Deal would require a minimum
of $32.6 trillion within 10 years to facilitate the social intervention. It would also require $5.2
trillion over a 20-year period to transition to 100% renewable energies. Other critics estimate
the funding required to actualize it to be up to a high of $93 trillion (D'Souza, 2022). All those
figures come against a federal government budget of $4 trillion, which Stepman (2019) argue is
partly debt funded, and adopting the new green deal would plunge the economy into more
debts, especially if the proposal is to be implemented during this period when the world is
grappling with the impacts of both the COVID-19 and the devastating impacts of Russia-Ukraine
war. It would then mean increasing taxes, especially on the rich cadre to support the economy,
but those groups are a powerful lobbying force and such measures have been seen as being
unsuccessful as seen during President Trump’s mandate (Maldonado, 2018). The challenge of
costs is not only in America, but also in Europe, where proponents of the deal are criticised for
‘secretly’ trying to address the inequality equation, without making this explicit (European
Parliament, 2020). Theeit the positives new green deal programs are expected to bring to the
economy, the fears are that it will require at least 2% of the EU’s annual GDP prompting critics
to support that the economy cannot support such. Post-pandemic, it has been made explicit that
the European Green New Deal will require approximately a third of the region's 1.8 trillion Euro
investment budget for the next seven years to make it a reality (European Commission, 2023).
However, the European Union have justified this, by arguing that the deal is the region’s lifeline

against the impacts of the COVID-19 pandemic.

With those foregoing challenges on the financing of Green New Deals, the question is how such
a philosophy which is extremely good can be adopted in developing economies without them
enduring such hindrances but to allow them to address the climate challenges that are also live
within. As will be showcased in the next section, there exists a substantial number of

sustainability transition pathways and economic models that can be adopted to address varying
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dimensions. But, the main challenge, especially during the post- COVID-19 pandemic is the

source of funds to finance proposed programs.

4.5 FINANCING CHALLENGES FOR SUSTAINABILITY TRANSITIONS IN THE CONTEXT OF THE
COVID-19 PANDEMIC AND THE RUSSIA-UKRAINE WAR

The impacts of COVID-19 on the global economy have been severe on almost all sectors,
including manufacturing, agriculture, transport, hospitality industries and others (Pak et al.,
2020). In a report by the International Labour Organization (ILO) (International Labour, 2021),
dated January 2021, an unemployment rate of a magnitude of 114 million is linked to the
pandemic. Further, 8.8% -equivalent to 255 million full time equivalent jobs hours (48-hours
working week) was lost in 2020, while a further 127 million full time jobs were lost by end of
2021. As a result of those unfortunate occurrences, global labour income loss is estimated to
over $3.7 trillion, a figure equivalent to 4.4% of the 2019 total global GDP (International Labour,
2021). In 2021, the labor income lost was approximately $1.3 trillion. The pain of job loss, which
had started to ease at the beginning of 2022, was short-lived following the Russia-Ukraine
conflict. To put this into context, it was estimated that by the third quarter of 2022, the labor
market would have improved significantly, with the deficit from the pre-pandemic levels being
only 40 million full-time jobs. However, with the war, the gains were lost, and almost
immediately, over 4.8 million jobs were lost in Ukraine alone (International Labour Organization,
2022). These losses are spread from different sectors, especially the manufacturing industry and
the entire supply chain, the hospitality and hotel industry, tourism sector and transport sectors
that have faced serious challenges from issues like lockdowns, restriction of movements, border

restrictions and financial constraints.

On the above, the manufacturing sector, which has been a pivotal pillar in the growth of
economies, both in developed and developing economies experienced a 6% contraction during
the first and second quarters of 2020 (United Nations Industrial Development, 2020). However,
there has been a positive recovery in the sector with records of approximately 9.4% points above
the 2019 rates. However, since the Ukraine-Russia escalated to full-scale war, there are reports
of unprecedented disruption in the supply chain, which would have significant deep in the

manufacturing activities globally.

In the global aviation realm, a report by the International Civil Aviation Organization (ICAO)
(Organization, 2021) confirmed that the air transport industry experienced a financial loss of

over $370 billion in 2020. The net effect of all these challenges, in different economic sectors,
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was financial and operational unsustainability, which ultimately left numerous economies in
states of deficit-driven economies. This prompted most of these, from different parts of the
world, running to external financiers like the International Monetary Fund (IMF), which stated
that since the beginning of the global pandemic, it has issued $250 billion in the form of loans
and debt reliefs to different countries, a figure that is approximately a quarter of $1 trillion
financing tool available for its member countries (International Monetary, 2021). However, the
financial support required across the globe, including in developed economies that need to
revive their economies and achieve some growth, after the drawbacks of the pandemic, cannot
be met by external lenders only. After all, most of the developed economies do not often turn to
those institutions for financial support. In this regard, there is an economic option that
developed economies are seen to increasingly contemplate: that of the principle of ‘Modern
Monetary Theory’ (MMT), which highlights that currency-issuing economies cannot theoretically
run out of money, and do not necessary rely on taxes to initiate capital-intensive programs
(Matthews, 2019). With this financing option, it is therefore theoretically possible for those
select developed economies to self-finance social and environmental programs, proposed in new

green deals without constraining their tax revenues.

Ocasio-Cortez (Npr, 2021) expressed that noting the MMT option, the government has the liberty
to finance green deals through deficit spending. This is because the governments (which control
their own currency) have the capacity to spend more than they collect. Therefore, from this
perspective, MMT allows some governments to spend beyond their actual tax revenue; a potent
option to finance major development projects. While there are inflationary challenges that need
to be cautioned and addressed, this option seems feasible, but requires a radical rethinking of

both economic and political structures.

However, the MMT option is not applicable to developing economies, as these must rely on
either direct tax revenues, or funds from external sources, to actualise their sustainability
programs. This, therefore, means that there will be a substantial gap and disparity in financing
climate actions, where developed economies will have an unmatched potential in the medium
term. This notwithstanding, developed economies, and those with financial capacities, need to
extend their support to developing and less developed economies, so that they can initiate post-
pandemic recovery programs that are majorly dissociated with non-renewable and
unsustainable practices. Otherwise, these may then opt to plunge in unsustainable debts, or they
may opt to overlook laid down policies, agreements or accords in line with environmental

sustainability. It is possible for developed economies to support their counterparts, by extending
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financial support as well as ensuring investment in sustainable environmental and social
programs, such that the impacts of climate change, from their ends, are minimized or even
eliminated completely. This way, the equity gap, expected as a result of the pandemic, between
developed and developing and less developed states will reduce, while making significant strides

toward global sustainability.

4.6 INADEQUATE FRAMEWORKS FOR FINANCING SUSTAINABILITY TRANSITION PATHWAYS &
ECOSYSTEM CONSERVATION AND RESTORATION

Numerous frameworks have been proposed to guide sustainability transitions, such as socio-
technical transitions, strategic niche management, and multi-level perspectives. However, the
applicability of these frameworks to developing nations has often been called into question due
to various challenges they face (Loewen, 2022, Feola, 2020). This section aims to outline the key
challenges and explore the need for a more symbiotic transition pathway that considers both
sectoral transitions and ecosystem services, building on the premise and the momentum of the

Green New Deal.

4.6.1 Challenges of Applying Sustainability Transition Frameworks to Developing Nations

Sustainability transition frameworks, in general, have been criticized for their lack of applicability
to developing nations due to several reasons. Firstly, these frameworks tend to be heavily
influenced by the experiences and contexts of developed countries, which can limit their
relevance in addressing the unique socio-economic and political challenges faced by developing
nations (Rahmani et al., 2022). For example, developing nations often face higher levels of
poverty, inequality, and weak institutional capacities (Kates and Parris, 2003, Rees, 1995), which
can hinder the effective implementation of transition policies and strategies. Secondly, these
frameworks often assume a certain level of technological and infrastructural capabilities, which
may not be available or easily accessible in developing nations (Meadowcroft, 2011, Hansen et
al., 2018). This can result in a mismatch between the proposed transition pathways and the
actual conditions on the ground, leading to sub-optimal outcomes or even exacerbating existing

vulnerabilities.

4.6.2 Financing Challenges in Sustainability Transitions
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One of the most critical challenges faced by developing nations in implementing sustainability
transitions is financing. The transition to a low-carbon and climate-resilient society requires
substantial investments in areas such as renewable energy, energy efficiency, and climate
adaptation measures. Developing nations often lack the necessary financial resources and access
to international funding mechanisms to support these investments (Barua, 2020). Regional
grants, carbon offsets, and other financial instruments have been proposed as potential sources
of funding for sustainability transitions. However, their implementation has been fraught with
difficulties and controversies (Lundsgaarde et al., 2018). For example, the allocation of climate
funds often raises tricky questions around fairness and responsibility. China, being one of the
largest contributors to CO2 emissions, is also considered a developing nation and thus eligible to
receive support from climate funds. This situation highlights the complexities and contradictions
inherent in global climate finance and calls for a more nuanced understanding of the

responsibilities and needs of different countries in the transition process.

4.6.3 The Need for Integrating Ecosystem Services in Transition Pathways

Another limitation of existing sustainability transition frameworks is their predominant focus on
sectoral transitions, such as energy, transport, agriculture, buildings, and others (Kilkis, 2019).
While these sectoral transitions are crucial, they often overlook the importance of ecosystem
services in achieving deep decarbonization and ensuring a healthy ecosystem balance.
Ecosystem services, defined as the benefits that humans derive from ecosystems, play a critical
role in supporting human well-being and sustainable development. They include provisioning
services such as food, water, and timber, regulating services such as climate regulation and flood
control, and cultural services such as recreational and spiritual benefits (Allam et al., 2021a).
Incorporating ecosystem services into sustainability transition pathways can help to ensure that
the transition process not only reduces greenhouse gas emissions but also enhances the

resilience and adaptive capacity of social-ecological systems.

The adoption of ecosystem accounting has the potential to reconfigure policy frameworks at
both national and international levels. As it embeds the worth of natural resources and
ecosystem services into the economic dialogue, it can stimulate policy emphasis on ecological
preservation, sustainable expansion, and green technological advancements. On a global scale,
this approach, coupled with other measures, can unveil a pathway for innovative financial

structures for Green New Deals.
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4.6.4 Towards a Symbiotic Transition Pathway: Building on the Green New Deal

Given the limitations and challenges outlined above, there is a pressing need for a more
symbiotic transition pathway that integrates both sectoral transitions and ecosystem services, as
well as addresses the specific needs and contexts of developing nations. The Green New Deal,
posited as a policy proposal aimed at addressing both climate change and economic inequality,
offers a promising starting point for such a pathway. A symbiotic transition pathway can be built
on the core principles of the Green New Deal, which emphasize the need for a just and inclusive
transition that leaves no one behind. This means taking into account the specific socio-economic
and political contexts of developing nations, and ensuring that their unique challenges and

vulnerabilities are addressed through tailored policies and strategies.
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5.1.2 Abstract

Research on climate change has increased significantly since the 1970s. There has also been a
particular focus on Africa, given its vulnerability to climate change impacts and its urbanization
trends that may have massive implications for climate change adaptation and mitigation. Despite
the wealth of publications on climate change in Africa, there is a lack of review studies that
highlight the overall research landscape. If this status of climate research is clarified, African
countries can better deal with climate change. Hence, this paper aims to improve our
understanding of the status and trends of research on climate change adaptation and mitigation
in Africa. Our review, straddling from 1990 to late 2021, recognizes the foundations that
underpin climate change adaptation and mitigation literature. Based on keywords associated
with Africa's climate change adaptation and mitigation, we undertook bibliometric research by
collecting 3,316 related SCI/SSCI articles. In addition, we provided a thematic evolution over
three decades, compartmentalized into four sub-periods (1990-2007; 2008-2014; 2015-2019;
2020-2021). Priority research topics and themes have been dynamic over time, with some core
concepts receiving more attention (vulnerability, food, water, and energy security). Although the
number of published articles exhibited a rapidly growing trend, their distribution is extremely
uneven. Articles were mainly published by institutions from certain parts of the continent, with
the University of Cape Town, making the highest contribution. About 72% of the existing studies
focused on climate change adaptation, while climate change mitigation was less represented
with 22%. The results also showed that researchers have examined not all African countries.
South Africa, Ethiopia, and Ghana are hot spots, while most countries are largely neglected.
Africa and African countries need to improve their future research ability on climate change
mitigation. Assessing climate change risks and measures in African countries should be

prioritized.
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Research on climate change has increased significantly since the 1970s.
There has also been a particular focus on Africa, given its vulnerability to
climate change impacts and its urbanization trends that may have massive
implications for climate change adaptation and mitigation. Despite the wealth
of publications on climate change in Africa, there is a lack of review studies
that highlight the overall research landscape. If this status of climate research
is clarified, African countries can better deal with climate change. Hence, this
paper aims to improve our understanding of the status and trends of research
on climate change adaptation and mitigation in Africa. Our review, straddling
from 1990 to late 2021, recognizes the foundations that underpin climate
change adaptation and mitigation literature. Based on keywords associated
with Africa’s climate change adaptation and mitigation, we undertook
bibliometric research by collecting 3,316 related SCI/SSCI articles. In addition,
we provided a thematic evolution over three decades, compartmentalized into
four sub-periods (1990-2007; 2008-2014; 2015-2019; 2020-2021). Priority
research topics and themes have been dynamic over time, with some core
concepts receiving more attention (vulnerability, food, water, and energy
security]. Although the number of published articles exhibited a rapidly growing
trend, their distribution is extremely uneven. Articles were mainly published by
institutions from certain parts of the continent, with the University of Cape
Town, making the highest contribution. About 72% of the existing studies
focused on climate change adaptation, while climate change mitigation was
less represented with 22%. The results also showed that researchers have
examined not all African countries. South Africa, Ethiopia, and Ghana are hot
spots, while most countries are largely neglected. Africa and African countries
need to improve their future research ability on climate change mitigation.
Assessing climate change risks and measures in African countries should
be prioritized.
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5.2.2 Abstract

The concept of smart cities peaked in 2015, bringing an increased influx of ‘smart’ devices in the
form of the Internet of Things (loT) and sensors in cities. As a result, interest in smart urban
governance has become more prevalent in administrative, organisational, and political circles.
This is sustained by both local and global demands for an increased contribution to the goals of
sustainability through urban governance processes in response to climate change urgencies.
Cities generate up to 70% of global emissions, and in light of societal pressures for more
inclusivity and democratic processes, the need for sound urban governance is merited. Further
knowledge on the theme of smart urban governance is required to better understand the trends
and knowledge structures and better assist policy design. Therefore, this study was undertaken
to understand and map the evolution of the concept of smart urban governance through a
bibliometric analysis and science mapping techniques using VOSviewer. In total, 1897 articles
were retrieved from the Web of Science database over 5 decades, from 1968 to 2021, and
divided into three subperiods, namely 1978 to 2015, 2016 to 2019, and 2020 to early 2022.
Results indicate that the overall emerging themes across the three periods highlight the need for
citizen participation in urban policies, especially in relation to smart cities, and for sustained
innovation for e-participation, e-governance, and policy frameworks. The results of this study
can aid both researchers exploring the concept of urban governance and policy makers rendering

more inclusive urban policies, especially those hosting technological and digital domains.
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Abstract: The concept of smart cities peaked in 2015, bringing an increased influx of ‘smart’ devices
in the form of the Internet of Things (IoT) and sensors in cities. As a result, interest in smart urban
governance has become more prevalent in administrative, organisational, and political circles. This is
sustained by both local and global demands for an increased contribution to the goals of sustainability
through urban governance processes in response to climate change urgencies. Cities generate up
to 70% of global emissions, and in light of societal pressures for more inclusivity and democratic
processes, the need for sound urban governance is merited. Further knowledge on the theme of smart
urban governance is required to better understand the trends and knowledge structures and better
assist policy design. Therefore, this study was undertaken to understand and map the evolution
of the concept of smart urban governance through a bibliometric analysis and science mapping
techniques using VOSviewer. In total, 1897 articles were retrieved from the Web of Science database
over 5 decades, from 1968 to 2021, and divided into three subperiods, namely 1978 to 2015, 2016
to 2019, and 2020 to early 2022. Results indicate that the overall emerging themes across the three
periods highlight the need for citizen participation in urban policies, especially in relation to smart
cities, and for sustained innovation for e-participation, e-governance, and policy frameworks. The
results of this study can aid both researchers exploring the concept of urban governance and policy
makers rendering more inclusive urban policies, especially those hosting technological and digital

domains.

Keywords: smart cities; urban governance; smart governance; ICT; IoT; big data analytics; inclusivity;
citizen participation; innovation; institutions; democracy

1. Introduction

Cities across the globe have been confronted by several challenges in the past century,
including climate change, rapid population growth, and exponential urbanization, amongst
others. After the end of World War Two (WW?2), it was reported that the economic welfare
of many global residents started to grow, especially in urban areas, courtesy of sound
urban governance approaches that were adopted [1]. This was prompted by an increase
in opportunities for economic growth, education, socialization, and recreation in cities,
thereby attracting a sizeable number of people, businesses, and government operations.
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5.3.2 Abstract

The Conference of Parties (COP) 26 highlighted the need for global-level deep decarbonization
and provided financial instruments to aid climate mitigation in the global south, as well as
compensation avenues for loss and damage. This narrative reiterated the urgency of addressing
climate change, as well as aiding advances in green products and green solutions whilst shifting
a portion of responsibility upon the global south. While this is much needed, we argue that the
science rhetoric driving this initiative continues to be advantageous to the global north due to
their capacity to control consumption gaps and to access human knowledge and resource
extraction. If not addressed, this will reinforce a continuing unjust north/south narrative,

highlighting neo-climate colonialism precepts.
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Abstract: The Conference of Parties (COP) 26 highlighted the need for global-level deep decarboniza-
tion and provided financial instruments to aid climate mitigation in the global south, as well as
compensation avenues for loss and damage. This narrative reiterated the urgency of addressing
climate change, as well as aiding advances in green products and green solutions whilst shifting
a portion of responsibility upon the global south. While this is much needed, we argue that the
science rhetoric driving this initiative continues to be advantageous to the global north due to their
capacity to control consumption gaps and to access human knowledge and resource extraction. If not
addressed, this will reinforce a continuing unjust north/south narrative, highlighting neo-climate
colonialism precepts.

Keywords: climate justice; global north; global south; climate change; COP26; science; climate
knowledge; mining

1. Introduction

Discussions at the Conference of Parties (COP) 26, supported by the latest findings
from the IPCC, pointed to the urgent need for global deep decarbonization [1,2]. This
is supported by the fact that if all countries committed to their nationally determined
contributions (NDC), temperatures could still increase by as much as 2.7 °C, exceeding
the Paris Agreement target of 2 °C, preferably 1.5 °C [3]. The Intergovernmental Panel
on Climate Change (IPCC) further points to the need for deep rooted policies on climate
mitigation and suggests possible pathways, painting a bleak picture if urgent actions are
not pursued [1]. This will demand a new focus and an increasing need for new products
that can respond to climate needs. With a growing consensus upon the subject from private
sector agencies, it can be expected that a race for ‘green products’ and ‘green solutions’ will
be witnessed to supply the demand for sustainability transitions and mechanisms. The
design, purchase and implementation of those products and solutions, however, can be
expensive. It will place further demand on access to expertise and raw materials that are
inequitably distributed around the world, adding to the challenge of addressing the global
north/south disparity. This is a key subject in attaining climate justice and just transitions.
It must therefore be at the forefront of global discussions but must not be seen as a linear
objective. So, while the subject of climate financing instruments and provisions for loss
and damage as addressed in the Glasgow Climate Pact [2] have been well received, there
is an equal need to look at the capacity of the global south in developing solutions for
an upcoming ‘green’ race, there being a need for “green’ technology to satisfy increasing
market demands.

Ceogmpu'riﬂs 2022, 2, 201-203. ht'rps: i doi.org,a’ 10.3390/ geographjesZDZOOM

htrps: /www, mdpi. com/journal/ geograp hies

45



5.4 Paper 4 - Introducing a global planetary ecosystem accounting in the wake of the Amazon

Forest fires

5.4.1 Co-authorship form and contribution weightage

Title Introducing a global planetary ecosystem accounting in the wake of
the Amazon Forest fires

Journal Humanities And Social Sciences Communications

Publisher NATURE

Status Published

Cite as Allam, Z., Jones, D.S. & Biyik, C. Introducing a global planetary

ecosystem accounting in the wake of the Amazon Forest
fires, Humanit Soc Sci Commun 8, 249 (2021).

Contribution

Name Share Signature
Zaheer Allam 75%
David Sydney Jones 15%
Can Biyik 10%

46




5.4.2 Abstract

Since the 19th century, rapid urbanisation coupled with a demographic boom has increased
pressures on the global exploitation of natural resources leading to an array of issues at planetary
scale. Even though there have been significant ecologically driven human policy efforts, with
frameworks addressing ecosystem accounting and management, such are principally constricted
at sub-global levels; being regionally focussed, and hence lacking both cohesivity and
accountability. Resource management viewed through this lens leads to a number of geopolitical
factors as demonstrated recently with the Amazon Forest fires. This incident witnessed calls from
numerous countries calling for rapid remediation even though their own policies are harbingers
of equally damaging the environments through other means. This disparity in resource
accounting and management on a planetary scale is apparent from diverse local and regional
groups and needs to be addressed in order to sustain a truly sustainable and liveable ecosystem
and their failures in realising a viable ecosystem accounting system. This perspective paper
explores this theme and proposes a ‘Global Planetary Ecosystem Accounting’ system based on
the principle that ecologically sensitive areas benefiting the global ecosystem need to be

economically weighted and its preservation equated to a revenue-generating activity.
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planetary scale. Even though there have been significant ecologically driven human policy
efforts, with frameworks addressing ecosystem accounting and management, such are
principally constricted at sub-global levels; being regionally focussed, and hence lacking both
cohesivity and accountability. Resource management viewed through this lens leads to a
number of geopolitical factors as demonstrated recently with the Amazon Forest fires. This
incident witnessed calls from numerous countries calling for rapid remediation even though
their own policies are harbingers of equally damaging the environments through other means.
This disparity in resource accounting and management on a planetary scale is apparent from
diverse local and regional groups and needs to be addressed in order to sustain a truly
sustainable and liveable ecosystem and their failures in realising a viable ecosystem
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netary Ecosystermn Accounting’ system based on the principle that ecologically sensitive areas
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5.5.2 Abstract

The 2021 Conference of Parties (COP) 26 was expected as a landmark meeting, noting the
increased impacts of climate change and the subsequent warning reports by the
Intergovernmental Panel on Climate Change (IPCC) and that of the United Nations Framework
Convention on Climate Change (UNFCCC). With global temperatures gradually increasing, COP26
underlined the need for deeper commitments, fueling a race to decarbonization. However,
Nationally Determined Contributions (NDCs), where countries make their climate pledges, do
not reflect the need for just transition models with dimensions of inclusivity and economic equity
in mind. A measure that can emerge at national levels post-COP26 is ‘Green New Deals,” which
can respond to contextual needs while accelerating sustainability transitions with social
protection frameworks if carefully designed. With proper structuring, while taking into account
immediate, short- and medium-term goals, Green New Deals can be designed as a critical tool

to ensure the attainment of sustainability agendas while pursuing social and economic justice.
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The 2021 Conference of Parties (COP) 26 was expected as a landmark meeting, noting the increased impacts of
climate change and the subsequent warning reports by the Intergovernmental Panel on Climate Change (IPCC)
and that of the United Nations Framework Convention on Climate Change (UNFCCC). With global temperatures
gradually increasing, COP26 underlined the need for deeper commitments, fueling a race to decarbonization.
However, Nationally Determined Contributions (NDCs), where countries make their climate pledges, do not re-
flect the need for just transition models with dimensions of inclusivity and economic equity in mind. A measure
that can emerge at natonal levels post-COP26 is ‘Green New Deals,” which can respond to contextual needs while

accelerating sustainability transitions with social protection frameworks if carefully designed. With proper struc-
turing, while taking into account immediate, short- and medium-term goals, Green New Deals can be designed
as a critical tool o ensure the artainment of sustainability agendas while pursuing social and economic justice.

Climate talks have been ongoing for three decades since the first
Conference of Parties (COPs) in 1992, but negative climate impacts con-
tinue to increase both in terms of frequency and intensity. The United
Nations Framework Convention of Climate Change (UNFCCC) points
out that if all countries commit to their Nationally Determined Con-
tributions (NDC), temperatures could still increase by as much as 2.7 °C
(UNFCCC 2021), exceeding the Paris Agreement target of 2 °C, prefer-
ably below 1.5 "C. This will demand deep decarbonization and adequate
financing needs. Still, it is now understood that wealthy governments
will not be fulfilling their pledge of USD 100 billion, aimed at helping
developing economies in their pursuit of climate mitigation programs,
until at least 2023 (OECD 2021), while it was initially proposed in 2009
and captured in the Pars Agreement (Article 9). The initial target was
for the developed economies to raise at least $100 billion by 2020, but,
as reported by the OECD (OECD 2020), only $78 billion was noted to
have been raised by the end of 2019.

With the frequency and intensity of climate events such as storm
surges, flash floods, desertification, and droughts, among others, is on
the rise, Developing, Least Developed Countries (LDCs) and Small Island
Developing States (SIDS) continue to be exposed. These challenges con-
tinue to impact the livelihood of communities in those economies. The

* Corresponding author.
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resilience gap between these and developed economies can be huge,
while developed economies are the largest carbon emitters (Ari and
Sari, 2017) that induced climate changes. The inequitable resilience
levels contributed to increasing climate migrations. For instance, the
number of climate migrants had risen by over 30.7 million by the end
of 2020 (UNEP 2014). Additionally, in contrast with the Global North,
which has financial means and capacities, SIDS experienced at least four
times the costs of infrastructure investments due to high dependency
on the importation, prompted by limited inland resources, and low re-
silience levels climate change (Mycoo and G.Donovan, 2017). This then
points to a disproportionally high budgetary need to warrant investing
in projects that match anticipated climate risks, as well as capacities to
promote adaptability, resilience, and economic growth.

The challenges for building economic resilience are made more com-
plex when computing the realities of COVID-19, prompting a need for
new strategies. The World Meteorological Organization (World Me-
teorological Organization 2021) highlights that during the height of
the pandemic in 2020, emissions had significantly reduced due to
widespread global lockdowns and reduced economic activities. How-
ever, as countries eased restrictions and gradually resumed economic
activities, an increase in emission levels was noted, reaching an all-time
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5.6.2 Abstract

The increasing impacts of climate change, coupled with the Greta Thunberg effect, the findings
of the Intergovernmental Panel on Climate Change (IPCC) reports, and varied environmental
policy documents, are pointing to the need for urgent and cohesive climate action and mitigation
frameworks. One potent solution, gaining global acceptance, is that of the Green New Deal
(GND), positioned as a radical rethinking of political and economic structures in view of pushing
sustainability at the forefront of national, regional, and global issues. With the model rapidly
gaining ground in various geographies, and in different forms in view of contextualization needs,
there is a need to better understand its evolution, knowledge structures, and trends. This paper
thus sets forth to provide an understanding of the evolution and implementation of GND through
a bibliometric analysis and science mapping techniques using VOSviewer and CiteSpace to
identify the thematic focus of 1174 articles indexed in the Web of Science since 1995. To
understand the thematic evolution of the field over time, we divided the study period into three
sub-periods, namely 1995-2014, 2015-2019, and 2020-2021. These sub-periods were
determined considering important milestones related to GNDs. Term co-occurrence analyses
were then conducted to understand thematic focus and associated trends. Also, co-citation
analysis and bibliographic coupling were other methods applied to identify major sources,
authors, publications, and countries that have made more contributions to the development of
research on GNDs. The findings of this paper can help both researchers and policy makers
understand the evolution and trends of GNDs to better formulate GNDs strategies and policies

in accordance with varying needs and geographies.
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Abstract: The increasing impacts of climate change, coupled with the Greta Thunberg effect, the find-
ings of the Intergovernmental Panel on Climate Change (IPCC) reports, and varied environmental
policy documents, are pointing to the need for urgent and cohesive climate action and mitigation
frameworks. One potent solution, gaining global acceptance, is that of the Green New Deal (GND),
positioned as a radical rethinking of political and economic structures in view of pushing sustainabil-
ity at the forefront of national, regional, and global issues. With the model rapidly gaining ground
in various geographies, and in different forms in view of contextualization needs, there is a need
to better understand its evolution, knowledge structures, and trends. This paper thus sets forth
to provide an understanding of the evolution and implementation of GND through a bibliometric
analysis and science mapping techniques using VOSviewer and CiteSpace to identify the thematic
focus of 1174 articles indexed in the Web of Science since 1995. To understand the thematic evolu-
tion of the field over time, we divided the study period into three sub-periods, namely 1995-2014,
2015-2019, and 2020-2021. These sub-periods were determined considering important milestones
related to GNDs. Term co-occurrence analyses were then conducted to understand thematic focus and
associated trends. Also, co-citation analysis and bibliographic coupling were other methods applied
to identify major sources, authors, publications, and countries that have made more contributions
to the development of research on GNDs. The findings of this paper can help both researchers and
policy makers understand the evolution and trends of GNDs to better formulate GNDs strategies
and policies in accordance with varying needs and geographies.

Keywords: green new deal; green growth; bibliometric analysis; environmental policy; decarboniza-
tion; COVID-19; sustainability; climate change; negative externalities

1. Introduction

The increasing impacts and challenges of climate change are more apparent and
have been widely documented, with consequences ranging from increasing incidences
of heatwaves and increased precipitation, leading to flashfloods, such as those lately
witnessed in Western Europe where over 200 deaths were reported in July 2021 alone [1].
Climate change is also credited for the increasing incidences of drought, especially in
sub-Saharan Africa, affecting regions are experiencing food insecurity, increased cases of
water shortage and numerous challenges amongst pastoralists as vast lands experience
desertification [2,3], and, amongst others, visible water sea-levels threatening some coastal
regions with submersion and increases in vector diseases, to name a few [4].
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5.7.2 Abstract

This perspective paper explores the rising impacts of the COVID-19 and the Russia—Ukraine war
from different perspectives, with an emphasis on the role of climate financing in achieving
equitable and just transition mechanisms and that of peace in expediting this pursuit and
sustaining this drive. It is motivated by the realization that there is an urgent need for
accelerating the decarbonisation agenda, as highlighted in pre-COP26 debates and in the
resulting Glasgow Climate Pact, through the mitigation measures that can be unpacked at both
cost and scale. This is further reiterated in the third instalment of Assessment Report 6 (AR6) the
Intergovernmental Panel on Climate Change (IPCC) report, dwelling on Mitigation of Climate
Change, underlining the required policy shifts and technology developmental needs. Green
technology, however, comes at a green premium, being more expensive to implement in
geographies that cannot absorb its cost in the immediate short term. This engenders an
inequitable and unjust landscape, as those that require green technology are unable to have
access to it but are most often on the frontlines of the impacts of climate change. While it is
urgent to review this issue and to encourage more cooperation for technology development and
transfer, the COVID-19 pandemic and the Russia—Ukraine war are posing mounting challenges
for achieving these objectives. These two crises are causing an unprecedented rise in
commodities and labour pricing, with further knock-on impacts on global supply chains for
technology. This is in turn rendering green technology unattainable for developing and less

developed countries and Small Island Developing States (SIDS).
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Abstract: This perspective paper explores the rising impacts of the COVID-19 and the Russia-Ukraine
war from different perspectives, with an emphasis on the role of climate financing in achieving equi-
table and just transition mechanisms and that of peace in expediting this pursuit and sustaining this
drive. It is motivated by the realization that there is an urgent need for accelerating the decarbonisa-
tion agenda, as highlighted in pre-COP26 debates and in the resulting Glasgow Climate Pact, through
the mitigation measures that can be unpacked at both cost and scale. This is further reiterated in
the third instalment of Assessment Report 6 (AR6) the Intergovernmental Panel on Climate Change
(IPCC) report, dwelling on Mitigation of Climate Change, underlining the required policy shifts and
technology developmental needs. Green technology, however, comes at a green premium, being more
expensive to implement in geographies that cannot absorb its cost in the immediate short term. This
engenders an inequitable and unjust landscape, as those that require green technology are unable
to have access to it but are most often on the frontlines of the impacts of climate change. While it
is urgent to review this issue and to encourage more cooperation for technology development and
transfer, the COVID-19 pandemic and the Russia—Ukraine war are posing mounting challenges for
achieving these objectives. These two crises are causing an unprecedented rise in commodities and
labour pricing, with further knock-on impacts on global supply chains for technology. This is in turn
rendering green technology unattainable for developing and less developed countries and Small
Island Developing States (SIDS).

Keywords: COVID-19 pandemic; Russia—Ukraine war; sustainability; resource management; energy

transitions; climate justice; climate change; green premiums; supply chain

1. Introduction

The impacts of climate change in this decade are becoming more apparent, especially
in the frequency and intensity of diverse range of climate events and the cascading impacts
of these events on socio-economic systems. As expressed in the latest [PCC report (Working
Group III of the Sixth Assessment Report), events such as erratic and unpredictable weather
are now more frequent [1]. The aftermath of these is a widespread consequence that
includes irreversible losses of ecosystems, especially in coastal and low-lying regions and
reduced food and water security [2] in many parts of the globe. This is due to issues
such as increased desertification, acidification of soils and water [3] and the emergence of
vector diseases. Climate change is also contributing to increasing adverse economic effects,
resulting from losses in tourism activities, destruction of infrastructures and establishments
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5.8.2 Abstract

In this opinion paper, we argue that two wars are currently raging in Ukraine and Russia: the
COVID-19 pandemic and the ongoing conflict. The redirection of funding for resilience and
preparedness towards the pandemic and the further redirection of financial flows from
community resilience and climate action to military due to the conflict are leading to a lack of
funding for sustainable development at national and local levels in Russia, Ukraine, and NATO
members. We highlight that this will make it challenging for both Russia and Ukraine to achieve
deep decarbonization and net-zero targets, leading to continued dependence on fossil fuels.
Additionally, addressing sustainable policies will allow for more sensible longer-term prospects
for developing sustainable cities. The paper concludes by calling for a global discourse on how
funding flows need to be channeled to revitalize communities in- and post-conflict to fight the
third war of climate change, which is currently being overlooked due to the ongoing conflicts in

Ukraine and Russia.
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Two wars are raging in Ukraine and Russia: the pandemic and the conflict. The former called for
the necessary redirection of funding for resilience and preparedness, and the latter is leading to
the further redirection of financial flows from community resilience and climate action to military.
Combined, both wars lead to a lack of funding for sustainable development at national and local
levels post-war in Russia and Ukraine, as well as NATO members. Additionally, current and future
economic sanctions on Russia will impoverish communities and businesses, and reduce Russia’s
capacity to invest in internally sustainable transitions. Concurrently Ukraine (or the re-invented
“Ukraine”) will need to redirect further financing for re-building and economic development.

Such a landscape will make it near impossible for both Russia and Ukraine to realize their
COP26 pledges to achieve deep decarbonization and net-zero targets (Duggal, 2021), leading to
their continued high dependence upon the sustenance of fossil fuels for many years into the future.
The increasingly vast and diverse imposed economic and business sanctions upon Russia will
substantially delimit their future debt-funded infrastructures. A possible argument may be geared
toward lifecycle extensions of fossil fuel power plants, as those offer lower upfront investment costs
when compared to the erection of new renewable power plants and or nuclear complexes—even
if they have faster Return on Investment (ROI) prospects (Castro, 2022). The need for funding
can be bridged but will demand deeper commitments for green transitions, a re-structured societal
system for more engaged citizen involvement, and renewed trading partnerships where the latter
will unfortunately rely upon a sustenance of fossil resources trading. Ensuring sustainable, and
long term stable infrastructure, will be particularly key for liveability of cities and communities,
as ensuring the functioning of those territories not only ensures human processes, but power
economic engines. On the climate side, addressing sustainable policies will allow for more sensible
longer-term prospects for developing sustainable cities, and for accessing developmental funds
provided for this effect.

On the Ukrainian side, a challenge of scale will present itself to its allies, particularly geared
on how to distribute aid and climate financing. This includes tapping into the USD$100 billion
climate fund pledged at COP26 (Ares and Loft, 2021) [or broken pledge (Timperley, 2021)],
for urgent retrofits in essential infrastructures for both immediate liveability needs and post-war
developments. The two avenues, however, must be structured in a way to avoid the reduction
of financial flows to the Global South, Least Developing Countries (LDCs) and Small Islands
Developing States [SIDS; (UN, 2022)], which are on the frontline of climate change. A global
discourse will soon emerge on how funding flows need to be channeled, where, on one side, some
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6. DISCUSSION

The exigency of climate action is now universally acknowledged, with the United Nations
identifying it as an existential crisis requiring immediate and substantial attention. As outlined in
previous sections, the interconnectedness of climate action with the Sustainable Development
Goals (SDGs) underlines its centrality to global efforts in achieving a sustainable future. While
global commitments to reducing carbon output and enhancing liveability are key, there is an
equal need to work on localized policies, working both at regional, national and local levels. In
this context, the Green New Deal emerges as a pivotal strategy, providing a framework for

integrating climate mitigation efforts with socio-economic reforms.

