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Executive summary 1 

Investors, finance and financial commitments have assumed centre stage in the global policy 2 
conversation on climate change (high confidence). The Paris Agreement recognised for the first time 3 
the key role of aligning financial flows to climate targets. The awareness of climate-related financial 4 

risks, both arising from the physical impact and from a disorderly transition to a low carbon economy, 5 

has also raised concerns about financial stability, driving multiple initiatives. Yet, climate-related 6 

financial risks are still massively underestimated by financial institutions and markets, limiting the 7 

capital reallocation needed for the low-carbon transition. This leaves high uncertainty, both near-term 8 

(2020-30) and longer-term (2020-50), on the ability of countries to align their financial flows to climate 9 

targets (high confidence). {15.1, 15.6.1} 10 

Climate finance has increased only modestly over past years, remaining significantly below 11 

investment needs and adding up to approximately USD 546 billion in 2018 (medium confidence). 12 
Estimates of climate finance flows illustrate the highly divergent and skewed patterns across regions 13 

and sectors, representing a major challenge for developing countries, low-income regions such as 14 

Africa, specific sectors like AFOLU and specific groups with restricted access and high costs of climate 15 

finance. Energy efficiency finance volumes continue to come in at low level, only partially due to 16 

reporting and data collection challenges. While the overall split between public and private climate 17 

finance remained relatively stable over the past five years at roughly 40/60%, private finance has 18 

outpaced public finance in the energy sector (>80% in 2017-18) with only one other sector, transport, 19 

attracting significant recent volume. This concentration in the energy sector flags the challenge of 20 

private sector mobilisation for sectors with less or not yet standardised and established financially viable 21 

business models under current enabling policy environments. Persistently high levels of fossil-fuel 22 

financing are also of major concern. {15.1, 15.3.1, 15.3.2} 23 

Significant financing gaps exist across all sectors and regions and the ability to mobilise finance 24 
varies substantially for sectors and at the country level (high confidence). Total finance for 25 

mitigation remains significantly below estimated needs (high confidence) by around five times (medium 26 

confidence). Despite rising damage costs, adaptation action remains even more underfunded. Financing 27 

needs in terms of required investments represent one element of the considerations on the magnitude of 28 

the challenge to mobilise finance, as sectors and regions offer highly divergent financial risk-return 29 

profiles and economic costs and gaps in standardisation, scalability and replicability of investment 30 

opportunities to attract private investment. Moreover, soft costs and institutional capacity for enabling 31 

environment that can be prerequisite for addressing financing gaps are often overlooked. Although a 32 

relatively small share of overall investment needs, this can hinder or delay deployment of scaled up 33 

climate finance. {15.4.2, 15.5.1, 15.5.2} 34 

The existing speed of deployment of climate finance and scale-up of commitments does not reflect 35 
the urgency and economic rationale for ambitious climate action (high confidence). Climate 36 

finance flows have only grown modestly over the past years, with declining volume in 2017, and public 37 

commitments, including those in the context of international climate cooperation and developed 38 

countries’ commitments under the UNFCCC, remain uncertain. Delayed climate investments and 39 

financing and, consequently, limited alignment of investment activity with the Paris Agreement, will 40 

result in significant carbon lock-ins, stranded assets, particularly in energy, transport and urban 41 

infrastructure, and additional costs. A common understanding of debt sustainability and debt 42 
transparency, including negative implications of deferred climate investments on future GDP, stranded 43 

assets and resources to be compensated, has not yet been developed. {15.1, 15.3.2.3, 15.5.2, 15.6.7} 44 

Ambitious global policy coordination and stepped-up (public) climate financing over the next 45 

crucial decade (2020–2030) is possible to address a deteriorating environment post-pandemic with 46 
rising macroeconomic uncertainty and public debt overhang (high confidence). Political leadership 47 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-4  Total pages: 132 

and intervention, above all remains central, addressing uncertainty and the lack of credible public 1 

commitments as well as existing policy misalignments, particularly in fossil fuel subsidies. In addition 2 

to indirect and direct subsidisation, public sector’s role in addressing market failures, barriers, provision 3 

of information and risk sharing would encourage private sector mobilisation efficiently.{15.2, 15.6}  4 

Near-term actions to shift the financial system over the next decade (2020-2030) are critically 5 
important and feasible (high confidence). Given the inertia of the financial system, the magnitude of 6 

the challenge and excess but risk-averse private savings, public action is needed to ensure the missing 7 

readiness of the financial sector won’t remain a barrier for the transition. There is strong consensus that 8 

global COVID-19 green financial stimuli, with key central banks support, offer a unique opportunity to 9 

support faster and more sustainable growth and jobs in a global low-carbon infrastructure effort. {15.2, 10 

15.5} 11 

Synergies resulting from coherent regulations in the financial sector and in the real economy can 12 

add momentum for an accelerated transformation. A reliance on financial sector regulation and 13 

momentum alone is unlikely to result in substantial progress in the near-term (medium 14 
confidence). An enabling role of finance in tackling climate change cannot be taken for granted without 15 

appropriate fiscal, monetary and financial regulatory as well as real-economy policies. In particular, the 16 

financial system could fail to reallocate capital as needed for the low-carbon transition, if climate-related 17 

risks continue to be underestimated. Thus, credible signalling by governments and the international 18 

community can reduce uncertainty for financial decision-makers and help close transition risk gaps.  In 19 

this regard, missing, late or inconsistent government action often represents a moving target for risk 20 

assessments by capital markets and their responses to reallocate capital. {15.2.4, 15.6.1, 15.6.2} 21 

Fundamental inequities in current financing conditions exist, with climate change representing 22 

an additional burden on financing costs, especially for many developing countries (high 23 
confidence). The costs and risks of financing for stakeholders at all levels remain excessively high in 24 

many developing countries in addition to their general economic vulnerability and indebtedness. Rising 25 

public fiscal costs of mitigation and adaptation to climate shocks affecting many countries, which were 26 

negatively impacting public indebtedness and country credit ratings at a time of significant stresses on 27 

public finances, are now even greater following the COVID-19 pandemic. The resulting limited fiscal 28 

headroom further shrinks their ability to actively steer the required transformation. Even in relatively 29 

more prosperous countries and regions, the social and economic vulnerability of low-income 30 

populations are in question. {15.2.4} 31 

Ensuring and accelerating a just transition may benefit from a new global and national social 32 

compact to address inequalities, with expedited mitigation and adaptation finance commitments, 33 

budgets, investments and actions, especially by developed countries, in the near-term (2020-2030) 34 
(high confidence). Estimated mitigation financing needs (2030) as percentage of current GDP comes 35 

in at less than 2% for developed countries, and less than 3% for developing countries. Besides the 36 

additional burden on developing countries, the rising levels of income inequality, mismatch between 37 

capital and investment needs, home bias considerations and differences in risk perceptions between the 38 

rich and the poor, represent major challenges for commercial finance. The mismatch between capital 39 

pool in the developed world and future emissions expected in developing countries emphasise the 40 

recognition of the explicit and positive social value of such global cross-border mitigation. A significant 41 

push for international climate finance access for vulnerable and poor countries is important, given their 42 

high costs of financing, debt stress and impacts of ongoing climate change. {15.2.4, 15.6.3} 43 

Innovative financing instruments, including de-risking instruments, robust ‘green’ labelling and 44 

disclosure schemes, and regulatory focus on transparency could help shift inertia (medium 45 
confidence). Green bond markets and markets for sustainable finance products have increased 46 

significantly since AR5 underpinning investor preference for scalable and highly standardised 47 

investment opportunities, standardised financial products and new, convening asset classes will help in 48 
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allowing a smooth integration into existing asset allocation models. Challenges remain in the green 1 

bond market, including the potential for ‘greenwashing’, and creditworthiness constraints in developing 2 

countries. New business models (e.g. PayG) can facilitate the aggregation of small-scale financing 3 

needs and provide investment opportunities with more attractive risk-return profiles.  Greater public-4 

private cooperation can encourage the private sector to create a track record in new segments/regions, 5 

within a context of safeguards, standards and integrated into national climate change policies and plans. 6 

{15.1, 15.3.1, 15.5.2, 15.6.7, 15.6.8}.  7 

Policy attention on eight key areas may have important long-term catalytic benefits (high 8 
confidence): (i) stepped-up technical support and partnership in low-income and vulnerable countries 9 

and low-carbon energy access in Sub-Saharan Africa, which currently receives less than 5% of global 10 

climate financing flows {15.3.2.2, 15.5.2, 15.6}; (ii) continued strong role of MDBs, especially 11 

regional, but also national development banks {15.3.1, 15.6}; (iii) de-risking cross-border investments 12 

in low-carbon infrastructure, development of local bond markets, and transparency in fossil-fuel 13 

investments {15.4.1, 15.6}; (iv) lowering transaction costs and risks through green banks, funds and 14 

risk-sharing mechanisms for under-served small urban municipalities, sub-national finances, small-15 

holder agriculture, SMEs, grid-connectivity of small renewables, and local transport such as cycling 16 

{15.4.1, 15.6.5}; (v) accelerated finance for nature-based solutions, forestry (REDD+), and climate-17 
responsive social protection {15.4.2, 15.6.6}; (vi) improved financing instruments for loss and damage 18 

events, including blended finance for risk-pooling-transfer-sharing for catastrophic insurance {15.4.3, 19 

15.6.4};  (vii) political economy options for phasing-in carbon pricing options which address equity 20 

and access {15.5.2}; and (viii) gender responsive and women empowered programs {15.6.8.3,15.2.3, 21 

15.3.1}. 22 

  23 
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15.1. Key findings from AR5 and other IPCC publications 1 

For the first time in IPCC, the AR5 (2014) elaborated on the role of finance in a dedicated chapter. In 2 

the following year, the Paris Agreement (PA) (UNFCCC 2015) recognised the transformative role of 3 
finance, as a means to achieving climate outcomes, and the need to align financial flows with the long-4 

term global goals even as implementation issues were left unresolved  (Bodle and Noens 2018). AR5 5 

noted the absence of a clear definition and measurement of climate finance flows, a difficulty that 6 

continues (see Section 15.3)  (Weikmans and Roberts 2019). The approach taken in AR5 was to report 7 

ranges of available information on climate finance flows from diverse sources, using a broad definition 8 

of climate finance, as in the Biennial Assessments in 2014 and again in 2018 (UNFCCC 2014a, 2018) 9 

of the Standing Committee under the United Nations Framework Convention on Climate Change 10 

(UNFCCC): Climate finance is taken to refer to local, national or transnational financing – drawn from 11 

public, private and alternative sources of financing – that seeks to support mitigation and adaptation 12 

actions that address climate change (UNFCCC 2014b). For this chapter, while the focus is primarily on 13 

mitigation, adaptation and loss and damage financing needs cannot be entirely separated because of 14 

structural relationships, trade-offs and policy coherence requirements between these sub-categories of 15 

climate finance (Box 15.1).  16 

 17 

Box 15.1 Mitigation and adaptation finance need examination together  18 

While mitigation finance deals with investments that aim to reduce global carbon emissions, and 19 

therefore appears separable from adaptation finance which deals with the consequences of climate 20 

change (Lindenberg and Pauw 2013), they are not. Mitigation affects the scale of adaptation needs and 21 

vice-versa. If mitigation investments are inadequate to reducing global warming (as in last decade) with 22 

asymmetric adverse impacts in lower latitudes and low-lying geographies, the scale of adaptation 23 

investments has to rise, as evident from integrated assessment models (IAMs) (Markandya and 24 

González-Eguino 2019). Conversely, if adaptation investments build greater resilience, they might 25 

moderate mitigation financing costs. Similar policy coherence considerations apply to disaster finance, 26 

the scale of which depends on success with both adaptation and mitigation (Mysiak et al. 2018). In 27 

addition, the same financial actors, such as governments and the private sector, decide at any given time 28 
on their relative allocations of available funding to mitigation, adaptation and disaster-risk from a 29 

constrained common pool of resources. The trade-offs and substitutability between closely-linked 30 

alternative uses of funds, therefore, make it essential for a simultaneous assessment of needs – as in this 31 

chapter. Climate finance versus the financing of other Sustainable Development Goals (SDGs) faces 32 

the same issue. Resources prioritising climate at the cost of non-climate development finance increases 33 

the vulnerability of a population for any given level of climate shocks, and vice-versa and additionally 34 

of climate financing is essential (Brown et al. 2010). Policy coherence is also the reason why mitigation 35 

finance cannot be separated from consideration of scaling-back spending on fossil fuels to make room 36 

for climate mitigation finance. Climate change will cause the breaching of physical and social 37 

adaptation limits, resulting in climate-related impacts and residual risks (i.e. potential impacts after all 38 

feasible mitigation, adaptation, and disaster risk reduction measures, have been implemented) (Mechler 39 

et al., 2020). Because these residual losses and damages from climate-related risks are related to overall 40 

mitigation and adaptation efforts, the magnitude of potential impacts and are related as well to the 41 

overall quantum of mitigation, adaptation, and disaster risk reduction finance available (Frame et al. 42 

2020) and need to be considered in the debate around public climate finance as a third element.  43 

 44 

  45 
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The AR5 concluded that published assessments of financial flows whose expected effect was to reduce 1 

net greenhouse gas (GHG) emissions and/or to enhance resilience to climate change aggregated 343–2 

385 billion USD yr-1 globally between 2010 and 2012 (medium confidence). Most of this went towards 3 

mitigation and adaptation was underfinanced. Measurement of progress towards the Paris Agreement 4 

commitment by developed countries to provide 100 billion USD yr-1 by 2020 to developing countries, 5 

for both mitigation and adaptation – a narrower goal than overall levels of climate finance – continued 6 

to be a challenge, given the lack of clear definition of such finance. As against these flows, annual need 7 

for global aggregate mitigation finance between 2020 and 2030 was cited briefly in the AR5 to be about 8 

635 billion USD (mean), implying that the reported ‘gap’ in mitigation financing of estimated flows 9 

during 2010 to 2012 was slightly under one-half of that required (IPCC 2014). 10 

More recent published data from the Biennial Assessments (UNFCCC 2018) and the Special Report on 11 

Global Warming of 1.5°C (IPCC 2018) have revised upwards the needs of financing between 2020 and 12 

2030 to 2035 to contain global temperature rise to below 2°C and 1.5°C respectively by 2100: 1.7 13 

trillion USD yr-1 (mean) in the Biennial Assessment 2018, and 2.4 trillion USD yr-1 (mean) for the 14 

energy sector alone (and three-times higher if transport and other sectors were to be included). The 15 

resulting estimated gaps in annual mitigation financing during 2014 to 2017, using reporting of climate 16 

financing from published sources was about 67% for 2015, and 76% for the energy sector alone in 2017 17 

(medium confidence), and greater if other sectors were to be included. While the annual reported flows 18 

of climate financing showed some moderate progress (see Section 15.3), from earlier 364 billion USD 19 

(mean 2010/2011) to about 560 billion USD (mean 2015/2017), with a slowing in the most recent period 20 

2014 to 2017, the gap in financing was reported to have widened considerably (high confidence). In the 21 

context of policy coherence, it is also important to note that reported annual investments going into the 22 

fossil-fuel sectors, oil and gas upstream and coal mining, during the same period were about the same 23 
size as global climate finance. 24 

Adaptation financing needs, meanwhile, were rising rapidly. The fourth Adaption Gap Report 2018  25 

(UNEP 2018a) reported that ‘the adaptation efforts needed even under the 1.5°C global warming 26 

scenario far surpassed current levels and are set to affect the poor and vulnerable most, particularly in 27 

developing countries’. It reaffirmed earlier assessments that by 2030 the estimated costs of adaptation 28 

could be two to three times higher than the range cited in the AR5 Intergovernmental Panel on Climate 29 

Change (IPCC) (which had reported a requirement of 70 billion USD to 100 billion USD yr-1), and 30 

plausibly four to five times greater by 2050 (IPCC 2014). Against this, the reported actual global public 31 

finance flows for adaptation in 2016 were estimated at 23 billion USD (falling from 26 billion USD in 32 

2014). The costs of climate disasters meanwhile continued to rise, affecting low-income developing 33 

countries the most. Climate natural disasters – not all necessarily attributable to climate change – caused 34 

some 300 billion USD yr-1 economic losses and well-being losses of about 520 billion USD yr-1 35 

(Hallegatte et al. 2017).  36 

15.2. Background considerations 37 

The term climate finance refers in this chapter to the set of financial actors, instruments and markets 38 

that are recognised to play a key role in climate mitigation and adaptation. For a definition of climate 39 

financial stock and flows see Section 15.3 and the glossary. The notion of climate finance is related to 40 

the conversation on international cooperation and the question of how cross-border investments can 41 

support climate mitigation and adaptation in developing countries. However, the notion is also related 42 
to more general questions on how financial institutions, both public and private, can assess risks and 43 

opportunities from climate investments and what roles states, policy makers, regulators and markets 44 

can play. In particular, the question of the respective roles of the public and private financial actors has 45 

become important in deliberations on climate finance in recent years. Four major events and macro 46 
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trends mark the developments in climate finance in the previous five years and likely developments in 1 

the next ten years.  2 

 First, the 2015 Paris Agreement, with the engagement of the financial sector in the climate agenda 3 
has been followed by a series of related developments in financial regulation in relation to climate 4 

change and in particular to the disclosure of climate related financial risk.  5 

 Second, the last five years have been characterised by a series of interconnected “headwinds” (see 6 

later on in this section), including rising private and public debt which work against the objective 7 

of filling the climate investment gap.  8 

 Third, the 2020 COVID-19 pandemic crisis has put enormous additional strain on the global 9 
economy, debt and the availability of finance, which will be longer-lasting. At the same time, while 10 

it is still too early to draw conclusions, this crisis highlights new opportunities in terms of political 11 

and policy feasibility and behavioural change in respect of realigning climate finance. 12 

 Fourth, the sharp rise in global inequality and the effects of the pandemic have brought into renewed 13 

sharp focus the need for a Just Transition and a realignment of climate finance and policies that 14 

would be beneficial for a new social compact towards a more sustainable world. 15 

15.2.1 Paris Agreement and the engagement of the financial sector in the climate agenda 16 

This is the first IPCC AR chapter on investment and finance since the 2015 Paris Agreement, which 17 

represented a landmark event for climate finance because for the first time the key role of aligning 18 

financial flows to climate targets was spelled out. Since then, the financial sector has recognised the 19 

opportunity and has stepped up to centre-stage in the global policy conversation on climate change. 20 
While before the PA, only few financial professionals and regulators were acquainted with climate 21 

change, today climate change is acknowledged as a strategic priority in most financial institutions. This 22 

is a major change in the policy landscape from AR5. However, this does not mean that finance 23 

necessarily plays an adequate enabling role for climate investments. On the contrary, the literature 24 

shows that without appropriate conditions, finance can represent a barrier to fill the climate investment 25 

gap (Hafner et al. 2020). Indeed, despite the enormous acceleration in policy initiatives (e.g. such as the 26 

Network for Greening the Financial System) and coalitions of the willing in the private sectors, the 27 

effect in terms of closing the investment gap identified already in AR5 has been limited.  28 

There has been a significant growth in the white and grey literature on why financial investors’ price in 29 

climate risk only to a limited extent in their decision-making and on related conceptual challenges and 30 

how to address them. Two key aspects matter here. The first is the endogenous nature of climate 31 

financial risk and opportunities (with the term “risk” meaning here the potential for adverse financial 32 

impact whether, or not, the distribution of losses is known). The financial industry is traditionally 33 
confronted with an idea of risk that is exogenous, that is, not affected by the action of financial players 34 

themselves. In contrast, today’s climate investment path affects directly the future risk itself, leading to 35 

the necessity to assess several plausible future scenarios. The main possible climate policy scenarios 36 

(see Chapter 3) include an orderly or a disorderly low-carbon transition (see Section 15.6.1 for a 37 

definition) within the time window of opportunity of 2040, as well as a no transition scenario, associated 38 

with higher physical risks. The challenge to deal with these very different risk scenarios has been raised 39 

by the scientific literature and recognised by financial regulators (Monasterolo and Battiston 2020; 40 

Bolton et al. 2020). As long as the probability of the transition is not too small, investors who want to 41 

have portfolio that withstand all scenarios would rationally rebalance the carbon intensive investments 42 

towards low-carbon ones. Indeed, sophisticated, risk-savvy investors are prepared to think in these 43 

terms, although the assessment of risk is non-trivial. In contrast, decision makers in many public and 44 

private investors keep thinking in terms of one single scenario. The result is a coordination problem 45 

whereby the majority of investors wait to move and reallocate their investments until they can follow a 46 

clear signal.  47 
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The second, and related aspect, is the fact that, despite the initial momentum of the Paris Agreement, 1 

for many investors, both public and private, the policy signal is not strong enough to induce them to 2 

realign their investment portfolios. This second aspect reinforces the first, since a strong enough policy 3 

signal is precisely what is needed in order to resolve or reduce the uncertainty on the multiple scenarios 4 

generated by the endogeneity of climate risk.   5 

In summary, the low carbon transition does not occur by itself and requires a strong enough policy 6 

signal. Such a signal would require some policy commitment device in order to give credibility to the 7 

commitment. It would also need to convince investors that the commitment would be large enough if 8 

needed (analogous to the “whatever it takes” statement by the European Central Bank during the 2011-9 

12 European sovereign crisis). Public investments in low carbon infrastructures (or private-public 10 

partnerships) as well as regulation (experiences with FiTs models across countries provide useful 11 

lessons) could provide the credible signal if their magnitude and time horizon are appropriate.   12 

15.2.2 Macroeconomic context 13 

Entering 2020, the world thus already faced large macroeconomic headwinds to meeting the climate 14 
finance gap in the near-term – barring some (unexpected and unlikely) globally coordinated action. 15 

While an understanding of the disaggregated country-by-country, project-by-project, sector-by-sector, 16 

and instrument-by-instrument approach to raising climate finances analysed in the later parts of this 17 

Chapter remains important and useful, ultimately macroeconomic drivers of finance remain crucial in 18 

the near-term. 19 

 

Figure 15.1 Hypothetical Representation of Trend Versus Macro-Risk Cycles of Climate Finance 

Note: USD billion. Illustrative calculations. For more information see Rünsler et al. (2018), Ha et al. 

(2020) and Claessens et al. (2011). 

 20 

Such top-down factors often show strong empirically observed cycles over time, especially in terms of 21 

macroeconomic and financial cycles, and the near-term context has a significant bearing. By near-term, 22 

we mean here the likely cycle over the next five to ten years (2020–2025 and 2020–2030), as global 23 

macroeconomic real cycles (output, investment and consumption), with periodic asymmetric downside 24 

impacts and crises (Jordà et al. 2017), typically have strong co-movements with global financial cycles 25 

(asset prices, credit growth, interest rates, leverage, risk factors, market fear, macro-prudential and 26 

central bank policies) (Coeurdacier and Rey 2013) Both have large consequences for all principal types 27 

of financial flows such as equity, bond and banking credit markets, which in turn are likely to impact 28 

climate finance flows to all sub-sectors and geographies (with greater expected volatility in more risky 29 

and more leveraged regions, see Figure 15.1). This is by contrast to longer-term trend considerations 30 

(2020–2050) that are typically the attention of drivers of disaggregated flows of climate finance (as well 31 

as most other topics in other Chapters in this Report on climate developments) and policies. A 32 

hypothetical illustrative representation of the difference between a longer-term trend flows analysis 33 
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versus a macro-financial risk-affected flows of climate finance is shown alongside (Figure 15.1). The 1 

cycles (with asymmetric downsides) also have potentially other consequences: they lower cumulative 2 

climate finance flows over a length of time, raise uncertainty and risks for longer-term climate 3 

investments and newer climate technologies, and favour a flight to near-term safety (e.g., lowest risk 4 

non-climate short-term treasury investments, highest creditworthy countries, and away from cross-5 

border investments)  – making the challenge of longer-term low-carbon transition much more difficult. 6 

There are ways through more coordinated global policies and instruments to lower such near-term risks 7 

to address this challenge, which will be discussed subsequently. 8 

Four key aspects of the current global macroeconomy, each slightly different, pointed in a cascading 9 

fashion towards a deteriorating environment for stepped-up climate financing over the next crucial 10 

decade (2020–2030), even before COVID-19. The argument was often made that there was enough 11 

climate financing available if the right projects and enabling policy actions (‘bankable projects’) 12 

presented themselves (Cuntz 2017; Meltzer 2018). Some significant gains in climate financing at the 13 

sectoral and microeconomic level are indeed happening in specific segments, such as solar energy 14 

financing and labelled green bond financing (although how much of such labelled financing is 15 

incremental to unlabelled financing that might have happened anyway remains uncertain) (Tolliver et 16 

al. 2019). But these increments remain in aggregate small compared to the size of the shifts and gaps in 17 

climate financing required in the coming decade. In the words of a macroeconomic institution, ‘tangible 18 

policy responses to reduce greenhouse gas emissions have been grossly insufficient to date’ (IMF 19 

2020a). The reason is global macroeconomic headwinds, which also explain why the sum of climate 20 

finances (as measured by many different entities) all show a relative stagnation since 2016 and limited 21 

cross-border flows in particular (Yeo 2019). 22 

The first headwind was more unstable and slowing GDP growth at individual country levels and in 23 

aggregate because of worsening climate change impact events (Donadelli et al. 2019; Kahn et al. 2019). 24 

As each warmer year keep producing more negative impacts – arising from greater and rising variability 25 

and intensity of rainfall, floods, droughts, forest fires and storms – the negative consequences have 26 

become more macro-economically significant each time such events have occurred, and worst for the 27 

most climate-vulnerable developing countries (two-thirds of world population and one-half of world 28 

income). Paradoxically, while these effects should have raised the social returns and incentives to invest 29 

more in future climate mitigation, a standard public policy argument, these macroeconomic shocks 30 

work in the opposite direction for private decisions by raising the financing costs now (Cherif and 31 

Hasanov 2018). With some climate tipping points being reached in the near term (see IPCC Sixth 32 

Assessment (AR6),WGI report) the uncertainty with regard to the economic viability and growth 33 

prospects of selected macroeconomically critical sectors increases significantly (see IPCC  AR6 WGII 34 

report). Taking account of other behavioural failures, this was creating a barrier for pro-active and 35 

accelerated mitigation and adaptation action. 36 

The second headwind was rising public fiscal costs of mitigation and adapting to rising climate shocks 37 

affecting many countries, which were negatively impacting public indebtedness and country credit 38 

ratings at a time of significant stresses on public finances (Benali et al. 2018; Kling et al. 2018). Every 39 

climate shock and slowing growth puts greater pressures on public finances to offset these impacts. 40 

Crucially, the negative consequences were typically much greater at the lower end of income 41 

distributions everywhere (Aggarwal 2019; Acevedo et al. 2018). As a result, the standard prescription 42 

of raising broadly-based carbon taxes (perversely often adversely impacted by countries cutting taxes 43 

for the better off in an attempt to stimulate falling growth) and cutting back fossil fuel subsidies to raise 44 

resources faced unexpected and serious political backlash, often leading to roll-backs of such fiscal 45 

measures in high-income and low-income countries alike and raising fiscal costs to deal with and 46 

compensate for the adverse consequences of climate change for households at the lower-income ends 47 

of income distribution. In addition, vulnerable countries faced sharply rising cost of sovereign debt. 48 
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(Buhr et al. 2018). Buhr et al. (2018) calculate the additional financing costs of Climate Vulnerable 1 

Forum countries of 40 billion USD on government debt over the past 10 years and 62 billion USD for 2 

the next 10 years. Including private financing cost the amount increases to 146–168 billion USD over 3 

the next decade.  4 

The third headwind is rising financial and insurance sector risks and stresses (distinct from real 5 

‘physical’ climate risks above) arising from the impacts of climate change, and systematically affecting 6 

both national and international financial institutions and raising their credit risks (Dafermos et al. 2018a; 7 

Rudebusch 2019). Policies to make these risks more transparent in some countries, while desirable, may 8 

paradoxically be making this more complex. Central banks are beginning to take notice which is helpful 9 

(Carney 2019). But it is also the case that, even if at greater risk from stranded assets in the future, the 10 

large-scale financing of new fossil fuel projects by the same large global financial institutions started 11 

to rise significantly since 2016, paradoxically because of perceived lower private risks and higher 12 

private returns in these investments, than in alternative but perceived more risky low carbon 13 

investments. 14 

The fourth headwind entering 2020 was the sharply slowing global macroeconomic growth, and 15 

prospects for near-term recession (which has since occurred with the pandemic) and hence rising 16 

financial risk, both from secular stagnation and cyclical reasons (independent of ongoing climate 17 
change), which were negatively impacting climate financing possibilities generally at the global and 18 

national levels in the ‘near-term’ (meaning the next several crucial years) when such stepped-up 19 

investments are especially important for a low-carbon transition globally. This is due to the fact that 20 

during prospective global real and financial cycle downturns (Jordà et al. 2019), which tend to last a 21 

relatively long time, the perception of general financial risk rises sharply, causing financial institutions 22 

and savers to reallocate their financing to risk-free global assets (accounting in large part for the 23 

observed astonishing ‘flight to safety’ tripling of financial assets to about 16.5 trillion USD in negative-24 

interest earning ‘safer’ assets in 2019, which has since risen further) in world debt markets – enough to 25 

have nearly closed the total financing gap in climate finance over a decade. 26 

15.2.3 Impact of COVID-19 pandemic 27 

The macroeconomic headwinds described above have worsened dramatically after the onset of COVID-28 

19. The cumulative output losses relative to the pre-pandemic projected output path are now projected 29 

to grow from about 11 USD trillion over 2020–2021 to about 25 trillion USD over 2020 to 2025 . First, 30 

virtually all countries around the world have been forced to undertake unprecedented levels of 31 

immediate public expenditures to deal with the health costs and fiscal stimulus measures to offset the 32 

consequences of lockdowns and economic activity fall during the pandemic, raising their public debt 33 

additionally by 5-10% of respective GDPs and amounting to some 12 trillion USD globally already in 34 
2020 to cushion the fallout from the loss of jobs and activity arising from COVID-19. Second, more 35 

public expenditures are now expected to be required well into 2021 and beyond to facilitate the recovery 36 

of their economies in the next year or more, and these are likely to place the greatest emphasis on two 37 

things: short-term boost to jobs and ‘bail-outs’ of small and medium-enterprises with the greatest 38 

multiplier impacts on recovery, and neither of these are likely to include a shift to a climate resilient 39 

long-term investments (Hepburn et al. 2020). This will mean even more public debt with virtually no 40 

room left in public budgets to finance additional spending on climate. Third, on the public revenues 41 

side, output has collapsed everywhere, and will likely take time to recover, and with it, the scope for 42 

any additional taxes and fiscal measures for several years. Fourth, banks and financial institutions saw 43 

a sharp worsening of their balance sheets because of magnitude of loan losses and will not be in a good 44 

position to finance new longer-term investments such as climate. Instead, they will likely reduce their 45 

exposures to risk and seek to raise more capital.  Fifth, the only ameliorating possibility, which some 46 

observers hope will happen out of COVID-19, is that governments and citizens will become more 47 
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worried about natural catastrophic events and receptive to adopting large-scale measures to accelerate 1 

a shift towards a low-carbon economy as part of their recovery strategy. However, there is no assurance 2 

about this, since climate is still perceived by many as a risk with a longer-term horizon and not as 3 

immediate as public health, lives and livelihoods. But if such a behavioural change should happen, then 4 

the options for globally coordinated climate financing actions, including governments and central 5 

banks, and instruments such as use of sovereign guarantees to reduce private risk perceptions will 6 

become even more central then they were prior to the COVID-19 crisis.  7 

The larger but still open public policy choice question that COVID-19 now raises is whether there is 8 

room for public policy globally and in respect of their individual economies to integrate climate more 9 

centrally to their growth, jobs and sustainable development strategies worldwide for ecological and 10 

economic survival. A recent paper (Hepburn et al. 2020) suggests the COVID-19 crisis is likely to have 11 

dramatic consequences for progress on climate change, with a clear fork on choices ahead.   12 

An important immediate finding from the COVID-19 crisis is that the slowdown in economic activity 13 

is illustrating some of these choices: more costly and carbon-intensive coal use for energy use has 14 

tumbled in major countries such as China and the USA, while the forced ‘stay-at-home’ policies adopted 15 

around the major economies of the world, which led to a 30-35% peak decline in individual country 16 

GDP, has in turn been associated with a decrease in daily global CO2 emissions by -26% at their peak 17 
in individual countries, and -17% globally (-11 to -25% for ±1σ) by early April 2020 compared with 18 

the mean 2019 levels, with just under half coming from changes in surface transport, city congestion 19 

and country mobility (Le Quéré et al. 2020). The impact has been to take daily carbon emissions back 20 

to where they were more than a decade ago in April 2006. Along with the carbon emissions drop has 21 

been a dramatic improvement in other parameters such as clean air quality. Moreover, longer-term 22 

behavioural impacts are also possible: a dramatic acceleration of digital technologies in 23 

communications, travel, retail trade and transport. The question is whether the world might revert to the 24 

earlier carbon-intensive path of recovery, or to a different future, and the choice of policies in shaping 25 

this future.  26 

The positive lesson is clear: opportunities exist for accelerating structural change, and for a re-27 

orientation of economic activity modes to a low-carbon use strategy in selected areas such as coal use 28 

in energy consumption and surface transport, city congestion and in-country mobility, for which lower-29 

cost alternatives exist and offer potentially dramatic gains. A paper (Hepburn et al. 2020) suggests that 30 

in designing stimulus packages after the COVID-19 crisis, imminent fiscal recovery packages could 31 

either entrench or partly displace the current fossil-fuel-intensive economic system. Their survey of 231 32 

central bank officials, finance ministry officials, and other economic experts from G20 countries on the 33 

relative performance of 25 major fiscal recovery archetypes across four dimensions (speed of 34 

implementation, economic multiplier, climate impact potential, and overall desirability) suggest five 35 

policies with high potential on both economic multiplier and climate impact metrics: clean physical 36 

infrastructure, building efficiency retrofits, investment in education and training, natural capital 37 

investment, and clean R&D. In lower-and-middle income countries (LMICs) rural support spending is 38 

of value (while clean R&D is less important). These recommendations are contextualised through their 39 

analysis of the short-run impacts of COVID-19 on greenhouse gas curtailment and plausible medium-40 

run shifts in the habits and behaviours of humans and institutions. 41 

A new consensus and compact towards such a structural change and economic stimulus instruments 42 

may therefore need to be redrawn worldwide, where an accelerated low carbon transition is a choice 43 
and priority; and accelerated climate finance to spur these investments may gain by becoming fully and 44 

rapidly integrated with near-term economic stimulus, growth and macroeconomic strategies for 45 

governments, central banks, and private financial systems alike. If that were to happen, COVID-19 may 46 
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well be a turning point for sustainable climate policy and financing. Absent that, a return to ‘business-1 

as-usual’ modes will mean a likely down-cycle in climate financing and investments in the near-term.  2 

Expectations that recovery the package stimulus will increase economic activity rely on the assumption 3 

that increased credit investment will have a positive effect on demand, the so-called demand-led 4 
policy (Mercure et al. 2019). The argument for a green recovery also draws on the experience from the 5 

post Global Financial Crisis in 2008–2009 (GFC) recovery, in which large economies such as China, 6 

South Korea, the US and the EU observed that green investments propelled the development of new 7 

industrial sectors. Noticeably, this had a positive net effect on job creation when compared to the 8 

investment in traditional infrastructure (Jaeger et al. 2020; Vona et al. 2018; UKERC 2014). For a more 9 

in-depth discussion on macroeconomic-finance possible response see Section 15.6.3. Here, we conclude 10 

with the options for reviving a better globally coordinated macroeconomic climate action. The options 11 

are some combinations of four possible elements:  12 

(a) G-20 governments running coordinated fiscal deficits (‘green fiscal stimulus’) to accelerate the 13 

financing of low carbon investments. 14 

(b) introducing new actions, including regulatory, to take some of the risks off-the-table from 15 

institutional financial players investing in climate mitigation investment and insurance. This could 16 

include the provision of larger sovereign guarantees to such private finance backed by explicit and 17 

transparent recognition of the ‘social value of mitigation actions’ or SVMAs, as fiscally superior 18 

(because of bigger ‘multipliers’ of such fiscal action to catalyse private investment than direct public 19 

investment) and the bigger social value of such investments (Article 108, UNFCCC) (Krogstrup and 20 

Oman 2019). 21 

(c) facilitating and incentivizing much larger flows of cross-border climate financing which is 22 

especially crucial for such investments to happen in developing regions, where as much as two-thirds 23 

of collective investment may need to happen, and where the role of multilateral, regional and global 24 

institutions such as the IMF (including the expansion in availability of climate SDRs) could be 25 

important. 26 

(d) global central banks acting in unison to include climate finance as intrinsic part of their monetary 27 

policy stimulus (‘green QE’) (Carney and Bank 2019; Jordà et al. 2019). 28 

15.2.4 Realigning climate finance towards a Just Transition 29 

Evidence from COVID-19 pandemic suggests that a shift to a new social compact for a Just Transition 30 

in all public policies, including climate finance, has also now become urgent — because as in the case 31 

for climate impacts, not only was the ongoing global burden of disease distributed unevenly but 32 

capabilities to prevent and treat disease were asymmetrical and those in greatest vulnerability often had 33 

the least access to human, physical, and financial resources  (Ruger and Horton 2020).  This is on top 34 
of the already building vulnerabilities of the past decade and more of rising inequality and growing 35 

vulnerability of the bottom half of populations, exacerbated by rising shares of incomes of the top 36 

percentiles of populations and falling progressivity of taxes, while the history of pandemics is known 37 

to worsen such inequality (IMF and World Bank 2020). In addition, new evidence suggests from data 38 

on 133 countries between 2001–2018 that smaller pandemics caused rising social unrest, especially 39 

when starting inequality was high as measured by net income Gini (net of transfers) greater than 0.4 40 

and worst when social transfers were low  (Sedik and Xu 2016). In the absence of changes in social 41 

compact, countries could slip back to a business-as-usual path of rising inequality and excessive climate 42 

emissions consumption which would be catastrophic, unless the political economy elites and 43 

governments, under pressure from citizens below, are able to adopt a new social compact that would 44 

reverse inequality, adopt redistributive taxes and lower consumption, and strengthen state capacity to 45 
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deliver safety nets, health, education with accelerated climate and environmental sustainability within 1 

and across countries (see Figure 15.2). 2 

 
Figure 15.2 Just Transition Climate Finance Path After COVID-19 

Note: Illustrative calculations. For more information see IMF and Wold Bank (2020), Sedik and Xu 

(2016), Guido (2020), Jordà et al. (2020) and Stiglitz (2020) 

 

Such a redrawing of a new social compact has happened often in the past, for example, historically after 3 

the 1860s ‘gilded age of capital’ with the enlargement of the franchise in democratisation waves in 4 

Europe and the Americas which reduced the threat of social conflict (Dasgupta and Ziblatt 2016, 2015). 5 

Not only can social conflict be avoided but growth outcomes can become more equitable and faster. 6 

Comprehensive modern social safety nets and progressive taxation, for example, started in the Great 7 

Depression and extended in the post-war period, had both a positive pro-growth and lower inequality 8 

(Brida et al. 2020). The need for a shift to a Just Transition path globally in the context of the COVID-9 

19 pandemic is gathering momentum. The Just Transition discussion has picked up steam since the 10 

Paris Agreement. Originating from civil society discourse and activism around issues of environmental 11 

and labour/workers’ rights, it has now become intertwined with the equity and justice presuppositions 12 

of climate change discussions and the implicit and explicit underlying principles of equity in the 13 

UNFCCC. This was explicitly recognised in the Paris Agreement and the 2018 Just Transition 14 

Declaration signed by 53 countries at COP24, which ‘recognised the need to factor in the needs of 15 

workers and communities to build public support for a rapid shift to a zero-carbon economy.’  16 

There are three levels  at which attention now needs to be focused. The first is the need for addressing 17 

the global equity issues in a more carefully constructed globally cooperative public policy approach. 18 

The second is to address issues appropriately with enhanced support, at the country level, especially in 19 

low-income countries with the least access to resources for a Just Transition. The third level is to work 20 

it down further, to addressing needs at local community levels. Because private investors and financing 21 

mostly deal with allocation to climate finance at a global portfolio level, then to allocation by countries, 22 

and finally to individual projects, the challenge for them is to refocus attention to Just Transition issues 23 

at the country level, but also globally as well as locally (in other words, at all three levels). 24 

For the first level, COVID-19 pandemic illustrates the global distributional challenges in terms of 25 
enhanced access to global finance necessary for a Just Transition. The overwhelming evidence is that 26 

richer countries were able to spend far more (four times higher and about 4 trillion USD in absolute 27 
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size so far in 2020) for discretionary fiscal stimulus (about 11% of their GDP) in the pandemic, even 1 

with higher fiscal debt, than did middle-income developing ones (3.5% of GDP) and the least (1.5% of 2 

GDP) in low-income countries (IMF 2020b), with constraints on credit ratings and costly debt burden 3 

(contrasted with the exceptionally low interest rate settings in developed economies) driving the limited 4 

fiscal response in the latter groups (Benmelech and Tzur-Ilan 2020). Similarly, unconventional 5 

monetary policies (quantitative easing) by central banks during the pandemic were bigger, in part 6 

because of the exceptional privilege of global reserve currencies: the EU and USA together added 7 

unconventional additional liquidity injections of about 8 trillion USD so far in 2020 into their domestic 8 

economies (20% of GDP), whereas most developing countries faced higher local currency yields as 9 

portfolio investors withdrew, and had only limited capacity (average of 3% of GDP) to inject 10 

quantitative easing.  11 

The result is that the divergence in income prospects for the developed and developing countries are set 12 

to worsen in the aftermath of the pandemic, absent offsetting policies, with output losses in developing 13 

economies (excluding China) set to worsen to -8% by 2021 as compared to -4.7% in developed countries 14 

(IMF 2020c). The crucial policy relevant question is whether a better coordinated and cooperative 15 

approach, instead of unilateralism, might have worked better, providing greater support to better 16 

outcomes in all countries with mutually supportive agreements (as evident earlier during the Great 17 

Financial Crisis of 2008)? The answer is yes. Greater international cooperation to allow emerging and 18 

low-income countries to undertake bigger fiscal responses during the pandemic would have been 19 

‘extraordinarily beneficial’, with all countries benefiting (McKibbin and Vines 2020). Simulations 20 

clearly suggest the need for coordinated action among both richer and developing countries, since much 21 

of the emissions will occur in the latter without such coordinated actions and stepped-up Paris 22 

Agreement envisaged transfers for the low-carbon transition (IMF 2020c).   23 

For the future, as this pandemic demonstrates, there is need for accelerating Just Transition in access to 24 

climate finance not only within countries but also across countries, which needs to be shepherded by 25 

globally coordinated measures to accelerate equitable financial access across countries and borders, 26 

especially in low-income countries such as in Sub-Saharan Africa.  27 

One of the most pressing actions that would be beneficial is to accelerate the implementation of the 100 28 

billion USD a year and more in climate finance commitment from developed to developing countries, 29 

by agreeing rapidly on key definitions.  Shifting to a grant equivalent net flows definition of climate 30 

finance, which is now universally accepted for all other aid flows by all parties since 2014 and which 31 

took effect since 2019 on every other public international good finance provision (under the SDGs), 32 

with the sole exception of climate finance, would resolve many uncertainties: the disbursement of 33 

climate finance flows on a grant equivalent basis that is comparable across institutions, instruments and 34 

countries, and measure with precision the effective transfer of resources. The journey to get to a clear 35 

and precise definition of net Overseas Development Assistance (ODA) took enormous time: the original 36 

proposal was first initiated in the 1960s (Pincus 1963) but it was not till MDB’s and many others laid 37 

out the compelling reasons why this needed to be done (Chang et al. 1998), especially to resolve the 38 

decades of confusion and inconsistency between different types of financial flows and hence the 39 

perennial measurement problems and ‘the compromise between political expediency and statistical 40 

reality’ (Scott 2017; Hynes and Scott 2013; Scott 2015; Bulow and Rogoff 2005). Even private flows 41 

would benefit, by gaining clearer access to public funds defined on a grant equivalent basis. It makes 42 

little sense to have continuing debates on how these flows are to be defined and which flows are to be 43 

included, indefinitely (Khan et al. 2020) except in terms of avoiding responsibilities, even where the 44 

benefits would be high (Klöck et al. 2018) and by causing (unnecessary) fragmentation and complexity 45 

and often ‘strategic’ ambiguity by many actors (Pickering et al. 2017). The world would gain 46 

collectively if this issue were to be decided soon and clearly, even if this means that the starting 47 

commitments and phasing of reaching that goal, as well as the choice of principal instruments (such as 48 
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the greater use of sovereign loan guarantees), might have to be reasonably reset where necessary. The 1 

absence of such a collective decision continues to be exceptionally costly for the implementation of the 2 

Paris Agreement and its collective actions because of the fractious and seemingly insoluble negotiating 3 

climate that this has created (Roberts and Weikmans 2017).  4 

There are many other issues to be decided on the collective approach, especially on how to accelerate 5 

climate action for a Build Back Better (BBB) plan for climate after the pandemic. For example, global 6 

recovery from the pandemic will take much longer than initially envisaged (IMF, 2020; OECD, 2020), 7 

and the issue of better and more resilient jobs in which accelerating climate action might play a key role 8 

is part of the Just Transitions question. Already, there is enough evidence accumulated that a more 9 

sustainable climate path would generate many more net productive jobs (with much higher employment 10 

multipliers from given spending) than would any other large-scale alternative but would nevertheless 11 

require a carefully managed transition globally, including access to climate financing in developing 12 

economies (Muttitt and Kartha 2020). The multilateral finance institutions have generally played a 13 

supportive role, expanding their financing to developing countries during the pandemic (even as 14 

bilateral aid flows have fallen sharply), as in climate finance, but have been limited by their explicit 15 

roles in the Just Transition and limits within their mandates. Political leadership and direction will be 16 

again crucial to enhance their roles. 17 

A review of past crisis episodes nevertheless suggests that collective actions to avoid large global or 18 

multi-country risks work well primarily when the problems are well-defined, a small number of actors 19 

are involved, solutions are relatively well-established scientifically, and public costs to address them 20 

are relatively small (Sandler 1998, 2015) (for example, dealing with early pandemic outbreaks such as 21 

Ebola, TB, and cholera; extending global vaccination programs such as smallpox, measles and polio; 22 

early warning systems and actions such as tsunamis, hurricanes/cyclones and volcanic disasters; 23 

Montreal Protocol for ozone depleting refrigerants, and renewables wind and solar energy 24 

development), but do not work well for more complex problems which are costly, technologically 25 

complex, and political and institutional leadership is fragmented (as in multi-country or multi-26 

jurisdictional air quality management, deforestation, forest fires, global pandemics response, new 27 

vaccine development and COVID-19). These problems require political leadership, especially when the 28 

impacts are not near-term or imminent, diffuse, slow-moving and long-term, and preventive disaster 29 

avoidance costs are costly even when these costs are low compared to the longer-term damages—till 30 

we reach a tipping points of reduced ‘stressors’ and increasing ‘facilitators’ (Jagers et al. 2020). As one 31 

observer notes: “Climate policies impose costs on specific sectors to create a public good. The climate 32 

benefits they produce are non-excludable; that is, everyone gains, including those who do not bear the 33 

costs of climate policies why workers in the fossil fuel and trucking industries view themselves as 34 

carrying the burden of climate protection—without much compensation. Unequal burden-sharing 35 

fosters a sense of victimhood, leading to a backlash against climate policies. that imposes costs 36 

disproportionately on specific sectors did not focus on equity in terms of helping those who bear the 37 

costs of climate policies.”  38 

Private institutional investors equally might pay attention to the issues. It would be useful for investors 39 

to identify support to such initiatives, and more clearly identifying the benefits of such transition 40 

measures envisaged by both countries and investment financing proposals, including requiring such 41 

initiatives in their support to ESG (environmental, social and governance) and labelled green bond 42 

financing proposals. 43 

The second level of attention needed on Just Transitions has to do with inequities within a large country 44 

setting. As the ongoing pandemic illustrates, the first hit is often felt most acutely at the level of states 45 

and cities, with most of them having not enough fiscal capacity or ability to mount an adequate 46 

discretionary counter policy. Only national governments have that ability to borrow more in their fiscal 47 

https://theconversation.com/the-us-environmental-movement-needs-a-new-message-70247
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accounts and to address large collective problems, whether pandemics or climate change. Therefore, it 1 

is important that national policies and funds be available for programs to address the Just Transition 2 

issues for larger sub-national states, cities and regions. This would be helped by countries including as 3 

a first-cut Just Transition initiatives in their NDCs for financing (as South Africa has recently done), 4 

and more attention by external agents and MDBs to the local adverse impacts issues in their climate 5 

policies and investments. It may be important for large-scale financing initiatives to explicitly discuss 6 

the Just Transition initiatives planned under the proposals. For example, the EU Green Deal plans to 7 

accomplish that through several initiatives (focusing on industries, regions and workers adversely 8 

affected with explicit programs to address them).  9 

 10 

The third level of argument is for a shift in focus from an exclusive attention to financing of mitigation 11 

and low-carbon new investments projects to also better understanding and addressing the local adverse 12 

impacts of climate change on communities and people, who are vulnerable and increasingly 13 

dispossessed due to losses and damages from climate change or even those who are impacted by de-14 

carbonisation measures in the fossil fuel sectors, transportation, as well as those who are harmed by 15 

polluting sectors: indigenous men and women, people of colour and generally the poor. It is evident 16 

that very few resources are available to countries, investors, civil society, and international development 17 

institutions seeking to achieve a just transition (Robins and Rydge 2020). 18 

Finally, much greater support is warranted for local networks, SMEs, communities, local authorities 19 

and universities for more carefully prepared research ideas and proposals. For example, The Banking 20 

on a Just Transition project was launched in 2019 by the Grantham with the Sustainability Research 21 

Institute/ in partnership with UK Finance and the Place-based Climate Action Network (PCAN)/funded 22 

by HSBC and the London School of Economics. 23 

15.3.  Current flows and trends 24 

15.3.1 Key concepts and elements of scope 25 

Finance for climate action, or climate finance, is a subset of environmental finance, which also covers 26 

other environmental priorities such as water, air pollution and biodiversity, and is in turn a subset of 27 

sustainable finance. In addition to environmental objectives, sustainable finance encompasses issues 28 

relating to socio-economic and governance issues, i.e. the ESG set of criteria. Rather than being 29 

mutually exclusive, these concepts interact and complement each other as  (ICMA 2020a; UNEP 30 

Inquiry 2016a). Their combination should lead to individual investments and financing activities 31 

contributing to multiple SDGs at once or, at a minimum, doing no harm to those SDGs not being 32 

targeted. Broadly speaking, climate finance refers to finance “whose expected effect is to reduce net 33 

GHG emissions and/or enhance resilience to the impacts of climate variability and projected climate 34 

change” (UNFCCC 2018). However, as was already the case at the time of AR5, significant room for 35 

interpretation and context-specific considerations remain, e.g. if and when to consider provided to cover 36 

the cost incurred from natural disasters and extreme climate events as climate finance (see Section 37 

15.6.4 and WG II).   38 

In practice, specifying the scope of climate finance requires defining two terms: what qualifies as 39 

“finance” and as “climate” respectively. In terms of what type of finance to consider, options include 40 

considering investments or total costs (see Box 15.2), stocks or flows, gross or net (the latter taking into 41 

account reflows and/or depreciation), a selection of or all financial actors and instruments (see Box 42 

15.3), domestic or cross-border, public or private (see Box 15.4). In terms of what may be considered 43 

as “climate”, a key difference relates to measuring climate-specific finance (only accounts for the 44 

portion finance resulting in climate benefits) or climate-related finance (captures total project costs and 45 

aims to measure the mainstreaming of climate considerations). 46 
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Box 15.2 Core terms  1 

This box defines some core terms used in this chapter as well as in other chapters addressing finance 2 

issues: cost, investment, financing, public and private. The aim is to clarify respective scope and avoid 3 

misinterpretations. The chapter makes broad use of the “finance” to refer to all types of transactions 4 

involving monetary amounts. It avoids the use of the terms “funds” and “funding” to the extent possible, 5 

which should otherwise be understood as synonyms for “money” and “money provided”. 6 

Cost, investment and financing: different but intertwined concepts. Cost refers to expenditures over 7 

the lifetime of a project. These include capital expenditures (CAPEX or upfront investment value), 8 

operating and maintenance expenditures (OPEX), as well as financing costs. While relatively large 9 

projects such as building and operating infrastructure typically involve all three categories of costs, 10 

some project types may only involve OPEX (e.g. staff costs) but no CAPEX, or may not incur direct 11 

financing costs (e.g. if fully financed via own funds and grants). 12 

Investment, in an economic sense, is the purchase of (or CAPEX for) a physical asset (notably 13 

infrastructure or equipment) or intangible asset (e.g. patents, IT solutions) not consumed immediately 14 

but used over time to satisfy a need and create value. For financial investors, an investment corresponds 15 

to the purchase of an asset (physical, intangible, or financial such as bonds or stocks), expecting that 16 

the asset will provide income or be sold at a higher price. In practice, investment decisions (whether to 17 

invest, as well as the choice of a given investment between multiple options) are motivated by a 18 

calculation of an expected return that takes into account all expected costs, as well as an assessments of 19 

different types of risks that may impact the costs, outcomes and returns of the investment. Such risks 20 
include but are not limited to climate-related risks, as further discussed in Section 15.6.1. 21 

Incremental cost (or investment) accounts for the difference between the cost (or investment value) for 22 

a climate projects compared to the cost (or investment value) of a counterfactual reference project (or 23 

investment). In cases where climate projects and investments are more cost effective than the 24 

counterfactual, the incremental cost will be negative. 25 

Financing refers to the process of securing the money needed to cover an investment or project cost. 26 
Financing can rely on debt (e.g. through bond issuance or loan subscription), equity issuances (listed or 27 

unlisted shares), own funds (typically savings or retained earnings), as well as on grants and subsidies. 28 

Some sources of financing come at a cost (most notably interests due for debt), which increases the total 29 

financing needed for a given investment or project. 30 

Public and private: statistical standard and grey zones. International statistics classify economic 31 

actors as pertaining to the public or private sectors. Households always qualify as private and 32 

governmental bodies and agencies as public. Criteria are needed for other types of actors such as 33 

enterprises and financial institutions. Most statistics rely on the majority ownership and control 34 

principle. This is the case for the Balance of Payment, which records transactions between residents of 35 

a country and the rest of the world (IMF 2009). 36 

Such a strict boundary between public and private sectors may not always be suitable for mapping and 37 

assessing investment and financing activities. On the one hand, some publicly owned entities may have 38 

a mandate to operate on a fully- or semi-commercial basis, e.g. state-owned enterprises, commercial 39 

banks, and pension funds, as well as sovereign wealth funds. On the other hand, some privately owned 40 

or - controlled entities can pursue non-for-profit objectives, e.g. philanthropies and charities. The 41 

present chapter considers these nuances to the extent made possible by available data and information.  42 

 43 

 44 
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Box 15.3 Financial actors and instruments 1 

Finance for climate action is embedded in the more general structure of investment and financing 2 

activities. Different actors typically make use of a range of financial instruments depending on their 3 

position in the financial value chain (intermediary, direct investor), their mandate (e.g. commercial, 4 

developmental), their scope of activity (local, national, international), as well as their risk appetite.  5 

 6 

Box 15.3, Table 1: From sources of finance to economic activities 7 

Source Actor Instrument Project Initiator Climate-relevant sectors: 

 

Agriculture 

Buildings 

Energy 

Industry 

Transport 

Taxes and 

levies  

Earnings and 

savings 

Capital 

markets  

 

Governments  

Public financial 

institutions  

Commercial financial 

inst. 

