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Abstract

Achieving a net-zero carbon economy requires significant structural changes in the financial
system, includingdriving a substantial shift in investment towards low-carbon assets. This
transformation of finance is necessary beyond the objective of climate stabilisation, but is more
broadly required to foster sustainably thriving economies. In this paper, we offer a critical
discussion of the positive tipping points that can be activated in the financial system to drive a
fast, sustainable transition. Indeed, the identification and activation of critical and positive
tipping points can lead to the amplification of sustainable investments and foster
transformative changes in the practices of the financial sector. Through the alignment of
expectations, prometionsteering of herding behavier—utilizationbehaviour, mobilisation of

public finance, reduction of capital costs-and, attainment of low-carbon investment thresholds
in developing nations, and implementation of robust financial regulations and policies, the
financial system can assume a central role in re-orienting economies onto a net-zero and
sustainable course. Taken together, such mechanisms highlight the positive tipping points that
can be triggered within sustainable finance and emphasizeemphasise the necessity of policy
mterventlons to actlvate and eapﬁai&e agltalls on these dynamics. iFhe—rdemme&H&q—and
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1. Introduction

InthelateScientific consensus regarding the need to reduce increasing resource demands is
unequivocal (IPCC 2022, Richardson et al 2023), as humanity faces a confluence of urgent
environmental challenges, including climate destabilisation and biodiversity collapse. In the
face of this unprecedented situation, the financial system is called upon to play its part in
shifting the economy back towards a ‘safe operating space’ (Rockstrom et al 2009). This
necessitates a rapid shift from financing the ‘undesirable’ (i.e. the ‘dirty’, the ‘harmful’) to
financing the ‘desirable’ (i.e. the ‘sustainable’, the ‘green’). However, the primary function of
the financial system, as widely accepted within most advanced (market-)economies, is to
maximise financial risk-adjusted returns. Finance is agnostic with respect to the greenhouse
gas _emissions of its activities, or whether they promote or harm biodiversity. The effective
implementation of finance in a sustainable manner, or ‘sustainable finance’, is thus not
assured. Indeed, the current economic paradigm to which finance predominantly adheres is
based on ever-rising demand, short-term profitability, inadequate environmental policy and
unclear industrial priorities at both national and international levels. In this context,
perpetuating historical patterns remains the preferred approach for the financial sector to
ensure profitability, and as such it fails to fulfil its transformative role (Ameli et al. 2019,
Christophers 2022). Driven by backward-looking, climate- and nature-blind indicators, and
ignoring the complexity and systemic impacts of their investments on the environment (Chenet
et al. 2021, Crona et al. 2021), financial actors continue to allocate massive amounts of capital
to_environmentally damaging industries, such as fossil fuel assets and deforestation. This
practice consolidates carbon lock-ins and contributes to long-term biodiversity decline (FTM
2023, Ruzzenenti et al 2023, Svartzman et al 2021, Kedward and Ryan-Collins 2022).
Ironically, by doing so, the financial sector is driving the accumulation of environment-related
financial risks to which, by its own admission, it is now dangerously exposed (Chenet 2024).

Our paper discusses a number of mechanisms that may push the financial system towards
positive tipping points, potentially triggering transformative change across the real economy
by influencing the volume of financial flows and the associated costs. Tipping points describe
critical thresholds in a complex system that, if crossed, activate self-perpetuating processes
of change that drive the system into a gualitatively different state (Lenton 2020). Here, the
complex system under examination is the financial system, broadly defined as the set of
banking and non-banking financial institutions, regulatory bodies and investors, along with the
market and non-market relationships they share among themselves and with the real
economy. Especially after the Global Financial Crisis (2008-2009), the financial system has
been increasingly understood as a complex system (e.g. Farmer and Foley 2009; Dosi and
Roventini, 2019), that is, a system composed of heterogeneous interacting entities
characterised by varied emergent properties at the macro level which are shaped by the
structure_and dynamics of these interactions. The architecture of the financial system




determines the direction and allocation of financial flows to different economic actors and
sectors, thus propelling activities in favoured segments of the economy with substantial
financial capital, while constraining activities in less favoured areas. Governments, central
banks and reqgulatory authorities through the exercise of their powers to frame policy and
regulations, can alter the structure and the dynamics of the financial system. This provides the
opportunity to activate positive tipping points leading to a structural transformation of the real

economy.

Here, we focus our analysis on positive tipping points, which describe how social, political,
economic or technological systems can shift rapidly into new system states (Tabara et al.
2018), that are less harmful, or even offer solutions to the challenge of climate change. While
the examples discussed herein predominantly focus on climate finance, similar reasoning and
principles can be applied to broader sustainability issues, such as biodiversity. Indeed, the
financial sector is currently modelling its approach to biodiversity finance on climate finance
principles developed over the past decade (Chenet 2023). Transformation of the financial
system is _not the singular, definitive solution capable of addressing all environmental
challenges. Finance functions merely as a tool, affecting change through its interactions with
the real economy, and should be viewed as part of a broader strategy incorporating, for
example, industrial policy, transition planning, social justice, and changes in consumption
habits. This holistic approach is crucial to ensure a long-term equilibrium of humanity within
planetary boundaries. Our objective is to leverage the theoretical and empirical aspects of the
financial system, as it is or as it could be reimagined, to explore how it could more effectively
address the systemic challenges we are facing. Rather than presenting a prescriptive solution,
our _efforts represent an initial inventory of potential tools. We thus try to provide a broad
overview of how tipping points may facilitate the transition to sustainable finance, while
recognising the composite nature of the financial system. Some dynamics may hold relevance
across diverse contexts globally, others are more suitable for specific_sectors, regions or
stakeholders.

The next sections are organised as follows. Section 2 discusses the role of the financial system
with respect to the problem of sustainability and climate change in particular; section 3
provides a critical overview of the positive tipping points that may be activated in the financial
system and offers a (non-exhaustive) review of the available empirical and modelling
evidence; finally, section 4 concludes the paper and summarises the key points.