The Green New Deal's adaptability to various geographies is fundamental. It provides a blueprint
for localizing climate action, ensuring that policies are tailored to the specific socio-economic
and environmental contexts of different regions. For instance, the European Union's alignment
with the European Green Deal aims to render Europe climate-neutral by 2050, evidencing the

global scalability of the Green New Deal's principles (European Commission, 2020).

The growing recognition of climate change and social inequality as urgent global challenges has
spurred the development of Green New Deal (GND) models. These models aim to address the
environmental crisis and promote equitable economic growth through the rapid deployment of
clean energy, infrastructure investments, and social policies. However, current GND models often
focus on sustainability transitions without adequately considering the importance of ecosystem
accounting and conservation approaches. This paper introduces a novel dual framework that
addresses this gap by integrating GND policies with ecosystem accounting and conservation

strategies.

6.1 A dual framework of Green New Deals and Ecosystem Accounting and Conservation

The urgency of addressing climate change and inequality has led to the proliferation of Green
New Deal (GND) models worldwide (Allam et al., 2021b). While these models have been
successful in driving sustainable transitions, they often overlook the crucial role of ecosystem
accounting and conservation approaches. This thesis proposes a novel dual framework, outlined
in Figure 1 below, that combines GND policies with ecosystem accounting and conservation
strategies, aiming to build sustainability, equity, and inclusivity at local, regional, and global
scales. The framework is applied to extractive economies, transforming them into living

economies, while also promoting the conservation of ecosystems critical to planetary balance.
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By fostering equitable and inclusive living economies and preserving vital ecosystems, this dual

framework holds promise for a more sustainable and just future.

International

Principles
v

Extractive Living

Economy

National framework

v

Economy

Local mechanisms

___________________

|
| |
1
Funding Flows
|
| |
A A b 4

Ecosystem
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Figure 1. Proposed Green New Deal Framework, encompassing Ecosystem accounting &

conservation principles. Source by Author.

The proposed dual framework is distinct from existing GND models in two significant ways. First,
it incorporates both sustainability transitions through the application of GND policies and
ecosystem accounting and conservation approaches. Second, it applies GND policies to
extractive economies to facilitate their transformation into living economies, fostering more

equitable and inclusive development.

The framework encompasses several key components. At the international level, it calibrates
GND policies and ecosystem accounting principles to ensure a consistent narrative. This
harmonization allows for better integration of national and local mechanisms, ultimately
facilitating the implementation of sustainable and inclusive policies. Furthermore, the
framework emphasizes the importance of global and regional accounting and conservation
frameworks in understanding the role of specific ecosystem assets in their respective

geographies.
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6.1.1 Sustainability Transitions through Green New Deals

The application of GND policies to extractive economies is a pivotal aspect of the proposed
framework. Extractive economies, often defined by their exploitation of natural resources and
accompanying environmental degradation, are major contributors to greenhouse gas emissions.
By implementing GND policies, these economies can embark on a transformative journey
towards living economies, characterized by a prioritization of sustainability, equity, and
inclusivity (Allam et al., 2022c). This transformation involves a multifaceted approach, including
the adoption of clean energy technologies, the promotion of green jobs, investments in
sustainable infrastructure, and the implementation of progressive social policies that address

income inequality and social disparities (Barbier, 2010).

To ensure the success of these sustainability transitions, the framework advocates for aligning
GND policies with international principles, while simultaneously allowing for flexibility to adapt
to national and local contexts. This approach guarantees that GND policies are tailored to the
unique needs and challenges of individual countries and regions, fostering more equitable and
inclusive living economies. International collaboration and the sharing of best practices can
facilitate this harmonization, encouraging the development of policies that address global
climate goals and local socio-economic priorities. Moreover, the framework emphasizes the
importance of integrating stakeholder participation, including governments, businesses, and civil
society, in the design and implementation of GND policies. This inclusive process allows for the
incorporation of diverse perspectives and fosters a sense of shared responsibility in transitioning

towards a more sustainable and equitable future.

Capacity-building and targeted investments in education and skills development are also crucial
components of this transition. By equipping workers with the skills needed to participate in the
green economy, countries can ensure that the shift towards living economies is both just and
inclusive (Pop et al., 2011). This focus on human capital development not only promotes

economic growth but also contributes to social cohesion and resilience.

6.1.2 Ecosystem Accounting and Conservation Approaches

The dual framework not only facilitates sustainability transitions but also places significant
emphasis on ecosystem accounting and conservation strategies. Extractive economies, often
characterized by abundant financial resources, can play a crucial role in funding the conservation
of critical ecosystems that underpin planetary balance. Traditional conservation approaches

have been largely focused on geographical actors, limiting the scope and effectiveness of these
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efforts (Wilson et al., 2006). In contrast, this thesis proposes an expansion of this scope to
encompass global and regional accounting and conservation frameworks. By adopting global and
regional accounting frameworks, stakeholders, including governments, businesses, and non-
governmental organizations, can gain a more comprehensive understanding of the value and role
of specific ecosystem assets within their broader geographies. This enhanced understanding
enables the development of informed conservation strategies that prioritize the preservation of

ecosystems essential to maintaining planetary balance and supporting biodiversity.

Furthermore, these conservation efforts can be bolstered by international cooperation and
funding mechanisms. By pooling resources and expertise, countries can collectively address the
challenge of conserving critical ecosystems that extend beyond their borders. This collaborative
approach ensures that ecosystems are protected irrespective of their location, fostering a shared
responsibility for environmental stewardship. Additionally, to conservation efforts, the dual
framework encourages the integration of ecosystem accounting principles into economic
planning and decision-making processes. By quantifying the value of ecosystem services,
countries can better assess the trade-offs associated with different development paths and make

more informed decisions that align with long-term sustainability goals (Costanza et al., 1997).

To operationalize this expanded approach to ecosystem accounting and conservation, capacity-
building initiatives and the establishment of institutional frameworks at the regional and global
levels are necessary (McGrath et al., 2008). This will enable the exchange of knowledge, best
practices, and technical expertise, fostering a more effective and coordinated response to the

challenges of ecosystem conservation and sustainable development.

6.1.3 Local Mechanisms and Global and Regional Frameworks

The dual framework underscores the significance of local mechanisms and global and regional
frameworks in fostering sustainability, equity, and inclusivity. Local mechanisms, including
community-based initiatives and locally tailored policies, are crucial for transforming extractive
economies into living economies. Adapting GND policies to individual communities' specific

needs and contexts promotes equitable and inclusive development.

Ecosystems, transcending national borders and impacting larger geographies, require global and
regional frameworks for effective management and conservation (Allam et al., 2021a). The dual

framework suggests that these frameworks should be developed alongside local mechanisms to
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enhance the conservation of ecosystems critical to planetary balance. Aligning local efforts with

global and regional strategies enables a comprehensive approach to preserving vital ecosystems.

To successfully implement this dual framework, cooperation and coordination among local,
regional, and global stakeholders are essential. Sharing knowledge, best practices, and technical
expertise, as well as developing joint programs addressing interconnected challenges of
sustainability, equity, and ecosystem conservation, can facilitate this process. Empowering local
communities is another crucial aspect of the dual framework, as their unique knowledge and
perspectives are invaluable in sustainable development efforts. Involving communities in
designing, implementing, and evaluating GND policies and conservation strategies fosters a

sense of shared responsibility in achieving long-term sustainability goals.
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7. CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

This thesis comprehensively explored the potential of Green New Deals (GNDs) in promoting
equitable sustainability transitions across various geographies and economic contexts, while
considering the challenges posed by the COVID-19 pandemic and geopolitical conflicts. By
examining financial hurdles and prospects, technology adoption and transfer, and tailor-made
strategies, the study has provided valuable insights into the role of GNDs in realizing

sustainability objectives and fostering social and economic justice.

The eight publications forming this thesis by compilation have underscored the importance of
crafting GNDs that cater to contextual needs and establish social protection frameworks. The
research has highlighted the significant financial challenges and opportunities in global
sustainability transitions and emphasized the critical role of various stakeholders, such as
governments, industries, regulators, and communities, in addressing these challenges.
Furthermore, the study has shed light on the potential of technology adoption, transfer, and
innovation in hastening sustainability transitions and examined the impact of external factors,
such as the COVID-19 pandemic and the Russia-Ukraine war, on technology advancement and

access.

7.1 Limitations

In exploring the wide-ranging impacts of ecosystem accounting from a global standpoint, this
thesis has strived to lay the groundwork for a comprehensive framework. While this lens has
allowed to survey the overall landscape, it is crucial to recognize the inherent limitations. The
foremost of these is the omission of specific regional challenges that are indispensable in shaping
localized policies. Different corners of our world present a rich tapestry of ecological, economic,
and socio-cultural variations that demand tailored accounting strategies. Another notable
shortcoming lies in the complicated task of translating the immeasurable services of nature into
financial metrics. Finally, in focusing on the broader spectrum, the thesis did not address
potential roadblocks in the political and institutional arenas. The integration of ecosystem
accounting into mainstream economic planning and policy decisions is often impeded by
entrenched interests, the mismatch of short-term political agendas with long-term ecological
realities, and the pressing need for capacity building to facilitate such a transformative change.
It is however important to recognise that methodologies employed in ecosystem accounting
continue to evolve and may represent a gap, particularly in respect to Green New Deal policies,

committing significant resources. Finally, the thesis must acknowledge the disparities in data
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quality and availability, which can lead to an underrepresentation of local and indigenous

knowledge systems.

7.2 Recommendations

Given the findings and conclusions presented in this thesis, several recommendations for future
research emerge. These recommendations aim to build on the insights gained from this study
and contribute to a deeper understanding of the intricacies of GNDs and equitable sustainability

transitions.

1. Develop context-specific GND policy instruments: Future research should explore the
development of context-specific policy instruments that address the unique challenges
and opportunities of different geographies and economies. This includes examining the
role of local governance structures, community-based initiatives, and regional
cooperation in implementing GNDs. Case studies focusing on specific regions or
countries can provide valuable insights into the successes and challenges faced by these
areas in adopting GND policies and can inform the development of best practices and

lessons learned.

2. Investigate financing mechanisms for GND implementation: Given the significant
financial challenges associated with sustainability transitions, future research should
delve into innovative financing mechanisms that can support GND implementation. This
includes exploring public and private financing options, blended finance, and the role of
international financial institutions in mobilizing resources for GNDs. Additionally,
research should examine the potential for fiscal policies, such as carbon pricing and

subsidy reforms, to generate revenue for GND investments.

3. Evaluate the role of technology in GND implementation: The thesis has highlighted the
potential of technology adoption, transfer, and innovation in accelerating sustainability
transitions. Future research should further explore the role of technology in GND
implementation, examining the barriers to technology transfer and the effectiveness of
support mechanisms, such as research and development funding, capacity building, and

technology sharing platforms.

4. Investigate the impact of external factors on GND implementation: Numerous papers in
this thesis have demonstrated the detrimental effects of the COVID-19 pandemic and
geopolitical conflicts on technology advancement and access. Future research should
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continue to explore the impact of external factors on GND implementation, monitoring
the evolving landscape of global challenges and identifying opportunities for resilience

and adaptation in the face of uncertainty.

Examine the integration of ecosystem accounting and conservation strategies within
GNDs: Building on the thesis's recommendation for a Global Planetary Ecosystem
Accounting system, future research should explore the integration of ecosystem
accounting and conservation strategies within GNDs. This includes examining the
development of global and regional frameworks for ecosystem valuation, management,
and conservation, as well as the establishment of monitoring and evaluation systems to

assess the effectiveness of these strategies.

Assess the scalability and replicability of GND success stories: Future research should
investigate the scalability and replicability of successful GND implementations in various
contexts. By examining case studies and identifying the factors that contributed to their
success, researchers can develop a better understanding of how GND policies can be
adapted and scaled to different geographies and economies. This would also contribute
to the development of best practices and guidelines that can facilitate the

implementation of GNDs in diverse settings.

Foster interdisciplinary and transdisciplinary research on GNDs: Given the multifaceted
nature of GNDs, future research should adopt interdisciplinary and transdisciplinary
approaches that incorporate perspectives from various fields, such as economics,
sociology, political science, and environmental sciences. By fostering cross-disciplinary
collaboration, researchers can better understand the complex interactions between
GND policies, social dynamics, and ecological systems, leading to more effective and

holistic policy recommendations.

Engage with local communities and indigenous peoples in GND research: The thesis
emphasises the importance of engaging with local communities and indigenous peoples
in the development and implementation of GNDs. Future research should prioritize
inclusive and participatory research methodologies that involve these stakeholders in
the research process, ensuring that their unique knowledge and perspectives are

incorporated into the analysis and policy recommendations.

Monitor and evaluate the long-term impacts of GND policies: To assess the effectiveness

of GNDs in promoting equitable sustainability transitions, future research should focus
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on the development of robust monitoring and evaluation frameworks that track the
long-term social, economic, and environmental outcomes of GND policies. By measuring
the impacts of GNDs over time, researchers can identify areas for improvement and

ensure that policies evolve in response to emerging challenges and opportunities.
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Research on climate change has increased significantly since the 1970s.
There has also been a particular focus on Africa, given its vulnerability to
climate change impacts and its urbanization trends that may have massive
implications for climate change adaptation and mitigation. Despite the wealth
of publications on climate change in Africa, there is a lack of review studies
that highlight the overall research landscape. If this status of climate research
is clarified, African countries can better deal with climate change. Hence, this
paper aims to improve our understanding of the status and trends of research
on climate change adaptation and mitigation in Africa. Our review, straddling
from 1990 to late 2021, recognizes the foundations that underpin climate
change adaptation and mitigation literature. Based on keywords associated
with Africa’s climate change adaptation and mitigation, we undertook
bibliometric research by collecting 3,316 related SCI/SSCI articles. In addition,
we provided a thematic evolution over three decades, compartmentalized into
four sub-periods (1990-2007; 2008-2014; 2015-2019; 2020-2021). Priority
research topics and themes have been dynamic over time, with some core
concepts receiving more attention (vulnerability, food, water, and energy
security). Although the number of published articles exhibited a rapidly growing
trend, their distribution is extremely uneven. Articles were mainly published by
institutions from certain parts of the continent, with the University of Cape
Town, making the highest contribution. About 72% of the existing studies
focused on climate change adaptation, while climate change mitigation was
less represented with 22%. The results also showed that researchers have
examined not all African countries. South Africa, Ethiopia, and Ghana are hot
spots, while most countries are largely neglected. Africa and African countries
need to improve their future research ability on climate change mitigation.
Assessing climate change risks and measures in African countries should
be prioritized.
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climate change, adaptation, mitigation, Africa, bibliometric analysis, urbanization,
vulnerability, risk
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Introduction

Climate change is a threat to humanity. Global CO,
emissions have increased considerably from 14.9 billion metric
tons in 1970 to 36.4 billion metric tons in 2021*. Consequently,
atmospheric concentration of CO, emissions has increased
from 325 ppm to 414 ppm over the same period. Africa, like
other continents, is vulnerable, and exposed to extreme climate
events (Busby et al., 2014; Russo et al., 2016). Vulnerability is
exacerbated by the continent’s low adaptive capacity and its
dependence on rain-fed agriculture (Dzoga et al., 2018; Apraku
etal., 2021; Azadi et al., 2021).

Temperatures have been reported to be increasing in Africa.
North Africa’s temperature has been increasing between 0.2°C
per decade and 0.4°C since the 1970s (Donat et al., 2014;
Lelieveld et al., 2016). Meanwhile, in West Africa, temperatures
have undergone positive trends of 0.28°C (Russo et al., 2016;
Nikiema et al., 2017). Temperature intensity has increased from
0.25 to 1.8°C in the Sahel and West Africa (Vizy and Cook, 2012;
Fotso-Nguemo et al., 2017; Iyakaremye et al., 2021). According
to literature, South Africa has the highest projected increase
(Engelbrecht et al., 2015; Moron et al., 2016; Hoegh-Guldberg
et al., 2018). Frequent temperature increases affect arable land
and reduce the production of many African crops (Berck et al.,
2018; Mumo et al., 2018).

Annual rainfall in Africa has also varied between regions.
North Africa has witnessed negative trends in precipitation
(Tramblay et al., 2013; Hertig et al., 2014). Declining trends have
also been observed in West Africa (Nicholson et al.,, 2018), but
East and Southern Africa are experiencing high precipitation
(Liebmann et al., 2014; Nicholson, 2017; Nikulin et al., 2018).
The overall outcome is a negative trend in Africa’s rainfall, which
negatively impacts the environment, livelihoods, food, water,
and energy security (Akinsanola et al., 2021). Approximately,
US$ 1.4 billion annually on food crops across Africa has been
lost (Sileshi and Gebeyehu, 2021). Aggregate annual production
losses of 8.9% have been reported, translating to 2.3 million MT
of wheat lost, affecting 48.2 million consumers across Africa
(Sileshi and Gebeyehu, 2021). About 57% of arable land in Africa
produces fewer crops, resulting in poverty, affecting about 40%
of the population (Berck et al., 2018). About 25% reduction has
been reported in East Africa’s annual crop yields (Mumo et al.,
2018). By 2023, $1.4trillion of Africa’s GDP will be vulnerable to
climate change, a significant 48% of the entire continent’s GDP
(Sileshi et al., 2019).

Economic growth and rapid urbanization have been evident
in Africa. Some countries have recorded increasing economic
growth, like Rwanda (8.7%), Ethiopia and Cote d’Ivoire (7.4%),
Ghana (7.1%), Tanzania (6.8%), and Benin (6.7%) (Tenaw
and Hawitibo, 2021). Africa’s urbanization rate increased from

1 Statistica.com
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30.8 to 38.8% between 2000 and 2018, with a 2.2% economic
growth (Nathaniel and Adeleye, 2021). Seventy-nine African
cities are amongst the world’s top 100 fast-growing cities and
face extreme risks due to climate change (Weforum, 2021). An
increase in economic growth and urbanization translates to high
energy demand and GHG emissions. Africa is also characterized
by its rapid demographic change. Countries like Tanzania,
Nigeria, Ethiopia, and Angola have registered annual population
growth rates of 4.8, 4.5, 4.3, and 3.7%, respectively (Weforum,
2021). Population explosion has increased CO; emission from
399,239Kw in 1990 to 823,424Kt in 2018 (Worldbank, 2022).
In 2019, South Africa was the most polluting country, having
emitted 479 billion metric tons of CO;, emissions, followed by
Egypt with 247 billion metric tons of CO, emissions (Saleh,
2021). Countries like Nigeria, Algeria, Libya, and Morocco are
other large producers of CO, (=10 Mt/year) (Boden et al,
2017; Habimana Simbi et al., 2021). Rapid economic growth
and population lead to the fast growth of CO, emissions and
environmental degradation in many African countries. This
showcases the role of Africa in global climate change during its
socioeconomic transformation. Therefore, policymakers must
focus more on adaptation and mitigation strategies to curtail the
impacts of climate change on the continent.

There has been a rapidly increasing number of reviews
on climate change in Africa. Akinyi et al, look at the
trade-offs and synergies related to implementing climate
adaptation strategies among farmers (Akinyi et al, 2021).
There have been studies on the impacts of climate change on
water resources (Nkhonjera, 2017; Leal Filho et al, 2022a),
with a consensus that adaptation and mitigation measures
are necessary to cut the impacts on water resources. A
study by (Zinyengere et al, 2013) projects an 18% decline
in maize yields and suggests adaptation could potentially
moderate the negative impacts of climate change. Nyiwul
(2021), examined if the needs of the poor somehow influence
adaptation and mitigation policies and states. In addition
to review studies, many research papers on climate change
in Africa have been published (Steynor et al., 2020; North
et al., 2022). This significant increase in publications makes
it challenging for climate change researchers to maintain
an up-to-date overview of the literature. Therefore, it is
imperative to obtain a full overview of climate change
mitigation and adaptation research in Africa for intellectual and
political reasons.

Bibliometrics stands as one of the powerful quantitative
methods that can be used to analyze the development of
scientific literature in a research field like climate change
(De Bakker et al., 2005; Hirsch, 2005; Sharifi et al., 2021).
Bibliometric methods and tools can be used to trace the
intellectual landscape of climate change across the globe (Li
et al, 2011). Several bibliometric analyses of climate change
studies have been conducted. For instance, a bibliometric
analysis of climate change adaption has been done, and
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results show that the US ranks first in terms of publication
output (Wang et al., 2018). Climate change vulnerability
has been explored using quantitative analysis showing that
food insecurity is one of the most frequently discussed
areas in climate vulnerability research (Wang et al, 2014).
In 2015, research hotspots and models in climate policy
were reviewed using a bibliometric method (Wei et al,
2015). The interrelationship between resilience, adaptation,
and vulnerability in the face of changing climate has been
researched by Janssen et al. (2006). There have also been
studies on the impacts of global warming on tea production
using a bibliometric analysis (Marx et al, 2017). A study
that has come so close to the present is the study of
climate change in the belt and road initiative regions (Tan
et al, 2021) where the authors elaborated on the status
and trends of climate change research in the Belt and
Road Initiative regions of Central Asia, Russia and Europe
Other studies have focused on climate change mitigation,
adaptation, and resilience (Einecker and Kirby, 2020), and
mapped urban sustainability and its links to climate change
mitigation and adaptation (Sharifi, 2021; Sharifi et al,
2021).

Thus, there are more than a few previous bibliometric
studies with comprehensive analyses of climate change.
However, to the best of our knowledge, there are rare, if not
none, on climate change adaptation and mitigation in Africa. As
Africa is highly vulnerable to climate change, a clearer picture of
climate change adaptation and mitigation research is of practical
significance to the intellectual community. Therefore, this study
aims to review Africa’s research status and trends on climate
change adaptation and mitigation. This review addresses the
following questions: What are the growth trends in research
on climate change adaptation and mitigation in Africa? Which
authors and documents in the literature on climate change
adaptation and mitigation have had the greatest impact on
citation in the past 30 years? What is the intellectual structure of
the knowledge base on climate change adaptation and mitigation
in Africa, and how has the research on this topic evolved? This
overview is one of the first attempts to quantify the growth of
climate change adaptation and mitigation science literature in
the African continent. It should be noted that, unlike systematic
reviews, this bibliometric review does not intend to provide
details on different issues related to the study topic. Instead,
it provides an overview of the state of the knowledge and
highlights the related structures and trends.

The paper is organized as follows: Section Methodology
describes the methodology, clearly explaining the parameters
used in searching articles. Section Results and discussions
outlines the results and discussions. Lastly, potential new areas
that are likely to influence the field of climate change in Africa
are investigated in the final section.
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Methodology

Literature search and selection were conducted following
the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA) (Moher et al., 2010). To
retrieve documents related to two major themes, “Climate
Change Adaptation” and “Climate Change Mitigation” a
combination of keywords was used to build the search string
(see the Supplementary material). The theme of climate change
adaptation referred to keywords such as adaptation, resilience,
risk, management, and reduction. In contrast, the theme of
climate mitigation involved keywords such as decarbonization,
mitigation, carbon, CO;, and GHGs. Synonyms were taken into
consideration. All countries in Africa were included in the search
string. The search was further performed in the three fields
of titles, abstracts, and keywords for a more comprehensive
data retrieval. The start time of the search was 1990, and the
end time was 2021. The search returned 3,958 documents in
formats compatible with the VOSviewer software. The eligibility
criteria included the following: (1) articles on adaptation and
mitigation studies in Africa and or any African country; (2)
Peer-reviewed empirical, primary research papers in academic
journals, books or book chapters, or conference proceedings
(3), papers pubished in English. The next step was the manual
screening of the documents to exclude irrelevant ones. After
exclusion, we retained 3,235 articles.

The following bibliometric databases were searched on
November 15, 2021: Science Citation Index (SCI), Social
Sciences Citation Index (SSCI), SCI-EXPANDED, Arts and
Humanities Citation Index (A&HCI), and (Emerging Sources
Science Citation Index (ESCI) in the Web of Science Core
Collection of Clarivate Analytics, Canada. Vosviewer, which is a
freely available Javan application, was used for data analysis (van
Eck and Waltman, 2010) (VOSviewer at: https://www.vosviewer.

com).

Text mining and bibliometric analysis

Bibliometric analysis was then conducted on related articles,
and Vosviewer was used for data analysis. Among the
different analyses used were the term co-occurrence analysis,
bibliographic coupling, and co-citation analysis. For the term
co-occurrence analysis, documents were set as the unit of
analysis, while cited references, cited sources, and cited authors
as units of analysis for co-citation analysis. Bibliometric coupling
was also analyzed. This was done by using the full counting
method, and organizations and countries were used as units
of analysis.

To highlight major thematic areas, term co-occurrence
analysis was used. This kind of analysis presents terms that have
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co-occurred frequently and are strongly connected to each other.
A thesaurus file was developed and added to the VOSviewer
database prior to analysis. The reason is because some terms
have different variants and can easily result in separate counting
of synonyms; for example, Green House Gases and GHGs. The
outputs of bibliometric analysis using VOSviewer are graphs
(combination of nodes and links). The size of the nodes in
the outputs is proportional to the occurrence frequency, and
the width of the links connecting nodes is proportional to the
strength of connections. Terms that co-occur more frequently
form clusters that show different thematic areas. In addition to
bibliometric analysis, content analysis of the abstracts was done
to determine the studies’ geographic focus (country level).

To map the thematic transition over time, we divided
the study period into four subperiods (1990-2007, 2007-2014,
2015-2019, and after 2020). It should be noted that 2007 and
2014 were selected as milestones considering that releases of
the IPCC reports in these years might have triggered climate
change research in Africa. It was possible to include sub-periods
before 1990, but, as can be seen from the results in section
Results and discussions, less research was published until 1990,
not warranting further sub-periods. To understand the thematic
shift during each period, term co-occurrence analyses were
conducted for each sub-period.

Results and discussions
The trends

The growth trends of climate change adaptation and
mitigation literature were examined from the initial starting
point of 1990. Figure 1 shows the total number of publications
in the different time periods. It displays how climate change
research in Africa has increased steadily across the three decades.
The results show that the number of articles in this field has
progressed through four stages: slow growth, rapid growth,
explosive growth, and steady growth, with an average growth
rate of 21%. During the first period (1990-2007), the number
of articles was very small and growing slowly. More so, the
publication volume within the years of this period was not very
much different, indicating the very low volume of exploration.
The second period corresponds to 2008-2014. In this period,
an overall upward trend was observed, indicating an attraction
of extensive attention from scholars worldwide, thus entering
a period of expansion and promotion. In the third period
(2015-2019), the number of articles significantly increased,
especially after the publication of the fifth IPPC assessment
report, indicating a highly productive period. The fourth and
last period, 2020-2021, shows rapid growth, with 947 articles
published in <2 years. The number of publications in the four
study periods was 118, 684, 1,487, and 947, respectively. There
is a significant increase in the growth of publications per year,
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with an annual average increase of 22.5%. It is evident that this
is a young field as fewer papers were published from 1990 to
2007 compared to papers published from 2020 to November
2021. In fact, only 117 publications were made from 1990 to
2017, indicating the low relevance of the topic during this
period compared to 947 publications for <2 years (2020-2021),
indicating the current high relevance of the topic. The very slow
growth in the first period was due to the limited theoretical
understanding, while the significant increase in the subsequent
periods could be attributed to general causes such as digital
publication, the birth of new journals, and specific factors such
as the release of the two IPCC assessment reports (fourth and
fifth reports in 2007 and 2014, respectively). An implication is
that climate change in Africa and its impacts are increasingly
recognized together with the increasing significance of climate
change adaptation and mitigation to curb these impacts.

Out of the 3,317 articles that were used in the analysis, the
country focus was not uniform over Africa. There were 380
papers focused on South Africa alone. The second focus country
was Ethiopia, with 301 (Figure 2). In West Africa, only Ghana
has a high research focus with 242 articles, higher than Kenya
and Tanzania. Surprisingly, the most populous nation, Nigeria,
is not among the countries with a large number of publications.
The high research focus on South Africa is likely because the
universities in the country are among the leading organization
in this field. For over three decades, African countries have
received relatively low research focus. More research was done
on Africa as a continent or on African regions than on specific
countries. A total of 1,219 studies were focused on Africa and its
sub-regions, excluding specific countries. Countries like Gabon,
Libya, Eritrea, Chad, Central African Republic have so far had no
research on climate change adaptation and mitigation (Figure 2).
However, the ascending curve reveals, even if empirically,
these numbers will continue to grow considerably, given the
theme’s relevance.

Looking at the thematic focus, 72% of the articles are on
adaptation, 22% on mitigation, and 6% on both adaptation
and mitigation. It, therefore, deserves attention that mitigation
efforts are limited. We were also interested in knowing who
the leading researchers in the continent were (in other words,
authors that have published more papers on the topic).
We noticed that researchers from the USA authored more
publications (N = 718; 10%), followed by researchers from South
Africa (N = 660; 9%), the United Kingdom (N = 554; 8%),
Germany (N = 420; 6%), and Kenya (N = 343; 5%) (Figure 3).
Researchers belonging to institutes based in Africa published
38.7%, while those from the West (America, Canada, Europe,
and Australia) published 49%. The rest of the world (China,
Indonesia, etc.) published 12.3%. Of the 54 African countries,
11% have not published anything on climate change adaptation
and mitigation, 64% have carried out <100 case studies on their
countries, while 9.2% have carried out above one hundred case
studies in their countries. South Africa has the highest number
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of publications because of its well-developed science system that
underpins climate change scenarios developed for South Africa.
Authors based in England, South Africa, and Tanzania are those
with the greatest focus on adaptation strategies. The works
of Germany, the USA, and Kenya were mainly concentrated
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on food security, and those of Australia, Ethiopia, and China
on carbon sequestration. However, a huge research gap exists
on mitigation.

Regarding geographic focus, South Africa, Ethiopia and
Ghana have received more attention (Figure 2). In contrast, less
attention has been paid to Tanzania, Kenya, and Nigeria. Also,
no case studies were found on the Central African Republic,
Somalia, Gabon, Ivory Coast, Libya etc (Figure 2). Overall, it can
be seen that climate change is poorly studied in the continent,
and there is a gap in consideration of adaptation and mitigation
policy designs.

Climate change is a global threat that can stress various
sectors and deteriorate the sustainability of diverse sectors
worldwide. Specifically, the vulnerability of the agricultural
sector is globally concerning because of insufficient production
and supplies. In effect, the global feeding patterns are
challenged particularly in African countries where agriculture
is an integral part of the economy. Therefore, mitigating the
impacts of climate change is of great importance and requires
global commitment.

The overall thematic focus of the
literature on climate change adaptation
and mitigation in africa

The overall thematic focus (1990-2021)

Based on the term co-occurrence analysis, there were four
main clusters: blue, red, yellow, and green, each representing
a different research focus. These clusters have been identified
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by the software based on the co-occurrence frequenct and
the strength of connection between terms.The size of each
node reflects the frequency of appearance. A term with a
larger node, is a research hotspot. The thicker the line, the
more frequently the terms have co-occurred. The co-occurrence
analysis showcases that there has been more attention on
vulnerability (blue), agriculture (red), forest management and
sequestration (green), and sustainability and energy-related
climate mitigation (yellow). It should be mentioned that what
is discussed in the following sections is not exhaustive. While
there could be other important issues related to climate
change adaptation and mitigation, we have mainly focused on
those key topics that were highlighted in the outputs of the
bibliometric analysis.

The adaptation/vulnerability cluster (blue)

The blue cluster highlights the vulnerability of households
and farmers due to climate variability and the poverty it
has inflicted on communities. The literature on this cluster
is centered on the vulnerability of Africa to climate change
impacts. From the blue cluster, it is visible that researchers are
interested in studying adaptation from the gender, household,
indigenous knowledge, and livelihood perspectives that are
considered to be important factors for vulnerability (Jost
et al., 2016; Flato et al., 2017). The dominance of the terms
climate variability, vulnerability, and resilience is not surprising,
considering that a lot of research has been done on climate
variability and the risks faced by farmers and smallholder
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farmers in Africa (Bryan et al., 2009; Miiller et al., 2011; Adenle
etal., 2017; Siderius et al., 2021). For instance, cocoyam farmers
in Nigeria face challenges adapting to climate (Ifeanyi-Obi
etal, 2017). Meanwhile, in Ghana, maize productivity has been
affected by changes in climate (Aidoo et al,, 2021). This has
further warranted research on the vulnerability of households
and how resilient they are to climate change. Gezimua
(Gezimua, 2021) examined the prevalence of household food
insecurity and vulnerability to climate change in East Africa and
showed that households’ adaptive capacity plays a significant
role in reducing the prevalence of food insecurity (Gezimua,
2021). Researchers have preferred to study vulnerability and
resilience from an adaptative perspective, as seen in Figure 4.
Nyboer et al. (2019) presented a climate change vulnerability
assessment of 85% of Africa’s freshwater fishes. They concluded
that vulnerable species are found in the African Rift Valley lakes,
the Congo River drainage, and the coastal rivers of West Africa
(Nyboer et al.,, 2019). A study on the degree of vulnerability
and its impacts on human health in Central Africa showed
that, the mean monthly household cooling energy demand is
expected to significantly increase by 2,046, resulting in major
energy security issues (Nematchoua et al., 2019). There have also
been studies of vulnerability at different levels. Vulnerability has
been more researched from the perspective of gender perception
(Descheemaceker et al., 2016; Tesfaye et al., 2019). For instance,
changes in temperature characteristics were highly perceived
among female farmers in Ghana (Appiah and Guodaar, 2021).
Another study done in Ghana found that there were gender-
specific differences in the use of some adaptation practices
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(Jamal et al., 2021). Another term that stands out is poverty,
indicating how researchers are interested in knowing if poverty
is contributing to vulnerability and if poorer households are
prioritized for interventions that increase adaptive capacity
(Williams et al., 2019).

From this cluster, we see how local and international scholars
investigate how communities” efforts and changes in livelihood
can display different degrees of resilience by employing different
strategies. African communities are resilient to climate change
through their attitudinal shifts and local technology innovations
to better curb the impacts of climate change (Simpson et al.,
2019). Communities build on their perceptions about past
practices, skills, and knowledge to build adaptive capacity and
resilience to suit their current life (Gandure et al., 2013; Perez
et al., 2015; Elum et al., 2017; Talanow et al., 2021). Climate
resilience is improved by incorporating gender perspectives
(Perez et al., 2015; Adzawla et al., 2019a).

In addition, barriers hindering successful adaptation
strategies were an area of consideration (Murkowski, 2000;
Betsill and Bulkeley, 2007). Some of the barriers that have
been hindering adaptation strategies are limited financial
resources, government structures, and challenges with capacity
development. An issue that needs to be noticed is that despite
the increasing concerns about extreme heat and its impacts
on human health, related terms did not emerge from the term
co-occurrence analysis. This indicates the lack of research
on this issue as also highlighted in other studies (Harrington
and Otto, 2020; Ncongwane et al., 2021). More research on
the adaptation to extreme heat in the context of Africa is,
therefore, needed.

The food security cluster (red)

This cluster showcases the interest in understanding
climate change’s general impacts on food security. From
Figure 4, most of the research is on the impacts of climate
change on agriculture and its contribution to food security
(Figure 4). The overwhelming concern of scientists is whether
increased temperatures are impacting African agriculture and
contributing to high levels of food insecurity (Sultan, 2012;
Connolly-Boutin and Smit, 2016; Douxchamps et al.,, 2016).
There have also been studies on the uncertainty of climate
impacts and the extent of their impacts on food security
(Ahmed, 2020; Mekonnen et al., 2021). The next concern
from this cluster is the types of agricultural approaches used
to increase food security. Conservation and smart agriculture
are the main focus areas (Branca et al., 2021; Thierfelder and
Mhlanga, 2022). Another thematic focus that has attracted
publication is models and simulation. Researchers are keen to
develop and use different climate change models to predict
temperature and rainfall trends and yield productivity to better
understand how to address climate change challenges (Jones
et al, 2005; Araujo and Rahbek, 2006; Lobell and Burke,
2010; Semenov and Stratonovitch, 2010). Sub-Saharan Africa,
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particularly West and Southern Africa, have been the focused
regions in this cluster (Brown et al., 2009; Miiller et al., 2011;
Shindell et al., 2012).

The forestry and sequestration cluster (green)

Cluster green is centered around the concept of climate
change mitigation (Nyong et al., 2007; Syampungani et al., 2010;
Tschora and Cherubini, 2020), which is focused on reducing
GHGs emissions (Friedrich and Trois, 2011; Tongwane et al.,
2016; Tongwane and Moeletsi, 2018). There have also been
studies on how climate change impacts ecosystem services
(Sintayehu, 2018). For instance, in Tanzania and Kenya, a
key carbon sink, biomass has been reduced by 76% (Wilson
et al, 2021). Tuli-Karoo transboundary aquifer in Southern
Africa has been studied to understand the interaction between
groundwater ecosystems and climate change (Majola et al.,
2021). Furthermore, a considerable amount of mitigation
research focuses on carbon sequestration (Adetoye et al., 2018;
Gonzalez-Sanchez et al., 2019), soil organic carbon (Vagen
et al., 2005; Swanepoel et al, 2016), REDD, and REDD+
(Rahlao et al., 2012; Soliev et al., 2021). The Congo Basin,
Cameroon, Madagascar, and Zambia are often the focus areas
of such research that generate knowledge regarding the role
of forests in climate change mitigation (Somorin et al., 2012;
Bele et al., 2015; Soazafy et al, 2021). Agricultural soils
in Africa have been studied and found to generally have
potential as a carbon sink (Vagen et al, 2005; Swanepoel
et al., 2016). Different countries in Africa have demonstrated
the different costs of carbon sequestration. For example,
carbon sequestration cost in Botswana is $16.75 and in Congo
DRC $16.77, the highest in the continent, while lower costs
are reported in Nigeria at $7, and Mali at $8 (Adetoye
et al., 2018). Policy implementation processes and institutional
interactions have been examined in Cameroon and are known
to shape Reducing Emissions from Deforestation and Forest
Degradation (REDD+) (Gakou-Kakeu et al., 2022). In Nigeria,
it was noticed that the payment of monetary incentives does
not necessarily motivate communities to participate in the
REDD+ program (Isyaku, 2021). Here we see a link between
mitigation and ecosystems services which is under-explored to
the best of our knowledge. Research in this cluster improves
governance of social-ecological systems at the local, regional and
landscape levels.