Corporates  

Institutional investors  

Philanthropies / 

Households 

Grants 

Debt  

Equity  

Guarantees  

Insurances 

Public authorities 

Corporations  

SMEs 

Households 

Source: Adapted from CPI (2019a), Hainaut et al. (2019), and CICERO and CPI (2015a) 

 8 

Actors and instruments active in investing and financing activities with climate change mitigation and 9 

adaptation benefits vary greatly depending on, inter alia, different stages of technology maturity and 10 
project development, sectors (see finance sections of sector-specific chapters) as well as geographies. 11 

For instance, certain categories of actors, notably equity investors, may have a home bias, due to a 12 

combination of reasons relating in particular to risk, information and familiarity, e.g. (Lindblom et al. 13 

2018).  14 

 15 
In many cases, the scope of what may be considered as “climate finance” will also depend on the context 16 

of implementation such as priorities and activities listed in NDCs (UNFCCC 2019a) as well as national 17 

development plans more broadly targeting the achievement of SDGs. Hence, rather than opposing the 18 

different options listed above, the choice of one or the other depends on the desired scope of 19 

measurement, which in turn depends on the policy objective being pursued. The increasingly diverse 20 

initiatives and body of grey literature address a range of different information needs. They provide 21 

analyses at the levels of domestic finance flows (e.g. (Hainaut and Cochran 2018; UNDP 2015)), 22 

international flows (e.g. Joint-MDB (2018) and OECD (2016)), global flows ((UNFCCC 2018; CPI 23 

2019a)), the financial system (e.g. (UNEP Inquiry 2016a)) or specific financial instruments such as 24 

bonds (e.g. (Climate Bonds Initiative 2018)). Reporting transparency as well as common language is, 25 

however, necessary in order to identify overlaps, commonalities and differences between these different 26 

measurements in terms of scope and underlying definitions. 27 

Box 15.4: International climate finance architecture 28 

International climate finance can flow through different bilateral, multilateral, and national channels, 29 

involving a range of different types of institutions both public (official) and private (commercial). In 30 

practice, the architecture of international public climate finance is rapidly evolving, with the creation 31 

of new public sources and channels of over the years (Climate Funds Update 2018). The 32 

operationalisation of the GCF, which channels the majority of its funds via accredited entities, has 33 
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notably attracted particular attention since AR5. Section 14.3.2 of Chapter 14 provides a further 1 

assessment of progress and challenges of financial mechanisms under the UNFCCC, notably the GCF. 2 

National development banks are assessed to have the potential to play an important role beyond tradition 3 

capital provision, towards de-risking projects to mobilise additional capital, playing educational role to 4 

enable financial sector learning, and producing track records to crowd-in private finance  (OECD 2019a; 5 

Geddes et al. 2018; Smallridge et al. 2013). The multiplication of sources and channels of international 6 

climate finance partly results from increased decentralisation and financial innovation, which in turn 7 

can increase the effectiveness of finance provided. There is, however, also evidence that increased 8 

complexity implies significant transaction costs (Brunner and Enting 2014). This is in part due to 9 

bureaucracy and intra-governmental factors (Peterson and Skovgaard 2019), which are most often not 10 

accounted for in assessments of international climate finance. On the ground, activities by international 11 

providers operating in the same countries may overlap, with sub-optimal coordination and hence 12 

duplication of efforts, both on the bilateral and multilateral sides (Ahluwalia et al. 2016). There are 13 

further emerging providers of development co-operation, both bilateral (see (Benn and Luijkx 2017)), 14 

multilateral (e.g. Asian Infrastructure Investment Bank), but also non-governmental actors such as 15 

philanthropies (OECD 2018a) . These necessarily interplay with (e.g. (Gallagher et al. 2018), compete 16 

with or run in parallel to (Humphrey and Michaelowa 2019) financing provided by traditional donor 17 

countries and institutions 18 

Beyond the need to scale up levels of climate finance, the Paris Agreement provides a broad policy 19 

environment and momentum for a more systemic change in investment and financing strategies and 20 
patterns. Article 2.1c, which calls for “making finance flows consistent with a pathway towards low 21 

greenhouse gas emissions and climate-resilient development”, positions finance as one of the 22 

Agreement’s three overarching goals (UNFCCC 2015). This is a recognition that the mitigation and 23 

resilience goals cannot be achieved without finance, and without both the real economy and the financial 24 

system as a whole, being aligned. Since AR5, in addition to measuring and analysing climate finance, 25 

an increasing focus has been placed on monitoring the consistency or alignment, as well as respectively 26 

the inconsistency or misalignment, of finance with climate objectives.  27 

Assessing climate consistency or alignment implies looking at all investment and financing activities, 28 

whether they target, contribute to, undermine or have no particular impact on climate objectives. This 29 

all-encompassing scope notably includes remaining fossil fuel-related investments and financing as 30 

well as other high-GHG emission activities that may be incompatible with remaining carbon budgets, 31 

but also activities that may play a transition role in climate mitigation pathways and scenarios. As a 32 

result, any meaningful assessments of progress implies the use of different shades to categorise 33 

activities based on their negative, neutral (“do no harm”) or positive contributions, e.g.  (Cochran and 34 

Pauthier 2019; Natixis 2019; CICERO 2015). It further requires compiling, though not necessarily 35 

aggregating, a wide range of indicators across economic activities and financial value chain, covering 36 

both financial markets and the real economy (Jachnik et al. 2019), as well as the monitoring of public 37 

interventions that directly or indirectly affect investment and financing decisions (ODI et al. 2018). 38 

15.3.2 Assessment of current financial flows 39 

15.3.2.1  Financial flows and stocks: orders of magnitude   40 

Assessments of finance for climate action need to be placed within the broader perspective of all 41 

investments and financing flows and stocks. This section  provides aggregate level reference points of 42 

relevance to the remainder of this Chapter, notably when assessing current levels of climate and fossil 43 

fuel-related investments and financing (Sections 15.3.2.2 and 15.3.2.3 respectively), as well as 44 

estimates investment and financing needed to meet climate objectives (Section 15.4).  45 
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Measures of financial flows and stocks provide complementary and interrelated insights into trends over 1 

time: the accumulation of flows, measured per unit of time, results in stocks, observed at a given point 2 

in time (UN and ECB 2015; IMF 2009). On the flows side, GDP, a System of National Accounts (SNA) 3 

statistical standard, aggregates flows of investments, operating expenses and consumption, all of which 4 

have a significant direct and indirect climate footprints. In 2019, global GDP reached 88 trillion USD, 5 

out of which developed countries represented close to 60% (Figure 15.3). The GDP metric has 6 

numerous limitations (e.g. lack of any indication relating to human wellbeing or SDG achievements) 7 

and even produces perverse incentives. From an environmental perspective, GDP counts positively 8 

activities that negatively impact the environment, without making deductions for the depletion and 9 

degradation of natural resources. 10 

  

Figure 15.3 Financial flows – GDP by Type of Economy (left) and Region (right) 

Note: Emerging represents BRICS countries (Brazil, Russia, India, China, South Africa). Developing 

represents official UN country classification minus Emerging, LDC or SIDS. Regions represent 

combination of IPCC RC5 and RC10 to ensure regional neutrality to the most possible extend. GDP in 

2017 constant intl. dollar.  

Source: World Bank Data (2020a,b) 

 11 

Gross-fixed capital formation (GFCF), another SNA standard that covers tangible and intangible assets, 12 

is a good proxy for investment flows in the real economy. It notably captures investments in 13 

infrastructure, with infrastructure estimated to be directly responsible for over 60% of GHG emissions 14 

over its lifetime (New Climate Economy 2016). In 2018, global GFCF reached 21.9 billion USD 15 

compared to 15.4 billion USD in 2008, a 42% increase (Figure 15.4). Global GFCF represents about a 16 

quarter of global GDP, a relatively stable ratio since 2008. This share is, however, much higher for 17 

emerging economies, notably in Asia, which are building new infrastructure at scale. As analysed in 18 

Sections 15.4 and 15.5, infrastructure investment needs and gaps in developing countries are significant. 19 

How these are met over the next decade will critically influence the likelihood of reaching the Paris 20 

Agreement temperature goal (add cross reference to other chapters as relevant). 21 
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Figure 15.4 Financial flows – Gross Fixed Capital Formation per Type of Economy and Regions 

Note: Emerging represents BRICS countries (Brazil, Russia, India, China, South Africa). Developing 

represents official UN country classification minus Emerging, LDC or SIDS. Regions represent 

combination of IPCC RC5 and RC10 to ensure regional neutrality to the most possible extend. Gross 

fixed capital formation (GFCF) includes land improvements (fences, ditches, drains, and so on); plant, 

machinery, and equipment purchases; and the construction of roads, railways, and the like, including 

schools, offices, hospitals, private residential dwellings, and commercial and industrial buildings. GDP 

in 2017 constant intl. dollar.  

Source: World Bank Data (2020a,b) 

 1 

One the stock side (Figure 15.5), there is a growing gap between the values of tangible and financial 2 

assets, which results from the financialisaton of economies at domestic and international levels. In other 3 

words, an increasingly significant portion of available capital is not financing the real economy. This 4 

trend, however remains uneven between developed countries, most of which have relatively deep 5 

capital markets, and developing countries, where local capital market development remains partial or 6 

elusive (Section 15.6.7). Bonds, a form of debt financing, represent a significant share of total financial 7 

assets. As of August 2020, the overall size of the global bond markets (amount outstanding) was 8 

estimated at approximately 128.3 trillion USD, out of which over two thirds from “supranational, 9 

sovereign, and agencies”, and just under a third from corporations (ICMA 2020b). As discussed in 10 

following sections of the Chapter, since AR5, an increasing number and volume of bonds have been 11 

earmarked for climate action but these still only represent a small share of the total bond market, while 12 

already raising concerns in terms of both underlying definitions (Section 15.6.6) and risks of increased 13 

climate-related indebtedness (Section 15.6.1, 15.6.3).  14 

From the perspective of climate change action, these orders of magnitude make it possible to highlight 15 

three points. First, the relatively small size of current climate finance flows and relatively larger size of 16 

remaining fossil fuel-related finance flows, as highlighted in the following two sub-sections. Second, 17 

the significant scale of financial flows and stocks that have to be made consistent with climate goals. 18 

Third, the in principle availability of necessary volumes of finance for addressing climate-related 19 

investment needs (Section 15.4) and gaps (Section 15.5). 20 
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Figure 15.5 Stock Assets (OECD and BRICs) Note: Data series to be updated. “Tangible” notably 

covers buildings, infrastructure and equipment. “Debt-equity” refers to loans, bonds and stocks, while 

“Total financial” also includes further elements such as gold reserves, bank deposits, insurances and 

pensions entitlements as well as financial derivatives.  

Source: OECD.Stat (2019a,b). 

 

15.3.2.2  Estimates of climate finance flows 1 

The measurement of climate finance flows continues to face similar definitional, coverage and 2 

reliability issues than at the time of AR5 and special report on the impacts of global warming of 1.5°C, 3 

despite progress made (more sources, greater frequency, and some definitional improvements) by a 4 

range of data providers and collators. Based on available estimates, flows of annual global climate 5 

finance are on an upward trend since AR5, reaching a high-bound estimate (Table 15.1) of 681 billion 6 

USD in 2016 (UNFCCC 2018). Latest available estimates, however, indicate a drop in 2018 (CPI 7 

2019a) and a rebound in 2019 (forthcoming). Although not directly comparable in terms of scope, 8 

current climate finance flows remain small (approximately 3%) compared to the GFCF reference point 9 

introduced in Section 15.3.1, as well as needs to be put in perspective with remaining fossil fuel 10 

financing (see Section 15.3.2.2). The scale of current climate finance is also significantly below estimate 11 

of needs presented in Section 15.4.  12 

Table 15.1: Total climate finance flows between 2013 and 2019 13 
Source Type 2013 2014 2015 2016 2017 2018 2019 

 
UNFCCC SCF total high  687 584 680 681 tbc tbc n/a 

UNFCCC SCF total low / CPI 339 392 472 456 tbc/608 tbc/540 n/a 

Note: Given the variations in numbers reported by different entities, changes in data, definitions and methodologies over 

time, there is low confidence attached to the aggregate numbers presented here. The higher bound reported in the SCF’s 

Biennial Assessment reports includes estimates from the International Energy Agency on energy efficiency investments, 

which are excludes from the lower bound and CPI’s estimates. CPI numbers slightly differ from official publication due to 

IPCC country classification and non-allocable flows. Source: (CPI 2019a; UNFCCC 2018). CPI numbers slightly differ 

from CPI publications due to allocation objectives (e.g. for the year  2018, CPI reports 546bn in total in (CPI 2019a)). 

 

 Sector                   Type of Economy 

Figure 15.6: Available estimates of global climate finance between 2014 and 2018 14 
Source: Own calculations, based on CPI database. Numbers in billion USD 15 
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At an aggregate level, in both developed and developing countries, the vast majority of tracked climate 1 

finance is sourced from domestic or national markets rather than cross-border financing (CPI 2019a). 2 

This indicates that the home bias of finance and investment introduced in Section 15.2 and further 3 

discussed in the context of investment and financing gaps in Section 15.5, holds for climate finance. It 4 

also reinforces the point that national policies and settings remain crucial (Section 15.6.2), along with 5 

the development of local capital markets (Section 15.6.7).  6 

Climate finance in developing countries remains heavily concentrated in emerging economies, with 7 

BRICS accounting for 25% to 43% depending on the year, a share similar to that represented by 8 

developed countries. LDCs and SIDs, on the other hand, continue to represent less than 5% year-on-9 

year (BNEF 2019; CPI 2019a). Further, the relatively modest growth of climate finance in developed 10 

countries is a matter of concern given that economic circumstances are, in most cases, relatively more 11 

amenable to greater financing, savings and affordability than in developing countries. 12 

The majority of tracked climate finance is assessed as coming from private actors (CPI 2019a), 13 

although, as discussed in Box 15.2, the boundaries between private and public finance include 14 

significant grey zones. Further, private investments in climate projects and activities often benefit from 15 

public support in the form of co-financing, guarantees or fiscal measures. In terms of financial 16 

instruments and mechanisms, debt and balance sheet financing (which can rely on both own resources 17 
and further debt) represent the lion’s share. In this context, the rapid rise of climate-related bond 18 

issuances since AR5 (CBI 2020a) represents an opportunity for scaling up climate finance but also 19 

poses underlying issues of integrity (Nicol et al 2018; Shislov et al. 2018) and additionality 20 

(Schneeweiss 2019), as further discussed in Section 15.6.6. 21 

Mitigation continues to represent the lion’s share of global climate finance (93% on average in 2017-22 

18), and in particular renewable energy and energy efficiency (70% to 80% combined depending on the 23 

year) (CPI 2019a; UNFCCC 2018). While capacity additions on the ground kept rising, falling 24 

technology costs in certain sectors (e.g. solar energy) has had a negative impact on the year-on-year 25 

trend that can be observed in terms of volumes of climate finance (IRENA 2019a; BNEF 2019). 26 

However, such cost reduction should in principle free up investment and financing capacities for 27 

potential use in other climate-related activities.  28 

Tracking adaptation finance continues to pose significant challenges in terms of data and methods. 29 

Notably, the mainstreaming of resilience into investments and business decisions makes it difficult to 30 

identify relevant activities within financial datasets (Averchenkova et al. 2016; Agrawala et al. 2011; 31 

Brown et at., 2020). Despite these limitations, evidence shows that finance for adaptation remains 32 

fragmented and significantly below rapidly rising needs (Section 15.4 and Working Group II). Further, 33 

there is increasing awareness about the need to improved coherence between climate change adaptation 34 

and disaster-risk-reduction (DRR) towards achieving resilience (OECD 2020a). Watson et al., (2015) 35 

however, notes that between 2003 and 2014 of the 2 billion USD that flowed through dedicated climate 36 

change adaptation funds, only 369 million USD explicitly went to DRR activities (Watson et al. 2015; 37 

Nokhooda et al. 2014; Climate Funds Update 2014). For the private sector, insurance and reinsurance, 38 

including micro insurance, remains the dominant way to transfer risk. But this is currently an under-39 

researched area (Watson et al. 2015). 40 

More generally, significant gaps remain to track climate finance comprehensively at a global level:  41 

 Available estimates are heavily skewed towards investments in renewable energy and, where 42 
available, energy efficiency and transport. Other sectors remain more difficult to track, such as 43 

agriculture and land use (CPI 2019a; UNFCCC 2018).  44 

 In contrast to international public climate finance, domestic public finance data is very partial 45 

despite initiatives to track domestic climate finance (e.g. (Hainaut and Cochran 2018)) and public 46 
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expenditures (for instance based on the UNDP’s Climate Public Expenditure and Institutional 1 

Review approach).  2 

 Data on private and commercial finance remains very patchy, particularly for balance sheet 3 
corporate investments and bilateral loan financing provided by commercial banks (Jachnik et al. 4 

2019).  5 

Further, as individual source of aggregate reporting (FS-UNEP Centre and BNEF 2020; CPI 2019a; 6 

UNFCCC 2018)  tend to rely on the same main data sources (notably the BNEF commercial database 7 

for renewable energy investments) as well as to cross-check numbers against similar other sources, 8 

there is a potential for ‘group-think’ and bias.  9 

Such data gaps as well as varying definitions of what qualifies as “climate” (or more broadly as “green”  10 

and “sustainable”) not only pose a measurement challenge. They also result in a lack of clarity for 11 

investors and financiers seeking climate-related opportunities. Such uncertainty can lead both to 12 

reduced climate finance as well as to a lack of transparency in climate-related reporting (further 13 

discussed in Section 15.6.1), which in turn further hinders reliable measurement.  14 

In terms of finance provided and mobilised by developed countries for climate action in developing 15 

countries, accounting scope and methodologies continue to be debated (see Box 15.4). A consensus, 16 

however, exists, on a need to further scale up public finance and improve its effectiveness in mobilising 17 

private finance (OECD 2020b), as well as to further prioritise adaptation financing, in particular towards 18 

the most vulnerable countries (Oxfam 2020). The relatively low share of adaptation may in part due to 19 

a low level of obligation and precision in global adaptation rules and commitments (Hall and Persson 20 

2018). Further, providers of international climate finance may have more incentive to support mitigation 21 

over adaptation as mitigation benefits are global while the benefits of adaptation are local (Abadie et 22 

al. 2013). 23 

Box 15.5 Measuring progress towards the 100 billion USD yr-1 by 2020 goal - issues of method 24 

In 2009, at COP15, Parties to the UNFCCC agreed the following: “In the context of meaningful 25 

mitigation actions and transparency on implementation, developed countries commit to a goal of 26 

mobilizing jointly 100 billion USD dollars a year by 2020 to address the needs of developing countries. 27 

This funding will come from a wide variety of sources, public and private, bilateral and multilateral, 28 

including alternative sources of finance.” (UNFCCC 2009). As the parameters for what and how to 29 

count were not defined when the goal was set, there remains well documented interpretations and 30 

debates on how to account for progress (Jachnik et al. 2015; Stadelmann et al. 2013; Clapp et al. 2012; 31 

Weikmans and Roberts 2019). 32 

 33 

These different interpretations relate mainly to the type and proportion of activities that may qualify as 34 

“climate” on the one hand, and to how to account for different types of finance (and financial 35 

instruments) on the other hand. As an example, there are different points at which financing can be 36 

measured, e.g. pledges, commitments, disbursements. There can be significant lags between these 37 

different points in time, e.g. disbursements may spread over time. Further, the choice of point of 38 
measurement can have an impact on both the volumes and on the characteristics (geographical origin, 39 

labelling as public or private) of the finance tracked. The enhanced transparency framework under the 40 

Paris Agreement may lead to improvements and more consensus in the way climate finance is accounted 41 

for and reported under the UNFCCC. Available analyses specifically aimed at assessing progress 42 

towards the 100 billion USD goal remain rare, e.g. the UNFCCC SCF Biennial Assessments do not 43 

directly address this point (UNFCCC 2018). Dedicated OECD reports provide figures based on 44 

accounting for gross flows of climate finance based on analysing activity-level data recorded by the 45 

UNFCCC (bilateral public climate finance) and the OECD (multilateral public climate finance, 46 

mobilised private climate finance and climate-related export credits) (OECD 2019b, 2015a, 2020b). For 47 
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2018, the OECD analysis resulted in a total of 78.9 billion USD, out of which 62.2 billion USD of 1 

public finance, 2.1 billion USD of export credits and 14.5 billion USD of private finance mobilised. 2 

Mitigation represented 73% of the total, adaptation 19% and cross-cutting activities 8%. 3 

 4 
Reports by Oxfam provide a complementary view on public climate finance, building on OECD figures 5 

and underlying data sources to translates gross flows of bilateral and multilateral public climate finance 6 

in grant equivalent terms (Oxfam 2018a, 2016, 2020). Annual averages for 2015– 2016 and 2017–2018, 7 

indicate that grant equivalence represents between 32% (low bound) and 44% (high bound) of gross 8 

public climate finance. The difference with OECD figures stems from the high share represented by 9 

loans, both concessional and non-concessional, in public climate finance, i.e. 74% in 2018 2018 (OECD 10 

2020b). Further, Oxfam also partly discounts bilateral climate finance for some donors to account for 11 

possible over-reporting of finance for activities with only low climate relevance. 12 

 13 

A point of method that attracts much attention relates to how to account for private finance mobilised. 14 

OECD figures rely on methods to attribute private finance at activity level to public finance providers 15 

involved, based on the characteristics of the finance they provide (mechanism, risk, volume) (OECD 16 

2019c). There are here no alternative estimates of mobilised private finance for climate action in 17 
developing countries, except those put forwards by MDBs in their joint climate finance reporting (AfDB 18 

et al. 2020). MDB estimates of mobilised private finance and the underlying methodology (World Bank 19 

2018a), however, neither correspond to the geographical scope of the 100 billion USD goal, nor address 20 

the issue of attribution to the extent required in that context. Notwithstanding methodological 21 

discussions under the UNFCCC, there is still some distance from the 100 billion USD a year 22 

commitment being achieved, including in terms of further prioritising adaptation. While the scope of 23 

the commitment corresponds to only a fraction of the larger sums needed (Section 15.4), its fulfilment 24 

can both contribute to climate action in developing countries as well as to trust building in international 25 

climate negotiations. Combined with further clarity on geographical and sectoral gaps, this can, in turn, 26 

facilitate the implementation of better-coordinated and cooperative arrangements for mobilising funds  27 
(Peake and Ekins 2017) 28 

 29 

15.3.2.3  Fossil fuel-related and transition finance  30 

As called for by Article 2.1c of the Paris Agreement and introduced in Section 15.3.1, achieving the 31 

temperature goal of the Paris Agreement requires making all finance consistent with this goal. Data on 32 

investments and financing detrimental to climate mitigation remain very partial and difficult to access, 33 

as relevant actors currently have little incentive or obligations to disclose such information compared 34 

to reporting on and communicating about their activities contributing to climate action. Further, the 35 
development of methodologies to assess finance for activities misaligned with climate mitigation goals, 36 

for hard- and costly-to-abate sectors such as heavy industries, as well as for  activities that eventually 37 

need to be phased out but can play a transition role for given period, remain work in progress. This 38 

results in limited empirical evidence to date.    39 

Scenarios compatible with a below 2°C warming, however, make it clear that the share of fossil fuels 40 

in energy supply has to decrease (oil) or even be phased out (coal). To avoid locking GHG emissions 41 

incompatible with remaining carbon budgets, this implies a rapid scaling down of new fossil fuel-related 42 

investments. However, available estimates indicate these remain significant in absolute and relative 43 

terms. 44 

The International Energy Agency provides comprehensive analyses of global energy investments, 45 

estimated at about 1.8 trillion USD a year over 2017–2019 (IEA 2020a, 2019a), which represents about 46 
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8% of global GFCF (Section 15.3.2.1). In the power sector, fossil fuel-related investments reached an 1 

estimated 130 billion USD yr-1 on average over 2017–2019, which remains well above the level that 2 

underpin the IEA’s own Paris-compatible Sustainable Development Scenario (SDS) scenario. The IEA 3 

observes a similar inconsistency with its SDS scenario for supply side new investments: in 2019, an 4 

estimated 700 billion USD were invested in oil supply and 100 billion USD in coal supply.  These 5 

estimates also result in fossil fuel investments remaining larger in aggregate than the total tracked 6 

climate finance worldwide (Section 15.3.2.2). For oil and gas companies, which are amongst the world 7 

largest corporations and sometimes government owned or backed, low-carbon solutions are estimated 8 

to represent less than 1% of capital expenditure (IEA 2020a). As discussed in the remainder of this 9 

Chapter, shifting investments towards low-carbon solutions requires a combination of conducive public 10 

policies and attractive investment opportunities. 11 

In terms of underlying financing provided to fossil fuel investments, a limited set of civil society 12 

analyses point out to a still significant role played by commercial banks and export credit agencies. 13 

Commercial banks provide both direct lending as well as underwriting services, the latter facilitating 14 

capital raising from investors in the form of bond or share issuance. Available estimates indicate that 15 

lending and underwriting extended over 2016 –2019 by 35 of the world’s largest banks to 2,100 16 

companies active across the fossil fuel life cycle, reached USD 687 billion yr-1 on average (Rainforest 17 

Action Network et al. 2020). Official export credit agencies, which are owned or backed by their 18 

government, de-risk exports by providing guarantees and insurances or, less often, loans. In 2016–2018, 19 

available estimates indicate the provision of about 31 billion USD yr-1 worth of fossil fuel-related 20 

official export credits, out of which close to 80% for the oil and gas, and over 20% for coal (Oil Change 21 

International and Friends of the Earth - U.S. 2020). 22 

Finance for new fossil fuel-related assets lock in future GHG emissions that may be inconsistent with 23 

remaining carbon budgets and, therefore, with emission pathways to reach the Paris Agreement 24 

temperature goal. This inconsistency exposes investors and asset owners to the risk of stranded assets, 25 

which results from potential sharp strengthening climate public policies (transition risk).  As a result, a 26 

growing number of investors and financiers are assessing climate-related risks with the aim to disclose 27 

information about their current level of exposure (to both transition and physical climate-related risks), 28 

as well as to inform their future decisions (TCFD 2017). Reporting to date is, however, inconsistent 29 

across geographies and jurisdictions (CDSB and CDP 2018; Perera et al. 2019). Further developed in 30 

Sections 15.6.3, there is currently not enough evidence in order to conclude whether climate-related 31 

risk assessments result in increased climate action and alignment on the ground (e.g. 2° Investing 32 

Initiative 2017). 33 

As developed in Section 15.6.3, the insufficient level of ambition and coherence of public policies at 34 

national and international level remains the root cause of the still significant misalignment of investment 35 

and financing compared to pathways compatible with the Paris Agreement temperature goal (UNEP 36 

2018b). Such lack of coherence includes misaligned policies in non-climate policy areas such as fiscal, 37 

trade, industrial and investment policy, and financial regulation (OECD 2015b), which is further 38 

specified in sectoral chapters 6 to 12.  39 

The most documented policy misalignment relates to the remaining very large scale of public direct and 40 

indirect financial support for fossil fuel-related production and consumption in many parts of the world 41 

(Climate Transparency 2020; Coady et al. 2017; Bast et al. 2015). Fossil fuel subsidies are embedded 42 

across economic sectors as well as policy areas, e.g. from a trade policy perspective, in most countries, 43 
import tariffs and non-tariff barriers are substantially lower on relatively more CO2 intensive industries 44 

(Shapiro 2020). Available inventories of fossil fuel subsidies (in the form of  direct budgetary transfers, 45 

revenue forgone, risk transfers, or induced transfers), covering 76 economies, indicate a rise to USD 46 

340 billion in 2017, a 5% increase compared to 2016. Such trend is due to slowed down progress in 47 
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reducing support among OECD and G20 economies in 2017 (OECD 2018b) and to a rise in fossil-fuel 1 

subsidies for consumption in several developing economies (Matsumura and Adam 2019). Given the 2 

scale of historical support to fossil fuel production and consumption, this greatly reduces the efficiency 3 

of public instruments and incentives aimed at redirecting investments and financing towards climate 4 

beneficial activities.  5 

As a result, the demand for fossil fuels, especially in the energy production, transport and buildings 6 

sectors, remain high, and the risk return profile of fossil fuel-related investments it still positive in many 7 

instance (Hanif et al. 2019). Political economy constraints of fossil fuel subsidy reform continue to be 8 

a major hurdle for climate action (Röttgers and Anderson 2018; Schwanitz et al. 2014). On the other 9 

hand, a gradual phasing out of fossil fuels subsidies could provide an effective market signal and reduce 10 

risks of stranded assets and of negative distributive effects of a low carbon transition, in particular when 11 

coupled with fiscal policies (e.g. a carbon tax) and reinvestments of revenues to support low-carbon 12 

energy investments (Monasterolo and Raberto 2019). 13 

15.3.3 Consideration on the impact of sustainable finance products 14 

Investments that are managed taking into account sustainability criteria, have increased constantly over 15 

the last years. According to the 2018 biennial assessment by Global Sustainable Investment Alliance, 16 

sustainable investments in five major developed economies grew by 34%since 2016. The primary ESG 17 

approaches leveraged were exclusion criteria/negative screening and ESG integration, which together 18 

amounted to over USD 37 trillion, accounting for two-thirds of the assessed sustainable investments, 19 

with novel strategies such as best-in class screening and sustainability themed investing showing 20 

significant growth, although together they accounted for a little over USD three trillion, less than six 21 
percent of the investments. Shareholder activism/corporate engagement is the other key approach, 22 

which has been well established and continued to grow to nearly USD 10 trillion (GSIA 2018). While 23 

obvious in the case of direct impact investing, questions have arisen with regard to the direct impact of 24 

sustainable finance products based on exclusion criteria and best-in-class approaches on emission 25 

reductions. This also against the background of emerging mandatory impact reporting for asset 26 

managers. While there is a lack of research on sustainable finance products, divestment impact has been 27 

assessed in more detail. Although research points towards the ambiguous direct impact of divestment 28 

on reducing GHG emissions or on the financial performance of fossil fuel companies, its indirect impact 29 

on framing the narrative around sustainable finance decisions (Bergman 2018) and the inherent 30 

potential of the movement for building awareness and mobilizing broader public support for effective 31 

climate policies, could be considered to be the more relevant outcomes (Braungardt et al. 2019). 32 

Arguments against divestment point to its largely symbolic nature with minimal impact on tangibly 33 

achieving climate goals, but Braungardt et al. (2019) elaborate on the broader positive impacts of 34 

divestment, which includes its ability to stigmatise and reduce the power of the fossil fuel companies 35 

on policy-making and spur climate action as a moral imperative, and the potential of the approach to 36 

mitigate systemic financial risks arising due to climate change and address the legal responsibilities of 37 

investors merging in this regard. As there is still at best an emerging trend of price premiums for green 38 

investments in the market, as seen in the green bonds market (see Section 15.6.6), the broader impact 39 

of sustainable investment initiatives could play a key role in strengthening the demand and supply of 40 
such investment opportunities for the near future. 41 

Based on currently available data for fund managers, exclusion criteria as well as best-in-class 42 

approaches have focused primarily on the current performance of companies rather than taking a 43 

forward-looking approach as needed to assess the alignment with long-term global goals. This 44 

highlights the need for more extensive ESG disclosure on a corporate level. Challenges remain with 45 

regard to standardised definitions of sustainable investment opportunities, which also vary depending 46 

on social norms and pathways. The ongoing shift towards sustainable investment strategies and 47 
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increased sustainable development awareness in the financial sector points to the ability of civil society 1 

movements, such as the divestment campaign, to influence investor behaviour to an extent, especially 2 

if backed by regulatory or policy measures. In its status report, TCFD stated that over 1,500 3 

organisations, representing a combined market capitalisation of USD 12.6 trillion and around USD 150 4 

trillion in assets, have expressed their support for adopting TCFD recommendations for integrating 5 

climate risk assessments and disclosing these (TCFD 2020). Research, focused on developed 6 

economies, indicates towards a positive relation between ESG criteria and disclosure, and economic 7 

sustainability or corporate financial performance of a firm (Friede et al. 2015; Alsayegh et al. 2020; 8 

Giese et al. 2019) and that sustainable finance initiatives, such as divestment doesn’t adversely impact 9 

investment portfolio performance (Trinks et al. 2018; Henriques and Sadorsky 2018). However, studies 10 

show that ESG investors and those investing in asset classes such as green bonds, are largely doing so 11 

at present for the non-financial business case, with incentives including an ability to attract new category 12 

of customers and opportunity to invest in verified green or sustainable projects, rather than for a tangible 13 

financial advantage in the form of higher returns (Maltais and Nykvist 2020; van Duuren et al. 2016). 14 

This further illustrates the importance of changing demand patterns and raising awareness among asset 15 

owners. 16 

The indications of the growing greening of the finance sector is further reiterated by the spate of recent 17 

announcements by leading finance institutes in the developed economies, ranging from investment 18 

funds like BlackRock’s new climate-aligned investment strategy (Black Rock 2020) and Barclays 19 

ambition to be a net zero bank by 2050 (Barclays 2020). Further, investor led collaborative initiatives 20 

too are paving the way for growing sustainable investments, including Climate Action 100+, the 21 

Sustainable Banking Network and the One Planet initiative, with each being backed by over USD 30 22 

trillion in assets . Most recently, the Net Zero Asset Managers initiative was launched, with the 30 23 
founding signatories with over USD 9 trillion worth of assets under management, committing to net 24 

zero GHG emissions by 2050 (IPE 2020). It should be noted that integration of ESG criteria and 25 

disclosures on their own are unlikely to enable climate-aligned investments, especially in the emerging 26 

economies, as support and clear direction from regulatory and policy mechanisms are required to drive 27 

institutional investors at large (Ameli et al. 2019).  28 

15.4. Financing needs 29 

15.4.1. Definitions and qualitative assessment of financing needs  30 

Financing needs are discussed in various contexts only one being international climate politics and 31 

finance. Also, financing needs are used an indicator for required system changes (when compared to 32 

current flows and/or asset bases) and an indicator for near- to long-term investment opportunities from 33 
the perspective of investors and corporates. Investment needs are widely used as an indicator focussing 34 

on initial investments required to realise new infrastructure. It compares relatively well with private 35 

sector flows which are dominated by return-generating investments but lacks comparability and 36 

explanatory power with regard to the needs in the context of international climate cooperation where 37 

considerations on economic costs play a stronger role. Chapter 12 elaborates on global economic cost 38 

estimates for various technologies, which as a stand-alone indicator suffers from various disadvantages 39 

as well. In addition, there are financing needs not directly related to the realisation of physical 40 

infrastructure and which are not covered in both, investment and cost estimates. For instance, the need 41 

for building institutional capacity might not be significant, but an enabling environment for future 42 

investments would not be established without satisfying it. Moreover, comprehending financial needs 43 

for addressing loss and damage can hardly be measured in terms of the indicators introduced before.  44 

Understanding the magnitude of the challenge to scale-up finance in sectors and regions requires a more 45 

comprehensive (and qualitative) assessment of the needs. For finance to become an enabler of the 46 
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transition, domestic and/or international public interventions can be needed to ensure a sufficient supply 1 

of finance across sectors, regions and stakeholders. The location of financing needs and vicinity to 2 

capital matter given home bias, transaction costs and risk considerations. Most of the finance is 3 

mobilised domestically but the depth of capital markets is substantially greater in developed countries 4 

increasing the challenges to mobilise substantial volumes of additional funding for many developing 5 

countries. The same applies to various stakeholders with limited connections into the financial sector. 6 

In addition, enabling financial market frameworks, guidelines and supportive infrastructure by 7 

governments is crucial for inclusive finance for the bottom of the pyramid (BoP), especially 8 

disadvantaged and economically marginalised segments of society. 9 

The attractiveness of a sector and/or region for capital markets depend on a number of factors. Some 10 

important elements are the payback period and profile as long payback periods and heavily 11 

heterogeneous returns represent challenges in the financing of mitigation technologies and policies. 12 

After the financial crisis and restricted access to long-term debt, a long payback period of investment 13 

opportunities for mitigation technologies has been a crucial challenge. Also, implicit discount rates 14 

applied during the investment decision process vary depending on the payback profile, with research 15 

particularly covering the difference between the financing of assets generating revenues versus costs 16 

(Jaffe et al. 2004; Schleich et al. 2016).  In addition, a low correlation between the project and 17 

dominating asset classes might provide an opportunity in climate action by satisfying the appetite of 18 

institutional investors, which tend to manage portfolios with consideration of the Markowitz modern 19 

portfolio theory (Marinoni et al. 2011). Transaction cost is an important barrier creating challenges on 20 

the diffusion and commercialisation of low-carbon technologies and business models but also 21 

adaptation action. High transaction costs, attributed from various factors, such as complexity and 22 

limited standardisation of investments, limited pipelines, complex institutional and administrative 23 
procedures, create significant opportunity costs (IRENA 2016; Nelson et al. 2016; Feldman et al. 2018). 24 

For example, challenges of transaction costs are commonly observed in small-scale, dispersed 25 

independent renewable energy systems, especially in a rural area, and energy efficiency projects 26 

(Hunecke et al. 2019). A stronger standardisation and alignment of power purchase agreement terms 27 

with best practices globally has led to a substantially increased interest of capital markets also in less 28 

developed countries. Notably, Power Purchase Agreement (PPA) significantly increase the probability 29 

for more balanced investment and development outcomes and ultimately more sustainable independent 30 

power projects in African countries.  Therefore, lowering transaction costs would be essential for 31 

creating investor appetite. The role of intermediaries bundling demand for financing has been 32 

demonstrated to reduce transaction costs and to reach the critical size for investors. In addition, new 33 

innovative approaches, such as fintech and blockchain (see Section 15.6.8), have been discussed for 34 

providing new opportunities in the energy sector. Decentralisation of the system based on blockchain 35 

technology allows all participant to enter and make transactions in the network without third-party 36 

intermediaries and consequently increase transparency and reduce transaction costs (IRENA 2019b; 37 

Schletz et al. 2020).  38 

Economic viability of investments – ideally not relying on the pricing of positive externalities – has 39 

been a key driver of momentum in the past. The falling technology costs and the competitiveness of 40 

renewable technologies, especially of solar and wind, has been accelerated the deployment of renewable 41 

technologies over the past years, and renewable energy technologies now often competitive in selected 42 

markets, even without financial support from the public sector (IEA 2020b; FS-UNEP Centre and 43 

BNEF 2015, 2016, 2017, 2018, 2019) and without pricing of the avoided carbon emissions. In contrast, 44 

the dependency on regulatory interventions and public financial support to create financial viability has 45 

provided a source of volatile investor appetite. The annual volume of renewable investment by country 46 

often volatiles reflecting ending and new regulations and policies (IEA 2019a). For example, the recent 47 

Chinese policy direction towards tougher access to and a substantial cut in feed-in-tariff in 2018 led the 48 

significant drop in renewable investment and new capacity addition in China (Hover 2020; FS-UNEP 49 
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Centre and BNEF, 2019). Investors had proven to be willing to work with transparent support 1 

mechanisms, such as with the Clean Development Mechanism (CDM), which stimulated emission 2 

reductions and by allowing industrialised countries to implement emission-reduction projects in 3 

developing countries to meet their own emission targets. However, the collapse of carbon markets and 4 

prices, especially of EU ETS, led to the continuous decline of CER issuances from CDM in the past 5 

years (World Bank Group 2020a).  Also, the dependency on regulatory intervention to ensure fair 6 

market access only has proven to burden investor appetite.  7 

A significant share of investment needs in heavily regulated sectors, such as electricity, public transport, 8 

and telecom, emphasises the importance of regulatory intervention, such as ownership and market 9 

access (OECD 2017). The regulated ownership of the private sector contributed to the low level of 10 

investment in infrastructure research and innovation (European Commission 2017). Moreover, changes 11 

in regulation may create uncertainty of investment, and barriers to market entry and exit also potentially 12 

limit the competition in the market and restrict the entrance of new investment (EIB 2016).  13 

The positive development in the energy sector has clearly benefitted from the clear stand-alone 14 

character of renewable energy generation projects. These greenfield type projects were realised by first 15 

movers with investors and developers acting from conviction. Such action is not possible to this extent 16 

in the field of energy efficiency with related investment rather representing an add-on component and 17 
consequently requiring the support of decision-makers used to business as usual projects. Despite 18 

improvement of energy efficiency having a number of benefits that can contribute to curbing energy 19 

consumption, mitigating greenhouse gas emissions, and providing multiple co-benefits (IEA 2014), 20 

investment in energy efficiency is at a low priority for firms, and the financial environment is not 21 

favourable due to lacking awareness on energy efficiency by financial institutions, existing 22 

administrative barriers, lack of expertise to develop projects, asymmetric information, and split 23 

incentives (UNEP DTU 2017; Cattaneo 2019). While Energy Service Companies (ESCO) business 24 

model is expected to facilitate the investment in energy efficiency by sharing a portion of financial risk 25 

and providing expertise, there has been limited progress made with ESCO business models, and only 26 

slightly over 20% of projects used financing through ESCOs (UNEP DTU 2017).  27 

The investment needs and existing challenges differ by sector as each sector has different characteristics 28 

along the arguments listed above making the supply of finance by commercial investor an enabling 29 

factor or barrier. In the transport sector, transformation towards green mobility would provide 30 

significant co-benefits for human health through the reduction of transport-related air pollution, so the 31 

transport sector cannot achieve such transformation in isolation with other sectors. A significant 32 

involvement of the public sector in many transportation infrastructure projects, however, is given and 33 

the absence of a standard solution increases transaction costs (including bidding package, estimating, 34 

drawing up a contract, administering the contract, corruption and so on). In the agriculture sector, 35 

financial constraints, including access to sufficient and adequate finance, pose a significant challenge, 36 

especially for SMEs and smallholder farmers. The distortion created by government failure and a lack 37 

of effective policies create barriers to financing for agriculture, and the inability to manage the impact 38 

of the agriculture-related risks, such as seasonality, increases uncertainty in financial management. 39 

Moreover, inadequate infrastructure, such as electricity and telecommunication, makes financial 40 

institutions to reach agricultural SMEs and farmers difficult and increases transaction costs (World 41 

Bank Group 2016). Low economies of scale, low bargaining power, poor connectivity to markets, and 42 

information asymmetry also lead to higher transaction cost (Pingali et al. 2019). In other industrial 43 

manufacturing and residential sector, gaining energy efficiency remains one of the critical challenges. 44 

Investment in achieving energy efficiency encounters stringent hurdles when it may not necessarily 45 

generate direct or indirect benefits, such as increase in production capacity or productivity and 46 

improvement in product quality. Also, early-stage, high upfront cost and future, stable revenue stream 47 

structure suggest the needs for a better enabling environment, such as a strong financial market, 48 
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awareness of financial institutions, and regulatory frameworks (e.g., stringent building codes, incentives 1 

for ESCOs) (Barnsley et al. 2015; IEA 2014). 2 

15.4.2. Quantitative assessment of financing needs 3 

Multiple stakeholders prepare and present quantitative funding needs assessments with methodologies 4 

applied varying significantly. The differences relate to the scope of the assessments with regard to 5 

sectors, regions and time periods, top-down versus bottom-up approaches as well as methodological 6 

issues around boundaries of climate related investment needs, in particular full vs incremental costs and 7 

the ex/inclusion of consumer level investments. In particular, for top-down approaches modelling 8 

assumptions are often heavily standardised with a strong focus on technology costs. Only limited global 9 

analysis is available on incremental costs and investments, which reflects the reality of developing 10 

countries and can serve as a robust basis for negotiations about international public climate finance. The 11 

focus on investment costs does not allow a decent analysis of the need for international public funding 12 

to create viable investment cases on the one hand and the potential for private sector financing on the 13 

other hand (Clark et al. 2018).  14 

The yearly analysis of  renewable power generation costs carried out by the International Renewable 15 

Energy (IRENA) demonstrates the extremely broad ranges of LCOE (equal to the agreed auction prices 16 

and power purchase agreement tariffs) for renewable energy projects (IRENA 2020a). For example, the 17 

5th and 95th percentile range of LCOE for utility-scale PV projects in 2019 ranged from 0.052 USD 18 

kWh-1 to 0.190 USD kWh-1. In addition, the modelling community has underestimated repeatedly 19 

economies of scale with assumptions on future technology prices. This has led to very conservative 20 

assumptions when it comes to competitiveness of low-carbon technologies, limited consideration of the 21 
momentum created by falling technology costs and high investment forecasts despite conservative 22 

assumptions on for example renewable energy capacity to be added. Figure 15.7 below illustrates the 23 

range of current technology cost assumptions for 2020, 2030 and 2050, exemplary for solar PV and 24 

onshore wind. 25 

  

 

Figure 15.7: Cost assumptions IRENA and IAM for PV and Wind in 2020/2030/2050 

Note: Current capital  cost assumptions for 2020, 2030 and 2050, exemplary for solar PV and Wind 

onshore technologies based on the models comprised from the AR6 Integrated Assessment Model (IAM) 
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scenarios database (for end-of-the-century peak temperature range: 1.75°C-2.25°C) derived in chapter 

3 and current world market prices as well as IRENA forecasts (<2°C). 

Blue bars: Range of 15 IAMs. Green bars: Range of IRENA models. Square represent mean value IAM. 

No mean available for IRENA for 2030 and 2050, square represents the middle of min and max 

 

Usually, standardised assumptions are applied on soft costs, like balance-of-system (BOS) costs and 1 

financing costs, and do not reflect the reality of developing renewable energy projects in many 2 

developing countries (IDB 2019). Ameli et al. (2021) flag the “climate investment trap” created by 3 

inappropriate assumptions on financing costs in developing countries. Applying significantly 4 

standardised assumptions can consequently not provide robust insights for specific country groups.  5 

While IAMs mostly discuss investment needs to achieve the Paris Agreement goals or other defined 6 

scenario outcomes, other methodologies focus on concrete or foreseen demand for financing assessing 7 

current pipelines or investment needs linked to current investment programs and/or commitments. This 8 

differentiation is crucial to be made in the context of the analysis on how to close financing gaps.  9 

Using global scenarios assessed in Chapter 3 for assessing investment requirements 10 

Tables 15.2 and 15.3 present the analysis of investment requirements in global mitigation pathways 11 

assessed in Chapter 3 for key energy sectors. These pathways explore the interactions of the energy, 12 

land-use and climate system and thus help identifying required transformations in the energy sector to 13 

reach specific long-term climate targets. However, reporting of investment needs outside the energy 14 

sector was scarce reducing the explanatory power of total in the context of overall investment needs. 15 

The modelling of these scenarios is done with a variation of scenario assumptions along different 16 

dimensions (inter alia policy, socio-economic development and technology availability), as well as with 17 

different modelling tools which represent different assumptions about the structural functioning of the 18 

energy-economy-land-use systems (see “Annex C: Scenarios and modelling methods” for details). The 19 

presentation in Tables 15.2 and 15.3 focuses on the near-term (2023–2032) investment requirements in 20 

the energy sector and how this differ depending on temperature category (Table 3.6 in chapter 3 presents 21 

the data for the medium-term (2023-2052)). The results highlight both clear requirements for increased 22 

investments, and a shift from fossil generation and extraction towards renewable technologies and 23 

efficiency for more ambitious temperature categories. The substantial ranges within each of these 24 
categories reflect the existence of multiple pathways, differentiated by socio-economic assumptions, 25 

technology etc. In order to understand the likely investment requirements on a finer resolution (within 26 

a country, for a specific technology) it therefore is necessary to open up these extra dimensions to 27 

understand how investment requirements depend on a set of specific circumstances and assumptions. 28 

Limiting peak temperature to levels of 1.5°C–2°C requires rapid decarbonisation of the global energy 29 

systems, with fastest relative emission reductions occurring in the power generation sector (Luderer et 30 

al. 2018; Hirth and Steckel 2016). 31 

 32 
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Table 15.2: Global average yearly investments from 2023–2032 for Electricity supply, Energy Efficiency and Extraction 1 

This requires very fast shifts of investment as infrastructures in the power sector generally have long lifetimes of few decades. In the 1.5°C scenarios, investments 2 

into non-biomass renewables increase to over 1 trillion USD yr-1 in 2030, an increase by more than factor 3 over the values of around 250–300 billion USD yr-3 
1 that has been relatively stable over the last decade (IEA 2019a). Overall electricity generation investments increase considerably, reflecting the higher relevance 4 

of capital expenditures in decarbonised electricity systems. The higher capital intensity of low-carbon power technologies can especially create obstacles for 5 

fast decarbonisation in countries with high interest rates, which decrease the competitiveness of those technologies (Iyer et al. 2015; Steckel and Jakob 2018; 6 

Hirth and Steckel 2016). 7 
 8 

Peak  

Temp. 

 

Electricity 

 of which …       

Energy  

Efficiency   …Fossil …Nuclear …Storage …T & D  …Renewables  of which …  
Fossil 

Extraction  

 

         …Solar …Wind   

1.25–1.75  
2574 (2080;3393) 

 [31] 
 

94 (50;99)  

[31] 

141 (80;203)  

[35] 

210 (58;252)  

[28] 

812 (540;1011)  

[34] 
 

1118 (793;1569)  

[35] 
 

432 (336;800) 

 [35] 

460 (278;621) 

 [35] 
 

353 (241;546)  

[19] 
 

277 (15;319)  

[9] 

1.75–2.25  
1663 (1025;2248)  

[49] 
 

100 (70;121)  

[46] 

118 (73;153)  

[42] 

97 (33;167)  

[32] 

491 (416;779)  

[34] 
 

760 (526;1109) 

 [42] 
 

339 (267;384) 

 [42] 

220 (160;330) 

 [42] 
 

353 (284;608) 

 [23] 
 

245 (126;276)  

[3] 

2.25–2.75  
1535 (991;2228) 

[219] 
 

103 (87;146)  

[206] 

92 (74;138)  

[188] 

91 (34;183) 

 [136] 

616 (360;803)  

[155] 
 

692 (531;1025) 

 [191] 
 

298 (172;371) 

 [191] 

256 (161;372) 

 [191] 
 

375 (284;481)  

[96] 
 

11 (8;12) 

 [25] 

2.75–3.25  
1065 (644;1675) 

[63] 
 

105 (96;149)  

[52] 

59 (17;119)  

[46] 

5 (5;31)  

[18] 

335 (255;376)  

[34] 
 

488 (218;526)  

[46] 
 

158 (86;265)  

[46] 

160 (67;206)  

[46] 
 

422 (379;544)  

[42] 
 

8 (8;10)  

[10] 

3.25–3.75  
745 (580;1444)  

[110] 
 

102 (94;149)  

[91] 

60 (13;109)  

[73] 

6 (5;36)  

[26] 

335 (297;389)  

[56] 
 

462 (157;511)  

[76] 
 

158 (49;260)  

[76] 

151 (57;206)  

[76] 
 

428 (419;600)  

[66] 
 

8 (8;9)  

[14] 

3.75–4.25  
871 (573;1435)  

[50] 
 

138 (110;186) 

 [45] 

47 (4;74)  

[44] 

40 (5;94)  

[20] 

397 (333;465)  

[34] 
 

411 (221;511)  

[44] 
 

154 (78;225)  

[44] 

129 (64;206)  

[44] 
 

427 (422;469)  

[26] 
 

8 (8;8)  

[5] 

4.25–4.75  
1133 (708;1315)  

[71] 
 

198 (147;254) 

 [70] 

61 (22;75)  

[71] 

20 (9;41)  

[44] 

440 (354;522)  

[64] 
 

397 (271;446)  

[72] 
 

142 (96;179)  

[72] 

114 (72;160)  

[72] 
 

526 (428;797)  

[34] 
 

222 (8;236)  

[14] 

Note: Global average yearly investments from 2023-2032 for Electricity supply and its subcomponents, and for Fossil Fuel Extraction (in billion USD 2015). Scenarios are grouped into 

common AR6 categories (vertical axis, C1-C7). The numbers represent medians across all scenarios within one category, and rounded brackets indicate inter-quartile ranges, while the 

numbers in squared brackets indicate number of scenarios. 
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Table 15.3: Average yearly investments from 2023–2032 for Electricity Generation capacity by Regions 1 

Peak Temp. 

 Asia  
Latin America 

and the Caribbean 
 Middle East and Africa  Europe  North America  Others 

 Fossil Renewables  Fossil Renewables  Fossil Renewables  Fossil Renewables  Fossil Renewables  Fossil Renewables 

1.25–1.75  

69  

(23;78)  

[24] 

467  

(431;1123)  

[24] 

 

0  

(0;3)  

[24] 

95  

(80;231)  

[24] 

 

10  

(9;25)  

[24] 

125  

(110;201)  

[24] 

 

4  

(4;5)  

[18] 

139  

(114;206)  

[24] 

 

3  

(2;3)  

[24] 

210  

(172;282)  

[24] 

 

6  

(5;22)  

[24] 

78  

(69;276)  

[24] 

1.75–2.25  

63  

(43;80)  

[27] 

338  

(258;463)  

[27] 

 

0  

(0;1)  

[27] 

70  

(63;91)  

[27] 

 

16  

(10;29)  

[27] 

61  

(42;94)  

[27] 

 

4  

(3;9)  

[26] 

99  

(83;113)  

[27] 

 

8  

(4;18)  

[27] 

133  

(95;180)  

[27] 

 

12 

(8;14)  

[27] 

45  

(28;68)  

[27] 

2.25–2.75  

62  

(37;85)  

[150] 

299  

(235;397)  

[148] 

 

2  

(0;8) 

[149] 

71  

(57;91)  

[148] 

 

18  

(10;32)  

[150] 

60  

(31;95) 

[148] 

 

5  

(4;15)  

[141] 

103  

(84;120)  

[148] 

 

7  

(4;19)  

[150] 

138  

(98;203)  

[148] 

 

11  

(7;28)  

[147] 

50  

(32;69)  

[145] 

2.75–3.25  

39  

(26;47)  

[37] 

163  

(79;242)  

[36] 

 

5  

(4;9)  

[37] 

41  

(18;58)  

[36] 

 

18  

(11;40)  

[37] 

27  

(16;34)  

[36] 

 

10  

(7;16)  

[35] 

76  

(15;98)  

[36] 

 

14  

(6;17)  

[37] 

80  

(50;123)  

[36] 

 

13  

(9;40)  

[36] 

30  

(13;49)  

[35] 

3.25–3.75  

38  

(25;40)  

[59] 

123  

(82;202)  

[58] 

 

4  

(4;10)  

[59] 

27  

(12;57)  

[58] 

 

18  

(15;44)  

[59] 

20  

(13;30)  

[58] 

 

10  

(7;16)  

[57] 

44  

(11;97)  

[58] 

 

16  

(12;19)  

[59] 

62  

(27;100)  

[58] 

 

13  

(9;30)  

[55] 

21  

(11;44)  

[54] 

3.75–4.25  

61  

(39;110)  

[37] 

120  

(80;184)  

[36] 

 

5  

(3;9)  

[37] 

44  

(12;57)  

[36] 

 

21  

(16;28)  

[37] 

24  

(10;39)  

[36] 

 

10  

(4;16)  

[37] 

46  

(11;84)  

[36] 

 

16  

(10;20)  

[37] 

73  

(50;95)  

[36] 

 

18  

(11;27)  

[35] 

14  

(7;23)  

[34] 

4.25–4.75  

115  

(73;146)  

[50] 

144  

(112;186)  

[47] 

 

7  

(4;19)  

[50] 

54  

(35;57)  

[47] 

 

31  

(25;43)  

[50] 

30  

(18;41)  

[47] 

 

10  

(6;17)  

[50] 

77  

(43;90)  

[47] 

 

23  

(14;40)  

[50] 

66  

(43;78)  

[47] 

 

20  

(16;29)  

[49] 

13  

(11;17)  

[46] 

Note: Average yearly investments from 2023-2032 for Electricity Generation capacity, by aggregate regions (in billion USD 2015). The numbers represent medians across all scenarios 

within one category, and rounded brackets indicate inter-quartile ranges, while the numbers in squared brackets indicate number of scenarios. Renewable totals are energy supply 

investment of non-biomass renewables. 

 
 2 
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The regional pattern of power sector investments broadly mirrors the global picture. What is apparent 1 

however, is that the bulk of investment requirements corresponds to medium- and low-income countries 2 

such as Asia, Latin America and Middle East and Africa, as these not only need to replace existing 3 

fossil generation capacity, but additionally still have growing energy demands. Global electricity 4 

demand is projected to increase by up to 75% from 2015 to 2030, with the bulk of this increase being 5 

located in low- and medium-income countries where demand today is still considerably lower than the 6 

global average. This illustrates an important opportunity for ensuring the build-up of sustainable energy 7 

infrastructures in these regions, but also constitutes a risk of additional carbon lock-in if investments 8 

into fossil infrastructures especially coal-fired power plants continue. 9 

Quantitative analysis of investment needs in energy generation and efficiency based on AR6 10 
scenario database and IRENA data. According to IRENA, government plans in place today call for 11 

investing at least 95 trillion USD in energy systems over the coming three decades (2016–2050) 12 

(IRENA 2020b). Redirecting and increasing investments to ensure a climate-safe future (Transforming 13 

Energy Scenario) would require reaching 110 trillion USD by 2050, or around 2% of average annual 14 

GDP over the period. Of that total, over 80% need to be invested in renewables, energy efficiency, end-15 

use electrification, and power grids and flexibility. If viewed in annual terms, 3.2 trillion USD needs to 16 

be invested in the global energy system every year to 2050. That compares to recent historical 17 

investment (2017–2019) in the energy system of around 1.8 trillion USD yr-1 (IEA 2020c), and 2.9 18 

trillion USD yr-1 in a reference scenario (Planned Energy Scenario) based on governments’ current 19 

energy plans and other planned targets and policies (as of 2019), including Nationally Determined 20 

Contributions under the Paris Agreement. While cumulative global energy investment by 2050 for a 21 

Transforming Energy Scenario would cost 15 trillion USD more than the Planned Energy Scenario 22 

(16% higher), its overall composition would shift decisively away from fossil fuels (Figure 15.8). 23 

 24 

Planned Energy Scenario investments Transforming Energy Scenario investments  

 

Figure 15.8: Cumulative Energy investments between 2016-2050 

Note: Cumulative energy sector investments over the period between 2016 and 2050 for both scenarios. 