2. Thefinancial system in the face of environmental challenges

In the 2000s, the financial sector was largely absent from the key discussions on climate
change discussion—Back—ir—2005;and the mestproactive—banks-were—proudiyenvironment.
Banks’ action on climate change was limited to reporting on the efficiency of their light bulbs
and reducing business trips, without—mentioningwith no mention of the detrimental
consequences of their increasing lending to fossil fuels companies.! An important milestone
was the 2015 Paris Agreement—{PA};, which explicitly acknowledged the role of finance in
addressing climate change through Article 2.1(c) (Zamarioli et al. 2021). Although its full

1 see e.g. BNP Paribas Annual Report 2005 - https://invest.bnpparibas/en/document/annual-report-2005 [pp. 68-72, 107-113,
330-344




implementation is still pending, it triggered a new institutional regime and narrative related to
finance and climate change-, highlighting the responsibility of the financial sector to shift the
economic pathway in line with climate targets. In the same year, Mark Carney’s speech on
financial stability and the risks associated with climate change (Carney, 2015) spurredbrought
the ‘topic of climate-related financial risk—side—of—risk to the stordfore. By
highlightingemphasising the wrgeneyurgent need for financial institutions to adopt climate risk
management and reporting measures ‘before it's too late’, Carney ecatalyzedinitiated an
unprecedented-important climate move, mainstreaming climate change in finanee-discussions
of the financial sector’s practices and regulations. Fully establishing transparency across the
financial system thereby became a prime goal of financial policy, firaneial-regulation and
industry efforts in the climate finance arena (Ameli et al 2021a)._A similar path was recently
followed by financial institutions and authorities concerning biodiversity (Chenet 2023, 2024).
In some respects, Carney’s speech can be seen as an institutional tipping point for sustainable
finance that kick-started discussions, voluntary initiatives and, eventually, regulatory
mandates that have led to distinct changes in the financial sector’s operations and practices.

tn-the-mererecentyearsMore recently, the establishment of initiatives likesuch as the private
sector-led Glasgow Financial Alliance for Net Zero (GFANZ) and the central banks-led

Network for Greening the Financial System (NGFS), demenstrateshave demonstrated the
growing commitment of financial institutions-and-central-banks, from commercial entities to
public_authorities, to align themselves with climate targets;—beyond-theirtraditionalremit.
GFANZ signatories committed to reachreaching net-zero carbon emissions by 2050, in a
manner that is in line with the +1.5°C target (i.e-g., with limited temperature overshoot and
using existing technologies). This marked the first instance in which financial institutions
committed and pledged to a—real-alignmentalign with climate targets.? On the financial
authorities side, the NGFS epenedcreated a newlandmark governance framework to better
coordinate and regulate the+ele-effinaneefinancial institutions in addressing climate change.
Hewever—ttatsapalseselven thelr status and requlatory strenqth within the qaesﬂe%#whether

ameutatten—mth—ge%mments—and—fmanmal system th|s has prowded a stronq S|qnal to

financial institutions worldwide that a low-carbon transformation of their {ack-of)}-decisiohs-on
the-matteractivities is imminently needed.

This sequence of events can be viewed as the initial catalyst, or accelerator (cf. GTPR2023,
Fig.2 p.33), for challenging eurrenttraditional practices in the financial system, prompting
financial actors to embark on a different path in terms of ehanginrg-their investment outlays
(Farmer et al. 2019). These initial shifts have the potential to cross critical thresholds (i.e.g—
‘tipping peints™)points’), where a relatively—smaliminor alteration can trigger a larger and
systemic change, and where nonlinear feedback effects act as amplifiers of such change
(Lenton et al. 2022). By influencing the allocation of capital to different sectors or activities,
the financial system has indeed the power to affect the evolution and composition of the real
economy, thereby opening the way to the emergence of tipping points across sectors.

2 NB: the efficiency of these initiatives is nevertheless questioned, from the business-as-usual of financing decisions (e.qg.
Sastry et al 2024) to the current ‘ESG backlash’ in the US (e.q.'The real impact of the ESG backlash’, FT 2024,
https://www.ft.com/content/a76c7feb-7fa5-43d6-8e20-b4e4967991e7, ‘Insurance industry turmoil over climate alliance exodus’,
FET 2023, https://www.ft.com/content/1dd66cel-a720-4c56-96d9-8d47f07f376f ).
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In a variety of historical episodes, the financial system has acted as an amplifier of
oseillatiensshocks, both positive and negative. This phenomenon is commonly referred to as
the “financial aceelerater-accelerator’ (Bernanke et al. 1999; Delli Gatti et al. 2010), which
describes how developments in financial markets amplify and propagate the effects of minor
changes in the economy. For example, bursts of financial bubbles have triggered uncertainty,
instability, contagion among financial actors, and feedback loops withthat cause ripple effects
enin the real economy, even though the initial shock was not particularly severe. The Global
Financial Crisis of 2008 is a prominent example of such a negative shock. On the other hand,
financial accelerators have the potential to amplify positive shocks through, for example,
mechanisms which dampen the financial fragility of firms operating in the real economy;
enhancing or enhance the effects of innovation and its diffusion, resulting in positive outcomes
in the medium and long run (Lamperti et al. 2021). Similarly, faverablefavourable financial
conditions can magnify the impact of policies aimed at sustaining aggregate demand, creating
significant synergies between prudential, fiscal, and monetary measures.