Mitigation policy cluster (yellow)

This cluster is mainly focused on mitigation policies related
to the energy sector and renewable energies. It shows how
researchers are attracted to sustainability challenges faced by
African countries (Beg et al., 2002; Ozturk, 2017). Researchers
are also interested in the sustainable management of forests
since they are the main absorbents of CO; (Teketay et al., 2010;
Njana et al., 2021). The main link in this cluster is between
institutions and policy. This is an indication that researchers are
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exploring climate policy designs and the institutions involved in
policy making (Leal Filho et al., 2018; Epule et al., 2021), and
the virtue of the importance of GHGs, mainly CO3, in climate
change policy. Despite the significance of mitigation policies,
relatively limited research has been conducted on these issues.
The Economic Community of West African States (ECOWAS)
Renewable Energy Policy has shown a significant and positive
impact on primary energy (Ali and Yu, 2021). In Nigeria, policies
on ways to stimulate solar technology business are missing in the
national solar energy policy document (Ozoegwu and Akpan,
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2021). The results of Miiller and colleagues agree with ours in
that literature of renewable energy policies in African states are
rare (Miiller et al., 2020).

Thematic focus transitions over time

Four specific periods were investigated to see if some
research topics have fluctuated, remained stable, or changed
over time. Period one starts from 1990 to 2007, with 2007
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corresponding to the release date of the fourth IPCC assessment
report. Period two starts from 2008 to 2014, with 2014
corresponding to the publication of the fifth IPPC assessment
report. Period three, from 2015 to 2019, and the fourth period
from 2020, is referred to as the post-pandemic period in
this study.

First period (1990-2007)

A total of 117 articles were published during this period.
Although the concept of climate change can be noted as early
as 1990, research focus on it was very low, as seen from the
few occurrences of relevant terms (Figure 5). Adaptation has
been the focus area since the first period, as seen in Figure 5.
Concepts of vulnerability (blue), sustainability (red), and climate
variability (green) have appeared during this period (Bohle
et al,, 1994; Schulze, 1997; Dixon, 2003; Ogunseitan, 2003). The
blue cluster insinuates how agricultural practices had become
vulnerable to climate change during this period. Therefore,
more research had begun to be carried out on the impacts on
agriculture. There was also the emergence of studies on the
sensitivity of water resources to climate change. The centrality of
water resources is relatively low during this period, showing less
connection with other topics. Studies on policy formulation and
implementation relating to climate change also gained attention.
The green cluster is focused on CO, emissions and their related
studies, which further triggered studies on carbon sequestration.
During this period, CO; as the main greenhouse gas and its
impacts on biodiversity were among the major priority research
topics (Olivier et al., 1999; Blignaut et al., 2005).

There were also studies specifically focused on modeling
the optimal mitigation of the potential impact of climate
change (Jenkins et al., 2002). For example, in 2000, Zheng and
Neelin used the atmosphere-land-vegetation model to explore
vegetation-climate interactions in African savanna (Zeng and
Neelin, 2000). It is evident that studies were more on forestry,
and its absorbing nature was seen as a mitigating measure.
For instance, in 1992, sources and sinks of carbon dioxide
and methane exchanges were studied in the Mayombe forest,
which was proven to be a net sink of atmospheric methane
(Delmas et al., 1992). In this period, main research themes are
not closely linked and are weakly related to external topics.
This period coincided with the increasing prevalence of the
term sustainability, which will be seen in subsequent analysis
to dominate the thematic focus of climate change research
in Africa. The importance of climate change was further
recognized with the signing of the Kyoto Protocol (1992)?, which
gradually accelerated academic discussion of climate change in
the continent as well as the meetings of COP 1 in 1995 to COP

2 https://unfccc.int/kyoto_protocol?gclid=CjwKCAjw-rOaBhASEiwAU
kLV4lwCd7zjxPdYULehR8kOwWOCej_nVg5gL4YMUOB1-llol5qgiRceulxoC
fnOQAVD_BwWE
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13 in 2007. The release of the IPPC fourth assessment report in
2007 was also a game changer as will be seen in the next period.

Second period (2007-2014)

This period witnessed a rapid growth of publications in
the red, green, and blue clusters. This rapid growth might
have been triggered by the publication of the fourth IPPC
assessment report in 2007. The red cluster had seemingly gained
more attention this time. Interestingly research on food security
emerges. This is a keyword that was absent in the first period.
During this period, it is noticed that there is more research
on the climate-stressed water resources presenting a challenge
for protecting food security. In the previous period, research
was focused on the sensitivity of water resources to climate
change, while in this period, water resources and food security
are closely linked (Yang et al., 2003; Ngigi, 2009; Sheffield et al.,
2014). Studies on food security have attracted further research
on the impacts of climate change on soil. A study on Ethiopian

soils showed soil losses were 35.4t ha=! yr~!

under changing
climate conditions (Lanckriet et al., 2012). There are also other
studies focused on soil. For instance, a study was carried out on
ferrasols of coastal West Africa to examine soil fertility under
global warming (Amouzou et al, 2013). This period sees a
shift from carbon sequestration models to models that detect
the sensitivity of various alimentary crops. For instance, in
Benin, high-resolution regional climate models were used to
detect the sensitivity of alimentary crops to changing climate
conditions (Paeth et al., 2008). A robust model application to
several African crops showed that, except for cassava, there is a
95% probability that climate change damages to crops exceed 7%
(Schlenker and Lobell, 2010). Scientists are, therefore, interested
in simulating the impacts of climate variability on changing
crop yield (Kurukulasuriya and Mendelsohn, 2008; Knox et al.,
2012; Ahmed et al, 2015). There is also a shift in research
from water resources-from the adaptative perspective- to the
food security perspective, which has gained more prominence
compared with the previous period. Urama and Ozor carried out
a study on the impact of climate change on water resources from
the adaptative perspective and found that rising temperatures of
1.5-2°C affects fisheries in West African lakes (Urama and Ozor,
2010). It was suggested by Ngoran et al., that looking beyond
command and control policy will be a better regulatory measure
to mitigate climate change on water resources (Ngoran et al.,
2015).

There is robust information in the blue cluster to understand
climate variability and trends, a requirement to draw a context-
specific climate change adaptation intervention. For instance,
in 2010, Tshiala and Olwoch studied the relationship between
tomato production and climate variability and found a positive
trend (Tshiala and Olwoch, 2010). While some keywords
continue to be dominant and prominent, like sustainability,
climate variability, and vulnerability, several new keywords
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FIGURE 5
The output of the term co-occurrence analysis for the first period (1990-2007).

emerge: energy security, ecosystem services, bioenergy, biomass,
productivity, deforestation, conservation, resilience, etc. The
emergence of these keywords shows how much attention
has been given to the study of climate change. Some or
most of these keywords will gain greater momentum in the
subsequent periods, as will be discussed in the following
sections. There is a drive toward studies on bioenergy (green
cluster) that is considered to be an innovative approach in
global climate mitigation efforts. There is mainly a new drive
toward studies that primarily encompass biofuels produced
from forest resources with simple and indigenous technologies
(Adedayo et al., 2010; Langat et al., 2016). Bio-energy is very
potent in reducing atmospheric methane emissions (Weiland,
2006). There is also the emergence of studies on policies to
offset climate change impacts on ecosystem services. In South
Africa, two key policies emerged: National Climate Change
Response White Paper and South Africa’s Second National
Communication (Ziervogel et al., 2014). In Ethiopia, providing
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farmers with farming equipment is a policy tool to facilitate
farmers’ adaptation to climate change (Bryan et al., 2009). As
seen in Figure 6, it is evident that a significant increase has
occurred in research on local perceptions about environmental
awareness, attitudes, beliefs, and risk perception. Studies on
the green cluster have maintained steady growth while the red
cluster has bulged. Almost all themes are closely linked and
strongly related to the external topics with more attention and
influence compared with the first period. The research intensity
during this period changed with an increase in the development
and maturity of themes.

Third period (2015-2019)

The third period has witnessed explosive growth with the
birth of a new cluster (Figure?7). The new yellow cluster
focuses on renewable energy, showing a shift from conventional
energy consumption to more renewables. The specific renewable
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The output of the term co-occurrence analysis for the second period (2007-2014).

energies used in Africa are solar, wind, and hydropower. Nigeria, Alagidede et al., 2016; Adzawla et al., 2019b). A study in 2015

Angola, DRC, Sudan, and Zambia are leading countries in shows that climate change has a negative impact on economic
hydropower, with Angola and DRC generating a net capacity of growth in Africa, such that a 1°C increase in temperature
2,763 and 2,750 MW, respectively (Frangoul, 2019). Meanwhile, reduces GDP growth by 0.67% (Abidoye and Odusola, 2015).
solar and wind energy South Africa, Morocco, Ethiopia, Arndt et al. note that climate change impacts from 2007 to

Mozambique, and Egypt are leading states, with South Africa 2050 will lead to a loss of USD 610 million in Malawi (Arndt
having the highest maximum net capacity of 6,065 MW followed et al., 2014). According to Radhouane in 2013, a 1°C rise in

by Egypt with 4,813 and Ethiopia with 4,351 (Frangoul, 2019). temperatures in the Northern African countries in a given year
The period sees the addition of some new keywords. Among the reduces economic growth by 1.1 points (Radhouane, 2013). The
new keywords are agroforestry, economic growth, smallholder intensification of studies related to renewable energy is a shift
farmers, and conservation agriculture. from conventional exhaustible energy resources. Conventional

Multiple studies have explored the link between climate sources raise serious environmental concerns while hampering
change and economic growth (Abidoye and Odusola, 2015; sustainable economic growth. In Mozambique, there have been
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The output of the term co-occurrence analysis for the third period (2014-2019).

advancements toward using renewable energy for irrigation
2019; Mahumane
and Mulder, 2019). Renewable energy policies in Ghana have

in the agriculture sector (Chilundo et al,

also been reviewed, and a lack of policy implementation was
one of the reasons for a slow transition toward sustainable
electrification (Sakah et al., 2017). Another stream of research
in the energy discourse mainly focuses on the relationship
between renewable energy consumption and economic growth.
Arguments on this particular theme emphasize how renewable
energy consumption will increase renewable energy production
as a measure of environmental sustainability and how this will
impact economic growth in Africa (Alper and Oguz, 20165
Bhattacharya et al.,, 2016). Aly et al., investigated the techno-
economic feasibility of solar power in Tanzania and found that
the net capital cost for an optimized plant in 2025 will be 4680
$/kW at 7% interest rate (Aly et al., 2019).
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During this period, there has been a clear focus on
adaptation strategies used to deal with climate change and
adaptation capacities employed by communities (blue cluster).
The main adaptation link occurs with risks and strategies. This
observation suggests the propensity to design strategies for
climate change adaptation and their interests in how to thwart
or be prepared for the likely risks this entails. For instance,
developing cultivars is one of the adaptation strategies applied
in Northern Cameroon, which shortens the time of cotton
maturity and causes a shift in the rainy season without affecting
cotton yield (Gérardeaux et al, 2018). The word perception
is also associated with risk perception. This indicates the
increasing number of studies on indigenous knowledge and how
farmers perceive risks where their activities are undertaken (Leal
Filho et al., 2022b). Ayanlade and colleagues studied farmers’
perceptions in Nigeria and confirmed that 67% of farmers had
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FIGURE 8
The output of the term co-occurrence analysis for the post-pandemic period (2020-2021).
noticed fluctuations in early and late growing seasons (Ayanlade adaptation-related (blue cluster) studies shrunk while research
et al, 2017). In South Africa, 77.3% of potato farmers and on food security (red cluster) bulged and research on green
66.7% of cabbage farmers experienced extreme temperatures, cluster maintained a steady growth. The release of the fifth IPCC
which led to a fall in their farm productivity. Potato farmers assessment report, with its scientific information, and technical
turned to integrate pest management to deal with climate and socio-economic relevance, triggered a good number of
risk, while cabbage farmers turned to planting drought-tolerant articles based on scientific research about adaptation and
varieties (Elum et al., 2017). More studies have adopted a mitigation strategies. Thus, in this period, climate change studies
holistic approach to climate change by considering stakeholders’ have been increasing and becoming more diverse in Africa.
perceptions. For instance, a heat management policy was These studies incorporated new concepts that allow the topic to
advocated when mining workers in Ghana suffered heat-related be addressed from a range of different disciplines. The fifth IPPC
illnesses after a stakeholder consultation meeting (Nunfam et al., assessment report in 2014 was a critical scientific contribution
2019). During this period, researchers appear to prefer studying that led to the successful agreement on the Paris Climate Change
climate change resilience from the adaptation perspective under accord, producing more research impetus.
full consideration of vulnerability. The overwhelming concern
of researchers is the socio-environmental impacts on agriculture
from extreme events like floods leading to food security issues Post pandemic period (2020-2021)
under different climate variability scenarios. The next most During this period, the green cluster and its related
frequent concern in dealing with food security is a shift in sequestration studies continue to attract more relevance
focus from agriculture to conservation agriculture. Overall, (Figure 8). Compared with the previous period, the blue cluster
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The most influential journals contributing to the development of climate change adaptation and mitigation.

has expanded, while studies on the red cluster begin to receive
less relevance. Publications on sustainability, vulnerability, and
resilience continued to increase from an adaptation perspective.
As seen from the green cluster, ecosystem services and
conservation agriculture were studied more closely. Climate-
smart agriculture (CSA) is a new area of research receiving
more relevance and is widely studied under the red cluster.
Among the climate-smart agricultural practices adopted by
African farmers are diversification of crops, change of planting
time, and crop rotation/mixed cropping (Nyangau et al., 2021).
Climate-smart agricultural practices are recognized as one of
the best adaptative strategies because they boost agricultural
productivity, increase resilience, and reduce greenhouse gases
that cause climate change (Anuga et al., 2020). The yellow cluster
that was found in the previous period now merges with the
mitigation cluster, and studies on renewable energy continue to
rise. Mukoro et al.’s (2021) work predict that by 2040, renewable
energy capacity in Africa is expected to reach 169.4 GW from
48.5 GW in 2019. Specifically, in South Africa, as of 2021, a total
of 6,422 MW of power has been acquired across 112 renewable
energy Independent Power Producers (Ayamolowo et al., 2022).
The inevitability of more frequent and more extensive floods,
displaying the inherent variability of climate, continued to be
studied under the blue cluster (Ficchi et al., 2021; Petrova, 2022).
Ethiopia’s location indicates it is more worried about climate
effects on food security (red cluster). At the same time, South
Africa and Ghana are also concerned about vulnerability issues
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(blue cluster). But the main concern of Sub-Saharan Africa is
mitigation issues (green cluster).

The outset of the pandemic positively impacted climate
change research as researchers were able to develop new ideas
seen from the rise in publications in <2 years. Unfortunately, the
unending lockdowns have drawn attention away from climate
change policy nationally and internationally. Environmentalists
wonder why there has not been a pandemic preparedness
for climate change as it has been for the COVID pandemic
(Phillips et al., 2020). Pandemic recovery measures could be
one of the solutions to climate change in Africa and the
world. A complementary strategy is to use opportunities and
lessons provided by the pandemic to accelerate the decline
of carbon-intensive industries, technologies, and practices
(Rosenbloom and Markard, 2020). Amid the pandemic,
agricultural innovation and technologies have been promoted
in Africa. The African Development Bank has helped increase
the uptake and use of proven high-yielding climate-smart maize
technologies by smallholder farmers in Sub-Saharan Africa
(Fernando, 2020).

Influential sources
The co-citation analysis was used to find out which journals

have contributed the most to the development of the field. Here,
the size of the nodes is proportional to the number of citations,
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Countries have significantly contributed to the climate change adaptation and mitigation research in Africa.

and link width is proportional to the strength of the connection
between two nodes. Four major clusters can be identified from
the results of the co-citation analysis (Figure 9). The colors
of these clusters are consistent with those reported for the
term co-occurrence analysis. The largest cluster (blue) includes
journals that are mainly focused on adaptation and vulnerability
aspects. As expected, journals with a key focus on climate
change and environmental issues have played a significant role
in advancing Africa’s knowledge of climate change adaptation.
The most prominent journals in this cluster are Climatic
Change, Global Environmental Change (GEC), Environmental
Science Policy, and World Development. The results show
that mitigation (green cluster) has mainly been addressed by
journals such as PNAS, Science, Nature, and Forest Ecology
and Management. The yellow cluster is dominated by influential
journals like Agriculture, Ecosystem and Environment journal,
Agricultural Systems, Field Crop Research, and Science of the
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Total Environment. The red cluster is dominated by journals like
Nature Climate Change, Environmental Research Letters, and
the Journal of Climatology.

Overall, the journals that have contributed the most
to this literature include Global Environmental Change,
PNAS, Climatic Change, Science, Agriculture, Ecosystem
and Environment, Energy policy, Environmental Research
Letters, Forest Ecology and Management, and Climate while
the journals with the most documents are Climate and
Development and Sustainability with totals of 131 and 121
documents, respectively.

An interesting observation here is the multidisciplinary
nature of this field of knowledge. As seen in Figure 9, all articles
are distributed and disseminated through 66 journals, which
involve different fields of application, with emphasis on food
security, climate change adaptation, and mitigation studies.
This requires that future studies/efforts actively involve the
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participation of several professionals to add learning in such a
complex decision environment.

Major contributing countries and
institutions

To recognize the most prominent countries that have
contributed to the field, a bibliographic coupling analysis
was conducted (Figure 10). The list of the top 20 most
prominent countries with the number of documents, number
of citations, and total link strength is presented in the
Supplementary Table SI1. It is noted that countries like the
USA, South Africa, England, Germany, Kenya, and Ethiopia
have published more on this topic (Figure 10). The USA, the
UK, and South Africa ranked highest in terms of the total
number of citations. Interestingly, while developed countries
have contributed more, several African countries have also
been highlighted. South Africa, Botswana, and Tanzania are
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some of the African countries with a close collaboration on
adaptation, while Kenya, Cameroon, Ghana, and Nigeria have
some research interests in food security. Ethiopia, Morocco,
Egypt, Tunisia, and Algeria are interested in mitigation
research, and Zimbabwe in the energy issues (Figure 10).
The first 10 publishing African universities are shown in the
Supplementary material with universities from South Africa
taking the lead (Supplementary Table S2). Universities in South
Africa are ahead of other African universities. An overwhelming
number of African universities have not yet contributed to
this literature.

International organizations like the World Bank, the Center
for International Forest Research, World Agroforestry, etc.
(Supplementary Table S3) made significant contributions, while
international universities from Europe and the USA were
prominent contributors (Supplementary Table S4). The focus of
most African universities was on food security and adaptation,
while that of some international organizations was on mitigation
(Figure 11).
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The most influential documents contributing to the development of the field.

Influential documents

The blue and yellow clusters include studies that were mostly
done from 1990 to 2007 (Figure 12). Obviously, their focus on
fundamental adaptation concepts has played an important role
in guiding adaptation and vulnerability research. The red and
green clusters include studies that were mostly done in the
second period (2008-2014). The works of Roudier et al. (2011)
stand out in the green cluster. This work predicted 11% yield loss
in West Africa due to climate changes, with a higher yield loss of
18% in Northern West Africa (Roudier et al., 2011). Still, in the
green cluster, the study by Lobell et al. (2008), concluded that
there is a 95% chance that climate change will harm Southern
Africa’s maize and wheat, which are seen as the most important
crops in need of adaptation. In the red cluster, the work of
Deressa et al. (2009) is influential. They assessed the barriers to
adaptation in Ethiopia. The result showed that the main barrier
to adaptation was a lack of information and finance (Deressa
et al,, 2009). The work of Brooks et al. (2005) provided a robust
assessment of vulnerability to climate-related mortality. They
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noted that the most vulnerable nations are those situated in
sub-Saharan Africa experiencing conflict (Brooks et al., 2005).

Influential authors

The most published authors were Neil Adger, Philip
Thornton, Temesgen Deressa, David Lobell, Elizabeth Basauri
Bryan, Mike Hulme, Lal Rattan, and Barry Smit (Figure 13). The
works of Adger are mostly on the vulnerability of communities
and ecosystems to unforeseen climatic changes, causes and
consequences of these vulnerabilities, and adaptation strategies
(Adger and Barnett, 2009; Adger et al, 2009). Thornton, is
interested in the impacts of climate change on livestock and
livestock systems in developing countries and also curious to
know how some African crops respond to climate change
(Thornton et al., 2009a,b). These results are in line with Nalau
and Verrall (2021), where Adger is also seen as the most
prominent author in climate change adaptation research. Our
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results are consistent with the authors’ publication record. For
instance, Adger is a famous author in climate change adaptation,
Lobell is noted for his writings on climate change mitigation,
while Deressa and Bryan are noticeable for their publications on
the impacts of climate change on food security.

Conclusion

This overview analysis echos a clear penchant to study and
understand local adaptation capacities in Africa in the face
of extreme events given that the impacts of climate change
are irreversible. The most common unbiased objective in the
documents is to determine how people cope with climate change
based on their location. Clustering results of the literature
suggest that studies on climate change adaptation mainly
focused on agriculture and agroforestry, forestry, food, water
and energy security. The focus is mainly on climate change
adaptation in the agricultural sector. In contrast, less attention is
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paid to mitigation. Therefore, more research on this topic would
be needed.

Woefully, most African institutions lack adequate research,
which hampers efforts to address climate change in the
continent. Adaptation and mitigation policies need to be
developed based on regional and local characteristics, and the
promotion and funding of research in this domain led by local
experts for the building of a green Africa. African institutions
should improve their ability to conduct research on climate
change adaptation and mitigation, enter corresponding climate
adaptation and mitigation cooperation, and ensure research
in this field is relevant and fruitful. Africa, with the highest
population and urban population growth rates globally, is likely
to have major implications for climate change. However, it did
not emerge from our analysis.

The more that is known about climate change adaptation
and mitigation in the African continent, the greater the
understanding and support will be to make feasible decisions.
There will also be more motivation to engage in local climate
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change adaptation and mitigation actions. Local knowledge
and cultural practices should be recognized because they can
complement scientific information in the design of adequate
and effective adaptation and mitigation policies. Knowledge and
technology gaps in African countries should be overcome to
promote climate change mitigation research, whose progress
is still due to inadequate analytical infrastructure to conduct
the required measurements to assess the impacts of climate
change which act as a prerequisite for adaptation planning.
African countries need to enhance their research ability in
the field of climate change mitigation through international
cooperation and other extensive methods. This will bring
more focus on African problems and, therefore, find solutions
suitable to African characteristics. There is a need for a
closing window of opportunity to avoid worse case scenarios
in the continent. Collaboration, determination and trust across
countries and amongst stakeholder groups will one way in
meeting the challenge.

This study conducted statistical analysis on the data of
SCI/SSCI published from 1990 to November 2021 through
keyword retrieval. The study found that the publication volume
of climate change adaptation and mitigation research in Africa
has risen rapidly in recent years. Despite this rapid increase,
some countries have contributed less to the publication volume.
It is necessary to implement regional cooperation on climate
change adaptation and mitigation in the region and improve
the research capabilities of African countries in this field.
Research on climate change adaptation and mitigation in
African countries is of great concern and future research should
pay more attention to African countries that have contributed
less to the publication volume. In the end, it should be noted
that this bibliometric review had some limitations. Using only
English papers and sourcing data from the web of science
database means that other potentially relevant studies published
in local journals not indexed in the web of science could have
been missed. Examining such sources would allow gaining a
more comprehensive understanding of the structure and trend
of the literatyre. Apart from articles published in local journals,
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Abstract: The concept of smart cities peaked in 2015, bringing an increased influx of ‘smart’ devices
in the form of the Internet of Things (IoT) and sensors in cities. As a result, interest in smart urban
governance has become more prevalent in administrative, organisational, and political circles. This is
sustained by both local and global demands for an increased contribution to the goals of sustainability
through urban governance processes in response to climate change urgencies. Cities generate up
to 70% of global emissions, and in light of societal pressures for more inclusivity and democratic
processes, the need for sound urban governance is merited. Further knowledge on the theme of smart
urban governance is required to better understand the trends and knowledge structures and better
assist policy design. Therefore, this study was undertaken to understand and map the evolution
of the concept of smart urban governance through a bibliometric analysis and science mapping
techniques using VOSviewer. In total, 1897 articles were retrieved from the Web of Science database
over 5 decades, from 1968 to 2021, and divided into three subperiods, namely 1978 to 2015, 2016
to 2019, and 2020 to early 2022. Results indicate that the overall emerging themes across the three
periods highlight the need for citizen participation in urban policies, especially in relation to smart
cities, and for sustained innovation for e-participation, e-governance, and policy frameworks. The
results of this study can aid both researchers exploring the concept of urban governance and policy
makers rendering more inclusive urban policies, especially those hosting technological and digital
domains.

Keywords: smart cities; urban governance; smart governance; ICT; IoT; big data analytics; inclusivity;
citizen participation; innovation; institutions; democracy

1. Introduction

Cities across the globe have been confronted by several challenges in the past century,
including climate change, rapid population growth, and exponential urbanization, amongst
others. After the end of World War Two (WW?2), it was reported that the economic welfare
of many global residents started to grow, especially in urban areas, courtesy of sound
urban governance approaches that were adopted [1]. This was prompted by an increase
in opportunities for economic growth, education, socialization, and recreation in cities,
thereby attracting a sizeable number of people, businesses, and government operations.
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This prompted further growth of cities in terms of population, size, and Gross Domestic
Products (GDP), as well as opening opportunities for the emergence of new urban areas [2].
Currently, as a result of increased activities in cities, they are home to more than 55% of the
global population; by the year 2050, it is projected that they will host more than 68% of the
global population [3]. Furthermore, their contribution to the global economy is expected
to continue as more frontiers and opportunities continue to emerge, especially prompted
by the adoption of new technologies. Additionally, the commitment of those governing
cities would be very critical in spurring more growth by ensuring they seal loopholes and
leakages prompted by the endemic urban challenges. Currently, cities have been argued
to contribute approximately 70% of the global GDP, and this is expected to grow to more
than 80% by 2050 [4]. However, it has been observed that cities also prompt numerous
governance challenges at varying scales, both at local and national levels (see Bibri [5] for a
detailed account and discussion).

Such challenges include provision of services, investments in capital infrastructures,
collection of revenues, and financing of different projects and initiatives, among others. The
adoption of technology in cities has been observed to help ease many challenges, especially
with an increase in efficiency and performance of cities [6,7]. This has been made possible
by the emergence of technologies such as the Internet of Things (IoT), Artificial Intelligence
(AI), Cloud computing, and others that have increased the potential to render various
aspects of cities ‘smart’, a concept that cements the decades-long appeal of technology use
in urban areas [8-10]. In this strand of smart urbanism, governance denotes the capacity
of employing technology and innovation as a set of intelligent and adaptive acts for fa-
cilitating decision making, implementing policies and tracking their effects, developing
advanced organisational structures, and dealing with substantive challenges. Smart ur-
ban governance is about utilising and harnessing the innovative potential and significant
role of advanced Information and Communication Technology (ICT) in the functioning
of smart cities (e.g., [5,11-14]) in terms of their planning and management. Its emergence
has made local governments in many cities rethink their functions in regard to the use of
smart technologies in upgrading administrative systems, improving institutional structures,
and optimising organisational processes. This involves streamlining urban operations by
seamlessly integrating them into manageable networks instead of maintaining disjointed
systems, enhancing stakeholders’ collaboration capabilities, increasing the capacity to han-
dle urban challenges, and enhancing decision making based on evidence-based approaches.
This has become possible due to the flowing-torrent of data produced from different urban
frontiers, coupled with its analytical power. This in turn aids in extracting deep insights for
a wide range of uses pertaining to urban management and urban policy.

While the adoption of smart technologies in urban governance is not ultimately perfect,
as there have been pitfalls and risks reported in different cities in relation to a variety of
areas, it nevertheless has numerous advantages and benefits that are accrued. For instance,
it was recorded that smart urban governance has the potential to help save each urban
resident approximately 100 h per year, which when monetized, could translate to approxi-
mately $1377 per person per year in America, or £904 in the United Kingdom [15]. This,
however, is much less significant than other direct benefits such as improved liveability
status [16-18], improved emergency preparedness and response [19], and improved in-
frastructural development [20] thanks to emerging technologies. Smart urban governance
is further seen to be instrumental in the achievement of urban sustainable agendas, as
captured in the Sustainable Development Goal 11 [21]. Regarding this, Tomor et al. [22]
note that different smart technologies have made it possible for local governments to part-
ner with citizens in finding solutions to endemic environmental challenges. This includes
participation in making housing projects smarter, adoption of smart grids, smart parking,
responsive waste management, regeneration of urban green spaces, and others.

With the diverse potential that smart urban governance has unlocked, many cities
across the globe are now turning toward the adoption of different technologies to enhance
various urban dimensions. However, this has opened a plethora of issues relating to
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privacy [23-26], data security [24,27], data ownership [28], and personal security [24],
amongst others. From a wide range of data, those concerns are legitimate and have
capacities to influence the success of smart technologies” deployment in cities.

In light of the above information, this study seeks to explore, through a bibliometric
analysis, the various publications that have been made concerning adoption of smart
technologies, especially in the governance of cities. While several bibliometric studies
touching on smart cities exist, only one [29] has been identified that directly touches on
the subject matter of urban governance, being key in the smart city discourse [30-32];
hence, this study seeks to increase the knowledge on this topic by incorporating works
that arose immediately after and during the height of COVID-19. The rationale is that it is
possible that the number of publications continues to increase as more attention is focused
on adoption of smart technologies in cities, and specifically to the need to further ponder
and include societal factors [16,33]. Furthermore, with concerns such as monetization of
data by third party corporations and start-ups contracted by local governments to manage
the massive data being generated in cities, it becomes paramount to analyse the research
interests and terminologies that are emerging. This way, the analysis will help guide
researchers and other stakeholders seeking to understand the dynamics in the academic
realm concerning the emergence and widespread acceptability and appeal of the smart
city concept in respect to urban governance. This can ultimately lead to better-informed
decisions and enhanced urban policies. In addition, there is still a lack of research on the
knowledge structure and trends of smart urban governance over different time periods.
The performance of this analysis is the main novelty of this study, and provides interested
stakeholders with a better understanding of the evolution of this field. Therefore, the main
objectives of this study were to:

Understand the major thematic focus areas of smart urban governance;
Discuss how they have evolved over time; and
Highlight authors, sources, and publications that have been notably influential.

Throughout the course of addressing the objectives set in this study, several observa-
tions were made on:

e The time periods in which research on smart urban governance gained maximum
attention and the possible reasons as to why;
How the field of smart urban governance evolved thematically over time; and
Some of the contributing factors to the growth of this field.

In order to respond to the above objectives, this article is structured as follows. Section 1
covers the Introduction and background information. It is followed by Section 3, which
entails a detailed Materials and Methodology section that comprehensively highlights
all the approaches, materials, tools, and steps that were adopted to attain observations
satisfying the objectives. Section 3 subsequently covers the literature review related to this
study. The methodology section is followed by a detailed Result section (Section 4) that
captures and presents all the results obtained after running the available data in VOSviewers
software. The results are presented in the form of graphs, tables, and relationship diagrams.
The analysis of the results and their implications is presented in the Discussion section,
which is succeeded by a Conclusion section.

2. Background

Smart city governance is a new approach to urban policy, planning, and management
that is able to solve the emerging challenges of urban areas while ensuring sustainability.
It has emerged as a result of the innovative potential and growing role of advanced ICT
in the functioning of smart cities (e.g., [10,32-35]). Several literature reviews have been
carried out on the topic of smart urban governance, approaching the subject from a vari-
ety of perspectives. In one of the early literature reviews conducted on the topic, Meijer
and Bolivar [34] attempted to fill the gap pertaining to the conceptual understanding of
smart urban governance. Accordingly, the authors explored the concept of smart urban
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governance both theoretically and empirically to build a research model. Inductively, they
identified various categories within the key dimensions of smart urban governance: defin-
ing elements, aspired outcomes, and implementation strategies. The categories were then
refined based on an empirical investigation on the dominant perceptions of practitioners
of these dimensions. Using a slightly different approach to the topic to fill the gap of a
rather systematic understanding of the different components of smart urban governance
and their measurement metrics, envisaged outcomes, and influencing contextual factors,
Ruhlandt [36] proposed conceptual insights and generated a research scheme, and then
used this for an extensive discussion of the literature instead. The author revealed sub-
stantial variances in contextual factors, measurement techniques, and outcomes among
the concepts of smart city governance, in addition to the differences in its definitions. To
expand their previous work, Meijer and Bolivar [34] offered another review on the topic.
In this light, the authors endeavoured to bring some structure to the debate by analysing
a corpus of 51 publications and mapping their variation. The authors demonstrate key
differences in the emphasis of these publications with respect to the key dimensions ad-
dressed in their previous paper, namely (1) smart technology, smart people, or smart
collaboration; (2) better outcomes or a more open process as the legitimacy claim for smart
city governance; and (3) a transformative or incremental perspective on changes in urban
governance. They provide several arguments, highlights, suggestions, and contributions
involving conceptual, practical, research, and policy implications. The two studies by the
same authors complete each other in terms of analysis and findings with the aim to enhance
the conceptual and practical foundations of smart urban governance.

The literature review performed by Pereira et al. [31] focuses on smart governance
as an emerging domain of study and provides further insights into the definition and
conceptualisation of smart governance and its relationships with e-government. The
authors show that smart government can be a basis for developing smart governance
using ICT for governing purposes to improve decision-making through better collaboration
among different stakeholders. They also highlight the role of ICT-based tools in increasing
citizen engagement and participation and supporting the development of new governance
models for smart government, among others. Expanding on this work, Tomor et al. [22]
provide a systematic review on smart governance as technology-enabled collaboration
between citizens and local governments to advance sustainable development. The authors
focus on the relationships between ICT-enabled citizen—government collaboration and
sustainable urban development and how contextual circumstances influence these related
elements. The latter connects well with the review conducted by Ruhlandt [36], but from
a smart governing perspective. However, the authors show that empirical evidence for
the alleged sustainability benefits is sparse, and the emerging picture is ambiguous, as it
reports both positive and negative effects as it regards the social sustainability achievements
of smart governance. This review is part of a large research project that assesses the
value of ICT for engaging citizens in the governance of sustainable cities. One of the
conclusions drawn in this review is that smart governance, in the sense of ICT-enabled
government—citizen collaboration to advance urban sustainability, is still rare. Despite the
increasing variety of collaboration-based digital instruments, a one-way information supply
in citizen—government interactions tends to dominate. Moreover, although governments
promote online and offline citizen engagement and civic empowerment, in practice they do
not encourage deliberation or any broad-based public—civil interactions. Therefore, ICT-
supported government—citizen cooperation for collectively shaping public matters seldom
occurs. Rather, as concluded in a review carried out by Bibri [12] on smart sustainable cities,
what smart governance entails and the way it functions raises several critical questions,
including whether the policy and governance of smart sustainable cities of the future
will become too technocentric and technocratic, respectively, and also with regard to
other aspects of social and environmental sustainability. In their recent review paper,
however, Przeybilovicz and Cunha [37] put an emphasis on government characteristics
to achieve smart urban governance from internal to external transformation. Therefore,
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the authors provide a systematic literature review based on 36 publications and merge
this with the existing e-government literature on critical success factors for adopting IT in
the public sector. In contrast to the two previous reviews, the authors shed light on the
key organizational attributes that can pave the way for the transition from government to
smart urban governance. They identify three main characteristics: (1) local governance
related to the nature of the relationship among key stakeholders; (2) government assets as
to funding, technology, and human capital; and (3) local government management and
strategy and local public administration positioning. As a conclusion, unlike e-government,
which focuses on transforming the social organization internally, smart governance focuses
on transforming the social organisation internally and externally.

Overall, while new ICT-based solutions are constantly emerging to help city govern-
ments improve their institutional and organisational structures, processes, and practices,
these solutions are largely associated with smart cities and their strategies and objectives.
Moreover, review studies tend to address either conceptual or practical issues while es-
pousing different approaches to the topic of smart urban governance. However, there is
a lack of the theoretical basis and empirical evidence required to holistically evaluate the
potential effects of the transformative processes within smart governance in connection
with the practices, operations, and institutions of smart cities. Furthermore, the topic of
sustainability is still underexplored, both theoretically and empirically, with regard to its
social and environment dimensions, as well as to the integration of these with the economic
dimension of sustainability. Notably, existing literature reviews on smart urban governance
are associated with some limitations in terms of exploring and analysing only a limited
number of publications on the topic. This bibliometric analysis involves large volumes
of scientific data and allows us to unpack the evolutionary nuances of the field of smart
urban governance in regard to its emergence, insertion, functioning, and evolvement as
a discourse facilitated by politics. These aspects, the driving forces behind the expansion
and prevalence of smart urban governance, and other nuances are missing from the previ-
ously overviewed review papers. In addition, this bibliometric analysis sheds light on the
emerging areas in the domain of smart governance beyond its own. More explicitly, it fills
the gap pertaining to the knowledge structure and trends of smart urban governance over
different periods in order to enhance the understanding of the evolution of the field.