The ‘gap’ would be around 15 trillion USD, ‘only’ a 16% higher than expected / need to align IAM and 

IRENA data and explain differences if this chart should remain in. Numbers based on IRENA analysis 

(IRENA 2020). New investment priorities: renewables, efficiency and electrification of heat and 

transport. 
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Renewables and associated infrastructure account for nearly half of the difference in total investment, 1 

with energy efficiency and electrified transport and heat applications absorbing the rest. Investment to 2 

build up renewable power generation capacity needs to be twice as high as currently foreseen, reaching 3 

22.5 trillion USD by 2050 (Figure 15.8). With solar and wind power on the rise, grid operators need 4 

new equipment to make the whole power system operate flexibly. Some of the solutions are market 5 

based, while others require investment in modern technology solutions. Quick-ramping thermal 6 

generation back-ups, pumped hydro, reinforced transmission and distribution grids, digital control 7 

equipment, vastly expanded storage capacity, and demand-side management through heat pumps, 8 

electric boilers and behind-the-meter batteries are just some of the areas for power system investment. 9 

Energy efficiency requires investments of 1.1 trillion USD yr-1, more than four times the present level. 10 

Roughly in line with investment patterns over the last nine years, solar and wind technologies would 11 

lead the way in the transformation of the global electricity sector. In the context of total installed 12 

capacity by 2050, much greater capacity expansion would be needed for solar PV (8,000–9,000 GW) 13 

as compared to wind (5,500–6,000 GW).  Overall, electricity generation investments increase 14 

considerably, reflecting the higher relevance of capital expenditures in decarbonised electricity systems. 15 

Quantitative analysis of investment needs in other sectors. As described above investment needs in 16 

non-energy sectors tend to be ignored in many integrated assessment models with studies for individual 17 

countries or regions providing a more fragmented picture only. However, the quality of estimates is 18 

likely not to be less robust given the drawbacks of integrated assessment models. 19 

For the transportation sector, OECD has presented the most comprehensive assessment of financing 20 

needs in the AR6 database based on IEA data with the annual average coming in at 2.7 trillion USD in 21 

the 2°C (66%) scenario. The assessment comprises road, rail and airports/ports infrastructure with only 22 

rail infrastructure being considered in our analysis. Financing needs for vehicles but also charging 23 

infrastructure are not reflected in these numbers. Current flows as reported by CPI include both, 24 

charging infrastructure and household investments in electric vehicles which became a major driver of 25 

increased private sector investments in mitigation in the last few year representing nearly 70% of private 26 

sector finance and 23% of total funding to the transport sector. The Food and Land use Coalition 27 

estimates additional investment needs for ten critical transitions for the global food and land use systems 28 

to achieve the LTGG and SDGs. Additional annual investment needs until 2030 add up to USD 300–29 

350 billion USD. Considering the three of the ten transitions grouped under nature-based solutions only, 30 

annual investment needs would come in between 90–115 billion USD. However, given the strong 31 

interlinkage of the presented transitions and accumulated effects, climate change related investments 32 

can hardly be separated (The Food and Land Use Coalition 2019). Shakhovskoy et al. (2019) present 33 

an overview of financing needs of small-scale farmers globally, however, without focusing on the 34 

required climate related investments. According to their assessment 270 million smallholder farmers in 35 

South/South-East Asia, sub-Sahara Africa and Latin America face approximately 240 billion USD of 36 

financing needs, thereof 100 billion USD short-term agricultural needs, 88 billion USD long-term 37 

agricultural needs and 50 billion USD non-agricultural needs (ISF Advisors 2019). These numbers can 38 

only provide “an indication of the magnitude of the climate investments required in small-scale 39 

agriculture” (CPI 2019b). The Five-Year Assessment Report of the New York Forest declaration 40 

presents some key figures on financial needs to achieve deforestation-free economies and forest 41 

restoration. Besides support for training, policy development and implementation, institution building 42 

and infrastructure, the main cost component of the first element are economic opportunity costs in the 43 

range of 5–60 billion USD (NYDF Assessment Partners 2019). Based on global cost-per-hectare 44 

estimates of FAO and the Global Mechanisms of the UNCCD, financing needs to achieve the NYFD 45 

and its 350 million hectare goal amount to 837–1,208 billion USD until 2030 ( NYDF report 2019; 46 

FAO 2015) and comes ins above the levels included in the estimates of the Food and Land use Coalition. 47 

Despite the 2020 goal of the New York declaration on Forests and the Bonn Challenge receiving 48 

sufficient pledges in 2017 (bonnchallenge.org), actual progress in restoration is much more limited with 49 
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estimates ranging from just above 26–44 million hectares until 2019 (NYDF Assessment Partners 1 

2020). Applying the average cost estimates, remaining annual financing needs in terms of restoration 2 

costs would come in around 81–84 billion USD. 3 

Adaptation financing needs. Financing needs for adaptation are more difficult to be defined with most 4 

studies choosing a more narrow scope on primarily public sector projects ignoring household level 5 

investments as well as private sector adaptation (CPI 2019a; UNEP 2018a). UNEP reports adaptation 6 

financing needs amounting to 140 to 300 billion USD yr-1 by 2030 and 280 to 500 billion USD yr-1 by 7 

2050 (UNEP 2016). They also flag the high cost of adaptation in some of the world’s poorest countries. 8 

Adaptation planning is an important (complementary or reinforcing) component of many developing 9 

countries NDCs (NAP Global Network 2017). There is increasing recognition of rising adaptation 10 

challenges and associated costs within and across Developed countries. Undoubtedly countries in the 11 

EU, the US, Canada and other are spending more on wide range of adaptation issues both as preventive 12 

measures and building resilience (greening infrastructure, climate proofing major projects and 13 

managing climate related risks) against the impacts of climate change extreme weather events (severe 14 

storms, flooding, drought, wild fires), (USGCRP 2018). Developed countries climate change adaptation 15 

spending coves areas such as federal insurance programmes, federal, state and local property and 16 

infrastructure, supply chains, water systems. The US President’s 2017 Budget estimates that the US 17 

government incurred over 357 billion USD in direct costs because of weather-related disasters in the 18 

last decade1. The EU will be affected by heavy precipitation events and floods, more frequent heat 19 

waves, retreating glaciers and changing terrestrial ecosystems (European Parliament 2018). At EU 20 

level, there is a target of 20% for 2014 to 2020, Multi-annual Financial Framework for climate related 21 

expenditures and climate change adaptation actions are integrated into all the major EU spending 22 

Programmes (Climate ADAPT 2020)2. Since Paris Agreement and in alignment with SDGs, this target 23 

has been increase to at least 25% of expenditures contributing to climate objectives (2021–2027).  24 

Resilience and disaster response needs. It is widely agreed that ‘disasters are increasing and their 25 

costs are growing’ (Watson et al. 2015); they are also a threat to sustainable development, poverty 26 

reduction, and SDGs (UNISDR and WMO 2012; UN ESCAP 2017, World Bank 2019, OECD and 27 

World Bank 2016). Between 1978 and 1997, the direct economic losses from disasters were valued 28 

between 895 billion USD2017 and 1,313 billion USD2017 and between 1998 and 2017 direct economic 29 

                                                           

FOOTNOTE 1 According to the US’ Government Accountability Office (GAO), there is no accurate accounting 

of US expenditures on climate change (GAO 2018). Hence, these figures on US climate spending are only 

indicative. For example, GAO (2018) notes that the Office of Management and Budget reported that the federal 

government spent over USD154 billion on climate-related activities since 1993; however the report cautioned that 

not all of this addressed directly climate change nor its risks. The GAO report flagged that many were only 

secondarily related to climate change. It cited for example, nuclear energy program existed ‘before serious 

concerns on climate change, but its budget was counted as climate. Of the six agencies reporting on climate change 

spending to OMB, 94% of this was not related to climate change, nor was new spending (GAO2018). 

FOOTNOTE 2 Figure for climate spending from the EU, as with the U S, should be read with care. As noted by a 

EUP report, In line with the logic of mainstreaming the climate objectives into all EU policies, there are no 

dedicated budgetary chapters or lines allowing for the immediate identification of related expenditure (European 

Parliament 2018). The Commission has developed a methodology for tracking the climate-related expenditure, 

using existing international standards, such as those of the OECD, as a reference. It relies on the concept of 

indicators attributed to financial envelopes for specific programmes and policy areas according to their significant 

(100%), moderate (40%) or insignificant (0%) contribution towards climate change objectives. Based on the 

percentages attributed, the total amount spent on climate change can be then indicated. Implications and 

limitations of these methodology should be duly taken into account when using the resulting figures. For instance, 

the same expenditure may by tracked for more than one priority (e.g. both climate and biodiversity). Research by 

argues that made to disaggregate the EU funding for mitigation and adaptation (Forster et al. 2017). Based on the 

results, programmes focused on mitigation actions would correspond to 59% of the EU spending on climate, and 

those focusing on adaptation - to 41%. 
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losses were valued at 2,908 billion USD2017 (CRED and UNISDR 2018). Climate change and climate-1 

related losses increased from 68% of losses in the 1978–1997 period to 77% of losses in the 1998–2017 2 

period (CRED and UNISDR 2018). The real cost to the global economy over the last twenty years is 3 

520 billion USD yr-1 and 26 million people impoverished (CRED and UNISDR 2018). Disaster 4 

preparedness, disaster risk reduction and building resilience are hence critical for sustainable 5 

development and allowing response to the effect for climate change.  6 

Financing needs for mitigation and adaptation components of NDCs. Information on investment 7 

needs and financing options in NDCs is heavily heterogeneous. 122 out of 160 NDCs provide some 8 

information on finance with the need for predictable financing support being a major aspect flagged 9 

most developing countries NDCs (Zhang and Pan 2016). Approximately half of those include 10 

quantitative data on financial support needed with Zhang and Pan calculating a total demand of 4.6 11 

trillion USD by 2030. Given that conditionality is not well defined across NDCs and cost estimate 12 

assumption varying heavily, the calculation of aggregated cost appears questionable (Pauw et al. 2020).  13 

Estimates for the implementation of renewable energy targets in NDCs point out to around 1.7 trillion 14 

USD will be needed by 2030, or on average almost 110 billion USD yr-1 (IRENA 2017). More than 15 

70% of total investment needed (or 1.2 trillion USD) will have to be mobilised to implement the 16 

unconditional targets. A further 500 billion USD will be required in developing countries in the form 17 

of international finance to support the conditional targets. 50 non-Annex I countries have included 18 

financial data for adaptation, accumulating to more than 50 billion USD yr-1 for 2020–2030 (see NDC 19 

explorer by Pauw et al. (2016)). As NDCs do not yet come in at the level required reaching 1.5°C, 20 

financing needs remain below those resulting from IAM 2°C and 1.5°C scenarios. 21 

Over 100 countries included adaptation component in their intended NDCs (INDCs) and approximately 22 

25% of these referenced national adaptation plan (NAP) (GIZ 2017a). While estimate of the amount of 23 

financing required for NAP processes is not available (NAP Global Network 2017), these NAPs, as 24 

formally agreed under the UNFCCC in 20103, iterative, continuous processes that have two important 25 

stages that require both operating and investment costs financing: developmental phase require or is 26 

more dependent on domestic sources of finances such as fiscal instruments (additional tax revenues, 27 

bond issue or debt conversion or redistribution of domestic resources from subsidy and subsidy reform. 28 

In some cases, developing countries are developing domestic climate funds as financial vehicles to 29 

support national and subnational adaptation planning process. 30 

Bottom-up analysis and pipelines. Current pipelines and expected investment opportunities naturally 31 

remain below the amounts presented above but provide some snapshots on implementation progress. 32 

The International Finance Corporation (IFC) presented a portfolio of 23 trillion USD climate-related 33 

investment opportunities for 2016–2030 for 21 emerging countries with the building sector in East Asia 34 

Pacific accounting for approximately 50% of the portfolio (IFC 2016). Estimating the investment needs 35 

to achieve cities’ current mitigation goals to 2030, IFC derives financing opportunities with a value of 36 

29.4 trillion USD globally by 2030 in cities (IFC 2018a), again driven by opportunities in the green 37 

buildings sector. Further narrowing the scope with regard to readiness for implementation, concrete 38 

project pipelines can provide some indications. The Green Climate Fund’s monthly pipeline report 39 

                                                           

FOOTNOTE 3 The NAP was established under the Cancun Adaptation Framework of the Cancun Agreements 

(Decision 1 CP.16, 2010) which focused on enabling effective adaptation planning in LDCs, and allow other 

developing countries to use the same modalities to support the formulation of NAPs (UNFCCC 2011). The NAP 

process has two-fold objectives: 1) ‘to reduce vulnerability to the impacts of climate change, by building adaptive 

capacity and resilience’ and 2) ‘to facilitate the integration of climate change adaptation, in a coherent manner, 

into relevant new and existing policies, programmes and activities, in particular development planning processes’ 

(UNFCCC 2012). Related decision on adaptation planning and its implementation was included in the Paris 

agreement Article 7., para 5, (UNFCCC 2016). 
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presents 435 projects requiring 76.59 billion USD of funding in November 2020 (Green Climate Fund 1 

2020). 2 

 3 

15.5. Considerations on financing gaps and drivers 4 

15.5.1. Definition of finance gaps and dimensions to be considered  5 

The analysis of financial flows is used to measure implementation action and mitigation impact on the 6 

one hand (FS-UNEP Centre and BNEF 2019) as a prerequisite of climate action on the other hand, in 7 

particular in the context of research papers on barriers for climate action. Finance gap usually discussed 8 

as a demand-side challenge with very rare discussions on challenges to deploy funds (e.g. Ramlee and 9 

Berma 2013). 10 

With most analysis focusing on accumulated investment needs until 2030 or 2050, the term ‘funding 11 

gap’ requires a clear and robust definition taking into the different time horizons in the context of needs, 12 

demand and supply of financial flows for climate action. Current flows come in significantly below 13 

(average and accumulated) future needs using the numbers presented in the previous sections. This 14 

could result in a significant gap in future if funding cannot be scaled up substantially which is discussed 15 

below as ‘Potential future financing gaps based on current flows’. Due to highly heterogeneous 16 

financing data in NDCs and resulting questions marks behind the accumulated numbers on financing 17 

needs we refrain from performing a comparable analysis against current flows.  18 

The following quantitative analysis can and does not differentiate between financing gaps driven by 19 

barriers within or outside the financial sector while these considerations are crucial for the interpretation 20 
of results. Assuming investment needs derived from integrated assessment models as presented above 21 

represent the efficient allocations, any undersupply of finance would represent inefficiency in the sense 22 

of broader economic literature. The UNEP Adaptation Finance report (UNEP 2018a) defines a barrier 23 

as ‘a friction that prevents socially optimal investments from being commercially attractive’ (UNEP FI 24 

and FS 2016). As already discussed, and noted in AR5 (i.e. Low-Carbon-Policy-Risks, lack of long-25 

term capital, cross-border currency fluctuation, and pre-investment costs), barriers within the financial 26 

sector are in particular relevant for private sector funding. It comprises short-termism (e.g. Robins and 27 

McDaniels 2016), high perceived risks for mitigation relevant technologies and/or regions (information 28 

gap through incomplete/asymmetric information, e.g. Clark et al. 2018), lack of carbon pricing effects 29 

(e.g. Best and Burke 2018), home bias (results in limited balancing for regional mismatches between 30 

current capital and needs distribution, e.g. Boissinot et al. 2016), and perceived high opportunity and 31 

transaction costs (results from limited visibility of future pipelines and policy interventions; + SME 32 

financing tickets and the missing middle, e.g. Grubler et al. 2016). In addition, barriers outside the 33 

financial sector will have to be addressed to close future financing gaps. The mix and dominance of 34 

individual barriers might vary significantly across sectors and regions and is analysed below.  35 

The interpretation of results needs to be performed, taking into account the qualitative needs assessment 36 

in Section 15.4.1, as well as the outlook for increased deployment of funds in future. In particular, the 37 

current share of and ability to attract commercial funding will be crucial to assess the necessity for 38 

(international) public funding. The scale-up of commercial finance will be heavily dependent on the 39 

relative attractiveness of climate investments compared to other investment opportunities. With some 40 

institutions having announced climate finance commitments and/or targets (see also Box 15.5 41 

Measuring progress towards the 100 billion USD yr-1 by 2020 goal: issues of method), the actual asset 42 

allocation including sectoral and regional focus will respond to tangible and financially viable 43 

investment opportunities available in the short-term. Robust long-term pathways to create such 44 
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conditions for a significant private sector involvement do rarely exist and expectations on private sector 1 

involvement in some critical sectors/regions might be too high (Clark et al. 2018). 2 

15.5.2. Gaps identified with regard to sectors and regions 3 

Against the background of multiple challenges with regard to the comparability of and level of detail 4 

provided in IAMs and sectoral studies, a detailed illustration on overall financing needs can have an 5 

indicative character only. Depending on the context, very different comparative analyses might be 6 

appropriate (see also Section 15.4.1). Therefore, the following chart (Figure 15.9) should only be read 7 

in connection with the key findings below:  8 

Total funding for mitigation remains significantly below estimated needs by around five times with 9 

significant gaps existing across sectors and regions requiring compounded average growth rates of at 10 

minimum 15% to reach the average investment needs until 2025. However, financing needs in terms of 11 

required investments have any little explanatory power in terms of the magnitude of the challenge to 12 

mobilise funding. In addition to measurement challenges from different definitions and data gap, sectors 13 

and regions offer highly divergent financial risk-return profiles and economic costs as well as 14 

standardisation, scalability and replicability of investment opportunities as basis for private sector 15 

investment appetite. Moreover, soft costs and institutional capacity for enabling environment that can 16 

be prerequisite for addressing financing gap are ignored when focusing on investment cost needs. 17 

The renewable energy sector attracted by far the highest level of funding in absolute and relative terms 18 

with business models in generation being proven and rapidly falling technology costs driving the 19 

competitiveness of solar photovoltaic and on-shore wind even without taking account the mitigation 20 

component (FS-UNEP Centre and BNEF 2019a; IRENA 2020a). This investment activity comes in line 21 

with the first generation of NDCs and their heavy focus on mitigation opportunities in the renewable 22 

energy sector (Schletz et al. 2017; Pauw et al. 2016). 23 

 

Sector  Type of Economy 

Mitigation Needs and Flows  Mitigation Needs    Needs   Flows        GDP  

 

 

  

 

 

 

 

 

Figure 15.9: Breakdown of average investment needs until 2030 

Left chart: Inner boundary represents current flows (mean average of 2017 and 2018), outer boundary 

represents average mitigation investment needs until 2030. Wing area in between represents resulting 

finance gaps by sectors. The existing gaps in terms of unmet investment needs are only a single indicator to 
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be used as part of a more comprehensive (and qualitative) assessment in order to understand the 

magnitude of the challenge to scale-up finance in sectors and regions. Agriculture and Forests (145 billion 

USD) based on The Food and Land Use Coalition adjusted for higher afforestation needs based on New 

Forest Declaration Progress Reports, Energy Efficiency needs (1,099 billion USD) based on IRENA (2020), 

Electricity sector needs (974 billion USD) based on AR6 IAM database with incremental T&D and Storage 

needs representing incremental investment needs for Temperature range of 1.75°C–2.25°C over the 

average of 3.0, 3.5, 4.0 (+/- 0.5C°).  Transport needs (425 billion USD) based on estimates for new rail 

infrastructure of G20 Infrastructure Initiative, no estimates for new EVs available. Flows represent only 

mitigation pegged flows (incl. multiple objectives, which accounts around 2% of total flows) by sectors 

provided by CPI. Cross-sectoral flows such as Policy and national budget support & capacity building are 

excluded (2% of total non-Adaptation flows). 

Right chart: Emerging represents BRICS countries. Developing and developed countries by IPCC country 

classification (UN M49). Flows: Mean average of 2017 and 2018 as per CPI breakdown, trans-regional and 

non-regional flows (approximately 20% of flows) allocated pro rata. Breakdown of needs for Agriculture 

and Forests based on current Bonn Challenge commitments due to lack of better data, afforestation needs 

represent >50% of total needs, Electricity sector by Type of Economy based on AR6 IAM database, 

Energy Efficiency needs based on IRENA data, Transport needs based on Global Infrastructure Outlook 

for Rail Infrastructure needs. Total GDP 2018 in constant 2017 international dollars, World Bank 

Indicator (NY.GDP.MKTP.PP.KD). 

 1 

Comparing annual average total investments in global fuel supply and the power sector of 2 

approximately 1.61 trillion USD yr-1 in 2019 (IEA 2020c) to the investment in the Stated Policies 3 

Scenario (approximately 1.84 trillion USD yr-1) and the Sustainable Development Scenario 4 

(approximately 1.91 trillion USD yr-1) in 2030 underlines the required shift of existing capital 5 

investment rather than the need to massively increase sector allocations (McCollum et al. 2018; Granoff 6 

et al. 2016).  7 

Ensuring access to the heavily regulated electricity markets is a key driver for an accelerated private 8 

sector engagement (REN21 2019; IFC 2016; FS-UNEP Centre and BNEF 2018) with phasing out of 9 

support schemes and regulatory uncertainty being a major driver for reduced investment volumes in 10 

various regional markets in the past years (FS-UNEP Centre and BNEF 2015, 2016, 2017, 2018, 2019). 11 

Strategic investors and corporate investments by utilities dominate the investment activity in developed 12 

countries and countries in transition (BNEF 2019) based on the competitiveness of renewable energy 13 

sources. Reasonable auction results based on a substantial private-sector competition for investments 14 

have also been achieved in selected developing countries driven by rather standardised contract 15 

structures and the increased availability of risk mitigation instruments addressing political/regulatory 16 

risks and home bias constraints (IRENA 2020a; FS-UNEP Centre andBNEF 2019). DFI climate 17 
portfolios tend to be driven by concessional loans for RE generation assets with equity often being 18 

provided by (semi-) commercial investors (see Section 15.3) in which will have to change to accelerate 19 

renewable energy investment activity.  20 

The intensive capital expenditure nature and limited dispatchability of renewable energy does not  fit 21 

in a system where marginal costs drive the dispatch of electricity and are the main means to recover 22 

investment, both liberalised and regulated systems will be confronting this (IRENA 2020c). How 23 

generators of electricity and providers of flexibility services are rewarded conveys crucial information 24 

in both the short term (“Should we provide this service now?”) and the long term (“Should we invest in 25 

this system and commission a new unit?”). The failure electricity market structures to deal with this and 26 

other transition requirements saddles users with additional costs and inhibits vital new investments, 27 

often because of inefficient regulatory adjustments. Changing electricity market structures, including a 28 

potential higher share of market pricing, will change business models (Pahle and Schweizerhof 2016). 29 
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Also, investments in transmission will have to be scaled up massively. These effects will have a 1 

significant impact on transaction structures and involved investor types. 2 

Despite significant tracking issues with regard to flows, the energy efficiency financing gap has likely 3 

widened with investment opportunities remaining untapped to a large extent. This holds true for all sub-4 
segments. Sources of funding for energy efficiency projects could comprises are extremely wide with 5 

a strong role of businesses, governments and households. Green bonds have been used to finance EE 6 

improvement projects in buildings, transport and energy. Public sector investments in the transport 7 

sector have increased significantly in the past years reflecting the increased interest of capital markets 8 

in renewable energy and the efficient and corresponding reallocation of public funding. This 9 

inconsistency in methodologies at the level of needs versus current flows with regard to end user 10 

investments leads to an overstatement of current flows and a lower gap than actually given. However, 11 

the dynamics in EE spending at household levels provide some confidence that future financing needs 12 

can be addressed well.  Provision of funding by capital markets for public transport infrastructure among 13 

others heavily depend suitable financing vehicles and increased funding for development of projects 14 

with a low level of standardisation (OECD 2015c). 15 

Current funding of land-based mitigation options is less than 1 billion USD yr-1 representing only 2.5% 16 

of climate mitigation funding, significantly below the potential proportional contribution (CPI 2015). 17 
Funding needs include a scale up of REDD+ but not a full compensation of economic opportunity costs. 18 

Taking into account the rate of forest loss and limited progress made since its endorsement in 2014 19 

(NYDF Assessment Partners 2019) higher levels of opportunity cost compensation as well as a stronger 20 

focus in deforestation-free value chain, including a stronger reflection in taxonomies and financial 21 

sector investment decision processes are necessary to meet the NYFD goals. Taking into account the 22 

specifics of land-based mitigation (in particular long investment horizons, strong dependency on 23 

monetisation of mitigation effects, strong public sector involvement) a significant scale-up of 24 

commercial funding to the sector can hardly be expected (Clark et al. 2018). Agriculture is likely to 25 

develop more potential to mobilise private finance than forest sector given its strong linkage to food 26 

security and hunger and shorter payback periods. The significant gap in land-based mitigation finance 27 

also indicates the crucial lack of finance to the bottom of the pyramid. 28 

Agricultural support is an important source of distortions to agricultural incentives in both rich and poor 29 

countries (Mamun et al. 2019) ranging from largest component of the support, market price supports, 30 

increased gross revenue to farmers as a result of higher prices due to market barriers created by 31 

government policies, to production payments and other support including input subsidy (e.g. fertiliser 32 

subsidy)  (Searchinger et al. 2020). USD600 billion of annual governmental support for agriculture in 33 

the OECD database contributes only modestly to the related objectives of boosting crop yields and 34 

mitigating climate change in a just way (Searchinger et al. 2020). A review of (NDCs of 40 developing 35 

countries which submitted a NDC to the UNFCCC Interim NDC Registry by April 2017, and include 36 

within their NDC efforts to REDD+ via support from the UN-REDD Programme and/or World Bank 37 

Forest Carbon Partnership Facility) indicates that none of the countries reviewed mention fiscal policy 38 

reform of existing finance flows to agricultural commodity production or other publicly supported 39 

programmes that affect the direct and underlying drivers of land use conversion (Kissinger et al. 2019).  40 

The analysis of gaps type of economy illustrates the challenge for developing countries. Estimated 41 

mitigation financing needs as percentage of constant GDP (constant intl. dollar) comes in at less than 42 

2% for developed countries, and less than 3% for developing countries as well as BRICS. Section 15.6.2 43 
elaborates on outlooks with regard to fiscal headspace and ability to tap capital markets. A robust 44 

analysis of financing needs by country rating can hardly be performed based on the available data points, 45 

it would provide a valuable indication of the magnitude of international public finance needed.  46 

Regionally, the current focus of the global climate investment needs, policies and opportunities tends 47 
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to be on the big four (China, USA, EU-28 and India) and the G-20 generally (UNEP 2019a), but 1 

attention must accelerate on low-income Africa. This large continent currently contributes very little to 2 

global emissions, but its rapidly rising energy demands and renewable energy potential versus its 3 

growing reliance on fossil fuels and ‘cheap’ biomass (especially charcoal use and deforestation) amid 4 

fast-rising urbanisation makes it imperative that institutional investors and policy-makers recognise the 5 

very large 'leap-frog' potential for the renewable energy transition as well as risks of lock-in effects in 6 

infrastructure more general in Africa that is critical to hold the global temperatures rise to well below 7 

2°C in the longer-term (2020–2050). Overlooking this transition opportunity, rivalling China, India, US 8 

and Europe, would be costly. Policies centred around the accelerated development of local capital 9 

markets for energy transitions - with support from external grants, supra-national guarantees and 10 

recognition of carbon remediation assets - are crucial options here, as in other low-income countries 11 

and regional settings.  12 

Over 80% of climate finance is reported to originate and stay within borders, and even higher for private 13 

climate flows (over 90%) (Boissinot et al. 2016). There are multiple reasons for such ‘home bias’ in 14 

finance - national policy support, differences in regulatory standards, exchange rate, political and 15 

governance risks, as well as information market failures. The extensive home bias means that even if 16 

national actions are announced and intended to be implemented unilaterally and voluntarily, the ability 17 

to implement them requires access to climate finance which are constrained by the relative ability of 18 

financial and capital markets at home to provide such financing, and access to global capital markets 19 

that requires supporting institutional policies in source countries. ‘Enabling’ public policies and actions 20 

locally (cities, states, countries and regions), to reduce investment risks and boost domestic climate 21 

capital markets financing, and to enlarge the pool of external climate financing sources with policy 22 

support from source capital countries thus matter at a general level. The biggest challenge in climate 23 
finance is likely to be in developing countries, even in the presence of enabling policies and quite apart 24 

from any other considerations such as equity and climate justice (Klinsky et al. 2017) or questions about 25 

the equitable allocations of future ‘climate budgets’ (Gignac and Matthews 2015). The differentiation 26 

between developed and developing countries matter most on financing. Most developed countries have 27 

already achieved very high levels of incomes, have the largest pool of capital stock and financial capital 28 

(which can be more easily redeployed within these countries given the ‘home bias’ of financial 29 

markets), the most well-developed financial markets and the highest sovereign credit-ratings, in 30 

addition to starting with very high levels of per capita carbon consumption - factors that should allow 31 

the fastest adjustment to low carbon investments and transition in these countries from domestic policies 32 

alone. The financial and economic circumstances are the opposite for virtually all developing countries, 33 

even within a heterogeneity of circumstances across countries. The dilemma, however, is that the fastest 34 

rates of the expected increase in future carbon emissions are in developing countries. The biggest 35 

challenge of climate finance globally is thus likely to be the constraints to climate financing because of 36 

the opportunity costs and relative under-development of capital markets and financing constraints (and 37 

costs) at home in developing countries, and the relative availability or absence of adequate financing 38 

policy support internationally from developed countries. The Paris Agreement and commitment by 39 

developed countries to support the climate financing needs of developing countries thus continue to 40 

matter a great deal.  41 

Soft costs / Institutional capacity. Most funding needs assessments focus on technology costs and 42 

ignore the cascade of financing needs as outlined above. International grant funding or national budget 43 

allocations for soft costs like the creation of a regulatory environment can be prerequisite for the supply 44 

of commercial financing for the deployment of technologies. Such critical funding needs might 45 

represent a small share of overall investment needs but current (relatively small) gaps in funding of 46 

policy reforms can hinder/delay deployment of large volumes of funding in later years. The role, as well 47 

as the approximate volumes of such required timely international grant funding or national budget 48 

allocations, appear underestimated in research. The numbers available for the creation of an enabling 49 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-45  Total pages: 132 

environment for medium-sized RE projects in Uganda (GET FiT Uganda) are illustrative only and 1 

cannot be transferred as assumptions to other countries without taking into account potentially varying 2 

starting points in terms of institutional readiness, pipelines as well as the general business environment. 3 

GET FiT Uganda supported 170 MWp of medium-scale RE capacity triggering investments of 453 4 

million USD (GET FiT Uganda 2018), international results-based incremental cost support amounted 5 

to 92 million USD and project preparation, technical assistance, as well as implementation support, 6 

required 8 million USD excluding support from national agencies.  7 

There is strong evidence of the correlation between institutional capacity of countries and international 8 

climate finance flows towards those economies (Adenle et al. 2017; Stender et al. 2019). Also, most of 9 

the developing countries NDCs are conditional upon international support for capacity building (Pauw 10 

et al. 2020). The Climate Technology Centre and Network (CTCN) was created as an operational arm 11 

of the UNFCCC Technology Mechanism with the mandate to respond to requests from developing 12 

countries. Initial evaluations of the mechanism underpin its importance and value for developing 13 

countries but stress long lead times and predictability of future international public funding to maintain 14 

operations as key challenges (DANIDA 2018;  UNFCCC 2017). While limited pipelines, limited 15 

absorptive capacities as well as restricted institutional capacity of countries being often stated as 16 

challenge for an accelerated deployment of funding (Adenle et al. 2017), the question remains on the 17 

role of international public climate finance to address this gap and whether a concrete current financing 18 

gap exists for patient institutional capacity building. While current short-term, mostly project-related 19 

capacity building often fails to meet needs but alternative, well-structured patient interventions and 20 

funding could play an important role (Saldanha, 2006; Hope 2011) accepting other barriers than funding 21 

playing a role as well. One reason why international public climate funding is not sufficiently directed 22 

to such needs might be the complexity in measuring intangible, direct outcomes like improved 23 
institutional capacity (Clark et al. 2018).  24 

Lock-in effects. The delayed deployment of climate funding and consequently limited alignment of 25 

investment activity with the Paris Agreement will result in significant carbon lock-ins and stranded 26 

assets. This holds true for all major sectors, but in particular for energy, transport and urban 27 

infrastructure. Delaying action on accelerating the energy transition will almost double the amount of 28 

stranded assets in fossil-fuel supply infrastructure (Tong et al. 2019). Already USD 11.8 trillion in assets 29 

will need to be stranded by 2050 for 2°C world. Moreover, further delaying action for another 10 years 30 

would result in an additional 7.7 trillion USD in stranded assets by 2050. 31 

Finance for adaptation and resilience. While not covered in the quantitative analysis above, 32 

adaptation finance gaps continue to increase. The implementation of NAPs will require more and higher 33 

levels of sustained financing. Funding channels through bilateral grant based technical assistance 34 

through budgetary support or basket funding for large projects/program or sector wide approaches or 35 

multilateral funding under (Non-)UNFCCC4  are also anticipate supporting NAP implementation - 36 

particularly those involved incremental costs and co-benefits, which will include sectoral approach such 37 

as water, energy, infrastructures, food production (Fad et al 2016). But, between 2015 and 2016, only 38 

about 3% of international public finance goes to adaptation action. (with 84% of development finance 39 

institutions and 13% government (UNFCCC 2019b; Governance of Climate Change Finance to 40 

Enhance Gender Equality in Asia-Pacific 2019). To date, the private sector has limited involvement in 41 

NAP and adaptation projects and planning but can be involved though public private partnership and 42 

incentives by governments  (NAP Global Network 2017; Koh et al. 2016; Schmidt-Traub and Sachs 43 

                                                           

FOOTNOTE 4 Those under the UNFCCC such as the GCF through its 3 million USD per country readiness and 

preparatory support programme, the LDCF and the SCCF and the PPCR and ASAP are focused on supporting 

the preparatory process of the NAPs. But the Adaptation Fund will support the implementation of concrete 

projects up to 10 million USD per country. 
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2015; UNEP 2016; Druce et al. 2016). Innovative private financing mechanisms such as green bonds 1 

(Innovative Financing Initiative 2014; World Bank and PPIAF 2015; Hurley and Voituriez 2016; 2 

UNFCCC 2019b); blue bonds (or water bonds), (Holmes et al. 2014; Hurley and Voituriez 2016); 3 

impact investing funds (Global Impact Investing Network); guarantees (Hurley and Voituriez 2016) 4 

and risk financing facilities (African Risk Capacity 2016) may also be important for the implementation 5 

of adaptation actions. However, despite this optimism, the reality is that private financing account for 6 

very small percentage of adaptation financing. For example, adaptation financing is only about 2% of 7 

the share of green bond financing raised up to June 2019 (UNFCCC 2019b). Whereas it is about 10% 8 

of sovereign green bonds raised. 9 

The implementation phase of NAPs will require higher levels of sustained financing which could come 10 

from bilateral grant-based technical assistance through budgetary support or basket funding for large 11 

projects/program or sector-wide approaches. Multiple funds support of the implementation of the NAPs 12 

including the Adaptation Fund, the GCF and the Pilot Program for Climate Resilience, the MDBs and 13 

development banks. To date, the private sector has limited involvement in NAPs and adaptation projects 14 

and planning but can be involved through public-private partnership (discussed in Section15.6.2.2) and 15 

incentives by governments (NAP Global Network 2017; UNEP FI and FS 2016; Koh et al. 2016; 16 

Schmidt-Traub and Sachs 2015; UNEP 2016). Innovative private financing mechanisms such as green 17 

and blue bonds may also be important for the implementation of adaptation actions (Innovative 18 

Financing Initiative 2014; World Bank and PPIAF 2015; Holmes et al. 2014, Hurley and Voituriez 19 

2016; UNFCCC 2019b). Nonetheless, adaptation financing is only about 2% of the share of green bond 20 

financing raised up to June 2019 (UNFCCC 2019b)5 and about 10% of sovereign green bonds raised. 21 

Financing for resilience is limited and difficult to access due to complex eligibility requirements and 22 

processes (OECD and World Bank 2016). What is available is often unpredictable, fragmented and 23 

focused on few projects or sectors and short term as opposed to programmatic and long-term (10–15 24 

years) funding to build resilience (Watson et al. 2015; Kellett and Peters 2014; ISDR 2009, 2011). 25 

Disaster protection financing is focused on preparedness and is not equally available across extreme 26 

events  (Watson et al. 2015). For example, it is not readily available for drought-prone countries 27 

(Watson et al. 2015). Market-based mechanisms are available but not equally accessible to all 28 

developing countries, particularly SIDS and LDCs and such mechanisms can undermine debt 29 

sustainability (OECD and World Bank 2016). Many of these instruments as well as the very small 30 

literature on disaster financing focus on the transfer of risk through insurance and re-insurance products 31 

(Swiss Re 2008; Cummins and Mahul 2009; UNEP FI 2014; Watson et al. 2015). While resilience 32 

financing is mainly grant-funding, concessional loans are increasing substantially and are key sources 33 

of financing for disaster and resilience, particularly for upper-middle-income countries (OECD and 34 

World Bank 2016). The combination of these trends can contribute to greater levels of indebtedness 35 

among many developing countries many of who are already at or approaching debt distress. 36 

Social protection systems that can be adaptive and scalable in response to climate change events require 37 

appropriate financing mechanisms. They can be linked with a number of the instruments already 38 

considered: reserve funds, insurance and catastrophe bonds, regional risk-sharing facilities, contingent 39 

credit, in addition to traditional international aid and disaster response. Hallegatte et al. (2017) 40 

recommend combining adaptive social protection with financial instruments in a consistent policy 41 

package, which includes financial instruments to deliver adequate liquidity and contingency plans for 42 

the disbursement of funds post-disaster. Challenges related to financing residual climate-related losses 43 

and damages are particularly high for developing countries. Financing loss and damage from extreme 44 

                                                           

FOOTNOTE 5 According to climate bonds initiative, total green bond finance raised in 2018 was 168.5 billion 

USD across 44 countries (UNFCCC 2019b). 
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events requires rapid payouts; the cost of financing for many developing countries is already quite high; 1 

and the expense of risk financing is expected to increase as disasters become more frequent, intense and 2 

more costly not only due to climate change but also due to higher levels of exposure. Addressing both 3 

extreme and slow onset climate impacts requires designing adequate financial protection systems for 4 

reaching the most vulnerable. Moreover, some fraction of losses and damages, both material and non-5 

material, are not commonly valued in monetary terms [non-economic loss] and hence financing 6 

requirements are hard to estimate. These non-market-based residual impacts include loss of cultural 7 

identity, sacred places, human health and lives (Serdeczny 2019; Paul 2019). 8 

Urgency of climate action and timely provision of climate finance. In the case of the GCF, the time 9 

period until deployment is two-stepped. In the first step the time of submission to reach Board Meeting 10 

approval is on average 296 days (GCF 2020a). The second step between Board approval until contract 11 

effectiveness is on average 219 days (GCF 2020b). Determinants that are driving the time frame until 12 

disbursement are multi-folded and depending largely on regional circumstances. Considering, that co-13 

financing projects are more complex in the financial architecture more time is needed for legal 14 

obligations. Indeed, the confirmation of disbursement with co-financiers has been identified as a major 15 

challenge that leading to delays for the start of implementation. 16 

15.6 Approaches to address financing gaps 17 

Near-term actions to shift the financial system over the next decade are critically important and possible 18 

with globally coordinated efforts. Taking into account the inertia of the financial system as well as the 19 

magnitude of the challenge to align financial flows with the long-term global goals, fast action is 20 

required to ensure the readiness of the financial sector as an enabler of the transition. The following 21 

subsections elaborate on key areas which can have a catalytic effect in terms of addressing existing 22 

barriers – besides political leadership and interventions discussed in other chapters of AR6.  23 

 

Figure 15.10: Visual abstract to address financing gaps in section 15.6 
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Addressing knowledge gaps with regard to climate risk analysis and transparency will be one key driver 1 

for more appropriate climate risk assessment and efficient capital allocation (15.6.1), efficient enabling 2 

environments support the reduction of financing costs and reduce dependency on public funding 3 

(15.6.2), a revised common understanding of debt sustainability, including also negative implications 4 

of deferred climate investments on future GDP, particularly stranded assets and resources to be 5 

compensated, can facilitate the stronger access to public climate finance, domestically and 6 

internationally (15.6.3), climate risk pooling and insurance approaches are a key element of financing 7 

of a just transition (15.6.4), the supply of finance to a widened focus on relevant actors can ensure 8 

transformational climate action at all levels (15.6.5), new green asset classes and financial products can 9 

attract the attention of capital markets and support the scale up of financing by providing standardised 10 

investment opportunities which can be well integrated in existing investment processes (15.6.6), a 11 

stronger focus on the development of local capital markets can help mobilizing new investor groups 12 

and to some extent mitigate home bias effects (15.6.7), new business models and financing approaches 13 

can help to overcome barriers related to transactions costs by aggregating and/or transferring financing 14 

needs and establish supply of finance for needs of stakeholder groups lacking financial inclusion 15 

(15.6.8). 16 

15.6.1 Address knowledge gaps with regard to climate risk analysis and 17 

transparency 18 

Climate change as a source of financial risk. Achieving climate mitigation and adaptation objectives 19 

requires ambitious climate finance flows in the near-term, i.e. 5-10 years ahead. However, knowledge 20 

gaps in the assessment of climate-related financial risk are a key barrier to such climate finance flows. 21 

Therefore, this section discusses the main knowledge gaps that are currently being addressed in the 22 

literature and those that remain outstanding.    23 

Climate-related financial risk is meant here as the potential adverse impact of climate change on the 24 

value of financial assets. A recent but remarkable development since AR5 is that climate change has 25 

been explicitly recognised by financial supervisors as a source of financial risk that matters both for 26 

financial institutions and citizens’ savings (Bolton et al. 2020). Previously, climate change was mostly 27 

regarded in the finance community only as an ethical issue. The reasons why climate change implies 28 

financial risk are not new and are discussed more in detail below. What is new is that climate enters 29 

now as a factor in the assessment of financial institutions’ risk (e.g.  such as the European Central Bank 30 

or the European Banking Authority) and credit rating (see also Section 15.6.3) and, going forward, into 31 

stress-test exercises. This implies changes in incentives of the supervised financial actors, both public 32 

and private, and thus changes in the landscape of mitigation action by generating a new potential for 33 

climate finance flows. However, critical knowledge gaps remain. In particular, the underestimation of 34 

climate-related financial risk by public and private financial actors implies a reallocation of capital 35 

inconsistent with the mitigation objectives.  36 

Physical risk. On the one hand, unmitigated climate change implies an increased potential for adverse 37 

socio-economic impacts especially in more exposed economic activities and areas. Accordingly, 38 

physical risk refers to the component of financial risk associated with the adverse physical impact of 39 

hazards related to climate change (e.g. extreme weather events or sea level rise) on the financial value 40 

of assets such as industrial plants or real estate. In turn, these losses can translate into losses on the 41 

values of financial assets issued by exposed companies (e.g. equity/bonds) and or sovereign entities as 42 

well as losses for insurance companies. The assessment of climate financial physical risks poses both 43 

challenges in terms of data, methods and scenarios. It requires to cross-match scenarios of climate-44 

related hazards at granular geographical scale, with the geolocation and financial value of physical 45 

assets. The relationship between the value of physical assets (such as plants or real estate) and the 46 
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financial value of securities issued by the owners of those assets is not straightforward.  Further, the 1 

repercussion of climate related hazards on sovereign risk should also be accounted for. 2 

Transition risks and opportunities. On the other hand, the mitigation of climate change, by means of 3 

a transition to a low-carbon economy, requires a transformation of the energy and production system at 4 
a pace and scale that implies adverse impacts on a range of economic activities, but also opportunities 5 

for some other activities. If these impacts are factored in by financial markets, they are reflected in the 6 

value of financial assets. Thus, transition risks and opportunities refer to the component of financial 7 

risk (opportunities) associated with negative (positive) adjustments in assets’ values resulting directly 8 

or indirectly from the low-carbon transition. 9 

The concepts of carbon-stranded assets (see e.g. Leaton and Sussams 2011), and orderly vs. disorderly 10 

transition (Sussams et al. 2015) emerged in the NGO community, have provided powerful metaphors 11 

to conceptualise transition risks and have evolved into concepts used also by financial supervisors 12 

(NGFS 2019)  and academics. The term carbon stranded assets refers to fossil-fuel-related assets (fuel 13 

or equipment) that become unproductive. An orderly transition is defined here as a situation in which 14 

market players are able to fully anticipate the price adjustments that could arise from the transition. In 15 

this case, there would still be losses associated with stranded assets but it would be possible for market 16 

players to spread losses over time and plan ahead. In contrast, a disorderly transition is defined here as 17 
a situation in which a transition to a low carbon economy on a 2C° path is achieved (i.e. by about 2040), 18 

but the impact of climate policies in terms of reallocation of capital into low-carbon activities and the 19 

corresponding adjustment in prices of financial assets (e.g. bonds and equity shares) is large, sudden 20 

and not fully anticipated by market players and investors. Note the impact could be unanticipated even 21 

if the date of the introduction is known in advance by the market players. There are several reasons why 22 

such adjustments could occur. One simple argument is that the political economy of the transition is 23 

characterised by forces in different directions, including opposing interests within the industry, 24 

mounting pressure from social awareness of unmitigated climate risks. Politics will have to find a 25 

synthesis and the outcome could remain uncertain until it suddenly unravels. Note also that, in order to 26 

be relevant for financial risk, the disorderly transition does not need to be a catastrophic scenario in 27 

terms of the fabric of markets. It also does not automatically entail systemic risk, as discussed further 28 

down. Knowledge gaps in this area are related to emerging questions, including: What are, in detail, the 29 

transmission channels of physical and transition risk? How to assess the magnitude of the exposure to 30 

these risks for financial institutions and ultimately for people’s savings? How do transition risk and 31 

opportunities depend on the future scenarios of climate change and climate policies? How to deal with 32 

the intrinsic uncertainty around the scenarios? To what extent, an underestimation of climate-related 33 

financial risk, could feed back on the alignment of climate finance flows and hamper the low-carbon 34 

transition? What lessons from the 2008 financial crisis are relevant here, regarding moral hazard and 35 

the trustworthiness of credit risk ratings? The attention of both practitioners and the scientific 36 

community to these questions has grown since the Paris Agreement. In the following we review some 37 

of the findings from the literature, but the field is relatively young and many of the questions are still 38 

open.6 39 

Assessment of physical risk. Some estimates of losses on physical assets can be found in the literature. 40 

Significant cost increases have been observed related to increases in frequency and magnitude of 41 

extreme events (see Section 15.4.2 on financing needs). Economic losses from weather and climate-42 

related extreme events in the Europe Economic Area over the period 1980–2017 were approximately 43 

453 billion EUR (EEA 2019). Costs from urban flooding have already increased significantly in the 44 

                                                           

FOOTNOTE 6 In the context, while belonging to grey literature, reports from financial supervisors or non-

academic stakeholders, can be of interest, for what they document in terms of changes in perception and incentives 

among the market players and hence of the dynamics of climate finance flows. 
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Nordic countries (FinansNorge et al. 2013). Damages from climate change are expected to escalate 1 

dramatically in Europe (Forzieri et al. 2018) and in some EU countries there is already some evidence 2 

that banks, anticipating possible losses on the their loan books, lend proportionally less to firms exposed 3 

to climate-related hazard (e.g. floods, (Faiella and Mistretta 2020)). In the US, economic damage of 4 

climate change impacts was estimated at approximately 1.2% of GDP per increase of 1°C warming on 5 

average (Hsiang et al. 2017). At the global level, the expected ‘climate value at risk’ (climate VaR) of 6 

financial assets has been estimated to be 1.8% along a business-as-usual emissions path (Dietz et al. 7 

2016), with however, a concentration of risk in the tail (e.g.  99th VaR equals to 16.9%, or 24.2 trillion 8 

USD, in 2016). Climate-related impacts are estimated to increase the frequency of banking crises (up 9 

over 200% across scenarios) while rescuing insolvent banks could increase the ratio of public debt to 10 

gross domestic product by a factor of 2 (Lamperti et al. 2019). Further assessments of physical risk for 11 

financial assets, accounting also for the propagation of losses through financial networks, estimate 12 

global GDP losses at 7.1% (1.13%) in 2080, without adaptation (with adaptation). These correspond 13 

respectively to a 50 % and a 10-fold increase with respect to the mean present risk, which amounts to 14 

0.76% of global GDP (Mandel et al. 2020). Finally, climate physical risk can impact on the value of 15 

sovereign bonds (one of the top asset classes by size), in particular for vulnerable countries (Stampe et 16 

al. 2020). 17 

While damage costs are increasing, a significant portion of the costs are not covered by insurance. In 18 

the US, weather and climate events have had the greatest economic impact from 1980 to 2019, with 246 19 

disasters reaching or exceeding 1 billion USD in damage (National Oceanic and Atmospheric 20 

Administration (OAA) using method from Smith and Matthews (2015). In 2018, total economic losses 21 

from natural catastrophes and man-made disasters were 165 billion USD, of which 85 billion USD was 22 

covered by insurance. Insurance payouts for catastrophes have increased significantly over the last 10 23 
years, with dramatic cost spikes in years with multiple major catastrophes (such as in 2018 with 24 

hurricanes Harvey, Irma, and Maria). This trend is expected to continue as climate change results in 25 

more extreme events. The gap between total damage losses and insurance payouts has also increased 26 

over the past 10 years (Swiss Re Institute 2019). The indirect costs of climate-related flooding events 27 

can be up to 50% of the total costs, the majority of which is not covered by insurance (Alnes et al. 28 

2018). 29 

Assessment of transition risk 30 

Carbon stranded assets. Fossil fuel reserve and resource estimates exceed in equivalent quantity of 31 

CO2 with virtual certainty the carbon budget available to reach a 1.5°C and 2°C targets (McGlade and 32 

Ekins 2015; Meinshausen et al. 2009; Millar et al. 2017). In relative terms, stranded assets of fossil-fuel 33 

companies amount to 82% of global coal reserves, 49% of global gas reserves and 33% of global oil 34 

reserves (McGlade and Ekins 2015). This suggests that only less than the whole quantity of fossil fuels 35 

currently valued (either currently extracted, waiting for extraction as reserves or assets on company 36 

balance sheets) can yield economic return if the carbon budget is respected. The devaluation of fossil 37 

fuel assets imply financial losses for both the public sector (see Section 15.6.8) and the private sector 38 

(Coffin and Grant 2019). Global estimates of potential stranded fossil fuel assets amount to at least 1 39 

trillion, based on ongoing low-carbon technology trends and in the absence of climate policies 40 

(cumulated to 2035 with 10% discount rate applied; 8 trillion USD without discounting (Mercure et al. 41 

2018a). With worldwide climate policies to achieve the 2°C target with 75% likelihood, this could 42 

increase to over 4 trillion USD (until 2035, 10% discount rate; 12 trillion USD without discounting). 43 

Other estimates indicate 8–15 trillion USD (until 2050, 5% discount rate, Bauer et al., 2015) and 185 44 

trillion USD (cumulated to year 2115 using combined social and private discount rate; (Linquiti and 45 

Cogswell 2016). However the geographical distribution of potential stranded fossil fuel assets (also 46 

called ‘unburnable carbon’) is not even across the world due to differences in production costs 47 

(McGlade and Ekins 2015).  48 
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Assets directly and indirectly exposed to transition risk. In terms of types of assets and economic 1 

activities, the focus of estimates of carbon stranded assets, tend to be on physical reserves of fossil fuel 2 

(e.g. oil fields) and sometimes financial assets of fossil-fuel companies (see van der Ploeg and Rezai 3 

under review).  However, a precondition for a broader analysis of transition risks and opportunities is 4 

to go beyond the narrative of stranded assets and to consider a classification of sectors of all the 5 

economic activities that could be affected (Monasterolo 2020). This, in turn depends on their direct or 6 

indirect role in the GHG value chain, their level of substitutability with respect to fossil fuel and their 7 

role in the policy landscape. Moreover, such a classification needs to be replicable and comparable 8 

across portfolios and jurisdictions. One classification that meets these criteria is the Climate Policy 9 

Relevant Sectors (CPRS) (Battiston et al. 2017) which has been used in several studies by financial 10 

supervisors (EIOPA 2018; ESMA 2020; OeNB 2020; ECB 2019; EBA 2020). The CPRS classification 11 

builds on the international classification of economic activities (ISIC) to map the most granular level 12 

(4 digits) into a small set of categories characterised by differing types of risk: fossil-fuel (i.e. all 13 

activities whose revenues depends mostly and directly on fossil-fuel, including concession of reserves 14 

and operating industrial plants for extraction and refinement); electricity (affected in terms of input but 15 

that can in principle diversify they energy sources); energy intensive (e.g. steel or cement production 16 

plants), automotive manufacturing plants, which are affected in terms of energy cost but not in terms of 17 

the main input); transport and buildings (affected in terms of both energy sources and specific policies). 18 

All financial assets (e.g. bonds, equity shares, loans) having as issuers or counterparties firms whose 19 

revenues depends significantly on the above activities are thus potentially exposed to transition risks 20 

and opportunities. Further, investors’ portfolios have to be part of the analysis since changes in financial 21 

assets values affect the stability of financial institutions and can thus feed back into the transition 22 

dynamics itself (e.g. through cost of debt for firms and through costs for assisting the financial sector). 23 

One outstanding challenge for the analysis of investors’ exposure to climate risks is the difficulty to 24 

gather granular and standardised information on the breakdown of non-financial firms’ revenues and 25 

capex in terms of low/high-carbon activities. 26 

Given the magnitude of the assets that are potentially exposed, transition risk can have implications for 27 

financial stability both at the level of individual financial institutions, and at the macro-level. The 28 

concern that central would have to act as “climate rescuers of last resort” in a systemic financial crisis 29 

stemming from some combination of physical and transition risk has been raised (Bolton et al. 2020). 30 

Correspondingly, a concern of moral hazard arises, whereby some financial actors could have an 31 

incentive to downplay climate-related financial risk. For these reasons, several financial supervisors 32 

have conducted assessments of transition risk. For instance, the European Central Bank (ECB) reported 33 

preliminary estimates of aggregate exposures of financial institutions to CPRS relative to their total debt 34 

securities holdings, as ranging between 1% for banks to about 9% for investment funds  (ECB 2019). 35 

The European Insurance and Occupational Pensions Authority (EIOPA) reported aggregate exposures 36 

to CPRS of EU insurance companies at about 13% of their total securities holdings (EIOPA 2018). 37 

Further analyses on the EU securities holdings indicate that among financial investments in bonds 38 

issued by non-financial corporations, EU institutions hold exposures to CPRS ranging between 36.8% 39 

for investment funds to 47.7% for insurance corporations; analogous figures for equity holdings range 40 

from 36.4% for banks to 43.1% for pension funds (Alessi et al. 2019). Another study indicates that 41 

losses on EU insurance portfolios of sovereign bonds could reach up to 1%, in conservative scenarios 42 

(Battiston et al. 2019). 43 

Endogeneity of risk and multiplicity of scenarios. One fundamental challenge is that climate-related 44 

financial risk is endogenous. This means that the perception of the risk changes the risk itself, unlike 45 

most contexts of financial risk. Indeed, transition risk depends on whether governments and firms 46 

continue on a business-as-usual pathway (i.e. misaligned with the Paris Agreement targets) or engage 47 

on a climate mitigation pathway. But the realisation of the transition pathway depends itself on how, 48 

collectively, society, including financial investors and supervisors, perceive the risk of taking /not 49 
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taking the transition scenario. The circularity between perception of risk and realisation of the scenarios 1 

implies first of all that multiple scenarios are possible, and that which scenario is ultimately realised 2 

can depend on policy action. In this context, probabilities of occurrence of scenarios are difficult to 3 

assess and this is important because risk vary widely across the different scenarios.  4 

In this context a major challenge is the fat-tail nature of physical risk. One the one hand, forecasts of 5 

climate change and its impact on humans and ecosystems imply tail events (Weitzman 2014) and tipping 6 

points  which cannot be overcome by model consensus (Knutti 2010). On the other hand, everything 7 

else the same, costs and benefits vary substantially with assumptions on agents’ utility, productivity, 8 

and intertemporal discount rate, which ultimately depend on philosophical and ethical considerations  9 

(see (Nordhaus 2007; Nicholas Stern 2008; Pindyck 2013).  Thus, more knowledge is needed on the 10 

interaction of climate physical and transition risk, the possible reinforcing feedbacks and transmission 11 

channels to the economy and to finance. Moreover, models need to account for compound risk, i.e. the 12 

interaction of climate physical and/or transition risk with other sources of risk such as pandemics, as 13 

the COVID-19.  14 

Challenges for climate transition scenarios. The endogeneity of risk and its associated deep 15 

uncertainty implies that the standard approach to financial risk consisting of computing expected values 16 

and risk based on historical values of market prices, is not adequate for climate risk (Bolton et al. 2020). 17 
To address this challenge, a recent stream of work has developed an approach to make use of climate 18 

policy scenarios to derive risk measures (e.g. expected shortfall) for financial assets and portfolios, 19 

conditioned to scenarios of disorderly transition  (Roncoroni et al. 2020; Battiston et al. 2017; 20 

Monasterolo and Battiston 2020). In particular, climate policy shocks on the output of low/high carbon 21 

economic activities are calculated based on trajectories of energy technologies as provided by large-22 

scale Integrated Assessment Models (Kriegler et al. 2015; McCollum et al. 2018) conditioned to the 23 

introduction of specific climate policies over time. This approach allows to conduct climate stress-test 24 

both at the level of financial institutions and at the level of the financial system of a given jurisdiction.  25 

In a similar spirit, recently, the community of financial supervisors in collaboration with the community 26 

of climate economics has identified a set of climate policy scenarios, based on large-scale IAM, as 27 

candidate scenarios for assessing transition risk (Monasterolo and Battiston 2020). These scenarios have 28 

been used for instance, in an assessment of transition risk conducted at a national central bank (Allen 29 

et al. 2020). This development is key to mainstreaming the assessment of transition risk among financial 30 

institutions, but the following challenges emerge. First, a consensus among financial supervisors and 31 

actors on scenarios of transition risk that are too mild could lead to a systematic underestimation of risk. 32 

The reason is that the default probability of leveraged financial institutions is sensitive to errors in the 33 

estimation of the loss distribution and hence sensitive on the choice of transition scenarios (Battiston 34 

and Monasterolo 2020). This in turn could lead to an allocation of capital across low/high carbon 35 

activities that is insufficient to cater for the investment needs of the low-carbon transition.   36 

Second, IAM do not contain a description of the financial system in terms of actors and instruments and 37 

make assumptions on agents’ expectations that could be inconsistent with the nature of a disorderly 38 

transition (Espagne 2018; Pollitt and Mercure 2018; Battiston et al. 2020b). In particular, IAMs solve 39 

for least cost pathways to an emissions target in 2100, while the financial sector’s time horizon is much 40 

shorter and risk is an important factor in investment decision.  41 

Third, the current modelling frameworks used to develop climate mitigation scenarios, which are based 42 

on large-scale IAM, assume that the financial system acts always as an enabler and do not account for 43 

the fact that, under some condition (i.e. if there is underestimation of climate transition risk) can also 44 

act as a barrier to the transition (Battiston et al. 2020a) because it invests disproportionately more in 45 

high carbon activities.  46 
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Macroeconomic implications of the technological transition. Global macroeconomic changes that 1 

may affect asset prices are expected to take place as a result of a possible reduction in growth or 2 

contraction of fossil fuel demand, in scenarios in which climate targets are met according to carbon 3 

budgets, but also following ongoing energy efficiency changes (Mercure et al., 2018; see also Clarke et 4 

al., 2014). A review of the economic mechanisms involved in the accumulation of systemic risk 5 

associated to declining industries, with focus on fossil fuels, is given by (Semieniuk et al. 2020). An 6 

example is the transport sector, which uses around 50% of oil extracted (Thomä 2018; IEA 2018). A 7 

rapid diffusion of electric vehicles (and other alternative vehicle types), poses an important risk of as it 8 

could lead to oil demand peaking before 2050 (Mercure et al., 2018; Lam, Mercure and Pollitt, 2020). 9 