Finance can also have a more direct impact on the real economy. Following Perez (2003),
financial actors and, more prominently, public investors (Mazzucato 2013) play a central role
in enabling technological revolutions by actively contributing to the advancement and
implementation of innovative processes, technologies and services, extending their
involvement beyond simply providing funds. In fact, they often take part in the management of
the innovation process, assuming the role of financial entrepreneurs and ‘picking winners’. ©n
the-other-handBut other mechanisms can also operate concurrently. For instance, once a
particular path is established, financial behaviours can lead to a self-reinforcing cycle where
an accepted choice gains momentum and becomes increasingly difficult to change (Arthur,

1989). Also, financial markets have a tendency to replicate the economy as it is and resist

maklng potentlally costly new deC|S|ons Dﬂven—by—baekwapd—leekmg—mmeat@ps—fmaneal

at—ZQQ@—Fmance thus has the capaC|ty to both expedlte or |mpede the dissemination of new
products and technologies, partlcularly those of utmost |mportance for the transmon to a low-

carbon future.

3. 2Finance and positive tipping points

3.1- The potential for_positive tipping points in sustainable finance

In this section, we outline and critically discuss mechanisms that exhibit the potential to

leverage tipping points in the financial system, with a particular reference to investments
towards low-carbon assets and technologies.




Theoretical and empirical evidence suggestsuggests that public finance has a catalytic role
for mobilising investments (Mazzucato 2013). Indeed, the ability of public actors (e.g. public
investment banks,public governmental agencies) to take on risk induces private investors to
follow. This is not only due to the substantial amount of funding provided by public actors, but
also because of the quality of financing sehemes-they offer. Public financing, with its long-term
horizons, faverablefavourable repayment conditions and ancillary support, resembles the role
of financial entrepreneurs. By underwriting risks associated with low-carbon investments and
supporting specific technological trajectories_using green subsidies, public finance can
mitigate market uncertainty, potentially creating tipping points in the financing of low-carbon
projects and assets (Campiglio and Lamperti 2021; Mazzucato and Semieniuk 2018).
However, the emergence of positive tipping points cannot be easily guaranteed and needs
adequate policy support. For example, a mission-oriented industrial policy shaping the
behawvierbehaviour of financial actors under direct or indirect public control (e.g. public
investment banks, public—development banks, publicgovernment agencies, large public
utilities) can increase the likelihood of positive tipping points in the dynamics of investments
and, hence, aggregate production (Dosi et al. 2023).

Expectation alignment on the timing and speed of the transition is-an-additionalmay also act
as a tipping element-that-eanpoint with the potential to significantly scale up sustainable
investment (Campiglio and Lamperti 2021; Campiglio et al. 2023). Uncertainty about the future
prospects of low carbon assets coupled with unclear information about the strength of climate
policy may delay substantial portfolio rebalancing decisions. In such cases, investors may
adopt a more cautious “‘wait-and-see“see’ approach, faveringfavouring conventional
investments whose profitability appears less affected by unclear climate policies. On the
contrary, certainty regarding future climate policy schedules through legally-binding climate
commitments, carbon budgets and strategic plans, can signal the long-term trajectory of the
economy, inducing a positive correlation between low-carbon assets’asset returns and
macroeconomic performance. This alignment of beliefs can coordinate and shift the strategies
of long-term institutional investors (e.g. pension funds), which are typically influenced by a
wide range of subjective beliefs about asset returns (Broeders and Jansen, 2021). Hence,
aligning expectations on the timing and speed of the low-carbon transition could mitigate risk
and spur momentum towards sustainable investments. FhisA shift in pereeptionthe investment
behaviour of large financial actors may transfermpush the financial system past a tipping point
resulting in_a self-reinforcing cycle in which sustainable investments become increasingly
attractive, transforming from being—mere diversification assets into strategic ones-

(see Figure 1).
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Figure 1: A positive feedback loop favouring a tipping point in the dynamics of low-carbon
investments. The set of self-reinforcing mechanisms and feedback loops occurring in the process
between climate policy certainty and deployment of green physical capital. Expectation alignment
creates a positive feedback which can be triggered and sustained by certainty in climate policy. The +’
symbol indicates a positive effect (Source: Ameli et al. 2023).

Tipping points in financial markets can also emerge through herding behavierbehaviour,
wherein a critical mass adopts a particular trend, ultimately influencing the broader population
to follow suit (Bikhchandani and Sharma, 2000). Herding behavierbehaviour refers to the
tendency of investors to mimic others, especially during periods of uncertainty or when faced
with limited information, resulting in the amplification of market movements. In the context of
financial tipping points, herding behavierbehaviour can have both positive and negative
impacts. On_the one hand, it can exacerbate market instability and contribute to the formation
of speculative bubbles. When investors flock towards certain assets or sectors, it may lead to
an unsustainable surge in prices and valuations. However, on the other hand, herding
behavierbehaviour can also be echanneledchannelled positively to drive sustainable
investments and foster the transition towards a low-carbon economy. For instance, policy
action targeted at the global systemically important banks (G-SIB) to ensure financial stability
by better managing transition risks in their portfolios, can induce sector-wide portfolio
rebalancing away from fossil fuel investments that are mis-aligned with climate goals and carry
stranded asset risks (International Monetary Fund 2023). Similarly, critical mass comes into
play when a sufficient number of investors adopt sustainable practices (e.g. GFANZIf GFANZ
were to become a dominant approach) or allocate funds to sustainable investments. This
creates a self-reinforcing cycle, attracting more capital and generating increased demand for
sustainable products and services. Of course, such a self-reinforcing mechanism should by
no means give rise to a ‘green bubble’. The significance of herding and critical mass lies in
their potential to facilitate the scaling up of sustainable investments. Herding
behavierbehaviour can rapidly accelerate the adoption of sustainable investments until a
critical mass is reached. Once this tipping point is achievedreached, it becomes easier for




sustainable investments to attract more funding and support from a widening pool of investors.
This positive feedback loop can lead to a transformative shift in the financial landscape, where
sustainability becomes the new norm rather than the exception.