3. Materials and Methods

This research was conducted in two major steps. The first step involved scope defini-
tion (development of search string) and literature search and selection. The second step
was conducting bibliometric analysis using VOSviewer and interpreting the outputs of the
bibliometric analysis. These are shown in Figure 1 and will be further explained below.

Input data for bibliometric analysis are the bibliographic details of academic publica-
tions that were obtained from the Web of Science (WoS) [38,39]. Among different databases
that archive academic research (e.g., Scopus [40,41] and Dimensions [39,42]), WoS was
selected due to its reputation for indexing quality research related to the topic of this study
and since it provides detailed bibliographic information necessary for accurate analysis
using the bibliometric software (i.e., VOSviewer [43—45]). We acknowledge that this is a
limitation of this study, as a more comprehensive analysis would require including litera-
ture from other databases as well as grey literature. However, as we have analysed a large
number of articles, we believe the results are sufficiently reasonable and representative.
We designed a broad-based search string to include as many articles as possible relevant
to smart urban governance in the analysis. The search string (see the Appendix A) is a
combination of different terms related to smartness, governance, and cities. We searched for
the relevant articles in all citation indexes of the WoS (i.e., A&HCI, ESCI, SCI-EXPANDED,
SSCI) on 15 January 2022. The search period was unlimited (i.e., all research published until
15 January 2022), but we only searched for articles, review articles, proceeding papers, book
chapters, editorial materials, and data papers. This literature search returned 2001 articles.
After screening titles and abstracts of these documents, 1897 articles that were related to
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smart urban governance were selected and their associated data (i.e., ‘Full Record and
Cited References’) were downloaded for bibliometric analysis.

1- Literature search & selection 2- Bibliometric analysis
- Development of search streing - Reading data from the WoS
- Literature search in the WoS$ - Creating thesaurus file

- Screening the retrieved documents - Term co-occurrence analysis
- Download of bibliographic data for - Co-citati alysis
analysis in VOSviewer - Biliographic coupling analysis

Figure 1. Major steps taken for the purpose of this study.

Over the past two decades, several software tools for bibliometric analysis have
been developed [44]. These include VOSviewer, SciMAT, and CiteSpace. Despite their
differences, all these tools provide means to understand the overall structure of a research
field and the complex interactions between different variables related to academic papers
(e.g., keywords, references, authors, journals, etc.). Here we used VOSviewer, as its interface
is more user friendly and its graphic outputs are more suitable for interpretation [45-48].
VOSviewer is a freely available Java application (https:/ /www.vosviewer.com, (accessed
on the 1 December 2021)). Free access to user manuals and demo projects is provided
by the developers and interested readers are referred to the tool manual for step-by-step
description of the different steps for analysis. We used VOSviewer to conduct term co-
occurrence analysis (using the ‘full counting’ counting method and setting ‘all keywords’ as
the unit of analysis), citation (setting ‘documents’ as the unit of analysis), co-citation (using
the “full counting” counting method, and setting ‘cited references’, “cited sources’, and
‘cited authors’ as units of analysis), and bibliographic coupling (using the “full counting’
counting method, and setting ‘organizations’ and ‘countries” as units of analysis) [28].
It should be noted that ‘fractional counting’ can also be used to create the maps using
VOSviewer. We have used ‘full counting’, as its outputs are easier to interpret [48]. We
suggest that a similar analysis using fractional counting could also be done in the future
to compare the outputs. The term co-occurrence analysis was used to identify the most
dominant terms and understand how they are linked to other terms related to smart urban
governance. Also, terms that co-occur frequently provide information about major thematic
research clusters. It should be mentioned that, as different variants of a term may exist
(e.g., Information and Communication Technologies and ICT), before conducting the term
co-occurrence analysis, a thesaurus file was created and added to the VOSviewer database
to avoid separate counting of synonyms.

In Section 4, outputs of the analyses are shown in a graph format. In each case, the
node size is proportional to the frequency and link width is proportional to the strength of
connection between two nodes. For instance, in the case of term co-occurrence analysis, the
node size is proportional to the number of times a term has co-occurred with other terms
and the link width indicates the strength of connection between two terms. The frequently
co-occurred terms establish clusters that represent different thematic research areas.
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As one of the objectives of this study was to find out how the field has evolved
thematically over time, we divided the study period into three sub-periods. This was based
on important milestones that could have influenced the evolution of the field. As different
international policy frameworks related to cities (e.g., Agenda 2030 and the New Urban
Agenda) were adopted in 2015, it was selected as one of the milestones. Additionally,
given the significant impacts of the COVID-19 pandemic on cities and its effects on the
acceleration of digitalization, the post-pandemic period was considered as a separate sub-
period. More sub-periods could have been considered before 2015; however, as can be
seen in Section 3, the pace of publications was slow until then, not warranting further
sub-periods. Accordingly, the following sub-periods were considered: until 2015, 2016 to
2019, and 2020 until now. Term co-occurrence analyses were conducted for each sub-period
to understand their thematic research focus and see how it has evolved over time.

To find out what authors, journals, and references have made more contribution to
the development of the field, we used co-citation analysis. Co-citation refers to the link
between two documents that are both simultaneously cited by another document [28].
Based on this definition, cited references of the selected articles are also considered in the co-
citation analysis. Bibliographic coupling is another analysis that can be used to understand
countries and institutions that have made more contributions to the development of the
field. “A bibliographic coupling link is a link between two items that both cite the same
document” [47].

4. Results

This section presents the results obtained after running the data in VosViewer. The
results are ordered in different thematic areas, including publication trends, most influential
journals and authors, and the overall thematic focus for each of the three periods under
which the publication years were categorized.

4.1. Publications Trends

From the literature, the quest to transform cities with the use of data came into light
since the 1970s, when Los Angeles (first data used in 1974) became the first urban centre to
experiment with this [49]. However, it was not until the emergence of the fourth industrial
revolution that the concept started to attract substantial attention. This is confirmed in
Figure 2 below, showcasing that between 1978 and 2015, only 220 publications touching on
smart urban governance had been published. Even during this first phase of publications,
it is evident that researchers’ attention to smart technologies in cities was drawn as from
2004 and grew steadily until 2015, when substantial interest was clearly noticed. The drive
to investigate, research, and publish on smart urban governance during the 2000s was
being influenced by activities by large IT corporations such as Cisco and IBM, which were
the main pioneers in concentrating on the usage of information technology in cities [30]. For
instance, in 2005, Cisco became the first corporation to invest in research and development
(R&D), committing $25 million [50]. In 2009, IBM committed $50 million to the Smarter
Cities campaign, aimed at influencing cities to embrace technology in their planning to
increase urban efficiency and performance [51]. By 2015, the concept had become almost
mainstream in most countries, with cities slowly embracing different aspects of smart cities.

Between 2015 and 2019, the number of publications increased substantially, and this
could be attributed to the increased acceptance of the smart city concept in different urban
fabrics. Furthermore, during this period, many technologies such as Al, IoT, Machine
Learning, and others started to gain traction in cities, as smart components such as sensors,
cameras, smart mobile devices (smartphones), wearables, and others continued to increase
globally, thereby prompting an increase in data generation and its subsequent analysis [32].
With the diversification of smart components, numerous terminologies, areas of research
interest, and demand for publications on this topic increased, prompting an increase in
research works published.
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Figure 2. Number of publications on ‘Smart Urban Governance’ between 1978 and early 2022.

Between 2020 and 2022, despite the outbreak of COVID-19 that brought about an
unprecedented change in normal activities globally, the number of publications increased
even further. This could be attributed to the role technology played in helping urban
residents, governments, and stakeholders in the health sector to identify the coronavirus
and craft strategies to combat its spread. During this period, despite the lockdowns,
controlled movement of people, and other health measures instituted, people continued to
undertake some activities, especially through the work-from-home clarion. Such influence
of technology may have prompted even more interest among researchers, including how
technology could further be deployed in the future to help overcome similar pandemics
in urban fabrics while still allowing cities to engage in their primary activities. This is
part of a prevailing narrative, but there are other studies and perspectives on the topic of
COVID-19 that have criticised the use of surveillance technologies in terms of their negative
implications on society and civic values in the context of smart urbanism (see, e.g., [52-55]).

4.2. Influential Journals

Between the period in relevance to this study (1978-2022), a wide range of journals
and publications have emerged focusing on different aspects of smart urban governance, as
depicted in Table 1 below. While the table only captures 20 of the most influential journals
and publications, that does not suppress the fact that there are other numerous publishing
companies concentrating on research works touching on the ‘smartness’ of governance
features. In Figure 3 below, the two most influential journals are Cities and Government
Information Quarterly, with total link strengths of almost 29,900 and 21,297, respectively.
Of interest is that journals with the highest Impact Factor are not necessarily the most
influential, as some publish research particularly on issues of cities and governance, with
their scope including some of the most influential research areas that have emerged over
the entire period of study.
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Table 1. Top 40 Most Influential Journals.

Title Publication Year Authors

A Ladder of Citizen Participation Journal of the American Institute 1969 Arnstein [56]
of Planners

Internet of Things for Smart Cities IEEE Internet of Things Journal 2014 Zanella et al. [57]

Smart Cities in Europe Journal of Urban Technology 2011 Caragliu et al. [58]

Will the real smart city please stand up? City 2008 Hollands [59]

Smart city as urban innovation: Focusing on management, policy, and International conference on theory

context y ’ & & - Policy, and practice of electronic 2011 Nam and Pardo [60]
governance

Understanding Smart Cities: An Integrative Framework Hawaii Interr}atlonal Conference 2012 Chourabi et al. [61]
on System Sciences

e . . . . Smart cities: Ranking of European Giffinger and

Smart cities: Ranking of European medium-sized cities medium-sized cities 2007 Pichler-Milanovic [62]

Smart cities: Big data, civic hackers, and the quest for a new utopia WW Norton & Company 2013 Townsend [63]

Smart Cities of the Future The ].Europe.a n Physical Journal 2012 Batty et al. [64]
Special Topics

Current trends in Smart City initiatives: Some stylised facts Cities 2014 Neirotti et al. [65]

Smart Cities and the Future Int'ernet: Towards Cooperation The Future Internets 2011 Schaffers et al. [66]

Frameworks for Open Innovation

F.r(.)m e-government to we-government: Deﬁr‘ung a typology for Government Information 2012 Linders [67]

citizen coproduction in the age of social media Quarterly

. - IBM Journal of Research and .

Foundations for Smart Cities 2010 Harrison et al. [68]

Development
5 . .

Is there an,ybody ou.t "there. The place and role of citizens in Futures 2014 Vanolo [69]

tomorrow’s smart cities

A Smart City Initiative: the Case of Barcelona Journal of the Knowledge 2013 Bakici et al. [70]
Economy

Governing the smart city: a review of the literature on smart urban Interr'1a't1ona'l Rev1§w of 2016 Meijer and Bolivar [34]

governance Administrative Sciences

. . Innovation: The European Journal .

Modelling the smart city performance of Social Science Research 2012 Lombardi et al. [71]

What are the differences between sustainable and smart cities? Cities 2017 Ahvenniemi et al. [72]

Big data, smart cities and city planning Dialogue in Human Geography 2013 Batty [73]

Smart and Digital City: A Systematic Literature Review Springer 2014 Coccia [74]
International Digital Government

C0n§ept.ual%zmg smart city with dimensions of technology, people, Research Conference:. Dlg1tal 2011 Nam and Pardo [75]

and institutions Government Innovation in
Challenging Times

Smart cities as corporate storytelling Cities 2014 Soderstrom et al. [76]

. . . International Journal of

The role of big data in smart city Information Management 2016 Hashem et al. [77]

Smart city policies: A spatial approach Cities 2014 Angelidou [78]

Smart sustainable cities of the future: An extensive interdisciplinary . - . o .

li . Sustainable Cities and Society 2017 Bibri and Krogstie [10]

iterature review

Towards an effective framgwork for building smart cities: Lessons Technologlcal Forecasting and 2014 Lee et al. [79]

from Seoul and San Francisco Social Change

Towards sustainable smart cities: A review of trends, architectures, Cities 2018 Silva et al. [80]

components, and open challenges in smart

The “actually existing smart city’ Cambridge J ourna}l of Regions, 2015 Shelton et al. [81]
Economy and Society

Critical interventions into the corporate smart city Cambridge J ourna.I of Regions, 2015 Hollands [82]
Economy and Society

Smart cities: A conjuncture of four forces Cities 2015 Angelidou [6]

Making sense of smart cities: addressing present shortcomings Cambridge ] ournz?l of Regions, 2014 Kitchin [83]
Economy and Society

Programmmg EnVlronments: Environmentality and Citizen Sensing Env.lronment and Planning D: 2014 Gabrys [84]

in the Smart City Society and Space

New urban utopias of postcolonial India: ‘Entrepreneurial Dialogues in Human Geograph 2015 Datta [5]

urbanization” in Dholera smart city, Gujarat & sraphy

Being a ‘citizen’ in the smart city: up and down the scaffold of smart Cardullo and Kitchin

. . R Geo Journal 2019
citizen participation in Dublin, Ireland [86]
The governance of smart cities: A systematic literature review Cities 2018 Ruhlandt [36]
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Geo Journal
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Future Generation Computer Systems

Lecture Notes in Computer Science (LNCS)
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Cambridge Journal of Regions, Economy and Society
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Figure 3. Top 20 most influential journals, where the x-axis shows the link strength.

Figure 4 below depicts the different influential journals and publications, including the
clusters under which they fall. The publications are clustered into four distinct categories
highlighted by blue, red, green and yellow colours. The red cluster comprises journals
focusing more on urban sustainability, and it is evident that these subjects are very popular
with most researchers, as most journals in this cluster have high linkages with the rest of the
categories. The blue cluster comprises journals focusing more on public management and
administration in cities. It is evident that the journals publishing works on governments
and public administration are very popular, with high linkages to journals with a scope
touching on cities and their sustainability agendas. The green cluster comprises journals
focusing more on different aspects of Information Technology (IT) and their applicability
in different facets of cities. Finally, the yellow cluster encompasses journals focusing on
geographical aspects of cities.

public mna% rev

rm@n polity
pibiic w(lﬂ rev. mis@uart
int re\“m sl "“"gav .
soc sci c@imput rev mnm‘a‘ﬂotbm'gdon ;h"-‘ft-;k;\
now econ
‘ compu bebqv

me *;,
int] na&e
~res ”[mytemno 1o

telecomqy.} pochy
jurb 3

new media soc jun

camb j reg econ soc "~ - c E‘rﬁ' R -
" big data soc = renew sugiyeherg rev ieee tu-./I transp
geojournal science ener’mhcyl N tranSport ¥s c-emer

urban stud

envwrnmp\ann d

urban geogr geolorum em,r,m,-, plannb  jand use policy ﬁ VOSviewer

h (3 ron plann a j am_
Pprog human geog

EOC landscape urban plan
int ] urban regronal

Figure 4. Most influential journals and publications. Illustration by authors.
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The different clusters showcase the progress that has been made in publications fo-
cusing on smart cities. As highlighted in Figure 2 above, research works and research
interests on technology use in urban areas has been progressive, with substantial momen-
tum observed in 2015, and an exponential growth in 2020 and 2021. From the literature,
it is observed that the aspect of ‘smartness’ in cities was focused on specific components
of cities; that is, the administration aspect with the aim being to increase efficiency and
performance. However, as more smart-based technologies emerged, the ‘smartness” aspect
gained traction in other urban dimensions such as urban mobility, energy production and
consumption, sustainability, socioeconomic dimensions, and others. As a result, research
works and publications expanded their scopes from administration to include these other
aspects; hence, affirming why more influential publications are emerging, as attention on
the smart city concept continues to grow.

4.3. Influential References

From the literature, it was highlighted that the quest to have smart cities began in the
1970s, and this quest materialized in a notable way in 2005, when large ICT corporations,
driven by profit-making agendas [26], began to increase their attention and commitment
toward the realization of this objective. The growth and interest amongst academics
and researchers have likewise been increasing, as highlighted in Figure 2, capturing the
number of publications between 1970 and 2022. At the heart of these publications are
dedicated authors and researchers whom, as depicted in Table 2 below, have published
ground-breaking works which emerge as the most cited compared to others.

As highlighted in Figure 5 below, those different influential references can be clus-
tered into two categories characterised by the colours red and yellow. The red category
encompasses all the references focusing on general contributions to sustainability, including
aspects such as air pollution and economic growth. References in the yellow category,
however, focused on aspects relating to urban planning and urban studies. From the figure,
it is noticeable that most of the influential authors were more interested and focused on
issues pertaining to sustainability, and this could be attributed to the fact that most cities, as
noted from the literature, have been cited to have the potential to contribute substantially
discourses perpetuating a bid to address the challenges of climate change.
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Table 2. Top 40 Most Influential References.

Title Publication Year Citations Authors
A Ladder of Citizen Participation Journal of the American 1969 26,258 Arnstein [56]
Institute of Planners
Internet of Things for Smart Cities }Sfigl‘temet of Things 2014 5564 %3?;31[?7‘]3“" Castellani, Vangelista and
Smart Cities in Europe Journal of Urban Technology 2011 4791 Caragliu, Del Bo and Nijkamp [58]
Will the real smart city please stand up? City 2008 3494 Hollands [59]
. . L . International conference on
rSnmralrt c1rtr}11 a;lst urb{ain mr;l(()jvatlrc‘)tn.x focusmg on theory and practice of 2011 2979 Nam and Pardo [60]
anagement, policy, and conte electronic governance
Understanding Smart Cities: An Integrative ?ar\:\;au Interr:laglorial 2012 2939 Chourabi, Nam, Walker, Gil-Garcia,
Framework Sc(;enir:snce on oystem Mellouli, Nahon, Pardo and Scholl [61]
Smart cities: Ranking of European medium-sized %mart cities: I;a_nkmg Of;{ 2007 2791 Giffi d Pichler-Mil @16
cities lttxlropean medium-size 00 iffinger and Pichler-Milanovic¢ [62]
cities
Smart c1t1e§: Big data, civic hackers, and the quest for WW Norton & Company 2013 2702 Townsend [63]
anew utopia
. Batty, Axhausen, Giannotti,
Smart Cities of the Future ;E)}Lerr}f:lrgpeesir;ﬂp"l}":) ysilccsal 2012 2543 Pozdnoukhov, Bazzani, Wachowicz,
P P Ouzounis and Portugali [64]
Current trends in Smart City initiatives: Some . Neirotti, De Marco, Cagliano,
;tylise(é .fa}cts dthe . N | Cities 2014 273 Ig/[inﬁano ;nd Sc_orranlg [1?5] .
mart Cities and the Future Internet: Towards chaffers, Komninos, Pallot, Trousse,
Cooperation Frameworks for Open Innovation The Future Internets 2011 2184 Nilsson and Oliveira [66]
From e-government to we-government: Defining a Government Information
typology for citizen coproduction in the age of social 1 2012 2092 Linders [67]
media Quarterly
Harrison, Eckman, Hamilton,
Foundations for Smart Cities llgé\\//l ‘ellzl;)r;z;?f Research and 2010 1527 Hartswick, Kalagnanam, Paraszczak
and Williams [68]
?
Ig ’fhere gnybody outrthere. Th_e' place and role of Futures 2014 1390 Vanolo [69]
citizens in tomorrow’s smart cities
A Smart City Initiative: the Case of Barcelona {;L(l)lg?rln;f the Knowledge 2013 1355 Bakici, Almirall and Wareham [70]
Governing the smart city: a review of the literature Interr.'la'tlona.l Review of 2016 1308 Meijer and Bolivar [34]
on smart urban governance Administrative Sciences
Innovation: The European .
Modelling the smart city performance Journal of Social Science 2012 1201 \Izomb?r?;, Giordano, Farouh and
Research ousef [71]
What are the differences between sustainable and Cities 2017 1130 Ahver}merr.u, Huovila, Pinto-Seppa
smart cities? and Airaksinen [72]
. . . . Dialogue in Human
Big data, smértA c1t1e? and city plann'mg. Geography 2013 1036 Batty [73]
%{?‘Zztv';md Digital City: A Systematic Literature Springer 2014 975 Coccia [74]
International Digital
Conceptualizing smart city with dimensions of Government Research
P & 1y with Conference: Digital 2011 965 Nam and Pardo [75]
technology, people, and institutions Lo
Government Innovation in
Challenging Times
Smart cities as corporate storytelling Cities 2014 949 Soderstrom, Paasche and Klauser [72]
. Hashem, Chang, Anuar, Adewole,
The role of big data in smart city Imemam.mal Journal of 2016 928 Yaqoob, Gani, Ahmed and Chiroma
Information Management [77]
Smart city policies: A spatial approach Cities 2014 910 Angelidou [78]
isnr?;réissﬁisgﬁgzgiiz?:uﬁ tiiif;;ure: An extensive Sustainable Cities and Society ~ 2017 895 Bibri and Krogstie [10]
Towards an effective framework for building smart Technological Forecasting
cities: Lessons from Seoul and San Francisco and Social Change 2014 882 Lee, Hancock and Hu [79]
Towards sustainable smart cities: A review of trends,
architectures, components, and open challenges in Cities 2018 831 Silva, Khan and Han [80]
smart
Cambridge Journal of
The “actually existing smart city” Regions, Economy and 2015 780 Shelton, Zook and Wiig [81]
Society
Cambridge Journal of
Critical interventions into the corporate smart city Regions, Economy and 2015 776 Hollands [82]
Society
Smart cities: A conjuncture of four forces Cities 2015 744 Angelidou [6]
Making sense of smart cities: addressing present Cambridge Journal of
& 5¢ : &P Regions, Economy and 2014 743 Kitchin [83]
shortcomings Sodiety
Programming Environments: Environmentality and Environment and Planning D: )
Citizen Sensing in the Smart City Society and Space 2014 731 Gabrys [84]
New urban utopias of postcolonial India: Dial in Human
‘Entrepreneurial urbanization’ in Dholera smart city, Geao;g;;}?y uma 2015 682 Datta [85]
Gujarat
Being a ‘citizen’ in the smart city: up and down the
scaffold of smart citizen participation in Dublin, Geo Journal 2019 638 Cardullo and Kitchin [86]
Ireland
The governance of smart cities: A systematic Cities 2018 496 Ruhlandt [36]

literature review
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From the table, the most influential reference was authored by Arnstein [56], advancing
the thematic aspect of public participation, which has become a cornerstone in the pursuit of
the smart city concept. According to the author, citizens” power in contributing and shaping
decisions can only be realised if they are actively engaged and allowed to participate at
different levels. The second most influential reference in respect to the number of citations
(5564) was authored by Zanella, Bui, Castellani, Vangelista, and Zorzi [57] in 2014, and
their attention was on the impacts of the ‘Internet of Things for Smart Cities’. From the
literature, during this period, the number of IoT devices targeted on cities were increasing
(increased by 20% between 2013 and 2014) to reach 16 billion products. Further, a projection
during that period was that by 2020, the number of smart things would increase to over
40 billion products [87]; hence, supporting interest in this field. Overall, despite most of
the influential references, as depicted in Figure 5, being skewed toward sustainability, it
is evident from the number of citations, as shown in Table 2, that most of researchers and
publications were interested in understanding the different aspects of smart cities.

4.4. Influential Authors

The subject matter of smart urban governance is emotive, as it does not only touch
on the political aspirations, but also influences resources allocation in cities, economic
growth, and security and privacy of residents and their properties, among other issues. As
a result, as showcased in Figure 6 below, over the study period (1970-2022) the number
of authors with interests on the aspect of smart cities, and by extension, smart urban
governance, have continued to increase. These have been pursuing different issues, as
highlighted in Figure 6, where different colouration has been adopted to categorize clusters.
The red cluster encompasses authors focused on sustainability and how this is being
applied in smart cities. The blue cluster comprises authors whose work majors on policies,
frameworks, and structures of smart cities and how this could help in achieving smart
urban governance. The yellow and green clusters comprise the most influential authors, as
captured in Table 2 above. Those in the yellow cluster have published most works focusing
on the general aspects of smart cities, while those in the green cluster are focused more
on smart urban governance and how this impacts aspects such as citizen participation
and city performance. They have also focused on the possible shortcomings that could be
experienced in smart cities where aspects of smart governance are fully considered.
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The categorization of influential authors on the subject matter of the smart city demon-
strates the importance of the use of technology to enhance urban dimensions. The aspect
of urban governance is critical, and this could explain why it has attracted such a sizeable
interest from authors. In particular, from the different terminologies captured in the dia-
gram, it is almost impossible to have successful smart cities if governance dimensions are
not fully addressed. This is affirmed by how the different terminologies are closely linked
together. From the literature, the success of smart urban governance, however, requires
the cooperation of different stakeholders; hence, the need for sound policies, frameworks,
and protocols. Considering this, it would be possible to pursue other related aspects such
as sustainability agendas and improve and address the social and economic dimensions
including areas such as liveability and others.

4.5. Thematic Focus Areas and Their Transition

This section focuses on the different themes and topics that researchers have favoured
regarding aspects of urban governance within the entire period of the study. The section is
ordered into different subheadings, each addressing a specific time period. An overall look
at the general thematic focus is succeeded by subsections on each of the different periods.

4.5.1. Overall Thematic Focus and Structure

The quest to transform cities using data-driven approaches has been present since the
1970s; as showcased in the previous sections, the number of publications, references, and
authors on different thematic issues have been on the rise. This is captured in Figure 7
(below), which highlights different dimensions that have been pursued since it became
apparent that it was possible to influence urban governance, urban sustainability, urban
planning, and other aspects using ICT. In Figure 7, different themes are categorized in four
distinct clusters symbolized by the colours red, yellow, blue, and green. The red cluster
focuses on issues related to urban governance and the subsequent benefits derived from
its adoption in cities. Such issues include the sustainability agenda, economic growth,
resilience, improved liveability status in cities, and others. The blue cluster captures
issues related to the digital divide, political dimension, and related aspects such as policy
formulation and crafting of different frameworks pertinent to the application of smart
agendas in cities. The green cluster captures themes related to smart cities and smart
technologies while the yellow cluster captures aspects of digitalisation, smart governance,
and urban residents and their participation in smart agendas, amongst others.

The graphical representation of the different smart themes in cities illustrated in
Figure 7 rightly coincides with findings from the current literature on the smart cities
concept, mainly smart governance, and its influence on cities. From the literature, it is
evident that smart governance plays significant roles in the global, regional, national, and
local economies. It plays significant roles in influencing how cities can handle matters
such as climate change, economic growth, and provision of services to residents and
improve social welfare of the residents. As illustrated in Figure 7 (above), it is evident that
during the entire period, the sustainability agenda has attracted substantial attention. From
the literature, while policies on these emanate from global top leadership summits and
transpire from agendas, it is local governments that shoulder the greatest responsibilities
for their implementation. It has been established from the literature that the most successful
cities in implementing projects and approaches with positive impacts on sustainability
are those that have already embraced smart aspects. For instance, Singapore, which has
been voted a number of times as one of the most liveable cities, is well established as
being a ‘smart’ nation [88], with some sustainable aspects such as green spaces. While
the impacts of climate change affect all cities, including those in the global north and
developed economies [89-91], the aspect of smartness defines and influences the resilience
and adaptability levels of different cities. That is, those with notable smart components
have been argued to be more adaptable and resilient than their counterparts that have few
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or no smart components installed [92-94]. This could explain why most cities, as shown in
the figure above, have increased commitments towards transitioning to smart cities.
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Figure 7. Overall thematic focus from 1978 to early 2022. Illustration by authors.

4.5.2. Evolution of Structure and Thematic Focus over Time

This subsection comprehensively addresses how research works and structures came
about during the three periodical timeframes identified to have had significant impacts
in the evolution of studies in the subject matter of urban governance. The classification
of the three periods was done in respect to the timelines that a number of factors such
as technological advancement, global sustainability agenda documents, the rise of the
smart city concept, and the emergence of COVID-19 pandemic, among others, created, as
highlighted in Figure 1 above and in the Methodology.

Period 1 (Until 2015)

Results of the study covering the first period (1978-2015) are captured in Figure 8
below. As noted from the literature, while the aspect of urban smartness may have been
conceived earlier, it became vivid in 1974 in Los Angeles when the local government of
the day initiated the use of data to influence certain aspects of its urban administration [5].
Later, in 1994, Amsterdam attempted to install smart government structures by adopting
a ‘virtual city’ concept [95]. However, in the 2000’s, as noted in Figure 2 (above), notable
possibilities of incorporating digital solutions in cities began to gain traction due to gradual
growth of the ICT sector, catalysed by the fourth industrial revolution. As highlighted in
Figure 8, though the collection of thematic areas being pursued was not extensive, it is
evident that the aspects of smart governance, smart citizens, and smart cities were present.
During this period, at the global front, high-level meetings [96-98] highlighted pressing
urban challenges such as climate change, the widening socioeconomic inequality gap,
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and the unprecedented urban population growth. This, as can be deduced from Figure 8,
prompted debates on areas such as sustainability and how such could be achieved through
changes in policies driven by global institutions. The calls for action on different urban
issues originated from different quarters, such as youth movements and from the global
population, which leverage social media as a tool for communication. These communication
platforms were spearheaded by growth and unprecedented penetration of the internet
and the gradual infiltration of smart mobile devices with capacities to help share complex
information [67]. As highlighted above, during this period, the number of smart ‘things’
(powered by IoT networks) had increased to approximately 16 billion globally [87].
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Figure 8. First period (1978-2015): illustration by authors.

In 2015, interest in different smart urban dimensions gained even more momentum,
as ground-breaking documents, starting with the Paris Agreement, The Sustainable Devel-
opment Goals, and the New Urban Agenda, were launched. While these captured different
global aspects and themes, it is evident from the literature review that most of the solutions
proposed converged on how urban areas need to be managed for increased sustainability,
liveability, and resilience. Figure 7 above showcases how the full package of ‘smartness’ in
cities started to gain traction during the period in question. For instance, in the question
of climate change, it was appreciated in the different global accords, especially on how
urban governance could help achieve low carbon, climate adaptation, and sustainable
and liveable cities through adoption of innovations in varying sectors. A classic example
is in the energy sector, where alternatives such as solar, wind, and hydro are becoming
mainstream and require governance structures to allow for their deployment in urban
areas [99]. Additionally, in the transportation and construction industries, amongst others,
the role of urban governance was as critical then as it is today; already, sufficient urban
challenges were originating from those sectors, as noted by Wen et al. [100]. Furthermore, it
was appreciated that the achievement of those different global policies was determined by
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how financial resources would be committed, and as such, the Paris Agreement proposed
(Article 9) that developed economies commit at least $100 billion to assist developing
economies achieve their climate action agenda [101]. From the literature, it has been argued
that smart governance is very critical in the sourcing and allocation of finances in different
programs and projects that would ultimately lead to the ‘smartness’ in cities. While Figure 8
above showcases that there were limited activities happening in the academic circles in
terms of publication, this period formed the backbone for cities in their quest to adopt
smart technologies as tools to address the aforementioned challenges. In summary, this
period outlined that:

e  The global agendas of the Paris Agreement, SDGs, New Urban Agenda, and others
influenced pursuits to smart growth.

e  (Citizen participation in urban governance started to gain traction since early in the
concept.

e  The technology was infancy in the beginning, outlining only a few technical dimen-
sions, and focusing more on broad objectives.

e  Some social themes such as the digital divide and inequality were already apparent
then.

Period 2 (2016-2019)

The period between 2016 and 2019 experienced an increase in research interests on
the subject matter of ‘smartness’, as showcased in Figure 9 below. From Figure 1, it
was clearly noted that approximately 731 publications were made during this period,
with research works growing gradually each year. From Figure 9, it is also evident that
the number of terminologies increased substantially on each of the four thematic areas
(sustainability, smart cities, smart governance, citizen participation, and policy /political
Issues) categorised under red, green, yellow and blue clusters. For instance, on the thematic
area of sustainability and smart cities, Bibri and Krogstie [102] provide novel insights and a
number of new terminologies as a result of a synthesis of a large body of interdisciplinary
and transdisciplinary literature. Additionally, there was increased attention in respect
to smart governance, with new interest areas such as crowdsourcing, local governments,
social media, and adaptation arising. Furthermore, regarding policies’ formulation and
political influences in the achievement of ‘smartness’ in cities, it is evident from Figure 9
that this period experienced substantial interests and publications, with research works
covering new grounds such as Energy, Climate Change, Economic Growth, China, India,
Quality of Life, and others. Regarding smart cities, it is evident that there was increased
attention, especially following emergence and popularization of new technologies such
as the Internet of Things (IoT), Big Data, Artificial Intelligence, Blockchain, and others. In
terms of sustainability, new innovations in areas like mobility, infrastructure development,
and energy, prompted by emergence and adoption of smart technologies, further helped
develop more interests (see [103,104], for illustrative case studies between 2016 and 2020).

From the literature, this period was critical in most cities, prompted by a number of
factors. First, the global accords and agreements that were launched in 2015 prompted
new ways and approaches in areas of urban planning aimed at achieving different sets of
objectives. For instance, in regard to addressing the challenge of climate change, which
had attracted notable interests from different quarters, including calls from youth move-
ments [105], C40 cities [106], Small Island Developing States (SIDS) [107], and others for
decarbonisation, technology adoption in cities became inevitable [108,109]. Aspects of
smart governance became clear, even in global summits, with participation of ‘minority
groups’ such as youths, Small Island Developing States, and indigenous groups becoming
apparent. The issues they raised coincided with what had already been anticipated and
captured in documents such as the Paris Agreement [110]. For instance, in respect to SIDS,
a report ‘Emerging Issues for Small Island Developing States” published in by the United
Nations Environment Programme (UNEP) [111] started to elicit much interest, as the de-
tails and facts contained therein mirrored what had been captured in the Paris Agreement.
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During this period, attention on use of technology to alter traditions in areas such as energy
production with adoption of renewable energies as a substitute to fossil fuel started to gain
much traction. Indeed, as noted by the International Renewable Energy Agency (IRENA),
it was during this period that costs of producing basic components such as solar panels
became relatively cheaper; hence, popularity of this option increased. Overall, the aspect
of ‘smartness” advanced during this period, with numerous benefits being experienced,
especially in increased efficiency and performance in cities such as Barcelona, London,
Singapore, New York, and others that had embraced the aspect of smart governance. In
summary, this period outlines that:

Smart urban governance gained traction with inclusion of minority groups.

The use of technology became more apparent, specifically in energy fields.
Technology integration gained more ground in city administration.

The aspect of community involvement grew more rapidly than business models for
smart cities, showcasing that the model was moving from more profit-driven models
to human-driven models.

e  The technological cluster was expanding, underlining the need for local governments
to reinforce their capacities.
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Figure 9. Second Period (2016-2019): Illustration by authors.

Period 3 (2020-Early 2022)

The period year 2020 to early 2022, which was extraordinary for the global community,
was prompted by the unprecedented widespread outbreak of the COVID-19 pandemic.
Unlike other recent global challenges such as climate change, COVID-19 disrupted normal
activities in almost all facets of life, with urban areas and cities being the most affected,
especially noting the high population density, over-reliance on transportation, and nature
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of works [89]. With most countries taking drastic actions to contain the spread, delivery of
services in many sectors become almost impossible (especially in the transport [112,113]
and education sectors [114,115]) and others such as the health sector were, in most cities,
almost overwhelmed [116]. However, it was noted in different fora [94], that cities that had
embraced the smart agenda had some relief. This was especially evident in cities where
the aspect of smart urban governance had gained some roots, as some services continued
to be offered virtually albeit in limited scopes compared to normal [95]. Conversely,
Kitchin [52] questioned the technical and practical efficacy of surveillance technologies used
for contact tracing, quarantine enforcement, social distancing/movement monitoring, and
symptom tracking (e.g., smartphone apps, facial recognition cameras, biometric wearables,
smart helmets, drones, and predictive analytics), and examined their implications for
civil liberties, governmentality, surveillance capitalism, and public health. Regardless,
as depicted in Figure 10 below, despite the evident disruptions that COVID-19 posed,
adoption and application of different aspects of smart city concepts continued to gain
popularity even more than the previous years. There was increased attention on issues
focused on digitalisation, smart governance, and citizen participation, as highlighted in the
diagram using the colour yellow. Maximum research attention was focused on governance
and how such would influence issues such as security and provision of services, more so
in the health sector, in formulation of policies to guide emerging trends such as working
from home, reduced mobility options, and adoption of smart technologies in different
government departments to enhance virtual service delivery.
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Figure 10. Period 2020: Illustration by authors.