New technologies and fuel switching in aviation, heavy industry and shipping could further displace 10 

liquid fossil fuel demand (IEA 2017). A rapid diffusion of solar photovoltaic could displace electricity 11 

generation based predominantly on coal and gas (Sussams and Leaton 2017). A rapid diffusion of 12 

household and commercial indoor heating and cooling based on electricity could further reduce the 13 

demand for oil, coal and gas (Knobloch et al. 2019). Parallels can be made with earlier literature on 14 

great waves of innovation, eras of clustered technological innovation and diffusion between which 15 

periods of economic, financial and social instability have emerged (Freeman and Louca 2001; Perez 16 

2009).  17 

International dimension of climate risk. Due to the predominantly international nature of fossil fuel 18 

markets, assets may be at risk from regulatory and technological changes both domestically and in 19 

foreign countries. Fossil-fuel exporting nations with lower competitiveness could lose substantial 20 

amounts of industrial activity and employment in scenarios of peaking or declining demand for fossil 21 

fuels. In scenarios of peaking oil demand, production is likely to concentrate towards the Middle-East 22 

and OPEC countries (IEA 2017). Since state-owned fossil fuel companies tend to enjoy lower 23 
production cost, privately-owned fossil fuel companies are more at risk (Thomä 2018). Losses of 24 

employment may be directly linked to losses of fossil-related industrial activity or indirectly linked 25 

through losses of large institutions, notably of government income from extraction royalties and export 26 

duties. A multiplier effect may take place making losses of employment spill out of fossil fuel 27 

extraction, transformation and transportation sectors into other supplying sectors (Mercure et al., 2018).  28 

Main regulatory developments and voluntary responses to climate risk. Framing climate risk as a 29 

financial risk (not just as an ethical issue) is key for it to become an actionable criteria for investment 30 

decision among mainstream investors (TCFD 2019). Since 2015 financial supervisors and central banks 31 

(e.g. the Financial Stability Board, the G20 Green Finance Study Group, and the Network for Greening 32 

the Financial System (NGFS)) have played a central role in raising awareness and increase transparency 33 

of the potential material financial impacts of climate change within the financial sector (Bank of 34 

England 2018; Bank of England 2015a; TCFD 2019b). The NGFS initiative have engaged in particular 35 

in the elaboration of climate financial risk scenarios, as mentioned earlier.  36 

Although disclosure has increased since the TCFD recommendations were published, the information 37 

is still insufficient for investors and more clarity is needed on potential financial impacts and how 38 

resilient corporate strategies are under different scenarios (TCFD 2019). Several efforts to provide 39 

guidance and tools for the application of the TCFD recommendations have been made (using SASB 40 

Standards and the CDSB Framework to Enhance Climate-Related Financial Disclosures in Mainstream 41 

Reporting TCFD Implementation Guide (CDSB and SASB 2019; UNEP FI 2018b; 2019; UNEP FI 42 

2018a). Results of voluntary reporting have been mixed, with one study pointing to unreliable and 43 

incomparable results reported by the US utilities sector to the CDP (Stanny 2018). 44 

There have been also similar initiatives at the national level (U.S. GCRP 2018; DNB 2017; UK 45 

Government 2017). In particular, France was the first country to mandate climate risk disclosure from 46 

financial institutions (via Article 173 of the law on energy transition). However, disclosure responses 47 
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have been so far mixed in scope and detail, with the majority of insurance companies not reporting on 1 

physical risk (Evain et al. 2018). In the UK, mandatory GHG emissions reporting for UK-listed 2 

companies has not led to substantial emissions reductions to date but could be laying the foundation for 3 

future mitigation (Tang and Demeritt 2018).  4 

A key recent development is the EU Taxonomy for Sustainable Finance (TEG 2019), which provides a 5 

classification of economic activities that (among other dimensions) contribute to climate mitigation or 6 

can be enabling for the low-carbon transition. Indirectly, such classification provides useful information 7 

on investors’ exposure to transition risk (Alessi et al. 2019; ESMA 2020).  8 

Finally, many consultancies have stepped forward offering services related to climate risk. However, 9 

the methods are typically proprietary, non-transparent, or based primarily on carbon foot printing, which 10 

is a necessary but insufficient measure of climate risk. Further, ESG (environmental, social and 11 

governance) metrics can useful but are, alone, inadequate to assess climate risk. 12 

15.6.2 Enabling environments 13 

The Paris Agreement recognised for the first time the key role of aligning financial flows to climate 14 
targets. Key decision makers try to provide enabling environment for both public and private sectors to 15 

mobilise financial resources in order to tackle climate change.  16 

The concept of enabling environment is not clearly defined; therefore, several different definitions exist. 17 

One is government policies that focus on ‘creating and maintaining an overall macroeconomic 18 

environment’ (UNCTAD 1998). Another interprets an ‘enabling environment’ as the wider context 19 

within which development processes take place, for instance the role of societal norms, rules, 20 

regulations, and systems. This environment may either be supportive (enabling) or constraining (Bolger 21 

2000). A major part of the finance ecosystem is the provision of a stable and enabling policy 22 

environment that not only provides financial support but also sets a regulatory and tax regime that 23 

incentivises long horizon green private investment, and facilitates optimal (from investor and 24 

environmental perspectives) exits from investment (Owen et al. 2018). Mapping the effects that policies 25 

have on the direction and not just the amount of financial funds before implementing policies, will help 26 

prevent surprises and lock-ins later (Mazzucato and Semieniuk 2018). Policy de-risking measures, such 27 
as robust policy design and better transparency, as well as financial de-risking measures, such as green 28 

bonds and guarantees, in both domestic and international level, enhance the attractiveness of clean 29 

energy investments (Steckel and Jakob 2018). Four types of interventions have been discussed by 30 

financial regulators and central banks in dealing with climate-related risks: developing methodologies 31 

and tools for a better understanding of risks and their implications, better disclosure of investors’ 32 

exposure to climate-related risks, explicit consideration of these risks in setting financial regulations, 33 

and consideration of these risks in central bank’s policy toolkit (Campiglio et al. 2018). The government 34 

should nurture green finance development from an early stage by laying out the green credit rules and 35 

long-term price mechanisms, which could reduce the green project risks (Peng et al. 2018a). Thus, the 36 

role of government is crucial for creating an enabling environment for climate finance that includes 37 

policy reform to value environmental degradation, incentivise private investments, bridging finance 38 

gaps, and ensuring transparency (Clark et al. 2018). The public sector is capable of handling higher 39 

risks so more direct financing of green projects would be needed creating markets and leading the 40 

private sector (Mazzucato and Semieniuk 2017). The government can reduce the risks of financing 41 

green projects by improving the rate of returns, which could be achieved by establishing green credit 42 

guarantee schemes (GCGSs), considering tax returns (Taghizadeh-Hesary and Yoshino 2019), 43 

improving green finance policy frameworks, developing information exchange channels, and 44 

strengthening the international cooperation in green financial system (Peng et al. 2018b).  45 
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Central banks and climate change. Central banks in all economies will likely have to play a critical 1 

role in supporting the financing of fiscal operations in particular in a post-COVID world (quantitative 2 

easing (QE) to backstop public borrowing, especially for bonds at the long maturity end). This is much 3 

more likely in developed countries with recourse to greater financial market confidence, especially in 4 

the context of their ‘exceptional privileges’ as global reserve currencies.   Instruments and institutional 5 

arrangements for better international monetary policy coordination will likely be paramount for success 6 

to spill over well beyond the borders of the developed economies, and an imperative for global success 7 

in the current context of growing external debt stress and negative credit rating pressures facing both 8 

emerging and low-income countries (with sixty negative sovereign credit actions by rating agencies and 9 

many more in banking and corporate sectors in 2020).  10 

Because climate change might involve large disruptive risks, both in terms of physical and transition 11 

risks as described above, central bankers have started examining the implications, as part of their core 12 

mandate of managing the stability of the financial system. Climate related risk assessments and 13 

disclosure, both at the systemically important corporate levels and at the financial institution level are 14 

therefore becoming important, including stress testing assessments by central banks of climate change 15 

risks. This is an essential first step that many central banks are starting to increasingly look at 16 

(Rudebusch 2019), although such risk assessment by financial regulators and greater transparency and 17 

disclosure may not be enough by themselves to spur increased institutional low-carbon climate finance 18 

(Ameli et al. 2019) 19 

Central banks’ QE is created as temporary cyclical tools, but it is now being examined as a tool for 20 

enabling climate investments (Dafermos et al. 2018). A green QE program ‘would have the benefit of 21 

providing large amounts of additional liquidity to companies interested’ in green projects (Campiglio 22 

et al. 2018). Green QE would have positive effects, such as accelerating the development of green bond 23 

markets, encouraging investments and banking reserves, and reducing risks of stranded assets, while it 24 

might increase the income inequality and financial instability (Monasterolo and Raberto 2017). While 25 

the short-term effectiveness would not be substantial, the central bank’s purchase of green bonds could 26 

have a positive effect on green investment in the long run (Dafermos et al. 2018). However, green QE 27 

program by itself would not be an effective measure, other green fiscal policies, green finance policies, 28 

and regulatory interventions are suggested additionally to compliment the green finance measures. The 29 

use of green QE needs to be cautious on potential issues, such as undermining central bank’s 30 

independence, affecting central bank’s portfolio by including green assets with poor financial risk 31 

standards, and potential regulatory capture and rent seeking behaviours (Krogstrup and Oman 2019).  32 

Policy instruments have hit the zero-lower bound of policy interest rates in the EU and the USA, 33 

quantitative easing has become increasingly necessary and resorted to, with central banks buying assets 34 

such as longer term treasury and high-grade corporate bonds to lower long-term interest rates. Although 35 

expected to be a cyclical and temporary in an economic downturn, how long these cycles might last is 36 

not known with certainty but have been much longer than anticipated (Fawley and Neely 2013). Central 37 

banks are now increasingly under pressure and not averse to correcting for this distortion by excluding 38 

fossil-fuel investments from future quantitative easing programs.  39 

Green Quantitative Easing. A proposed ‘green’ QE goes further (Campiglio et al. 2018). Central 40 

banks explicitly conducting a program of purchases of low-carbon assets, either as a rising share of 41 

zero-bound quantitative easing monetary policies in economic downturns, or as part of changing the 42 

existing balance sheets of central banks assets in an extended phase with rising risks of climate 43 
instability. The latter may become even more important if central banks increasingly need to backstop 44 

treasuries bond purchases as part of a medium-term longer duration fiscal recovery program after 45 

COVID-19. Indeed, recent episodes of large-scale and long-lasting QE using ‘extended period’ 46 

language tend to suggest that central banks have not been averse to QEs that do not just deal with short-47 
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term liquidity needs but have explicitly had the objectives to facilitate longer duration economic 1 

recovery and the functioning of particular financial markets (Fawley and Neely 2013) and therefore a 2 

‘green’ QE program to stimulate a structural redirection of economic recovery towards a low-carbon 3 

transition might have greater practice and precedence than commonly appreciated. There are also spill-4 

overs of QE in advanced economies that are significant (Bhattarai et al. 2021) which might benefit 5 

emerging market central banks to also do so and gain from capital inflows, especially when the tapering 6 

of such QE programs is conducted cautiously.  7 

Additional monetary policies and macroprudential financial regulation may need to be considered to 8 

facilitate the expected role of carbon pricing on boosting low-carbon investments. The commercial 9 

banks may not respond to the price signal and allocate credits to low-carbon investments due to the 10 

existence of market failure (Campiglio 2016). However, it needs to consider trade-offs that might 11 

negatively affect the financial stability at the same time. For instance, green supporting factors, would 12 

have could support the productivity of green capital goods and encourage green investments in the 13 

short-term, but might cause financial instability by raising non-performing loans ratio of dirty 14 

investments and creating green bubbles (Dunz et al. 2019). The COVID-19 crisis has opened an 15 

opportunity to restructure the economy into climate-friendly form by aligning the COVID-19 response 16 

packages with the Paris Agreement. The key is to monitor and ensure that the public and private finance 17 

do not flow into companies and assets that do not comply with the Paris Agreement. The financial 18 

supervisors needs to implement stricter guidelines to overcome the greenwashing challenges (Caldecott 19 

2020). After focusing on providing recovery packages in the short-term, the governments need to 20 

nurture renewable and energy efficient technologies and prepare the long-term strategies for 21 

restructuring of the economy through stimulus packages. In the long-term, it is necessary to design 22 

policies to prepare for future shocks (Steffen et al. 2020). 23 

Efficient Financial Markets and Financial Regulation. An influential efficient financial markets 24 

hypothesis (Fama 1970, 1997, 1991) proceeds from the assumption that in well-developed financial 25 

markets, available information at any point of time is already well captured in capital markets with 26 

many participants. The theory is now increasingly discredited (Sewell 2011), especially by repeated 27 

episodes of very large and continuing global financial crashes and crises, and other widely noted 28 

anomalies (or irrationalities). But a weaker form of the efficient markets hypothesis may still apply (that 29 

given enough time, investors cannot do better than the market, even if the latter makes short-term 30 

errors). It is arguable that as a cascade of more credible scientific information has been accumulating 31 

about the effects of global warming, it is being accompanied by rising levels of climate finance, such 32 

as global green bonds. Banks and institutional investors are also progressively rebalancing their 33 

investment portfolios away from fossil-fuels and towards rising portfolios of low-carbon investments 34 

(IEA 2019b; Monasterolo and de Angelis 2020). In the meantime, the world runs the risk of sharp 35 

adjustments, crises and irreversible ‘tipping points’ (Lontzek et al. 2015) sufficiently destabilizing 36 

climate outcomes. This leads to the policy prescription towards financial regulatory agencies requiring 37 

greater and swifter disclosure of information about rising climate risks faced by financial institutions in 38 

projects and portfolios and central bank attention to systemic climate risk problems as one possible 39 

route of policy action (Zenghelis and Stern 2016; Carney 2015; Dietz et al. 2016; Campiglio et al. 2018). 40 

Disclosure requirements of risks and information in private settings remain mostly voluntary and 41 

difficult to implement (Monasterolo et al. 2017; Battiston et al. 2017a).  42 

Nevertheless, financial markets are innovating in search of solutions. These include securitizing 43 

renewable energy to spread the risks beyond the reach of single investors, non-recourse project 44 

financing to protect sponsoring companies from debt risks, bundling construction financing, debt 45 

financing , mezzanine financing, pool financing (inverted leases, asset-backed securities (ABS), equity 46 

inflows through Real Estate Investment Trusts (REITs), master limited partnership (MLPs), yield cost 47 

(contracted cash-flows to secure debt), and the use of government guarantees to secure offtake risks and 48 
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to generally de-risk projects and lower the cost of capital. Recognizing and dealing with stranded fossil-1 

fuel assets is also a key area of growing concern that financial institutions are beginning to grapple with. 2 

Larger institutions with more patient capital (pensions, insurance) are also increasingly beginning to 3 

enter the financing of projects and green bond markets. The case for efficient financial markets in 4 

developing countries is worse (Abbasi and Riaz 2016; Hong et al. 2019) because of weaker financial 5 

institutions (Hamid et al. 2017), heightened credit rationing behaviour (Bond et al. 2015), and high-risk 6 

aversion as most markets are rated as junk, or below/barely investment grade (Hanusch et al. 2016). 7 

Other constraints such as limited long-term financial instruments and underdeveloped domestic capital 8 

markets, absence of significant domestic bond markets for investments other than sovereign borrowing, 9 

and inadequate term and tenor of financing, make the efficient markets thesis practically inapplicable 10 

for most developing countries. Local governments effort to de-risk might turn out negative and 11 

encourage privatisation of public services (Gabor 2019). The developing of local capital markets and 12 

robust domestic financial systems is a priority however is a long term strategy for low and middle 13 

income countries and regions, with capacity - that choose to pursue that path using the technical 14 

assistance programmes available (see Section 15.6.7). More pro-active interventions, such as publicly 15 

organised and supported low-carbon infrastructures through resurrected national development banks 16 

may be justified (Mazzucato and Penna 2016). High investment risks tend to obstruct low-carbon 17 

investments, especially in LDCs and developing countries. It is important to implement effective de-18 

risking measures to reduce investment risks, but lacking research and data availability hinders designing 19 

de-risking measures (Dietz et al. 2016). Especially in developing countries with insufficient traditional 20 

de-risking measures, the risks bearers with low financial resilience suffer severely from losses and are 21 

forced to give up their productive assets. In addition to the traditional risk financing, innovative risk 22 

financing mechanisms, such as index-based micro-insurance programs, catastrophe bonds and 23 

contingent credits, can be beneficial to enhancing financial resilience of risk bearers, especially the most 24 

vulnerable communities and their governments (Linnerooth-Bayer and Hochrainer-Stigler 2015).  25 

Markets: Public theory, finance, and creative destruction. The extension of the case for public 26 

policy support to developing new markets and the role of new entrepreneurship and finance has a long 27 

tradition, going back to Schumpeter (1934). The logic as applied increasingly in climate finance is that 28 

investments are not just about progressively enlarging the space of low-carbon investments but 29 

replacing one system (fossil fuels energy system) rapidly by another (low-carbon energy system), 30 

establishing a wave of ‘creative destruction’. Normally, this might be expected to proceed without 31 

public policy intervention over a longer time but the scale and urgency of change might force options 32 

of change to occur faster, supported by state policy because excessive financialisation may be impeding 33 

the establishment of new investments (Jerneck 2017), the presence of strong complementarities between 34 

Schumpeterian (technological) and Keynesian (demand-related) policies (Dosi et al. 2017) and to avoid 35 

the lock-in damages of long-lasting infrastructure investments using fossil-fuel technologies (Stern 36 

2018). (Mercure et al. 2016) suggested that all surveyed branches of macro-innovation theory (under 37 

different models) could be grouped into two principal classes: ‘equilibrium – optimisation’ theories that 38 

treat innovators as rational perfectly informed agents and reaching equilibrium under market price 39 

signals; and the other ‘non-equilibrium’ theory where market choices are shaped by history and 40 

institutional forces and the role of public policy is to intervene in processes, given a historical context, 41 

to promote a better outcome or new economic trajectory. One implication of the latter is that new 42 

technologies might not find their way to the market without price or regulatory policies to reduce 43 
uncertainty on expected economic returns. A key issue is the perception of risk by investors and 44 

financial institutions and modelling the financial sector more adequately (in the simulation models). 45 

Some reviews of the role of the financial system in other studies suggest that a systemic approach using 46 

multiple instruments (cutting subsidies to fossil fuels, supporting clean energy innovation and diffusion, 47 

levelling the institutional playing field and making risks transparent) is key to redirecting private 48 

investment (Polzin 2017), whereas others suggest that a bigger systemic push may be needed (Kern and 49 
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Rogge 2016), in particular, the role of ‘institutional innovation intermediaries’ (Polzin et al. 2016). 1 

Grafström and Lindman (2017) suggest that public R&D support did not necessarily induce significant 2 

effects on invention/patents, there were large cross-border knowledge spill-overs (impact of 3 

international patents) indicating that openness to trade was important, capacity expansion had positive 4 

effects on learning-by-doing on innovation over time, and that feed-in-tariffs (FITs), in particular, had 5 

positive impacts on technology diffusion. The FITs program - long-term (10-25 years) power purchase 6 

contracts with guaranteed grid-access and cost-based prices - more generally has been associated with 7 

rapid increase in early renewables capacity expansion across the world (+50 countries) by reducing 8 

market risks in financing and stability in project revenues (Menanteau et al. 2003; Jacobsson et al. 9 

2009). 10 

Outside of RE, scattered but numerous examples are available on the role of innovative public policy 11 

to spur and create new markets and technologies, including the procurement of LEDs and bulks in India 12 

(2014–2018), earlier energy-efficient lighting with standardisation and quality assurance, direct 13 

procurement, stakeholder ‘involvement’ and ‘demonstrations’ in Sweden (1991–2000) (Arent et al. 14 

2017), energy efficiency schemes at the city and state levels in the USA, working with private sector 15 

and financial markets. The pro-active role of the state in such energy transitions was invariably a key, 16 

as in the retirement of all coal-fired power plants in Ontario, Canada between 2007 and 2014 (Sovacool 17 

2016; Kern and Rogge 2016). However, too early an exit and design problems that did not take into 18 

account market acceptability and financing issues are known to have caused premature collapses of 19 

public policy interventions in creating new markets, such as energy-efficient retrofitting in housing in 20 

the UK (Rosenow and Eyre 2016) and low or negative returns in reality versus engineering estimates 21 

in weatherisation programs in US (Fowlie et al. 2018), while political economy changes brought a 22 

decline in offshore wind opportunities in Norway. The energy performance contracting (EPC) is widely 23 
accepted, and effective mechanism used for improving energy efficiency. EPC is a win-win business 24 

model between an energy service company (ESCO) and energy user. Generally, the ESCO will take on 25 

the technical risks involved with the project and make profit only after the performance target is reached, 26 

while the energy user will benefit from infrastructure improvements but take up the business risks. 27 

Based on the general concept, different variations of the EPC business models are established, such as 28 

the share savings, guaranteed savings, energy-cost trust, and finance lease (Qin et al. 2017). Despite the 29 

advantages of EPC, the main concern related to EPC is that the allocation of risk and profit between 30 

various stakeholders is complex (Guo and Zhang 2020). Government guarantees are an important 31 

financial instrument that plays an important role in expanding climate finance, especially from the 32 

private sector, with scarce public finance, by reducing the risk profile of the investment opportunities. 33 

Investment guarantees issued by governments or development banks encourage oversea investments 34 

usually by covering political risks (IIGCC 2015). Different types of government guarantees mitigate 35 

the various types of risks surrounding investment opportunities. For example, government guarantees, 36 

such as loan guarantees or investment guarantees, are the direct instruments for reducing the risk profile 37 

of the private sector investment (Climate Action Network 2013). Risk-sharing allows participants to 38 

increase the amount and number of resources and participants, to leverage scarce public finance to 39 

maximise the impacts, and to take shared and common approaches among financial actors (UNEP 40 

2011).  41 

Support of climate action via carbon pricing, taxes, and emission trading systems. The second 42 

strand of literature and evidence suggests that futures markets as regards climate are incomplete because 43 

they do not price in externalities, by definition (Scholtens 2017). As a result, low-carbon investments 44 

do not take place to socially and economically optimal levels, and the correct market signals would 45 

involve setting carbon prices high enough or equivalent trading in reduced carbon emissions by 46 

regulatory action to induce sufficient and faster shift towards low-carbon investments (Aghion et al. 47 

2016). Nonetheless, durable carbon pricing in economic and political systems must be implemented 48 

and approached combining related elements to both price and quantity (Grubb 2014).  49 
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The introduction of fiscal measures, such as carbon tax, or market-based pricing, such as emission 1 

trading scheme, to reflect carbon pricing have benefits and drawbacks that policymakers need to 2 

consider both country-specific conditions and policy characteristics. Carbon tax can be a simpler and 3 

easier way to implement carbon pricing, especially in developing countries, because countries can 4 

utilise the existing fiscal tools and do not need a concrete enabling conditions as market-based 5 

frameworks. The reallocation of revenues from carbon taxes is an important measure. It can further shift 6 

towards low-carbon investments as well as reduce negative impacts of taxes by reducing the 7 

conventional tax burdens (High-Level Commission on Carbon Prices 2017). In combination with other 8 

policies, such as subsidies, public R&Ds on resource-saving technologies, properly designed carbon 9 

taxes can facilitate the shift towards low-carbon, resource-efficient investments (Bovari et al. 2018; 10 

Naqvi and Stockhammer 2018; Dunz et al. 2020). While carbon taxes have negative effects on GDP, 11 

which can be alleviated from using the revenues of carbon taxes, it would raise the price of carbon-12 

intensive products as well as increase production costs of carbon-intensive firms (Dunz et al. 2020).  13 

Emission trading systems (ETS) has been considered as an effective instrument for achieving emissions 14 

reductions. For example, (Barragán-Beaud et al. 2018) recommended that ETS is the most appropriate 15 

mechanism with better political feasibility and cost-effectiveness in the Mexican electricity market. 16 

China had achieved emissions reductions and energy conservations through its pilot ETS between 2005 17 

and 2015 (Hu et al. 2020; Zhang et al. 2019). However, ETS is vulnerable to well-known problems, 18 

either in setting exemptions too high to begin with or carbon taxes too low because of distributive 19 

consequences and effects emanating from inadequate domestic demand, market power of dominant 20 

firms (Hintermann 2011; Hintermann et al. 2016), ‘limited financial involvement, incomplete 21 

regulatory infrastructure, and excessive government intervention’ (Lo 2016) as evident from the poor 22 

performance of the EU ETS and those in China (Lo 2016).  23 

The effectiveness and results of carbon pricing so far have been mixed. Emissions reductions achieved 24 

by existing carbon taxes have been small in most jurisdictions due to the low tax rates, the modest 25 

changes in tax rates and inelastic demands for fossil fuels, and existing taxes yielded still a weak 26 

relationship between changes to the tax rate and changes to emissions that the level of the existing 27 

carbon taxes are not strong enough to yield a significant emissions reduction. However, the presence of 28 

carbon taxes can promote low-carbon technologies and investments (Best and Burke 2018), and price 29 

signals, including carbon taxation, provide powerful and efficient incentives for households and firms 30 

to reduce CO2 emissions (IMF 2019). Theoretical discussions usually portray carbon taxes and ETSs as 31 

alternatives but in practice jurisdictions often implement both instruments to address emissions by 32 

different sources (Haites 2018). Institutional learning, administrative prudence, appropriate carbon 33 

revenue management and stakeholder engagement are identified as key ingredients for successful ETS 34 

regimes (Narassimhan et al. 2018). While the carbon pricing policies are increasingly adopted in both 35 

developed and developing countries, (Finon 2019) argued the role of the non-carbon price instruments, 36 

such as command-and-control, mandate and obligations on technologies or sectors, and subsidies on 37 

efficient equipment, especially in developing countries. While the carbon pricing provides information 38 

in establishing climate policies, non-carbon price instruments can be more effective in developing 39 

countries where market and regulatory failure and political economy constraints are more prevalent. To 40 

date, 64 carbon pricing initiatives were implemented or scheduled for implementation, and covered only 41 

22% of global GHG emissions (World Bank Group 2020b). While the carbon pricing was suggested by 42 

many economists and researchers (Nordhaus 2015; Pahle et al. 2018), overcoming the political and 43 

regulatory barriers would be necessary for the further implementation of an effective carbon pricing 44 

nationally and internationally. Without the strong political support, the effectiveness of carbon pricing 45 

would be limited to least-cost movements (Meckling et al. 2015).  46 

Role of domestic funding sources. Efforts to address climate change can be scaled up through the 47 

mobilisation of domestic funds (Fonta et al. 2018). However, several barriers need to be overcome by 48 
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the state investment banks (SIBs) to efficient allocate the public funding. The SIBs should effectively 1 

take up the following roles to address these issues. First, SIBs should take up a capital provision role to 2 

assist with overcoming financial barrier when there are economic downturns or with projects requiring 3 

huge upfront capital cost. Second, SIBs can attract the private investors to low-carbon projects by taking 4 

up a de-risking role. Third, education is another key role of SIBs as they not only develop the capacities 5 

of their employees but also, educate investors and developers disseminating new information and 6 

knowledge throughout the sector. Fourth, SIBs are required to co-finance with other investors for large 7 

projects; thus, SIBs can signal and direct the investments towards green projects. Lastly, SIBs can also 8 

act as a first mover by investing in new and innovative technologies or business models (Geddes et al. 9 

2018).   10 

BOX 15.6 The role of enabling environments for decreasing-economic cost of renewable energy 11 

A widely used indicator for the relative attractiveness of renewable energy but also development of 12 

price levels is the levelised cost of energy (LCOE). It is applied by a wide range of public and private 13 

stakeholders when tracking progress with regard to cost degression (Aldersey-Williams and Rubert 14 

2019). LCOE calculation methodologies vary but in principle, consider project-level costs only (NEA 15 

1989). Besides other weaknesses, the LCOE concept usually does not consider societal costs resulting 16 

from de-risking instruments and/or other public interventions/support and therefore caution has to be 17 

applied when using the LCOE as single and only indicator for the success of enabling environments. 18 

The yearly IRENA mapping on renewable energy auction results demonstrates the extremely broad 19 

ranges of LCOEs (equal to the agreed tariffs) for renewable energy which can be observed (IRENA 20 
2019a). For example, in 2018, solar PV LCOEs for utility-scale projects came in between 0.04 USD 21 

kWh-1 and 0.35 USD kWh-1 with a global weighted average of 0.085 USD kWh-1. However, 22 

comparative analysis taking into account societal costs are hardly available driven by challenges in the 23 

context of the quantification of public support.  24 

The GET FiT concept argued that the mitigation of political and regulatory risk by sovereign and 25 

international guarantees is cost-efficient in developing countries illustrating the estimated impact of 26 

such risk-mitigation instruments on equity and debt financing costs and consequently required feed-in 27 

tariff levels (Deutsche Bank Climate Change Advisors 2011). The impact of financing costs on cost of 28 

renewable energy generation is well researched with significant differences across countries and 29 

technologies being observed with major drivers being the regulatory framework as well as the 30 

availability and type of public support instruments (Steffen 2019; Geddes et al. 2018). With a focus on 31 

developing countries and based on a case study in Thailand, Huenteler et al. (2016) demonstrate the 32 

significant effect of regulatory environments but also local learning and skilled workforce on cost of 33 

renewables. The effect of those exceeds the one of global technology learning curves. 34 

Egli et al. (2018) identify macroeconomic conditions (general interest rate) and experience effects 35 

within the renewable energy finance industry as key drivers in developed countries with a stable 36 

regulatory environment contributing 5% (PV) and 24% (wind) to the observed reductions in LCOEs in 37 

the German market with a relatively stable regulatory environment. They conclude that ‘extant studies 38 

may overestimate technological learning and that increases in the general interest rate may increase 39 

renewable energies’ LCOEs, casting doubt on the efficacy of plans to phase out policy support’ (Egli et 40 

al. 2018). A rising general interest rate level could heavily impact LCOEs – for Germany, a rise of 41 

interest rates to pre-financial crisis levels in five years could increase LCOEs of solar and wind by 11–42 

25% respectively (Schmidt et al. 2019).  43 

15.6.2.1 The public-private and mobilisation narrative and current initiatives 44 

Private sector investments can happen at various levels depending on the level of remaining risk 45 

allocation to the public sector as well as the level of due diligence and structuring, project management 46 

https://www.sciencedirect.com/topics/engineering/levelised-cost-of-energy
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and aggregation being provided by the public sector. Private sector investments can happen at various 1 

levels depending on the level of remaining risk allocation to the public sector as well as the level of due 2 

diligence and structuring, project management and aggregation being provided by the public sector. 3 

Financing provided by development finance institutions and development banks aims to address market 4 
failures and barriers related to limited access to capital as well as provides direct and indirect 5 

subsidisation (by accepting higher risk, longer loan tenors and/or lower pricing). In principle, the 6 

subsidy component can be separated from the financing component in all transaction structures, for 7 

example concessional loans could be replaced by commercial financing in combination with public 8 

sector guarantees and subsidies. This is reflected in the World Bank’s CASCADE approach (Cordella 9 

2018). Given the high level of required subsidisation, many development and climate projects in 10 

developing and emerging countries have traditionally been supported with concessional loans by 11 

DFIs/IFIs, combining both elements described above. With an increasing number of sectors becoming 12 

viable and increasing complaints of private sector players with regard to crowding-out (Bahal et al. 13 

2018), a stronger separation and crowding-in of commercial financing at the project/asset level is 14 

targeted. The combination of the financing and subsidisation element at the project/asset level has 15 

traditionally shifted private sector involvement to a higher level (refinancing of DFIs/IFIs on capital 16 

markets if at all). MDBs and IFIs have been crucial for opening and scaling the green bond market in 17 

early years and still represent a substantial share of issuances (CBI 2019) which is hardly recognised as 18 

private sector involvement in the current debate. The aspect of increased efficiency in financing, a key 19 

pillar of classical public–private partnership (PPP) research, is rarely stated in these strategies. Drivers 20 

of an efficient private sector involvement are stronger incentives to have projects delivered on time and 21 

to the allocated budget as well as competition for and in markets (Hodge et al. 2018). It remains key 22 

that the private sector mobilisation in the context of international cooperation needs to go hand in hand 23 
with institutional capacity building as well as strong sectoral development in the host country with 24 

research underlining that a strong, knowledgeable public partner with the ability to manage the private 25 

sector is a dominating success factor for public private cooperation (Hodge et al. 2018; World Economic 26 

Forum 2013; Yescombe 2017). 27 

Limited comparative research is available on the efficiency of mobilisation of the private sector at the 28 

various levels and/or the theory of change attached to the different approaches as applied in classical 29 

PPP. Also, transparency on current flows and private involvement at the various levels is limited with 30 

no differentiation being made in reporting (e.g. GCF co-financing reporting). So far limited 31 

prioritisation and agreement on prioritisation on sectors and/or project categories being ready and/or 32 

preferred for direct private sector involvement which might become a challenge in the coming years 33 

(Sudmant et al. 2017b,a). Selected authors also flag the risk of an overemphasise on private sector 34 

finance and the reduced focus on increased public sector funding to accelerate climate action. Shortfalls 35 

in public sector funding might not be picked up by the private sector as hoped (Clark et al. 2018). 36 

15.6.3 Considerations on availability and effectiveness of public sector funding 37 

The gap analysis as well as other considerations presented in this chapter illustrate the critical role of 38 

increased volumes and efficient allocation of public finance to reach the long-term global goals, both 39 

nationally and internationally.  40 

Higher public spending levels driven by the impacts of COVID-19 and related recovery packages. 41 

Higher levels of public funding represent a massive chance but also a substantial risk. A missing 42 

alignment of public funding and investment activity with the Paris Agreement (and sustainable 43 

development goals) would result in significant carbon lock-ins, stranded assets and thus increase 44 

transition risks and ultimately economic costs of the transition. Using IMF data for stimulus packages, 45 

Andrijevic (2020) estimated that COVID-19 related fiscal expenditure had surpassed 12 trillion USD 46 

by October 2020 (80% in OECD countries), a third of which being spent in liquidity support and 47 
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healthcare. Total stimulus pledged to date are ten times higher than low-Paris-consistent carbon 1 

investment needs from 2020–2024 (Vivid Economics 2020; Andrijevic et al. 2020).  Overall, stimulus 2 

packages launched include 3.5 trillion USD to sectors directly affecting future emissions, with overall 3 

fossil-fuel investment flows outweighing low-carbon technology investment (Vivid Economics 2020). 4 

Lessons from the global financial crises show that although deep economic crises create a sharp short-5 

term emission drop, and green stimulus is argued to be the ideal response to tackle both the economic 6 

and the climate crises at once, disparities between regional strategies hinder the low carbon transition. 7 

Indeed, inconsistent policies within countries can also counterbalance emission reductions from green 8 

stimulus, as well as a lack of transparency and green spending pledged not materialised (Jaeger et al. 9 

2020). Also, aggressive monetary policy as a response to the global financial crisis, including 10 

quantitative easing that did not target low-carbon sectors, has been heavily criticised (Jaeger et al. 2020). 11 

The COVID-19 crisis recovery, in contrast, benefits from developments which have taken place since, 12 

such as an emerging climate-risk awareness from the financial sector, reflected in the call from the 13 

Coalition of Finance Ministers for Climate Action (2020), which reunites 50 countries’ finance 14 

ministers, for a climate-resilient recovery. The steep decrease in renewable electricity prices since 2010 15 

also represents a relevant driver for a low carbon recovery (Jaeger et al. 2020). Many more sectors are 16 

starting to show similar opportunities for rapid growth with supportive public spending such as low-17 

carbon transport and buildings (IEA 2020d). Expectations that the package will increase economic 18 

activity rely on the assumption that increased credit will have a positive effect on demand, the so-19 

called demand-led policy (Mercure et al. 2019). Boosting investment should propel job creation, 20 

increasing household income and therefore demand across economic sectors. A similar plan has also 21 

been proposed by the incoming US administration. 22 

Nevertheless, three uncertainties remain. First, only those countries and regions with highest credit-23 

ratings (AAA or AA) with access to deep financial markets and excess savings will be able to mount 24 

such counter-cyclical climate investment paths, typically high-income developed economies. In more 25 

debt constrained countries have and lower access to global savings pool countries because of higher 26 

risk perceptions and lower credit ratings (BBB or less), exacerbated by COVID-19 and already leading 27 

to credit downgrades and defaults (Kose et al. 2020) and have long tended to be fiscally pro-cyclical 28 

(Mcmanus and Ozkan 2015). These include the general class of virtually all major emerging and 29 

especially low-income developing countries, to which such demand-stimulating counter-cyclical 30 

climate consistent borrowing path is likely To access such funds, these countries would need globally 31 

coordinated fiscal policy and explicit supporting cross-border instruments, such as sovereign 32 

guarantees, strengthening local capital markets and boosting the 100 billion USD annual climate finance 33 

commitment (Dasgupta et al. 2019). 34 

Second, a strong assumption is that voters will be politically supportive of extended and increased fiscal 35 

deficit spending on climate on top of COVID-19 related emergency spending and governments will 36 

overcome treasury biases towards fiscal conservatism (to preserve credit ratings). Evidence strongly 37 

suggests that voters (and credit rating agencies) tend to be fiscally conservative(Peltzman 1992; Lowry 38 

et al. 1998; Alesina et al. 2011; Borge and Hopland 2020) especially where expenditures involve higher 39 

taxes in the future and do not identifiably flow back to their local bases (the ‘public good’ problem). 40 

Such mistrust has been a reason for abortive return to fiscal austerity often in the past (most recently 41 

during global financial crisis) and may benefit for political support by consistently reframing the climate 42 

expenditures in terms of job creation benefits (Bougrine 2012), effectiveness of least-cost fiscal 43 

spending on climate for reviving private activity, and the avoidance of catastrophic losses (Huebscher 44 

et, al. 2020) from higher carbon emissions. A new understanding of debt sustainability including 45 

negative implications of deferred climate investments on future GDP has not yet been mainstreamed 46 

(see more on the debt sustainability discussion below (e.g. Buhr et al. 2018; Fresnillo 2020). In addition, 47 

implications on the availability of international public finance flow are not yet clear with announcement 48 
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of additional funding being linked to emergency healthcare support rather than an increase of 1 

predictable mid/long-term financial support. Heavy investment needs for recovery packages in 2 

developed countries on the one hand and their international climate finance commitments might be 3 

perceived to compete for available “perceived as appropriate” budgets.  4 

 5 

BOX 15.7 Macroeconomics and finance of a Post-COVID-19 green stimulus economic recovery 6 

path  7 

Financial history suggests that capital markets may be willing to accommodate extended public 8 

borrowing for transient spending spikes (Barro 1987) when macroeconomic conditions suggest excess 9 

savings relative to private investment opportunities (Summers 2015) and when public spending is seen 10 

as timely, effective and productive, with governments able to repay when conditions improve as 11 

economic crisis conditions abate. A surge in global climate mitigation spending in the post-pandemic 12 

recovery may be an important opportunity, which global capital markets are signalling (Global Investor 13 

Statement 2019). The standard ‘neo-classical’ macroeconomic model is often used in integrated energy-14 

economy-climate assessments (Nordhaus 2018; Balint et al. 2016). This class of Computable General 15 

Equilibrium (CGE) models, however, have a limited treatment of the financial sector and assume that 16 

all resources and factors of production are fully employed, there is no idle capacity and no inter-17 

temporal financial intermediation (Pollitt and Mercure 2018). Investment cannot assume larger values 18 

than the sum of previously determined savings, as a fixed proportion of income. Such constraint, as 19 

stressed by Mercure et. al (2019), implies that investment in low-carbon infrastructure, under the 20 

equilibrium assumptions, necessarily creates a (neo-Ricardian) crowding-out effect that contracts the 21 

remaining sectors. The graphic below shows the implications (in the red-shaded part of Figure 1). 22 

Higher investment in low-carbon activities in the near-and-medium-term (2020-50) energy transition 23 

must involve diverting resources and crowding-out of other investments that lowers output growth 24 

relative to the baseline and slowly recovers back to the optimal path. 25 

Post-Keynesian demand-side macroeconomic models, with financial sectors and supply-side effects, in 26 

contrast, allow for the reality of non-equilibrium situations: persistent short to medium term 27 

underemployed economy-wide resources and excess savings over investment because of unexpected 28 

shocks, such as COVID-19. In these settings, economic stimulus packages allow a faster recovery with 29 

demand-led effects: “Economic multipliers are near zero when the economy operates near capacity. In 30 

contrast, during crises such as the GFC, economic multipliers can be high (Blanchard and Leigh 2013; 31 

Hepburn et al. 2020). The expected results are opposite to the standard supply-led equilibrium models 32 

as a response to investment stimulus (the green-shaded part of Box 15.7, Figure 1), as intended by 33 

‘green-stimulus’ packages such as proposed by the EU (Mercure et al. 2019; Balint et al. 2016).  34 

 35 
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Box 15.7, Figure 1: Two Worlds – Energy transition outcomes under alternative model 1 

assumptions (Keynesian vs General Equilibrium) 2 

Even if demand-led models work better in depressions, the question nevertheless is whether the 3 

additional public borrowing for such ‘green stimulus’ can be undertaken by market borrowings given 4 

already high public debt levels and recovered in the future from taxes as the economy revives. 5 

Moreover, we need to understand how big the size of the stimulus would have to be to achieve the 6 

desired rate of carbon emissions reduction (and not crowd out private activity) and whether there is a 7 

path of (carbon) taxes that can stimulate the desired energy transition path and provide confidence to 8 

financial markets. The results of recent macroeconomic modelling work (IMF 2020a) represented by 9 

10 major countries/regions, including oil exporters suggests answers (Box 15.7, Figure 2). It uses a non-10 

standard macroeconomic framework, with financial and labour market rigidities and fiscal and 11 

monetary rules (McKibbin and Wilcoxen 2013), that have Keynesian features and allow an examination 12 

of the effects of climate mitigation policies on carbon emissions and short, medium and long-term 13 
macroeconomic dynamics. First, a global ‘green stimulus’ of about an average of 0.8% of GDP annually 14 

in additional fiscal spending between 2020-30 would be required to accelerate the emissions reduction 15 

path required for a 1.5°C transition. Second, such a stimulus would also accelerate the global recovery 16 

by boosting GDP growth rates by about 0.6% annually during the critical post-COVID period. Third, 17 

the optimal tax policy would be to backload the carbon taxes to later in the macroeconomic cycle, both 18 

because this would avoid dampening near-term growth while pre-announced carbon tax plans would 19 

incentivise long-term private energy transition investment decisions today and provide neutral 20 

borrowing. This macroeconomic modelling path thus replicates the ‘green stimulus’ impacts expected 21 

in theory (Box 15.7, Figure 1). There are also some other additional features of the modelled proposal: 22 

(a) fiscal stimulus—needed in the aftermath of the pandemic—can be an opportunity to boost green and 23 

resilient public infrastructure; (b) green research and development ‘subsidies’ are feasible to boost 24 

technological innovations; and (c) income transfers to lower income groups are necessary to offset 25 

negative impacts of rising carbon taxes.  26 

 27 

Box 15.7, Figure 2: Global macroeconomic path of Post-COVID-19 climate consistent recovery 28 
Note: Post-COVID Green Stimulus Recovery Path. Global CO2 Emissions, GDP Growth and Fiscal 29 
Stimulus (Deviations from Baseline), and Later Carbon Taxes. Source: WEO database, IMF (2020) 30 

Considerations on global debt levels and debt sustainability as well as implications for climate 31 
finance. The Paris Agreement marked the consensus of the international community that a temperature 32 

increase of well below 2 degrees needs to be achieved and the SR1.5 has demonstrated the economic 33 

viability of 1.5°C. As such, the question on “How much can we afford” versus “Whatever it takes and 34 
what is the most appropriate and robust set-up and framework for that” should have been answered. 35 

However, in terms of increase of supply of in particular public finance, often the debate is still driven 36 

by the question on affordability, considerations around financial debt sustainability and budgetary 37 
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constraints against the background of macroeconomic headwinds – even more in the (post-)COVID-19 1 

world. For example, Maastricht Treaty ceilings (3% of GDP government deficit and 60% of GDP 2 

(gross) government debt) are somehow artificial hurdle rates not considering economic costs of deferred 3 

climate action as well as economic benefits of the transformation. 4 

Robust studies on the economic costs and benefits in the short- to long-term of reaching the LTGG exist 5 

for only few countries and/or regions, primarily in the developed world e.g. (e.g. BCG 2020; McKinsey 6 

2020a). With many studies underpinning the strong economic rationale for high investments in the 7 

short-term (McKinsey 2020a), regional differences are significant highlighting the need for extensive 8 

cooperation and solidarity initiatives. 9 

For many developing countries, the focus of debt sustainability discussions is on the negative effect of 10 

climate change on the future GDP and the uncertainty with regard to short-term effects of climate 11 

change and their economic implications. With long-term economic impacts of climate change being in 12 

the focus of the modelling community, the volatility of GDP in the short term driven by shocks is more 13 

difficult to analyse and requires country-specific deep-dives. IPCC scenario data is often not sufficient 14 

to perform such analysis with additional assumptions being (Acevedo 2016). For debt sustainability 15 

analysis, these more short-term impacts are, however, a crucial driver with transparency being limited 16 

to the significance of climate-related revision of estimates. The latter might result in a continued 17 
overestimation of future GDP as happened in the past increasing the vulnerability of highly indebted 18 

countries (Guzman 2016). While climate change considerations have already impacted country ratings 19 

and debt sustainability assessments (and financing costs), it is unclear whether current GDP forecasts 20 

are conservative enough. The review of the IMF debt sustainability framework leads to a stronger focus 21 

on vulnerability rather than only income thresholds when deciding upon eligibility for debt relief and/or 22 

concessional resources (Mitchell 2015), which could become a mitigation factor for the challenge 23 

described before.  24 

Debt levels globally but particularly in developing and vulnerable countries have significantly increased 25 

over the past years with current and expected climate change impacts further burdening debt 26 

sustainability. For low and middle income countries, 2018 marked a new peak of debt levels amounting 27 

to 51% of GDP; between 2010 and 2018, external debt payments as a percentage of government budget 28 

grew by 83% in low- and middle-income countries, from an average of 6.71% in 2010 to an average of 29 

12.56% in 2018 (Eurodad 2020). COVID-19 has further reduced the fiscal space of many developing 30 

governments and/or increased the likelihood of debt stress. With many vulnerable countries already 31 

being burdened with higher financing costs, this limited fiscal head space further shrinks their ability to 32 

actively steer the required transformation (Buhr et al. 2018). 33 

Considering the need for responses to short-term liquidity issues and long-term fiscal space, current 34 

G20/IMF/World Bank debt service suspension initiatives are focused the liquidity issue her than 35 

underlying problems of more structural nature of many low-income (Fresnillo 2020). In order to ensure 36 

fiscal space for climate action in the coming decade a mix between debt relief, deferrals of liabilities, 37 

extended debt levels and sustainable lending practices including new solidarity structures need to be 38 

considered in addition to higher levels of bi/multilateral lending to reduce dependency on capital 39 

markets and to bridge the availability of sustainably structured loans for highly vulnerable and indebted 40 

countries. More standardised debt-for-climate swap, a higher share of GDP linked bonds or structures 41 

ensuring (partial) debt cancellation in case countries are hit by physical climate change impacts/shocks 42 

appear possible. The collective action clause might be a good example of a loan/debt term which became 43 
market standard. Definition of triggers is likely the most complex challenge in this context. 44 

With public funds becoming scarcer, a preference for loan rather than grant instruments could emerge 45 

in international climate cooperation requiring robust debt sustainability analysis as well as loan 46 

structures ensuring efficient debt restructuring and debt relief in events of extreme shocks and imminent 47 
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over-indebtedness and sovereign debt default. In this context, the Commonwealth Secretariat flagged 1 

that the diversification of the lender portfolio made debt restructuring more difficult with more and 2 

more heterogeneous stakeholders being involved (Mitchell 2015). This is a side effect of a stronger use 3 

of capital markets, which need to be carefully considered in the context of sovereign bond issuances. 4 

The use of debt-for-nature and debt-for-climate-swaps is still very limited and not mainstreamed but 5 

offers significant potential if used correctly (Warland and Michaelowa Zurich 2015) although donor 6 

countries appear more reluctant to engage in debt relief given own resource constraints (Mitchell 2015). 7 

At the same time, the limitation of the use of debt-based instruments as a response to climate-related 8 

disasters and counter-cyclical loans might be necessary (Griffith-Jones and Tyson 2010). 9 

Stranded assets. The debate around stranded assets focuses strongly on the loss of value to financial 10 

assets for investors (see Section 15.6.1), however, stranded asset and resources in the context of the 11 

transition towards a low emission economy “are expected to become a major economic burden for states 12 

and hence the tax payer” (EEAC 2016). Assets include not only financial assets but also infrastructure, 13 

equipment, contracts, know-how, jobs as well as stranded resources (Bos and Gupta 2019). Besides 14 

financial investors and fiscal budgets, consumers remain vulnerable to stranded investments. Against 15 

the background of the frequent simultaneousness of losses occurring the for financial investors on the 16 

one hand and negative employment effects as well as regional development and fiscal effects,  17 

negotiations about compensations and public support to compensate for negative effects of phasing out 18 

of polluting technologies often remain interlinked and compensation mechanisms and related 19 

redistribution effects un-transparent.  20 

Recent phase-out deals tend to aim for a (partial or full) compensation rather than no relief for losses. 21 

In contrast to the line of argument in the tobacco industry, the backward looking approach and a 22 

resulting obligation of compensation by investors in polluting assets can be observed rarely with the 23 

forward looking approach of compensations by future winners for current losers dominating – despite 24 

the high level of awareness about carbon externalities and resulting climate change impacts among 25 

polluters for many years (van der Ploeg and Rezai 2020). In particular, transactions in the energy sector 26 

show a high level of investor protection also against much needed climate action which is also well 27 

illustrated by share of claims settled in favour of foreign investors under the Energy Charter Treaty and 28 

investor-state dispute settlement (Bos and Gupta 2019). 29 

Late government action can delay action and consequently strengthen the magnitude of action needed 30 

at a later point in time with implications on employment and economic development in impacted regions 31 

requiring higher level of fiscal burden. This has also be considered in the context of global climate 32 

cooperation with prolonged support for polluting infrastructure resulting heavy lock-in effects and 33 

higher economic costs in the long-run (Bos and Gupta 2019). With a significant share of fossil resources 34 

which need to become stranded in developing countries to reach the LTGG, REDD remains a singular 35 

example for compensation for stranded resources. 36 

15.6.4 Climate-risk pooling and insurance approaches  37 

Since 2000, the world has been experiencing significant increase in economic losses and damages from 38 

natural disasters and weather perils such as tropical cyclones, earthquake, flooding and drought. Total 39 

global estimate of damage is about 4210 billion USD (Aon Benfield UCL Hazard Research Centre 40 

2019). The largest portion of this is attributed to tropical cyclones (1,253 billion USD), followed by 41 

flooding (914 billion USD), earthquakes (757 billion USD) and drought (approximately 372 billion 42 

USD, or about 20 billion USD yr-1 losses) (Aon Benfield UCL Hazard Research Centre 2019). In the 43 

period 2017–2018, natural catastrophe losses total approximately 219 billion USD (Bevere 2019). 44 

According to the National Oceanic and Atmospheric Administration, 14 weather and climate disasters 45 

cost 91 billion USD in 2018 (NOAA NCEI 2019). The European Environment Agency reports that 46 

‘disasters caused by weather and climate-related extremes accounted for some 83% of the monetary 47 
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losses over the period 1980–2017 for EU Member States (EU-28) and that weather and climate-related 1 

losses amounted to 426 billion EUR20177, (EEA 2019). Asia Pacific has been particularly impacted by 2 

typhoon and flooding (China, India, the Philippines) resulting in economic losses of 58 billion USD, 3 

2000–2017 and combination of flooding typhoon and drought totalling 89 billion USD in 2018 (Aon 4 

Benfield UCL Hazard Research Centre 2019). Based on past historical analysis, a region such as the 5 

Caribbean, which has experienced climate-related losses equal to 1% of GDP each year since 1960 is 6 

expected to have significant increases in such losses in the future leading to possible upwards of 8% of 7 

projected GDP in 2080 (Commonwealth Secretariat 2016). The World Bank estimated that Dominica’s 8 

total damages and losses from the hurricane at 1.3 billion USD or 224% of its Gross Domestic Product 9 

(GDP)’ (WMO 2019). Similarly, Latin America countries, such as Argentina, El Salvador and 10 

Guatemala, experienced severe losses in agriculture totalling about 6 billion USD due to drought (Aon 11 

Benfield UCL Hazard Research Centre 2019). In the African region, where climate change is projected 12 

to get significantly warmer, continuing severe drought in parts of East Africa Tropical and Cyclone 13 

Idai, had devastating economic impacts. Mozambique, Zimbabwe and Malawi (WMO 2019). 14 

According to Munich Re, loss from about 100 significant events in 2018 for Africa are estimated at 1.4 15 

billion USD (Munich Re 2019). 16 

While there are questions about the sufficiency of insurance products to address the losses and damages 17 

of climate-related disasters, it is generally agreed that insurance can help to cover immediate needs 18 

directly, provide rapid response and transfer financial risk in times of extreme crisis (GIZ 2015; Kreft 19 

and Schäfer 2017; Lucas 2015; Martinez-diaz et al. 2019; Matias et al. 2018; Schoenmaker and 20 

Zachmann 2015; EEA 2019b; Broberg and Hovani 2019; Hermann et al. 2016; UNECA 2018; 21 

UNESCAP 2017; Wolfrom and Yokoi-Arai 2016). Commercial insurability is heavily driven by the 22 

predictability of losses and the resulting ability to calculate insurance premium levels properly. Climate 23 
change has become a major factor of increasing uncertainty.  The previously strong reliance on historic 24 

data in calculation of premium levels is inappropriate in the case of climate change and requires 25 

significant adjustments of internal decision-making processes. Different risk perceptions between 26 

policyholders and insurers will create contrary assessments on premium levels and consequently 27 

underinsurance. McKinsey (2020) also stresses the systemic effect of climate change on insurers' 28 

business models and resulting availability of appropriate insurance products. 29 

The traditional approach to such protective or hedging position has been indemnity and other classical 30 

insurance micro, meso and macro level schemes (Hermann et al. 2016). These include micro insurance 31 

schemes such as index insurance and weather derivative approaches that cover individual’s specific 32 

needs such as coverage for farm crops. Meso level insurance schemes, which primarily benefit 33 

intermediary institutions, such as NGOs, credit union, financial institutions and farmer credit entities, 34 

seek to reduce losses caused by credit default thereby ‘enhancing investment potential’, whereas macro-35 

level insurance schemes ‘allow both insured and uninsured individuals to be compensated for damages 36 

caused by extreme weather events’ (Hermann et al. 2016). These macro-level insurance include 37 

catastrophe bonds and weather derivatives etc. that transfer risk to capital market (Hermann et al. 2016). 38 

Over the last decade, there have been a trend towards parametric insurance, index-based, predefined 39 

pay-out risk pooling instrument as a preferred insurance approach, especially for developing countries. 40 

It has gained favour with governments in the developing regions such as Africa, the Caribbean and the 41 

Pacific because it provides certainty and predictability about funding - financial preparedness - for 42 

emergency actions and initial reconstruction and reduces moral hazard. This ‘financial resilience’ is 43 

                                                           

FOOTNOTE 7 For the EEA member countries (EEA-33), the ‘total reported economic losses caused by weather 

and climate-related extremes’ over the  period 1980–2017 amounted to approximately 453 billion EUR2017 (EEA 

2019). 
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also increasingly appealing to the business sector, particularly MSMEs, in developing countries 1 

(Schaer, C., Kuruppu, N. (2018), MEFIN Network and GI RFPI Asia. (2016) and Woods (2016). 2 

To date, sovereign parametric climate risk pooling as a way of managing climate risk does not seem to 3 

have much traction in developed countries and does not appear to be attractive to actors in the G-20 4 
countries. No G-20 members are yet party to any climate risk pooling initiative (Kreft and Schäfer 5 

2017). However, international bilateral donors such as the USAID and DfID, and the multilateral 6 

development banks, are all, to different extent, supporters of the various climate risk pooling initiatives 7 

now operational in developing countries. 8 

As noted also in IPCC AR5, risk sharing and risk transfer strategies provide ‘pre-disaster financing 9 

arrangements that shift economic risk from one party to another’ (IPCC 2012). Risk pooling among 10 

countries and regions seems relatively  advantageous when compared to conventional insurance because 11 

of the effective subsiding of ‘affected regions’ using revenues from unaffected regions which involve 12 

pooling among a large subset of countries (Lucas 2015). In general, the premiums are less costly than 13 

what an individual country or entity can achieve and disbursement is rapid and there are also fewer 14 

transaction costs(Lucas 2015: World Bank 2014). The World Bank argues that experience with PCRIP 15 

and ARC show saving of 50% in obtaining insurance cover for pooled risk compared with purchasing 16 

comparable coverage individually (World Bank 2014; African Risk Capacity 2016; Lucas 2015). 17 
However, it requires, as noted by UNESCAP, ‘extensive coordination across participating countries, 18 

and entities’ (Lucas 2015). 19 

At the same time, this approach is not risk proof as there is substantial basis risk, (actual losses do not 20 

equal financial compensation) (Hermann et al. 2016). Pay-out are pre-defined and based on risk 21 

modelling rather than on the ground damage assessment so may be less than, equal to, or greater than 22 

the actual damage. It does not cover actual losses and damage and therefore, may be insufficient to meet 23 

the cost of rehabilitation and reconstruction. It may also be ‘non-viable or damaging to livelihood in the 24 

long run (UNFCCC 2008; Hellmuth et al. 2009; Hermann et al. 2016). Additionally, if the required 25 

threshold is not met, there may be no pay-out, though a country may have experienced substantial 26 

damages from a climatic event. (This occurred for the Solomon Islands in 2014 which discontinued its 27 

insurance with the Pacific Catastrophe Risk Insurance Pilot when neither its Santa Cruz earthquake nor 28 

the 2014 flash floods were eligible to receive a pay-out under the terms of the insurance (Lucas 2015). 29 