These individual tipping elementspoints in financial markets signal the existence of sensitive
intervention points (SIPs)), i.e. identifiable opportunities for deliberate actions that can be
leveraged-bypolicy-interventions:trigger associated tipping points. SIPs can either be small
‘kicks’ that trigger positive feedback cycles in a system, or shiftscan drive a systemic shift in
the inherent dynamics of a system; that lead to transformative changes even without external
triggers (Sharpe and Lenton 2021; Farmer et al. 2019). Activating an SIP initiates tipping
dynamics, causing significant shifts in the market. Policy intervention can serve as the catalyst
for such changes directly, by providing the initial “kiek’kick’, or indirectly, by shifting the

underlying dynamics that bring about the transformation. Beyend-those-tipping—elements
described-above

Additionally, Farmer at al. (2019) identified two finance-related SIPs. The first involves
financial disclosure and falls into the ‘kick’ type of SIP. Indeed, a change in accounting
standards er-disclosure-guidelinesand disclosure guidelines to measure and report climate-
related financial risks complemented by policy initiatives such as green taxonomies and
sectoral transition plans, could trigger a substantial repricing of fossil assets, such as fossil
fuel reserves and securities valuations. Consequently, this would limit the ability of the eil-and
gasfossil fuel sector to invest in new fields, thereby reducing committed emissions. Preventing
such investments lowers the economic, social, and political costs of transforming the energy
industry, as it levels the playing field for renewables, reduces the risk of stranded assets, and
enhances the credibility of climate targets. Here, the mechanism at stake relies on market
efficiency, a theory where information availability is core to investment decisions and its
relevance, in_terms of optimal capital allocation. Based on this disclosed information,
risk/return expectation will be the prime — if not the sole — guide for financial institutions, which
would then contribute to the transition with no need to have any extraneous intention to align
their portfolio with such transition goals. Disclosure of environment-related financial risk has
been the most prominent mechanism promoted by financial authorities and institutions over
the last decade, despite its inherent limits (Ameli et al 2020, 2021b). These concern the extent
to which markets can effectively incorporate disclosed financial risk information in asset prices
without any long-term guidance concerning an inherently uncertain and evolving low-carbon
transition. The progressively more ‘interventionist’ regulatory propositions, especially in
Europe, can be seen as attempts to correct these limits.

The second_SIP pertains to technology selection and a targeted ‘shift’ towards low-carbon
investment. Contrary to traditional portfolio theory, diversification of investments can be
detrimental, especially when it comes to developing novel and uncertain technologies where
spreading resources too thin can hinder significant progress. Instead, rapid progress requires
concentrating resources on specific technologies (Farmer\Way et al. 2019). For example, solar
PV has achieved remarkable progress due to targeted support, becoming cheaper than most
alternatives. The next step is to similarly focus on developing technologies that can accelerate
the deployment of solar PV, such as energy storage. In essence, inducing a tipping
behawvierpoint in this context involves not attempting to invest across a broad range of options
with hopes of developing each of them but concentrating efforts on technological
complementarities that synergistically support research, development, and actual deployment.



Further, identifying these technological complementarities dramatically reduces technological
uncertainty, which would amply-the-diffusion-dynamics-evenfurther—amplify the dynamics of
technology diffusion even further. In contrast to pure market mechanisms, such choices may
be directly or indirectly fostered by public sector interventions, in line with some sustainability
transition planning. The objective here is to align financial portfolios with an environmental
goal or scenario.

There may however be trade-offs involved between the two SIPs wherein the policies and
practices related to disclosure of climate-related financial risks and portfolio realignment may
result in lower investments in low-carbon projects due to a higher perception of transition risks.
This is possible both in cases of ‘bridge’ technologies that may have uncertain prospects in
the longer term, such as hydrogen-fuelled transport or storage solutions, and innovative low-
carbon technologies, such as marine power, whose future cost and deployment trends are
highly uncertain. The inherent uncertainty of the energy transition may create higher
perception of risks due to indeterminate eventual outcomes, specific technological trajectories
or timing of different climate-mitigating actions. Strong policy choices, however, can foster
market confidence, despite risks of inefficiency, to create a conducive environment where
portfolio realignment is accompanied by higher investment in technologies necessary for a
timely energy transition.

3.2-2. Empirical and modelling evidence of tipping points in sustainable finance

In terms of empirical and medelingmodelling evidence, a variety of examples show how the
financial system can play a pivotal role in activating tipping points to accelerate the transition
to a net-zero carbon economy.

In developing countries, policy support can help to overcome climate investment traps created
by the high costs of accessing finance (Ameli et al 2021a). Access to finance, understood as
the costs of raising funding for a specific project from different sources, varies significantly
across countries. For instance, in some African nations, such as the Democratic Republic of
the Congo, Madagascar and Zimbabwe, the cost of capital can soar to 30%, while in
developed countries such as Germany and Japan, it can be as low as 3% (Ameli et al 2021a).
The high cost of accessing capital is preventing developing countries from decarbonizing their
economies;-and. Levelling the finance playing field could thus help poorer nations to steer their
economies onto a net-zero course.

While energy system transitions in developing economies require particularly high investment,
these parts of the world are also particularly financially constrained. They are characterised
domestically by under-developed capital markets and lack of capital stock (Ameli et al 2021a).
Furthermore, international finance is restricted due to high sovereign and local currency risks.
Projects funded with foreign currency while generating returns in local currencies lead to
volatile economic fundamentals (Ameli et al 2021b, Bilir et al 2019), resulting in restricted
access to external funding sources. This leads to a chronic lack of available finance to support
low-carbon investments, creating a climate investment trap which occurs when climate-related
investments remain chronically insufficient, with dynamics similar to those of the poverty trap
(Ameli et al 2021a). A self-reinforcing cycle takes place where high risk perceptions lead to
increased capital costs, delaying the transition to cleaner energy systems and carbon emission



reductions. Climate change impacts exacerbate the situation (IPCC 2022), causing adverse
impacts on production systems, economic output, unemployment, and political stability (figure

isee Figure 2).