During this period, aspects (symbolized using the colour red in Figure 10) such as
sustainability, economic growth, mobility, and resilience of communities gained popular-
ity with publishers, as the pandemic prompted mixed trends. For instance, before the
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emergence of COVID-19, cities had been reported to be the greatest contributors to climate
change (with of 70% of the total global GHG emissions). However, in 2020, an unprece-
dented decline in emissions were reported, with aspects such as urban air and water quality
reported to have improved immensely [117]. Such were influenced by reduced activities
in transport sectors [118,119], manufacturing sectors [120], and other energy intensive
frontiers [121]. However, such reductions were seen as ‘carbon bubbles’ that would burst
immediately as soon as countries started their economic recovery journey [122]. As a result,
many researchers and publishers produced articles and publications highlighting the need
for ‘green’ policies to be adopted during economic recovery pursuits. The adoption of
modern smart technologies was identified as among potential strategies that could be used
to help accelerate the ‘green’ recovery, as those had already worked in areas such as the
work-from-home concept and in virtual communications, thus, helping to reduce energy
consumption from non-renewable sources. In summary, this section outlines that:

e  The pandemic provoked mixed trends in sustainability, economic growth, mobility,
and resilience of communities.
The human factor, showcased in yellow, grew more significantly than others.
The need for higher quality of life emerged in this period.
An emergence of ‘green’ policies was observed as a result of post-COVID economic
pursuits.

5. Discussion

During this century, the global landscape has changed significantly following un-
metered population growth and rapid urbanisation. This twin phenomenon has in turn
prompted diverse critical issues such as climate change, increased resource consumption,
urban congestion, and increased socioeconomic inequalities, amongst others. However, as
expressed by Jiang, Geertman, and Witte [13], these different challenges greatly differ in
scope and intensity in different cities, with the main underlying component being the gov-
ernance structures in place. It has been established that cities that have already embraced
and instituted some form of ‘smartness” in their governance structures are relatively several
steps ahead of their peers in addressing different issues in diverse urban sectors [70,123,124].
The popularity of urban smartness, as established in this study, started to draw some at-
tention as early as the 1970s and grew steadily until 2014. The bibliometric analysis has
established that within this period, most publications were centred on a limited number of
issues, including how the application of smart technologies could be unpacked in cities
and how such could help address emerging issues such as sustainability, e-governance,
enhanced citizen participation, and the digital divide prompted by proliferation of smart
devices and the rise of social media, amongst others.

On the global scene, attention during this period was focused on finding solutions
for the looming urban challenges prompted by climate change [125]. This quest was
particularly catalysed by the formation of the Kyoto Protocol in 1997, and from the result
analysis, it is true that it was after this global agenda that an increase in related publications
was observed. In cities, in the mid-2000s, the attention was on integrating information and
data technology components in different dimensions to complement and enhance existing
infrastructures. Large ICT corporations such as Cisco and IBM had increased their activities
in research and development of smart cities, rising hope of finding digital solutions to
major urban challenges, including on the governance front [126].

In the academic realm, researchers also increased their activities, and as depicted in
Figure 2 above, the number of publications during this period reached a high of 220. In
Table 1, displaying the most influential references, it is evident that most of those were writ-
ten between 2000 and 2014, highlighting the importance of the fourth Industrial Revolution
(Industry 4.0) in regard to publications on smart governance in cities. This is not surprising,
as cities were on a transition path in respect to adopting new planning approaches (smart
city concept) as well as in relation to adopting climate change mitigation strategies that
were eventually formalized in 2015 in the Paris Agreement and the SDGs [110,127]. From
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2015 to 2019, the research agrees with the argument by Angelidou [6], which expressed
that cities experienced unprecedented forces; technology push and demand pulls saw an
almost exponential increase in activities, particularly in the publication realm. In cities, the
push was prompted by a rapid increase in digital innovations targeting different urban
challenges. For instance, as noted in a report by the Statista Research Department [128], it
is during this period that smart technologies increased exponentially and their applicability
in different urban fabrics became more evident. This could be witnessed by the increase in
the number of smart devices (IoT- based) from 16 billion products as of 2014, to a high of
more than 50.1 billion devices by 2020, and a projection of reaching 75 billion devices by
2025 [129].

One of the major challenges that researchers were interested in after it became apparent
that cities could benefit from the use of data in terms of efficiency and performance increase
was the issue of privacy and security of data [24,130,131]. This invoked a sizeable volume
of research output focusing on citizens’ perception of smart cities and smart governance
and their take on privacy and security of their personal information. However, the gradual
potential rise and of use of different technologies such as Blockchain, as highlighted in
Section 4, gradually started to help build confidence on privacy of urban residents. While
the fears have not been fully arrayed, especially noting that data management in most
cities is still being undertaken by third parties (with profit-making agendas), Blockchain
technologies such as smart contracts, cryptocurrencies, and others have given some glimpse
of hope for guaranteeing privacy (though to some extent due to invested interests).

In regard to the demand pull, it is posited that new technologies such as big data,
the IoT, and Al have increased cities’ capacity to offer innovative solutions to a myriad of
challenges. Those technologies have enabled cities to achieve environmental sustainability,
efficiency, resilience, equity, socioeconomic parity, and other qualities, thus making the
smart city concept even more attractive during the second period [6,92,132]. This has
created numerous research opportunities giving rise to new approaches to smart urbanism,
notably data-driven cities (e.g., [133]), data-driven smart cities (e.g., [103,134-136]), sustain-
able smart cities (e.g., [132,137]), data-driven smart sustainable cities, and environmentally
data-driven sustainable smart cities [104]. These emerging paradigm shifts to smart ur-
banism are seen to bring more innovative solutions to a number of complex problems and
challenges pertaining to sustainability and urbanization, as well as to governance as to
how to address them. This could hence explain why terminologies such as Innovation,
Transportation, Environment, and Business Models increased in the publication realm
during the second and third periods. Through technology, a wide range of urban solutions
emerged during this period in sectors such as energy, transport, environmental monitoring,
economy, health, culture and art, education, and others. For instance, in the transport sector,
technology inspired new modes of mobility including the use of electric vehicles [138],
car and ride sharing [139], and the use of bicycles, amongst others [140,141]. In the health
sector, there has been a rise in wearables that, with the emergence of new technologies such
as minimally invasive surgery [142] and the use of 3D printing technologies, have been
helping address emergencies [143,144]. On the economic front, cities such as Singapore,
Barcelona, and others managed to enhance their service-oriented business models, thereby
increasing employment opportunities for their residents. The expansion on scope of what
the smart city concept could help cities achieve consequently opened new opportunities
for research and publications, thus, explaining why research works have maintained an
upward trajectory since the concept gained traction in the urban planning realm.

Adoption of smart governance in cities, as showcased in Figure 9 depicting publica-
tions in 2020, sums up the influence and capacities of technologies in urban areas. From
face value, the unfortunate happening during this year as prompted by the emergence of
COVID-19 could have had the potential to paralyse and jeopardise activities in cities as well
as in the publishing industry. This is not surprising, as during this period, activities, includ-
ing in most institutions of higher learning, were almost completely halted [145]. However,
courtesy of advanced technologies that allowed for remote working, virtual learning, and
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collaboration [146], and continued generation of relevant data, a substantial number of
publications was completed. In cities, smart governance allowed for the containment
measures instituted by governments [147], and from Figure 9, it is evident that research
touching on or linked to Governance, Smart Cities, and Citizen participation increased
substantially. For instance, regarding social distancing, it was observed that most residents
relied on technologies such as e-commerce, P2P, and others for their supplies [148]. Social
media platforms became popular tools for sharing and exchanging information, while vir-
tual communication technologies allowed for virtual meetings, virtual learning, and other
activities, which all helped reduce in-person interactions [146]. While research increased
the benefits accrued from adoption of smart technologies, there were some concerns on
the fate of cities and economies that had not yet embraced smart technologies and the
challenges they were facing. Such diverse research areas could explain why there were
such extensive activities in research as depicted in Figure 9, then the rest of the periods
despite the real challenge that COVID-19 had posed.

This paper presents results from the mapping of emerging trends and structures,
and further research can help complement some of the findings, specifically relating to
exploring the:

e  Emerging factors from the COVID-19 pandemic on smart urban governance and their
reasons.

e Institutional policies guiding the conceptualisations and development of smart gover-
nance solutions.

e  The equality of development from cities in the global north and those in the global
south, and across cities of different scales and capacities.

e  The digital divide and the barriers of smart city governance implementation, and the
associative solutions.

e  The comprehensive mapping of human’ dimensions emerging so as to map the needs
for developers of future technologies to respond to.

6. Conclusions

Overall, from this analysis, it is evident that the aspects of smart governance and smart
technologies are gaining even more attention from researchers, and in the future, with
many cities focusing on embracing and implementing more dimensions of smart cities, it
is expected that more research will continue to be published, with new emerging termi-
nologies. However, smart city governance has been criticized, since it is strongly driven by
government policies and the interests and agenda of high-tech companies and corporations
(e.g., Hollands [82], Allam [149], Grossi et al. [150]). Many studies have focused on the
potential risks and negative implications of the technocratic, corporate-led approach to
smart city governance (e.g., Cardullo and Kitchin [86], Grossi, Meijer and Sargiacomo [150],
Bina et al. [151], Ledn and Rosen [152], McFarlane and Soderstrom [153]). Much of the
criticism in this respect relates to social sustainability and the balance between the three
dimensions of sustainability, especially in relation to citizen participation. Therefore, sev-
eral studies have argued for the urgency and need for a transformative perspective on
smart urban governance as a context-based, socio-technical way of governing cities (e.g.,
Jiang, Geertman and Witte [14], Pereira et al. [154], Webster and Leleux [155]), as well as
new forms of human collaboration to attain the desired outcomes, including sustainable
mobility to increase the quality of life in cities [156].

While the analysis has made it possible to achieve the objectives and answer the
questions set in the introductory section, there are limitations that need to be addressed
in future research. One key limitation is that this study is only based on peer-reviewed
literature. Considering grey literature would make it possible to gain more comprehensive
insights and should be prioritized in the future. Additionally, during the height of COVID-
19, it became apparent that the world was braced to a ‘new normal’, where technology
use would become mainstream and more embedded into almost every urban dimension.
This would undoubtably prompt further paradigm shifts on how urban areas are governed.
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On the academic realm, such developments would prompt an increase in the number of
publications focusing on the new frontiers, including on digitally infused solutions. It
would therefore be interesting to have research conducted to establish the publication
landscape post-pandemic to map out the influences that the coronavirus had on urban
policy making and its governance features.
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Appendix A

The search string: TS = (((“smart” OR “intelligent” OR “digital” OR “digitali*ation”
OR “Information and communication technolog*” OR “ict” OR “information technology”
OR “internet of things” OR “iot” OR “artificial intelligence” OR “AI” OR “machine learn-
ing” OR “blockchain” OR “virtual reality” OR “VR” OR “augmented reality” OR “AR”
OR “cloud computing” OR “big data” OR “5G” OR “6G” OR “industry 4*” OR “society
5*” OR “robotic*” OR “automation” OR “automated”) NEAR/5 (“governance” OR “gov-
ernment” OR “e-governance” OR “e-government” OR “e-planning” OR “public service”
OR “participatory” OR “participation” OR “public engag*” OR “public administration”
OR “public procurement” OR “democra*” OR “open innovation” OR “crowdsourcing”
OR “politics” OR “political” OR “urban policy” OR “corruption” OR “accountab*” OR
“trust” OR “ownership” OR “decision-making” OR “decision making” OR “transparen*”
OR “citizen” OR “stakeholder” OR “inclus*” OR “institutional” OR “public sector”)) AND
(“city” OR “cities” OR “urban”)).
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Abstract: The Conference of Parties (COP) 26 highlighted the need for global-level deep decarboniza-
tion and provided financial instruments to aid climate mitigation in the global south, as well as
compensation avenues for loss and damage. This narrative reiterated the urgency of addressing
climate change, as well as aiding advances in green products and green solutions whilst shifting
a portion of responsibility upon the global south. While this is much needed, we argue that the
science rhetoric driving this initiative continues to be advantageous to the global north due to their
capacity to control consumption gaps and to access human knowledge and resource extraction. If not
addressed, this will reinforce a continuing unjust north/south narrative, highlighting neo-climate
colonialism precepts.

Keywords: climate justice; global north; global south; climate change; COP26; science; climate
knowledge; mining

1. Introduction

Discussions at the Conference of Parties (COP) 26, supported by the latest findings
from the IPCC, pointed to the urgent need for global deep decarbonization [1,2]. This
is supported by the fact that if all countries committed to their nationally determined
contributions (NDC), temperatures could still increase by as much as 2.7 °C, exceeding
the Paris Agreement target of 2 °C, preferably 1.5 °C [3]. The Intergovernmental Panel
on Climate Change (IPCC) further points to the need for deep rooted policies on climate
mitigation and suggests possible pathways, painting a bleak picture if urgent actions are
not pursued [1]. This will demand a new focus and an increasing need for new products
that can respond to climate needs. With a growing consensus upon the subject from private
sector agencies, it can be expected that a race for ‘green products’ and ‘green solutions’ will
be witnessed to supply the demand for sustainability transitions and mechanisms. The
design, purchase and implementation of those products and solutions, however, can be
expensive. It will place further demand on access to expertise and raw materials that are
inequitably distributed around the world, adding to the challenge of addressing the global
north/south disparity. This is a key subject in attaining climate justice and just transitions.
It must therefore be at the forefront of global discussions but must not be seen as a linear
objective. So, while the subject of climate financing instruments and provisions for loss
and damage as addressed in the Glasgow Climate Pact [2] have been well received, there
is an equal need to look at the capacity of the global south in developing solutions for
an upcoming ‘green’ race, there being a need for ‘green’ technology to satisfy increasing
market demands.
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Building capacity for the global south to provide its own solutions for its local problems
is a valid means of empowerment. But this capacity building, which has sound economic
merits, assumes cheaper product provision, nurturing knowledge quarters and niches, all
of which can be ‘exported’ and ‘traded’ at a regional level to service the global north. We
expect that post-COP26, this approach will emerge from global south territories to harvest
opportunities brought about by the global north’s reinforced need for deep decarbonization
and sustainability transitions. This calls for the acceleration of innovation within both
academia and industries and furthermore for urgent fiscal measures to reduce the price
of ‘green premiums’ on sustainable products. Green premiums in this case refers to the
increased margin for product development. As innovation is largely driven within techno-
academic centers and industrial corporates, there will be a need to ensure that access
to ‘science’ within all realms is made possible so that development of solutions can be
accessible to all.

While this sounds logical, academics often stumble on “pay-walls’, where access to data
and knowledge is expensive, and post-pandemic academia and knowledge in particular has
been financially emasculated. While global north universities can afford subscription fees
to students and researchers with access, this is still an issue in the global south [4]. Similarly,
the global north controls the hardcopy and electronic knowledge publication institutions
and vehicles, negating easy access by the global south. Additionally, providing access
to data is only perceived as being free when authors bear the cost of ‘Open Access’ fees.
However, those are often inaccessible to global south researchers, hence further limiting the
dissemination of solutions and knowledge emerging from those geographies. The ‘green
race’ will continue to provide economic opportunities for techno-academias and industrial
corporates and will encourage private sector investment in innovation. One challenge in
this area is that some ‘green’ solutions can have global applications and could therefore
place global south technology providers in direct competition with those in the global
north (albeit with more resources). Within this competition, will be potential disputes of
Copyright and Intellectual Property for emerging products and ideas, that will cascade into
patent races to capture economic opportunities. It is foreseen that some patents, submitted
by parties in the global north, will limit the development of localized products in the global
south. This issue will have to be addressed and could potentially be resolved via bilateral
agreements between countries, acknowledging the global demand for green products, to
ensure technology transfer with the prospect of servicing a larger customer base.

Cementing equitable agreements, where both the global south and north can be
equal partners, will be a challenge when factoring in the investment and resource mining
capacities of both. With the demand for rare earth minerals such as lithium, copper, cobalt,
and others, underpinning the rise of power batteries, electronics, and global semi-conductor
shortages will be determined by financial capacity as to who obtains the most economic
and knowledge profits. Thus, while bilateral agreements may be seen as a ‘quick-win’, one
must also look at reinforcing local capacities to ensure that local companies can better be
better positioned to supply the growing global green market.

Local policies such as ‘Green New Deals’ can offer potent solutions in stimulating
actions across different sectors [5,6]. These can be contextualized to equally support the
production of ‘green solutions’, but the appropriate fiscal landscape must be present. Bill
Gates, in his latest book [7], speaks about the issue of ‘Green Premiums’ and the need
to provide solutions that are at par with the pricing of traditional solutions. Indeed, this
will be a key challenge to address, and this can potentially be delivered through well-
planned fiscal incentives, which can accelerate the speed of innovation while lowering the
cost of production. Climate justice is gaining increasing interest of varied stakeholders,
including academics, policy makers, and the broader public, but the larger implications for
international cooperation and varied decision-making have only begun to receive empirical
attention. Thus, our argument posits this subject as being a fairly new, but important,
field [8].
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In this respect, there is need to ponder on the ethical and moral global trade structures
in line with the transition needs of global and emerging economies. Doing so, and ensuring
that an equitable development agenda across geographies is achieved, while pursuing
sustainability goals) will be paramount for our shared future. Therefore, there is a need
to address climate justice as a multi-dimensional process. This is a theme, within climate
discourses, that receives extensive noise and rhetoric to the needs for addressing ‘emissions
gap’ [9], which is crucial in limiting emissions to reduce the impacts of global warming.
However, there is also an equal need to recognize ‘knowledge gaps’ by the global south
to contribute to this need. Without this, the ethical dimensions of climate change will be
eluded, contributing to unjust foundational precepts, and leading to the continued precept
of climate-colonialism by cementing the global south as perpetual customers of the global
north for mitigation products (designed for a problem largely caused by the global north).
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accounting in the wake of the Amazon Forest fires
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Since the 19th century, rapid urbanisation coupled with a demographic boom has increased
pressures on the global exploitation of natural resources leading to an array of issues at
planetary scale. Even though there have been significant ecologically driven human policy
efforts, with frameworks addressing ecosystem accounting and management, such are
principally constricted at sub-global levels; being regionally focussed, and hence lacking both
cohesivity and accountability. Resource management viewed through this lens leads to a
number of geopolitical factors as demonstrated recently with the Amazon Forest fires. This
incident witnessed calls from numerous countries calling for rapid remediation even though
their own policies are harbingers of equally damaging the environments through other means.
This disparity in resource accounting and management on a planetary scale is apparent from
diverse local and regional groups and needs to be addressed in order to sustain a truly
sustainable and liveable ecosystem and their failures in realising a viable ecosystem
accounting system. This perspective paper explores this theme and proposes a ‘Global Pla-
netary Ecosystem Accounting’ system based on the principle that ecologically sensitive areas
benefiting the global ecosystem need to be economically weighted and its preservation
equated to a revenue-generating activity.
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Introduction
‘“Tribes from the Amazon have called for urgent action to
protect the world’s largest rainforest in a formal motion to
the International Union for Conservation of Nature
(IUCN), to be considered at its global congress in France
next month’ [in September 2021] (Moloney, 2021).

e know that the Amazon Forests play a key role in

mediating and regulating the Earth’s climate by fil-

tering, absorbing, and storing planet-heating carbon
dioxide. Deforestation is largely fuelled by illegal logging and gold
mining availed by landscape-scale fires, as well as land clearance
and burning to enable soy and beef farming in Brazil to plant
coco crops in Colombia and Peru. In moving the above motion,
the Coordinating Body for Indigenous Organisations of the
Amazon Basin (COICA), an IUCN Member, the COICA General
Co-ordinator José Gregorio Diaz Mirabel has observed that with
minimal political and economic voice, Indigenous Peoples from
the Amazon Basin’s nine countries often struggle to be heard on
the global stage where decisions affect their lands and waters and
receive little international funding. Diaz stated that “The call we
will make is that finance should go to Indigenous People who
conserve and protect the territory’ (Moloney, 2021). But, how do
we as a society craft a multi-political boundary ecosystem
accounting model to validate and support this endeavour?

The world has experienced an unprecedented increase in
consumption, both of natural resources and artificially manu-
factured products, and these have had far-reaching ramifications.
In particular, natural resources are under immense pressure due
to wanton and uncontrolled exploitation, as well as from
increased pollutions. This conclusionary thread draws upon the
recent past evidence, in the shadow of this global exponential
demographic boom and increased urbanisation rates, with the
majority of the human population now seen to be preferring
urban habitats. Statistics on these two phenomena are captured in
an United Nation’s report (United Nations, 2018a), which
underscores that these two patterns have led to the conspicuous
consumption of resources especially those related to water,
energy, forests and marine resources. Tajrin and Hossain (2018)
note that the consumption of these resources in cities is insatiable
and that there is no foreseeable end to this devouring, noting that
over 2/3 of the world’s population is expected to find abodes in
cities by 2050 (United Nations, 2018b).

The unfortunate truth about these trends is that they con-
tinually accentuate a disbalance on a global planetary scale,
where large areas (especially ‘natural’ reserves) are being put at
risk in the efforts to accommodate and settle densely populated
urban areas, and the actions being taken on this are critically
insufficient. We say ‘natural’ because all global landscapes have
experienced the conscious or unconscious of the human hand
in transforming, manipulating, or intergenerationally mana-
ging these tracts that are seemingly ‘natural’ today. Thus,
‘landscape is a cultural construct, [‘that largely manmade
tapestry’], a mirror of our memories and myths encoded with
meanings which can be read and interpreted’ (Lowenthal,
1975; Taylor, 2017).

In particular, as Tu (2017) notes, of the many issues that
emanate from this disbalance, global attention is seen to be
passionately focused upon an emissions perspective and other
dimensions that are equally important in sustaining thriving
ecosystems are relegated to lower levels of concern. This is evi-
denced in the numerous calls from different researchers, both
from regional and international spheres, calling for dec-
arbonisation (IRENA, 2018; Kelsey and Meckling, 2018; Mazzu-
cato and Semieniuk, 2018; USAID/NREL, 2018) and/or even

planetary emission accounting systems (La Notte et al, 2019;
Vargas et al,, 2018), But there is little, or no, high level calls on
other dimensions; even though they are of equal importance for
sustaining human liveability (Ajani et al.,, 2013).

Thus, it is evident that recent calls about decarbonisation
have not been universally embraced, especially in regard to the
adoption of a conventional, cohesive ecosystem model.
The friction here emanates from a number of issues including
the lack of goodwill in having an integrated system that
satisfies both ecological needs as well as economic dimensions.
While this is globally understood, there are strong societal
preferences in advance of ecological imperatives, leading to
disbalances that are often criticised by different quarters
advocating for singular motives. This friction is underpinned
by geopolitical influences driving climate change, especially the
narratives from powerful economies that are competing to take
charge of the reigns of global power (Scott et al., 2016). In
addition, some of those economies interpret decarbonisation
and reduction of emissions as threats in disrupting their
existing economic models and policies. Thus, there has been
noticeable reticence, mainly from developed economies, for a
global consensus on climate change agreements (Zhang et al,,
2017). On the other hand, increasing societal pressures are
leading to global movements, such as Greta Thunberg’s “‘Youth
for Climate’, calling for deep policy reversals, and aligning with
the recommendations of the Intergovernmental Panel on Cli-
mate Change (IPCC, 2021). But, as these climate change and
planetary ecosystem tensions continue, the consequence from
applied inaction is becoming increasingly evident with far-
reaching implications.

The Amazon Forest fires, in this context, offer an interesting
case study. Even though this environmental change does not
result from conscious climate change human activities, the
Amazon traditionally plays a critical role in sustaining a healthy
ecosystem through decarbonisation. The fires are a threat to this
balance and oxygenation not only to that ecosystem but to the
global ecosystem, therefore amplifying the calls by the global
community for immediate action (Salazar-Lopez and Allen, 2019;
Watts, 2019). Surprisingly, even though that these global com-
munity calls are paramount in seeking to protect the ecological
stability of this water catching, they will carry little weight in the
long run because they do not highlight a need to re-evaluate the
current planetary ecosystem management regime. That is, the
calls are mainly directed towards the need to address the fires.
But, the central theme of the issue is unquestioned: which is,
‘what is the economic potential of this natural resource?
Answering this may be an important factor in understanding the
direct and indirect benefits and the opportunity costs of natural
systems, and their place in immediate, medium- and long-term
green economy policies. Additionally, this can help to better
frame the economic responsiveness of the Brazilian Government
regarding its local policies ill-aligning with national economic
agendas leading towards more effective strategies for the safe-
guarding of the Amazon Forest from dangers linked to unfettered
urban development and its associative resource exploitation
needs.

Against the above background, this perspective paper explores
the case of the Amazon Forest fires and approaches the thematic
of natural resource preservation from an economic viewpoint. We
would argue for the implementation of a ‘Planetary Ecosystem
Accounting’ model that aims to economically incentivize gov-
ernments to protect their natural resources primordial in sus-
taining the global ecosystem.
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Planetary boundaries and ecosystem accounting

The subject of ecosystem accounting is not new. An analysis of
literature suggests that since 2012, several international efforts
have focused upon this endeavour, and also a United Nations-
authored System of Environmental-Economic Accounting (SEEA)
offering a ‘a framework that integrates economic and environ-
mental data to provide a more comprehensive and multipurpose
view of the interrelationships between the economy and the
environment and the stocks and changes in stocks of environ-
mental assets, as they bring benefits to humanity’ (UN, 2020).
The SEEA was adopted in June 2021 (UN, 2014). The aim of
SEEA is to promote the measurement of environmental activities
in relation to their contributions to the economy.

Miler et al. (2008) note that environmental accounting has
been a key tool in assisting researchers to take stock of assets
playing a primordial role in sustaining our ecosystem; such as
forests, wilderness, wetlands, and others (Hein et al., 2016). Hein
et al. argue that the process of ecosystem accounting not only
helps to map assets but also offers a coherent and integrated
measurement system to map the flow of different ecosystems
services into the economy while taking into account related
human activities. Further, Vackdtt and Grammatikopoulou
(2018) highlight how ecosystem accounting is becoming an
important tool in efforts toward sustainability and shifting
banking so that economic assets serve as natural capital essential
for ecosystem service delivery.

One notable limitation in ecosystem accounting is the absence
of information on emissions alone in contrast to dimensions
including biodiversity conservation and resource depletion (Mace
et al, 2012). A review of literature on ecosystem accounting
models, as summarised in Table 1, confirms this.

But, ecosystem accounting models traditionally capture both
the physical and monetary data of different ecosystem assets, but
little envelopes other dimensions like benefits and beneficiaries of
the said assets. By doing this, as noted by Symbol of Statistics
Canada (2018), accounting efforts can be expanded beyond
geographical boundaries and structural limitations enabling their
adoption. Bartelmus (2015) notes that an integrated approach,
where different dimensions including emissions, depletion, and
conservation efforts are considered together, is recommended
especially in the formulation of policies of sustainable economic
performance and growth related to ecosystems. According to
Bartelmus, doing this would incorporate human well-being
within accounting systems. Such is essential because humans
play a key role in impacting the ecosystem, both in its degradation
and in its conservation, especially when population growth and
urbanisation are considered. Mace (2019) supports this by

arguing that ecosystem accounting should not only entail the
measurement of flows of goods and services and their quality and
quantity from the ecosystem into the economy, but that ecosys-
tem accounting should also recognise that ecosystem accounting
entails natural capital which is malleable and adaptable that
regrow, change and reorganize beyond specific geographical
boundaries.

The idea of adopting physical boundaries in the thematic of
ecosystem accounting has been viewed as facilitating easy data
computation and analysis because data from particular regions
can be considered independently. While there is applied practi-
cality in seeking to align with geographical boundaries, some
regions with more natural endowment can be seen as benefiting
more than the others, and this has prompted region-specific
legislations and structures, such as carbon trading or avian
migration agreements. This underlines an inequitable distribution
of resources towards natural capital and similarly unequal dis-
tribution of economic benefits. Both of these demonstrate the
need to solve political boundary-specific challenges to ensure
global equity. This convenience demands the sharing and mer-
ging of data from all regions. However, such an approach can
complicate reliable methodologies for data collection between
different regions, thereby negating the integration and formula-
tion of a unified cohesive model that would otherwise serve all
regions.

In support, Notte and Dalmazzone (2018) argue that most of
the planetary ecosystem models, that exclude current ecosystem
accounting approaches, are equally significant to ecosystem
accounting approaches that incorporate emissions because they
also contribute towards economic and human activities. Thus,
Notte and Dalmazzone argue that changes in biodiversity com-
position, within a given region, impacts greatly upon different
aspects of an economy including tourism, conservation, agri-
cultural practices, and land use amongst others. For this reason,
La Notte et al. (2019) conclude that extending the measurement
boundaries and incorporating other dimensions in addition to
emissions, would allow the establishment of a causality nexus
between the ecosystem assets and the benefits accrued by both
economic actors and households.

The case of the Amazon Forest fires
The case of the Amazon Forest fires and their consequences upon
world climate and climate change is not new; rather our Western
human memory is short (Blom, 2019).

Blom (2019) has provocatively argued that dramatic changes in
the South American landscape management regimes long-
intergenerationally manipulated and managed by its First

Table 1 Dimensions of ecosystem accounting.

Authors Emissions

Conservation

Biodiversity Socio-economic Economic

Notte and Dalmazzone (2018)
Ajani et al. (2013)

Hein et al. (2016)

UN (2018)

Ellison et al. (2011)

Bockstael et al. (2000)
Lomas and Giampietro (2017) X
Edens and Hein (2013)
Zhou et al. (2016) X

Vallecillo et al. (2019)

Yang et al. (2018) X
Cazalis et al. (2018) X
Ruijs et al. (2018) X

Eriksson (2018) X

X X X X X
>

>
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Nations People’s changes, collapsed due to Spanish and Portu-
guese colonialization activities, resulted in the great European
climate crisis of the 1600s that triggered the transformation of the
entire social and political fabric of Europe. Central to these
changes was the military and biological invasion of the Amazon
region and its surroundings. While formative clues of climate
change appeared as early as the 1570s, by the end of the 16th
century the temperatures in Europe plummeted by 2°C, so
drastically that Mediterranean harbours were covered with ice,
birds literally dropped out of the sky, and ‘frost fairs’ were erected
on a frozen Thames River—with kiosks, taverns, and even
brothels that become a semi-permanent part of the city. This
‘Little Ice Age’ with its apocalyptic weather patterns destroyed
entire harvests and incited mass human migrations giving rise to
the growth of European cities, the appearance of early capitalism,
and the vigorous stirrings of the Enlightenment (Miller, 2019).
Such disruptions in First Nations People’s intergeneration man-
agement of landscape also flowed into North America (Foster,
2012), and both contributed as also being affected by micro-
climate changes (Pyne, 1997, 2015).

In a different tract of geography, Gammage (2011) has pointed
to the cessation of First Nations People’s ‘fire-stick farming’
(Jones, 2012) management of the Australian continent—‘the
biggest estate on earth’—with the advent of British military and
biological colonization activities in the 1820s-1860s period, in
part due to their paranoia about fires destroying their squatting
infrastructure and their prized sheep and cattle assets (Pyne and
Cronon, 1998). The climate change effects were equally felt in the
United Kingdom where temperatures again dropped, crop har-
vests were affected, inclement weather prevailed negating indus-
trial aerial pollutant dispersal in part disguised the formative
environmental and societal ravages of industrialization in central
England and lower vale Scotland.

The Amazon Forest has been the subject of countless literary
fiction narratives. Therefore, it is of no surprise that the recent fire
incidents have caught global attention. This focus denotes the
global importance of this tropical rain forest, taunted as the
‘Tungs’ of the earth, given its capability to produce over 20% of
the world’s oxygen (O,), and in its capacity to store substantial
amounts of carbon dioxide (CO,). The same forest is said to be
home to over 20% of the global tree species in excess of any other
forest in the world, and hosts more terrestrial wildlife, birds, and
aquatic life than any other region of the world. Additionally, it is
also considered to be the richest ecosystem in terms of natural
resources, that are of international recognition. These values have,
on the negative side, attracted substantial attention from human
invaders with an aim to exploit and capitalize on this rich bio-
diversity for their own personal and/or corporate selfish benefits.

Tucker (1996) note that such exploitive trends date back to
colonialism when European ‘explorers’ invaded the region and
started exploiting its biodiversity resources (e.g., economic bot-
any, horticulture, birds, etc.) dreams of gold (Au) and mythical
empires, to supply insatiable European populace scientific pur-
suits and or collecting passions. More recently, the forest has been
under immense pressure from corporate entities, business per-
sons, politicians, and other groups who have perpetuated wanton
degradation of the forest through illegal logging, illegal wildlife
trade, and other environmental degrading practices (Cowie,
2017). Such degenerative practices are leading to increasing calls
for environmental conservation or preservation, including voices
from the younger generation who are witnessing first-hand the
lost benefits of thriving natural ecosystems.

The forest has also experienced challenges from urbanisation,
as more of the land is being cleared and converted into urban
areas as local people settle near the forest and draw resources
from it. Richards and VanWey (2016) showcase how such

4

urbanisation trends are instigated by global demands for forest
tradable products and these have prompted the creation of dif-
ferent infrastructures that allow for the extraction and transpor-
tation of resources to different global destinations. Noting this
scenario, Sonter et al. (2017) argue that the natural capital and
value harbored in the Amazon forest, especially in terms of
natural minerals, has resulted in massive losses of the forest
coverage, with over 9% of the forest cover being lost between 2005
and 2012. Most of this loss occurred as a consequence of land
clearance to create space for mining activities and its associated
infrastructure as well as to accommodate and service the
increasing migrant transitory workers who want to partake in the
numerous economic and human activities enabled by the forest
resources.

The recent fires in the Amazon forests are just the tipping point
for the numerous but rarely spoken about challenges that the
forests have witnessed throughout their contemporary history.
From diverse global centres, experts are attributing these fires to
human-induced activities, while others are pointing an accusing
finger to climate-change-induced environmental conditions. As
shown in Figs. 1 and 2, the fires have spread rather rapidly, when
this is compared to other fires from previous years, where this
ravaged wilderness areas. The fast pace of fire dispersal and
spread is additionally ecologically disruptive in its own right in
negating the successional regenerational composition and
response of this extant rich biodiversity. Woodward (2019)
reports that the over 76,000 fire incidences in 2019 are almost
double what was statistically experienced in 2018 alone which
experienced only 40,000 fires. Therefore, Cammelli and Angelsen
(2019) argue that these thousands of fires are causing irreversible
damage not only in the forest’s ecosystem but upon the region
and also on a global scale. These forest ecosystem damages not
only implicate the biodiversity and the environment but also
implicate political spheres, where there is already evidence of
escalating political tensions between international groups,
nations, First Nations People’s and local governments in com-
bating the ravaging fires.

Disregarding the local and international geopolitical politics
that this fire has sparked; the conventional argument has been
that external politics should not interfere in local policies. As in
local politics enable and supports economically to local welfare of
both the communities and the forests (Meyer, 2019). In addition,
the repeated international calls for speedy action, and unsolicited
assistance being offered to the Brazilian government is internally
criticized as being insincere, poli-exploitive, as most of the
countries extending help, and advocating for forest protection,
have equally been criticized as being the leaders of our emissions
generation. Thus, they are subtly attempting to shift eco-
responsibility to lesser more compliant voices in their efforts to
combat global climate change. With this argument, it behoves the
Brazilian government to establish and implement strengthened
policies that focus on the conservation of the forests, as well as
protecting the First Nations Peoples who live in the forests and
the rich diversity of wildlife that teem inside this larger ecosystem.

Ensuring appropriate policy responses to conserving the
Amazon Forest is apparent in terms of the preservation of cul-
tural attributes and policies towards global public good and car-
bon sequestration. The quantitative analysis highlights that the
opportunity cost can amount to an average of USD$797 per ha of
land (Silva et al., 2019). However, it has been noted that invest-
ments to save the Amazon Forest fires can amount up to 50 times
less (Lapola et al., 2018), positing that significant cost savings can
be achieved in terms of alternative policies and that there is a
need to review structures at both local and global levels.

As much as local policies work towards balancing economic
growth and environmental conservation, the latter should take
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Fig. 1 Space photograph for forest fires. Depicting intensity and rapid spread of fires in the Amazon Forest. Image by Stevens (2019), sourced from
NASA's Earth Observatory, under a CC BY license.

Fig. 2 Mapping of forest fires. Fire detections from August 15 to 22, from NASA's Moderate Resolution Imaging Spectroradiometer (MODIS). Image by
Stevens (2019) and sourced from NASA's Earth Observatory, under a CC BY license.
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precedence as the entire planetary ecosystem relies on its health
and vitality. Such efforts could benefit from applying an inte-
grated ecosystem accounting model that streamlines both eco-
nomic and human benefits and considers the welfare of the larger
planetary ecosystem.

The global ecosystem accounting model

An environment of disbalance is evident in polluting countries
(those that are effectively contributing to climate change) who are
seeking to influence the politics of least developing economies
thereby passively and subtly attempting to economically control
foreign sovereignties. Within this shadow, the responsiveness of
the Brazilian government in rejecting ‘foreign’ assistance
(BBC, 2019) is understood.