Increasingly, climate risk insurance scheme is being blended into disaster risk management as part of a 30 

comprehensive risk management approach. The best-known example is the Caribbean Catastrophe Risk 31 

Insurance Facility (CCRIF SPC 2018), which involves cooperation among Caribbean states, Japan, 32 

Canada, UK and France and international organisations such as World Bank (UNESCAP 2017). But 33 

there are growing platforms of such an approach including, the Pacific Catastrophe Risk Assessment 34 

and Financing Initiative) for the Pacific Islands, the African Risk Capacity and the African Risk 35 

Capacity Insurance Company Limited (African Risk Capacity 2016) and in the Asian region, the South 36 

East Asian Disaster Risk Insurance Facility (SEADRIF) and the ASEAN Disaster Risk Financing and 37 

Insurance Program (ADRFI).  38 

However, as noted above, climate risk pooling is not a panacea. They have very obvious and significant 39 

challenges. According to (Kreft and Schäfer 2017), limitations of insurance schemes, include 40 

coordination challenges, limited scope, de-stabilisation due to exit of one or more members as premiums 41 

risk, inadequate attention to permanent and non-economic losses (Schaeffer et al. 2014). There are also 42 

challenges with risk diversification, replication and scalability. For example, CCRIF is extending both 43 

its membership and diversifying its geographic dimensions into Central America in seeking to lower 44 

covariate risk. (See Case study below). Risk insurance does not obviate from the need to engage in 45 

capacity building to scale-up as well as having process for addressing systemic risk. Currently, risk 46 

pools have limited sectoral reach and may cover agriculture but not other important sectors such as 47 
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fisheries and public utilities. Others, the like CCRIF only cover a small subset of perils, such as tropical 1 

cyclone, earthquake and excess rainfall but do not include other perils such as drought. In some regions 2 

and countries, there may also be limited access to reinsurance (Schaeffer et al. 2014; Lucas 2015). An 3 

important down-side of climate risk pooling is that it does not cover the actual cost of damage and 4 

losses. Though on the positive side, pay-out may exceed costs, but it may also be less than cost. Hence, 5 

the parametric approach is not a panacea and does not preclude having recourse to traditional indemnity 6 

insurance, which will cover full damage costs after a climate change event as it involves full on the 7 

ground assessment of factors such as the necessity and costs of repair versus say replacement value of 8 

damaged infrastructure. This may be important for governmental and publicly provided services such 9 

as schools, hospitals, roads, airports, communications equipment and water supply facilities. Given the 10 

growing popularity  of parametric insurance and climate risk pooling, there are very ambitious attempts 11 

to expand this approach on several fronts (Scherer 2017). Schoenmaker and Zachmann (2015) have 12 

proposed a global climate risk pool to help the most vulnerable countries. The pathway to this includes 13 

capacity building in underdeveloped financing sectors of developing countries. They argue that as 14 

climate extreme become more normalised, they will wipe out significant part of the infrastructure and 15 

productive capacity of developing countries. This will have knock-on impact on fiscal capacity due to 16 

lowered tax revenue and high rebuilding costs. ‘Developing countries, Schoenmaker and Zachmann 17 

(2015) argue, ‘cannot insure against such event on a market basis, nor would it be sensible to divert 18 

scare fiscal resources away from infrastructure investment into accumulating a financial buffer for such 19 

a situation (Schoenmaker and Zachmann 2015). In that context, Schoenmaker and Zachmann (2015) 20 

call for international risk pooling as the only sensible strategy. They proposed a global risk pool that 21 

builds on the experiences of regional insurance pool such as ARC and CCRIF SPC and PCRAF. The 22 

premium they argue should be partly based on a country’s carbon footprint to provide an incentive for 23 

mitigation—the ‘polluter pays’ principle. Kreft and Schäfer (2017) offer a three-step process for how 24 

the G20 can cement their agenda in advancing risk pooling instruments. First, address the major gaps 25 

in climate risk insurance for poor and vulnerable communities. Second, enhance demand through ‘smart 26 

support instrument’ for premium support. Third, develop a principle-based approach to climate risk that 27 

drives an action plan as well as stimulate a global partnership on climate risk insurance. The major gap 28 

that is seen in climate risk instruments is partly due to the limited uptake of regional institutions such 29 

as ARC, CCRIF SPC which are only in three regions of the world (with missing mechanism in South 30 

America, and not very utilised in many G-20 countries, where individual risk pool may exist. (Kreft 31 

and Schäfer 2017). Importantly, existing regional mechanisms, while they perform very well, only 32 

cover a portion of climatic hazards.  33 

Other gaps and challenges flagged by Kreft and Schäfer (2017) include limited coverage of the full 34 

spectrum of contingency risks experienced by countries, inadequate role of risk management as a 35 

standard for all regional pools, though there are some emerging best practices in terms of data provision 36 

on weather-related risks, and incentivisation of risk reduction. Here, they recognise the work of ARC’s 37 

Africa Risk for not only providing the infrastructure to trigger disbursement but for also promoting 38 

national risk analysis. Another important gap in the landscape of climate risk pooling is lack of attention 39 

to financial institutions’ lending portfolio that is vulnerable to weather shocks. In this regard  subsidies 40 

as part of innovative financing schemes facilitated by the donor community can encourage the uptake 41 

of meso-level climate risk insurance solutions (Kreft and Schäfer 2017). Current state of the art in 42 

climate risk pooling has the challenge of dealing or not dealing with covariant risks hence ‘primary 43 
insurers, individual and governments (especially in small states) may need to rely more on multi-44 

regional and global pooling mechanism’ (Kreft and Schäfer 2017 and the Vulnerable Group of 20 45 

States,). Current risk pooling mechanisms also face the challenge of lack of capacities to adequately 46 

engage at country-level and to develop technologies (such as access to satellite-based information) to 47 

facilitate a more comprehensive understanding of parametric insurance among clientele. They also 48 
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suffer from inadequate financing to keep their products available. This calls for a ‘strategic approach in 1 

how to bridge existing funding gaps and secure long term funding’ (Kreft and Schäfer 2017). 2 

In the literature there are two attempts at systematic evaluation or comprehensive assessment of regional 3 

climate risk pools: The 2015, UK Department of International Development funded long term-4 
Independent Evaluation of the ARC; and a comprehensive study by Scherer (2017).  Overall, none of 5 

these studies draw adverse conclusions about regional climate risk pooling initiatives/mechanisms.  6 

According to Scherer (2017) ‘it appears that insurances work in principle and there is certainly 7 

successes’ and ’initial experiences demonstrates regional climate risk insurances works’. The author 8 

cited the 28 payouts to 16 countries of 106 million USD arguing that it provides cash-starved countries 9 

with much needed cash (Scherer 2017). The DFID a ten- year long evaluation (2015-2024)  examines  10 

the uptake of ARC (ARC 2020) and its impact on reducing vulnerability to disasters. It notes that there 11 

is scarce literature on disaster risk insurance mechanism in terms of impacts. In its current sample of 20 12 

countries as of November 2017, it noted that 4 are projected to experience food  security crisis (IPC 13 

Level 3) but are not signatories to the ARC which may  signal that ARC is not attractive to all food 14 

insecure countries and that there is no overwhelming appetite for ARC among poorer countries. 15 

Additionally, Panda and Surminski (2020), research on the importance of indicators and frameworks 16 

for monitoring the performance and impact of CDRI make no final assessment of any of the regional 17 

climate risk pool. However, they propose mechanisms to improve the transparency and accountability 18 

of the system.  Scherer (2017) , Forest (2018) and Panda and Surminski (2020), seem to indicate that 19 

there is enthusiasm to support and scale up regional climate risk insurance (Scherer 2017). Examples 20 

of this support include, the Germany Ministry for Economic Cooperation and Development (BMZ) has 21 

provided 5.9 million USD for WFP to protect 1.2 million vulnerable African framers with climate risk 22 

insurance, through ARC Replica, and the G7, InsuResilience Vision 2025, which has  committed to 23 
ensuring 400–500 million poor persons are covered against disaster shock by pre-arranged finance and 24 

insurance mechanism by 2025, some of this will be through ARC (World Food Programme 2020). Of 25 

course, this does not mean that risk pools are without challenges or are not failing on specific sets of 26 

metrics. Forest (2018) flags three failing areas: policy holder and hazard coverage, the cost of premium 27 

and risk transfer parameters and the use of payout, which in most cases are up to the government. Here, 28 

ARC is flagged among the three regional Risk pools, as the only one with contingency plan requirement 29 

that can support effective use of pay-outs. Other research explores climate risk pool and its impact flag 30 

lack of transparency around payout, premium or risk transfer parameters. Ultimately, climate risk pools 31 

are not full insurance; they offer only limited coverage. Entities such as the UK Anti-Corruption Help 32 

desk is exploring how to mitigate potential corruption with regard to climate risk insurance. 33 

15.6.5 Widen the focus of relevant actors: Role of communities, cities and sub-national 34 

levels  35 

There is an urgency and demand to meet the financial needs of the climate change actions not only at 36 

the national level but also at the subnational level, to achieve low-carbon and climate-resilient cities 37 

and communities (Barnard 2015; C40 Cities Finance Facility and CDP and Global Covenant of Mayors 38 

2018). Scaling up subnational climate finance and investment is a necessary condition to achieve 39 

climate change mitigation and adaptation action (Ahmad et al. 2019). Many countries have established 40 

decentralised and devolved climate finance systems to support subnational climate change actions 41 

(Sharma et al. 2015; IIED 2017).  42 

The importance of exploring effective subnational climate finance. Stronger subnational climate 43 

action is indispensable to adapt cities to build more sustainable, climate-positive communities 44 
(Kuramochi et al. 2020). It has transformative potential as a key enabler of inclusive urban economic 45 

development through the building of resilient communities (Floater et al., 2017a; Ahmad et al. 2019; 46 
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Colenbrander et al. 2018). Yet the significant potential of many subnational climate finance 1 

mechanisms remains unfulfilled. Policy frameworks and choices at higher levels underpin subnational 2 

climate investments (Colenbrander et al. 2018; Hadfield and Cook 2019). To scale climate investment, 3 

a systematical understanding of the preconditions to mobilizing high-potential financing instruments at 4 

the national and subnational levels is necessary.  5 

Subnational climate finance needs and flows. Subnational climate finance covers financing and 6 

funding mechanisms reaching or utilising subnational actors to develop climate positive investment in 7 

urban areas. The fragility of interconnected national and subnational finances affects subnational 8 

finance flows, including the impact of the social-economic crisis (Canuto & Liu, 2010; Ahrend et al., 9 

2013). The effect of deficit in investment for global infrastructure towards the growing subnational-10 

level debt also creates pressure on subnational finances and constrains future access to financing 11 

(Smoke 2019). 12 

IFC (2018) estimates a cumulative climate investment opportunity of 29.4 trillion USD across six urban 13 

sectors in emerging market cities to 2030. The investment needed to make urban infrastructure 14 

sustainable is in the range of 0.4–1 trillion USD annually (CCFLA 2015). Low-carbon investment 15 

brings a compelling economic case for cities, estimated to generate 16.6 trillion USD net savings in 16 

2015–2050 (Gouldson et al. 2015). However, the Institute for Environment and Development estimates 17 
that out of the 17.4 billion USD total investments in climate finance, less than 10% (1.5 billion USD) 18 

was approved for locally-focused climate change projects between 2003 and 2016 (Soanes et al. 2017). 19 

This includes adaptation and mitigation-dedicated locally-based projects, such as local climate-20 

compatible infrastructure, climate-sensitive policy frameworks for local level, and climate change 21 

relevant community-based projects. 22 

Subnational climate public and private finance. Urban climate finance and investment are prominent 23 

among the subnational climate finance landscape (CCFLA 2015; CPI 2019). Finance mechanisms that 24 

can support climate investment for the urban sector include public-private partnerships (PPPs); 25 

international finance; national investment vehicles; pricing, regulation, standards; land value capture; 26 

debt finance; and fiscal decentralisation (Granoff et al. 2016; Floater et al. 2017a; Gorelick 2018; White 27 

and Wahba 2019). Among these mechanisms, PPPs, debt finance, and land value capture have the 28 

potentials to mobilise private finance (Ahmad et al. 2019) (see PPP discussion in Section 15.6.6.1). 29 

PPPs are particularly important in cities with mature financial systems as the effectiveness of PPPs 30 

depends on appropriate investment architecture at scale and government capacity. Such cities can enable 31 

its infrastructure such as renewable energy production and distribution, water networks, and building 32 

developments to generate consumer revenue streams that incentivise private investors to purchase 33 

equity as a long-term investment (Floater et al. 2017b). Shanghai shows that cities can employ direct 34 

funding, such as grants and subsidies, to conduct climate mitigation projects. If well-designed and cost 35 

effectively implemented, direct funding can be an attractive option in managing low-carbon transition 36 

as it fills the gap between the policy intentions and the policy outcomes (Peng and Bai 2020).  37 

National-level investment vehicles can provide leadership for subnational climate financing and crowd 38 

in private finance by providing early-stage market support to technologies or local evidence related to 39 

asset performance and costs-benefits. When they do not exist or have limited capacity, international 40 

finance facilities such as multilateral development banks, multilateral climate funds, and ODA have 41 

substantial potential to drive subnational climate investment and blend different sources of finance. The 42 

use of carbon pricing is increasing at the subnational level along with regulation and standards on 43 

negative externalities, such as pollution, to steer investment towards climate financing (World Bank 44 

2019a). Land value capture can benefit from robust regulatory frameworks as a powerful tool for 45 

funding large urban projects, particularly in transportation and land use sector to incentivise low-carbon 46 

mobility (Floater et al. 2017b). Where capacity at the subnational level and political will at the national 47 
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level exist, fiscal decentralisation provides subnational governments with revenue through the property 1 

and other forms of taxation (Sow and Razafimahefa 2014).  2 

Debt financing via municipal bonds and borrowing is another essential tool for raising upfront capital. 3 

The share of municipal, sub-sovereign, and sovereign bonds could grow over time, given efforts to 4 
expand the creditworthiness and ensure a sufficient supply of own-source revenue to reduce the default 5 

risk. As of now, subnational and sub-sovereign bonds are constrained by public finance limits and the 6 

fiscal capacities of governments. Green municipal bonds can attract investors who do not typically buy 7 

municipal bonds, e.g., ESG investors, and fostering greater cross-agency collaboration because of the 8 

process of structuring and issuing a green bond requires cooperation within a city bringing together 9 

various departments responsible for finance, sustainability, infrastructure, and planning (Saha and 10 

D’Almeida 2017). However, it is prone to reputation externalities, which suggests caution about the 11 

existence of high specific demand for green bonds or the willingness of investors to ‘pay for 12 

green’(Karpf and Mandel 2018). The process of issuing green municipal bonds incurs extra transaction 13 

costs due to the level of disclosure and reporting required.  14 

Key challenges of subnational climate finance. Across all types of cities, four key challenges 15 

constrain the flow of subnational climate finance: (i) difficulties in mobilizing and scaling-up private 16 

financing (Granoff et al. 2016); (ii) deficient existing architecture in providing investment on the scale 17 
and with the characteristics needed, including lack of adequate project preparation facilities and 18 

resource supports (Anguelovski and Carmin 2011; Brugmann 2012); (iii) political-economic 19 

uncertainties, primarily related to innovation and lock-in barriers that increase investment risks (Unruh 20 

2002; Cook and Chu 2018; White and Wahba 2019); (iv) the deficit in investment for global 21 

infrastructure affects the growing subnational-level debt, which putting pressure on subnational 22 

finances and constraining future access to financing (Canuto and Liu 2010) and; (v) lack of positive 23 

value capture (Foxon et al. 2015). Much of the existing assessment of climate infrastructure investment 24 

is framed around the need to cover the incremental costs of low-carbon options instead of internalizing 25 

the valuation of positive social and environmental externalities (Foxon et al. 2015; Granoff et al. 2016). 26 

Different finance challenges between rich and poor cities. Access to capital markets has been one of 27 

major sources for subnational financing is generally limited to rich cities, and much of this occurs 28 

through loans. Different challenges accessing capital markets associated with wealthy and poorer cities 29 

are compounded into three main issues: (i) scarcity and access of financial resources (Bahl and Linn 30 

2014; Colenbrander et al. 2018b; Cook and Chu 2018; Gorelick 2018), (ii) the level of implication from 31 

the existing distributional uncertainties to the current financing of infrastructural decarbonisation across 32 

carbon markets (Silver 2015), and (iii) the policy and jurisdictional ambiguity in urban public finance 33 

institutions (Cook and Chu 2018; Padigala and Kraleti 2014). In poorer cities, these differing features 34 

continue to be inhibited by contextual characteristics of municipal finance, including gaps in domestic 35 

and foreign capital (Meltzer 2016), the mismatch between investment needs and available finance 36 

(Gorelick 2018), weak financial autonomy, lack of financial maturity, investment-grade credit ratings 37 

in local debt markets (Bahl and Linn 2014), lack of diversified funding sources and stakeholders (Zhan 38 

and Jong 2018; Zhan et al. 2018; Gorelick 2018), and weak enabling environments (Granoff et al. 2016). 39 

The depth and character of the local capital market also affect cities differently in generating bonds. 40 

Challenges facing developing bond market cities, e.g., India, include a lack of in-house capacity or 41 

trained professionals for managing bond issuances, and the abundance of existing state funds to meet 42 

capital needs, thus, lowering any interest or need for entering the bond market in general, or green bond 43 
market, in particular (GIZ 2017b). Johannesburg and Cape Town are successful examples of cities in 44 

the developing countries that have issued green municipal bonds that have been readily absorbed by the 45 

market (Gorelick and Walmsley 2020). In the mature bond market, e.g., the US, one of the biggest 46 

challenges to green municipal bonds is the lack of bankable green projects or project pipelines. Green 47 
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projects and project pipelines are generally smaller in scale than the bond markets typically like to see 1 

come to market (Saha and D’Almeida 2017). 2 

Climate investment and finance for communities. The literature on community finance is very 3 

limited, and there is a lack of evidence that which financing schemes contribute to climate change 4 
mitigation and adaptations at community level. There is growing interest in the linkages between 5 

microfinance and adaptation with particular focus on the agriculture sector (Agrawala and Carraro 6 

2010; Fenton et al. 2015; Chirambo 2016; Dowla 2018; Climate Investment Funds 2018), the finance 7 

for community-based adaptation actions (Sharma et al. 2014; Fenton et al. 2014), and the relations 8 

between remittances and adaptation (Le De et al. 2013). However, the limits to which microfinance can 9 

facilitate adaptation are unknown as limited evidence exists regarding the extent of internal climate-10 

proofing operations of microfinance institutions (Fenton et al. 2015).  11 

There is less discussion on community finance for mitigation aside from the benefits of community 12 

finance and village funds in contributing to close investment gaps and community-based mitigation in 13 

the renewable energy and forest sectors (Ebers Broughel & Hampl, 2018; Bauwens, 2019; Watts et al., 14 

2019). The full potential and barriers of the community finance model are still unknown and research 15 

needs to expand understanding of favourable policy environments for community finance (Bauwens, 16 

2019; Watts et al., 2019). More literature in linking community climate change mitigation and 17 
adaptation actions and various financing instruments is needed, such as community development credit, 18 

community development loan/venture capital, local financing through cooperatives, public-private 19 

community partnership, community investment, village banking, crowdfunding, and community-based 20 

trust funds. 21 

Implications for the transformation pathway. Subnational climate financial systems need to be 22 

sensitive to shadow systems influencing organisational ability to translate adaptive capacity into actions 23 

(Leck and Roberts 2015; Colenbrander et al. 2018a) that can exacerbate the cost of transformation or 24 

hinder the transformation, including increasing local discretion and downwards accountability (Mansuri 25 

and Rao 2013) and continuing political injustice (Barrett 2013). Only a few elaborate successful 26 

innovative urban climate finances from the broader perspective of public policy, government 27 

institutions and development choices that can enable conditions and reduce barriers for innovative 28 

financing activities in different development contexts (Padigala and Kraleti 2014; Colenbrander et al. 29 

2018a; Cook and Chu 2018; Zhan and Jong 2018; White and Wahba 2019). Deepening understanding 30 

of the differing responsibilities among and within cities and communities and design of policy and 31 

institutional practices and relations are needed to reduce negative implications of transformation 32 

pathway where prevailing modes of development create an additional burden to disadvantaged groups 33 

(Steele et al. 2015).  34 

15.6.6 Support the development of new asset classes 35 

Investor demand in innovative financial products. Since AR5, innovative financial products such as 36 

environmental, social and governance (ESG) indices and sustainability and green labelled financial 37 

products have proliferated (see financial stock estimates in Section 15.3.2.1). These financial products 38 

are not necessarily ‘new’ in terms of financial design but are packaged or labelled in an innovative way 39 

to attract responsible and impact-oriented institutional investors.  40 

The growth and diversity of the green bond market illustrates how innovative financial products can 41 

attract both public and private investors. Demand for green financial products initially stemmed from 42 

public sector pension funds, such as the Swedish pension funds, which resulted in pioneering efforts in 43 

climate and green bonds by the European Investment Bank and the World Bank in 2007-2008. 44 

Responsible or impact investors constitute over 50% of the investor base for green bonds (CBI 2020a). 45 

Since AR5, labelled green bonds have grown significantly, exceeding 160 billion USD in 2017–2018, 46 
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up from 37–51 billion USD in 2014–2015 (CBI 2019). Commercial, financial institutions and 1 

corporates (e.g. in real estate, retail, manufacturing, energy utilities) now represent the largest volumes 2 

(CBI 2019). Municipal green bond issuance has also been strong in certain countries such as Sweden 3 

(see further discussion on municipal green bonds in section 15.6.6 on local actors). Beyond green bonds, 4 

additional products such as green loans, green commercial paper and sustainability-linked loans have 5 

also been introduced in the market (CBI 2019).  6 

The financial crisis associated with COVID-19 has put increased pressure on debt issuers, but as of yet 7 

literature has not been identified that explores the extent to which the increase in indebtedness for 8 

sovereigns and corporates has been financed via climate-related labelled debt products. Further, at this 9 

time there is no identified literature assessing the degree to which international versus domestic 10 

investors are financing sovereign green debt in developing countries (for further discussion on attracting 11 

different types of investors through the development of local capital markets see section 15.6.7) 12 

However, continued steady growth in issuance has been observed in sustainability-labelled bonds 13 

(which include both social and green project types) since the COVID-19 crisis, whereas green bond 14 

issuance did not grow as fast in the first half of 2020 as it had the previous year, showing a greater slow-15 

down in emerging than developed country markets (CBI 2020b). 16 

Index providers and exchanges can also play a role in supporting the development of innovative 17 
financial products for climate action. Low-carbon indices have proliferated in recent years, with varying 18 

approaches including reduced exposure to fossil, best-in-class performers within a sector, and fossil-19 

free (UN PRI 2018) (see discussion on ESG index performance that follows in this section). Exchanges 20 

can also play a supporting role to the uptake of green financial products through transparent listings and 21 

requirements to improve credibility of green labelling. The number of green or sustainability bond 22 

listing segments tripled from five in 2016 to 15 in 2018 (SSE 2018a). Green security listings can also 23 

be used to enhance local capital markets, see Section 15.6.7 for further discussion. 24 

Potential for and challenges of a continued growth in innovative financial products. Despite recent 25 

growth and diversification, green bonds face several challenges in scaling up. Issuance of green-labelled 26 

bonds (257 billion USD in 2019) constitutes approximately 3.5% of the global bond market issuance in 27 

that year (Ehlers et al. 2020; CBI 2020a). Potential exists to increase issuance amongst corporates, for 28 

instance, and across a broader regional scope (although subject to limitations of local capital markets). 29 

Yet there remain several challenges to growing the green bond market, including inter alia the potential 30 

for greenwashing and limitations in application to developing countries (see discussion in next part of 31 

this section) (Banga 2019; Shislov et al. 2018). 32 

Labels such as green, sustainable, transition and ESG have overlapping applications, and the degree to 33 

which they are climate relevant depends on underlying criteria and how they are applied. There is no 34 

universal definition of green bonds and varied definitions of eligible green activities are evolving across 35 

regional bond markets, including e.g. in China and India. There are related concerns of ‘greenwashing’ 36 

or labelling a financial product green when it is not climate-aligned (Shislov et al. 2018). Regulatory 37 

efforts in the EU focused on disclosure of climate risk (see section 15.6.1) aim to clarify definitions and 38 

guard against greenwashing (TEG 2019). The proposed EU Green Bond Standard would require 39 

transparency on the degree of alignment with the detailed taxonomy of sustainable activities, but it is 40 

too early to understand the potential market implications of the forthcoming regulation. For some 41 

investors, this could provide more assurance against greenwashing, but at the same time could place an 42 

additional transaction burden on issuers of green and sustainable products in the EU. A further check 43 
on greenwashing, although insufficient on its own, is the fear of reputation risk on behalf of investors, 44 

issuers and intermediaries in the age of social media (Hoepner et al. 2017).  45 

Green bonds have been primarily targeting mitigation projects. In 2019, green bonds financed projects 46 

in the energy (32%), transportation (20%), buildings (30%) and water (9%) sectors (Climate Bonds 47 
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Initiative 2019). Agriculture and forestry projects, including adaptation projects, have been less suited 1 

to be financed in a bond structure, in part due to the more disaggregated nature of the projects and in 2 

part due to project ‘bankability’ or ability to contribute steady streams of financing to pay back the 3 

terms of a bond.  4 

While the green bonds have the potential to further support financial flows to developing countries, 5 

local capital market deficiencies continue to hinder green finance flows (see also Section 15.6.7 on local 6 

capital markets for peer-learning examples and de-risking opportunities) (Banga 2019). Since 2007, 7 

43% of green bonds and sukuks (Islamic finance instruments) have been issued by multilateral and 8 

bilateral development institutions to finance climate action in developing countries (Clapp and Pillay 9 

2017). In addition, there have been some notable examples of issuance by emerging market institutions 10 

such as the city of Johannesburg in South Africa, Yes commercial bank in India and Nafin development 11 

finance institute in Mexico. Some of these issuances attracted a significant percentage of investors from 12 

abroad, e.g. 79% of the investors in the Korean Export Import Bank green bond were from the US and 13 

Europe, although the degree to which they have attracted international investors is largely not known 14 

(CICERO and CPI 2015). The Yes Bank green bond illustrates an example of mitigating some of the 15 

credit risk, whereby the Indian commercial bank sold its green bond to the IFC, which in turn resold 16 

the bond on the London Stock Exchange under its higher credit rating (Torvanger et al. 2016). 17 

Green financial products and cost of capital. One indicator of the potential uptake of green financial 18 

products is the willingness of investors to pay a premium for the green label to reduce their exposure to 19 

climate risk. Investors face a systematic under-pricing of climate risk in financial markets (Kumar et al. 20 

2019; Krogstrup and Oman 2019). Green bonds are on example of a financial product where investors, 21 

in certain parts of the market, may be starting to pay a premium or so-called “greenium” for reduced 22 

climate risk. 23 

There is mixed evidence of a premium, or lower yields, for green bonds in certain parts of the market 24 

(low agreement, medium evidence). Previously, ESG labelled bonds have not shown systematic 25 

tightening (Barclays 2016). However, in the US municipal bond market, as credit quality for green 26 

labelled bonds has increased in the past few years, some studies show a positive premium for green 27 

bonds is emerging (Baker et al. 2018; Karpf and Mandel 2018), or emerging only in the secondary 28 

market (Partridge and Medda 2020), while others find no evidence of a premium (Hyun et al. 2019; 29 

Larcker and Watts 2020). Several studies also show a recent emergence of a premium and 30 

oversubscription for some green labelled bonds denominated in EUR (CBI 2020a) in some cases for 31 

both USD or EUR (Ehlers and Packer 2017) green bonds, with a wide variation in the range of the 32 

observed difference in basis points focusing on the secondary market (Nanayakkara and Colombage 33 

2019; Zerbib 2019; Gianfrate and Peri 2019), with financial institution and corporate green bonds 34 

trading marginally tighter than their non-green comparisons (Hachenberg and Schiereck 2018).  35 

Spill over effects of green bonds may also impact equity markets and other financing conditions. Stock 36 

prices have been shown to positively respond to green bond issuance (Tang and Zhang 2020), while 37 

enhanced credit quality induced by issuing green labelled bonds can lead to a lower cost of capital for 38 

issuers (Agliardi and Agliardi 2019). Issuers’ reputation and use of third-party verification can also 39 

improve financing conditions for green bonds (Bachelet et al. 2019). Green bonds are strongly 40 

dependent on fixed income market movements and are impacted by significant price spill over from the 41 

corporate and treasury bond markets (Reboredo 2018). A simulation of future green sovereign bond 42 

issuances shows that this can promote green finance via firm’s expectations and the credit market, but 43 
potentially with the distribution of wealth concentrated in the credit sector (Monasterolo and Raberto 44 

2018). For sustainability-labelled indices, there is mixed evidence with some studies showing improved 45 

financial performance over non-labelled indices (Jain et al. 2019). On a credit risk-adjusted basis, 46 

emerging marketing ESG indices significantly outperformed non-labelled indices (Sherwood and 47 
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Pollard 2018); another showed slightly higher returns for a non-fossil fuel index over sample periods in 1 

the last eight years (Halcoussis and Lowenberg 2019) (see also discussion on ESG data gaps in Section 2 

15.6.1). 3 

Considerations on measurable environmental impact of green financial products. Beyond financial 4 
performance, there is, however, to date, a lack of evidence that sustainability ratings and labelling of 5 

financial products have significant impacts in terms of climate change mitigation and adaptation. 6 

Further, new products must be coupled with tightened climate policy and a reduction in investments 7 

associated with GHG-emitting activities to make a difference on the climate (See section 15.3.3.2 for 8 

further discussion on reduction of financial flows to emitting activities). While investors are 9 

increasingly paying attention to climate change, there is not yet evidence that this leads to climate-10 

aligned portfolios (see discussion on voluntary initiatives in Section 15.6.1). According to one 11 

assessment, financial assets in many investors’ portfolios indirectly support a temperature increase well 12 

above 2°C (2° Investing Initiative 2017). The demand for financial products aligned with the objectives 13 

of the Paris Agreement is, however, likely to rise as an increasing number of financial institutions, 14 

institutional investors and asset managers announce climate-related pledges to allocate funds to 15 

activities with identified climate benefits or to divest from or stop financing fossil fuel-related activities, 16 

notably coal. While an upscaling of pledges by the financial sector could result in some avoided 17 

emissions (Glomsrød and Wei 2018) there is contested evidence about the amount of direct impact from 18 

divestment.  19 

It is challenging to link specific emission reductions with green bonds. Data challenges point to an 20 

inability to link emission reductions at the organisation or firm level with green bond issuance (Ehlers 21 

et al. 2020), although one paper cited evidence of emission reductions at the corporate level following 22 

green bond issuance (Flammer 2020). There is also a lack of impact reporting requirements in the green 23 
bond market. In the proposed EU Green Bond Standard, the only reporting required is on annual 24 

allocation, not on impact reporting (European Commission 2020). Nor is impact reporting required for 25 

green bond listings at specific exchanges at this time, however this could change in future if investors 26 

apply pressure. 27 

Green-labelled products may not necessarily result in increased financial flows to climate projects, 28 

although there can be benefits from capacity building with issuing institutions. Green bonds can be used 29 

to finance new climate projects or refinance existing climate projects, and thus do not necessarily result 30 

in finance for new climate projects constituting additional GHG reductions (a framing used in the Clean 31 

Development Mechanism). The labelling process itself may not necessarily lead to additional financing 32 

(Dupre et al. 2018; Nicol et al 2018), however recent studies illustrate a willingness of investors to pay 33 

a premium for green bonds that could shift the additionality discussion in future (see discussion earlier 34 

in this section). In addition, the labelling process has merit in contributing to building capacity within 35 

issuing institutions on climate change (Schneeweiss 2019), which could support identification of new 36 

green projects in the pipeline. 37 

BOX 15.8 The role of fintech in supporting innovative instruments and climate investment 38 

Fintech can enhance climate investment in innovative financial products and build trust through data, 39 

but also presents some challenges. Financial technology or 'fintech' applies to data-driven technological 40 

solutions that aims to improve financial services (Dorfleitner et al. 2017; Schueffel 2016; Lee and Shin 41 

2018). Blockchain is a key fintech that secures individual transactions in a distributed system, which 42 

can have many applications with high impact potential but is also associated with uncertainty (World 43 

Energy Council 2017) (OECD, 2019) Applications of fintech include aggregating transactions, 44 

verifying data, and matching investors to projects to support greater access to capital for renewable 45 

energy and agriculture resiliency projects and aggregated information to support carbon markets and 46 

green financial instrument investments (Box 15.8, Table 1).  47 
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Box 15.8, Table 1: Clustered fintech applications relevant to climate finance change 1 

Sustainable development Energy sector Carbon credits Green financial 

instruments  

Tracking assets in supply 

chains across sectors such 

as forestry, fisheries, or 

energy (Nassiry 2018) 

Blockchain supported 

grid transactions, 

renewable energy 

financing, and electric 

vehicles (Livingston et 

al. 2018) 

 

Emissions accounting 

from the project level 

throughout the value 

chain across regions and 

commodity markets 

(World Bank 2018b) 

Distributed ledger 

technology (digital 

system for recording asset 

transactions) for green 

Asset-Backed Securities 

(ABS) (Knuth 2018) 

 

 

Credit scoring, using 

mobile phone and payment 

histories to expand access 

to credit for farmers or loan 

applicants in other sectors 

(Davidovic et al. 2019) 

 

Renewable energy and 

distributed energy 

applications such as 

peer-to-peer energy 

transactions 

(Livingston et al. 2018) 

 

Data support to enhance 

formation and liquidity of 

carbon emission 

reduction trading markets 

(Cen and He 2018) 

 

Transparency and 

verification for green 

financial instruments via 

green wallets for investors 

(Kyriakou et al. 

2017)(Stockholm Green 

Digital Finance 2017) 

 

Digital insurance for 

agricultural crops can 

support farmers to build 

resilience to weather-

related shocks (Kramer and 

Ceballos 2018) 

 

PAYGO (pay as you go) 

systems support 

decentralised electricity 

markets, flexible 

energy supply/demand 

(UNEP Inquiry 2016b) 

 

Monitoring, Reporting 

and Verification (MRV) 

systems using standard 

units for carbon 

accounting (World Bank 

2018b) 

 

Sustainability rating 

schemes for climate-

smart infrastructure via 

data aggregation on 

investment value chains 

(van Der Lugt 2018) 

 

Fintech can potentially circumvent the need for trusted intermediaries such as banks (Nassiry 2018) and 2 

thus limit the power of local elites (Schmidt and Sandner 2017). Small-to-medium enterprises (SMEs) 3 

in developing countries can benefit from fintech solutions that bring entrepreneurs closer to their 4 

funders and diversify the types of funding (UNEP Inquiry 2017).  However, there are several challenges 5 

with fintech in supporting climate investment. High energy consumption is associated with the 6 

decentralised nature of blockchain to secure cryptocurrency ledgers, such as bitcoin (Mora et al. 2018). 7 

While 60% bitcoin verification processes target electricity consumption, they also emit 33.5 MtCO2-eq 8 

yr-1 according to one study (Mora et al. 2018). Further, blockchain and digital currency applications are 9 

not covered by a governance system (Tapscott and Kirkland 2016; Nassiry 2018). This could lead to 10 

problems with security (Davidovic et al. 2019) and trustworthiness of green financial data or privacy of 11 

individual information. Further changes in licensing and prudential supervision frameworks could 12 

impact new fintech business models. 13 

 14 

15.6.7 Development of local capital markets  15 

Situational Context. Regionally, the current focus of the global climate investment policies and 16 

opportunities tends to be on the big four (China, USA, EU-28 and India) and the G-20 generally (UNEP 17 

2019b). But attention must accelerate on developing countries and in particular vast low-income Africa 18 

(African Union Commission 2015; IEA 2019c; Sweerts et al. 2019; Mandelli et al. 2014; Briceño-19 

Garmendia et al. 2009; Eberhard and Shkaratan 2012; Gujba et al. 2012). The scale of investments 20 

required for energy access and low-carbon infrastructure in Africa and LDC developing country regions 21 

requires access to long term capital over and above what public sector governments of developing 22 

countries and private sector commercial banks have available. The 2015 UN Addis Ababa Agenda 23 

Financing for Development (UN 2015) Article 14 estimates that to bridge the global infrastructure gap 24 

including the 1 to 1.5 trillion USD annual gap in developing countries requires both enhanced financial 25 
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and technical support. Section 15.4.2 elaborates on average mitigation funding needs of developing 1 

countries of almost 800 billion USD or approximately 3% of current GDP until 2030. Developing 2 

countries will not only need to mobilise technical support and partnership, but all diverse sources of 3 

funds – domestic, international, public, private including climate finance as well as technical assistance 4 

pledged under the Paris Agreement and Copenhagen Accord. IEA estimates for Africa power sector 5 

alone at 120 billion USD, exceeds the 100 billion USD climate finance Copenhagen Accord for all 6 

developing countries (IEA 2019c). It is widely recognised that developing countries have under-7 

developed local capital markets to different degrees – with bond markets still very much at a nascent 8 

stage in many countries particularly in Africa (Mu et al. 2013; Berensmann et al. 2015; Essers et al. 9 

2016; Du and Schreger 2016; Dafe et al. 2017). Policies centred around the accelerated development of 10 

local capital markets for energy transitions with support from external grants, supra-national guarantees 11 

and recognition of carbon remediation assets are assessed in literature as crucial options. These offer 12 

opportunities in terms of a greater diversification of funding sources, access to local currency funding 13 

and in some scenarios addressing home bias effects in financing costs.  14 

Mobilising long term capital. Institutional investors are being seen as a source of long-term capital 15 

with investment portfolios built typically around bonds and equities with an investment horizon often 16 

tied to long-term nature of their liabilities such as pension benefits provided at retirement and life 17 

insurance pay-outs. Local and international institutional investors such as pension funds and insurance 18 

companies with sizeable and growing assets estimated to be between 20–100 trillion USD worldwide, 19 

are increasingly seen as one possible source of additional capital to fill the financing gaps (EIB 2012; 20 

Arezki et al. 2016; Kaminker et al. 2013). Africa’s largest pension fund – the South Africa Government 21 

Pension Fund (GEPF) holds about two trillion South African Rands Assets Under Management (AUM) 22 

(exchange rate on 8 Jan 2021: USD 0.065/Rand representing more than 130 billion USD) (GEPF 2019). 23 
Other large sub-Sahara Africa pension funds with sizeable 2019 AUM include Nigeria (33 billion 24 

USD), Kenya (13 billion USD), Namibia (12 billion USD) and Botswana (9 billion USD) (PWC 2015; 25 

Irving 2020). Bagus et al. (2020) analysis values Africa’s insurance industry as the eighth largest in the 26 

world at about 68 billion USD in terms of Gross Written Premium and growing - although this is not 27 

equally distributed across the continent. Institutional investors in Latin America and the Caribbean 28 

reportedly hold just over 1 trillion USD AUM, or about 20% of GDP (Cavallo and Powell 2019; 29 

Serebrisky et al 2020). Pension funds in Australia and Canada are seen as the leaders in direct 30 

investment in infrastructure, allocating about 5 % of total AUM to infrastructure investment (Inderst 31 

and Della Croce 2013). Sovereign wealth funds (SWFs) are estimated to have around 5 trillion USD 32 

AUM and expected to double in size in the next decade providing significant potential for green bond 33 

investment. Markowitz (2020) estimates Africa SWFs to hold about 80 billion USD. Institutional 34 

investors’ asset allocation to direct infrastructure investments in general remains small with less than 35 

1% for OECD pension funds. Green investment component remains even more limited (Kaminker et 36 

al. 2013). In an assessment to barriers to investment – suitable standardised investment vehicles of scale, 37 

lack of national infrastructure road maps to give investor confidence in government commitments to 38 

developing investable projects and perception of complex risks are cited as example impediments. 39 

Kaminker et al. (2013) argue that one of the elements to increasing institutional investor allocation to 40 

green infrastructure is a competitive risk-return basis over different time horizons, to accommodate the 41 

varying risk appetites, investment preferences, and constraints. In their analysis they point to 42 

institutional investors with fiduciary responsibilities not making investments purely because these are 43 
green but taking account green labelling (Section 15.6.6). Risk-return is said to be an important 44 

consideration for pensions funds and insurers in considerations of security, profitability, liquidity and 45 

quality (Aviva 2019; Asgari 2019). In terms of asset allocation – non-government bonds are said to 46 

provide diversification and attractive yields, especially developing country markets with limited supply 47 

of bond instruments and a high concentration of investments in government securities. Institutional 48 

investors are reported as looking for opportunities that mitigate the risks arising from climate change 49 
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as they integrate environmental, social and governance (ESG) factors into the investment process. The 1 

UN Principles for Responsible Investment (PRI), the largest global network of institutional investors 2 

committed to the integration process of ESG, as of 31 March 2020 has 3,038 members representing 103 3 

trillion USD (UN PRI 2020). A coalition of investors including UN PRI published COVID-19 recovery 4 

plans and a briefing paper urging policy makers to accelerate the Paris Agreement signalling readiness 5 

to invest in climate solutions (IIGCC 2018, 2020). In other collaborations; Africa and US regional 6 

institutional investors formed a partnership platform - Mobilising institutional investors to Develop 7 

Africa’s Infrastructure (MiDA) to explore investments including energy access and low carbon (MIDA 8 

2017; Mercer 2018) whilst Japan’s GPIF and Norway’s KBN launched a partnership promoting green 9 

bonds (GPIF Japan 2020). Another potential long-term external finance source: diaspora remittances 10 

flows to low-and middle countries rose from under 100 to 530 billion USD during 1990-2018 although 11 

challenges remain in pooling to achieve country-regional level scale. Diaspora bond issuance being 12 

deployed for mitigation and adaptation projects including securitisation of remittances and their use as 13 

collateral for infrastructure bonds are discussed in literature (World Bank 2019b; Ketkar and Ratha 14 

2010; Akkoyunlu and Stern 2012; Mensah 2019). The international development finance club 15 

comprising of 26 national and regional banks refers to 4 trillion USD combined assets including 150 16 

billion USD climate finance (IDFC 2020). These literature studies point to the diverse multi-stakeholder 17 

nature of players in development of local capital markets and mobilising long term capital. 18 

De-risking in the different phases of long-term project financing. Decarbonisation in developing 19 

countries will need to be across diverse energy systems with access to finance for projects ranging from 20 

short-term loans for innovative clean cooking solutions, decentralised energy systems such as stand-21 

alone units and mini-grids, to affordable long term capital for intra-country power stations and regional 22 

power pools and associated energy distribution network infrastructure (IRENA 2020b; IEA 2020e). 23 
Ehlers et al. (2014) highlights three project financing phases consisting of an early-stage planning, 24 

construction and operational phase with each part having a different risk profile that requires a diverse 25 

mix of financial instruments and strategies to manage the risks and cost of financing. A 2018 ODI 26 

survey of global project preparation facilities showed high failure rates in the early project preparation 27 

phases (ODI 2018). The early concept phase often requires de-risking through grants and technical 28 

assistance to get the right projects going. Credit enhancement solutions such as local currency bond 29 

support, multi-country guarantees through export credit agencies are part of the mix. The early project 30 

financing phase is characterised by short-term bank loans in the high risk 2-5 years project construction 31 

phase. The bank loans are paid back by issuing bonds once the construction phase is over. This bond 32 

refinancing over say 15-25 years, in the low risk mature project phase provides a lower cost of capital 33 

over long term horizons particularly important in developing countries. Bond refinancing allows banks 34 

to recycle loans to new projects. Countries such as South Africa, Kenya, Nigeria with bond market 35 

development at varying stages have issued Special Purpose Vehicles (SPV) infrastructure project bonds 36 

with tenors up to 15 years and mobilised local institutional investors (Mathews and Kidney 2012; 37 

Kaminker and Stewart 2012; Ng and Tao 2016; CBI 2015; Moody’s Investors Service 2016; Mbeng 38 

Mezui and Hundal 2013). 39 
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Figure 15.11: Bond refinancing mobilises institutional investors in mature project phase  

Source: (PIDG 2019) 

Several analysts propose standardised infrastructure project bonds and funds with scale to raise appeal 1 

to institutional investors. Pereira dos Santos and Kearney (2018) point to the MDBs business model 2 

imposing significant limitations on use of guarantees. Ketterer and Powell (2018) propose refinancing 3 

through standardised national infrastructure style bonds with MDB’s facilitating project development 4 

and credit enhancements. Cavallo and Powell (2019) analysis proposes country level SPV infrastructure 5 

funds issuing bonds after the construction phase (see Figure 15.10). Arezki et al. (2016) points to the 6 

need for co-ordination and co-operation within the existing platforms to create a global supra-7 

infrastructure institution that provides guarantees to mitigate project risks and make use of securitisation 8 

techniques on underlying assets. Interventions such as the multi-government funded Private 9 

Infrastructure Development Group (PIDG), UNEP Seed Capital Assistance Facility (SCAF 2021) and 10 

Climate Investor One or the Europe Project Bond Initiative offer support in the critical areas stated 11 

above. Cross-border partnership mechanisms led by entities such as national investment authorities, 12 

national banks, regional MDBs, infrastructure funds and institutional investors are said to bring the 13 

technical expertise to structure investment vehicles for large regional power pools projects (Chen et al 14 
2020; Juvonen et al. 2019; Oseni and Pollitt 2016). Developing countries due to under-developed local 15 

capital markets, do not always have government bond benchmarks with long tenors important for 16 

pricing discovery and liquidity. The discussion below provides a context of technical assistance 17 

programmes available to support developing countries with capacity in development of local bond 18 

markets (IMF and World Bank Group 2016, 2017, 2018; IMF 2020d; IATFD 2020). 19 

Development of bond markets and market design. The G20 working group made up of international 20 

organisations World Bank Group, IMF, regional development banks (ADB, AfDB, IADB, EBRD, 21 

OECD, BIS with support from the Deutsche Bundesbank) have an action plan to support regional 22 

initiatives in strengthening the development of local capital markets as part of the agenda on reform of 23 

the international monetary system for countries that have capacity and choose to pursue that path. 24 

Development of local capital markets forms part of the UN (2015 and 2019) blueprints for financing 25 

SDG development. The G20 action plan is centred around improving co-ordination of technical 26 

assistance, using a common diagnostic framework to support technical advice as well as improving the 27 
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data sharing in supporting the development of regional local bond markets (IMF 2020d; IMF and World 1 

Bank Group 2017, 2018). For appropriate country contexts, the plan acknowledges the development of 2 

local currency funding in reducing the reliance on foreign currency borrowing and exchange rate risks 3 

particularly important in long term project financing. The plan acknowledges the opportunity to 4 

strengthen local domestic savings given the growth potential with burgeoning populations in the 5 

developing country universe. The diagnostic tool draws on the experience of IMF, World Bank, OECD, 6 

EBRD alongside the yearly stocktake of developments and trends in regional bond markets. The tool 7 

allows regions and developing countries that choose to prioritise and pursue bond development to be 8 

supported in conducting evaluation of the status and efficiency of local currency bond markets as 9 

appropriate to country context. Amongst other factors, the assessment includes the general 10 

preconditions and support with regulatory and legal frameworks to the benefit of the developing 11 

country. 12 

Building a government yield curve. The issuance of government bonds with different maturities can 13 

be an important policy objective specifically targeting development of local bond markets to provide 14 

local currency funding and long-term capital (Aglietta and Maarek 2007; World Bank and IMF 2001; 15 

Ng and Tao 2016). Such a government bond yield curve provides a pricing benchmark for bonds at 16 

different maturities important to investors in many ways as private placements or through public listing 17 

on exchanges- across a variety of bonds: green, blue, social, project, sustainability, water of GDP-linked 18 

bonds depending on underlying project profile. Countries can receive technical and financial assistance 19 

– in building the yield curve benchmark through risk-reduction and risk sharing using partial credit 20 

guarantees, anchor investments and securitisation assistance (IATFD 2016; GISD 2020; ICMA 2020c) 21 

which facilitate the issuance of long-term bonds. The yield curve benchmark issued at different 22 

maturities provide pricing discovery. The extension to long tenors are important in reducing the cost of 23 
capital for long term project financing (EIB 2017; AfDB 2017; EIB 2019; IATFD 2016). A full yield 24 

curve across different maturities with issuances from sovereign/quasi-sovereign entities such as national 25 

treasuries, municipalities, national transport entities mobilises local currency investors including public 26 

pension funds, sovereign wealth funds, public sector treasuries, national climate change and 27 

infrastructure funds (LSEG 2018). Where a country is open to foreign investors, as part of a sequenced 28 

reform process the yield curve mobilises green bond investor communities that include sovereign 29 

wealth funds, asset managers and investment banks, foundations and endowments, faith-based 30 

investors, corporations, insurers and public pension funds often with a minimum threshold for green 31 

investments and looking for developing country opportunities (Duru and Nyong 2016; LSEG 2018). As 32 

the market develops, a deep and liquid secondary market contributes to the reduction of liquidity risk 33 

by providing an exit mechanism for investors in long-term government securities. The role of the 34 

institutional investor South African pension fund (GEPF) in development of local capital markets and 35 

provision of long-term financing is illustrated through a range of activities which include investment in 36 

good quality local financial institutions, local currency bond markets at both domestic and regional 37 

Africa. The GEPF allocation includes long term low carbon investments using investment grade SPV 38 

(GEPF 2019). 39 

There are market volatility considerations for countries when creating and deepening local bond 40 

markets as part of sequencing reform measures to minimise costs as liquidity and market depth 41 

improves. Each country has to consider the benefits and costs as part of broader policy agenda to 42 

enhance the economy’s resilience to shocks by providing outlets for domestic savings and additional 43 

tools to effectively manage assets and liabilities on balance sheets (IMF 2020d; IMF and World Bank 44 

Group 2016, 2018). The universe of developing countries is diverse. Some low-income countries in 45 

Africa and Asia, do not have capacity in local capital markets nor do they have local institutional 46 

investors and rely on regional initiatives (UN ESCAP 2015). The 2018 African Continental Free Trade 47 

Area (AfCTA) agreement for regional integration and co-operation is said to be creating the world’s 48 

largest free-trade with an estimated combined GDP of 2.5 trillion USD when fully implemented and 49 
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operationalised (Fofack 2018; Abrego et al 2020). Regional instruments, such as Asia Pacific Project 1 

Facility, Africa Project Development Facility, World Bank’s Global Infrastructure Facility reflect a 2 

sample of evolving regional instruments to mobilise resources including technical support and project 3 

preparation facilities (UN 2015). Early efforts in bond development focus on building and strengthening 4 

the short paper end of the yield curve - developing market transparency through publication of issuance 5 

calendars, communication with market players and standardisation of instruments (IMF and World 6 

Bank Group 2018). The process of bond development helps developing countries build market 7 

infrastructure through a robust payment, settlement system, development of legal frameworks including 8 

collateral and bankruptcy laws. The market-based pricing mechanisms – supports transparent capital 9 

market pricing and funding allocations to attract diverse investors, securities issuers and generally boost 10 

confidence. Developing the money markets is critical at the initial stage of bond development to anchor 11 

the short end of the yield curve and build market liquidity (Goodfriend 2011; World Bank and IMF 12 

2001). Once short-term instruments are well established, the longer end of the yield curve could be 13 

introduced gradually along with widening the investor base, paying attention to considerations on 14 

whether to allow foreign participation in the local market as part of sequencing and wider policy 15 

programme. The G20 diagnostic action plan provides a framework for countries to be supported in 16 

evaluating at what point in the sequencing reforms to allow foreign participation (IMF 2016, 2017, 17 

2020d). Amongst other factors, the assessment includes the general preconditions, key components such 18 

as market infrastructure, exchange rates as well as the constraints to successful local currency bond 19 

market development taking into account economic size, financing needs, costs, economic 20 

vulnerabilities, investor base, primary/secondary market structures, regulatory and legal frameworks, 21 

stage of economic development before any country embarks on any bond market development. 22 

Fiscal incentives and role of securities exchanges in development of local capital markets. In their 23 
review of Africa bond markets - Mu et al. (2013) acknowledge the benefits to developing local capital 24 

markets, pointing to opportunities to develop deeper markets that provide a wider spectrum of 25 

instruments for central banks to manage monetary policy implementation and diversify hedging 26 

instruments for long term project financing. Ng and Tao (2016b) highlight the potential for using local 27 

currency bonds to mobilise financing in developing countries of Asia, pointing to the importance of 28 

supportive renewable energy policies as well as the deepening of regional and local markets being 29 

important enablers. Green bonds are discussed in the development of the Paris Agreement (Tolliver et 30 

al. 2019; Tuhkanen and Vulturius 2020) as one of the most readily accessible and economical options 31 

available to nations to help fund raise capital to meet environmental targets and financing the climate 32 

resilient, low carbon projects. Section 15.3.2 refers 123.8 trillion USD bonds outstanding in August 33 

2020. (Amundi IFC 2019a) points to 168 billion green bonds outstanding at the end of 2019 – suggesting 34 

market potential for green bonds. Developing countries have been using different types of fiscal 35 

incentives and grants to support and jump-start the development of local capital markets through green 36 

bond markets (Agliardi and Agliardi 2019; IFC 2020; LSEG 2018). Some developing countries have 37 

used exchanges in listing of local currency green bonds to provide visibility of issuances to local 38 

institutional investors; others have introduced grant schemes as support to cover the costs of mandatory 39 

external bond reviews while others have used philanthropy schemes to subsidise and certify eligible 40 

projects by the local assurance agency (SBN 2018; Project Bond Initiative 2012; Banga 2019). 41 

The literature review points to the costs of bond issuance being too high for developing countries due 42 

to soft creditworthiness. Developing country bond issuers require support in the form of credit 43 

enhancement such as guarantees and grants to improve credit-worthiness and lower the cost of 44 

borrowing for issuers. Philanthropy institutions increasingly play an important role in providing grants 45 

to cover the additional transaction costs associated with green bond issuances. Public credit 46 

enhancement, such as guarantees, subordinated debt and insurance form part of de-risking strategies in 47 

improving credit profile and bringing down the costs. The Overseas Private Investment Corporation, 48 

for example offers a specific green credit enhancement programme that provides guarantees to green 49 
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bond issuances (LSEG 2018). MDBs/DFIs have credit enhancement schemes to lower the costs of 1 

borrowing for developing country issuers. An Indian corporate, ReNew Power’s green bond was 2 

guaranteed jointly by Asian Development Bank and the India Infrastructure Finance Company raising 3 

its credit rating to lower the cost of borrowing from sub-investment grade BBB to AA+ investment 4 

grade making it attractive to institutional investors (Agarwal and Singh 2018). As part of mobilising all 5 

sources of funding, SIDs nation Fiji worked in partnership with the World Bank-IFC technical 6 

assistance for green bonds under the three year capital markets development project supported by the 7 

Australian government. The technical support enabled Fiji to be the first developing country to issue a 8 

sovereign green bond with five and thirteen year tenors in the process establishing its green government 9 

yield curve (Ministry of Economy Fiji 2020). Tranches of the bond were denominated in both local 10 

currency and hard-currency. Most of the proceeds were utilised for climate adaption projects with the 11 

sovereign bond mobilising both local and international investors through listings on the London Stock 12 

Exchange. Other private-public partnerships in supporting the development of local capital markets 13 

include the collaboration between IFC and asset manager Amundi which raised 1 billion USD from 14 

institutional investors. The fund is said to increase the capacity of developing country banks to fund 15 

climate-smart investments and purchases green bonds they issue (Amundi IFC 2019b,a). In another 16 

partnership, Financial Sector Deepening Africa (FSD Africa), a specialist development agency for 17 

building and strengthening financial markets across sub-Sahara Africa work in partnership with stock 18 

exchanges, NGO World Wide Fund in developing local currency green bond programmes (FSD-CBI 19 

2020). Municipalities in Johannesburg and Cape Town made use of use of technical assistance from 20 

NDBs and DFIs in achieving credit enhancement and local currency green bond structuring with 21 

extended bond maturity and stock exchange listing (for Cape Town only) (Cities Alliance 2018; 22 

Gorelick 2018; Gorelick and Walmsley 2020). A 2017 UN Sustainable Stock Exchange Initiative report 23 

(SSE 2018b), representing a coalition of developed and developing nations highlighted opportunities 24 

including for 29 Africa stock exchanges, highlights green finance opportunities for supporting 25 

development of local capital markets through promotion of bond listings and enhanced disclosures to 26 

mobilise institutional investors.  27 

New Asset Class of Carbon Remediation & Retail Investment Products. The possibility also arises 28 

of establishing a new asset class of carbon remediation investments in low carbon investments in 29 

developing countries by explicitly assigning values to the carbon saved by the projects and making them 30 

tradeable and available as a security for financing. A centralised cooperative carbon remediation asset 31 

(CRA) institution (Hourcade et al 2015; Dasgupta et al. 2019) could implement this among its members 32 

and ‘crowd-in’ funding (see Section 15.6.2) for such an asset class in financial markets with the 33 

agreement of central banks further enhancing the power of supra-infrastructure institution with the 34 

feasibility of increased borrowing by low and lower middle-income developing countries and regions 35 

which are otherwise increasingly severely affected by growing debt burden and macro-prudential risks 36 

due to accelerating climate investments.  37 

Debt Transparency. Most of the low carbon investment is required in developing country contexts 38 

which include Fragile and Conflict affected nations that have an existing debt burden. The COVID-19 39 

pandemic has brought developing country debt management into focus (see Section 15.2.3). NGO 40 

activism literature is replete with calls for debt transparency as part of public finances delivering 41 

improvements in SDG impacts after 60 years of development finance. UK NGO Publish What You 42 