Fo-address-thischallenge—potential-Policies that reduce capital costs—can—act-as-tipping
elements-in-facilitating-the-low-carbon-transition—Policies, such as credit guarantee schemes,

foreign exchange hedges and political risk insurance can shift risk away from private investors
resulting in a_lower cost of capital that may act as a tipping point for low-carbon technology

deployment and allow developing economies to achieve
electricity-deploymentlarge sustainable energy capacity and faster emissions reduction. In the
case of Africa, reducing the cost of capital by 2050 would allow the continent to reach net-zero
emissions approximately 10 years earlier than when reduction is not considered- (Ameli et al,

2021).
’ High cost of capital \

Low investment in low-
carbon technologies

High risk-premiums

Under-developed financial market Low reduction in
+ High domestic risks carbon emissions
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Figure 12: A climate investment trap. The figure shows the set of self-reinforcing mechanisms and
related links occurring in developing economies characterised by high cost of capital. The strength of
these links is strongly linked to local conditions implying that the set of self-reinforcing mechanisms
could be exacerbated (or less relevant) in some economies._Note that some mechanisms are more
relevant at global/regional levels through aggregations across developing countries. For instance, local
carbon emissions are not necessarily linked with local climate impacts.

Additionally, the flow of international capital into renewable projects in developing countries is
influenced by path-dependency, creating a tipping elementpoint in the scaling up of renewable
investments (Rickman et al. 2023a2023). Countries with a track record of renewable
investments are more likely to attract future investments leading to positive feedback loops
within renewable energy markets. As countries build a track record in renewables, market
confidence grows, bringing down financing costs and attracting further investments in a
virtuous cycle (Egli et al 2018). Climate investment thus evolves through the strengthening of
historical investment and capital stock, rather than new investment. However, this also results

10



in an “‘investment lock-ir“in’ across countries as well as income groups, with only a small
fraction of countries receiving the majority of investment. Between 2010 and 2019, 76% of
private capital and 67% of public funds went to the top eight recipient countries (Rickman et
al. 2023a2023).

Evidence of path-dependency thus implies a new mechanism of the “climate investment
trap”trap’ whereby historical inegualitiesinequities in financing are locked-in across countries
and income groups and perpetuate over time. To escape this investment lock-in, developing
countries must mebilizemobilise sustained investment to build a renewables track record that
creates market confidence and attracts private finance. Indeed, there is a non-linear
relationship between the probability of private investment in developing countries and their
track record in renewables investment, as measured by installed capacity. Once a significant
capacity base of around 1GW (of wind or solar) is installed a tipping point is reached and the
probability of private investment increases sharply-_(Rickman et al. 2023). Crucially, low-
income develeping—countries (e.g. in Sub-Saharan Africa) fall far below this threshold,
highlighting the inefficiency of opening finance channels into poorer nations without sustained
investment which can mebilizemobilise private finance at scale. Investment decisions by public
actors should thus move beyond project-specific inducements to support more holistic
renewable roadmaps and unlock developmental co-benefits (Schwerhoff and Sy, 2017).
Innovative financial and policy mechanisms-should-similarly, such as transition plans with
public funding from multilateral agencies and associated labelled transition financing products,
can target the evolution of the sector and build networks of relationships in the financial sector
to initiate path-dependent flows from private sources (Ameli et al 2021b) and leverage tipping
elementspoints in the renewable finance ecosystem.

Inducement effects between investors are another example of tipping points that can be
leveraged in sustainable finance. Financing in renewables markets is driven by a
heterogeneous set of actors spanning energy, financial, utilities and diversified sectors
(Mazzucato and Semieniuk 2018), who invest according to their investment remits,
preferences and capacities, as well as technological maturity and the market environment.
They collaborate across the development and operational stages of a project based on their
risk appetite and expected return, contributing different types of capital to the project in the
form of equity and loan investments. Their interaction and relationships drive the market
growth and technological maturity of renewable technologies within the energy system
resulting in unique emergent characteristics of the renewables sector across countries based
on their enabling investment environments.

In solar finance markets, co-investment relationships between different actors are established
at different stages of the market’'s development and evolve with the continued growth of the
sector (Kothari et al 26232024). Actors exercise influence over their peers by inducing them
into the market and Ieveraglng their mvestments along5|de their own. Ihe—strength@f—these

These facets of relat|onsh|ps dlffer between different actors in the solar sector based on
existing co-investments, market position of actors and the alignment of their interests. Fer
instanee;-As markets evolve and different actors enter the strengestmarket, these processes

of influence exerted-create tipping points in investment trajectories. In the initial stages of the

market development, for instance, investments by government investments-in-selarprojectsis
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en—investments—by—agencies induce investment by international institutions—whereas—,
supporting the initial deployment of the technology. Increasing investments by renewable
energy companies exercise-strong-irfluence-ensimilarly influences the actions of state-owned
and private utilities. Similarly;As markets grow, the involvement of institutional investors attract
a—highcreates the largest leverage frem—(i.e. the amount of investment attracted) through
sizable investments from the private banklng sector who are their natural debt partners in
renewable projects-a A

owned-banks. The development of thls relationship thus creates Iarqe flows of investment into
solar energy as a result of their investment dynamics.

Country context also determines the structure of solar finance markets and the strength of
relationships between different actors. The influencing power of different actors differs
significantly across countries. For example, in the United States, private bank lending induces
investments from a range of energy and diversified sectors, whereas in China, government
agencies and state-owned banks are major influencers and in Germany, renewable energy
companies and state-owned utilities exert a strong influence (Kothari et al 20232024). From a
policy standpoint, therefore, it is important to consider the impact of individual-elements—of
energy-policy instruments on prominent actors in solar financing and the relationships that are
driving the markets. Leveraging-existing-and-rew-Creating incentives for these actors or using
the relationships withformed by government agencies and state-owned actors effectively, can
induce other actors into the markets and trigger-a non-linear growth of investment, particularly
from the private sector.