This is not saying that the Brazilian government denies,
morally, the contribution of the forest to the planet’s ecological
systems and does not recognise the consequences thereof when
the Amazon Forest is destroyed. But rather they are questioning
the motivations as to why the financial assistance was being
advanced in the first place. On face value, such a gesture should
be welcomed, as the forests host priceless resources that merit
obvious conservation efforts, but there are notable arguments in
hindsight for this assistance. This is affirmed by far-right leader
Brazilian president, Jair Bolsonaro, who argues that some of the
members of the G7 Coalition (Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States; France in
particular) were more concerned about their agricultural com-
petition ‘war’ with Brazil, and the economic calamity faced by G7
competition policies that are seeking to maintain their artificial
competitiveness (Togoh, 2019). Recognizing that the G7 com-
prises some of the largest polluters, their financial support can be
argued as arising from their internal economic concerns as such
offers were tabled well past the advent of the forest fires. While it
is also valid to state that these countries are also active consumers
of some of the products derived from the rainforest, they do face
internal political pressures emanating from pressures upon these
countries’ domestic markets. Nevertheless, there is a need for a
more robust framework accompanied by active policies on pla-
netary ecosystem management and conservation to ensure a more
cohesive and globally sustainable approach.

Figure 3 introduces a Global Ecosystem Accounting Model.
The concept supports an economic accounting of various assets
to achieve ecosystem conservation, on the basis that

Economic Ecosystem

preservation

Value

Fig. 3 Global ecosystem accounting model. Proposed model underlines
that assets, provided with an economic value, can lead to ecosystem
preservation. Illustration by authors, available for re-use.
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developments could be hindered on ecologically important assets
as there would be an economic value being paid to ensure their
conservation. This is further discussed in the following section.

Discussion

The above model is predicated upon the premise that every
ecological asset that brings an added value to the global planetary
ecosystem needs to be weighted economically. Thus, there is a
need to construct a formula to ensure that conservation is the
subject of contribution and global management agreements. This
model departs from previous ecosystem accounting models by
treating ecological assets as being localized. While past advocates
and researchers have promulgated the need to find alternate
ecosystem accounting models, few have unpacked and con-
ceptualised an alternate model as discussed in this paper. The past
advocates and researchers recognize that their accounting systems
are limited to geographical boundaries, and thus, the global
audience (or group of countries) has had little or no direct
influence on conservation actions. However, the model proposal
tabled here does not remove the authority of local governments in
the management and conservation of natural resources within
their jurisdictions. On the contrary, it opens doors for the global
community to participate and take responsibility in the protection
of these assets, which are part of the global planetary ecosystem
principles.

Against the above background, local authorities would be
discouraged or limited in allowing developments or engagements
of different economic activities inside ecologically sensitive zones,
as such would be compensated economically in protecting them.
Ecologically sensitive zones require special attention as there are
biodiversity niches containing key systems that are representative
of past and existing biodiversity profiles but also are witnessing a
natural evolutional change in response to both time and climate
change. Such niches require additional valuable and weighted
escalating scales rather than the conventional equal values. The
compensation price tag aligns with the premise of a land lease
agreement, where the ecological assets in question would be
leased to a global entity, and recompensation paid on a regular
basis. The positive aspect of this approach is that it would curtail
any fraudulent practices, rent-seeking behaviour or political
influence on the part of local governments when dealing with
resources narrated as being ‘of global importance’ as the global
community would have an influence on how activities in local
ecosystems are conducted.

In the same vein, as noted above, the responsibility of pro-
tecting sensitive areas, like the Amazon Forests, would still be
vested upon the shoulders of local authorities while still
enabling the indirect participation of the global community.
This approach thereby calls for the use of more efficient and
advanced equipment, infrastructures and technologies, and
with the global community being part of the participants these
mechanisms would obviously be subsidized by global efforts.
This is particularly important, especially in discouraging the
illegal demand of ecological resources, like wildlife and their
products, where there would be concerted efforts to negate
illegal forms of trade within or outside the borders of the
ecologically sensitive areas. The same approach would also
allow local governments to capitalize on their ecological assets
as these would be seen as revenue-generating areas and assets
where a return in value would be borne by the global
community.

This approach could further lead to reinforcing protection
and on-ground ‘policing’ measures by local authorities towards
illegal ecological resource extraction from protected areas. This
is because, together with global actors, they would be able to
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better address loopholes in regional policies which arise with
trade between two or more jurisdictions and to delimit black
markets that encourage illegal practices. On this, local gov-
ernments would not feel short or undermined when global
assistance is offered like what was evident in the recent case
between the G7 coalition and the Brazilian Government
(Marshall, 2019).

While the above is paramount, it should not be lost that the
economic weightage of ecologically sensitive assets is a difficult
topic to quantify (Ogilvy, 2015). For instance, with climate
change, the values keep increasing as the impacts, mainly
fueled by rapid urbanization and demographic booms, take a
toll on those values (Rannow et al., 2014; Rohr et al., 2013).
The economic quantification of these values is of a further
challenge when recognizing that computing the impacts of
climate change is not uniform across regions, rendering
inconsistencies in valuation prices. Nevertheless, adopting a
global economically inclined model, like the one proposed
above, to natural resource management would lead to concrete
and long-lasting solutions that could transcend physical
boundaries and avoid geopolitical influences on foreign mat-
ters. Adopting the above planetary ecosystem accounting
model could mean that ecological assets are valued almost
uniformly across the globe. Hence, attention given to them
would be similar regardless of the geographical location would
receive global attention without being dragged or derailed by
geopolitical influences or disagreements.

On a broader scale, when it comes to the planetary ecosys-
tem and ecological assets, there is a need to adopt a global
outlook, although may deem to be a local issue, always has far
reaching impacts on the global context (Kattumuri, 2017).
Recognising that there have been disasters in different global
ecosystems, the Amazon Forest fires offer a precedent pointer
as to how much the global ecosystem can be affected when the
management and conservation efforts of ecological assets of
global magnitudes are micro-managed without the input of the
global community that benefits or suffers directly from any
action or inaction on a major ecosystem. The rapid spread of
the Amazon Forest fires has exposed the limitations of geo-
graphically based ecosystem accounting models and has
prompted the need for models like the one proposed above to
cater to a larger global context.

Conclusion

This paper explores the literature on ecosystem management
and underlines how such existing tools prompt geopolitical
influences, creating tensions, and putting at risk ecologically
sensitive areas. The case of the Amazon Forest fires is explored
within the context of a landscape of unfairness when
sovereign-polluting countries advocate for environmental
conservation external to their physical jurisdictional bound-
aries. Diaz’s voice, quoted above, is a voice from the ground-
level, but carries little weight in an upper-level controlled eco-
political system, so such First Nation’s People’s voices need
credible applied science to support and validate their long-
standing intergenerational responsibilities. While this is his-
torically a recurrent geopolitical issue, this paper offers a
perspective on how natural resources and ecologically sensitive
areas, that benefit the global community, can be more effec-
tively managed and accounted for through a proposed Global
Planetary Ecosystem Accounting Model that could better
enable their conservation through the lens of a revenue-
generating activity.
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The 2021 Conference of Parties (COP) 26 was expected as a landmark meeting, noting the increased impacts of
climate change and the subsequent warning reports by the Intergovernmental Panel on Climate Change (IPCC)
and that of the United Nations Framework Convention on Climate Change (UNFCCC). With global temperatures
gradually increasing, COP26 underlined the need for deeper commitments, fueling a race to decarbonization.
However, Nationally Determined Contributions (NDCs), where countries make their climate pledges, do not re-
flect the need for just transition models with dimensions of inclusivity and economic equity in mind. A measure
that can emerge at national levels post-COP26 is ‘Green New Deals,” which can respond to contextual needs while

accelerating sustainability transitions with social protection frameworks if carefully designed. With proper struc-
turing, while taking into account immediate, short- and medium-term goals, Green New Deals can be designed
as a critical tool to ensure the attainment of sustainability agendas while pursuing social and economic justice.

Climate talks have been ongoing for three decades since the first
Conference of Parties (COPs) in 1992, but negative climate impacts con-
tinue to increase both in terms of frequency and intensity. The United
Nations Framework Convention of Climate Change (UNFCCC) points
out that if all countries commit to their Nationally Determined Con-
tributions (NDC), temperatures could still increase by as much as 2.7 °C
(UNFCCC 2021), exceeding the Paris Agreement target of 2 °C, prefer-
ably below 1.5 °C. This will demand deep decarbonization and adequate
financing needs. Still, it is now understood that wealthy governments
will not be fulfilling their pledge of USD 100 billion, aimed at helping
developing economies in their pursuit of climate mitigation programs,
until at least 2023 (OECD 2021), while it was initially proposed in 2009
and captured in the Paris Agreement (Article 9). The initial target was
for the developed economies to raise at least $100 billion by 2020, but,
as reported by the OECD (OECD 2020), only $78 billion was noted to
have been raised by the end of 2019.

With the frequency and intensity of climate events such as storm
surges, flash floods, desertification, and droughts, among others, is on
the rise, Developing, Least Developed Countries (LDCs) and Small Island
Developing States (SIDS) continue to be exposed. These challenges con-
tinue to impact the livelihood of communities in those economies. The
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resilience gap between these and developed economies can be huge,
while developed economies are the largest carbon emitters (Ari and
Sari, 2017) that induced climate changes. The inequitable resilience
levels contributed to increasing climate migrations. For instance, the
number of climate migrants had risen by over 30.7 million by the end
of 2020 (UNEP 2014). Additionally, in contrast with the Global North,
which has financial means and capacities, SIDS experienced at least four
times the costs of infrastructure investments due to high dependency
on the importation, prompted by limited inland resources, and low re-
silience levels climate change (Mycoo and G.Donovan, 2017). This then
points to a disproportionally high budgetary need to warrant investing
in projects that match anticipated climate risks, as well as capacities to
promote adaptability, resilience, and economic growth.

The challenges for building economic resilience are made more com-
plex when computing the realities of COVID-19, prompting a need for
new strategies. The World Meteorological Organization (World Me-
teorological Organization 2021) highlights that during the height of
the pandemic in 2020, emissions had significantly reduced due to
widespread global lockdowns and reduced economic activities. How-
ever, as countries eased restrictions and gradually resumed economic
activities, an increase in emission levels was noted, reaching an all-time
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Fig. 1. The European Union’s Green New Deal. Showcasing cross-cutting objectives while sustaining green growth and sustainable transitions. Illustration by Authors.

high —far above the average reported in the past decade. While the steep
emissions increase is being argued to result from activities supporting
economic growth, this perception is gnawed long-term. With the im-
pacts of climate change projected to continue increasing in the coming
years, accumulated wealth would be at risk if sustainable practices are
not incorporated in economic recovery programs, posing a direct threat
to economic growth.

The COP26 came at a critical moment where deep decarbonization
is required. At a time, countries were engaging in economic recovery
agendas, including reconceptualizing resource use in circular economy
models (Allam, 2020). Beyond the need for universally agreed economic
models, such as fiscal models for regeneration and common areas such
as the Blue Economic model for coastal economies and the Silver Econ-
omy for rapidly aging areas, there will be a need to ponder community-
centric economic models. This approach will aid in creating ownership
of projects and aid in their success as sustainability approaches must be
embraced at all levels. Currently, NDCs only represent emissions reduc-
tion and do not factor in this scaled approach. Hence, it could be argued
to be dissociated with social frameworks. To ensure that economic re-
silience is inclusive and equitable, it will thus be paramount to ensure
that recovery models (from both climate and the COVID-19 pandemic)
align with NDC targets while also including social frameworks, as this
will prompt community acceptability and ensure that wealth and green
jobs are equally distributed, leading to economic stability and growth.

Green New Deals (GND) can be positioned as a potent model to
pursue green growth. It simultaneously pursues economic growth, so-
cietal resilience, and community empowerment while addressing the
core challenges of sustainability transitions. Regarding this, GNDs can
be defined as a resolution agreed by either governments, institutions, or
organizations to mobilize different aspects of economies and societies
to ensure the transition to cleaner energy, production, and operation
of varying human activities while increasing job opportunities for all
people via a guarantee for social protection by authorities (Allam et al.,
2021). As of 2021, a variety of GNDs existed, varying dynamics. An ex-
ample of such is the European Union’s GND Model illustrated in Figure 1
below, which showcases the breadth of scope that the model can be
made to approach. Similarly, other geographies can implement such
strategies regarding contextual needs, where policies can be made to
respond to localized socio-economic needs while collectively building
towards global emissions reduction targets.

The GND concept has gained traction in the last decade, with differ-
ent regions formulating their versions. However, it is appreciated that
the concept started to gain global popularity in 2008 after the United
Nations announced a global Green Deal (Barbier, 2009). Following this,
former United States President Barack Obama 2008 attempted, with no
success, to introduce a GND for the U.S in 2008. However, in 2019,
Representative Ocasio-Cortez and Senator Markey championed the pol-
icy and successfully advocated for its passing, which could be credited to
the efforts of the civil societies firmly demanding an economic paradigm
shift (Conte, 2019). In other jurisdictions such as Europe, the GND con-
cept has gained similar popularity, especially with the proposal for the
EU region to embrace and adopt a circular economy model, incorporat-
ing the aspects of a GND (European Commission 2019).

The popularity of GNDs is due to the promise of addressing sustain-
ability agendas and focusing on social and economic justice, side-lined in
linear economic and climate action discourses. With a solid cross-cutting
approach, GNDs are structured to favour rapid transition frameworks,
including the popular area of energy, focusing on the phasing out of
fossil fuels to lower emissions. The U.S. GND version, for instance, pro-
poses the need to make fossil fuels unattractive by rising fuel prices,
akin to approaches like carbon taxation and carbon offsets (Fischer and
Jacobsen, 2021). While the latter is subject to contemporary debates
about its moral purpose in business milieus, it will play a key role in
bringing financial capacities to southern geographies, should the con-
cept be extended to other economies. GNDs can further be crafted to
encourage governments to undertake Research and Development (R &
R&D) in green technologies to supply the upcoming market demand in
many sectors, such as renewable energies, housing, and others. Interest-
ingly, in the European GND, the target transcends national boundaries
and instead cements a regional aim of achieving net-zero emissions by
2050 (European Commission 2019). This is to be completed by ensuring
that economic growth is decoupled from resource use and by addressing
socioeconomic issues via extensive jobs creation and increased supply
of basic amenities like food and clean water and quality healthcare, to
name a few. This perspective is interesting, as it highlights possibilities
for country-specific GND policies aligning with regional net-zero objec-
tives while ensuring healthy and sustainable cross-border transactions,
being key to ensure that geopolitical balances are maintained.

While varying versions of GNDs are geared to become successful
shortly, thus, boosting climate actions in different regions, a few areas
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would still need to be furnished to increase their global acceptability.
First, country and region-specific GND policies would need to be empha-
sized to ensure that most local challenges’ solutions emanate from com-
munities themselves rather than from being proposed by governments.
This would provide room for the bottom-up approaches being champi-
oned within economic recovery programs in different geographies. By
so doing, this will have positive bearings on how limited financial re-
sources are to be utilized; by specifically pressing programs that would
have both short-term and long-term impacts on the livelihoods of local
communities and how fiscal mechanisms could be used in an equitable
way to revitalize local economic landscapes. Without considering this,
GNDs may face the threat of being categorized as neo-capitalist philo-
sophical discourse aimed at dictating policy on financially constrained
economies. It would further be a strategy to extend the existing inequal-
ity gap between different geographical locations and regions. However,
suppose the GNDs are to be crafted to embrace an inclusive approach,
supporting the formulation, and structuring of country-specific GNDs.
In that case, it will be possible to align shareholder and stakeholder in-
terest and further attract the private sector. This way, it will be possible
to secure larger financial capacities to support R&D programs required
for the development of green technologies and to invest in climate mit-
igation programs via Public-Private Partnership (PPP) ventures.

Addressing equitable Public-Private financial needs is essential as
sustainability transitioning is an expensive undertaking and a poten-
tially disruptive one (Taiwo, 2019; Chatzky and Siripurapu, 2021). Care-
fully crafted GNDs can thus be positioned as a powerful solution at the
national level while promoting economic justice through social frame-
works and meeting national, regional, and global targets. This would,
however, demand political support across the board. The popularity of
the American version reflects this, as even though the proposal could
be argued to address both economic and social justice, it received sharp
criticisms from republicans (Bloomfield and Steward, 2020), outlining
that sustainability transitions may suffer from political polarisation. It
would thus be essential to approach sustainability as a cross-cutting
theme, beyond politics, and from a multi-scaled lens.
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Abstract: The increasing impacts of climate change, coupled with the Greta Thunberg effect, the find-
ings of the Intergovernmental Panel on Climate Change (IPCC) reports, and varied environmental
policy documents, are pointing to the need for urgent and cohesive climate action and mitigation
frameworks. One potent solution, gaining global acceptance, is that of the Green New Deal (GND),
positioned as a radical rethinking of political and economic structures in view of pushing sustainabil-
ity at the forefront of national, regional, and global issues. With the model rapidly gaining ground
in various geographies, and in different forms in view of contextualization needs, there is a need
to better understand its evolution, knowledge structures, and trends. This paper thus sets forth
to provide an understanding of the evolution and implementation of GND through a bibliometric
analysis and science mapping techniques using VOSviewer and CiteSpace to identify the thematic
focus of 1174 articles indexed in the Web of Science since 1995. To understand the thematic evolu-
tion of the field over time, we divided the study period into three sub-periods, namely 1995-2014,
2015-2019, and 2020-2021. These sub-periods were determined considering important milestones
related to GNDs. Term co-occurrence analyses were then conducted to understand thematic focus and
associated trends. Also, co-citation analysis and bibliographic coupling were other methods applied
to identify major sources, authors, publications, and countries that have made more contributions
to the development of research on GNDs. The findings of this paper can help both researchers and
policy makers understand the evolution and trends of GNDs to better formulate GNDs strategies
and policies in accordance with varying needs and geographies.

Keywords: green new deal; green growth; bibliometric analysis; environmental policy; decarboniza-
tion; COVID-19; sustainability; climate change; negative externalities

1. Introduction

The increasing impacts and challenges of climate change are more apparent and
have been widely documented, with consequences ranging from increasing incidences
of heatwaves and increased precipitation, leading to flashfloods, such as those lately
witnessed in Western Europe where over 200 deaths were reported in July 2021 alone [1].
Climate change is also credited for the increasing incidences of drought, especially in
sub-Saharan Africa, affecting regions are experiencing food insecurity, increased cases of
water shortage and numerous challenges amongst pastoralists as vast lands experience
desertification [2,3], and, amongst others, visible water sea-levels threatening some coastal
regions with submersion and increases in vector diseases, to name a few [4].
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According to the latest report by the IPCC [5], it is possible that the climate goals set
in a number of global accords such as the Paris Agreement, aimed at ensuring that global
temperatures are kept below 2 °C, preferably 1.5 °C, will not materialize, affirming similar
findings documented by the same body in 2018 [6]. In the latest IPCC report, it is made
clear that Earth is likely to exceed temperatures of 1.5 °C above pre-industrial levels and
by 2100 [5], with the possibility that temperatures will have risen by between 3 °C and
3.5 °C. This is reinforced in the Nationally Determined Contributions (NDC) Synthesis
report, published on the 17 September, outlining that even though the global rate of carbon
emissions is decreasing, it is expected to peak by 2030 (with a 16% comparative rate of
increase to 2010 levels, suggesting an increase in temperature rise of about 2.7 °C). Hence,
further efforts have been demanded by countries to achieve the Paris Agreement targets [7].

The Paris Agreement, as noted in the UN Climate change report [8], required that
member parties commit to meet at least 45% reduction on their emissions by 2030, but it was
found that commitments could only be achieved if each party doubled their efforts. The
scenario has further been complicated by emergence of COVID-19, which Shan, et al. [9]
posited would prompt a 16.4% global increase in emissions as from 2020 depending on
economic stimulus governments advance in their economies. On this, the UNEP [10]
reports that only 18% of all the global recovery spending has some ‘Green’ elements.
Temperatures above 1.5 °C will translate to devastating climate events such as heatwaves,
flooding, desertification, acidification of water sources, and tropical cyclones among others.
This may be disastrous for many regions of the world, and especially for small island
developing states (SIDS), where cases of forced climate migration is expected to increase
with sea water level rise, with others losing considerable amount of habitable spaces,
fishing ground, tourism attraction sites, and essential infrastructures, leaving little options
other than to migrate [4].

Failing to meet the agreed targets in the Paris Agreement will consequently impact
the achievement of other agreements, such as the sustainable development goals [11] and
that of other COPs that were reached earlier. This, however, will be a result of human
inducement, especially after the COVID-19 pandemic where economies have been found
to revert to fossil-fuel intensive industries in their effort to revive the economies [12]. On
this, Shan, Ou, Wang, Zeng, Zhang, Guan, and Hubacek [9] note that if fossil-fuel intensive
activities continue to prevail, the aftermath will be a chaotic global environment that will
not only be unsustainable for the current generation, but make sustainable development
more difficult for future generations. As expressed by The European Commission [13],
there will be need for deep re-thinking and reversal in policies to ensure global extraction
of resources, production of products, and their consumption and their ultimate disposal
align with sustainability agendas. Additionally, there are needs to re-assess the cost or
benefits of production or consumption of goods and services in sustainability narratives,
introducing the notion of ‘Negative Externalities’ where damages from pollution are not
factored in. This however calls for a cohesive ecosystem re-think with respect to both
consumers and producers.

One solution that emerged in 2019, and has been gaining traction in the past two years,
is the ‘Green New Deal’ that was first introduced in America after years of negotiations [14],
and was subsequently adopted in varying forms by numerous countries, including country
blocks such as the European Union [15]. This is further explored in the next section.

2. Surveying Green New Deals

The concept of Green New Deals can be argued to be an emerging, broad, and
transformative approach toward addressing a series of issues impacting modern societies.
It thus aims to address climate concerns in different geographies, while attempting to
solve social and economic inequalities. According to Conte [16], the idea of the Green
New Deal was conceived in 2006 in the United States, under the care of a taskforce that
had been formed to deliberate and propose solutions on how different sectors engage
in a sustainable transition as per the concept of the ‘Global Greens’. This is interesting
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noting that the emergence of associated terms such as ‘Green Economy’ and ‘Green Growth’
in 1989 and 2005, respectively [17], leading to foundational precepts to the Green New
Deal. However, the proposed GND, as noted above and highlighted by Mastini, et al. [18],
goes beyond economic growth in relative terms and aims to address other aspects such
as social, economic, and environmental justice. In fact, the concept of ‘growth’ should not
be a precursor for the GND, as expressed by Mastini, Kallis and Hickel [18], as degrowth
policies also need to be part of the ‘GND’ narrative. This is true, noting that some green
growth pursuits also have the potential to violate absolute planetary boundaries rather
than solely improving environmental capital, or at least in the preservation of existing
environmental resources [19]. The main inspiration for the Green New Deal is historical; its
name was borrowed to mirror President Franklin D. Roosevelt’s approach of helping the
U.S. recover from the Great Depression by instating a total makeover of his government,
or the ‘New Deal’ as it was called [20]. Activism on climate action began in the 1970s
after the oil crisis, but progressive actions were only arguably taken in 2006 [16]. The
agitation for climate change, gained more support from the political class, where some
politicians with Jill Stein, a presidential candidate in 2012 and 2016 under her Green Party,
banked on the climate change debate as a campaign tool for the presidential position [21].
However, the main breakthrough of the political class came in 2018 after a youthful group
that was protesting on the government inaction against climate change was joined by Rep.
Alexandria Ocasio-Cortez and Senator ED Markey [14], who formulated the groundwork
for what became a joint resolution passed by congress in 2019. The resolution mandated
the Federal Government to create a Green New Deal that would address a raft of issues,
including touching on the foundational challenges of climate, economic, and social justice.

On climate, the Green New Deal (GND) as passed by the Congress targeted to have the
country (U.S.) achieve net-zero greenhouse gas emissions by 2050 by adopting transition
mechanisms that would not be injurious to communities or workers. The achievement
of reduced emissions would be championed by ensuring the country transitions 100% to
the use of alternative renewable energies in all sectors, through deep transformation of
the transport sector, such as ensuring electric vehicles and mass transit systems were the
main mode of transport. Since the objectives of the GND matches the calls for climate
action [22], there seems to have been an increase in popularity, not just in the United States
but globally, towards the model. Indeed, an analysis, represented through a line diagram
in Figure 1, of the popularity of the term ‘Green New Deal’ for the period from 2008 to 2021
showcases a peak in 2019, aligning with the time of the GND passing in congress in the
USA. Additionally, it is observed (Figure 2) that the first five geographies where interest by
regions is peaking are: Guatemala, South Korea, Singapore, the United States, and New
Zealand, respectively.
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Figure 1. Web popularity of the term ‘Green New Deal” from 2008 to 2021, with popularity ranging from 0 to 100. Sourced
from Google Trends [23].
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Figure 2. Web popularity of the term ‘Green New Deal” (2008 to 2021), interest by region. The popularity ranges from 3 to
100, where 100 is the most popular. Sourced from Google Trends [24].

Since the adoption of the Green New Deal in the U.S Congress in 2019, there have
been substantial number of other countries that have adopted similar approaches under
different names, as shown in Table 1 below. Though they vary from each other, they all
seem to have a convergence of intentions, especially regarding the need to reduce emissions
and concentrate on attaining net-zero emissions in the future while achieving equity and
inclusivity in the socio-economic fabric. In the table, China and India are included, but
their commitment to reduction of emissions is not expressly defined in their Green New
Deal agendas [25]. However, notable and practical actions have been taken. These include
increased efforts and investments in renewable energy, adoption of technologies in their
manufacturing industries, and introduction of fiscal mechanism such as the use of emission
trading schemes (ETS) [26] are evident, especially in China.
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Table 1. Mapping Green New Deal national policy proposals and name variations.
Country Name of Policy Year Proposed Source
Canada Pact for a Green New Deal 2019 [27]
United Kingdom Green Recovery Act 2019 London Assembly [28]
South Korea Green New Deal 2020 Chowdhury [29]
The European Union European Green New Deal 2019 European Commission [15]
China Ecological Civilization 2020 Paszak [30]
United States of America Green New Deal 2019 Congress [14]
Mexico Green New Deal 2020 Moreno-Brid and Gallagher [31]
Singapore Green Plan 2021 Government of Singapore [32]
Besides individual countries and regions pursuing the GND, it is interesting that there
are also notable organizations that support Green New Deal policies, pushing sectoral and
thematic agendas on sustainability transitions. Those are outlined in Table 2 below. Most of
those are domiciled in countries and regions such as the U.S. and Europe that have already
pioneered in forming models of their GND. However, even in countries such as Australia
where there is no formal announcement of the GND program, from the federal government,
some states within the republic are seen to actively advocate for its acknowledgement and
the embracement of deep sustainable transitions [33]. However, there appears to be clear
disagreement on what constitutes a ‘green deal’, especially in view of criticisms on an AUD
2 billion renewable energy project between the New South Wales (NSW) government and
the federal government [34].
Table 2. Mapping organizational adoption of Green New Deals.
Organizations Year Source
The Climate Mobilization 2017 The Climate Mobilization [35]
The European Green Party 2006 Green Party [36]
The Green-European Free Alliance 2011 The Greens/EFA [37]
The Democracy in Europe Movement 2025 2019 DiEM25 [38]
Green Party of the United States 2006 Green Party of the United States [39]
Heinrich Boll Foundation 2009 French, et al. [40]
League of Conservation Voters 2019 League of Conservation Voters (LCV) [41]
The New Economic Foundation 2008 New Economics Foundation [42]
Open Democracy 2018 Robinson [43]
The United Nations Environmental Program 2009 UNEP [44]
The Global Marshall Plan Initiative 2020 Saha, et al. [45]
The United Nations Economic and Social 2012 Ministry of Environment [46]

Commission for Asia and

the Pacific

Bradshaw, et al. [47] note that while the concept is gaining attention, leading to a
rapid acceptability and adoption in diverse geographies and quarters (specifically with civil
societies pressuring legislative makers) and underlining evidence of diversification in terms
of the content advanced in the different countries or regional specific models. This has led
to confusion on the specific underlying principles that the varied models aim to address
thus, pointing to the need for countries to first address underlying market failures, such
that the GND is not seen as a knee-jerk reaction to failures that could be sorted using other
means. In fact, even in country specific models, such as the Green New Deal in the U.S,,
there is still confusion noted from leaders from different political divides (i.e., Democrats
vs. Republicans), as to who are against the deal (notably mostly Republicans, who perceive
some of the issues such as social justice as being unrealistic, and hence are dismissive
of the proposal) [47]. While the variations may be deemed to represent interests that
different countries have in their pursuit and conviction of the best way to address climate
change, rising oil prices, and unsustainable energy consumption, there is need for some
uniformity in order to address common goals and principles. This is affirmed when a critical
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consideration of models such as the EU’s Green Deal, which will be expanded beyond EU
as explained by Dartford [48]. While the intention is deemed as sincerely aiming at ensuring
that Europe’s pursuit of climate action is achieved, it may have deeper implications as
the region’s trading partners may not have any contextual plans for GND. The resulting
implications from both the trading partners and the EU may be hostile with institution
of stringent measures that may somehow disrupt the existing trading relationship. In the
case of countries in the global south that in some ways rely on their counterparts on the
global north, they may be inevitably forced to agree to some measures, which sometimes
may be incoherent with their domestic policies. On this, Taiwo [49] argues that some of
the policies engendered in the New Green Deal and other models, if they are eventually
formalized to become guiding policies, have the potential to increase inequalities, akin
to what scholars coin as being ‘climate colonialism” [50]. While examples would vary
in accordance to contextual needs and capacities, there are notable needs by countries
for land and financial resources to develop renewable energy plants as alternatives for
fossil fuel plants. This is further represented in the NDC Synthesis Report [7], stating
the popularity of renewable energy projects, as a means to curb climate change, amounts
to 84% in countries around the world. While this measure is welcomed globally, most
economies in the global south may have sufficient land, without the associated financial
capacities to support nationwide projects, and thus often rely on debt financing, grants,
and other such sources [51-53]. This conventional approach could force nations to secure
more debts, increasing an unsustainable dependency on developed economies, leading to
the arguments of ‘neo” and “climate’ colonialism [54]. In this case therefore, economies in
the global south, just like is the case with their counterparts on the north should be allowed
to pursue and craft their own sustainability plans, addressing their unique challenges, as
well as allowing them to align with their commitments as per the Paris Agreement as well
as SDGs (and hence calling towards contextualized models for Green New Deals).

While pursuing proposals for new models that would somehow apply conventionally
(and hence acceptability in countries and by different organizations), it will be paramount
to understand the underlying issues pertaining GND in terms of how it emerged, its
evolution, and trends. This is particularly important in a time where GNDs are politically
equated as an ‘ecology-centered” economic stimulus program, which can help significant
political attention [55]. This is key, especially when GNDs can be viewed as a strong
narrative to help economic growth, hence posing as a self-funding mechanism to the
crucial question as how to finance transitions. From this perspective, proponents of GNDs
are largely unaligned with those of degrowth who argue growth makes it more difficult to
accomplish emissions reductions [18]. This interestingly builds an alignment of agendas
on GNDs between both the environmental and political class, with the agenda of economic
growth as a mutual ground. Additionally, funding transitions across multiple sectors are
required, and in this regard numerous innovations need to be fostered, which can also
lead to white space opportunities for corporates. This is leading to emerging Green funds,
aligning with the underlying GND theme, applicable at both national and regional levels,
and which could provide some reprieve to global south economies without capacities to
fully finance GNDs agendas.

In view of the above, countries looking at engaging in GND agendas will need to
craft contextualized policies aiming at solving an array of socio-economic challenges, while
introducing economic stimulus programs across numerous sectors. Of interest, would also
be the careful drafting of policies to tap into emerging policies and green funds, a criteria
which would be particularly key to developing and least economies and small island
developing states, which often do not have the capacity to finance green transitions [53,56].

To align with this constant shift in global policies, including in view of the current
COVID-19 pandemic (at the time of writing), there is a need for an updated review of liter-
ature on GNDs and associated strategies for Green Growth, as new economic challenges
present itself, causing larger inequalities and posing a threat to long term sustainability
agendas [57]. In view of this, a macroscopic perspective is required on the larger themes,
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providing an overview of its evolution over time, including during the pandemic period,
to better understand past, current, and future directors. This paper thus, through a biblio-
metric analysis, undertakes to advance our knowledge on GNDs to present findings that
can help countries seeking to associate with GNDs would have substantial information,
leading to the potentiality of crafting models with the potential to address local priorities
and challenges.

3. Methods

Keeping pace with the rapid growth of scholarly publication has made literature
review challenging in the recent years. One way to deal with this challenge is utilizing
bibliometric analysis techniques that allow gaining an overview of specific fields. Such
macroscopic overviews can be used to highlight major thematic focus areas and research
trends. Various bibliometric analysis software tools such as SciMAT, CiteSpace, and
VOSviewer have been developed in the past two decades. All of these tools can be
used to explore thematic evolution and identify keys authors, references, and sources.
VOSviewer was used for the purpose of this study since it has a user-friendly interface,
the outputs are more suitable for identifying and analyzing thematic clusters, and it can
also provide detailed information on influential authors, references, sources, countries, and
institutions [58]. Input data for bibliometric analysis using VOSviewer can be obtained
from academic databases such as Scopus and the Web of Science (WoS). Here, we used WoS,
given its broad coverage of quality peer-reviewed articles related to the topic. In addition.
WoS bibliographic outputs are more compatible with VoSviewer and allow obtaining more
detailed results. To retrieve literature relevant to GNDs, we developed the following
broad-based search string that includes different related terms: TS = (“New Green Deals”
OR “New Green Deal” OR “Green New Deal” OR “Green Deal” OR “Green Recovery”
OR “Green Growth”). Using this search string in the WoS on 5 August 2021, returned
1403 articles. It should be noted that we only searched for English articles and the search
period was not restricted (i.e., all papers indexed until 5 August 2021, were considered).
We screened the titles and abstracts of these articles and 1174 articles related to the aims
and objectives of this study were selected for final analysis in the VOSviewer. Three types
of analyses are used in VOSviewer to map knowledge structure and trends. These are,
namely, bibliographic coupling, co-citation analysis, and term co-occurrence analysis. Van
Eck and Waltman [58] describes bibliographic coupling as “a link between two items that
both cite the same document”, where it can be used to identify major contributing countries
and institutions and their interactions. Furthermore, co-citation links are described as
“a link between two items that are both cited by the same document” [58]. As citation
frequency is widely considered as a measure of scholarly impact, results of co-citation
analysis are used to identify the most influential authors, publications, and sources. Finally,
a term co-occurrence analysis is used to identify major thematic focus areas of the field. In
addition to highlighting major terms, this analysis also provides information on important
thematic clusters within the field. As one of the aims of this study was to explore thematic
evolution over time, we divided the study period into three sub-periods considering major
milestones that may have influenced the evolvement of the field and the total number of
papers published in each sub-period. The first period started on 1995, coinciding with
the introduction of the Environmental Bill of Rights to the U.S. Congress [59], this being a
major milestone leading to subsequent green policies and increasing research in the area.

As shown in Figure 3, there has been a surge in the number of publications around 2015.
This could be linked to the introduction and adoption of international policy frameworks
such as the Paris Climate Agreement and the 2030 Agenda for Sustainable Development in
2015. Accordingly, 2015 was designated as the first milestone. The figure also shows another
surge in 2020 which could be linked to the emergence of the COVID-19 pandemic. Based on
these milestones, the study period was divided into three sub-periods, namely 1995-2014,
2015-2019, and 2020-2021. In addition to an overall term co-occurrence analysis, we
conducted separate term co-occurrence analyses for the three study periods to understand
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4. Results and Discussions
4.1. Countries Making the Most Contributions

The analysis supports that, as illustrated in Figure 3 above, the USA, the People’s
Republic of China, England, and Germany are the most popular contributors to the GND
debate with 176, 156, 163, and 99 documents respectively. This is evident by the size of
the nodes, which in this case the four countries have the largest (as per the number of
documents noted above). The popularity of GND was further observed to be gaining
traction in countries such as the Netherlands, France, Italy, South Korea, Australia and
Spain and Poland. The green cluster is seen to have received much attention, followed by
the red cluster, while the blue cluster comes third.

From the literature, the result obtained in Figure 3 are not surprising as the current
global pressures towards the adoption of a Green Deal have been seen to concentrate
more in the USA and European zone. For China, as noted by Bradshaw, Ehrlich, Beattie,
Ceballos, Crist, Diamond, Dirzo, Ehrlich, Harte, Harte, Pyke, Raven, Ripple, Saltré, Turn-
bull, Wackernagel, and Blumstein [47], although there is no formal agenda that can be
equated to the Green New Deal, there has been an increase in attention toward activities
pointing toward a reduction of carbon footprint. The increased attention and research
focusing on China may be due to the fact that it is the leading emitter of carbon emissions,
accounting for almost 24% of the global emissions [47]. Further, being the leading country
in investment on renewable energy may have contributed to increased attention on its
focus on matters relating to the adoption of deeper measures, aligning with the Green
New Deal. The attention in the USA also maybe multi-pronged. First, since the 1970s (as
reported by Conte) [16], there has been numerous calls, proposals, and agitations for the
country to adopt climate actions to avert its impacts on the environment, economy and
communities. Secondly, as was expressed by Bradshaw et al. [47], it is ranked the second
globally in terms of global emissions, and its commitment to global accords such as the
Paris Agreement, especially in view of the previous government policies on the same, may
have triggered an increased interest. Thirdly, it is the first country to have a realistic Green
New Deal formulated and discussed at a congressional level [14], thus drawing global
attention. In the case of England, its contribution to the discourse on GND (or Green Deal
as it is known in Europe) ranks it top among European countries. From the literature, it is
noted that though the Green Deal will impact the entire of European region and beyond,
England, would be a major beneficially due to focus on areas such as green spaces and
improvement of air quality that was noted to be fairly poor compared to its counterparts in
the region [28]. Further, being the main trading partner with its European counterparts, it
is understandable that the Green New Deal would impact their trading relationship. Thus,
interest in understanding how the deal works would influence policies in the country.