Fund established a DFI transparency initiative (Publish What You Fund 2019; Economist 2019). 43 

Mkandawire (2010) cites DFIs transparent reporting inside developing countries which they currently 44 

circumvent. UK NGO War on Want (2016) analysis of 101 energy and mineral resources companies 45 

controlling trillion USD in sub-Sahara Africa points to mining sector debt and revenue transparency in 46 

bolstering domestic resources for infrastructure development and curbing illicit finance. A 2018 ODI 47 

analysis (ODI 2018) documents the need for new transparency approaches around blended finance in 48 

the poorest countries. Oxfam (2018b) analysis argues for transparency in the use of MDBs financial 49 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-84  Total pages: 132 

intermediaries in lending. Oxfam (Oxfam 2020) refers to additional debt burden from climate finance. 1 

. As part of long term debt management - NGO Jubilee Debt (Economist 2019) propose changes to 2 

international lending architecture to introduce publicly accessible, transparent, mandatory reporting 3 

registry of all loans and debts. Other analysts (Stiglitz et al. 2020; Stiglitz 2020b) refer to a centralised 4 

UN debt restructuring option as part of UN Build Back Better (section 15.2.4). Some have pointed to 5 

measures such as SWF technical support, national statistical systems that embed international reporting 6 

standards for all entities including DFIs and NGOs (ICEAW 2012; UK NGO EITI; Norway GPFG 7 

2019; Kenya FRACCK 2018). 8 

 9 

15.6.8 Facilitating the development of new business models and financing approaches  10 

This section focuses on new finance approaches and business opportunities in three areas: i) service-11 

based business models and finance approaches in energy and transport sectors, ii) nature-based solutions 12 

and iii) gender-responsive climate finance. New business models and financing approaches can help to 13 

overcome barriers related to transactions costs by aggregating and/or transferring financing needs and 14 

establishing supply of finance for needs of stakeholder groups lacking financial inclusion, particularly 15 

in areas that have been underfunded. 16 

15.6.8.1  Service-based business models in the energy and transport sectors 17 

Innovative business models have emerged as a key component for the global clean energy transition 18 

Some of which focus on empowering the customer (e.g. energy-as-a-service, mobility-as-a-service, 19 

aggregators and peer-to-peer electricity trading), while others focus on enabling directly in increasing 20 

the deployment of renewable energy supply (community-ownership models and pay-as-you-go 21 

models).  22 

Energy-as-a-service. Energy-as-a-service (EaaS) is a business model whereby customers pay for an 23 

energy service without having to make any upfront capital investment (Hamwi and Lizarralde 2017) 24 

(Cleary and Palmer 2019). The underlying business model of EaaS can be different and will vary 25 

depending on scope, rationale, basis for competition, and source of earnings of the energy service 26 

provider and its role in the energy sector value chain (PWC 2014). Energy service providers can opt for 27 

a variety of revenue models ranging from a subscription-based model (fixed revenue contracts) to 28 

performance-based contracts (variable revenue contracts). Performance-based contracts can also be a 29 

form of “creative financing” for capital improvement that makes it possible to fund energy upgrades 30 

from cost reductions (JRC 2020; KPMG 2015). Innovation in EaaS has started for energy utilities at the 31 

household level (Chasin et al. 2020), where smart meters using real-time data are used to predict peak 32 

demand levels. In the United Kingdom the estimated average peak reductions with EaaS models is 33 

between 3-10% (with time-of-use-tariffs) (Government of UK 2016). Smart meter global market size 34 

estimated a revenue of USD 20.7 billion by 2020, growing to USD 28.6 billion by 2025, at a compound 35 

annual growth rate of 6.7% (Bloomberg 2020). Smart meter penetration (% of meters that are smart 36 

meters) was globally: 14% (Scully 2019), in China: 70% (Research and Markets 2019), in the US: 70% 37 

(98 million smart meters) in 2019 (IEI 2020) and in the EU-28: 44% in 2018, growing to 71% by 2023 38 

(Kochanski et al. 2020). Investments made in EaaS models amount to USD 14.3 billion (Smart Energy 39 

International 2018).  40 

Transport sector business models. Transport sector business models. The transport sector is one of 41 

the most challenging sectors in decreasing carbon emissions. Achieving the green mobility agenda in a 42 

transformational scenario, requires active policies (e.g. in the aviation sector) to phase-out fossil fuel 43 

usage by 2050, widely powered by renewable energy. The development of Information and 44 

Communication Technology (ICT) innovations have the potential to make transport, and mobility in 45 

general, more-efficient, cleaner and supporting the transformation towards a net-zero economy. Overall, 46 
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there are three innovation driven trends, that foster the development of new business models: i) EVs 1 

and electric powertrains (e.g. smart charging for EVs are offering the field for new business models, 2 

aim to integration of renewable energy sources (IRENA 2019c), ii) Connected, autonomous vehicles 3 

(e.g. more efficient, less traffic congestion, accelerating of alternative fuel (Jones and Leibowicz 2019) 4 

and iii) Mobility-as-a-Service (MaaS). MaaS offers a wide range of applications to establish new 5 

mobility concepts and improve or even disrupt traditional mobility models (e.g. privately-owned cars). 6 

MaaS is a business model, whereby customers pay for a mobility service without having to make any 7 

upfront capital investment (e.g. buying a car). MaaS tends to deliver significant urban benefits in all 8 

regions (e.g. cleaner air, less pollution), and brings in efficiency gains in the use of resources. However, 9 

the switch (from e.g. traditional minibuses in Jakarta, Indonesia to on-demand motorcycle taxis) hardly 10 

improves the carbon footprint and further tempted on-demand mobility is likely to nurture carbon 11 

emissions (Suatmadi et al. 2019). These side-effects should be taken into consideration early in the 12 

process of developing new transport business models to achieve climate objectives and not isolating 13 

transport from other climate-related sectors 14 

Aggregators. An aggregator is a grouping of agents in a power system (i.e., consumers, producers, 15 

prosumers or any mix thereof) to act as a single entity when engaging in power system markets (both 16 

wholesale and retail) or selling services to the operator (MIT 2016). An aggregator can help in better 17 

integration of renewable energy resources by providing both demand- and supply-side flexibility 18 

services to the grid. Demand-side flexibility is provided by aggregating demand-response resources or 19 

energy storage units. Managing demand-response of heat systems (micro CHP and heat pumps) in the 20 

Netherlands showed that peak demand can be reduced by 30 % to 35 % (TNO 2016). This makes a 21 

business case for deferred investments in distribution grid reinforcements and transmission grid 22 

infrastructure. Supply-side flexibility is provided by aggregators through dispatchable power generation 23 
(Ma et al. 2017). Aggregators can use operation optimisation platforms based on data on historical and 24 

forecasted data on demand, generation and price, to provide real-time operating reserve capacity and a 25 

range of balancing services to integrate higher shares of variable renewable energy (VRE), also known 26 

as a Virtual Power Plant (VPP). VPP balancing services have been estimated at a cost of USD 70 to US 27 

100 per kW (Enbala 2018). In Australia, the South Australian government and Tesla are developing a 28 

network of 50 000 household solar PV units connected into an aggregator. This is expected to meet 29 

around 20% of South Australia’s average daily power demand and could reduce the wholesale 30 

electricity price by around USD 8/MWh, or around USD 90 million yr-1 across all South Australian 31 

customers, which means 30 % of the total energy bill (Economics 2018). VPP global market value 32 

amounted to USD 762 million in 2016; expected to reach USD 4 597 million in 2023 (compound annual 33 

growth rate of 25.9 % from 2017 to 2023) (Research and Markets 2017). Countries with established 34 

regulatory frameworks allowing VPP trading are Australia, Austria, Belgium, Germany, Denmark, 35 

France, Netherlands, UK and the US (IRENA 2019d). 36 

Peer-to-peer electricity trading. In Peer-to-peer (P2P) electricity trading, prosumers are able to 37 

directly trade electricity with other consumers in an online marketplace to achieve a win-win by seeking 38 

a better outcome compared to the relatively high tariffs and the relatively low buy-back rates of 39 

traditional utilities (IRENA 2020d) (Liu et al. 2019). Also, P2P models trading with distributed energy 40 

resources reduce transmission losses and congestion. Around 41.1% of the typical electricity cost goes 41 

towards managing and maintaining distribution (Auroraenergy 2020).  Data from both producers and 42 

consumers need to be collected and analysed to check the reliability of the power system. Smart meters, 43 

broadband communication infrastructure, network remote control and automation systems are thus 44 

fundamental enablers of the P2P electricity trading model (IRENA 2019d). Examples of P2P projects 45 

can be found in Malaysia (SEDA 2020), Bangladesh (UNFCCC 2020), Germany (Lumenaza 2020; 46 

Sonnen 2020), the United Kingdom (Centrica 2018; Piclo 2016) and the United States (Mengelkamp et 47 

al. 2018). 48 
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Community-ownership models. Community-ownership models refer to the collective ownership and 1 

management of energy-related assets, usually distributed energy resources. Through cost-sharing, 2 

community-ownership models enable individual participants to own assets with lower levels of 3 

investment (projects vary in size but are often between 5 kilowatts (kW) and 5 megawatts (MW)) (Gall 4 

2018). The innovative aspect of community-ownership business models lies in the role of the 5 

community and its participants going beyond renewable energy generation into heating systems and 6 

energy-related services (e.g. storage, charging electric vehicles, energy trade with surrounding 7 

communities); enabling energy efficiency programs (e.g. investment in building retrofits); and 8 

providing flexibility to the entire power system (e.g. through retailers that trade wholesale electricity 9 

produced by community-owned electricity generation plants) (Bisello et al. 2018) (IRENA 2018) 10 

(Singh et al. 2019). However, community-ownership projects may need large upfront investments, and 11 

communities’ equity contributions might prove insufficient. Access to commercial financing is often 12 

difficult owing to the lack of clarity on long-term revenues generated by community-ownership 13 

projects. These challenges can be addressed if the community can partner with local businesses or 14 

developers to fill the funding gaps and increase the creditworthiness of the projects. The European 15 

Federation of Renewable Energy Co‑operatives (REScoop) is attempting to mitigate such development 16 

risks by investing in community energy start-ups and selling its ownership to community members and 17 

other investors once the project is up and running (Rescoop 2020). Further, providing microcredit to 18 

communities can also be used as a mechanism to kick start community energy projects. For instance, in 19 

Latin America, Africa and South Asia, microcredit has been used to initiate community energy projects 20 

(REN21 2016). 21 

Payment method: PayG. Pay-as-you-go (PayG) business models emerged to address the energy access 22 

challenge and to provide electricity generated from renewable energy sources at affordable prices, using 23 
available technologies to facilitate payment by instalments (IRENA 2019e). This business model has 24 

been used mostly for solar energy, and an energy service provider rents or sells solar PV systems in 25 

exchange for regular payments through mobile payment systems (IRENA 2019e). PayG helps rural 26 

electrification in off-grid areas, enables the low-income households to access clean energy systems and 27 

removes the high up-front barrier, and flexible mode as it can accommodate different levels of payments 28 

and usage level preferred by consumers (C40 Cities 2018). However, PayG has the technology and 29 

product risk, requires a financial viable and large customer base, and the system supplier must provide 30 

a significant portion of the finance and requires a substantial equity and working capital (C40 Cities 31 

2018).  Although PayG offers the potential to deliver a positive impact with regard to increasing access 32 

to clean affordable energy, both the technology and business models are more complex than current 33 

alternatives (Barrie 2017). The published and grey literature on PayG has not provided any 34 

comprehensive grounded picture of how PayG contributes in achieving sustainability transformations 35 

(Ockwell et al. 2019), and their effects of climate change mitigation and adaptation is unclear. Between 36 

2015 and 2020, around 8 million people gained energy access with PayG models, PayG solar system 37 

sales by location (2016 data) in East Africa: 730,000 units, West Africa: 30,000 units, Latin America: 38 

10,000 units, and South Asia: 20,000 units (IRENA 2019e). Market potential is 772 million or ~64% 39 

of off-grid consumers have access to mobile networks (2016 data) (IRENA 2019e). The PayG model 40 

has demonstrated success particularly in East African countries such as Kenya, Tanzania and Rwanda 41 

where the emergence of the PayG finance approach has accelerated access to basic electricity (Yadav 42 

et al. 2019). 43 

15.6.8.2  Nature-based solutions including REDD+ 44 

Nature-based solutions are ‘actions to protect, sustainably manage and restore natural or modified 45 

ecosystems that address societal challenges effectively and adaptively, simultaneously providing human 46 

well-being and biodiversity benefits’ (Cohen-Shacham et al. 2016). Nature-based solutions consist of a 47 

wide range of measures including ecosystem-based mitigation and adaptation. The concept of the 48 
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nature-based solutions is still new, and studies on the finance of nature-based solutions is still very 1 

limited. However, finance for one of the nature-based solutions, emission reductions from deforestation 2 

and forest degradation and the role of conservation, sustainable management of forests and 3 

enhancement of forest carbon stocks in developing countries (REDD+) has already been actively 4 

discussed under the UNFCCC, with lessons from finance for REDD+ being available. 5 

If effectively implemented, nature-based solutions can be cost-effective measures and able to provide 6 

multiple benefits, such as enhanced climate resilience, enhanced climate change mitigation, biodiversity 7 

habitat, water filtration, soil health, and amenity values (Griscom et al. 2017; Keesstra et al. 2018; 8 

OECD 2019; Griscom et al. 2020). Nature-based solutions can enhance mainstreaming of 9 

environmental targets into sectors in policy, business and practice, and also foster innovative planning 10 

and governance, new models for business, finance, institutions and wider society, and also can 11 

contribute in accelerating social innovation in cities and the transition to sustainability (Nesshöve et al., 12 

2017; Faivre et al. 2020).  13 

Although nature-based solutions have large potential to address climate change and other sustainable 14 

development issues, existing finance and investment do not meet the needs. Nature-based solutions are 15 

undercapitalised and the lack of finance is widely recognised as one of the main barriers to the 16 

implementation and monitoring of nature-based solutions (Seddon et al. 2020). Finance and investment 17 
models that generate their own revenues or consistently save costs are necessary to reduce dependency 18 

on grants (Wamsler et al. 2020; Schäfer et al. 2019). 19 

REDD+. REDD+ can significantly contribute to climate change mitigation and also produce other co-20 

benefits like climate change adaptation, biodiversity conservation, and poverty reduction, if well-21 

implemented (Morita and Matsumoto 2018). Currently, various financial sources are financing REDD+ 22 

activities, including bilateral and multilateral, public and private, and international and domestic 23 

sources, with linking with several finance mechanisms/approaches including carbon markets and 24 

results-based finance. However, finance is limited for REDD+ implementation. Since AR5, active 25 

discussion on financing mechanisms for REDD+ and analysis on challenges and opportunities of 26 

REDD+ financing have been made in the literature. With regard to the opportunities of mobilizing 27 

private finance for REDD+, most REDD+ initiatives aim for leveraging private funding, however, few 28 

have been successful in integrating private finance in support of government programs, and attracting 29 

private finance (The New York Declaration on Forest 2017). Further, private funding of REDD+ 30 

projects is currently limited mostly to the voluntary carbon market (McFarland 2015). In the voluntary 31 

carbon markets, the volume of offsets generated through Forestry and Land Use activities increased 32 

264% between 2016 and 2018, growing from 13.9 MtCO2-eq. to 50.7 MtCO2-eq., and within the 33 

Forestry and Land Use category, volume from REDD+ projects, focused on forest conservation, 34 

increased 187%, from 10.6 MtCO2-eq. in 2016 to 30.5 MtCO2-eq. in 2018 (Forest Trends’ Ecosystem 35 

Marketplace 2019).   36 

Current overall challenges of REDD+ finance include institutional fragmentation such as limited 37 

coordination in REDD+ financing both the supply and demand sides, lack of predictable funding for 38 

REDD+ , and uncertainty in effectiveness of the use of REDD+ finance such as REDD+’s results-based 39 

payment approach does not guarantee an effective REDD+ (Well and Carrapatoso, 2017; Recio, 2019 40 

McFarland 2015; Atmadja et al. 2018; Lujan and Silva-Chávez 2018; Wong et al. 2019 ). Furthermore, 41 

there is a number of reasons that makes difficult to engage more the private sector in REDD+ finance. 42 

For example, the risk and factors necessary to create an enabling environment for private sector 43 
investments in REDD+ in many developing countries have yet to be sufficiently explored including 44 

carbon rights, tenure security, clear regulatory framework and law enforcement (Dixon and Challies 45 

2015; Laing et al. 2016; Atmadja et al. 2018; Ehara et al. 2019; Streck 2020). Moreover, some 46 

characteristics of REDD+ makes it difficult to involve the private sector, such as insufficient returns on 47 
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investment that low carbon prices cannot close the gap (World Bank 2017); the evolution of REDD+ 1 

to focus on national approaches has discouraged projects, and REDD+ could be losing out on an 2 

investment vehicle  that some private sector actors are familiar with (Lujan and Silva-Chávez 2018). 3 

Third is the challenges related to forest carbon certification such as non-permanence risk, and 4 

uncertainty of monitored values and high costs of precise monitoring (Grimault et al. 2018). Although 5 

REDD+ has many challenges to mobilise more private finance,  there is discussion on exploring other 6 

finance opportunities for the forestry sector, such as building new blended finance models combining 7 

different funding sources like public and private finance (Streck 2016; Rode et al. 2019), and developing 8 

enhanced bonds for forest-based actions (World Bank 2017). 9 

Private finance opportunities for nature-based solutions. Nature-based solutions, including REDD+ 10 

are likely to be one of the most difficult sectors to attract private finance. The development of nature-11 

based solutions face barriers that relate to the value proposition, value delivery and value capture of 12 

nature-based solutions business models and sources of public/private finance to tap into (Toxopeus and 13 

Polzin 2017). However, the demand of establishing new finance and business models to attract both 14 

public and private finance to nature-based solutions is increasing (Toxopeus and Polzin 2017; European 15 

Investment Bank 2019; Toxopeus 2019), not only under the discussion of finance for nature-based 16 

solutions, but also under the similar concepts like landscape finance and conservation finance. 17 

Furthermore, the recognition of the needs of financial institutions to identify the physical, transition and 18 

reputational risks resulting from not only the climate change but also loss of biodiversity is gradually 19 

increasing (De Nederlandsche Bank and PBL Netherlands Environmental Assessment Agency 2020).  20 

Nature-based solutions deliver different benefits to different stakeholders, and the level of finance and 21 

business models needed for different types of nature-based solutions varies (Toxopeus and Polzin 2017; 22 

Toxopeus 2019). Current discussion on business models for nature-based solutions mainly focuses on 23 

nature-based solutions in the urban areas. Sustainable business model archetypes of nature-based 24 

solutions in urban areas include buildings, facades and roofs; urban green spaces, parks and urban 25 

forests; allotments and community gardens and blue spaces (Toxopeus and Polzin 2017). One of the 26 

key opportunities in implementing urban nature-based solutions is coordinating between different actors 27 

to realise a nature-based solution, and coordinate these actors and to mix and match business models 28 

for different parties (Toxopeus 2019). Furthermore, the innovation in financial instruments is necessary, 29 

such as capturing land value uplifting using tax schemes, creating public-private partnerships by using 30 

financing schemes based on crowdfunding or bitcoins, shifting the risks to reach social and 31 

environmental milestones from tax payers to private bondholders by using social impact bond schemes 32 

(Toxopeus and Polzin 2017). 33 

15.6.8.3  Exploring gender-responsive climate finance 34 

Global and national recognition of the lack of finance for women has led to increasing emphasis on 35 

financial inclusion for women. Currently, it is estimated that 980 million women are excluded from 36 

formal financial system (Miles and Wiedmaier-Pfister 2018); and there is a 9% gender gap in financial 37 

access across developing countries (Demirguc-Kunt et al. 2018). Examples of initiatives, framework 38 

and new models to enhance women’s access to finance, including climate finance are the 2017 G20 39 

Financial Inclusion Action Plan (GPFI) (GPFI 2017) and the Alliance for Financial Inclusion (AFI) 40 

(AFI 2017). The concept of a gender dividend is also attractive to governments and institutions. ‘Gender 41 

dividend is the increased economic growth that could be realised with investments in women and girls 42 

(PRB 2019) (Green Climate Fund 2017; Wong 2014). 43 

Since AR5, there remains many questions and not enough evidence on the gender, distribution and 44 

allocative effectiveness of climate finance in the context of gender equality and women’s empowerment 45 

(Wong et al. 2019; Williams 2015 Chan et al 2018). This is despite recent experiences with the 46 

distribution and allocation of climate finance by multilateral climate funds such as the CIFs, the GEF, 47 
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the Adaptation Fund, the Green Climate Fund and multilateral development banks, and with 1 

bilateral and other national flows (Schalatek and Nakhooda 2013; Schalatek 2015;  and Williams 2015). 2 

Similarly, it is also case, that despite a growing trend of making the ‘business-case for gender and 3 

climate finance’, the private sector, both on the corporate side, where there are attempts at making the 4 

business case for investing in gender and women’s empowerment concerns into private flows, and on 5 

the philanthropic and social investment sides, gender is not fully integrated into climate finance (Harris 6 

et al 2018; IFC 2017; Miles and Wiedmaier-Pfister 2018). Nonetheless, the existing global policy 7 

framework (entry points, policy priorities etc.) of climate finance is gradually improving in order to 8 

support women’s financial inclusion in both the public and the private dimensions of climate 9 

finance/investment (Chan et al. 2018; Schalatek 2015). 10 

At the level of public multilateral climate funds, there have been significant improvements in integrating 11 

gender equality and women’s empowerment issues in the governance structures, policies, project 12 

approval and implementation processes of existing multilateral climate funds (Green Climate Fund 13 

2017b; GGCA 2015; Schalatek 2015; and Williams 2015). The OECD flags that only about 3% of 14 

bilateral climate ODA had gender equality as a principal objective, while 28% integrated gender 15 

equality as a secondary objective (OECD DAC 2016). It also argues that ‘Gender equality is better 16 

integrated in adaptation than in mitigation activities with 46% of bilateral ODA to adaptation targeting 17 

gender equality, as compared to 28% to mitigation (OECD DAC 2016).  At the same time,  the 18 

integration of gender into operational policies and programme is fragmented and there is lack of an 19 

‘adequate, systematic and comprehensive gender equality approach for the allocation and distribution 20 

of funds for projects and programmes on the ground (Global Environment Facility Independent 21 

Evaluation Office 2017; Schalatek 2018). This was the finding of a recent review of GEF projects and 22 

programme in its climate change focal where the review found that ‘almost half of the analysed sample 23 
of 70 climate projects were judged to be largely gender-blind, and only 5% considered to have 24 

successfully mainstreamed gender, including in two LDCF adaptation projects’ (Global Environment 25 

Facility Independent Evaluation Office 2017; Schalatek 2018). While the GCF requires funding 26 

proposals to consider gender impact (and include a gender action plan) as part of their investment 27 

framework, the fund does not have its own funding stream targeted to women’s project on the ground, 28 

nor is there as yet an evaluation as to how  entities are actually implementing gender action plan in the 29 

projects. In the case of the CIFs, as noted by Schalatek (2018) ‘gender is not included in the operational 30 

principles of the Pilot Program on Climate Resilience (PPCR), which funds programmatic adaptation 31 

portfolios in a few developing countries, although most pilot countries have included some gender 32 

dimensions’. And, ‘gender is not integrated into the operations of the Clean Technology Fund (CTF), 33 

which finances large-scale mitigation in large economies and accounts for 70% of the CIFs pledged 34 

funding portfolio of 8.2 billion USD’ (Schalatek 2018). However, both the Forest Investment Program 35 

(FIP) and the Scaling-Up Renewable Energy in Low-Income Countries Program (SREP) have 36 

integrated gender equality as either a co-benefit or core criteria of these programmes (Schalatek 2018). 37 

Efforts to promote gender responsive/sensitive climate finance, at national and local levels, both in the 38 

public and private dimensions remains deficient.  39 

Private sector financing and gender: mechanisms, instruments, funds and processes. At the level of 40 

private climate finance and investment, there are some limited attempts to make climate finance 41 

instruments such as risk insurance/climate risk management strategy (including index insurance) more 42 

sensitive and responsive to gender issues (Harris and Abbott 2018). These include: Gender Lens 43 

Investing (GLI, with a total 1.3 billion USD in assets). Investors in this stream include institutional 44 

investors, private equity/venture capital, and private debt funds)/Gender based social impact investing 45 

(SRI)/gender lens portfolio strategy, pink and green bonds etc./Parity portfolio/Matterhorn group 46 
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(which looks at other metrics, such as whether companies have completed a pay equity audit or have a 1 

history of gender discrimination or other violations against women) and Gender oriented crowdfunding. 2 

Linkage to sectoral climate change issues and gender and climate finance. Energy and the 3 

environment is one of the top three sectors invested by the 58 funds (Chui 2018). These subsectors of 4 

action include: divestment from fossil fuels, investment in clean energy, redirecting funds to support 5 

women and vulnerable region and insurance for climate risk management. Insurance providers are 6 

arguing that ‘given the fact that women are disproportionately affected by climate change, there could 7 

be new finance innovations to address this gap.’ AXA and IFC estimate that the global women’s 8 

insurance market has the opportunity to grow to three times its current size, to 1.7 trillion USD by 2030 9 

(AXA et al. 2015; GIZ et al. 2017). Despite improvements in the substantive gender sensitisation and 10 

operational gender responsiveness of climate finance funds operations, current flows of public and 11 

climate finance do not seem to be going to women and the local communities. At the same time, 12 

evaluations of the effectiveness of climate finance show that equitable flow of climate finance can play 13 

an important role in levelling the playing field and in enabling women and men to successful respond 14 

to climate change and to enable the success and sustainability of locally to promote effective and 15 

sustainable climate strategies that can contribute to the global goals of the Paris Agreement (Eastin 16 

2018; Minniti and Naudé 2010; Barrett 2014; Bird et al. 2013). This is particularly, so in the case of 17 

female-owned MSMEs, who, the literature increasingly show, are key to promoting resilience at micro 18 

and macro scale in many developing countries (Omolo et al. 2017; Atela et al. 2018; Crick, F. et al. 19 

2018).  20 

 21 

Frequently Asked Questions 22 

FAQ 15.1 What’s the current status of global climate finance and the alignment of global financial 23 

flows with the Paris Agreement? 24 

Climate finance covers both mitigation and adaptation finance. Annual global climate finance flows 25 

have been on an upward trend since the fifth Assessment Report, reaching a yearly average all time 26 

high estimate of almost 600 billion USD in 2017/2018, with almost 95% allocated to mitigation 27 

activities and more than 50% in renewable energy generation, followed by low carbon transport 28 

(approx. 25%). However, current climate finance flows come in significantly below average needs 29 

across all regions and sectors to reach the long-term goals of the Paris Agreement. Global yearly needs 30 

are estimated at around 6 trillion USD yr-1 and [more to come] 31 

Significant progress has been made in the commercial finance sector with regard to the awareness of 32 

climate risks resulting from inadequate financial flows and climate action. However, a more consequent 33 

investment and policy decision making that enables a rapid redirection of financial flows is needed. 34 

Regulatory support as a catalyser is an essential convey of such redirections.  35 

Dynamics across sectors and regions vary with some being better positioned to close financing gaps 36 

and to benefit from an enabling role of finance in the short-term. The investment flows in the global 37 

power and fuel sector - accounting for approximately USD 1.62 trillion USD in 2019 – only slightly 38 

exceed the investment needs for attaining the sustainable development scenario [IPCC xx] - accounting 39 

for approx. 1.91tr USD yr-1 between 2023 and 2032. 40 

 41 

FAQ 15.2 What’s the role of climate finance and the finance sector for a transformation towards 42 

a sustainable future? 43 
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The Paris Agreement has widened the scope of relevant financial flows from climate finance only to 1 

the full alignment of finance flows with the long-term goals of the Paris Agreement. While climate 2 

finance relates historically to the financial support of developed countries to developing countries, the 3 

Paris Agreement and its Article 2.1(c) has developed on a new narrative that goes beyond traditional 4 

flows and relates to all sectors and actors. Climate-related financial risk is still massively 5 

underestimated by financial institutions, financial decision-makers more generally, and also among 6 

public sector stakeholders, limiting the sector’s potential of being an enabler of the transition.  7 

The private sector has started to recognise climate-related risks and consequently redirect investment 8 

flows. Dynamics vary across sectors and regions with the financial sector being an enabler of transitions 9 

in only some selected (sub-)sectors and regions. Consistent, credible, timely and forward-looking 10 

political leadership remains central to strengthening the financial sector as enabler. 11 

 12 

FAQ 15.3 What defines a financing gap, and where are the critically identified gaps?  13 

Difference between current flows and average needs until [2030] by sector/region and/or type of 14 

financing to meet the long-term goals of the Paris Agreement driven by various barriers (Market and 15 

non-market failures) inside (short-termism, information gaps, home bias, limited visibility of future 16 

pipelines) and outside (e.g. missing pricing of externalities) of the financial sector. Major reason for 17 

financing gaps are […] [Numbers to come…]. Unmet financing needs are mostly discussed as a 18 

demand-side challenge. However, understanding challenges for deploying funds is critical as well - with 19 

a significant role remaining for public finance to close viability gaps and close funding gaps for 20 

preparatory action to increase absorptive capacity for commercial investments.  21 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-92  Total pages: 132 

References 1 

2° Investing Initiative, 2017: Out of the Fog: Quantifiying the alignment of Swiss pension funds and 2 

insurances with the Paris Agreement. 49. 3 

Abadie, L. M., I. Galarraga, and D. Rübbelke, 2013: An analysis of the causes of the mitigation bias in 4 

international climate finance. Mitig. Adapt. Strateg. Glob. Chang., 18, 943–955, 5 

https://doi.org/10.1007/s11027-012-9401-7. 6 

Abbasi, F., and K. Riaz, 2016: CO2 emissions and financial development in an emerging economy: An 7 

augmented VAR approach. Energy Policy, 90, 102–114, 8 

https://doi.org/10.1016/j.enpol.2015.12.017. 9 

Abrego et al 2020, The African Continental Free Trade Area: Potential Economic Impact and 10 

Challenges,. 11 

Acevedo, S., 2016: Gone with the Wind: Estimating Hurricane and Climate Change Costs in the 12 

Caribbean. 40 pp. 13 

——, M. Mrkaic, N. Novta, E. Pugacheva, and P. Topalova, 2018: The Effects of Weather Shocks on 14 

Economic Activity: What are the Channels of Impact? 40 pp. 15 

Adenle, A. A., and Coauthors, 2017: Managing Climate Change Risks in Africa - A Global Perspective. 16 

Ecol. Econ., 141, 190–201, https://doi.org/10.1016/j.ecolecon.2017.06.004. 17 

AfDB, 2017: AfDB 2017 Annual Report. 18 

——, ADB, EBRD, EIB, IADB, IDB, and World Bank, 2020: 2019 Joint Report on Multilateral 19 

Development Banks’ Climate Finance. 20 

AFI, 2017: Bridging the Gender Gap: Promoting Women’s Financial Inclusion - Tools and Guidance 21 

from the AFI Network. 86 pp. 22 

African Risk Capacity, 2016: ARC’s Agenda for Action on Climate Resilience: $2 Billion of Insurance 23 

Coverage for Africa by 2020. 21 pp. 24 

African Union Commission, 2015: Agenda 2063: The Africa We Want. African Union Commission, 20 25 

pp. 26 

Agarwal, S., and T. Singh, 2018: Agarwal and Singh 2018 - Unlocking the Green Bond Potential in 27 

India. 28 

Aggarwal, R., 2019: The impact of climate shocks on consumption and the consumption distribution in 29 

India. Paris School of Economics, 60 pp. 30 

Aghion, P., A. Dechezleprêtre, D. Hémous, R. Martin, and J. Van Reenen, 2016: Carbon Taxes, Path 31 

Dependency, and Directed Technical Change: Evidence from the Auto Industry. J. Polit. Econ., 32 

124, 1–51, https://doi.org/10.1086/684581. 33 

Agliardi, E., and R. Agliardi, 2019: Financing environmentally-sustainable projects with green bonds. 34 

Environ. Dev. Econ., 24, 608–623, https://doi.org/10.1017/S1355770X19000020. 35 

Aglietta, M., and P. Maarek, 2007: Developing the Bond Market in China: The Next Step forward in 36 

Financial Reform. Econ. Int., n° 111, 29–53. 37 

Agrawala, S., and M. Carraro, 2010: Assessing the Role of Microfinance in Fostering Adaptation to 38 

Climate Change. SSRN Electron. J., 20, https://doi.org/10.2139/ssrn.1646883. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-93  Total pages: 132 

——, M. Carraro, Kingsmill Nicholas, E. Lanzi, M. Mullan, and G. Prudent-Richard, 2011: Private 1 

Sector Engagement in Adaptation to Climate Change: Approaches to Managing Climate Risks. 2 

56 pp. 3 

Ahluwalia, M. S., L. Summers, A. Velasco, N. Birdsall, and S. Morris, 2016: Multilateral Development 4 
Banking for this Century’s Development Challenges: Five Recommendations to Shareholders of 5 

the Old and New Multilateral Development Banks. 56 pp. 6 

Ahmad, E., D. Dowling, D. Chan, S. Colenbrander, and N. Godfrey, 2019: Scaling up investment for 7 

sustainable urban infrastructure: A guide to national and subnational reform. 1–46 pp. 8 

Ahrend, R., M. Curto-grau, and C. Vammalle, 2013: Passing the Buck? Central and Sub-national 9 

Governments in Times of Fiscal Stress. 33 pp. 10 

Akkoyunlu, S., and M. Stern, 2012: An Empirical Analysis of Diaspora Bonds. 42 pp. 11 

Aldersey-Williams, J., and T. Rubert, 2019: Levelised cost of energy – A theoretical justification and 12 

critical assessment. Energy Policy, 124, 169–179, https://doi.org/10.1016/j.enpol.2018.10.004. 13 

Alesina, A., D. Carloni, and G. Lecce, 2011: The Electoral Consequences of Large Fiscal 14 

Consolidations. 1–19 pp. 15 

Alessi, L., S. Battiston, A. S. Melo, and A. Roncoroni, 2019: The EU Sustainability Taxonomy: a 16 

financial impact assessment. JRC Tech. Reports, https://doi.org/10.2760/347810. 17 

Allen, T., and Coauthors, 2020: Climate-Related Scenarios for Financial Stability Assessment: an 18 

Application to France. 19 

Alnes, K., A. Berg, C. Clapp, E. Lannoo, and K. Pillay, 2018: Flood Risk for Investors. Are you 20 

prepared? 12 pp. 21 

Alsayegh, M. F., R. Abdul Rahman, and S. Homayoun, 2020: Corporate Economic, Environmental, 22 

and Social Sustainability Performance Transformation through ESG Disclosure. Sustainability, 23 

12, 3910, https://doi.org/10.3390/su12093910. 24 

Ameli, N., P. Drummond, A. Bisaro, M. Grubb, and H. Chenet, 2019: Climate finance and disclosure 25 

for institutional investors: why transparency is not enough. Climatic Change, Springer 26 

Netherlands, 1–25. 27 

Amundi IFC, 2019a: Emerging Market Green Bonds. 28 

——, 2019b: 2019 Amundi-IFC Annual Report. 29 

Andrijevic, M., C.-F. Schleussner, M. J. Gidden, D. L. McCollum, and J. Rogelj, 2020: COVID-19 30 

recovery funds dwarf clean energy investment needs. Science (80-. )., 370, 298–300, 31 

https://doi.org/10.1126/science.abc9697. 32 

Anguelovski, I., and J. Carmin, 2011: Something borrowed, everything new: innovation and 33 

institutionalization in urban climate governance. Curr. Opin. Environ. Sustain., 3, 169–175, 34 

https://doi.org/10.1016/j.cosust.2010.12.017. 35 

Aon Benfield UCL Hazard Research Centre, 2019: Weather, Climate & Catastrophe Insight: 2018 36 

Annual Report. 84 pp. 37 

ARC, 2020: How the African Risk Capacity Works. 38 

Arent, D., C. Arndt, M. Miller, F. Tarp, and O. Zinaman, 2017: The political economy of clean energy 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-94  Total pages: 132 

transitions. 1st ed. Oxford University Press, 631 pp. 1 

Arezki, R., P. Bolton, S. Peters, F. Samama, and J. Stiglitz, 2016: From Global Savings Glut to 2 

Financing Infrastructure: The Advent of Investment Platforms. 3 

Asgari, N., 2019: World’s top pension fund warns against risk of green-bond ‘fad.’ Financial Times. 4 

Atela, J., K. E. Gannon, and F. Crick, 2018: Climate Change Adaptation among Female-Led Micro, 5 

Small, and Medium Enterprises in Semiarid Areas: A Case Study from Kenya. Handbook of 6 

Climate Change Resilience, Springer International Publishing, 1–18. 7 

Atmadja, S. S., S. Arwida, C. Martius, and P. T. Thuy, 2018: Financing REDD+: A transaction among 8 

equals, or an uneven playing field? Transforming REDD+: Lessons and new directions, Center 9 

for International Forestry Research (CIFOR), 29–40. 10 

Auroraenergy, 2020: What makes up the cost of your electricity bill? 11 

Averchenkova, A., F. Crick, A. Kocornik-Mina, H. Leck, and S. Surminski, 2016: Multinational and 12 

large national corporations and climate adaptation: are we asking the right questions? A review of 13 

current knowledge and a new research perspective. Wiley Interdiscip. Rev. Clim. Chang., 7, 517–14 

536, https://doi.org/10.1002/wcc.402. 15 

Aviva, 2019: Three steps to improve the green bond market - Aviva Investors. 16 

AXA, Accenture, and IFC, 2015: SheforShield: Insure Women to Better Protect All. 178 pp. 17 

Bachelet, M. J., L. Becchetti, and S. Manfredonia, 2019: The Green Bonds Premium Puzzle: The Role 18 

of Issuer Characteristics and Third-Party Verification. Sustainability, 11, 1098, 19 

https://doi.org/10.3390/su11041098. 20 

Bagus, U., F. J. de Girancourt, R. Mahmood, and Q. Manji, 2020: Africa’s insurance market is set to 21 

take off. 10 pp. 22 

Bahal, G., M. Raissi, and V. Tulin, 2018: Crowding-out or crowding-in? Public and private investment 23 

in India. World Dev., 109, 323–333, https://doi.org/10.1016/j.worlddev.2018.05.004. 24 

Bahl, R. W., and J. F. Linn, 2014: Governing and Financing Cities in the Developing World. 56 pp. 25 

Baker, M. P., D. B. Bergstresser, G. Serafeim, and J. A. Wurgler, 2018: Financing the Response to 26 

Climate Change: The Pricing and Ownership of U.S. Green Bonds. SSRN Electron. J., 27 

https://doi.org/10.2139/ssrn.3275327. 28 

Balint, T., F. Lamperti, A. Mandel, M. Napoletano, A. Roventini, and A. Sapio, 2016: Complexity and 29 

the Economics of Climate Change: a Survey and a Look Forward. 30 

Banga, J., 2019: The green bond market: a potential source of climate finance for developing countries. 31 

J. Sustain. Financ. Invest., 9, 17–32, https://doi.org/10.1080/20430795.2018.1498617. 32 

Bank of England, 2015: The impact of climate change on the UK insurance sector: A Climate Change 33 

Adaptation Report by the Prudential Regulation Authority. 85 pp. 34 

——, 2018: Transition in thinking: The impact of climate change on the UK banking sector. 52 pp. 35 

Barclays, 2016: Sustainable investing and bond returns. 40 pp. 36 

——, 2020: Update on Barclays’ ambition to be a net zero bank by 2050. 37 

Barnard, S., 2015: Climate finance for cities: How can international climate funds best support low-38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-95  Total pages: 132 

carbon and climate resilient urban development? 27 pp. 1 

Barnsley, I., A. Blank, and A. Brown, 2015: Enabling Renewable Energy and Energy Efficiency 2 

Technologies. 115 pp. 3 

Barragán-Beaud, C., A. Pizarro-Alonso, M. Xylia, S. Syri, and S. Silveira, 2018: Carbon tax or 4 

emissions trading? An analysis of economic and political feasibility of policy mechanisms for 5 

greenhouse gas emissions reduction in the Mexican power sector. Energy Policy, 122, 287–299, 6 

https://doi.org/10.1016/j.enpol.2018.07.010. 7 

Barrett, S., 2013: Local level climate justice? Adaptation finance and vulnerability reduction. Glob. 8 

Environ. Chang., 23, 1819–1829, https://doi.org/10.1016/j.gloenvcha.2013.07.015. 9 

Barrett, S., 2014: Subnational climate justice? Adaptation finance distribution and climate vulnerability. 10 

World Dev., 58, 130–142. 11 

Barrie, J., 2017: Shedding light on the last mile : A study on the di ff usion of Pay As You Go Solar 12 

Home Systems in Central East Africa. Energy Policy, 107, 425–436, 13 

https://doi.org/10.1016/j.enpol.2017.05.016. 14 

Barro, R. J., 1987: Government spending, interest rates, prices, and budget deficits in the United 15 

Kingdom, 1701-1918. J. Monet. Econ., 20, 221–247, https://doi.org/10.1016/0304-16 

3932(87)90015-8. 17 

Bast, E., A. Doukas, S. Pickard, L. Van Der Burg, and S. Whitley, 2015: Empty promises: G20 subsidies 18 

to oil, gas and coal production. 103 pp. 19 

Battiston, S., and I. Monasterolo, 2020: On the dependence of investor’s probability of default on 20 

climate transition scenarios. ssrn 3743647,. 21 

——, A. Mandel, I. Monasterolo, F. Schütze, and G. Visentin, 2017: A climate stress-test of the 22 

financial system. Nat. Clim. Chang., 7, 283–288, https://doi.org/10.1038/nclimate3255. 23 

——, P. Jakubik, I. Monasterolo, K. Riahi, and B. van Ruijven, 2019: Climate risk assessment of 24 

sovereign bonds’ portfolio of European insurers. EIOPA Financ. Stab. Rev.,. 25 

——, I. Monasterolo, J. Min, K. Riahi, and B. van Ruijven, 2020a: Enabling or hampering. Climate 26 

risk and the role of finance in the low-carbon transition. ssrn 3748642,. 27 

——, ——, K. Riahi, and B. van Ruijven, 2020b: Climate mitigation pathways need to account for the 28 

ambivalent role of finance. ssrn 3748041,. 29 

Bauwens, T., 2019: Analyzing the determinants of the size of investments by community renewable 30 

energy members: Findings and policy implications from Flanders. Energy Policy, 129, 841–852, 31 

https://doi.org/10.1016/j.enpol.2019.02.067. 32 

BCG, 2020: Klimapfade Deutschland. 33 

Benali, N., I. Abdelkafi, and R. Feki, 2018: Natural-disaster shocks and government’s behavior: 34 

Evidence from middle-income countries. Int. J. Disaster Risk Reduct., 27, 1–6, 35 

https://doi.org/10.1016/j.ijdrr.2016.12.014. 36 

Benmelech, E., and N. Tzur-Ilan, 2020: The Determinants of Fiscal and Monetary Policies During the 37 

Covid-19 Crisis. 38 

Benn, J., and W. Luijkx, 2017: Emerging providers’ international co-operation for development. 26 pp. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-96  Total pages: 132 

Berensmann, K., F. Dafe, and U. Volz, 2015: Developing local currency bond markets for long-term 1 

development financing in Sub-Saharan Africa. Oxford Rev. Econ. Policy, 31, 350–378, 2 

https://doi.org/10.1093/oxrep/grv032. 3 

Bergman, N., 2018: Impacts of the Fossil Fuel Divestment Movement: Effects on Finance, Policy and 4 
Public Discourse. Sustainability, 10, 2529, https://doi.org/10.3390/su10072529. 5 

Best, R., and P. J. Burke, 2018: Adoption of solar and wind energy: The roles of carbon pricing and 6 

aggregate policy support. Energy Policy, 118, 404–417, 7 

https://doi.org/10.1016/j.enpol.2018.03.050. 8 

Bevere, L., 2019: sigma 2/2019: Secondary natural catastrophe risks on the front line. sigma, April. 9 

Bhattarai, S., A. Chatterjee, and W. Y. Park, 2021: Effects of US quantitative easing on emerging 10 

market economies. J. Econ. Dyn. Control, 122, 104031, 11 

https://doi.org/10.1016/j.jedc.2020.104031. 12 

Bird, N., T. Beloe, S. Ockenden, J. Corfee-Morlot, and S. Zou, 2013: Understanding Climate Change 13 

Finance Flows and Effectiveness – Mapping of Recent Initiatives. 15 pp. 14 

Bisello, A., D. Vettorato, P. Laconte, and S. Costa, 2018: Smart and Sustainable Planning for Cities 15 

and Regions. 16 

Black Rock, 2020: A Fundamental Reshaping of Finance. 17 

Blanchard, O., and D. Leigh, 2013: Growth Forecast Errors and Fiscal Multipliers IMF Working Paper 18 

Research Department Growth Forecast Errors and Fiscal Multipliers. 19 

Bloomberg, 2020: Smart Meters Market Worth $28.6 Billion by 2025 - Exclusive Report by 20 

MarketsandMarketsTM - Bloomberg. 21 

BNEF, 2019: Clean Energy Investment Trend 2018. 51 pp. 22 

Bodle, R., and V. Noens, 2018: Climate Finance: Too Much on Detail, Too Little on the Big Picture? 23 

Carbon Clim. Law Rev., 12, 248–257, https://doi.org/10.21552/cclr/2018/3/11. 24 

Boissinot, J., D. Huber, and G. Lame, 2016: Finance and climate. OECD J. Financ. Mark. Trends, 2015, 25 

7–23, https://doi.org/10.1787/fmt-2015-5jrrz76d5td5. 26 

Bolger, J., 2000: Capacity Development: Why, What and How. 8 pp. 27 

Bolton, P., M. Despres-Luiz, A. Pereira, P. Da Silva, F. Samama, and R. Svartzman, 2020: The green 28 

swan - Central banking and nancial stability in the age of climate change. 29 

Bond, E. W., J. Tybout, and H. Utar, 2015: Credit Rationing, Risk Aversion, and Industrial Evoluation 30 
in Developing Countries. Int. Econ. Rev. (Philadelphia)., 56, 695–722, 31 

https://doi.org/10.1111/iere.12119. 32 

Borge, L.-E., and A. O. Hopland, 2020: Less fiscal oversight, more adjustment. Eur. J. Polit. Econ., 63, 33 

101893, https://doi.org/10.1016/j.ejpoleco.2020.101893. 34 

Bos, K., and J. Gupta, 2019: Stranded assets and stranded resources: Implications for climate change 35 

mitigation and global sustainable development. Energy Res. Soc. Sci., 56, 101215, 36 
https://doi.org/10.1016/j.erss.2019.05.025. 37 

Bougrine, H., 2012: Fiscal austerity, the Great Recession and the rise of new dictatorships. Rev. Keynes. 38 

Econ., 109–125, https://doi.org/10.4337/roke.2012.01.07. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-97  Total pages: 132 

Bovari, E., G. Giraud, and F. Mc Isaac, 2018: Coping With Collapse: A Stock-Flow Consistent 1 

Monetary Macrodynamics of Global Warming. Ecol. Econ., 147, 383–398, 2 

https://doi.org/10.1016/j.ecolecon.2018.01.034. 3 

Braungardt, S., J. van den Bergh, and T. Dunlop, 2019: Fossil fuel divestment and climate change: 4 
Reviewing contested arguments. Energy Res. Soc. Sci., 50, 191–200, 5 

https://doi.org/10.1016/j.erss.2018.12.004. 6 

Briceño-Garmendia, C., K. Smits, and V. Foster, 2009: Financing Public Infrastructure in Sub-Saharan 7 

Africa: Patterns and Emerging Issues. World Bank,. 8 

Brida, J. G., E. J. S. Carrera, and V. Segarra, 2020: Clustering and regime dynamics for economic 9 

growth and income inequality. Struct. Chang. Econ. Dyn., 52, 99–108, 10 

https://doi.org/10.1016/j.strueco.2019.09.010. 11 

Broberg, M., and E. Hovani-Bue, 2019: Disaster Risk Reduction through Risk Pooling: The Case of 12 

Hazard Risk Pooling Schemes. The Cambridge Handbook of Disaster Risk Reduction and 13 

International Law, Cambridge University Press, 257–274. 14 

Brown, J., N. Bird, and L. Schalatek, 2010: Climate Finance Additionality: Emerging Definitions and 15 

their Implications. 11 pp. 16 

Brugmann, J., 2012: Financing the resilient city. Environ. Urban., 24, 215–232, 17 

https://doi.org/10.1177/0956247812437130. 18 

Brunner, S., and K. Enting, 2014: Climate finance: A transaction cost perspective on the structure of 19 

state-to-state transfers. Glob. Environ. Chang., 27, 138–143, 20 

https://doi.org/10.1016/j.gloenvcha.2014.05.005. 21 

Buhr, B., U. Volz, C. Donovan, G. Kling, Y. Lo, V. Murinde, and N. Pullin, 2018: Climate Change and 22 

the Cost of Capital in Developing Countries. Imperial College London; SOAS University of 23 

London; UN Environment, 32 pp. 24 

Bulow, J., and K. Rogoff, 2005: Grants versus Loans for Development Banks. Am. Econ. Rev., 95, 393–25 

397, https://doi.org/10.1257/000282805774669727. 26 

C40 Cities, 2018: Clean Energy Business. 27 

Caldecott, B., 2020: Post Covid-19 stimulus and bailouts need to be compatible with the Paris 28 

Agreement. J. Sustain. Financ. Invest., 0, 1–8, https://doi.org/10.1080/20430795.2020.1809292. 29 

Campiglio, E., 2016: Beyond carbon pricing: The role of banking and monetary policy in financing the 30 

transition to a low-carbon economy. Ecol. Econ., 121, 220–230, 31 

https://doi.org/10.1016/j.ecolecon.2015.03.020. 32 

——, Y. Dafermos, P. Monnin, J. Ryan-Collins, G. Schotten, and M. Tanaka, 2018: Climate change 33 

challenges for central banks and financial regulators. Nat. Clim. Chang., 8, 462–468, 34 

https://doi.org/10.1038/s41558-018-0175-0. 35 

Canuto, O., and L. Liu, 2010: Subnational Debt Finance and the Global Financial Crisis. 7 pp. 36 

Carney, M., 2015: Breaking the Tragedy of the Horizon–climate change and financial stability. 12. 37 

Carney, M., 2019: Speech given by. 1–12. 38 

Cattaneo, C., 2019: Internal and external barriers to energy efficiency: which role for policy 39 

interventions? Energy Effic., 12, 1293–1311, https://doi.org/10.1007/s12053-019-09775-1. 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-98  Total pages: 132 

Cavallo, E. A., and A. Powell, 2019: 2019 Latin American and Caribbean Macroeconomic Report: 1 

Building Opportunities to Grow in a Challenging World. 2 

CBI, 2015: Scaling up green bond markets for sustainable development. 52 pp. 3 

——, 2019: Green Bonds: The State of the Market 2018. 28. 4 

——, 2020a: Green Bonds: The State of the Market 2019. 5 

——, 2020b: GREEN BOND PRICING IN THE PRIMARY MARKET: Report highlights. 6 

CCFLA, 2015: The State of City Climate Finance 2015. 68 pp. 7 

CCRIF SPC, 2018: Annual Report 2017-2018. 106 pp. 8 

CDSB, and CDP, 2018: Ready or not: Are companies prepared for the TCFD recommendations? A 9 

geographical analysis of CDP 2017 responses. 34 pp. 10 

——, and SASB, 2019: Using SASB Standards and the CDSB Framework to Enhance Climate-Related 11 

Financial Disclosures in Mainstream Reporting TCFD Implementation Guide. 61 pp. 12 

Cen, T., and R. He, 2018: Fintech, Green Finance and Sustainable Development. Proceedings of the 13 

2018 International Conference on Management, Economics, Education, Arts and Humanities 14 

(MEEAH 2018), Paris, France, Atlantis Press, 4. 15 

Centrica, 2018: Centrica and LO3 Energy to deploy blockchain technology as part of Local Energy 16 

Market trial in Cornwall. 17 

Chan, G., L. Forsberg, P. Garnaas-Halvorson, S. Holte, and D. Kim, 2018: Issue Linkage in the Climate 18 

Regime. 19 

Chang, C. C., E. Fernandez-Arias, and L. Serven, 1998: Measuring Aid Flows: A New Approach. SSRN 20 

Electron. J., https://doi.org/10.2139/ssrn.1817185. 21 

Chasin, F., U. Paukstadt, T. Gollhardt, and J. Becker, 2020: Smart energy driven business model 22 

innovation: An analysis of existing business models and implications for business model change 23 

in the energy sector. J. Clean. Prod., 269, 122083, 24 

https://doi.org/https://doi.org/10.1016/j.jclepro.2020.122083. 25 

Chen et al, 2020: Bridging the gaps and mitigating the risks: Tackling the challenges of sustainable 26 

cross-border energy infrastructure finance. 17 pp. 27 

Cherif, R., and F. Hasanov, 2018: The volatility trap: Precautionary saving, investment, and aggregate 28 

risk. Int. J. Financ. Econ., 23, 174–185, https://doi.org/10.1002/ijfe.1610. 29 

Chirambo, D., 2016: Integrating Microfinance, Climate Finance and Climate Change Adaptation: A 30 

Sub-Saharan Africa Perspective. Climate Change Adaptation, Resilience and Hazards, W. Leal 31 

Filho, H. Musa, G. Cavan, P. O’Hare, and J. Seixas, Eds., Climate Change Management, Springer 32 

International Publishing, 195–207. 33 

Chui, B., 2018: Gender lens and climate action: the ripple effect. bonniechiu,. 34 

CICERO, 2015: Shades of Green. 35 

——, and CPI, 2015: Background Report on Long-term Climate Finance. 88 pp. 36 

Cities Alliance, 2018: C40 Cities Alliance Creditworthiness 2016. Environ. Urban., 30, 103–122, 37 

https://doi.org/10.1177/0956247817741853. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-99  Total pages: 132 

Claessens, S., M. A. Kose, and M. E. Terrones, 2011: Financial Cycles: What? How? When? NBER 1 

Int. Semin. Macroecon., 7, 303–344, https://doi.org/10.1086/658308. 2 

Clapp, C., and K. Pillay, 2017: Green Bonds and Climate Finance. Climate Finance: Theory and 3 

Practice, World Scientific, 79–105. 4 

——, J. Ellis, J. Benn, and J. Corfee-Morlot, 2012: Tracking Climate Finance: What and How? 44 pp. 5 

Clark, R., J. Reed, and T. Sunderland, 2018: Bridging funding gaps for climate and sustainable 6 

development: Pitfalls, progress and potential of private finance. Land use policy, 71, 335–346, 7 

https://doi.org/10.1016/j.landusepol.2017.12.013. 8 

Clarke, L., and Coauthors, 2014: Assessing transformation pathways, in Climate Change 2017, 9 

Working Group III, Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 10 

Climate Change 2014: Mitigation of Climate Change. IPCC Working Group III Contribution to 11 

AR5, Cambridge University Press, 413–510. 12 

Cleary, K., and K. Palmer, 2019: Energy-as-a-Service: A Business Model for Expanding Deployment 13 

of Low-Carbon Technologies. 14 

Climate Action Network, 2013: Climate change adaptation and the role of the private sector. 28 pp. 15 

Climate ADAPT, 2020: EU adaptation Policy and Funding. 16 

Climate Bonds Initiative, 2018: Climate Bonds Taxonomy. 16 pp. 17 

——, 2019: CBI 2019. 18 

Climate Funds Update, 2014: Climate Funds Update: Data Dashboard. 19 

——, 2018: The Global Climate Finance Architecture. 20 

Climate Investment Funds, 2018: Microfinance for Climate Adaptation: From Readiness to Resilience. 21 

37 pp. 22 

Climate Transparency, 2020: The Climate Transparency Report 2020. 23 

Coady, D., I. Parry, L. Sears, and B. Shang, 2017: How Large Are Global Fossil Fuel Subsidies? World 24 

Dev., 91, 11–27, https://doi.org/10.1016/j.worlddev.2016.10.004. 25 

Coalition of Finance Ministers for Climate Action, 2020: Better Recovery, Better World: Resetting 26 

Climate Action in the Aftermath of the COVID-19 Pandemic. 27 

Cochran, I., and A. Pauthier, 2019: A Framework for Alignment with the Paris Agreement: Why, Wha 28 

and How for Financial Insitutions? 29 

Coeurdacier, N., and H. Rey, 2013: Home Bias in Open Economy Financial Macroeconomics. J. Econ. 30 

Lit., 51, 63–115, https://doi.org/10.1257/jel.51.1.63. 31 

Coffin, M., and A. Grant, 2019: Balancing the Budget: Why deflating the carbon bubble requires oil 32 

and gas companies to shrink. 33 

Cohen-Shacham, E., G. Walters, C. Janzen, and S. Maginnis, 2016: Nature-based solutions to address 34 

global societal challenges. E. Cohen-Shacham, G. Walters, C. Janzen, and S. Maginnis, Eds. 35 

IUCN International Union for Conservation of Nature,. 36 

Colenbrander, S., D. Dodman, and D. Mitlin, 2018a: Using climate finance to advance climate justice: 37 

the politics and practice of channelling resources to the local level. Clim. Policy, 18, 902–915, 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-100  Total pages: 132 

https://doi.org/10.1080/14693062.2017.1388212. 1 

——, M. Lindfield, J. Lufkin, and N. Quijano, 2018b: Financing Low Carbon, Climate-Resilient Cities. 2 

44 pp. 3 

Commonwealth Secretariat, 2016: Climate Risk Management: Opportunities and Challenges for Risk 4 

Pooling. 28 pp. 5 

Cook, M. J., and E. K. Chu, 2018: Between Policies, Programs, and Projects: How Local Actors Steer 6 