Theoretical medelinrgmodelling also reveals tipping elementspoints in the global network of
banks which supply debt to the fossil fuel industry (Rickman et al. 2023b52024). A sharp decline
in fossil fuel use is necessary to achieve the Paris Agreement target of keeping global
temperature rise below 1.5°C (Tong et al. 2019) and this will require a corresponding decline
in bank lending to the fossil fuel sector (Kirsch et al. 2021). However, mainstream financial
theory holds that debt flows to the fossil fuel sector will be resilient to the phase-out of lending
by climate-friendly banks, as their capital can simply be substituted by banks with a neutral
stance on the climate transition (Ansar et al. 2013). Capital substitution thus poses a challenge
to a system-wide decline in fossil fuel lending in an unregulated market. Macroprudential tools?,
such as capital requirements rules, can counteract capital substitution by disincentivizing, or
setting a limit, on the amount of fossil fuel assets a banks’ can hold, depending on their capital
reserves._Models suggest that while fossil fuel debt markets are resilient to the unregulated
phase-out of capital, the introduction of ecapial—requirements—rulescarbon-tilted
macroprudential regulation can trigger a rapid contraction of fossil fuel debt flows. The first
banks to exit the fossil fuel debt market have little impact on debt flows, as their capital is
substituted by other banks. However, a sudden transition is observed after a certain number
of banks have exited the sector, at which point debt flows sharply contract. The tipping point

depends critically on the stringency of eapital-regquirements—rulesrequlations; the number of
banks that must exit the sector before the tipping point is reached decreases rapidly as capital

3 Macroprudential policy is composed of different tools having the goal of preserving financial
stability. This includes making the financial system more resilient to losses and limiting the
build-up of vulnerabilities in order to mitigate systemic risk and ensure that financial services
continue to be provided effectively to the economy.
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reguirermentsrequlatory rules are tightened. Moreover, the tipping point is reached sooner if
large banks (G-SIBs) move first and coordinate their actions.

Suitable macroprudential regulation, such as capital requirements rules, or other policy
measures which cap a banks’ fossil fuel assets, will deliver a managed decline in fossil fuel
lending. On the one hand, overly stringent eapitalrequirements-rues could precipitate a tipping
point too early, leading to a disruptive transition in which the failure of fossil fuel companies is
too widespread to be managed sustainably. On the other hand, loose eapital-requirements
rules-andresulting in a late, or non-existent, tipping point could delay the emissions reductions
necessary to keep Paris temperature targets within reach. Such rules can be developed by
formal standard-setting bodies and prudential requlators such as the Basel Committee on
Banking Supervision and prudentialregulators-such-as-the-the Financial Stability Board. At
the same time, banks sheuldcould strategically coordinate their transition plans to increase
their collective impact on debt markets through voluntary alliances such as the Net Zero
Banking Alliance (NZBA 2021), to which many of the most influential banks in the sector are
signatories._ Here again, we see the articulation of the two basic mechanisms activatable within
the financial system: market-driven risk/return dis/incentives, and purpose-driven alignment

strategies.

Finally, the utilizationutilisation of policy mixes that incorporate a combination of command-
and-control and market-based instruments can be likened to “kicks“'kicks’ that yield positive
outcomes for the transition to a net-zero carbon economy. These could take the form of policy
mandates such as progressive emissions reduction targets, environmental and industrial
requlation, mandated transition planning, green central banking, green infrastructure
requirements and building codes working alongside market-shifting initiatives like carbon
pricing, climate-related financial disclosures, green subsidies, risk underwriting mechanisms
and green certificates. Recent advancements in medelingmodelling have demonstrated that
these policy combinations have the potential to initiate a virtuous cycle, driving technological
development, reducing the overall need for public investment, and simultaneously stimulating
employment and economic growth (Wieners et al. 2023; Lamperti et al. 2020; Lamperti and
Roventini 2022; Stern and Stiglitz 2023). Moreover, such positive feedback loops significantly
lessen the reliance on carbon taxes by decreasing their intensity. As a result, this enhances
their political acceptability and potentially triggers another tipping elementpoint.

The importance of these tipping points in the financial system will ultimately be defined by the
impact they have on the decarbonisation of different sectors in the economy. A regulatory
mandate or a market-based measure that affects only a subset of the financial market, such
as commercial banks or publicly-listed companies, or only impacts flows from a specific
country or geography (such as EU-wide), could potentially lead to redistribution of high-carbon
assets across the financial system rather than their absolute reduction, resulting in limited
economy-wide decarbonisation. Broad-based policies are thus needed to influence a sizable
portion of markets to pass a tipping point where financial markets are unable to adequately
substitute the money leaving high-carbon assets. Further, different financial policies are likely
to draw a diverse response from market participants, such as the impact of capital reserve
requirements for the banking sector or carbon disclosure requirements for asset managers
that might not have a significant impact on other actors like private equity funds. Thus a
combination of financial policies will be needed to cover the various investment channels in
the financial system. Specific policies will also be needed to spur investments in climate
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projects by mandating investments in specific_green sectors or providing market-based
incentives that influence the risk-adjusted returns of these projects. This will ensure that capital
flows diverting from high-carbon sectors reach their intended target and lead to
decarbonisation of the economy. Similarly, targeted international flows to developing countries
will result in an expansion of green sectors in these countries and thereby sustainable
development. Further, the interlinkage between financial and other economic systems needs
to be acknowledged. Policy mixes work well because they influence multiple systems and
attempt to gain non-linear benefits through reinforcing mechanisms and positive tipping points.

24. Conclusion

As of today, the financial sector is contributing to a projected =+3°C global warming scenario
by 2100. The financial system itself is—reutral-and-does not inherently faverfavour any
particular climate objectives_ex ante. To successfully shift the economy towards a net-zero
emission path, it becomes crucial to harness the potential of tipping elements-embedded-within
finaneialmarkets-points in the financial system in order to contribute to this transition in its full
capacity, by enabling and accelerating the necessary capital reallocation. These elements can
play a pivotal role in redirecting economic activities towards sustainable practices.