4.2. Most Influential Organisations

Organizations were clustered into three groups depicted in distinctive colors, repre-
sented in Figure 5. The red cluster comprise of 12 organizations with larger nodes that
are closely linked noting the thickness of their link lines. The blue cluster is located far
right, with only three organizations (Vrije University, University Autonoma Barcelona and
ICREA with 14, 14, and 11 documents each) therein with each of them having fairly large
nodes and close link between themselves. However, this cluster is far linked from the
rest of the clusters. The green cluster is comprised of nine organizations that are closely
linked to each other but with smaller nodes, indicating that the number of publications
from those organisations were fairly few compared to those obtained in other clusters.
For instance, INHA University, Macquarie University, Beijing Normal University and
University Manchester all had eight documents published.
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Figure 5. Organizations contributing the most to GND. Illustration by Authors.

From the literature review, the European Commission (EC) has been identified as one
of the organizations that eventually managed to bring into fruition the Green Deal agenda
in Europe, and from the diagram above, it had very close link with numerous learning
institutions. This could explain why most of the documents that could have shaped the
GND document emanated from the institution. From the results obtained, the close link
between EC and other organizations clustered in red is not surprising as most of these are
mostly based in Europe, save for Seoul University. This confirms that the European Green
Deal emanated from different environmental knowledge shared, exerted from different
quarters in the region, specially from learning institutions. This is true following realization
that, indeed, there are notable concerns with issues such as increasing emission levels from
the region [47], the unsustainability of the economy due to some sectors still relying on non-
renewable energy sources [62], and the increasingly observable cases of social inequalities
in the region as document in a report by Bubbico and Freytag [63]. One clear observation
from the results above is that most of the organizations are learning institutions drawn
from Euro-zone save for the few drawn from Korea, the World Bank, and the European
Commission. From the analysis, the U.S. and Europe can be noted as the only two to have
clear-cut GNDs. In America, the political class drawn from both the Democrats wing and
other smaller parties have been credited for pushing for the realization of GND and this
could be due to the fact that other institutions, such as NGOs and learning institutions are
not as coordinated in research and policy work, as is the case with Europe. However, the
results from Europe highlight the influence the learning institutions can have in shaping
and influencing for meaningful changes in the society. Whereas it may be construed that
the topic on GND is not widely understood in the public domain, hence, justifying why
most organizations pushing for actions to be taken are learning institutions, evidence from
the literature show otherwise. On this, youth movements [64,65], UN bodies such as the
UNFCCC [66-68] and the IPCC [5,69], and other bodies, have been clear on their position
on climate change. However, it is also important to appreciate that adopted GND models
do not only concern the environment, but encompasses other cross-cutting issues, that
learning organization, the World Bank, the EC and other organizations keenly supporting.
This showcases a global consensus on expanding the GND to touch on socio-economic
dimensions, hence using the rational for approaching the environment as an underlying
foundation to regenerate societies.

4.3. Most Influential Journals

As depicted in Figure 6 below, the influential journals are grouped into three clusters
depicted in green, blue, and red colors. The red cluster represent those associated with
energy, where journals touching on this topic were popular. For instance, journals ‘Energy
Policy’ and ‘Journal of Cleaner Production” had 1810 and 1496 citations, respectively. This
cluster contained 20 journals represented by nodes that closely linked, except for the journal
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‘Energy and Buildings’. The green cluster contained 17 journals, represented by nodes that
also fairly closely linked. The most popular journal in this cluster was that of “Ecological
Economics’, cited over 1078 times and had over 29,224 links. The blue cluster contain nine
journals, with the most popular being ‘Energy Economics” with 589 citations and a total of
18,148 links. This cluster had most of the journals with least citations, with most of them
seen to be more linked to the green cluster than with the red cluster.
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Figure 6. Journals influencing the GDN discourse. Illustration by authors.

The concentration of activities in the journals related to the energy sector is unsurpris-
ing considering the amount of effort, mobilization, and resources that have been directed
toward a global shift from fossil fuels to renewable energy. In particular, from the liter-
ature, it is evident that global efforts are now amassed with energy policies, especially
emanating from COP meetings, which started as early as the 1990s, the popular policy
frameworks being the Kyoto Protocol (1997) [66] and the Paris Agreement (2015) [67].
These groundbreaking policies are aimed at guiding global economies in their pursuit to
addressing climate concerns to ensure that global temperatures do not rise above 2 °C
pre-industrial level by 2030 [6]. While the two popular GND models (American and Euro-
pean) covers more than just the energy sector, it is clear than the debates and publication
on the energy sector greatly shaped and will further influence policies on existing and
emerging Green Deals. The increasing popularity of journals related to energy in terms of
citations and linkages shows that over the years, scholars have increased their attention on
matters environment more so on the impacts of emissions from the energy sector. What
is surprising from the results obtained is the reduced popularity of journals inclined to
social and economic aspects, especially noting that Green Deals are also focused on how
pursuits of social welfare in areas such as housing, water extraction and consumption and
others contribute to sustainable environments. Further, it is evident (as documented in
the Circular Economy Action Plan for Europe [13]) that the GND, especially the European
Green Deal, is focused on changing the economic model of the region to accommodate a
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circular to advance the concept of sustainability, innovation, and technology use in the
energy production and others.

4.4. Most Influential References

A total of 38 most influential references were identified and listed for this analysis.
The results are presented in Figure 7, which has three clusters identifiable by three colors
(red, blue and green), with 15, 10, and 11 references, respectively. Two references, (Dowson,
et al. [70] and European Commission [71]) had zero links. Thus, they are not present
in the diagram. In terms of influence, documents by the United Nations Environment
Programme [72] and the World Bank [73], having a total of 158 and 171 citations respectively,
are seen to dominate. All these are identified under the blue cluster just near the center of
the diagram due to the extensive relationship that the energy sector (blue cluster) has with
themes such as climate change and sustainability (red cluster) and the concept of green
growth (green cluster). Table 3 below maps the major references, showcased in Figure 7.

pearce david, @989, blueprint

stern n.h., 200, ec climate ¢

hajer ma, 1998y politics envd  world commissions on environment

bina o, 2013, @pviron plann c,

oeed, 2011, green growth mon

world bank, W incl green g

united nations“'ironment pro

schmalensee 2012, energ eco

jakob m, 20148@xford rev.econ
A 20133nvirun A vazquez-brustigh 2014, futures
bowen 3, 201 {iglobal environ y
bowen a, 2014, oxlord rev econ

acemoglu d, 2()l,é\m econ revJ'EWCke 5 26‘ e pOhCy,

mathews ja, 2@92, futures, va4

kim se, 2014, fatures, v63, p3

kallis g, 2011 ;Q:o\ econ, v70.

kallis g, 2012 4gcol econ, v84

g}b VOSviewer

stefTen w, 2“, Science

s’chneide”, 2010,7 clean prod
{orek s, 20148fjiclean prod, v

sandberg m, 2019, ] clean prod X
hickel, ZOZO*W polit econ arellano m, 199?\ rev econ stud

guo I, 2017, jiglean prod, v1

wiedmann to, 2015, p natl acad
grossman grigh995, q j econ POter me, 19*J econ perspe
stern di, 20044Wworld dev, v32

Figure 7. Major references influencing the GDN discourse. Illustration by Authors.

From the literature, it is evident that while themes in sustainability and green growth
are gaining in popularity, they are guided by policies and frameworks emanating from
bodies such as the United Nations Environment Program (UNEP) and the World Bank, thus
justifying their influence in shaping the discourse on GND. In particular, these bodies have
been observed to be consistent in advocating for green growth and have been financing di-
verse programs and projects across the globe aligning with the Green concept. For instance,
in the article by the World Bank [73], the clarion call is for an inclusive Green Growth
that would ensure that the 9 billion people that will occupy the world by 2050 would not
be disadvantaged by agendas of the current generation. Adding to this, is the noticeable
need to include the private sector in the common objective of sustainable transitions [74],
and to introduce ‘Corporate Social Responsibilities” (CSR) as key agendas [75]. To ensure
that the objective of having a sustainable future is achieved, those noted organizations
are observed to advocate for policies that not only address the environment and climate
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issues alone but extend to social and economic dimensions to ensure that prevailing issues
such as inequalities, exacerbating unsustainable pursuits are minimized. In support of the
discourse advanced by those institutions, many publications touching on sustainability,
more so in the energy sector are seen to be increasing; thus, justifying why the red cluster
has a substantial number of influential references. From the literature, it is evident that
there have been numerous calls, including through global accords such as the Paris Agree-
ment for economies to shift to use of renewable energy as alternative for the fossil fuel to
reduce emissions, at least to guarantee that temperatures would not rise beyond 2 °C. This
increase on publication on energy, as from 2014, as shown in Figure 7, showcases that as
talks about the Paris agreement intensified, researchers worked to complement to policies
to potentially influence future directions, such as the formulation of the GND, gaining
traction in this dispensation.

Table 3. Major references influencing the GDN discourse, with number of citations and link strength.

Title

Authors

Journal/Organization

No. of Citations

Link Strength

The environment and directed

Daron Acemoglu
Philippe Aghion

technical change Leonardo Bursztyn American Economic Review 243 4
David Hemous
Some Tests of Specification for Panel Data: Manuel Rellano
Monte Carlo Evidence and an Application S Review of Economic Studies 11,368 25
. tephen Bond
to Employment Equations
The Green Economy and Sustainable R
Development: An Uneasy Balance? Olivia Bina SAGE Journals 293 61
The green growth parratlye): Paradigm shift Alex Bowen Global Environmental Change 48 117
or just spin? Samuel Fankhauser
Federico Demaria
. > . . .
What is degrowthi From an activist slogan Francois Schneider Environmental Values 693 86
to a social movement Filka Sekulova
Joan Martinez-Alier
Domestic UK retrofit challenge: Barriers, Mark Dowson
. . . Adam Poole .
incentives and current performance leading David Harrison Energy Policy 267 0
into the Green Deal .
Gideon Susman
European Commission European Commission 21 0
Economic growth and the environment Gene M. Grossman The Quarterly Journal 8497 47
Alan B. Krueger of Economics
The interaction effects of environmental Ling Ling Guo
regulation and technological innovation on Ying Qu Journal of Cleaner Production 138 51
regional green growth performance Ming-Land Tseng
The Politics of Environmental Discourse:
Ecological Modernisation and the Policy Maarten A. Hajer Oxford University Press 9423 47
Process.
. Jason Hickel -,
?
Is green growth possible? Giorgos Kallis New Political Economy 515 66
. . 5 . .
Prosperity w1th0uff growth? The transition Tim Jackson UK sustalnablg ) 1042 134
to a sustainable economy development commission
Green growth, degrowth, and the commons Michael Jakob Oxford Review of Economic Policy 128 87
’ ’ Ottmar Edenhofer
“Green growth”: From a growing Tk .
eco-industry to economic sustainability Martin Janicke Energy Policy 319 149
In defence of degrowth Giorgos Kallis Ecological Economics 1004 115
Giorgos Kallis
The economics of degrowth Christian Kerschner Ecological Economics 610 99
Joan Martinez-Alier
A new approach to measuring green . .
growth: Application to the OECD Satbyul }istella Kim Ho Kim Futures 71 58
and Korea ‘eora Chae
Sustainable consumption within a Sylvia Lorek
sustainable economy-beyond green growth e Journal of Cleaner Production 556 106
. Joachim H. Spangenberg
and green economies
Green growth strategies—Korean initiatives John A. Mathews Futures 129 68
The limits to growth: The 30-year update Dennis Meadows Taylor and Francis 4577 75
Jorgan Randers
Towards green growth OECD OECD 79 171
Towar_ds green growth: OECD OECD 12 87
Monitoring progress
s David Pearce .
Blueprint 1: for a green economy Anil Markandya Edward Barbier Francis and Taylor 4997 67
Toward a New Conception of the . .
Environment-Competitiveness Relatinship Porte Me Journal of Economics Perspectives 34 39
. . Johan Rockstrom, Will Steffen
A safe operating space for humanity Jonathan A. Foley Nature 10,911 127
Green growth or degrowth? Assessing the
normative justifications for environmental Maria Sandberg Kristian Klockars Journal of Cleaner Production 85 56

sustainability and economic growth
through critical social theory

KristofferWilén
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Table 3. Cont.

Title Authors Journal/Organization No. of Citations Link Strength

From “Green Growth” to sound policies:
An overview
Crisis or opportunity? Economic degrowth
for social equity and ecological

Richard Schmalensee Energy Economics 107 76

Francois Schneider

sustainability. Introduction to this Glorgqs Ka111§ Journal of Cleaner Production 1116 108
L1 Joan Martinez-Aliera
special issue
Will Steffen

Katherine Richardson
Johan Rockstrém
Sarah E. Cornell
Ingo Fetzer
Elena M. Bennett Reinette Biggs
Stephen R. Carpenter

P Wim De Vries
Planetary boundaries: Gulghng human Cynthia A. De Wit Science 7611 70
development on a changing planet Carl Folke

Dieter Gerten
Jens Heinke
Georgina M. Mace
Linn M. Persson
Veerabhadran Ramanathan

Belinda Reyers
Sverker Sorlin
The rise and fall of the environmental David I Stern World Development 3587 53
Kuznets curve
The economics of climate change: the Nicholas Stern . . .
Stern review ¥ Nicholas Herbert Stern Cambridge University Press 1705 36
Towards a Green Economy: Pathways to
Sustainable Development and Poverty UNEP UNEP 259 254
Eradication—A Synthesis for Policy Makers
. . - Diego Vazquez-Brust
Managmg the trfins1t10n to critical gr/een A{ga stair ;1/[ Smith Futures 60 55
growth: The ‘Green Growth State .
Joseph Sarkis
Ma“agmﬁ without growth: slower by Peter A. Victor Edward Elgar Publishing 1291 76
esign, not disaster
Thomas O. Wiedmann
Heinz Schandl
Manfred Lenzen Proceedings
The material footprint of nations Daniel Moran The National Academy of Sciences 1235 79
Sangwon Suh of the United States of America
James West

Keiichiro Kanemoto

4.5. Most Influential Authors

The authors who have had more influence on the GND discourse are presented in
Figure 8 below. These are clustered in four distinctive groups symbolized by red related to
sustainability and climate change, blue representing energy themes, green encompassing
issues on green growth and yellow on the subject of climate neutrality with direct links
to Green New Deals. The results showcase that the most popular authors are institutions
such as European Commission, OECD, the World Bank, and UNEP. However, on average,
the blue cluster is seen to have larger nodes, that are closely linked, followed by the green
cluster and red cluster, respectively. The yellow cluster encompassing only five authors has
EC as the most active author. Others in this cluster (CBC, Eurostat, FAO, and UN) are cited
only the least, and are also least linked. Individual authors are seen to be more popular in
matters of Sustainability, Climate Change, and Green Growth.

The results presented above showcases that the theme of Green New Deal comprises
of diverse thematic areas, and those academicians drawn from different fields enrich the
discourse on this matter. In particular, authors interested in Green growth, sustainability
and climate change are seen to be more popular, than those concentrating on new Green
Deals. Probably, the reason for this inclination is due to the fact that the three popular
themes are more inclined on impacts, which are well known, unlike the GND, which can
be argued to be still new and is yet to gain a widespread recognition by most people,
organizations, and institutions. For instance, Steffen, et al. [76] who were exploring matters
of planetary boundaries in response to sustainability agendas are seen to have been cited
over 7743 times despite their article having been published in 2015. Same case with an
article by Guo, et al. [77] who exploring the relationship between technological innovation
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and the environmental regulations in influencing green economic growth. The article
has been cited over 132 times and linked over 54 times though it was published in 2017.
This shows that topics related to sustainability, green growth, climate change and energy
are becoming popular, especially in relation to how modern trends such as technological
applications are incorporated. This augurs well with the proposals in the GND models,
especially in the economic dimension, where the circular economic approach is being
pursued [78]. It is evident that circular economy pursuits highly supported an extensive
application of technologies in areas such as production, extraction of resources and in
recycling processes to ensure an extended lifecycle of products [79], and even though the
concept is noted to receive increasing global attention. In view of its merits, there are
notable challenges as to its inclusion in vulnerable groups [80].
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Figure 8. Authors influencing the GDN discourse. [llustration by the authors.

4.6. Term Co-Occurence
4.6.1. All Periods

Results of the term co-occurrence analysis for the whole study period are shown in
Figure 9 below. The terms were categorized and clustered into three groups. The red cluster
categorizes terms associated with climate change and sustainability, while the blue cluster
encompasses terms associated with green growth. The green cluster was dedicated for
terms associated with application of technologies and policies to foster economic growth.
The red cluster had a total of 25 terms, with key terms (according to size of their node)
including sustainability, which deemed to be more closely associated with terms such
as green growth and green economy from the blue cluster. The term climate change
was almost centrally positioned as shown in Figure 8 and is seen to be associated with
terminologies from both the green and blue clusters. The green cluster had a total of
15 terms, with policy, economic growth and efficiency being the main ones and seemed
to be closely linked with other terms in this cluster and from the blue and red cluster as
well. Other terms that were popular in this category include efficiency, innovation, impact,
technology, renewable energy, China, and CO;. The blue cluster had only six terminologies,
with the key one being green growth, which is seen to be closely associated with major
terminologies such as sustainability, climate change, energy, Green New Deal and others
from the Red cluster. Likewise, it has close links with terms such as Economic Growth,
Impacts, Model Performance, Innovation, and Efficiencies from the green cluster.

From the literature, it is not surprising that terms such as green growth, sustainability,
climate change, policy, economic growth and energy seem to have been very popular
and closely associated over the period in question (1995-2021). It is worth noting that it
is within this period that global community had come together to form the COPs with
the first meeting happening in March 1995 [81]. Therefore, it is no coincidence that the
key terminologies especially in regard to climate change and need for green growth seem
to be predominant. Further, the co-occurrence of the terms such as policy, energy eco-
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ecosystem services

life cycle agsessment

nomic growth, sustainability and climate change may have been influenced by the global
discourse that was then focused on the urgent need for introducing policy framework
such as the Kyoto Protocol targeting sectors in the economy, such as energy production,
sustainable agriculture, equitable economies, with no or minimum market imperfections
and others [66]. Successful global meetings, and the introduction of key global agreements
such as the Paris Agreement [67], the Sustainable Development Goals [11], New Urban
Agenda (NUA) [82], and the Agenda 2030 on Sustainable Development [83] have prompted
an emergence of new terms such as mitigations, Green Deal, circular economy and others.
The dominance of the co-occurring words such as green growth, sustainability, climate
change and energy and others show that the global agendas associated with those are still
on course; hence, as more calls continue to stress upon the need to address global climate
challenges, those terms will continue to gain in popularity. However, when studying the
terms more closely in three distinct periods, we are offered with interesting insights as to
their evolution across time. This is expanded in the three sections below.

power
euf@pe
tech@plo;
mitigation N
renewalle ener,
cities Fﬁy * &
: : 2
A green“ly deal o
| " é&y
ot v - ,. : energy use
challenges b o % y A
C'ImaQaﬂge gt innayation-..
: 1 L " dimat@plicy : efﬁ‘wcy
eu gra@n deal NG 17 28 e ) Y \
'nSt"'O“S_- e o8 ‘ \ empiricakéevidence
ARG A0 : impact
A e ; ‘ econo;&rowth
. syst@ms transfagmation. f ¢

. 2yte Y5 “emissions perfomance
consewation % 3 0% y s
il : ; ; dietivit
Wane: : gree‘awth produetivity
managemen DN
circular@onomy i S consumption
. madel
sust*Hlty . ¥
indigators
framegiork
grawth degeowth
f%b VOSviewer green ggonony
behavior

environmentalsustainability

Figure 9. Analysis of terms co-occurrence from 1995 to 2021. Illustration by the authors.

4.6.2. First Period (1995-2014)

During the period 1995-2014, a number of terminologies related to the topic of GND,
as shown in Figure 10 below, were already popular with most academicians. A total of
34 key terminologies were identified during this period, classified into three clusters; the red
representing sustainability and climate change, the blue encompassing terms such as Green
Growth, Developing Countries, and others commonly associated with the economic growth
and development. The green cluster with 14 terms is observed to focus on technology,
environment and innovations. The key terminologies during this period included Green
Growth, Sustainability, Climate Change, Policy and Energy. However, other geographies
that had begun attracting substantial attention during this period includes China and South
Korea, the latter aligning with the findings of the geographical popularity as represented
in Figure 2, where South Korea was noted as being the region attracting the most interest
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for GNDs. It is further noted that those two regions showed a particularly high interested
in the terms Green Growth, Growth, Technology and Environmental Sustainability. In
the sustainability and climate change discourse, terms that gained popularity include
Renewable Energy, Institutions, Management, and others. Regarding technology and
innovations, terms that were seen to be attraction attention, but were not yet linked to
sustainability and economic growth include housing, efficiency, innovations, and others.
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Figure 10. Analysis of terms co-occurrence from 1995 to 2014. Illustration by Authors.

From the analysis, it is not surprising that already, terms such as Climate Change,
Green Growth, Sustainability, Policies and Energy were already popular and co-occurring
in discourses touching the three thematic areas related to GND. Within this period, as ex-
pressed by FAS, countries such as China and South Korea were experiencing unprecedented
growth, courtesy of technology and innovations that were popular in those countries. The
growth in China begun in the 1970s, and by the 1990s had become a major trade destination,
attracting over 445,244 foreign direct investments (FDIs) businesses in the 1990s [84]. The
increase in trade was inspired by the deployment of advanced technologies in different
sectors. In Korea, which is also seen to have drawn the attention of authors, as from 1995
onwards, its growth is observed to have recovered from an unprecedented decline at the
beginning of the 1990s [84]. It is reported that the country had embarked on technological
deployment in different sectors, and by 1996, the country had started to grow by 7.1% [85].

Growth was not only being experienced in this region alone, but other countries such
as the U.S are also reported to have experienced strong growth. Such economic activities
across the globe were prompted by the recovery strategies that countries had embarked on
as they tried to recover from the 1990s recession [86]. As a result, coupled with ongoing
environmental pressures, usage of non-renewable energy was experienced in countries
such as China and the U.S. which had only 7% renewable energy with the rest coming from
fossil fuel 24%, coal 23% and natural gas (23%) [87]. As a result, concerns about climate
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change intensified, prompting the formulation of the Kyoto Protocol that came into force
in 1997 [66]. The economic growth that was being experienced prompted emergence of
housing programs, especially low-cost housing in many developing regions, especially
in Asia and North America; as disposal income following increase in wages started to
rise [88]. Through innovations, affordable housing became the trend, and countries such
as the U.S., Canada, Singapore, and others were in a rush to ensure their citizens, whose
numbers were also increasing, especially in urban areas were housed [88]. However, in
the course of pursuing housing projects, it is noted that concerns arise on energy efficiency
and the need for the adoption of alternative clean energy. That being said, it is noted that
the concept of ‘green” was still not popular during this first period as showcased in the
diagram (Figure 10) above.

4.6.3. Second Period (2015-2019)

During this period, as depicted in Figure 11 below, the number of terminologies
increased significantly to cover emerging issues. These terms are categorized in three
groups, represented by red, blue and green clusters. The red cluster captures all the
terminologies directly associated with sustainability and climate change while the blue
cluster is dedicated for all terminologies with greater inclination to Energy Production,
Consumption, and Impacts. The green cluster encompasses terms focusing on Green
Growth, as influenced by factors such as Technology, Policies and Innovations. During
this period, it is evident that all the terms recorded in the first period (1995-2014) are still
present here and have been reinforced by the emergence of new terms. In the red category,
it is evident that new terms such as: Impacts, Cities, Power, Productivities, Transmission
and others had become common, and are occurring in document focusing on all three
thematic areas. Similarly, in the green cluster which was presented as the Blue cluster
in the first period, in addition to the six terms that were recorded then, numerous more
terms emerged during this second period. Notable new terms here include Green Economy,
Europe, Renewable Energy, Emissions, Scenarios Behaviours, SDGs and others. In the
Blue cluster, the number of terms that emerged were not many compared to other clusters.
They include Innovation, Buildings, Retrofit and UK. This aligns with the need of not only
introducing more sustainable policies for new building stock, but also to retrofit existing
ones, so as to ensure a more sustainable built environment [89].

The terms Policy, Efficiency, Innovation, Green New Deal however are seen to have
become slightly more popular during this period, and also highly linked with terms such
as Energy, Renewable Energy, Technology, Impacts, Green Growth and others.

From the analysis, it is observed that this second period experienced major break-
throughs in the discourse on Sustainability, Equitability and Economic Growth. It is during
this period that the Paris Agreement (2015), Sustainable Development Goals (SDGs) 2015,
the Agenda 2030 for Sustainable Development (2015), the New Urban Agenda (2016), the
Green New Deal (American model) 2019, and others were formulated, and where some
are already in force. In fact, there has been numerous meetings on different agendas,
especially on environment and sustainability during this period, with a large number
of publications published, including notable documents such as the SDGs and the Paris
Agreement. During this period still, it became apparent that the world was experiencing in-
creasingly pressures from the (still) unprecedented challenges of climate change, impacting
mostly vulnerable economies such as least developed countries (LDCs) and small island
developing economies (SIDS) [4]. It is during this period also that sustainability agendas
increased more with areas such as urban planning being at the forefront, with urban models
such as sustainable smart city models being adopted in numerous geographies, including
Songdo, South Korea [90]. Other cities include Singapore [91], Barcelona [92], and other
parts of the world that have transformed, courtesy of the proliferation and ubiquity of
smart technologies [93-95]. Such activities saw an increase in the academic arena with
numerous co-occurring terminologies increasing and covering different aspects of Sus-
tainability, Growth, Economy, Climate Change, Technologies and more. With the global
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population increasing at an average of 140 million per year since 2015 as expressed by
Roser, et al. [96], substantial changes in different global sectors were observed, especially as
demand for services such as energy, transport, manufactured products and other increased.
These then prompted the need for policy interventions to ensure that as consumption
continued, identified themes such as sustainability, Conservation, and Supply Chain Man-
agement were noted, as captured in the Paris Agreement and the New Urban Agenda
(NUA) documents [82].
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Figure 11. Analysis of terms co-occurrence from 2015 to 2019. Illustration by Authors.

4.6.4. Third Period (2020-2021)

Analysis of the period 2020-2021, as shown in Figure 12 below, further highlighted
the consistency of increased terminologies shaping the discourse on GND, within the three
thematic areas of sustainability and climate change categorized under the red cluster. The
second thematic area is energy and renewable energies highlighted in the blue cluster, while
the third thematic area categorized under the green cluster encompassing terms focusing on
Green Growth, Economic Development and Technologies. The results here show that like
in the previous periods (1995-2014 and 2015-2020), new terms arising from global trends
emerged. These include Green Recovery, COVID-19, Agriculture, Biodiversity, Bioeconomy,
Circular Economy, EU-Green Deal, Storage, Photovoltaics, Energy Transition, GHGs, LCA,
Determinants, Countries, Empirical Evidence, Panel Data, Environmental Kuznets Curve
and Decoupling among others. Some other terms that were common in the previous period
but were no longer popular include South Korea, Behavior and Productivity.
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Figure 12. Analysis of terms co-occurrence from 2020 to 2021. Illustration by Authors.

From the analysis, this period portrayed mixed results for the global environment,
and the discourse on sustainability, as a result of outbreak of COVID-19 early 2020 [57,60].
On the one hand, measures instituted in different countries and regions saw a reduction of
activities in major sectors such as tourism, transport, manufacturing, education, hotels and
hospitality industry and in retail among others, resulting into drastic reduction in emissions;
by approximately 6.4% equivalent to 2.3 billion tons of CO; [97]. However, the pandemic
also resulted into unprecedented plummeting of the global economic growth; estimated at
around 3.5% by IMF [98], and more so in developed economies. Thereafter, in the third
quarter of 2020, countries started to ease COVID-19 restrictions and gradually started to
strategize on how to get back their economies into track, thus sparking fears that some
would overlook their climate commitments and revert to the use of non-renewable energies.
This may explain why terms such as Energy Transition, Decarbonization, Photovoltaic
Climate Policy, GHGs, Environmental Sustainability, Panel Data and others have emerged
co-concurrently with the existing ones. On this, there has been calls for economies to
consider embracing renewable energies in their COVID-19 recovery plans, with solar
photovoltaic being championed, especially after notable advancements in the technologies
used in making solar panels and other components such as storage batteries helped reduce
the prices thereof [99]. During this period also, the EU Green Deal was proposed [15],
with proposals of formally adopting the circular economy concept as a means to changing
the economic profile of the EU region. According to Dartford [48], this deal impacts the
relationship between the EU and its trading partners, more so in respect to the sustainability
aspects of raw materials and products exported from and to Europe. The bottom line during
this period was for economies to emphasize on green growth, positing as a strong approach
for positive impacts even for LCDs and SIDS, observed to be struggling financially due to
the debt crisis exacerbated by the impacts of COVID-19 [100,101].
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The focus is on implementing policy frameworks that would encourage economies to
continue investing in sustainable pathways, as in renewable energy and increased use of
technologies in areas such as urban planning. This, as noted by the World Bank [102] will
promote a gradual economic recovery, while at the same time ensuring that the global 2030
targets for reduction in emissions are not overlooked. This, as highlighted in Figure 11,
could explain why terms such as Impacts, Policies, Green Growth and Innovations are co-
occurring almost at the center, showing that issues on Sustainability, Economic Growth, and
Social Pursuits are gaining more popularity and co-occurring in cross-cutting in different
disciplines.

5. Conclusions

This study, through the performance of a bibliometric analysis, explores the theme of
Green New Deals and maps out their theoretical conceptualizations, knowledge structure,
and trends across different time scales and publications. One limitation of this approach is
that is caters for documents only indexed in academic milieus, in this case Web of Science,
and hence omits grey literature. However, this focus on academic literature does not
skew the results, as the large sample size of 1174 articles provides a robust dataset which,
when analyzed, provided a deeper understanding of the evolution of the concept and
can further provide researchers and policy makers with knowledge on how to better craft
effective and contextually appropriate GND models. It is noted that GND adoption at a
policy level is still in its infancy stage and is expected to keep gaining in popularity in
the coming years, especially in view of the challenges brought about by the COVID-19
pandemic, underlining adequate and urgent economic responses aligning with national
and international commitments to sustainability policies and agendas, including the Paris
Agreement and the 2030 Agenda for Sustainable Development. This subject is thus expected
to gain in popularity among academic circles, which will lead to further popularization and
adoption. The paper further underlines that while the subject of the Green New Deal varies
in interpretation, there is a strong convergence towards universally agreed principles, such
as ‘green growth’ and ‘green economy’, thereby showcasing foundational precepts to the
concept which can then be tailored to varied contexts in accordance with their needs and
agendas. As avenues for future research, the mapping of the foundational elements of
varied GND models and frameworks could be extremely interesting, and could potentially
lead towards a global GND framework and application roadmap, contextualized for
implementation in different economies. Finally, in view of global discussions on deep
decarbonization needs at the Conference of Parties (COP) 26 at Glasgow in November
2021, aligning with the increasing need for climate financing at both local and regional
levels, it could be topical to engage in metanalyses of sustainability transition models along
with GND evolutions to try to map and understand what would be the most contextually
appropriate GND models (accompanied with financial tools) per geographies and socio-
economic groups. The topic of financing sustainability transitions will be made extremely
important, and it will provide adequate research attention on this subject, rendering more
effective policy outcomes aimed at accelerating much-needed sustainability transitions.
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Abstract: This perspective paper explores the rising impacts of the COVID-19 and the Russia—Ukraine
war from different perspectives, with an emphasis on the role of climate financing in achieving equi-
table and just transition mechanisms and that of peace in expediting this pursuit and sustaining this
drive. It is motivated by the realization that there is an urgent need for accelerating the decarbonisa-
tion agenda, as highlighted in pre-COP26 debates and in the resulting Glasgow Climate Pact, through
the mitigation measures that can be unpacked at both cost and scale. This is further reiterated in
the third instalment of Assessment Report 6 (AR6) the Intergovernmental Panel on Climate Change
(IPCC) report, dwelling on Mitigation of Climate Change, underlining the required policy shifts and
technology developmental needs. Green technology, however, comes at a green premium, being more
expensive to implement in geographies that cannot absorb its cost in the immediate short term. This
engenders an inequitable and unjust landscape, as those that require green technology are unable
to have access to it but are most often on the frontlines of the impacts of climate change. While it
is urgent to review this issue and to encourage more cooperation for technology development and
transfer, the COVID-19 pandemic and the Russia—Ukraine war are posing mounting challenges for
achieving these objectives. These two crises are causing an unprecedented rise in commodities and
labour pricing, with further knock-on impacts on global supply chains for technology. This is in turn
rendering green technology unattainable for developing and less developed countries and Small
Island Developing States (SIDS).

Keywords: COVID-19 pandemic; Russia—Ukraine war; sustainability; resource management; energy
transitions; climate justice; climate change; green premiums; supply chain

1. Introduction

The impacts of climate change in this decade are becoming more apparent, especially
in the frequency and intensity of diverse range of climate events and the cascading impacts
of these events on socio-economic systems. As expressed in the latest IPCC report (Working
Group III of the Sixth Assessment Report), events such as erratic and unpredictable weather
are now more frequent [1]. The aftermath of these is a widespread consequence that
includes irreversible losses of ecosystems, especially in coastal and low-lying regions and
reduced food and water security [2] in many parts of the globe. This is due to issues
such as increased desertification, acidification of soils and water [3] and the emergence of
vector diseases. Climate change is also contributing to increasing adverse economic effects,
resulting from losses in tourism activities, destruction of infrastructures and establishments
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that support different businesses and establishments. Such impacts have escalated even on
the community levels, leading to forced migration (over 30.7 million climate refugees were
estimated in 2020 [4]), and further loss of livelihoods and loss of lives are expected in the
forthcoming decade.

The 6th IPCC report calls for cross-sectoral mitigation policies and actions that would
help create sufficient capacities for resilience and adaptability for economies, ecosystems,
human societies and biodiversity. Among steps that could be adopted include a strong
focus on decarbonisation, as was emphasized in 2021 during the COP26 Summit in Glas-
gow [5]. Further, such actions and policies could draw insights from proposals made in
the Sustainable Development Goals (SDGs), highlight 17 fundamental objectives. Further,
such policies and actions could be achieved by emphasizing on developing and revamping
diverse infrastructural programs as well as investing on technology development. This
is particularly important as there already exists a significant imbalance in the scale and
geography of climate mitigation investment, where countries in the global north have
already taken the initiative to expand their infrastructure networks and invest heavily in
modern technologies with capacities to mitigate climate change.

Despite these robust investments, countries from the Global North are responsible
for over 75% of the global emissions, which is triggering climate events that are having
the greatest impacts in the Global South. This imbalance does not augur well in the
quest for climate justice, as most economies in the Global South do not have sufficient
financial capacities to adequately invest in expensive climate mitigation infrastructural
developments. As a result, a majority of them are forced to risk their public assets in the
quest for climate mitigation investment, which can also further derail notable growth due
to indebtedness [6,7].

The investment in infrastructure and technology is low in a majority of developing and
least developed economies [8], and this has significant ramifications on these economies
‘efforts to develop as well as mitigate impacts of climate change. The World Bank notes
that these disparities are not good for the global economy, as a majority of these countries
also have insufficient capacities for resilience and adaptability; ensuring impacts of climate
change events will also have a cascading impact in limiting global economic growth [9].
This calls for a more equitable global landscape in respect to investment, which can only
be achieved when attention to terms of financial support, and when the availability of
resources and expertise is widespread and rooted in practical policy reforms at regional,
local and urban scales. However, these activities have not been forthcoming, with most
economies in the Global South experiencing notable financial challenges, to a point of some
of them plunging in debt crises, as noted in a report by UNCTAD [10].

Besides financial challenges, there has also been a serious concern regarding global
equitability of access to resources and technologies due to ongoing supply chain disruptions.
These disruptions are causing price increases and limited availability of certain resources,
technologies, and components need for climate mitigation and infrastructure development.
In most cases, these are not always seamless, robust and well defined across different
geographies, and are having the impact of widening the inequality gap between developed,
developing and least developing economies. For instance, Adeoti et al. [11] note that the
costs of infrastructure development and maintenance in the Small Island Developing States
(SIDS) is greatly affected by the cost of imported goods and the remoteness of these States.
Exports of products from these States are also impacted by the current state of the global
supply chain, reducing SIDS’ access to international markets and trade.