Domestic Urban Climate Adaptation Finance in India. Urban Book Series, 255–277. 7 

Cordella, T., 2018: Optimizing Finance for Development. 36 pp. 8 

CPI, 2015: Global Landscape of Climate Finance 2015. C.W.B.B.A.C.R.M.C.M. Rowena Tolentino, 9 

Ed. 10 

——, 2019a: Global Landscape of Climate Finance 2019. C.W. Barbara Buchner, Alex Clark, Rob 11 

Macquarie, Chavi Meattle, Rowena Tolentino, Ed. 38 pp. 12 

——, 2019b: Examining the Climate Finance Gap for Small-Scale Agriculture. 13 

CRED, and UNISDR, 2018: Economic Losses, Poverty &amp; Disasters 1998-2017. 31 pp. 14 

Crick, F., S. M. Eskander, S. Fankhauser, and M. Diop, 2018: How do African SMEs respond to climate 15 

risks? Evidence from Kenya and Senegal. World Dev., 108, 157–168. 16 

Cummins, J. D., and O. Mahul, 2009: Catastrophe Risk Financing in Developing Countries: Principles 17 

for Public Intervention. The World Bank, 299 pp. 18 

Cuntz, C., A. Afanador, N. Klein, F. Barrera, and R. Sharma, 2017: Connecting multilateral climate 19 

finance to mitigation projects A guide to the multilateral climate finance landscape of NAMAs 20 

Mountain Ecosystem Services View project NBS and Sustainable Urbanization View project. 48 21 

pp. 22 

Dafe, F., D. Essers, and U. Volz, 2017: Localising Sovereign Debt: The Rise of Local Currency Bond 23 

Markets in Sub-Saharan Africa. 24 

Dafermos, Y., M. Nikolaidi, and G. Galanis, 2018: Climate Change, Financial Stability and Monetary 25 

Policy. Ecol. Econ., 152, 219–234, https://doi.org/10.1016/j.ecolecon.2018.05.011. 26 

DANIDA, 2018: Review of the Climate Technology Centre and Network (CTCN). 46 pp. 27 

Dasgupta, A., and D. Ziblatt, 2015: How Did Britain Democratize? Views from the Sovereign Bond 28 

Market. J. Econ. Hist., 75, 1–29, https://doi.org/10.1017/S0022050715000017. 29 

——, and D. F. Ziblatt, 2016: Capital Meets Democracy: Representative Institutions and the Rise of 30 

Mass Suffrage in Sovereign Bond Markets. SSRN Electron. J., 31 

https://doi.org/10.2139/ssrn.2768848. 32 

Dasgupta, D., J. Hourcade, and S. Nafo, 2019: A Climate Finance Initiative To Achieve the Paris 33 

Agreement and Strenghten Sustainable Development. 34 

Davidovic, S., M. E. Loukoianova, C. Sullivan, and H. Tourpe, 2019: Strategy for Fintech Applications 35 

in the Pacific Island Countries. International Monetary Fund, 66 pp. 36 

Le De, L., J. C. Gaillard, and W. Friesen, 2013: Remittances and disaster: a review. Int. J. Disaster Risk 37 

Reduct., 4, 34–43, https://doi.org/10.1016/j.ijdrr.2013.03.007. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-101  Total pages: 132 

Demirguc-Kunt, A., L. Klapper, D. Singer, S. Ansar, and J. Hess, 2018: The Global Findex Database 1 

2017: Measuring Financial Inclusion and the Fintech revolution. World Bank Group,. 2 

Deutsche Bank Climate Change Advisors, 2011: Get FiT Plus: De-Risking Clean Energy Business 3 

Models in a Developing Country Context. 4 

Dietz, S., A. Bowen, C. Dixon, and P. Gradwell, 2016: ‘Climate value at risk’ of global financial assets. 5 

Nat. Clim. Chang., 6, 676–679, https://doi.org/10.1038/nclimate2972. 6 

Dixon, R., and E. Challies, 2015: Making REDD+ pay: Shifting rationales and tactics of private finance 7 

and the governance of avoided deforestation in Indonesia. Asia Pac. Viewp., 56, 6–20, 8 

https://doi.org/10.1111/apv.12085. 9 

DNB, 2017: Waterproof?: An exploration of climate-related risks for the Dutch financial sector. 64 pp. 10 

Donadelli, M., M. Jüppner, A. Paradiso, and C. Schlag, 2019: Temperature Volatility Risk. SSRN 11 

Electron. J., https://doi.org/10.2139/ssrn.3333915. 12 

Dorfleitner, G., L. Hornuf, M. Schmitt, and M. Weber, 2017: Definition of FinTech and Description of 13 

the FinTech Industry. FinTech in Germany, Springer International Publishing, 5–10. 14 

Dosi, G., M. Napoletano, A. Roventini, and T. Treibich, 2017: Micro and macro policies in the 15 

Keynes+Schumpeter evolutionary models. J. Evol. Econ., 27, 63–90, 16 

https://doi.org/10.1007/s00191-016-0466-4. 17 

Dowla, A., 2018: Climate change and microfinance. Bus. Strateg. Dev., 1, 78–87, 18 

https://doi.org/10.1002/bsd2.13. 19 

Du, W., and J. Schreger, 2016: Local Currency Sovereign Risk. J. Finance, 71, 1027–1070, 20 

https://doi.org/10.1111/jofi.12389. 21 

Dunz, N., A. Naqvi, and I. Monasterolo, 2019: Climate Transition Risk, Climate Sentiments, and 22 

Financial Stability in a Stock-Flow Consistent Approach. Ecol. Econ. Pap. / WU Vienna Univ. 23 

Econ. Bus., 23, https://doi.org/10.2139/ssrn.3520764. 24 

——, ——, and ——, 2020: Climate Transition Risk, Climate Sentiments, and Financial Stability in a 25 

Stock-Flow Consistent Approach. J. Financ. Stability, forth. Open access ssrn 3520764,. 26 

Dupre, S., T. Posey, T. Wang, and T. Jamison, 2018: SHOOTING FOR THE MOON IN A HOT AIR 27 

BALLOON? 25 pp. 28 

Duru, U., and A. Nyong, 2016: Why Africa Needs Green Bonds. Africa Econ., 7, 8. 29 

van Duuren, E., A. Plantinga, and B. Scholtens, 2016: ESG Integration and the Investment Management 30 

Process: Fundamental Investing Reinvented. J. Bus. Ethics, 138, 525–533, 31 

https://doi.org/10.1007/s10551-015-2610-8. 32 

Eastin, J., 2018: Climate change and gender equality in developing states. World Dev., 107, 289–305, 33 

https://doi.org/10.1016/j.worlddev.2018.02.021. 34 

EBA, 2020: EBA - European Banking Authority - Risk assessment of the European banking system - 35 

Dec. 2020. 36 

Eberhard, A., and M. Shkaratan, 2012: Powering Africa: Meeting the financing and reform challenges. 37 

Energy Policy, 42, 9–18, https://doi.org/10.1016/j.enpol.2011.10.033. 38 

Ebers Broughel, A., and N. Hampl, 2018: Community financing of renewable energy projects in Austria 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-102  Total pages: 132 

and Switzerland: Profiles of potential investors. Energy Policy, 123, 722–736, 1 

https://doi.org/10.1016/j.enpol.2018.08.054. 2 

ECB, 2019: ECB - European Central Bank - Financial Stability Report May 2019. 3 

Economics, F., 2018: South Australia’s Virtual Power Plant. 4 

Economist, 2019: 2019 Jubilee Debt - How to stop governments borrowing behind their people’s backs 5 

(NGO Jubilee Debt Campaign Response). Financ. Econ.,. 6 

EEA, 2019: Economic losses from climate-related extremes in Europe. 30 pp. 7 

EEAC, 2016: International Scan 2016: Emerging Issues in an International Context. 8 

Egli, F., B. Steffen, and T. S. Schmidt, 2018: A dynamic analysis of financing conditions for renewable 9 

energy technologies. Nat. Energy, 3, 1084–1092, https://doi.org/10.1038/s41560-018-0277-y. 10 

Ehara, M., H. Samejima, M. Yamanoshita, Y. Asada, Y. Shogaki, M. Yano, and K. Hyakumura, 2019: 11 

REDD+ engagement types preferred by Japanese private firms: The challenges and opportunities 12 

in relation to private sector participation. For. Policy Econ., 106, 101945, 13 

https://doi.org/10.1016/j.forpol.2019.06.002. 14 

Ehlers, T., and F. Packer, 2017: Green bond finance and certification. 89–104 pp. 15 

——, ——, and E. Remolona, 2014: Infrastructure and Corporate Bond Markets in Asia. 67–91 pp. 16 

——, B. Mojon, and F. Packer, 2020: Green bonds and carbon emissions: exploring the case for a 17 

rating system at the firm-level. 18 

EIB, 2012: An outline guide to Project Bonds Credit Enhancement and the Project Bond Initiative. 27 19 

pp. 20 

——, 2016: Breaking down investment barriers at ground level. 46 pp. 21 

——, 2017: EIB 2017 Annual Report. 22 

——, 2019: EIB 2019 Financial Report. https://doi.org/10.2867/427747. 23 

EIOPA, 2018: European Insurance and Occupational Pensions Authority - Financial Stability Report 24 

Dec. 2018. 25 

Enbala, 2018: VIRTUAL POWER PLANTS: Coming Soon to a Grid Near You. 26 

ESMA, 2020: ESMA - Consultation Paper Draft advice to European Commission under Article 8 of 27 

the Taxonomy Regulation. 28 

Espagne, E., 2018: Money, Finance and Climate: The Elusive Quest for a Truly Integrated Assessment 29 

Model. Comp. Econ. Stud., 60, 131–143, https://doi.org/10.1057/s41294-018-0055-7. 30 

Essers, D., H. J. Blommestein, D. Cassimon, and P. I. Flores, 2016: Local Currency Bond Market 31 

Development in Sub-Saharan Africa: A Stock-Taking Exercise and Analysis of Key Drivers. 32 

Emerg. Mark. Financ. Trade, 52, 1167–1194, https://doi.org/10.1080/1540496X.2015.1073987. 33 

Eurodad, 2020: Out of service: How public services and human rights are being threatened by the 34 

growing debt crisis. 35 

European Commission, 2017: Transport Infrastructure: Expert group report. 36 

——, 2020: Consultation document - Targeted consultation on the establishment on an EU Green Bond 37 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-103  Total pages: 132 

Standard. 1 

European Investment Bank, 2019: Investing in nature: Financing conservation and Nature-based 2 

Solutions. 3 

European Parliament, 2018: The EU spending on fight against climate change. Policy Department for 4 

Budgetary Affairs. Directorate General for Internal Policies of the Union PE 603.830. 5 

Evain, J., M. Cardona, and M. Nicol, 2018: Article 173: Overview of climate-related financial dislosure 6 

after two years of implementation. 4 pp. 7 

Fad et al, 2016: placeholder. 8 

Faiella, I., and A. Mistretta, 2020: Energy Costs and Competitiveness in Europe. SSRN Electron. J., 9 

https://doi.org/10.2139/ssrn.3612802. 10 

Faivre, N., M. Fritz, T. Freitas, B. de Boissezon, and S. Vandewoestijne, 2017: Nature-Based Solutions 11 

in the EU: Innovating with nature to address social, economic and environmental challenges. 12 

Environ. Res., 159, 509–518, https://doi.org/10.1016/j.envres.2017.08.032. 13 

Fama, E. F., 1970: Efficient Capital Markets: A Review of Theory and Empirical Work. J. Finance, 25, 14 

383, https://doi.org/10.2307/2325486. 15 

——, 1991: Efficient Capital Markets: II. J. Finance, 46, 1575, https://doi.org/10.2307/2328565. 16 

——, 1997: Market Efficiency, Long-Term Returns, and Behavioral Finance. SSRN Electron. J., 17 

https://doi.org/10.2139/ssrn.15108. 18 

FAO, 2015: Sustainable financing for forest and landscape restoration. 19 

Fawley, B. W., and C. J. Neely, 2013: Four Stories of Quantitative Easing. 51–88 pp. 20 

Feldman, D., R. Jones-Albertus, and R. Margolis, 2018: Impact of Research and Development, Analysis, 21 

and Standardization on PV Project Financing Costs. 22 

Fenton, A., D. Gallagher, H. Wright, S. Huq, and C. Nyandiga, 2014: Up-scaling finance for 23 

community-based adaptation. Clim. Dev., 6, 388–397, 24 

https://doi.org/10.1080/17565529.2014.953902. 25 

——, J. Paavola, and A. Tallontire, 2015: Microfinance and climate change adaptation: an overview of 26 

the current literature. Enterp. Dev. Microfinance, 26, 262–273, https://doi.org/10.3362/1755-27 

1986.2015.023. 28 

FinansNorge, Forsikring & Pension, FFI, and Svensk Forsakring, 2013: Weather related damage in the 29 

Nordic countries-from an insurance perspective. 42 pp. 30 

Finon, D., 2019: Carbon policy in developing countries: Giving priority to non-price instruments. 31 

Energy Policy, 132, 38–43, https://doi.org/10.1016/j.enpol.2019.04.046. 32 

Flammer, C., 2020: Corporate Green Bonds. SSRN Electron. J., https://doi.org/10.2139/ssrn.3125518. 33 

Floater, G., D. Dowling, D. Chan, M. Ulterino, J. Braunstein, and T. McMinn, 2017a: Financing The 34 

Urban Transition: Policymakers’ Summary. 35 

——, ——, ——, ——, ——, T. Mcminn, and E. Ahmad, 2017b: Global Review of Finance For 36 

Sustainable Urban Infrastructure. 60 pp. 37 

Fofack, H., 2018: A Competive Africa: Economic Integration could make the continent a global player. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-104  Total pages: 132 

Fonta, W. M., E. T. Ayuk, T. van Huysen, and T. van Huysen, 2018: Africa and the Green Climate 1 

Fund: current challenges and future opportunities. Clim. Policy, 18, 1210–1225, 2 

https://doi.org/10.1080/14693062.2018.1459447. 3 

Forest, R., 2018: Climate Risk Insurance: Transparency, Participation and Accountability. An overview 4 
Assessment of Regional Risk Pools. 5 

Forest Trends’ Ecosystem Marketplace, 2019: Financing Emissions Reductions for the Future: State of 6 

the Voluntary Carbon Markets 2019. 7 

Forster, D., H. Menadue, J. Tweed, M.- Nesbit, I. Illes, R. Williams, J. van der Laan, and E. L., 2017: 8 

Climate mainstreaming in the EU Budget: preparing for the next MFF’ prepared for the 9 

Directorate-General for Climate Action of the European Commission. 10 

Forzieri, G., A. Bianchi, F. B. e. Silva, M. A. Marin Herrera, A. Leblois, C. Lavalle, J. C. J. H. Aerts, 11 

and L. Feyen, 2018: Escalating impacts of climate extremes on critical infrastructures in Europe. 12 

Glob. Environ. Chang., 48, 97–107, https://doi.org/10.1016/j.gloenvcha.2017.11.007. 13 

Fowlie, M., M. Greenstone, and C. Wolfram, 2018: Do Energy Efficiency Investments Deliver? 14 

Evidence from the Weatherization Assistance Program*. Q. J. Econ., 133, 1597–1644, 15 

https://doi.org/10.1093/qje/qjy005. 16 

Foxon, T. J., C. S. E. Bale, J. Busch, R. Bush, S. Hall, and K. Roelich, 2015: Low carbon infrastructure 17 

investment: extending business models for sustainability. Infrastruct. Complex., 2, 4, 18 

https://doi.org/10.1186/s40551-015-0009-4. 19 

Frame, D. J., S. M. Rosier, I. Noy, L. J. Harrington, T. Carey-Smith, S. N. Sparrow, D. A. Stone, and 20 

S. M. Dean, 2020: Climate change attribution and the economic costs of extreme weather events: 21 

a study on damages from extreme rainfall and drought. Clim. Change, 2007–2017, 22 

https://doi.org/10.1007/s10584-020-02729-y. 23 

Freeman, C., and F. Louca, 2001: As Time Goes by: From the Industrial Revolutions to the Information 24 

Revolution. Oxford University Press,. 25 

Fresnillo, I., 2020: The G20 Debt Service Suspension Initiative: Draining out the Titanic with a bucket? 26 

Friede, G., T. Busch, and A. Bassen, 2015: ESG and financial performance: aggregated evidence from 27 

more than 2000 empirical studies. J. Sustain. Financ. Invest., 5, 210–233, 28 

https://doi.org/10.1080/20430795.2015.1118917. 29 

FS-UNEP Centre/BNEF, 2015: Global Trends in Renewable Energy Investment Report 2015. 30 

——, 2016: Global Trends in Renewable Energy Investment Report 2016. 31 

——, 2017: Global Trends in Renewable Energy Investment Report 2017. 32 

——, 2018: Global Trends in Renewable Energy Investment Report 2018. 76 pp. 33 

——, 2019: Global Trends in Renewable Energy Investment 2019. 34 

——, 2020: Global Trends in Renewable Energy Investment Report 2020. 35 

FS-UNEP Centre, and BNEF, 2019: Global Trends in Renewable Energy Investment Report 2019. 36 

FSD-CBI, 2020: 2020 FSD-Climate Bond Initiative - Africa Green Bond Toolkit A practical guide to 37 

issuing green bonds for Africa. 38 

Gabor, D., 2019: Securitization for Sustainability: Does it help achieve the Sustainable Development 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-105  Total pages: 132 

Goals? 30 pp. 1 

Gall, J., 2018: The benefits of community-owned renewable energy projects. 2 

Gallagher, K. P., R. Kamal, J. Jin, Y. Chen, and X. Ma, 2018: Energizing development finance? The 3 

benefits and risks of China’s development finance in the global energy sector. Energy Policy, 122, 4 

313–321, https://doi.org/10.1016/j.enpol.2018.06.009. 5 

GAO, 2018: CLIMATE CHANGE Analysis of Reported Federal Funding. Report to the Chairman, 6 

Committee on Science, Space, and Technology, House of Representatives. 7 

GCF, 2020a: Status of the GCF pipeline, including the status of Project Preparation Facility requests. 8 

——, 2020b: Status of the GCF portfolio: approved projects and fulfilment of conditions. 9 

Geddes, A., T. S. Schmidt, and B. Steffen, 2018: The multiple roles of state investment banks in low-10 
carbon energy finance: An analysis of Australia, the UK and Germany. Energy Policy, 115, 158–11 

170, https://doi.org/10.1016/j.enpol.2018.01.009. 12 

GEPF, 2019: GEPF 2019/2020 Annual Report. 126 pp. 13 

GET FiT Uganda, 2018: GET FiT Uganda - Annual Report 2018. 14 

GGCA, 2016: Gender and Climate Change: A closer look at existence evidence. 27 pp. 15 

Gianfrate, G., and M. Peri, 2019: The green advantage: Exploring the convenience of issuing green 16 

bonds. J. Clean. Prod., 219, https://doi.org/10.1016/j.jclepro.2019.02.022. 17 

Giese, G., L.-E. Lee, D. Melas, Z. Nagy, and L. Nishikawa, 2019: Foundations of ESG Investing: How 18 

ESG Affects Equity Valuation, Risk, and Performance. J. Portf. Manag., 45, 69–83, 19 

https://doi.org/10.3905/jpm.2019.45.5.069. 20 

Gignac, R., and H. D. Matthews, 2015: Allocating a 2 °C cumulative carbon budget to countries. 21 

Environ. Res. Lett., 10, 075004, https://doi.org/10.1088/1748-9326/10/7/075004. 22 

GISD, 2020: GISD 2020 - UN Global Investor in Sustainable Development Alliance - Renewed, 23 

Rechargedand ReinforcedUrgent actions toharmonize and scalesustainable finance-. 24 

GIZ, 2015: Climate Risk Insurance: For strengthening climate resilience of poor people in vulnerable 25 

countries. 20 pp. 26 

——, 2017a: Financing strategies: A missing link to translate NDCs into action. 27 

——, 2017b: Green Municipal Bonds in India: Potential, Barriers and Advantages. 24 pp. 28 

——, IFC, and Women’s World Banking, 2017: Mainstreaming Gender and Targeting Women in 29 

Inclusive Insurance: Perspectives and Emerging Lessons. A Compendium of Technical Notes and 30 

Case Studies. 96 pp. 31 

Global Environment Facility Independent Evaluation Office, 2017: Evaluation on Gender 32 

Mainstreaming in the GEF. 82 pp. 33 

Global Impact Investing Network, What You Need to Know About Impact Investing. 34 

Global Investor Statement, 2019: Global Investor Statement on Climate Change 2019. 35 

Glomsrød, S., and T. Wei, 2018: Business as unusual: The implications of fossil divestment and green 36 

bonds for financial flows, economic growth and energy market. Energy Sustain. Dev., 44, 1–10, 37 

https://doi.org/10.1016/j.esd.2018.02.005. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-106  Total pages: 132 

Goodfriend, M., 2011: Money Markets. Annu. Rev. Financ. Econ., 3, 119–137, 1 

https://doi.org/10.1146/annurev-financial-102710-144853. 2 

Gorelick, J., 2018: Supporting the future of municipal bonds in sub-Saharan Africa: the centrality of 3 

enabling environments and regulatory frameworks. Environ. Urban., 30, 103–122, 4 
https://doi.org/10.1177/0956247817741853. 5 

——, and N. Walmsley, 2020: The greening of municipal infrastructure investments: technical 6 

assistance, instruments, and city champions. Green Financ., 2, 114–134, 7 

https://doi.org/10.3934/GF.2020007. 8 

Gouldson, A., S. Colenbrander, A. Sudmant, N. Godfrey, J. Millward-hopkins, W. Fang, and X. Zhao, 9 

2015: Accelerating Low-Carbon Development in the World’s Cities. 1–38 pp. 10 

Governance of Climate Change Finance to Enhance Gender Equality in Asia-Pacific, 2019: What is 11 

CPEIR? 12 

Government of UK, 2016: “Appendix 5.2: What is the evidence from the international experience of 13 

smart meters?” Government of the United Kingdom,. 14 

GPFI, 2017: G20 Financial Inclusion Action Plan. 31 pp. 15 

GPIF Japan, 2020: GPIF and KBN launch initiative to promote Green Bonds. 16 

Grafström, J., and Å. Lindman, 2017: Invention, innovation and diffusion in the European wind power 17 

sector. Technol. Forecast. Soc. Change, 114, 179–191, 18 

https://doi.org/10.1016/j.techfore.2016.08.008. 19 

Granoff, I., J. R. Hogarth, and A. Miller, 2016: Nested barriers to low-carbon infrastructure investment. 20 

Nat. Clim. Chang., 6, 1065–1071, https://doi.org/10.1038/nclimate3142. 21 

Green Climate Fund, 2017a: Analysis of Barriers to Crowding ‐ in and Maximizing the Engagement of 22 

the Private Sector , including Private Sector Advisory Group Recommendations. 23 

——, 2017b: Mainstreaming Gender in Green Climate Fund Projects. 78 pp. 24 

——, 2020: GCF Monthly Report: Pipeline Update. 12 pp. 25 

Griffith-Jones, S., and J. Tyson, 2010: Reform of the European Investment Bank: How to Upgrade the 26 

EIB’s Role in Development. 38 pp. 27 

Grimault, J., V. Bellassen, and I. Shishlov, 2018: Key elements and challenges in monitoring, certifying 28 

and financing forestry carbon projects. 8 pp. 29 

Griscom, B. W., and Coauthors, 2017: Natural climate solutions. Proc. Natl. Acad. Sci., 114, 11645–30 
11650, https://doi.org/10.1073/pnas.1710465114. 31 

——, and Coauthors, 2020: National mitigation potential from natural climate solutions in the tropics. 32 

Philos. Trans. R. Soc. B Biol. Sci., 375, https://doi.org/10.1098/rstb.2019.0126. 33 

Grubb, M., 2014: Planetary Economics: Energy, climate change and the three domains of sustainable 34 

development. Routledge, 548 pp. 35 

Grubler, A., C. Wilson, and G. Nemet, 2016: Apples, oranges, and consistent comparisons of the 36 

temporal dynamics of energy transitions. Energy Res. Soc. Sci., 22, 18–25, 37 

https://doi.org/10.1016/j.erss.2016.08.015. 38 

GSIA, 2018: 2018 Global Sustainable Investment Review. 29 pp. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-107  Total pages: 132 

Guido, A. (forthcoming), 2020: Epidemics, Inequality, and Poverty in Preindustrial and Early Industrial 1 

Time. J. Econmic Lit.,. 2 

Gujba, H., S. Thorne, Y. Mulugetta, K. Rai, and Y. Sokona, 2012: Financing low carbon energy access 3 

in Africa. Energy Policy, 47, 71–78, https://doi.org/10.1016/j.enpol.2012.03.071. 4 

Guo, K., and L. Zhang, 2020: Guarantee optimization in energy performance contracting with real 5 

option analysis. J. Clean. Prod., 258, 120908, https://doi.org/10.1016/j.jclepro.2020.120908. 6 

Guzman, M., 2016: Definitional Issues in the IMF Debt Sustainablility Analysis Framework - A 7 

Proposal. 8 pp. 8 

Ha, J., M. A. Kose, C. Otrok, and E. Prasad, 2020: Global Macro-Financial Cycles and Spillovers. 9 

Hachenberg, B., and D. Schiereck, 2018: Are green bonds priced differently from conventional bonds? 10 

J. Asset Manag., 19, https://doi.org/10.1057/s41260-018-0088-5. 11 

Hadfield, P., and N. Cook, 2019: Financing the Low-Carbon City: Can Local Government Leverage 12 

Public Finance to Facilitate Equitable Decarbonisation? Urban Policy Res., 37, 13–29, 13 

https://doi.org/10.1080/08111146.2017.1421532. 14 

Hafner, S., A. Jones, A. Anger-Kraavi, and J. Pohl, 2020: Closing the green finance gap – A systems 15 

perspective. Environ. Innov. Soc. Transitions, 34, 26–60, 16 

https://doi.org/10.1016/j.eist.2019.11.007. 17 

Hainaut, H., and I. Cochran, 2018: The Landscape of domestic climate investment and finance flows: 18 

Methodological lessons from five years of application in France. Int. Econ., 155, 69–83, 19 

https://doi.org/10.1016/j.inteco.2018.06.002. 20 

——, M. Ledez, and I. Cochran, 2019: Landscape of Climate Finance in France: 2019 Edition. 24 pp. 21 

Haites, E., 2018: Carbon taxes and greenhouse gas emissions trading systems: what have we learned? 22 

Clim. Policy, 18, 955–966, https://doi.org/10.1080/14693062.2018.1492897. 23 

Halcoussis, D., and A. D. Lowenberg, 2019: The effects of the fossil fuel divestment campaign on stock 24 

returns. North Am. J. Econ. Financ., 47, 669–674, https://doi.org/10.1016/j.najef.2018.07.009. 25 

Hall, N., and Å. Persson, 2018: Global climate adaptation governance: Why is it not legally binding? 26 

Eur. J. Int. Relations, 24, 540–566, https://doi.org/10.1177/1354066117725157. 27 

Hallegatte, S., A. Vogt-Schilb, M. Bangalore, and J. Rozenberg, 2017: Unbreakable: Building the 28 

Resilience of the Poor in the Face of Natural Disasters. The World Bank, 201 pp. 29 

Hamid, K., M. T. Suleman, S. Z. Ali Shah, and R. S. Imdad Akash, 2017: Testing the Weak Form of 30 

Efficient Market Hypothesis: Empirical Evidence from Asia-Pacific Markets. SSRN Electron. J., 31 

https://doi.org/10.2139/ssrn.2912908. 32 

Hamwi, M., and I. Lizarralde, 2017: A Review of Business Models towards Service-Oriented Electricity 33 

Systems. Procedia CIRP, 64, 109–114, https://doi.org/10.1016/j.procir.2017.03.032. 34 

Hanif, I., S. M. Faraz Raza, P. Gago-de-Santos, and Q. Abbas, 2019: Fossil fuels, foreign direct 35 

investment, and economic growth have triggered CO2 emissions in emerging Asian economies: 36 

Some empirical evidence. Energy, 171, 493–501, https://doi.org/10.1016/j.energy.2019.01.011. 37 

Hanusch, M., S. Hassan, Y. Algu, L. Soobyah, and A. Kranz, 2016: The Ghost of a Rating Downgrade. 38 

World Bank,. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-108  Total pages: 132 

Harris, S., and K. Abbott, 2018: Climate and Women: The Business Case for Action. 25 pp. 1 

Hellmuth, M. E., D. E. Osgood, U. Hess, A. Moorhead, and H. Bhojwani, 2009: Index insurance and 2 

climate risk. International Research Institute for Climate and Society, 122 pp. 3 

Henriques, I., and P. Sadorsky, 2018: Investor implications of divesting from fossil fuels. Glob. Financ. 4 

J., 38, 30–44, https://doi.org/10.1016/j.gfj.2017.10.004. 5 

Hepburn, C., B. O’Callaghan, N. Stern, J. Zenghelis, and S. and Dimitri, 2020: Will COVID-19 fiscal 6 

recovery packages accelerate or retard progress on climate change? Forthcomming Oxford Rev. 7 

Econ. Policy 36(S1), S1. 8 

Hermann, A., P. Köfer, and J. P. Mairhöfer, 2016: Climate Risk Insurance: New Approaches and 9 

Schemes. 1–22 pp. 10 

High-Level Commission on Carbon Prices, 2017: Report of the high-level commission on carbon prices. 11 

N. Stern and J.E. Stiglitz, Eds. World Bank, 69 pp. 12 

Hintermann, B., 2011: Market Power, Permit Allocation and Efficiency in Emission Permit Markets. 13 

Environ. Resour. Econ., 49, 327–349, https://doi.org/10.1007/s10640-010-9435-9. 14 

——, S. Peterson, and W. Rickels, 2016: Price and Market Behavior in Phase II of the EU ETS: A 15 

Review of the Literature: Appendix Table 1. Rev. Environ. Econ. Policy, 10, 108–128, 16 

https://doi.org/10.1093/reep/rev015. 17 

Hirth, L., and J. C. Steckel, 2016: The role of capital costs in decarbonizing the electricity sector. 18 

Environ. Res. Lett., 11, 114010, https://doi.org/10.1088/1748-9326/11/11/114010. 19 

Hodge, G., C. Greve, and M. Biygautane, 2018: Do PPP’s work? What and how have we been learning 20 

so far? Public Manag. Rev., 20, 1105–1121, https://doi.org/10.1080/14719037.2018.1428410. 21 

Hoepner, A. G. F., S. Dimatteo, J. Schaul, P.-S. Yu, and M. Musolesi, 2017: Tweeting about 22 

Sustainability: can Emotional Nowcasting discourage Greenwashing? 23 

Holmes, L., K. Strauss, K. de Vos, and K. Bonzon, 2014: Towards Investment in Sustainable Fisheries: 24 

A Framework for Financing the Transition. 86 pp. 25 

Hong, H., F. W. Li, and J. Xu, 2019: Climate risks and market efficiency. J. Econom., 208, 265–281, 26 

https://doi.org/10.1016/j.jeconom.2018.09.015. 27 

Hope, K. R., 2011: Investing in capacity development: towards an implementation framework. Policy 28 

Stud., 32, 59–72, https://doi.org/10.1080/01442872.2010.529273. 29 

Hourcade et al, 2015: A monetary plan for upgrading climate finance and support the..|INIS. 30 

Hover, A., 2020: Current direction for renewable energy in China. 8 pp. 31 

Hsiang, S., and Coauthors, 2017: Estimating economic damage from climate change in the United 32 

States. Science (80-. )., 356, 1362–1369, https://doi.org/10.1126/science.aal4369. 33 

Hu, Y., S. Ren, Y. Wang, and X. Chen, 2020: Can carbon emission trading scheme achieve energy 34 

conservation and emission reduction? Evidence from the industrial sector in China. Energy Econ., 35 

85, 104590, https://doi.org/10.1016/j.eneco.2019.104590. 36 

Huenteler, J., C. Niebuhr, and T. S. Schmidt, 2016: The effect of local and global learning on the cost 37 

of renewable energy in developing countries. J. Clean. Prod., 128, 6–21, 38 

https://doi.org/10.1016/j.jclepro.2014.06.056. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-109  Total pages: 132 

Humphrey, C., and K. Michaelowa, 2019: China in Africa: Competition for traditional development 1 

finance institutions? World Dev., 120, 15–28, https://doi.org/10.1016/j.worlddev.2019.03.014. 2 

Hunecke, K., S. Braungardt, K. Schumacher, J. Thema, T. Adisorn, H. Lutkehaus, and L. Tholen, 2019: 3 

What role do transaction costs play in energy efciency improvements and how can they be 4 
reduced. EECEE Summer Study Proc.,. 5 

Hurley, G., and T. Voituriez, 2016: Financing the SDGs in the Least Developed Countries (LDCs): 6 

Diversifying the Financing Tool-box and Managing Vulnerability. 7 

Hynes, W., and S. Scott, 2013: The Evolution of Official Development Assistance: Achievements, 8 

Criticisms and a Way Forward. 9 

Hyun, S., D. Park, and S. Tian, 2019: The price of going green: the role of greenness in green bond 10 

markets. Account. Financ., https://doi.org/10.1111/acfi.12515. 11 

IATFD, 2016: IATF 2016 - Issue Brief Series Developing domestic capital markets International 12 

Finance Corporation (World Bank Group) INTER-AGENCY TASK FORCE ON FINANCING 13 

FOR DEVELOPMENT Issue Brief Developing domestic capital markets International Finance 14 

Corporation . 15 

——, 2020: Financing for Sustainable Development Report 2020. United Nations Publication, 207 pp. 16 

ICEAW, 2012: SUSTAINABLE PUBLIC FINANCES: GLOBAL VIEWS. 17 

ICMA, 2020a: Sustainable Finance: High-level definitions. 18 

——, 2020b: Bond Market Size. 19 

——, 2020c: ICMA 2020 - Quarterly Report- Assessment of Market Practise and Regulatory Report. 20 

IDB, 2019: Evolucion futura de costos de las energías renovables y almacenamiento en America Latina. 21 

IDFC, 2020: International Development Finance Club (IDFC). 22 

IEA, 2014: Capturing the Multiple Benefits of Energy Efficiency. OECD/IEA, 224 pp. 23 

——, 2017: World Energy Outlook 2017. IEA,. 24 

——, 2018: World Energy Balances 2018. International Energy Agency, OECD/IEA. 25 

——, 2019a: World Energy Investment 2019. OECD, 176 pp. 26 

——, 2019b: Securing Investments in Low-Carbon Power Generation Sources. 16 pp. 27 

——, 2019c: Africa Energy Outlook 2019. 288 pp. 28 

——, 2020a: The Oil and Gas Industry in Energy Transitions: Insights from IEA analysis. 29 

——, 2020b: Carbon pricing can help put clean energy at the heart of stimulus packages. 30 

——, 2020c: World Energy Investment 2020. OECD, 176 pp. 31 

——, 2020d: World Energy Outlook. 32 

——, 2020e: World Energy Outlook 2020. 33 

IEI, 2020: Electric company smart meter deployments: Foundation for a smart grid (2019 update). 34 

Institute for Electric Innovation,. 35 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-110  Total pages: 132 

IFC, 2016: Climate Investment Opportunities in Emerging Markets - An IFC Analysis. 140 pp. 1 

——, 2017: Investing in Women: New Evidence for the Business Case. 2 

——, 2018a: Climate Investment Opportunities in Cities - An IFC Analysis. 176 pp. 3 

——, 2018b: Climate Investment Opportunities in Cities: A IFC Analysis. 4 

——, 2020: IFC Green Bond Impact Report 2020. 5 

IIED, 2017: Devolved Climate Finance: An alliance of government and non-government organisations 6 

promoting community-prioritised investment for climate adaptation. 6 pp. 7 

IIGCC, 2015: Climate finance for developing and emerging countries: Five recommendations to 8 

catalyze institutional investment. 9 

——, 2018: Navigating climate scenario analysis: A guide for institutional investors. 10 

——, 2020: SCALING UP INVESTMENT: THE NEED FOR POLICY ACTION. 11 

IMF, 2009: Balance of Payments and International Investment Position Manual Sixth Edition (BPM6). 12 

6th ed. International Monetary Fund, 371 pp. 13 

——, 2016: STAFF NOTE FOR THE G20 IFAWG DEVELOPMENT OF LOCAL CURRENCY BOND 14 

MARKETS OVERVIEW OF RECENT DEVELOPMENTS AND KEY THEMES SEOUL. 15 

——, 2017: STAFF NOTE FOR THE G20 IFAWG RECENT DEVELOPMENTS ON LOCAL 16 

CURRENCY BOND MARKETS IN EMERGING ECONOMIES. 17 

——, 2019: Fiscal Monitor: How to Mitigate Climate Change. 96 pp. 18 

——, 2020a: Mitigating Climate Change---Growth and Distribution Friendly Strategies, Chapter Three. 19 

World Econ. Outlook, Chapter 3. 20 

——, 2020b: Database of Fiscal Policy Responses to COVID-19. 21 

——, 2020c: World Economic Outlook - A Long and Difficult Ascent. 22 

——, 2020d: STAFF NOTE FOR THE G20 INTERNATIONAL FINANCIAL ARCHITECTURE 23 

WORKING GROUP (IFAWG) RECENT DEVELOPMENTS ON LOCAL CURRENCY BOND 24 

MARKETS IN EMERGING ECONOMIES RIYADH, KINGDOM OF SAUDI ARABIA Existing 25 

LCBM development initiatives, such as the IMF-World Bank De. 30 pp. 26 

——, and World Bank Group, 2016: Staff Note for the G20 IFAWG: Development of Local Currency 27 

Bond Markets Overview of Recent Developments and Key Themes. 33 pp. 28 

——, and ——, 2017: Staff Note for the G20 IFAWG: Recent Developments on Local Currency Bond 29 

Markets in Emerging Economies. 15 pp. 30 

——, and ——, 2018: Staff Note for the G20 IFAWG: Recent Developments on Local Currency Bond 31 

Markets in Emerging Economies. 17 pp. 32 

IMF and Wold Bank, 2020: Enhancing Access to Opportunities. 33 

Inderst, G., and R. Della Croce, 2013: Pension Fund Investment in Infrastructure: A Comparison 34 

between Australia and Canada. 54 pp. 35 

Innovative Financing Initiative, 2014: Innovative Financing for Development: Scalable Business 36 

Models that Produce Economic, Social, and Environmental Outcomes. 42 pp. 37 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-111  Total pages: 132 

IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change 1 

Adaptation. C.B. Field et al., Eds. Cambridge University Press, 582 pp. 2 

——, 2014: Climate Change 2014 Impacts, Adaptation, and Vulnerability. C.B. Field, V.R. Barros, 3 

D.J. Dokken, K.J. Mach, and M.D. Mastrandrea, Eds. Cambridge University Press, 833–868 pp. 4 

——, 2018: Global Warming of 1.5 °C an IPCC special report on the impacts of global warming of 1.5 5 

°C above pre-industrial levels and related global greenhouse gas emission pathways, in the 6 

context of strengthening the global response to the threat of climate change. 7 

IPE, 2020: Net-zero asset manager initiative kicks off with 30 founding signatories. 8 

IRENA, 2016: Unlocking Renewable Energy Investment: The Role of Risk Mitigation and Structured 9 

Finance. 10 

——, 2017: Untapped potential for climate action: Renewable energy in Nationally Determined 11 

Contributions. 12 

——, 2018: Community Energy. 13 

——, 2019a: Renewable Power Generation Costs in 2018. IRENA, 88 pp. 14 

——, 2019b: Innovation Landscape Brief: Blockchain. 15 

——, 2019c: Innovation landscape brief: Electric-vehicle smart charging. 16 

——, 2019d: Innovation landscape for a renewable-powered future. 17 

——, 2019e: Business Models. Aggregators - Innovation Landscape Brief. 18 

——, 2020a: Renewable Power Generation Costs in 2019. 19 

——, 2020b: IRENA 2020 - Global Renewables Outlook: Energy transformation 2050. 20 

——, 2020c: Power system organisational structures for the renewable energy era. 21 

——, 2020d: Business Models: Innovation Landscape Briefs. 22 

Irving, J., 2020: How the COVID-19 crisis is impacting African pension fund approaches to portfolio 23 

management. 15 pp. 24 

ISDR, 2009: Global Assessment Report on Disaster Risk Reduction 2009: Risk and Poverty in a 25 

Changing Climate. 26 

ISF Advisors, 2019: Pathways to Prosperity. 27 

Iyer, G. C., L. E. Clarke, J. A. Edmonds, B. P. Flannery, N. E. Hultman, H. C. McJeon, and D. G. 28 

Victor, 2015: Improved representation of investment decisions in assessments of CO2 mitigation. 29 

Nat. Clim. Chang., 5, 436–440, https://doi.org/10.1038/nclimate2553. 30 

Jachnik, R., R. Caruso, and A. Srivastava, 2015: Estimating mobilised private climate finance: 31 

Methodological Approaches, Options and Trade-offs. 66 pp. 32 

——, M. Mirabile, and A. Dobrinevski, 2019: Tracking Finance Flows Towards Assessing Their 33 

Consistency with Climate Objectives. 41 pp. 34 

Jacobsson, S., A. Bergek, D. Finon, V. Lauber, C. Mitchell, D. Toke, and A. Verbruggen, 2009: EU 35 

renewable energy support policy: Faith or facts? Energy Policy, 37, 2143–2146, 36 

https://doi.org/10.1016/j.enpol.2009.02.043. 37 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-112  Total pages: 132 

Jaeger, J., M. I. Westphal, and C. Park, 2020: WORKING PAPER LESSONS LEARNED ON GREEN 1 

STIMULUS : CASE STUDIES FROM THE GLOBAL FINANCIAL CRISIS. 1–32. 2 

Jaffe, A. B., R. G. Newell, and R. N. Stavins, 2004: Economics of Energy Efficiency. Encyclopedia of 3 

Energy, C.J. Cleveland, Ed., Vol. 2 of, Elsevier, 79–90. 4 

Jagers, S. C., and Coauthors, 2020: On the preconditions for large-scale collective action. Ambio, 49, 5 

1282–1296, https://doi.org/10.1007/s13280-019-01284-w. 6 

Jain, M., G. D. Sharma, and M. Srivastava, 2019: Can Sustainable Investment Yield Better Financial 7 

Returns: A Comparative Study of ESG Indices and MSCI Indices. Risks, 7, 15, 8 

https://doi.org/10.3390/risks7010015. 9 

Jerneck, M., 2017: Financialization impedes climate change mitigation: Evidence from the early 10 

American solar industry. Sci. Adv., 3, e1601861, https://doi.org/10.1126/sciadv.1601861. 11 

Joint-MDB, 2018: 2017 Joint Report on Multilateral Development Banks’ Climate Finance. 12 

Jones, E. C., and B. D. Leibowicz, 2019: Contributions of shared autonomous vehicles to climate 13 

change mitigation. Transp. Res. Part D Transp. Environ., 72, 279–298, 14 

https://doi.org/10.1016/j.trd.2019.05.005. 15 

Jordà, Ò., M. Schularick, and A. M. Taylor, 2017: Macrofinancial History and the New Business Cycle 16 

Facts. NBER Macroecon. Annu., 31, 213–263, https://doi.org/10.1086/690241. 17 

——, ——, ——, and F. Ward, 2019: Global Financial Cycles and Risk Premiums. IMF Econ. Rev., 18 

67, 109–150, https://doi.org/10.1057/s41308-019-00077-1. 19 

——, S. R. Singh, and A. M. Taylor, 2020: The Long Economic Hangover of Pandemics. Finance Dev., 20 

Vol 57. 21 

JRC, 2020: Energy Performance Contracting. 22 

Juvonen, K., A. Kumar, H. Ben Ayed, and A. O. Marin, 2019: Unleashing the Potential of institutional 23 

investors in Africa. 42 pp. 24 

Kahn, M., K. Mohaddes, R. N. C. Ng, M. H. Pesaran, M. Raissi, and J.-C. Yang, 2019: Long-Term 25 

Macroeconomic Effects of Climate Change: A Cross-Country Analysis. 26 

Kaminker, C., and F. Stewart, 2012: The Role of Institutional Investors in Financing Clean Energy. 53 27 

pp. 28 

——, O. Kawanishi, F. Stewart, B. Caldecott, and N. Howarth, 2013: Institutional Investors and Green 29 

Infrastructure Investments: Selected Case Studies. 98 pp. 30 

Karpf, A., and A. Mandel, 2018: The changing value of the ‘green’ label on the US municipal bond 31 

market. Nat. Clim. Chang., 8, 161–165, https://doi.org/10.1038/s41558-017-0062-0. 32 

Keesstra, S., J. Nunes, A. Novara, D. Finger, D. Avelar, Z. Kalantari, and A. Cerdà, 2018: The superior 33 

effect of nature based solutions in land management for enhancing ecosystem services. Sci. Total 34 

Environ., 610–611, 997–1009, https://doi.org/10.1016/j.scitotenv.2017.08.077. 35 

Kellett, J., and K. Peters, 2014: Dare to prepare: taking risk seriously. 140 pp. 36 

Kenya FRACCK, 2018: Framework for the Return of Access from Crime and Corruption Kenya - 37 

Agreement between Government of Kenya and Switzerland. 38 

Kern, F., and K. S. Rogge, 2016: The pace of governed energy transitions: Agency, international 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-113  Total pages: 132 

dynamics and the global Paris agreement accelerating decarbonisation processes? Energy Res. 1 

Soc. Sci., 22, 13–17, https://doi.org/10.1016/j.erss.2016.08.016. 2 

Ketkar, S. L., and D. Ratha, 2010: Diaspora Bonds: Tapping the Diaspora during Difficult Times. J. 3 

Int. Commer. Econ. Policy, 01, 251–263, https://doi.org/10.1142/S1793993310000147. 4 

Ketterer, J., and A. Powell, 2018: Financing Infrastructure: On the Quest for an Asset-Class. 25 pp. 5 

Khan, M., S. Robinson, R. Weikmans, D. Ciplet, and J. T. Roberts, 2020: Twenty-five years of 6 

adaptation finance through a climate justice lens. Clim. Change, 161, 251–269, 7 

https://doi.org/10.1007/s10584-019-02563-x. 8 

Kissinger, G., A. Gupta, I. Mulder, and N. Unterstell, 2019: Land Use Policy Climate fi nancing needs 9 

in the land sector under the Paris Agreement : An assessment of developing country perspectives. 10 

Land use policy, 83, 256–269, https://doi.org/10.1016/j.landusepol.2019.02.007. 11 

Kling, G., Y. Lo, V. Murinde, and U. Volz, 2018: Climate Vulnerability and the Cost of Debt. SSRN 12 

Electron. J., https://doi.org/10.2139/ssrn.3198093. 13 

Klinsky, S., and Coauthors, 2017: Why equity is fundamental in climate change policy research. Glob. 14 

Environ. Chang., 44, 170–173, https://doi.org/10.1016/j.gloenvcha.2016.08.002. 15 

Klöck, C., N. Molenaers, and F. Weiler, 2018: Responsibility, capacity, greenness or vulnerability? 16 

What explains the levels of climate aid provided by bilateral donors? Env. Polit., 27, 892–916, 17 

https://doi.org/10.1080/09644016.2018.1480273. 18 

Knobloch, F., H. Pollitt, U. Chewpreecha, V. Daioglou, and J.-F. Mercure, 2019: Simulating the deep 19 

decarbonisation of residential heating for limiting global warming to 1.5 °C. Energy Effic., 12, 20 

521–550, https://doi.org/10.1007/s12053-018-9710-0. 21 

Knuth, S., 2018: “Breakthroughs” for a green economy? Financialization and clean energy transition. 22 

Energy Res. Soc. Sci., 41, 220–229, https://doi.org/10.1016/j.erss.2018.04.024. 23 

Knutti, R., 2010: The end of model democracy? Clim. Change, 102, 395–404, 24 

https://doi.org/10.1007/s10584-010-9800-2. 25 

Kochanski, Korczak, and Skoczkowski, 2020: Technology Innovation System Analysis of Electricity 26 

Smart Metering in the European Union. Energies,. 27 

Koh, J., E. Mazzacurati, and S. Swann, 2016: Bridging the Adaptation Gap : Approaches to 28 

Measurement of Physical Climate Risk and Examples of Investment in Climate Adaptation and 29 

Resilience. 65 pp. 30 

Kose, M. A., F. Ohnsorge, P. Nagle, and N. Sugawara, 2020: Debt Wave. 4 pp. 31 

KPMG, 2015: The Utility as The Network Integrator. 32 

Kramer, B., and F. Ceballos, 2018: Enhancing adaptive capacity through climate-smart insurance: 33 

Theory and evidence from India. International Association of Agricultural Economists (IAAE) > 34 

2018 Conference, Vancouver. 35 

Kreft, S., and L. Schäfer, 2017: The G20’ s role on climate risk insurance & pooling: Weathering 36 

Climate Change through Climate Risk Transfer Solutions. 1–8 pp. 37 

Kriegler, E., and Coauthors, 2015: Making or breaking climate targets: The AMPERE study on staged 38 

accession scenarios for climate policy. Technol. Forecast. Soc. Change, 90, 24–44, 39 

https://doi.org/10.1016/j.techfore.2013.09.021. 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-114  Total pages: 132 

Krogstrup, S., and W. Oman, 2019: Macroeconomic and Financial Policies for Climate Change 1 

Mitigation: A Review of the Literature. 58 pp. 2 

Kumar, A., W. Xin, and C. Zhang, 2019: Climate Sensitivity and Predictable Returns. SSRN Electron. 3 

J., https://doi.org/10.2139/ssrn.3331872. 4 

Kuramochi, T., and Coauthors, 2020: Beyond national climate action: the impact of region, city, and 5 

business commitments on global greenhouse gas emissions. Clim. Policy, 20, 275–291, 6 

https://doi.org/10.1080/14693062.2020.1740150. 7 

Kyriakou, V., I. Garagounis, E. Vasileiou, A. Vourros, and M. Stoukides, 2017: Progress in the 8 

Electrochemical Synthesis of Ammonia. Catal. Today, 286, 2–13, 9 

https://doi.org/10.1016/j.cattod.2016.06.014. 10 

LAING, T., L. TASCHINI, and C. PALMER, 2016: Understanding the demand for REDD+ credits. 11 

Environ. Conserv., 43, 389–396, https://doi.org/10.1017/S0376892916000187. 12 

Lam, A., J.-F. Mercure, and H. Pollitt, 2020: Road transport and stranded fossil fuel assets. under Prep.,. 13 

Lamperti, F., V. Bosetti, A. Roventini, and M. Tavoni, 2019: The public costs of climate-induced 14 

financial instability. Nat. Clim. Chang., 9, 829–833, https://doi.org/10.1038/s41558-019-0607-5. 15 

Larcker, D. F., and E. M. Watts, 2020: Where’s the greenium? J. Account. Econ., 69, 101312, 16 

https://doi.org/10.1016/j.jacceco.2020.101312. 17 

Leaton, J., and L. L. B.-L. Sussams, 2011: Unburnable carbon: are the world’s financial markets 18 

carrying a carbon bubble? Carbon Tracker,. 19 

Leck, H., and D. Roberts, 2015: What lies beneath: understanding the invisible aspects of municipal 20 

climate change governance. Curr. Opin. Environ. Sustain., 13, 61–67, 21 

https://doi.org/10.1016/j.cosust.2015.02.004. 22 

Lee, I., and Y. J. Shin, 2018: Fintech: Ecosystem, business models, investment decisions, and 23 

challenges. Bus. Horiz., 61, 35–46, https://doi.org/10.1016/j.bushor.2017.09.003. 24 

Lindblom, T., T. Mavruk, and S. Sjögren, 2018: East or west, home is best: The birthplace bias of 25 

individual investors. J. Bank. Financ., 92, 323–339, 26 

https://doi.org/10.1016/j.jbankfin.2016.10.002. 27 

Lindenberg, N., and P. Pauw, 2013: Don’t lump together apples and oranges-Adaptation finance is 28 

different from mitigation finance. 3 pp. 29 

Linnerooth-Bayer, J., and S. Hochrainer-Stigler, 2015: Financial instruments for disaster risk 30 

management and climate change adaptation. Clim. Change, 133, 85–100, 31 

https://doi.org/10.1007/s10584-013-1035-6. 32 

Linquiti, P., and N. Cogswell, 2016: The Carbon Ask: effects of climate policy on the value of fossil 33 

fuel resources and the implications for technological innovation. J. Environ. Stud. Sci., 6, 662–34 

676, https://doi.org/10.1007/s13412-016-0397-2. 35 

Liu, Y., L. Wu, and J. Li, 2019: Peer-to-peer (P2P) electricity trading in distribution systems of the 36 

future. Electr. J., 32, 2–6, https://doi.org/https://doi.org/10.1016/j.tej.2019.03.002. 37 

Livingston, D., V. Sivaram, M. Freeman, and M. Fiege, 2018: Applying Block chain Technology to 38 

Electric Power Systems. 37 pp. 39 

Lo, A. Y., 2016: Challenges to the development of carbon markets in China. Clim. Policy, 16, 109–124, 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-115  Total pages: 132 

https://doi.org/10.1080/14693062.2014.991907. 1 

Lontzek, T. S., Y. Cai, K. L. Judd, and T. M. Lenton, 2015: Stochastic integrated assessment of climate 2 

tipping points indicates the need for strict climate policy. Nat. Clim. Chang., 5, 441–444, 3 

https://doi.org/10.1038/nclimate2570. 4 

Lowry, R. C., J. E. Alt, and K. E. Ferree, 1998: Fiscal Policy Outcomes and Electoral Accountability 5 

in American States. Am. Polit. Sci. Rev., 92, 759–774, https://doi.org/10.2307/2586302. 6 

LSEG, 2018: London Stock Exchange Africa Advisory Group Report of Recommendations - 7 

Developing the Green Bond Market in Africa. 509–517, 8 

https://doi.org/10.1016/j.enpol.2016.03.015. 9 

Lucas, B., 2015: Disaster risk financing and insurance in the Pacific (GSDRC Helpdesk Research 10 

Report 1314). 15 pp. 11 

Luderer, G., and Coauthors, 2018: Residual fossil CO2 emissions in 1.5–2 °C pathways. Nat. Clim. 12 

Chang., 8, 626–633, https://doi.org/10.1038/s41558-018-0198-6. 13 

van Der Lugt, C., 2018: Digital Finance and Citizen Action: In Financing the Future of Climate-smart 14 

Infrastructure. 51 pp. 15 

Lujan, B., and G. Silva-Chávez, 2018: Mapping Forest Finance: A Landscape of Available Sources of 16 

Finance for REDD+ and Climate Action in Forests. 48 pp. 17 

Lumenaza, 2020: Accelerating new energy. Together. 18 

Ma, Z., J. D. Billanes, and B. Nørregaard Jørgensen, 2017: Aggregation Potentials for Buildings—19 

Business Models of Demand Response and Virtual Power Plants. Energies,. 20 

Maltais, A., and B. Nykvist, 2020: Understanding the role of green bonds in advancing sustainability. 21 

J. Sustain. Financ. Invest., 1–20, https://doi.org/10.1080/20430795.2020.1724864. 22 

Mamun, A., W. Martin, and S. Tokgoz, 2019: Reforming agricultural support for improved 23 

environmental outcomes: IFPRI Discuss. Pap.,. 24 

Mandel, A., T. Tiggeloven, D. Lincke, E. Koks, P. Ward, and J. Hinkel, 2020: Risks on Global Financial 25 

Stability Induced by Climate Change. Work. Pap. ssrn 3626936,. 26 

Mandelli, S., J. Barbieri, L. Mattarolo, and E. Colombo, 2014: Sustainable energy in Africa: A 27 

comprehensive data and policies review. Renew. Sustain. Energy Rev., 37, 656–686, 28 

https://doi.org/10.1016/j.rser.2014.05.069. 29 

Mansuri, G., and V. Rao, 2013: Localizing Development. T.F. Stocker, D. Qin, G.-K. Plattner, M. 30 

Tignor, and V.B. and P.M.M. S.K. Allen, J. Boschung, A. Nauels, Y. Xia, Eds. The World Bank, 31 

347 pp. 32 

Marinoni, O., P. Adkins, and S. Hajkowicz, 2011: Water planning in a changing climate: Joint 33 

application of cost utility analysis and modern portfolio theory. Environ. Model. Softw., 26, 18–34 

29, https://doi.org/10.1016/j.envsoft.2010.03.001. 35 

Markandya, A., and M. González-Eguino, 2019: Integrated Assessment for Identifying Climate Finance 36 

Needs for Loss and Damage: A Critical Review. Loss and Damage from Climate Change. Climate 37 

Risk Management, Policy and Governance, Springer, Cham, 343–362. 38 

Markowitz, C., 2020: African perspectives Global insights Sovereign Wealth Funds in Africa: Taking 39 

Stock and Looking Forward. 47 pp. 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-116  Total pages: 132 

Martinez-diaz, L., L. Sidner, and J. Mcclamrock, 2019: The Future of Disaster Risk Pooling for 1 

Developing Countries: Where Do We Go From Here? 64 pp. 2 

Mathews, J. A., and S. Kidney, 2012: Financing climate-friendly energy development through bonds. 3 

Dev. South. Afr., 29, 337–349, https://doi.org/10.1080/0376835X.2012.675702. 4 

Matias, D. M., R. Fernández, M.-L. Hutfils, and M. Winges, 2018: Pro-Poor Climate Risk Insurance – 5 

The Role of Community-Based Organisations (CBOs). 4 pp. 6 

Matsumura, W., and Z. Adam, 2019: Fossil fuel consumption subsidies bounced back strongly in 2018. 7 

Comment. - IEA,. 8 

Mazzucato, M., and C. C. R. Penna, 2016: Beyond market failures: the market creating and shaping 9 

roles of state investment banks. J. Econ. Policy Reform, 19, 305–326, 10 

https://doi.org/10.1080/17487870.2016.1216416. 11 

——, and G. Semieniuk, 2017: Public financing of innovation: new questions. Oxford Rev. Econ. 12 