Taken together, the mechanisms detailed above highlight examples of the system-wide tipping
points’ potential within sustainable finance and emphasizeemphasise the necessity of policy
interventions to activate and eapitalizecapitalise on these dynamics. Through the alignment of
expectations, promotion of herding behavier-utilizatienbehaviour, utilisation of public finance,
reduction of capital costs and attainment of low-carbon investment thresholds in developing
natienseconomies, and implementation of robust financial regulation and policies, the financial
system can assume a central role in expediting the shift towards a net-zero carbon economy.

Regulation hasplays a critical role in driving tipping points within the financial sector and itits
role has become increasingly evideatprominent in recent years. A climate risk information
ecosystem has evolved with standards for climate-related financial data, assessing climate
risk_impacts, transparency requirements, green taxonomies, green labels for financial
products and transition risk management plans (International Monetary Fund 2023). Robust
monitoring and supervision by entities like central banks and financial regulators are forcing
financial institutions to move faster and more decisively than market signals alone would
prompt them to do. In this regard, policy makers and financial authorities hold the potential to
take a leading role in steering the financial system towards a—transformative tipping
peintpoints, dedicated to financing the transition to a net-zero carbon economy. As-theseA just
transition needs investments in all parts of the economy and society. This will in-turn require
policy combinations incorporating both market-based and structural change instruments to
work effectively to deliver opportunities and investment-friendly conditions while avoiding
trade-offs between prudential behaviour and a shift in asset allocation by financial institutions
to low-carbon activities. As key stakeholders increase their efforts to guide the financial
system, leveraging all the available tools and exploring new avenues, they can also create a
coordinated momentum with industrial policy makers. In this way, financial and economic
policies can be more effectively aligned to support sustainable industries and practices. This
collaboration further strengthens the potential to tip the financial system into a new
regimemomentum, where the identification of critical intervention points can lead to the

14



amplification of sustainable investments, mitigate risks, and foster transformative changes in
the practices of the financial sector.

References

Ameli N., H. Chenet, M. Falkenberg, S. Kothari, J. Rickman, F. Lamperti (2023). Report Chapter 4.4. “Cross-cutting
enablers of positive tipping points”, 4.4.3 “Financial systems” in the Global Tipping Points report 2023.

Ameli, N., Dessens, O., Winning, M., Cronin, J., Chenet, H., Drummond, P., ... & Grubb, M. (206212021a). Higher
cost of finance exacerbates a climate investment trap in developing economies. Nature Communications, 12(1),
4046.

Ameli, N., Kothari, S., Grubb, M. (2021b). Misplaced expectations from climate disclosure initiatives. Nature Climate
Change, 11(11), 917-924.

Ameli, N., Drummond, P., Bisaro, A., Grubb, M., & Chenet, H. (2020). Climate finance and disclosure for institutional
investors: why transparency is not enough. Climatic Change, 160(4), 565-589.

Ansar, A., Caldecott, B., & Tilbury, J. (2013). Stranded assets and the fossil fuel divestment campaign: what does
divestment mean for the valuation of fossil fuel assets?. Stranded assets and the fossil fuel divestment campaign.

Bernanke, B. S., Gertler, M., & Gilchrist, S. (1999). The financial accelerator in a quantitative business cycle
framework. Handbook of macroeconomics, 1, 1341-1393.

Bikhchandani, S., & Sharma, S. (2000). Herd behavior in financial markets. IMF Staff papers, 47(3), 279-310.

Bilir, L. K., Chor, D., & Manova, K. (2019). Host-country financial development and multinational activity. European
Economic Review, 115, 192-220.

Broeders, D., & Jansen, K. (2021). Pension funds’ portfolio choices and investment beliefs.
Buchner, B., Naran, B., Fernandes, P. de A., Padmanabhi, R., Rosane, P., Solomon, M., Stout, S., Wakaba, G.,
Zhu, Y., Meattle, C., Guzman, S., Strinati, C., 2021. Global Landscape of Climate Finance 2021. San Francisco.

Available at https://www.climatepolicyinitiative.org/ publication/global-landscape-of-climate-finance-2021/

Campiglio, E., & Lamperti, F. (2021). Sustainable Finance Policy-Making: Why and How. European Economy, (2),
59-74.

Campiglio, E., Lamperti, F., & Terranova, R. (2023). Believe me when | say green! Heterogeneous expectations
and climate policy uncertainty. Centre for Climate Change Economics and Policy Working Paper, 419.

Carney, M., 2015. Breaking the Tragedy of the Horizon - climate change and financial stability. Speech by Mr Mark
Carney, Gov. Bank Engl. Chairm. Financ. Stab. Board, Lloyd’s London, London, 29 Sept. 2015. Available at
https://www.bis.org/review/r151009a.pdf

Chenet, H. (2023). Financial institutions in the face of environmental emergency. Forthcoming in The Elgar
Companion to Energy and the Sustainable Development Goals, Edward Elgar Publishing.

Chenet, H. (2021). Climate change and financial risk (pp. 393-419). Springer International Publishing.

Christophers, B. (2022) Fossilised Capital: Price and Profit in the Energy
Transition, New Political Economy, 27:1, 146-159, DOI: 10.1080/13563467.2021.1926957

Dosi, G., Lamperti, F., Mazzucato, M., Napoletano, M., & Roventini, A. (2023). Mission-oriented policies and the

“Entrepreneurial State”State’ at work: An agent-based exploration. Journal of Economic Dynamics and Control,
151, 104650.

15


https://www.bis.org/review/r151009a.pdf

Dosi, G., & Roventini, A. (2019). More is different... and complex! the case for agent-based macroeconomics.
Journal of Evolutionary Economics, 29, 1-37.