Today, the quest to create a more equitable global landscape in respect to supply chains
for different products is expected to encounter two major challenges of scale: the impacts
of COVID-19 and the impact of Russia—Ukraine war. The COVID-19 pandemic outbreak in
the early 2020 forced almost half (3.9 billion people) of the global population in lockdowns
by the second quarter of the year [12], and triggered a worldwide, negative spiral effect on
supply chains, specifically due to the restrictions on major transportation modes, border
restrictions on a majority of countries, and reduced activities in major sectors such as
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manufacturing [13]. Even after the resumption of normalcy in most countries, especially
after the introduction of vaccinations, supply chains have not fully recovered [14]. It
is now understood that the pandemic is expected to have long-term impacts on global
supply chain, especially noting that the virus has continued to mutate prompting new,
and occasionally extreme lockdowns call in major export countries, such as China, India,
and US which at the time of writing are currently experiencing a fourth wave [15]. The
interconnected nature of supply chains is expected to render them even more vulnerable,
not only due to long-term impacts but also the cascading impacts of conflict from the
ongoing Ukraine and Russian war [16] and related European security and energy issues.
Such would also be impacted by the reactionary approach by Russia on the numerous
economic sanctions imposed on the country by a number of global economies. For instance,
in the recent past months, Russia has been conducting unusual oil pipeline maintenance
procedures, affecting supplies in a number of European countries. This is in addition to the
40% reduction on gas flow to most European countries [17].

The long-term impacts of these two global challenges of scale are already being
experienced globally with rising prices for basic commodities such as food and fuel [18].
As highlighted in a report by the UNFCCC [18], UNFCCC [19] the impact of the COVID-19
pandemic on the global sustainability agenda will be severe, with most economies failing
to meet their Nationally Determined Contributions under Paris Agreement [19]. Coupling
this with the complications triggered by Ukraine-Russia war, especially on supply chains
for green technology, which now comes at a consequent green premium, is expected to
prolong the journey toward sustainability transitions. This is discussed in the succeeding
sections below.

2. The Link between Sustainability Transitions and Resource Management

The global sustainability agenda has the potential to benefit and be enriched from
collaboration between players drawn from diverse disciplines, including academicians,
political class, scientists, civil societies and others based on different parts of the globe. In
particular, as expressed by Talens Peir6 et al. [20], this is important as most sustainability
pursuits are dependent on products and goods that are sourced from diverse geographical
locations, thereby underlining the need for a seamless flow in the entire supply chain. That
is, there needs to be a coherent understanding between people, manufacturing/production
plants and the different systems that allow products (especially) to be moved with min-
imum delays and at reduced costs. On this note, due to the technological advancement
that has been achieved as a result of the emergence of fourth industrial revolution, mas-
sive technologically oriented products with capacities to influence positive sustainability
practices are being produced [21].

The movement of these products is subsequently benefiting from the supply chain
networks that have equally benefitted from the impacts of globalisation as well as the
improvements in technology. For instance, in the recent past, numerous countries have
embraced the global calls to transition from using non-renewable sources for their energy
production, to renewable sources. As a result, there, has been an increase in demand, and
economies of scale in development, production and deployment of these technologies;
meaning that these technologies and related components can now be produced cheaply
and quickly and implemented on a citywide scale (see [22]) for illustrative case studies
from Europe). This scaling of production of renewable energy technologies has led to
global networks and supply chains of parts manufacture for the energy sector, that navigate
complex legislative and fiscal pathways to finished goods, albeit at a high embodied energy
weightage [23]. Jelti et al. [24] explain that the ability to move raw materials across different
geographical locations has been among the main contributors to the increased penetration of
renewable energies in the recent past. This has in part been made possible by manufacturing
companies managing to maintain healthy re-order levels due to emergence of concepts
such as Just-in-Time (JIT) that promotes efficiency in shipping different products [25].
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However, in the quest to respond to resource needs for sustainable technology and re-
lated products (PV Panels, Sustainable Wood, Lithium-Ion Batteries, Microchips, Synthetic
Cotton, Smart rotors et cetera), there also need to avoid unsustainable practices in acquiring
and managing these resources as well as other possibilities for inequalities. On unsustain-
able practices, Talens Peir6, Martin, Villalba Méndez and Madrid-Lépez [20] note that most
of the raw materials used in manufacturing diverse technology products occur naturally
in limited quantities and are unequally distributed across different geographical areas.
Therefore, they require to be mined, utilized and recycled optimally to avoid unsustainable
practices. In addition, their utilisation and supply, including after they are converted into
finished products, need to be done in a diligent fashion to avoid bottlenecks and unequal
supply chains that has the potential to derail sustainable transition in some economies,
especially those in the south. There are also reports that the world is willing to offset the
‘dirty’ task to China, in the form of pollution intensive manufacturing, which is readily
accepting the burden in exchange of economic growth. Lotfi et al. [26], the unsustainable
supply chains may be presented in diverse forms including forced labour, child labour,
under payment and over-consumption of resources such as water such as in the case of
cotton farming.

In 1991, the Den Bosch Declaration was made by government officials drawn from
120 countries all yearning for a sustainable global commodity market. This underlying
agenda was aimed at ensuring that there was uniformity and sustainability processes
across the entire supply chain, especially in regard to food production and supply [27].
However, this global agenda has not helped to solve the sustainability challenges of supply
chains, more so in regard to movement of goods and parts to the markets. This, as noted
by Saada [28] explains why there is increased attention toward adoption of Green Supply
Chain Management (GSCM). However, the GSCM cannot also hold if the key ingredients,
a functional link between producers, suppliers and consumers, is not upheld at all stages,
especially in regard to planetary ecological balance. That is, the need to ensure that all
stages within the supply chain corresponds with eco-friendly resource management.

While there are numerous sustainability agendas to be pursued, including mitiga-
tion of climate change events, the aspect of resource management is urgent and has the
capacity to help address many other issues in tandem. For instance, there is a need for all
stakeholders within the supply chains to adopt best practices emerging in global markets
aimed at promoting optimal resource consumption as envisioned in the SDG12. Such
include the circular economy concept where emphasis is on extending the lifecycle of a
product or its parts to the maximum by adopting practices such as re-using, repairing,
refurbishing, leasing, up-cycling and recycling [29], hence reducing its carbon footprint.
The circular economy concept would help the pursuit of resource management by (i) help
minimize wastage and pollution, (ii) ensure consumers get the highest value from products
and materials and (iii) allow nature to regenerate. Circular economy programmes would
further help to stimulate the emergence of new alternatives via eco-innovations that would
eventually reduce excessive resource consumption.

Other best practices include emphasizing on using renewable energy in all stages of the
supply chain, including mining, production, manufacturing, transportation, storage and
during consumption of products. On this, Yu et al. [30] note that the use of non-renewable
sources in different stages of the supply chain does not only contribute to climate change but
compromises the integrity of natural resources and jeopardizes the quest for sustainability
in the supply chain. It also contributes to defeating all other actions that are set in place
to address challenges such as climate change, high price of commodities, food insecurity,
and so on. It is key in this respect to look at supply chains not only at local level, but to
also include challenges linked at regional and global levels, including the need to reduce
friction flows when moving products.
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3. Impacts on Global Supply Chains
3.1. The Case of the COVID-19 Pandemic

The outbreak of COVID-19 ‘caught’ the global community unprepared, and as outlined
by Allam [31], most of the policies, actions and frameworks to contain the pandemic were
not in place. As a result, Meyer et al. [32] noted that the pandemic exposed the vulnerability
and lack of resilience of the global supply chains. In particular, the supply chain networks
showcased their inability to respond effectively to the unprecedented demand-supply
pressures. Such pressure was exerted by factors such as the abnormal demands and
consumption of medical supplies in different parts of the world. It was also catalysed
by enormous demand for consumer goods encouraged by factors such as panic buying,
successive waves of the pandemic, and restricted movement of goods and people due to
global lockdowns [33,34].

The simultaneous, widespread outbreak of the pandemic in different parts of the
globe elicited numerous challenges on diverse sectors such as mining, manufacturing, and
transport. For instance, as a majority of people retreated to confinement, most factories
and manufacturing industries were experiencing labour shortages as well as scarcity of
raw materials. A case in point is the airline industry which, as a critical component in
seamless supply chain networks, was short staffed by approximately 4.8 million people
as a result of the global containment measures [35], prompting a 7.7%, reduction in air
cargo capacities [36]. In the shipping industry, a report by the United Nations Conference
on Trade and Development (UNCTAD) highlights these challenges, such as shortages of
raw material, prolonged lead time, ocean blank sailings and port closures, among others,
intensified during the height of COVID-19 pandemic [37].

For factories and manufacturing plants with raw materials needs, border restrictions
and grounding of different modes of transport triggered issues such as labour shortages,
transport capacity constraints, and surplus supplies—since it was not possible to move
finished products to the consumers, among other obstacles, that eventually compromised
smooth supply chain operations and trade flows. According to Freight Right [38], as
of October 2021, there were approximately 353 container ships still stranded outsides
different ports spread across the globe. The congestions were occasioned by the containment
measures that had been instituted almost a year earlier (2020). The impacts of COVID-19
continue to be felt with the backlog for stranded cargo ships continuing even in 2022, where,
as of January, there were over 82 container ships that were waiting outside ports in China
ready to take cargo, while Hong Kong had 61 and Long Beach, Los Angeles had 61 [39].

The stranding of those ships translated to container shortages in the millions. For
instance, as of September 2021, it is reported that there was a global shortage of over
2.4 million 20ft containers, which amplified that congestion in ports [40]. Coupled with
these challenges were fuel shortages and increased prices of petroleum products which
eventually translated to increased shipping freight rates. For instance, between 2020
and 2021, freight rates from China to South America are reported to have increased by
approximately 443%. Between China and other Asia countries and North America, the
costs had increased by approximately 63% [41]. Even with the increased charges, the Just
in Time (JIT) that had previous helped activities at sea to move seamlessly and flawlessly
became inefficient, as normal operations had been greatly disrupted because attention had
shifted to containing the pandemic [42].

The impact of this supply chain disruption includes relatively high (compared to
pre-pandemic) costs of final products, prolonged transportation time, reduced access to
raw materials and increased inequalities in the supply chains. According to Carriere-
Swallow et al. [43] of International Monetary Fund (IMF), with the average shipping costs
increasing by more than double the previous cost, final consumers have had to put up
with not only high costs of products, but also increasing inflation. For instance, in 2021,
in a study covering about 143 countries, it was established that the inflation rose by an
average of 7% and by 2022, as the challenges in the sea continued to manifest, inflation is
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expected to increase by another 1.5% [43]. In particular, the high rates of inflation are being
experienced in many western countries, reminiscent to situation in the 1970s.

While the war is still unfolding, and impacts are expected to perdue in time and across
sectors, a first set of global challenges are already observed. Figure 1 below highlights
some of the global crises that have arose and continue to escalate due to the outbreak of the
COVID-19 pandemic as well as the continuing Ukraine-Russia conflict.

Supply chain
disruption
Food Insecurity

COVID-19 PANDEMIC RUSSIA-UKRAINE WAR

Decline in GDPs
Unsustainable
energy production

Figure 1. Venn Diagram describing some emerging global crises arising from the COVID-19 Pandemic
and the Russia—Ukraine war.

3.2. The Case of the Russia—Ukraine War

The current conflict between Ukraine and Russia that escalated into full blown war,
prompted abrupt impacts on the global community, leading to unprecedented challenges.
For instance, as a result of the war, there has been an increase in oil prices, global food
shortages and uncertainties on the supply chain leading to from the two countries and
their neighbours [44]. While the hostility between the two neighbouring countries began
in 2014, the situation had not precipitated into the current situation where most of the
global communities have resulted into instituting harsh sanctions on Russia. The sanctions
by the USA, the European Union (EU), Australia and other regions targeted the financial
sectors (capital market, Banking system), real estates, imports and exports of different
products and services, technology and others [45]. Though a majority of these economies,
especially in Europe, have not yet stopped completely trading with Russia regarding oil
and energy, there are plans to gradually detach from the country in terms of reliance on
such resources [46]. However, the USA, which was one of the main oil trade partners with
Russia, completely banned trade in all energy-related products (Oil, Liquefied Natural Gas
and Coal) through an Executive Order signed by President Biden on 8 March [47].

Despite standing with Ukraine, most European countries still rely heavily on oil
and related products from Russia, not only for fuelling automobiles, but also for heating,
manufacturing industries, and so on. From a report by Eurostat [48], it is evident that
Russia has been the largest supplier of Crude oil to the EU. In 2020 alone, the EU imported
approximately 25.5% of petroleum oil from Russia and 24.7% in the first semester of 2021
as per the Eurostat database. Further, in terms of entire energy products, between 2017 and
2021, it was reported that Europe increased their imports from between 45% and 48% [48].

With these major importers of oil from Russia banning any importation, this has
left other competitors straining to meet the global energy demands. In a report by the
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International Energy Agency (IEA) on EU, following the boycott on Russian oil, IEA
members had agreed on the 1 March 2022 to release 62.7 million barrels of emergency oil
reserves, but the demand pressure escalated such that by the 1st of April, they were forced
to announce another 120 million barrels from their emergency stock [49]. This however did
not suffice to stabilize the oil supply chain, leading to global markets reacting accordingly,
with prices soaring to unprecedented levels globally. For instance, by March 2022, the price
of oil per barrel increased by approximately 15% to reach approximately USD 130. Whereas
the prices reduced in the following months, to approximately USD 95 by September, the
overall impacts are still high especially regarding electricity generation [49].

Besides the oil market, the Russia—Ukraine war has also impacted the global market for
consumer products especially food supplies such as wheat, corn and edible oils (sunflower
oil). Both Ukraine and Russia are among the major exporters of global wheat, which
accounts to approximately a quarter of the total exports from the region [50]. These two
economies supply approximately 70% of grain requirements for countries such as Turkey
and Egypt, while Ukraine alone is the top supplier of corn to China. Ukraine is also
reported to be the global top export of sunflower oil; accounting for approximately 50% of
the total global export [51].

The trickle-down effect of scarcity of these products in the global market is the un-
precedented increase in their prices and those of other agricultural products that rely on
those products as raw materials. For example, in a short-term outlook report published
by the European Commission, it is highlighted that most EU countries in particular are
bracing for an escalated strain on agri-food sectors. It is expected that the production
of milk in the region, for example, is expected to be reduced by approximately 1.5% in
the short term, prompting a reduction in products such as cheese, butter and other daily
products [52]. The poultry farming is also expected to be impacted as some raw materials
for feeds production are sourced from both Ukraine and Russia. According to the UN
Food and Agriculture Organisation (FAO) [53], there are possibilities that the overall global
prices of food supplies will increase by between 8% and 22% by end of 2022 and 2023,
before other alternative sources are established, or the conflict is contained.

Scarcity and high prices for basic products are further expected to trigger an upward
adjustment on labour prices in some of the affected countries, as citizenry try to cope with
the rising costs of living. For instance, in the United Kingdom, the regular wages have
already increased by approximately 4% since the start of this year [54], and with the impacts
of war, the demand for wage rises is expected to continue growing [55]. According to
the Ratha and Kim [56], the conflict has also prompted a reduction in remittances in most
Central Asian countries that have a majority of their residents, especially in Russia. It is
projected that remittances from Russia to the Kyrgyz Republic for instance will plummet
from 83% recorded in 2021 to approximately 33% this year. Such impacts will then prompt
an increase in the domestic labour market as many people will require additional regular
income to keep up with rising prices. Overall, the conflated impacts on labour and commod-
ity prices will have substantial ripple effects on other sectors and drive unsustainable prices
for various goods and manufactured products, including technology and tech products
required for sustainability transitions.

The ripple effects will be felt in sectors such as transport, which, as noted in this
papet, is already experiencing notable consequences such as increased freight charges. The
agricultural sector in most countries is already experiencing supply chain disruptions,
especially for basic farm inputs such as fertilisers, impacting on estimated food produc-
tion [57]. It is expected that this would have serious ramifications, especially in Africa and
other regions that are already strained by reduced food availability prompted by ranging
impacts of climate change [58]. In addition, the war has had serious land degradation
impacts, including natural resource destruction, pollution, fires et cetera. Sizeable number
of farming fields have also become derelict and would take time before they are reclaimed
back for agricultural activities [59]. Furthermore, in other scenarios, irrigation systems and
agricultural infrastructures have been destroyed. Compounded, all these impacts of the
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war would have serious, long-term influence on food production, not only locally, but at
the global sphere. Already, months of full-scale aggression has had significant impacts
on the global food supply [57], and if a lasting peace solution is not reached urgently, the
outcome on food security will be momentous.

4. The Challenges of Green Premiums Additionally, Access to Green Technology

The calls for deep decarbonisation and subsequent, diverse commitments made at
COP26 in Glasgow are expected to echo across policy frameworks in countries world-
wide. They are anticipated to spark positive outcomes in regard to different countries
‘and stakeholders” ambitions for climate action in the pursuit of reaching net-zero emis-
sions by mid-century [5] In recent years, the world has witnessed a plethora of policies,
actions and innovations that are expediting sustainability transitions, especially in the
energy sector away from fossil fuels towards zero-carbon energy production. To secure a
sustainable future, the energy sector needs to rapidly transform from its dependency on
fossil fuels to relying on renewable energy sources and smart energy solutions—under
the framework of sustainable energy systems. Therefore, energy transition and environ-
mental innovations are high on the agenda of many countries, supranational unions, and
international organizations.

The above relates to the Sustainable Development Goal (SDG) 13—Climate Action,
which aims to take urgent actions and implement innovative approaches to combatting
climate change and thus mitigating its impacts. The energy sector is crucial for transitioning
to low-carbon economies and ultimately fossil fuel-free societies through integrating large
shares of green energy with smart energy through additional flexibility and decarbonizing
other key emitting sectors, notably manufacturing, industry, transport, and buildings.
In this respect, one of the key challenges to address and overcome is how to accelerate
the transition to low-carbon economies through sustainable energy technologies as a
socio-technical system, and what this entails in terms of changes or transitions to the
underlying socio-technical processes and their management. Here, more effective policy
and governance approaches, coupled with applied new technology solutions, are of crucial
importance to enable this purposive transition and spur innovation [60].

The corresponding aim of rapid and deep decarbonization will affect major economic
sectors. In this light, innovative but available technologies are regarded by the United
Nation’s 2030 Agenda as a means to protect the environment, increase resource efficiency,
upgrade legacy infrastructure, and retrofit industries (United Nations 2015). A large body
of work on transition pathways towards zero-carbon energy or zero-emissions innovations
emphasises the role of science, technology and innovation [61] With respect to the latter,
the COVID-19 pandemic has accelerated and intensified the digital transformation of the
world [62], opening up new windows of opportunity for mainstreaming the adoption
and use of science-based technologies across all economic sectors and hopefully for more
meaningful innovations in the energy sector.

However, transitions toward sustainable socio-technical systems are associated with
complex and multi-dimensional shifts (e.g., [63,64]) increasingly requiring sophisticated
approaches. These are necessary to adapt economies and societies to sustainable modes of
whole chains of production and consumption. These changes involve a large number of
actors, complex relationship, and dynamic networks that need to be orchestrated as part of
management transitions and evolved technological innovation systems. Energy transitions
involve “long-term, multi-dimensional, and fundamental transformation processes through
which established socio-technical systems shift to more sustainable modes of production
and consumption” [65], p. 956). The geographical context for sustainability transitions,
policy and governance is a critical dimension to understand. Indeed, as sustainability tran-
sitions are constituted spatially, unpacking this configuration is crucial to better understand
the underlying socio-technical processes that give rise to these patterns [66]. Many studies
of urban transitions have homed in on spatial factors conditioning energy transitions [67].
One of the key research strands in energy transitions is their geographies and the mean-
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ingfulness of the analysis of their spatial aspects. Generally, in order for the geography of
sustainability transitions to capture the distribution of different transition processes across
space [68], it requires analysis of the particular settings in which transitions are embedded
and evolve while focusing on spatial relations in terms of geographical connections and
interactions [66].

In addition, policies stimulate industrial development of clean/green tech indus-
tries [69,70] and facilitate the integration of renewable energy and smart energy technolo-
gies as strategic innovative niches [71]. In this area, clean-tech clusters can be mapped
and supported through research and development support, training programmes, and
funding schemes [72]. This should be based on evidence-based regional innovation policy
design using the knowledge of and available research on place specific conditions and
their ability to fine-tune policies. What policies should take into account and reflect on in
this regard is the difference between the innovation potential and the potential for sustain-
ability transitions due to industrial and technological specialisations [66]. Additionally,
the ability to innovate through new knowledge combinations [73], which can be enabled
by advanced technologies, is key to smart specialisations based on related sectors with
different complementary capabilities.

Several questions are still below the radar in the emerging work on energy transitions.
These questions particularly pertain to how policy is analysed and designed, how gover-
nance is implemented, and how new technological niches are stimulated and formed based
on emerging technologies as part of the socio-technical processes underlying sustainable
energy transitions. These are geographical processes that happen in actual locations and
through spatial relations and evolve within the spatial configurations and dynamics of net-
works. The importance of place specificity for sustainability transitions has been extensively
examined by geographers [74]. A place-based perspective is, as argued by Coenen, Hansen,
Glasmeier and Hassink [67], critical to the understanding of the multifaceted nature of
contemporary energy transitions, as well as instrumental to the development of effective
policies. The importance of policies reflects the necessity to mobilise the heterogeneous
group of local actors of relevance to sustainability transitions and its aims [75]. Governance
of sustainability transitions increasingly becomes a collaborative effort involving public
and private actors with varied interests and incentives [76]. This results in highly complex
processes with, as noted by Hodson and Marvin [77], many disagreements and struggles
in terms of ambitions and development of initiatives promoting sustainability transitions.
For instance, such disagreements could be in form of pricing of final products, especially
in countries further positioned in the supply chain, and also in relation to ensuring that
those products are accessible in substantial quantities especially in global south countries.
Interestingly, during the process of sourcing raw materials, prices are relatively lower, but
after being processed and converted to final products (mostly in countries in the global
north), they are marketed at relatively higher prices compared to the cost of production.
Therefore, countries especially in the global south with lower purchasing powers are forced
to bear those high prices despite the fact that they are key constituents, via the sourcing of
raw materials, being a key element in the production cycles.

While the above challenges pertain to the global south, they also have to put up with
widespread financial and technological capabilities challenges. In this regard, as rightly
acknowledged by the new Global Energy Alliance for People and Planet (GEAPP) that
was launched at COP26 [78], access to finances and technology, especially for developing
countries, more so those in the global south, will remain an issue that equally require to
be addressed urgently. To put this into perspective, it has been reported that currently
the compounded CO, emissions for energy-poor countries is only 25% of the total global
emissions [55]. However, within these economies, there are already at least 243 Gigawatts
of coal power plants that are at different stages of completion (planning, being permitted
and some being constructed) and expected to operation before mid-term (2041-2060) [79]
When complete, such will increase emission capacities for those countries to 75% (equiv-
alent to 38 billion tons of CO, emissions) [1]. This will be catastrophic and as has been
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captured in the April 2022 IPCC report on mitigation of climate change [1], this means
we will not achieve net-zero emissions by mid-century. However, as expressed in a report
by the African Development Bank [78], it is not the desire for developing economies to
generate their energy from non-renewable sources; however, they have been financially
and technologically constrained, promoting them to continue consuming the aforesaid
products. This could be changed by initiatives such as the proposed USD 100 billion
fund from developed countries, pledged under the Paris Agreement, and anticipated to
be in place by 2020, to help developing and less-developed countries in their mitigation
programs. The promised USD 100 billion was not achieved, to date it is reported that
developing economies have only received approximately 13% of the promised total clean
energy financing [78], rendering the fund insufficient in supporting green energy transitions
in these countries.

The limited financial resources have made it impossible for countries on the global
south to develop their own climate action-oriented technologies. Therefore, they rely on
technologies, whose Intellectual Property (IP) is largely owned by the global north [80]. This
makes it relatively expensive for developing and least-developed economies to prioritize
green solutions, particularly in the energy sector due to costs of accessing different green
technologies. Whereas it is important to recognize and appreciate the IP rights protection
to promote innovations and creativity, this however should not come at the expense of
a global crisis such as climate change, which indeed does not discriminate even against
developed economies.

The challenge with expensive green energy solutions is that such attracts relatively
higher price margins for green products, making them unattractive compared to products
developed through unsustainable alternatives. This margin, or the difference between the
cost of a product borne of green technologies and one borne of unsustainable conventional
technologies is known as the ‘Green Premium’. That is, the extra cost that is incurred for
choosing presumably cleaner technologies. Whereas green technologies are important in
allowing for a gradual progress toward the net-zero agenda, the green premium could
however lead to inequitable outcomes, especially for those without express access to
the technologies. The green premium for a technology therefore remains active until a
technology achieves a scale that could warrant it to be mass manufactured globally and in
all geographies. As such, this means that until such a scale is achieved, green technology
would continue to remain ‘elusive’ as noted in the book How to Avoid a Climate Disaster
by Bill Gates [81]. There is an urgent need to lower the cost of green premiums, and
this can be achieved by promoting equitable access to knowledge (human mobility), raw
materials, and finished products in an effective manner. The alternative to this, as proposed
by Gates [58], is to charge for all the hidden costs of pollution in products and services.
However, the most optimal vanguard for achieving a net-zero agenda is lowering the cost
of premiums, especially by streamlining supply chain networks for diverse products. The
cost of premiums could also be lowered by providing financial support to less developed
and vulnerable regions to help them build their capacities to transition to greener options.

According to Cheney [82], the quest to reduce the green premium is further impacted
by the financial systems and availability of financial resources. Whereas there has been
quests to make financial resources available, including in form of grants (e.g., Green
Climate Fund and others) and loans, these have not been sufficient or in some instances not
forthcoming (such as in the case of the proposed USD 100 billion for developing economies
proposed in the Paris Agreement). Due to the global economic situations in the recent
past, the financial systems are seen to focus more on supporting technology developments,
which are majorly based in the global north. In most cases, it has not been possible to
expand such developments in the global south. Therefore, most developing and least
developed countries are forced to pay high costs for those technologies in their pursuits to
implement climate change mitigation programs. This then means that most of the products
pushed to market have a relatively higher green premium, and this has the potential to
derail their uptake. However, as noted by Oyedokun [83], green products are very critical
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for most of the developing and least-developed economies, as they are relatively vulnerable
to climate change events despite not being the highest emitters.

For global justice and universal achievement of equitable climate change mitigation,
there is a need for urgent consideration to reduce green premiums globally to facilitate
social and economic growth equity across the board, as highlighted in different New Green
Deals (GND) agendas [84-88]. Further, there is also a need to increase financial support in
the global south to unlock the development and manufacturing capacities for increased
green energy solutions, as emphasized during the COP26 and also in the latest report
by the IPCC. It would also be important to address the shortcomings in supply chains
by addressing the structural inequalities that exist, making it hard for most countries,
especially in the global south, to access clean technologies that would help in addressing
climate vulnerabilities. However, doing this will demand a well-functioning supply chain,
which is unfortunately stressed with the pandemic and the war in Europe. The next section
engages in a discussion on the subject.

5. Discussions

The need for deep decarbonisation has been apparent even before the United Nations
Framework Convention on Climate Change (UNFCCC) was instituted in 1992 [89], as the
Intergovernmental Panel on Climate Change (IPCC) was established in 1988. Over the
period, supported by scores of global international treaties and agreements such as the
Kyoto Protocol of 1997 [90], the Paris Climate Action Agreement of 2015 [90,91] and the
Glasgow Climate Pact of 2021 [5] among many others, the quest for climate neutrality
has not wavered. The increased attention is particularly driven by recent climate change
events that are increasing both in frequency and intensity, prompting serious impacts on
the global communities. The outbreak of COVID-19 and the subsequent impacts it has had,
coupled with the unravelling impacts of the war between Ukraine and Russia, are further
catalysing the need for climate neutrality. These two crises have the potential to prompt
a return to unsustainable practices as economies increase their pace to return to pre-war
and pre-COVID-19 economic levels [92]. One major challenge with these is the return by
economies to the use of non-renewable sources, as was observed by Heubl [92], to be the
case in 2021. The two crises would be a major hindrance to the achievement of the SDGs,
especially 7,11, 12, 13, 16 and 17.

On taking charge the impact of climate change, it is evident that many countries,
including those on the global north where substantial investments on climate mitigation
infrastructure development have been done, are facing increased erratic weather patterns,
with consequences such as flooding, heatwaves, prolonged seasons, droughts et cetera [93].
Further, the impacts of climate change events are causing irreversible damages to the
global economy, including destruction of infrastructure and properties, loss of livelihoods
especially in sectors such as tourism and loss of cultural heritage and culture [94,95].

In Europe as a result of climate-related events, it has been reported that between 1980
and 2020, the region experienced an accumulated loss of between 450 million and 520 billion
Euros [96]. In North America, it is reported that the impacts of climate change resulted in a
USD 99 billion dollars loss in the USA alone in 2020, despite reduced economic activities as
a result of COVID-19 [97]. Going into the future, it is estimated that the global economic loss
will be equivalent to around USD 23 trillion, this is equivalent to approximately 18% loss on
the global Gross Domestic Product (GDP) [98] The challenges of climate change are then as
much economic as environmental, hence bridging polarisation gaps for climate action. With
the realities of the COVID-19, and the subsequent impacts of the Russia-Ukraine conflict, it
is anticipated that the losses might increase even further, more so due to challenges such as
untamed inflation, food scarcity, increased pollution and destruction of natural resources
among others [44,59]. For instance, due to the Russian-Ukraine war, the global inflation
in advanced economies is reported to have risen to an average of 5.7% by April 2022. In
emerging and developing economies, the inflation rose to 8.7% with anticipation that if the
situation would be contained in this year, the inflation might reduce to 6.5% and to (2.5% in
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advanced economies), since it is also being influenced by the impacts of the COVID-19 [99].
With the ranging inflation, as noted in the previous section, food prices globally are on
the rise, with estimation that wheat and maize prices increased by over 35% with average
global food prices increasing by over 5 points [44].

The diverse negative impacts of climate change coupled with emerging challenges
such as the COVID-19 and the Ukraine-Russia conflict on the global scale have prompted
calls for increased attention for green transitions, with the ultimate objective target for net-
zero scenarios by the mid-century. However, as was revealed in the wake of COP26 when
different countries submitted their Nationally Determined Contributions (NDCs) under
the Paris Agreement [18,19] there is much that needs to be done. Indeed, despite most
countries having made pledges to reduce emissions, the submissions and communications
made in 2021 showcased that a majority were far below their 2030 climate action targets.
This then prompts the need to re-look the whole aspect of ‘green premiums’, which has the
potential to derail optimal adoption of green technologies (products) [81].

The green premiums [81] are particularly counterproductive in the global south and
developing economies that urgently need to increase their investments in development
programs that warrant and guarantee climate mitigation. The negative impacts of green
premiums on green transitions ranges from increased costs of technology to the fact that
they cannot be effectively measured. These are further expected to be compounded by the
impacts of the COVID-19 pandemic that continue to inflict serious economic and social
challenges globally, with particular impacts on economies on the global south. The current
crisis between Ukraine and Russia is further expected to escalate challenges, especially in
relation to market imbalances for different products, which will in turn trigger a further
re-emergence of unsustainable practices in different economies.

During the height of COVID-19, the global supply chains for diverse products, includ-
ing those that support green transitions were greatly affected and even after the resumption
of activities in different freight nodes such as ports and airports, there were notable dispari-
ties with countries on the global north gaining substantial advantages of their counterparts
on the global south. Such disparities are expected to escalate due to the dynamics of
the Ukraine-Russia war and the subsequent shortages and scarcity of diverse products,
especially consumer goods, food supplies and oil and energy products. As highlighted in
the previous section, the war in Ukraine is expected to encourage further escalation of the
cost of living globally and these might have a bearing in the financing of green transition
programs. Additionally, the war is expected to increase unsustainable practices such as
the destruction of natural resources as people explore alternative ways to compensate for
scarce fuels and related products. According to Dennison [100], the war has shifted the
attention of many European governments in pursuing EU climate goals which include
among the important need to transition to clean and sustainable energy.

The two crises—COVID-19 pandemic and Ukraine-Russia war—have prompted
challenges of scale in the supply chains networks globally, which in turn are expected to
further escalate the disparities in access to green technology due to the ever-increasing
issue of green premiums. This gap in development and deployment of green technology is
also impacted by disparities in financing, especially with the giant share of climate finance
being invested in the global north. However, it is worth noting that despite sharing over
87% of the clean energy financing, developed countries only account for 16% of the global
population [78]. The majority of the global population (nearly 60%) living in the global
south only receives 13% of the global clean energy financing. However, a majority of these
are in the frontline of the climate change events despite contributing less than 15% of the
total global emissions [101]. For instance, the SIDS are reported to bear the greatest risks
from climate change incidences, yet their contribution is only less than 1% of the global
CO; emissions [102].

In regard to receiving supplies from global markets, economies in the global south face
almost an equal share of inequalities. The remoteness of most of their transportation routes
and hub, the increasing freight charges and scarcity of products being part of the many
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factors that exacerbates this challenge. All these challenges expose the prevailing climate
injustices and global inequality on global climate change support, and this landscape
reverberates on supply chain networks being key to develop green technology. The most
ideal situation would be to reform, refocus and develop new governance arrangements for
financial markets, supply chain networks, and the manufacturing and production systems
to promote resilient and more affordable solutions for all players, in a decentralised fashion.

6. Conclusions

The unprecedented impacts of the COVID-19 pandemic, compounded by the Russia—
Ukraine war, are expected to continue shaping the global discourse as well as directing it for
certain economic and political purposes, especially around sustainability, environmental
justice, supply chain management, energy reliability, and food security, among others. This
may have serious ramifications on the achievement of the SDGs, which are targeted to
be achieved by 2030. Therefore, there is a need to rethink the methodologies deployed
for remaining on course to achieve global agendas, including climate change mitigation
strategies and goals. In this respect, achieving the numerous global objectives, especially
those related to clean energy, supply chain, equality and justice can be done by adopting a
raft of strategic pathways and approaches, including legislation (via fiscal mechanisms),
and through the formulation of policies that would guide regional and nation-scale devel-
opment, or by encouraging a set of collaborative paths (shared IP, Knowledge transfer, tech
transfer, etc.).

These endeavors would in turn help countries and even possibly regions to consider
adopting development models with the potential to spur economic developments, akin to
the post WW2 period, which witnessed countries such as Japan and South Korea gaining
substantial economic growth. There also is a need for the developed economies to accelerate
their supportive role, especially in financial pledges, to ensure that the targeted USD
100 billion aimed at helping developing and the least developed economies are achieved.
Further, there will be a need to concentrate on best practices such as the adoption of the
circular economy, New Green Deals and others that would ensure that there is some level
of decoupling resources from development programs, thereby guaranteeing sustainability
transitions in an equitable and just fashion. Further, policy interventions by major global
economies, targeting the de-escalation of the Russia—Ukraine war, need to be re-evaluated
to encourage the resumption of the exportation of critical components for the production
of renewable energy products, such as solar panels and wind turbines.
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Two wars are raging in Ukraine and Russia: the pandemic and the conflict. The former called for
the necessary redirection of funding for resilience and preparedness, and the latter is leading to
the further redirection of financial flows from community resilience and climate action to military.
Combined, both wars lead to a lack of funding for sustainable development at national and local
levels post-war in Russia and Ukraine, as well as NATO members. Additionally, current and future
economic sanctions on Russia will impoverish communities and businesses, and reduce Russia’s
capacity to invest in internally sustainable transitions. Concurrently Ukraine (or the re-invented
“Ukraine”) will need to redirect further financing for re-building and economic development.

Such a landscape will make it near impossible for both Russia and Ukraine to realize their
COP26 pledges to achieve deep decarbonization and net-zero targets (Duggal, 2021), leading to
their continued high dependence upon the sustenance of fossil fuels for many years into the future.
The increasingly vast and diverse imposed economic and business sanctions upon Russia will
substantially delimit their future debt-funded infrastructures. A possible argument may be geared
toward lifecycle extensions of fossil fuel power plants, as those offer lower upfront investment costs
when compared to the erection of new renewable power plants and or nuclear complexes—even
if they have faster Return on Investment (ROI) prospects (Castro, 2022). The need for funding
can be bridged but will demand deeper commitments for green transitions, a re-structured societal
system for more engaged citizen involvement, and renewed trading partnerships where the latter
will unfortunately rely upon a sustenance of fossil resources trading. Ensuring sustainable, and
long term stable infrastructure, will be particularly key for liveability of cities and communities,
as ensuring the functioning of those territories not only ensures human processes, but power
economic engines. On the climate side, addressing sustainable policies will allow for more sensible
longer-term prospects for developing sustainable cities, and for accessing developmental funds
provided for this effect.

On the Ukrainian side, a challenge of scale will present itself to its allies, particularly geared
on how to distribute aid and climate financing. This includes tapping into the USD$100 billion
climate fund pledged at COP26 (Ares and Loft, 2021) [or broken pledge (Timperley, 2021)],
for urgent retrofits in essential infrastructures for both immediate liveability needs and post-war
developments. The two avenues, however, must be structured in a way to avoid the reduction
of financial flows to the Global South, Least Developing Countries (LDCs) and Small Islands
Developing States [SIDS; (UN, 2022)], which are on the frontline of climate change. A global
discourse will soon emerge on how funding flows need to be channeled, where, on one side, some
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will advocate that human liveability is key in climate discourses
and thus needs to be funded in priority, and the other stating that
loss and damage caused by climate change must take precedence
in its disbursements.

The Ukraine-Russian conflict provides us with a need to
ponder on how to revitalize communities in- and -post, conflict
to fight a third war, that of climate change. The difficulty at
present is that the former is deflecting our attention from
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the latter, to its detriment, while in other geographies, like
in Australia (BBC, 2022), sirens of climate emergencies are
being heard.
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