Policy, 33, 24–48, https://doi.org/10.1093/oxrep/grw036. 13 

——, and ——, 2018: Financing renewable energy: Who is financing what and why it matters. Technol. 14 

Forecast. Soc. Change, 127, 8–22, https://doi.org/10.1016/j.techfore.2017.05.021. 15 

Mbeng Mezui, C. A., and B. Hundal, 2013: Structured Finance: Conditions for Infrastructure Project 16 

Bonds in African Markets. African Development Bank Group, 420 pp. 17 

McCollum, D. L., and Coauthors, 2018: Energy investment needs for fulfilling the Paris Agreement 18 

and achieving the Sustainable Development Goals. Nat. Energy, 3, 589–599, 19 

https://doi.org/10.1038/s41560-018-0179-z. 20 

McFarland, B. J., 2015: International Finance for REDD+ Within the Context of Conservation 21 

Financing Instruments. J. Sustain. For., 34, 534–546, 22 

https://doi.org/10.1080/10549811.2015.1017109. 23 

McGlade, C., and P. Ekins, 2015: The geographical distribution of fossil fuels unused when limiting 24 

global warming to 2 °C. Nature, 517, 187–190, https://doi.org/10.1038/nature14016. 25 

McKibbin, W., and D. Vines, 2020: Global Macroeconomic Cooperation in response to the COVID-19 26 

pandemic: a roadmap for the G20 and IMF. NBER,. 27 

McKibbin, W. J., and P. J. Wilcoxen, 2013: A Global Approach to Energy and the Environment. 28 

Handbook of Computable General Equilibrium Modeling, Vol. 1 of, Elsevier, 995–1068. 29 

McKinsey, 2020a: How the European Union could achieve net-zero emissions at net-zero cost. 30 

——, 2020b: Climate change and P&C insurance: The threat and opportunity. 31 

Mcmanus, R., and F. G. Ozkan, 2015: On the consequences of pro-cyclical fiscal policy. Fisc. Stud., 32 

36, 29–50, https://doi.org/10.1111/j.1475-5890.2015.12044.x. 33 

Mechler, R., and Coauthors, 2020: Loss and Damage and limits to adaptation: recent IPCC insights and 34 

implications for climate science and policy. Sustain. Sci., https://doi.org/10.1007/s11625-020-35 

00807-9. 36 

Meckling, J., N. Kelsey, E. Biber, and J. Zysman, 2015: Winning coalitions for climate policy. Science 37 

(80-. )., 349, 1170–1171, https://doi.org/10.1126/science.aab1336. 38 

Meinshausen, M., N. Meinshausen, W. Hare, S. C. B. Raper, K. Frieler, R. Knutti, D. J. Frame, and M. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-117  Total pages: 132 

R. Allen, 2009: Greenhouse-gas emission targets for limiting global warming to 2 °C. Nature, 1 

458, 1158–1162, https://doi.org/10.1038/nature08017. 2 

Meltzer, J., 2016: Financing Low Carbon, Climate Resilient Infrastructure: The Role of Climate 3 

Finance and Green Financial Systems. SSRN Electron. J., 52, 4 
https://doi.org/10.2139/ssrn.2841918. 5 

Meltzer, J. P., 2018: Blending Climate Funds to Finance Low-Carbon, Climate-Resilient Infrastructure. 6 

SSRN Electron. J., https://doi.org/10.2139/ssrn.3205293. 7 

Menanteau, P., D. Finon, and M.-L. Lamy, 2003: Prices versus quantities: choosing policies for 8 

promoting the development of renewable energy. Energy Policy, 31, 799–812, 9 

https://doi.org/10.1016/S0301-4215(02)00133-7. 10 

Mengelkamp, E., J. Gärttner, K. Rock, S. Kessler, L. Orsini, and C. Weinhardt, 2018: Designing 11 

microgrid energy markets: A case study: The Brooklyn Microgrid. Appl. Energy, 210, 870–880, 12 

https://doi.org/https://doi.org/10.1016/j.apenergy.2017.06.054. 13 

Mensah, Lord, 2019: Prospects and Feasibility of Diaspora Bond: The Case of Ghana. Int. J. Financ. 14 

Res., 10, 25, https://doi.org/10.5430/ijfr.v10n4p25. 15 

Mercer, 2018: Investment in African Infrastructure: Challenges and Opportunities. 42 pp. 16 

Mercure, J.-F., F. Knobloch, H. Pollitt, R. Lewney, K. Rademakers, L. Eichler, J. Van Der Laan, and 17 

L. Paroussos, 2016: Policy-induced energy technological innovation and finance for low-carbon 18 

economic growth. 78 pp. 19 

Mercure, J.-F., and Coauthors, 2018a: Macroeconomic impact of stranded fossil fuel assets. Nat. Clim. 20 

Chang., 8, 588–593, https://doi.org/10.1038/s41558-018-0182-1. 21 

Mercure, J.-F., A. Lam, S. Billington, and H. Pollitt, 2018b: Integrated assessment modelling as a 22 

positive science: private passenger road transport policies to meet a climate target well below 2 23 

∘C. Clim. Change, 151, 109–129, https://doi.org/10.1007/s10584-018-2262-7. 24 

Mercure, J.-F., F. Knobloch, H. Pollitt, L. Paroussos, S. S. Scrieciu, and R. Lewney, 2019: Modelling 25 

innovation and the macroeconomics of low-carbon transitions: theory, perspectives and practical 26 

use. Clim. Policy, 19, 1019–1037, https://doi.org/10.1080/14693062.2019.1617665. 27 

MIDA, 2017: MIDA 2017 - Mobilising Institutional Investors for Developing Africa Infrastructure. 28 

Miles, K., and M. Wiedmaier-Pfister, 2018: Applying a gender lens to climate risk finance and 29 

insurance. 44 pp. pp. 30 

Millar, R. J., and Coauthors, 2017: Emission budgets and pathways consistent with limiting warming 31 

to 1.5 °C. Nat. Geosci., 10, 741–747, https://doi.org/10.1038/ngeo3031. 32 

Ministry of Economy Fiji, 2020: Fiji Sovereign Green Bond Impact Report 2018. 33 

Minniti, M., and W. Naudé, 2010: What Do We Know About The Patterns and Determinants of Female 34 

Entrepreneurship Across Countries? Eur. J. Dev. Res., 22, 277–293, 35 

https://doi.org/10.1057/ejdr.2010.17. 36 

MIT, 2016: The value of Aggregators in Electricity Systems. 37 

Mitchell, T., 2015: Addressing the Financing and Debt Challenges of Commonwealth Small States. 12 38 

pp. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-118  Total pages: 132 

Mkandawire, T., 2010: Aid, Accountability, and Democracy in Africa. Soc. Res. 77 (2)1149-1182,. 1 

Monasterolo, I., 2020: Embedding finance in the macroeconomics of climate change: research 2 

challenges and opportunities ahead. CESifo Work. Pap., 21, 25–32. 3 

——, and M. Raberto, 2017: Is There a Role for Central Banks in the Low-Carbon Transition? A Stock-4 

Flow Consistent Modelling Approach. SSRN Electron. J., https://doi.org/10.2139/ssrn.3075247. 5 

——, and ——, 2018: The EIRIN Flow-of-funds Behavioural Model of Green Fiscal Policies and 6 

Green Sovereign Bonds. Ecol. Econ., 144, 228–243, 7 

https://doi.org/10.1016/j.ecolecon.2017.07.029. 8 

Monasterolo, I., and M. Raberto, 2019: The impact of phasing out fossil fuel subsidies on the low-9 

carbon transition. Energy Policy, 355–370. 10 

Monasterolo, I., and L. de Angelis, 2020: Blind to carbon risk? An analysis of stock market reaction to 11 

the Paris Agreement. Ecol. Econ., 170, 106571, https://doi.org/10.1016/j.ecolecon.2019.106571. 12 

——, and S. Battiston, 2020: Assessing Forward-Looking Climate Risks in Financial Portfolios: A 13 

Science-Based Approach for Investors and Supervisors. NGFS Occasional paper. Case Studies of 14 

Environmental Risk Analysis Methodologies., 52–72. 15 

——, ——, A. C. Janetos, and Z. Zheng, 2017: Vulnerable yet relevant: the two dimensions of climate-16 

related financial disclosure. Clim. Change, 145, 495–507, https://doi.org/10.1007/s10584-017-17 

2095-9. 18 

Moody’s Investors Service, 2016: CPV Power Plant No.1 Bond SPV (RF) Limited. 9 pp. 19 

Mora, C., R. L. Rollins, K. Taladay, M. B. Kantar, M. K. Chock, M. Shimada, and E. C. Franklin, 2018: 20 

Bitcoin emissions alone could push global warming above 2°C. Nat. Clim. Chang., 8, 931–933, 21 

https://doi.org/10.1038/s41558-018-0321-8. 22 

Morita, K., and K. Matsumoto, 2018: Synergies among climate change and biodiversity conservation 23 

measures and policies in the forest sector: A case study of Southeast Asian countries. For. Policy 24 

Econ., 87, 59–69, https://doi.org/10.1016/j.forpol.2017.10.013. 25 

Moro, A., O. Walker, and A. Hooks, 2018: The Demand for Financing Climate Projects in Cities. 17 26 

pp. 27 

Mu, Y., P. Phelps, and J. G. Stotsky, 2013: Bond markets in Africa. Rev. Dev. Financ., 3, 121–135, 28 

https://doi.org/10.1016/j.rdf.2013.07.001. 29 

Munich Re, 2019: The natural disasters of 2018 in figures: Losses in 2018 dominated by wildfires and 30 

tropical storms. 31 

Muttitt, G., and S. Kartha, 2020: Equity, climate justice and fossil fuel extraction: principles for a 32 

managed phase out. Clim. Policy, 20, 1024–1042, 33 

https://doi.org/10.1080/14693062.2020.1763900. 34 

Mysiak, J., and Coauthors, 2018: Brief communication: Strengthening coherence between climate 35 

change adaptation and disaster risk reduction. Nat. Hazards Earth Syst. Sci., 18, 3137–3143, 36 

https://doi.org/10.5194/nhess-18-3137-2018. 37 

Nakhooda, S., C. Watson, S. Barnard, A. Caravani, M. Norman, N. Canales Trujillo, A. Halimanjaya, 38 

and L. Schalatek, 2014: Ten things to know about Climate Finance in 2014. 39 

Nanayakkara, M., and S. Colombage, 2019: Do investors in Green Bond market pay a premium? Global 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-119  Total pages: 132 

evidence. Appl. Econ., 51, 4425–4437, https://doi.org/10.1080/00036846.2019.1591611. 1 

NAP Global Network, 2017: Financing National Adaptation Plan (NAP) Processes: Contributing to 2 

the achievement of nationally determined contribution (NDC) adaptation goals. 74 pp. 3 

Naqvi, A., and E. Stockhammer, 2018: Directed Technological Change in a Post-Keynesian Ecological 4 

Macromodel. Ecol. Econ., 154, 168–188, https://doi.org/10.1016/j.ecolecon.2018.07.008. 5 

Narassimhan, E., K. S. Gallagher, S. Koester, and J. R. Alejo, 2018: Carbon pricing in practice: a review 6 

of existing emissions trading systems. Clim. Policy, 18, 967–991, 7 

https://doi.org/10.1080/14693062.2018.1467827. 8 

Nassiry, D., 2018: The Role of Fintech in Unlocking Green Finance: Policy Insights for Developing 9 

Countries. 26 pp. 10 

Natixis, 2019: Natixis rolls out its Green Weighting Factor and becomes the first bank to actively 11 

manage its balance sheet’s climate impact. 12 

NEA, 1989: Projected costs of generating electricity from power stations for commissioning in the 13 

period 1995-2000. 14 

De Nederlandsche Bank, and PBL Netherlands Environmental Assessment Agency, 2020: Indebted to 15 

nature: Exploring biodiversity risks for the Dutch financial sector. 16 

Nelson, D., M. Huxham, S. Muench, and B. O’Connell, 2016: Policy and investment in German 17 

renewable energy. 18 

Nesshöver, C., and Coauthors, 2017: The science, policy and practice of nature-based solutions: An 19 

interdisciplinary perspective. Sci. Total Environ., 579, 1215–1227, 20 

https://doi.org/10.1016/j.scitotenv.2016.11.106. 21 

New Climate Economy, 2016: The Sustainable Infrastructure Imperative: Financing for Better Growth 22 

and Development. 152 pp. 23 

Ng, T. H., and J. Y. Tao, 2016: Bond financing for renewable energy in Asia. Energy Policy, 95, 509–24 

517, https://doi.org/10.1016/j.enpol.2016.03.015. 25 

NGFS, 2019: A call for action: Climate change as a source of financial risk. 26 

Nicholas Stern, 2008: The Economics of Climate Change. 37 pp. 27 

Nicol et al, 2018: Green Bonds: Improving their contribution to the low-carbon and climate resilient 28 

transition. 29 

NOAA NCEI, 2019: Billion-Dollar Weather and Climate Disasters: Overview. 30 

Nokhooda, S., and Coauthors, 2014: Climate Finance: Is it making a difference? 31 

Nordhaus, W., 2015: Climate Clubs: Overcoming Free-riding in International Climate Policy. Am. 32 

Econ. Rev., 105, 1339–1370, https://doi.org/10.1257/aer.15000001. 33 

Nordhaus, W. D., 2007: A review of the Stern Review on the economics of climate change. J. Econ. 34 

Lit., 45, 686–702, https://doi.org/10.1257/jel.45.3.686. 35 

Norway GPFG, 2019: Norway Government Pension Fund Global 2019. 36 

NYDF Assessment Partners, 2019: Protecting and Restoring Forests: A Story of Large Commitments 37 

yet Limited Progress. New York Declaration on Forests Five-Year Assessment Report. Climate 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-120  Total pages: 132 

Focus (coordinator and editor). 1 

——, 2020: PROGRESS ON THE NEW YORK DECLARATION ON FORESTS - Goal 5 assessment 2 

Restoring degraded landscapes and forestlands. 3 

Ockwell, D., J. Atela, K. Mbeva, V. Chengo, R. Byrne, R. Durrant, V. Kasprowicz, and A. Ely, 2019: 4 

Can Pay-As-You-Go, Digitally Enabled Business Models Support Sustainability Transformations 5 

in Developing Countries? Outstanding Questions and a Theoretical Basis for Future Research. 6 

Sustainability, 11, 2105, https://doi.org/10.3390/su11072105. 7 

ODI, 2018: Clean energy project preparation facilities: Mapping the global landscape. 39 pp. 8 

——, RMI, WRI, and E3G, 2018: Making finance consistent with climate goals: insights for 9 

operationalising Article 2.1c of the UNFCCC Paris Agreement. 10 

OECD.Stat, 2019a: 9B. Balance sheets for non-financial assets. 11 

——, 2019b: Financial balance sheets - non consolidated. 12 

OECD, 2015a: Climate Finance in 2013-14 and the USD 100 billion Goal. OECD Publishing, 68 pp. 13 

——, 2015b: Aligning Policies for a Low-carbon Economy. OECD Publishing, 242 pp. 14 

——, 2015c: Mobilising private investment in sustainable transport infrastructure. 15 

——, 2016: OECD DAC Rio Markers for Climate Change: Handbook. OECD Publishing, 34 pp. 16 

——, 2017: Investing in Climate, Investing in Growth. OECD Publishing, 314 pp. 17 

——, 2018a: Private Philanthropy for Development. 18 

——, 2018b: OECD Companion to the Inventory of Support Measures for Fossil Fuels 2018. OECD,. 19 

——, 2019a: Scaling up climate-compatible infrastructure: Insights from national development banks 20 

in Brazil and South Africa. OECD Environ. Policy Pap.,. 21 

——, 2019b: Climate Finance Provided and Mobilised by Developed Countries in 2013-2017. OECD 22 

Publishing, 48 pp. 23 

——, 2019c: DAC: Amounts Mobilised from the Private Sector for Development. 24 

——, 2019d: Biodiversity: Finance and the Economic and Business Case for Action. A report prepared 25 

by the OECD for the French G7 Presidency and the G7 Environment Ministers’ Meeting, 5-6 May 26 

2019. 96 pp. 27 

——, 2020a: Climate Change Adaptation and Disaster Risk Reduction. OECD,. 28 

——, 2020b: Climate Finance Provided and Mobilised by Developed Countries in 2013-18. OECD,. 29 

——, and World Bank, 2016: Climate and Disaster Resilience Financing in Small Island Developing 30 

States. OECD Publishing, 70 pp. 31 

OECD DAC, 2016: Making climate finance work for women: Overview of bilateral ODA to gender and 32 

climate change. 33 

OeNB, 2020: Austrian National Bank - Financial Stabiltiy Report - Nov. 2020. 34 

Oil Change International, and Friends of the Earth - U.S., 2020: Adding Fuel to the Fire: Export Credit 35 

Agencies and Fossil Fuel Finance. 36 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-121  Total pages: 132 

Omolo, N., P. Mafongoya, O. Ngesa, and K. Voi, 2017: Gender and Resilience to Climate Variability 1 

in Pastoralists Livelihoods System: Two Case Studies in Kenya. Sustain. Dev., 10, 218–227. 2 

Oseni, M. O., and M. G. Pollitt, 2016: The promotion of regional integration of electricity markets: 3 

Lessons for developing countryies. Energy Policy, 88, 628–638, 4 
https://doi.org/10.1016/j.enpol.2015.09.007. 5 

Owen, R., G. Brennan, and F. Lyon, 2018: Enabling investment for the transition to a low carbon 6 

economy: government policy to finance early stage green innovation. Curr. Opin. Environ. 7 

Sustain., 31, 137–145, https://doi.org/10.1016/j.cosust.2018.03.004. 8 

Oxfam, 2016: Climate Finance Shadow Report: Lifting the Lid on Progress towards the 100 Billion 9 

Commitment. 24 pp. 10 

——, 2018a: Climate Finance Shadow Report 2018: Assessing progress towards the $100 billion 11 

commitment. 28 pp. 12 

——, 2018b: Oxfam 2018 - How development finance institutions can be transparent in their financial 13 

intermediary lending, and why they should be. 14 

——, 2020: Climate Finance Shadow Report 2020. 15 

Padigala, B., and S. Kraleti, 2014: Financing low carbon urban development through clean development 16 

mechanism. Int. J. Environ. Sci., 5, 98–116, https://doi.org/10.6088/ijes.2014050100009. 17 

Pahle, M., and H. Schweizerhof, 2016: Time for Tough Love: Towards Gradual Risk Transfer to 18 

Renewables in Germany. Econ. Energy Environ. Policy, 5, 1–17, https://doi.org/10.5547/2160-19 

5890.5.2.mpah. 20 

Pahle, M., D. Burtraw, C. Flachsland, N. Kelsey, E. Biber, J. Meckling, O. Edenhofer, and J. Zysman, 21 

2018: Sequencing to ratchet up climate policy stringency. Nat. Clim. Chang., 8, 861–867, 22 

https://doi.org/10.1038/s41558-018-0287-6. 23 

Panda, A., and S. Surminski, 2020: Climate and disaster risk insurance in low income countries: 24 

Reflections on the importance of indicators and frameworks for monitoring the performance and 25 

impact of CDRI 2. 26 

Partridge, C., and F. R. Medda, 2020: The evolution of pricing performance of green municipal bonds. 27 

J. Sustain. Financ. Invest., 10, 44–64, https://doi.org/10.1080/20430795.2019.1661187. 28 

Paul, H., 2019: Market solutions to help climate victims fail human rights test. 60 pp. 29 

Pauw, W. ., and Coauthors, 2016: NDC Explorer. https://doi.org/10.23661/ndc_explorer_2016_1.0. 30 

Pauw, W. P., P. Castro, J. Pickering, and S. Bhasin, 2020: Conditional nationally determined 31 

contributions in the Paris Agreement: foothold for equity or Achilles heel? Clim. Policy, 20, 468–32 

484, https://doi.org/10.1080/14693062.2019.1635874. 33 

Peake, S., and P. Ekins, 2017: Exploring the financial and investment implications of the Paris 34 

Agreement. Clim. Policy, 17, 832–852, https://doi.org/10.1080/14693062.2016.1258633. 35 

Peltzman, S., 1992: Voters as Fiscal Conservatives. Q. J. Econ., 107, 327–361, 36 

https://doi.org/10.2307/2118475. 37 

Peng, H., T. Feng, and C. Zhou, 2018a: International Experiences in the Development of Green Finance. 38 

Am. J. Ind. Bus. Manag., 08, 385–392, https://doi.org/10.4236/ajibm.2018.82024. 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-122  Total pages: 132 

——, X. Luo, and C. Zhou, 2018b: Introduction to China’s Green Finance System. J. Serv. Sci. Manag., 1 

11, 94–100, https://doi.org/10.4236/jssm.2018.111009. 2 

Peng, Y., and X. Bai, 2020: Financing urban low-carbon transition: The catalytic role of a city-level 3 

special fund in shanghai. J. Clean. Prod., 124514, https://doi.org/10.1016/j.jclepro.2020.124514. 4 

Pereira dos Santos, P., and M. Kearney, 2018: 2018: Multilateral Development Banks’ Risk Mitigation 5 

Instruments for Infrastructure Investment. 40 pp. 6 

Perera, L., C. Jubb, and S. Gopalan, 2019: A comparison of voluntary and mandated climate change-7 

related disclosure. J. Contemp. Account. Econ., 15, 243–266, 8 

https://doi.org/10.1016/j.jcae.2019.100157. 9 

Perez, C., 2009: The double bubble at the turn of the century: technological roots and structural 10 

implications. Cambridge J. Econ., 33, 779–805, https://doi.org/10.1093/cje/bep028. 11 

Peterson, L., and J. Skovgaard, 2019: Bureaucratic politics and the allocation of climate finance. World 12 

Dev., 117, 72–97, https://doi.org/10.1016/j.worlddev.2018.12.011. 13 

Pickering, J., C. Betzold, and J. Skovgaard, 2017: Special issue: managing fragmentation and 14 

complexity in the emerging system of international climate finance. Int. Environ. Agreements 15 

Polit. Law Econ., 17, 1–16, https://doi.org/10.1007/s10784-016-9349-2. 16 

Piclo, 2016: A glimpse into the future of Britain’s energy economy. 17 

PIDG, 2019: Five-Year Strategic Plan 2019-2023. 56 pp. 18 

Pincus, J. A., 1963: The Cost of Foreign Aid. Rev. Econ. Stat., 45, 360, 19 

https://doi.org/10.2307/1927920. 20 

Pindyck, R. S., 2013: Climate change policy: What do the models tell us? J. Econ. Lit., 51, 860–872, 21 

https://doi.org/10.1257/jel.51.3.860. 22 

Pingali, P., A. Aiyar, M. Abraham, and A. Rahman, 2019: Transforming Food Systems for a Rising 23 

India. Springer International Publishing,. 24 

Pinsky, V. C., I. Kruglianskas, and D. G. Victor, 2019: Experimentalist governance in climate finance: 25 

the case of REDD+ in Brazil. Clim. Policy, 19, 725–738, 26 

https://doi.org/10.1080/14693062.2019.1571474. 27 

van der Ploeg, F., and A. Rezai, 2020: Stranded Assets in the Transition to a Carbon-Free Economy. 28 

Annu. Rev. Resour. Econ., 12, 281–298, https://doi.org/10.1146/annurev-resource-110519-29 

040938. 30 

Pollitt, H., and J.-F. Mercure, 2018: The role of money and the financial sector in energy-economy 31 

models used for assessing climate and energy policy. Clim. Policy, 18, 184–197, 32 

https://doi.org/10.1080/14693062.2016.1277685. 33 

Polzin, F., 2017: Mobilizing private finance for low-carbon innovation – A systematic review of barriers 34 

and solutions. Renew. Sustain. Energy Rev., 77, 525–535, 35 

https://doi.org/10.1016/j.rser.2017.04.007. 36 

——, P. von Flotow, and L. Klerkx, 2016: Addressing barriers to eco-innovation: Exploring the finance 37 

mobilisation functions of institutional innovation intermediaries. Technol. Forecast. Soc. Change, 38 

103, 34–46, https://doi.org/10.1016/j.techfore.2015.10.001. 39 

PRB, 2019: 2019 World Population Data Sheet. 40 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-123  Total pages: 132 

Project Bond Initiative, 2012: EU 2012 - Press Release on Europe 2020 Project Bond Initiative - 1 

Innovative infrastructure financing: the Project Bond Initiative. 2 

Publish What You Fund, 2019: 2019 DFI Transparency Initiative. 3 

PWC, 2014: The road ahead: Gaining momentum from energy transformation. 4 

——, 2015: Africa Asset Management 2020. 136 pp. 5 

Qin, Q., F. Liang, L. Li, and Y. M. Wei, 2017: Selection of energy performance contracting business 6 

models: A behavioral decision-making approach. Renew. Sustain. Energy Rev., 72, 422–433, 7 

https://doi.org/10.1016/j.rser.2017.01.058. 8 

Le Quéré, C., and Coauthors, 2020: Temporary reduction in daily global CO2 emissions during the 9 

COVID-19 forced confinement. Nat. Clim. Chang., 10, 647–653, https://doi.org/10.1038/s41558-10 

020-0797-x. 11 

Rainforest Action Network, BankTrack, IEN, S. Club, O. C. International, and H. the Earth, 2020: 12 

Banking on Climate Change - Fossil Fuel Finance Report 2020. 13 

Ramlee, S., and B. Berma, 2013: Financing gap in Malaysian small-medium enterprises: A supply-side 14 

perspective. South African J. Econ. Manag. Sci., 16, 115–126. 15 

Reboredo, J. C., 2018: Green bond and financial markets: Co-movement, diversification and price 16 

spillover effects. Energy Econ., 74, 38–50, https://doi.org/10.1016/j.eneco.2018.05.030. 17 

Recio, M. E., 2019: Dancing like a toddler? The Green Climate Fund and REDD+ international rule-18 

making. Rev. Eur. Comp. Int. Environ. Law, 28, 122–135, https://doi.org/10.1111/reel.12286. 19 

REN21, 2016: Renewables 2016 Global Status Report. 20 

——, 2019: Renewables 2019 - Global Status Report. 336 pp. 21 

Rescoop, 2020: Mutual for Energy Communities. 22 

Research and Markets, 2017: Virtual Power Plant Market - Industry Forecast, 2017-2023. 23 

——, 2019: China smart meter industry report, 2019–2025. 24 

Roberts, J. T., and R. Weikmans, 2017: Postface: fragmentation, failing trust and enduring tensions 25 

over what counts as climate finance. Int. Environ. Agreements Polit. Law Econ., 17, 129–137, 26 

https://doi.org/10.1007/s10784-016-9347-4. 27 

Robins, N., and J. McDaniels, 2016: Greening the banking system; taking stock of G20 green banking 28 

market practice (The Inquiry into the Design of a Sustainable Financial System). 30 pp. 29 

Robins, N., and J. Rydge, 2020: Why a just transition is crucial for effective climate action. 30 

Rode, J., and Coauthors, 2019: Why ‘blended finance’ could help transitions to sustainable landscapes: 31 

Lessons from the Unlocking Forest Finance project. Ecosyst. Serv., 37, 100917, 32 

https://doi.org/10.1016/j.ecoser.2019.100917. 33 

Roncoroni, A., S. Battiston, L. O. L. Escobar Farfan, and S. Martinez-Jaramillo, 2020: Climate risk and 34 

financial stability in the network of banks and investment funds. J. Financ. Stability, forth. Open 35 

access ssrn 3356459,. 36 

Rosenow, J., and N. Eyre, 2016: A post mortem of the Green Deal: Austerity, energy efficiency, and 37 

failure in British energy policy. Energy Res. Soc. Sci., 21, 141–144, 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-124  Total pages: 132 

https://doi.org/10.1016/j.erss.2016.07.005. 1 

Röttgers, D., and B. Anderson, 2018: Power struggle: Decarbonising the electricity sector. 51 pp. 2 

Rudebusch, G. D., 2019: Climate Change and the Federal Reserve. 3 

Ruger, J. P., and R. Horton, 2020: Justice and health: The Lancet–Health Equity and Policy Lab 4 

Commission. Lancet, 395, 1680–1681, https://doi.org/10.1016/S0140-6736(20)30928-4. 5 

Rünsler, G., and et al., 2018: Real and financial cycles in EU countries: Stylised facts and modelling 6 

implications. 7 

Saha, D., and S. D’Almeida, 2017: Green Municipal Bonds. In Finance for City Leaders Handbook: 8 

Improving Municipal Finance to Deliver Better Services. Kamiya, Macro and L.-Y. Zhang, Eds. 9 

98–118 pp. 10 

Saldanha, C., 2006: Rethinking Capacity Development. Int. Public Manag. Rev., 7. 11 

Sandler, T., 1998: Global and Regional Public Goods: A Prognosis for Collective Action. Fisc. Stud., 12 

19, 221–247, https://doi.org/10.1111/j.1475-5890.1998.tb00286.x. 13 

——, 2015: Collective action: fifty years later. Public Choice, 164, 195–216, 14 

https://doi.org/10.1007/s11127-015-0252-0. 15 

SBN, 2018: SSBN 2018 - Sustainable Banking Network Creating Green Bond Markets – Insights, 16 

Innovations, and Tools from Emerging Markets. 74 pp. 17 

SCAF, 2021: Seed Capital Assistance Facility - Project Information. 18 

Schaeffer, M., F. Baarsch, L. Charles, K. De Bruin, B. Hare, A. Hof, and M. Mace, 2014: Loss and 19 

Damage in Africa. 59 pp. 20 

Schäfer, L., K. Warner, and S. Kreft, 2019: Exploring and Managing Adaptation Frontiers with Climate 21 

Risk Insurance. Loss and Damage from Climate Change, 317–341. 22 

Schalatek, L., 2015: From Innovative Mandate to Meaningful Implementation: Ensuring Gender-23 

Responsive Green Climate Fund (GCF) Projects and Programs. 24 

——, 2018: Gender and Climate Finance. 8 pp. 25 

Scherer, N., 2017: How to Advance Regional Climate Risk Insurances. 26 

Schleich, J., X. Gassmann, C. Faure, and T. Meissner, 2016: Making the implicit explicit: A look inside 27 

the implicit discount rate. Energy Policy, 97, 321–331, 28 

https://doi.org/10.1016/j.enpol.2016.07.044. 29 

Schletz, M., A. Cardoso, G. Prata Dias, and S. Salomo, 2020: How Can Blockchain Technology 30 

Accelerate Energy Efficiency Interventions? A Use Case Comparison. Energies, 13, 5869, 31 

https://doi.org/10.3390/en13225869. 32 

Schletz, M. C., S. Konrad, F. Staun, and D. D. R. Desgain, 2017: Taking stock of the (I)NDCs of 33 

developing countries: regional (I)NDC coverage of mitigation sectors and measures. United 34 

Nations Environment Programme, 43 pp. 35 

Schmidt-Traub, G., and J. D. Sachs, 2015: The Roles of Public and Private Development Finance. 36 

Schmidt, K., and P. Sandner, 2017: Solving Challenges in Developing Countries with Blockchain 37 

Technology. Frankfurt Sch. Blockchain Cent. Work. Pap. Retrieved March, 2, 2018. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-125  Total pages: 132 

Schmidt, T. S., B. Steffen, F. Egli, M. Pahle, O. Tietjen, and O. Edenhofer, 2019: Adverse effects of 1 

rising interest rates on sustainable energy transitions. Nat. Sustain., 2, 879–885, 2 

https://doi.org/10.1038/s41893-019-0375-2. 3 

Schneeweiss, A., 2019: Great Expectations Credibility and Additionality of Green Bonds. 4 

Schoenmaker, D., and G. Zachmann, 2015: Can a Global Climate Risk Pool Help the Most Vulnerable 5 

Countries? 8 pp. 6 

Scholtens, B., 2017: Why Finance Should Care about Ecology. Trends Ecol. Evol., 32, 500–505, 7 

https://doi.org/10.1016/j.tree.2017.03.013. 8 

Schueffel, P. mname, 2016: Taming the Beast: A Scientific Definition of Fintech. SSRN Electron. J., 4, 9 

32–54, https://doi.org/10.2139/ssrn.3097312. 10 

Schumpeter, J., 1934: The Theory of Economic Development – An Inquiry into Profits, Capital, Credit, 11 

Interest, and the Business Cycle. University of Illinois at Urbana-Champaign’s Academy for 12 

Entrepreneurial Leadership Historical Research Reference in Entrepreneurship,. 13 

Schwanitz, V. J., F. Piontek, C. Bertram, and G. Luderer, 2014: Long-term climate policy implications 14 

of phasing out fossil fuel subsidies. Energy Policy, 67, 882–894, 15 

https://doi.org/10.1016/j.enpol.2013.12.015. 16 

Scott, S., 2015: The accidental birth of “official development assistance.” 17 

——, 2017: The grant element method of measuring the concessionality of loans and debt relief. 18 

Scully, P., 2019: Smart Meter Market 2019: Global penetration reached 14%. 19 

Searchinger, T. D., C. Malins, P. Dumas, D. Baldock, J. Glauber, T. Jayne, J. Huang, and P. Marenya, 20 

2020: Revising Public Agricultural Support to Mitigate Climate Change: 21 

SEDA, 2020: MALAYSIA’S 1ST PILOT RUN OF PEER-TO-PEER (P2P) ENERGY TRADING. 22 

Seddon, N., A. Chausson, P. Berry, C. A. J. Girardin, A. Smith, and B. Turner, 2020: Understanding 23 

the value and limits of nature-based solutions to climate change and other global challenges. 24 

Philos. Trans. R. Soc. B Biol. Sci., 375, 20190120, https://doi.org/10.1098/rstb.2019.0120. 25 

Sedik, T. S., and R. Xu, 2016: A Vicious Cycle: How Pandemics Lead to Economic Despair and Social 26 

Unrest. 27 

Semieniuk, G., E. Campiglio, and J.-F. Mercure, 2020: Low-carbon transition risks for finance. Wiley 28 

Interdiscip. Rev., (In Press). 29 

Serdeczny, O., 2019: Non-economic Loss and Damage and the Warsaw International Mechanism. 205–30 
220. 31 

Serebrisky et al, 2020: Serebrisky et al 2020 - From Structures to Services: The Path to Better 32 

Infrastructure in Latin America and the Caribbean. Inter-American Development Bank,. 33 

Sewell, M., 2011: History of the Efficient Market Hypothesis. RN, 11/04. 34 

Shakhovskoy et al., 2019: Pathways to Prosperity. Rural and Agricultural Finance State of the Sector 35 

Report. 36 

Shapiro, J., 2020: The Environmental Bias of Trade Policy. 37 

Sharma, A., B. Müller, and P. Roy, 2015: Consolidation and devolution of national climate finance: 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-126  Total pages: 132 

The case of India. 1 

Sharma, V., V. Orindi, C. Hesse, J. Pattison, and S. Anderson, 2014: Supporting local climate adaptation 2 

planning and implementation through local governance and decentralised finance provision. Dev. 3 

Pract., 24, 579–590, https://doi.org/10.1080/09614524.2014.907240. 4 

Sherwood, M. W., and J. L. Pollard, 2018: The risk-adjusted return potential of integrating ESG 5 

strategies into emerging market equities. J. Sustain. Financ. Invest., 8, 26–44, 6 

https://doi.org/10.1080/20430795.2017.1331118. 7 

Shislov, I., M. Nicol, and I. Cochran, 2018: Environmental integrity of green bonds: stakes, status and 8 

next steps. 39 pp. 9 

Silver, J., 2015: The potentials of carbon markets for infrastructure investment in sub-Saharan urban 10 

Africa. Curr. Opin. Environ. Sustain., 13, 25–31, https://doi.org/10.1016/j.cosust.2014.12.004. 11 

Singh, M. K., V. Kekatos, and C. Liu, 2019: Optimal Distribution System Restoration with Microgrids 12 

and Distributed Generators. 2019 IEEE Power Energy Society General Meeting (PESGM), 1–5. 13 

Smallridge, D., B. Buchner, C. Trabacchi, M. Netto, J. J. G. Lorenzo, and L. Serra, 2013: The Role of 14 

National Development Banks in Catalyzing International Climate Finance. 15 

Smart Energy International, 2018: Global trends in smart metering. 16 

Smith, A. B., and J. L. Matthews, 2015: Quantifying uncertainty and variable sensitivity within the US 17 

billion-dollar weather and climate disaster cost estimates. Nat. Hazards, 77, 1829–1851, 18 

https://doi.org/10.1007/s11069-015-1678-x. 19 

Smoke, P., 2019: Improving Subnational Government Development Finance in Emerging and 20 

Developing Economies: Toward a Strategic Approach. 21 

Soanes, M., N. Rai, P. Steele, C. Shakya, and J. Macgregor, 2017: Delivering real change: Getting 22 

international climate finance to the local level. IIED Working Paper,. 23 

Sonnen, 2020: What is th sonnen community? 24 

Sovacool, B. K., 2016: How long will it take? Conceptualizing the temporal dynamics of energy 25 

transitions. Energy Res. Soc. Sci., 13, 202–215, https://doi.org/10.1016/j.erss.2015.12.020. 26 

Sow, M., and I. F. Razafimahefa, 2014: Fiscal Decentralization and the Efficiency of Public Service 27 

Delivery. 28 

SSE, 2018a: 2018 REPORT ON PROGRESS. 29 

——, 2018b: Sustainable Stock Exchanges Initiative 2018 Report on Progress. 47 pp. 30 

Stadelmann, M., A. Michaelowa, and J. T. Roberts, 2013: Difficulties in accounting for private finance 31 

in international climate policy. Clim. Policy, 13, 718–737, 32 

https://doi.org/10.1080/14693062.2013.791146. 33 

Stampe, J., and Coauthors, 2020: Climate Change and Sovereign Risk. 34 

https://doi.org/10.25501/SOAS.00033524. 35 

Stanny, E., 2018: Reliability and Comparability of GHG Disclosures to the CDP by US Electric 36 

Utilities. Soc. Environ. Account. J., 38, 111–130, 37 

https://doi.org/10.1080/0969160X.2018.1456949. 38 

Steckel, J. C., and M. Jakob, 2018: The role of financing cost and de-risking strategies for clean energy 39 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-127  Total pages: 132 

investment. Int. Econ., 155, 19–28, https://doi.org/10.1016/j.inteco.2018.02.003. 1 

Steele, W., L. Mata, and H. Fünfgeld, 2015: Urban climate justice: creating sustainable pathways for 2 

humans and other species. Curr. Opin. Environ. Sustain., 14, 121–126, 3 

https://doi.org/10.1016/j.cosust.2015.05.004. 4 

Steffen, B., 2019: Estimating the Cost of Capital for Renewable Energy Projects. 9 pp. 5 

——, F. Egli, M. Pahle, and T. S. Schmidt, 2020: Navigating the Clean Energy Transition in the 6 

COVID-19 Crisis. Joule, 4, 1137–1141, https://doi.org/10.1016/j.joule.2020.04.011. 7 

Stender, F., U. Moslener, and W. P. Pauw, 2019: More than money: does climate finance support 8 

capacity building? Appl. Econ. Lett., 1–5, https://doi.org/10.1080/13504851.2019.1676384. 9 

Stern, N., 2018: Public economics as if time matters: Climate change and the dynamics of policy. J. 10 

Public Econ., 162, 4–17, https://doi.org/10.1016/j.jpubeco.2018.03.006. 11 

Stiglitz et al., 2020: Averting Catastrophic Debt Crises in Developing Countries Extraordinary 12 

challenges call for extraordinary measures. 13 

Stiglitz, J., 2020a: Conquering the Great Divide. Finance & Development. Finance Dev.,. 14 

Stiglitz, J., 2020b: Conquering the Great Divide. Finance & Development. 15 

Stockholm Green Digital Finance, 2017: Unlocking the Potential of Green Fintech. 12 pp. 16 

Streck, C., 2016: Mobilizing Finance for redd+ After Paris. J. Eur. Environ. Plan. Law, 13, 146–166, 17 

https://doi.org/10.1163/18760104-01302003. 18 

——, 2020: Who owns REDD+? carbon markets, carbon rights and entitlements to REDD+ finance. 19 

Forests, 11, 1–15, https://doi.org/10.3390/f11090959. 20 

Suatmadi, A. Y., F. Creutzig, and I. M. Otto, 2019: On-demand motorcycle taxis improve mobility, not 21 

sustainability. Case Stud. Transp. Policy, 7, 218–229, https://doi.org/10.1016/j.cstp.2019.04.005. 22 

Sudmant, A., S. Colenbrander, A. Gouldson, and N. Chilundika, 2017a: Private opportunities, public 23 

benefits? The scope for private finance to deliver low-carbon transport systems in Kigali, Rwanda. 24 

Urban Clim., 20, 59–74, https://doi.org/10.1016/j.uclim.2017.02.011. 25 

Sudmant, A. H., A. Gouldson, S. Colenbrander, R. Sullivan, F. McAnulla, and N. Kerr, 2017b: 26 

Understanding the case for low-carbon investment through bottom-up assessments of city-scale 27 

opportunities. Clim. Policy, 17, 299–313, https://doi.org/10.1080/14693062.2015.1104498. 28 

Summers, L. H., 2015: Demand Side Secular Stagnation. Am. Econ. Rev., 105, 60–65, 29 

https://doi.org/10.1257/aer.p20151103. 30 

Sussams, L., and J. L. B.-S. Leaton, 2017: Expect the Unexpected: The Disruptive Power of Low-carbon 31 

Technology. Carbon Tracker,. 32 

Sussams, L., A. Grant, and M. Gagliardi, 2015: Initiative arbon Tracker The US Coal Crash Evidence 33 

for Structural Change. 34 

Sweerts, B., F. D. Longa, and B. van der Zwaan, 2019: Financial de-risking to unlock Africa’s 35 

renewable energy potential. Renew. Sustain. Energy Rev., 102, 75–82, 36 

https://doi.org/10.1016/j.rser.2018.11.039. 37 

Swiss Re, 2008: Disaster Risk Financing: Reducing the burden on public budgets. 8 pp. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-128  Total pages: 132 

Swiss Re Institute, 2019: Natural catastrophes and man-made disasters in 2018: “secondary” perils on 1 

the frontline. 2 

Taghizadeh-Hesary, F., and N. Yoshino, 2019: The way to induce private participation in green finance 3 

and investment. Financ. Res. Lett., 31, 98–103, https://doi.org/10.1016/j.frl.2019.04.016. 4 

Tang, D. Y., and Y. Zhang, 2020: Do shareholders benefit from green bonds? J. Corp. Financ., 61, 5 

https://doi.org/10.1016/j.jcorpfin.2018.12.001. 6 

Tang, S., and D. Demeritt, 2018: Climate Change and Mandatory Carbon Reporting: Impacts on 7 

Business Process and Performance. Bus. Strateg. Environ., 27, 437–455, 8 

https://doi.org/10.1002/bse.1985. 9 

Tapscott, D., and R. Kirkland, 2016: How Blockchains could Change the World. McKinsey & 10 

Company,. 11 

TCFD, 2017: Recommendations of the Task Force on Climate-related Financial Disclosures. 66 pp. 12 

——, 2019: The Task Force on Climate-related Financial Disclosures Status Report. 135 pp. 13 

——, 2020: Status Report. 14 

TEG, 2019: Taxonomy Technical Report. 15 

The Food and Land Use Coalition, 2019: Growing Better: Ten Critical Transitions to Transform Food 16 

and Land Use. 17 

The New York Declaration on Forest, 2017: Finance for Forests. UN Climate Summit 2014 - UNDP,. 18 

Thomä, J., 2018: The stranding of upstream fossil fuel assets in the context of the transition to a low-19 

carbon economy. Stranded Assets and the Environment, Routledge, 111–124. 20 

TNO, 2016: PowerMatcher, Matching energy supply and demand to expand smart energy potential. 21 

Tolliver, C., A. R. Keeley, and S. Managi, 2019: Green bonds for the Paris agreement and sustainable 22 

development goals. Environ. Res. Lett., 14, 064009, https://doi.org/10.1088/1748-9326/ab1118. 23 

Tong, D., Q. Zhang, Y. Zheng, K. Caldeira, C. Shearer, C. Hong, Y. Qin, and S. J. Davis, 2019: 24 

Committed emissions from existing energy infrastructure jeopardize 1.5 °C climate target. Nature, 25 

572, 373–377, https://doi.org/10.1038/s41586-019-1364-3. 26 

Torvanger et al., 2016: Instruments to incentivize private climate finance for developing countries Title: 27 

Instruments to incentivize private climate finance for developing countries. 28 

Toxopeus, H., 2019: Taking Action for Urban Nature: Business Model Catalogue. 29 

——, and F. Polzin, 2017: Characterizing nature-based solutions from a business model and financing 30 

perspective. 31 

Trinks, A., B. Scholtens, M. Mulder, and L. Dam, 2018: Fossil Fuel Divestment and Portfolio 32 

Performance. Ecol. Econ., 146, 740–748, https://doi.org/10.1016/j.ecolecon.2017.11.036. 33 

Tuhkanen, H., and G. Vulturius, 2020: Are green bonds funding the transition? Investigating the link 34 

between companies’ climate targets and green debt financing. J. Sustain. Financ. Invest., 35 

https://doi.org/10.1080/20430795.2020.1857634. 36 

U.S. GCRP, 2018: Fourth National Climate Assessment Volume II Impacts, Risks, and Adaptation in 37 

the United States Report-in-Brief. 1515 pp. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-129  Total pages: 132 

UK NGO EITI, UK NGO Extractive Industries Transparency Initiative Extractives Industry 1 

Transparency International 2019 Standard. 2 

UKERC, 2014: Low carbon jobs: The evidence for net job creation from policy support for energy 3 

efficiency and renewable energy. 4 

UN, 2015: Addis Ababa Action Agenda of the Third International Conference on Financing for 5 

Development. 37 pp. 6 

——, and ECB, 2015: Financial Production, Flows and Stocks in the System of National Accounts - 7 

Series F No. 113 (Studies in Methods - Handbook of National Accopunting). Department of 8 

Economics and Social Affairs,. 9 

UN ESCAP, 2015: Tapping Capital Markets &Institutional Investors forInfrastructure Development. 10 

——, 2017: Leave No One Behind: Disaster Resilience for Sustainable Development Asia-Pacific 11 

Disaster Report 2017. 12 

UN PRI, 2018: HOW TO INVEST IN THE LOW-CARBON ECONOMY AN INSTITUTIONAL 13 

INVESTORS’ GUIDE. 14 

——, 2020: UN PRI Annual Report 2020. UN PRI,. 15 

UNCTAD, 1998: Report of the Expert Meeting on the Impact of Government Policy and Government. 16 

19 pp. 17 

Under Review, and N. Ameli, 2021: A climate investment trap in developing countries. 18 

UNDP, 2015: A Methodological Guidebook: Climate Public Expenditure and Institutional Review 19 

(CPEIR). 72 pp. 20 

UNECA, 2018: Africa Sustainable Development Report 2018. Africa Union, Economic Commission of 21 

Africa, African Development Bank, and United Nations Development Programme, Eds. 154 pp. 22 

UNEP, 2011: Innovative Climate Finance Products - Examples from the UNEP Bilateral Finance 23 

Institutions Climate Change Working Group. 28 pp. 24 

——, 2016: The Adaptation Finance Gap Report 2016. United Nations Environment Programme,. 25 

——, 2018a: Adaptation Gap Report 2018. United Nations Environment Programme, 104 pp. 26 

——, 2018b: Emission Gap Report 2018. United Nations Environment Programme,. 27 

——, 2019a: Emissions Gap Report 2019. 28 

——, 2019b: Emission Gap Report 2019. 29 

UNEP DTU, 2017: Overcoming Barriers to Investing in Energy Efficiency. 42 pp. 30 

UNEP FI, 2014: Building disaster-resilient communities and economies. 82 pp. 31 

——, 2018: Extending our Horizons: Assessing Credit Risk and Opportunity in a Changing Climate. 32 

76 pp. 33 

——, and FS, 2016: Demystifying adaptation finance for the private sector. 87 pp. 34 

UNEP Inquiry, 2016a: Inquiry into the Design of a Sustainable Financial System: Definitions and 35 

Concepts - Background Note. 19 pp. 36 

——, 2016b: Definitions and Concepts Background Note. 37 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-130  Total pages: 132 

——, 2017: Fintech, Green Finance and Developing Countries. Green Invest, 42 pp. 1 

UNESCAP, 2017: Economic and Social Survey of Asia and the Pacific 2017. 2 

UNFCCC, 2008: Mechanisms to manage financial risks from direct impacts of climate change in 3 

developing countries. 114 pp. 4 

——, 2009: Report of the Conference of the Parties serving as the meeting of the Parties to the Kyoto 5 

Protocol on its fourth session, held in Poznan from 1 to 12 December 2008. 6 

——, 2011: Report of the Conference of the Parties on its sixteenth session, held in Cancun from 29 7 

November to 10 December 2010. 8 

——, 2012: Report of the Conference of the Parties on its seventeenth session, held in Durban from 28 9 

November to 11 December 2011. 10 

——, 2014a: 2014 Biennial Assessment and Overview of Climate Finance Flows Technical Report. 11 

——, 2014b: Introduction to Climate Finance. 12 

——, 2015: Adoption of The Paris Agreement. Proposal by the President. FCCC/CP/2015/L.9/Rev.1 - 13 

Paris Climate Change Conference - November 2015, COP21. United Nations Framework 14 

Convention on Climate Change, 32 pp. 15 

——, 2016: Report of the Conference of the Parties on its twenty-first session, held in Paris from 30 16 

November to 13 December 2015. FCCC/CP/2015/10/Add.1. 17 

——, 2017: Report on the independent review of the effective implementation of the Climate 18 

Technology Centre and Network. United Nations Framework Convention on Climate Change,. 19 

——, 2018: 2018 Biennial Assessment and Overview of Climate Finance Flows Technical Report. 20 

——, 2019a: Interim NDC Registry. 21 

——, 2019b: Opportunities and options for adaptation finance, including in relation to the private 22 

sector. 23 

——, 2020: ME SOLshare: Peer-to-Peer Smart Village Grids | Bangladesh. United Nations Framew. 24 

Conv. Clim. Chang.,. 25 

UNISDR, and WMO, 2012: Disaster risk and resilience: Thematic think piece. 13 pp. 26 

Unruh, G. C., 2002: Escaping carbon lock-in. Energy Policy, 30, 317–325, 27 

https://doi.org/10.1016/S0301-4215(01)00098-2. 28 

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: The Fourth National Climate 29 

Assessment, Volume II. D.R. Reidmiller, C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. 30 

Lewis, T.K. Maycock, and B.C. Stewart, Eds. 31 

Vivid Economics, 2020: Greenness of Stimulus Index - Vivid Economics. 32 

Vona, F., G. Marin, and D. Consoli, 2018: Measures, drivers and effects of green employment: evidence 33 

from US local labor markets, 2006–2014. J. Econ. Geogr., 19, 1021–1048, 34 

https://doi.org/10.1093/jeg/lby038. 35 

Wamsler, C., and Coauthors, 2020: Environmental and climate policy integration: Targeted strategies 36 
for overcoming barriers to nature-based solutions and climate change adaptation. J. Clean. Prod., 37 

247, 119154, https://doi.org/10.1016/j.jclepro.2019.119154. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-131  Total pages: 132 

War on Want, 2016: The New Colonialism – Britain’s Scramble for Africa’s energy and mineral 1 

resources. 37 pp. 2 

Warland, L., and A. Michaelowa Zurich, 2015: Can debt for climate swaps be a promising climate 3 

finance instrument? Lessons from the past and recommendations for the future. 4 

Watson, C., A. Caravani, T. Mitchell, J. Kellett, and K. Peters, 2015: Finance for reducing disaster 5 

risk: 10 things to know. 18 pp. 6 

Watts, J. D., L. Tacconi, S. Irawan, and A. H. Wijaya, 2019: Village transfers for the environment: 7 

Lessons from community-based development programs and the village fund. For. Policy Econ., 8 

108, 101863, https://doi.org/10.1016/j.forpol.2019.01.008. 9 

Weikmans, R., and J. T. Roberts, 2019: The international climate finance accounting muddle: is there 10 

hope on the horizon? Clim. Dev., 11, 97–111, https://doi.org/10.1080/17565529.2017.1410087. 11 

Weitzman, M. L., 2014: Fat tails and the social cost of carbon. American Economic Review, Vol. 104 12 

of, American Economic Association, 544–546. 13 

Well, M., and A. Carrapatoso, 2017: REDD+ finance: policy making in the context of fragmented 14 

institutions. Clim. Policy, 17, 687–707, https://doi.org/10.1080/14693062.2016.1202096. 15 

White, R., and S. Wahba, 2019: Addressing constraints to private financing of urban (climate) 16 

infrastructure in developing countries. Int. J. Urban Sustain. Dev., 11, 245–256, 17 

https://doi.org/10.1080/19463138.2018.1559970. 18 

Williams, 2015: Gender and Climate Change Financing: Coming out of the margin. Routledge,. 19 

Williams, M., and Williams, 2015: Gender and Climate Change Financing: Coming out of the margin. 20 

Routledge,. 21 

WMO, 2019: Tropical Cyclone Idai hits Mozambique. 22 

Wong, G. Y., C. Luttrell, L. Loft, A. Yang, T. T. Pham, D. Naito, S. Assembe-Mvondo, and M. 23 

Brockhaus, 2019: Narratives in REDD+ benefit sharing: examining evidence within and beyond 24 

the forest sector. Clim. Policy, 19, 1038–1051, https://doi.org/10.1080/14693062.2019.1618786. 25 

Wong, S., 2014: Can climate finance achieve gender equity in developing countries? 26 

World Bank, 2014: Pacific Catastrope Risk Insurance Pilot: Lessons Learned and Next Steps. Forum 27 

Economic Ministers Meeting and Forum Economic Officials Meeting, Strengheningh Economic 28 

Linkages, Climate Change Financing and Disaster Risk Reduction, Honiara, Salomon OI, Pacific 29 

Islands Forum Secretariat. 30 

——, 2017: The Potential Role of Enhanced Bond Structures in Forest Climate Finance. 95 pp. 31 

——, 2018a: MDB Methodology for Private Investment Mobilization: Reference Guide. 32 

——, 2018b: Blockchain and emerging digital technologies for enhancing post-2020 climate markets. 33 

32 pp. 34 

——, 2019a: State and Trends of Carbon Pricing 2019. Washington. 35 

——, 2019b: Leveraging Economic Migration for Development: A Briefing for the World Bank Board. 36 

83 pp. 37 

——, and IMF, 2001: Developing Government Bond Markets: A Handbook. The World Bank, 440 pp. 38 



Second Order Draft  Chapter 15 IPCC AR6 WGIII 

 

Do Not Cite, Quote or Distribute 15-132  Total pages: 132 

——, and PPIAF, 2015: What are Green Bonds? International Bank for Reconstruction and 1 

Development / The World Bank, 32 pp. 2 

World Bank Data, 2020a: Gross Domestic Product (current US$). 3 

——, 2020b: Gross Capital Formation (current US$). 4 

World Bank Group, 2016: Making Climate Finance Work in Agriculture. World Bank,. 5 

——, 2020a: State and Trends of Carbon Pricing 2020. May pp. 6 

——, 2020b: Carbon Pricing Dashboard. 7 

World Economic Forum, 2013: The Green Investment Report: The ways and means to unlock private 8 

finance for green growth. 40 pp. 9 

World Food Programme, 2020: Amid COVID-19 crises, Germany donates to protect African countries 10 

with climate insurance. 11 

Yadav, P., A. P. Heynen, and D. Palit, 2019: Energy for Sustainable Development Pay-As-You-Go 12 

financing : A model for viable and widespread deployment of solar home systems in rural India. 13 

Energy Sustain. Dev., 48, 139–153, https://doi.org/10.1016/j.esd.2018.12.005. 14 

Yeo, S., 2019: Where climate cash is flowing and why it’s not enough. Nature, 573, 328–331, 15 

https://doi.org/10.1038/d41586-019-02712-3. 16 

Yescombe, E. R., 2017: Public-Private Partnerships in Sub-Saharan Africa - Case Studies for 17 

Policymakers 2017. 18 

Yokoi-Arai, M., and L. Wolfrom, 2016: Financial instruments for managing disaster risks related to 19 

climate change. OECD J. Financ. Mark. Trends, 2015, 25–47, https://doi.org/10.1787/fmt-2015-20 

5jrqdkpxk5d5. 21 

Zenghelis, D., and N. Stern, 2016: The importance of looking forward to manage risks: submission to 22 

the Task Force on Climate-Related Financial Disclosures. The London School of Economics and 23 

Political Science, Grantham Research Institute on Climate Change and the Environment,. 24 

Zerbib, O. D., 2019: The effect of pro-environmental preferences on bond prices: Evidence from green 25 

bonds. J. Bank. Financ., 98, https://doi.org/10.1016/j.jbankfin.2018.10.012. 26 

Zhan, C., and M. de Jong, 2018: Financing eco cities and low carbon cities: The case of Shenzhen 27 

International Low Carbon City. J. Clean. Prod., 180, 116–125, 28 

https://doi.org/10.1016/j.jclepro.2018.01.097. 29 

——, ——, and H. de Bruijn, 2018: Funding Sustainable Cities: A Comparative Study of Sino-30 
Singapore Tianjin Eco-City and Shenzhen International Low-Carbon City. Sustainability, 10, 31 

4256, https://doi.org/10.3390/su10114256. 32 

Zhang, H., M. Duan, and Z. Deng, 2019: Have China’s pilot emissions trading schemes promoted 33 

carbon emission reductions?– the evidence from industrial sub-sectors at the provincial level. J. 34 

Clean. Prod., 234, 912–924, https://doi.org/10.1016/j.jclepro.2019.06.247. 35 

Zhang, W., and X. Pan, 2016: Study on the demand of climate finance for developing countries based 36 
on submitted INDC. Adv. Clim. Chang. Res., 7, 99–104, 37 

https://doi.org/10.1016/j.accre.2016.05.002. 38 

 39 