Egli, F., B. Steffen, and T.S. Schmidt (2018). A dynamic analysis of financing conditions for renewable energy
technologies. Nature Energy, 3(12), 1084-1092.

Gatti, D. D., Gallegati, M., Greenwald, B., Russo, A., & Stiglitz, J. E. (2010). The financial accelerator in an evolving
credit network. Journal of Economic Dynamics and Control, 34(9), 1627-1650.

Farmer, J. D., & Foley, D. (2009). The economy needs agent-based modelling. Nature, 460(7256), 685-686.

Farmer, J. D., Hepburn, C., lves, M. C., Hale, T., Wetzer, T., Mealy, P., ... & Way, R. (2019). Sensitive intervention
points in the post-carbon transition. Science, 364(6436), 132-134.

FTM. (2023). ‘The Great Green Investment Investigation: Fossil Finance.” https://www.ftm.eu/fossil-finance

International Monetary Fund (2023). Global Financial Stability Report: Financial and Climate Policies for a High-
Interest-Rate Era. Washington, DC, October.

IPCC (2022). Kreibiehl, S., Jung, T.Y., Battiston, S., Carvajal, P.E., Clapp, C., Dasgupta, D., Dube, N., Jachnik, R.,
Morita, K., Samargandi, N., Williams, M., Bechtoldt, M., Bertram, C., Caiado, L.C., Mercure, J.-F., Ohiare, S.M.,
Okitasari, M., Singh, T., Sohag, K., Sokona, M.Y., Stabinsky, D., 2022. Chapter 15: Investment and Finance, in:
Climate Change 2022: Mitigation of Climate Change — IPCC Sixth Assessment Report, Working Group Ill. Bonn.

Kirsch, A., Opena Disterhoft, J., Marr, G., McCully, P., Breech, R., Dilworth, T., ... & Wickham, M. S. (2021). Banking
on Climate Chaos 2021.

Kothari S., N. Strachan, N. Ameli (20232024). Heterogeneous actors and relationships in the global solar finance
market (in progress).

Lamperti, F., Dosi, G., Napoletano, M., Roventini, A., & Sapio, A. (2020). Climate change and green transitions in
an agent-based integrated assessment model. Technological Forecasting and Social Change, 153, 119806.

Lamperti, F., Roventini, A. (2022). Beyond climate economics orthodoxy: impacts and policies in the agent-based
integrated-assessment DSK model. European Journal of Economics and Economic Policies: Intervention, 19(3),

357-380.

Lamperti, F., Bosetti, V., Roventini, A., Tavoni, M., & Treibich, T. (2021). Three green financial policies to address
climate risks. Journal of Financial Stability, 54, 100875.

Lenton, T.M., Benson, S., Smith, T., Ewer, T., Lanel, V., Petykowski, E., Powell, TW.R., Abrams, J.F., Blomsma,
F., Sharpe, S., (2022). Operationalising positive tipping points towards global sustainability. Glob. Sustain. 5, el.

Mazzucato, M. (2013). Entrepreneurial State: Debunking Public Vs. Private Sector Myths. Anthem Press.

Mazzucato, M., & Semieniuk, G. (2018). Financing renewable energy: Who is financing what and why it matters.
Technological Forecasting and Social Change, 127, 8-22.

NZBA (2021). https://www.unepfi.org/net-zero-banking/

Rickman J., S. Kothari, F. Larosa, N. Ameli (2623a2023). Investment suitability and path dependency perpetuate
inequity in international mitigation finance towards developing countries. (forthcoming in One Earth).

Rickman J., M. Falkenberg, S. Kothari, F. Larosa, M. Grubb, N. Ameli (2023b).-2024). ‘“The-systemie challenge of
phasing out fossil fuel finance in the banking secter’sector’ (available here).

Pauw, P., Dasgupta, D., de Coninck, H., 2022. Transforming the finance system to enable the achievement of the
Paris Agreement, in: Emissions Gap Report 2022: The Closing Window — Climate Crisis Calls for Rapid

16


https://www.ftm.eu/fossil-finance
https://www.unepfi.org/net-zero-banking/
https://www.researchsquare.com/article/rs-3748445/v1

Transformation of Societies. United Nations Environment Program [UNEP], Nairobi. Available at
https://www.unep.org/resources/emissions-gap-report-2022

Perez, C. (2003). Technological revolutions and financial capital. Edward Elgar Publishing.

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S.E., Donges, J.F., Drike, M., Fetzer, |., Bala, G.,
von Bloh, W., Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, M., Huiskamp, W., Kummu, M., Mohan,
C., Nogués-Bravo, D., Petri, S., Porkka, M., Rahmstorf, S., Schaphoff, S., Thonicke, K., Tobian, A., Virkki, V.,
Wang-Erlandsson, L., Weber, L. and Rockstrém, J. (2023) ‘Earth beyond six of nine planetary boundaries’, Science
Advances, 9(37), p. eadh2458.

Schwerhoff, G., & Sy, M. (2017). Financing renewable energy in Africa - Key challenge of the sustainable
development goals. Renewable and Sustainable Energy Reviews, 75, 393-401.

Sharpe, S., & Lenton, T. M. (2021). Upward-scaling tipping cascades to meet climate goals: plausible grounds for
hope. Climate Policy, 21(4), 421-433.

Stern, N., Stiglitz, J. E. (2023). Climate change and growth. Industrial and Corporate Change, 32(2), 277-303.
Tabara, J.D., Frantzeskaki, N., Holscher, K., Pedde, S., Kok, K., Lamperti, F., Christensen, J.H., Jager, J., Berry,
P., 2018. Positive tipping points in a rapidly warming world. Curr. Opin. Environ. Sustain. 31, 120-129.
https://doi.org/10.1016/j.cosust.2018.01.012

Tong, D., Zhang, Q., Zheng, Y., Caldeira, K., Shearer, C., Hong, C., ... & Davis, S. J. (2019). Committed emissions
from existing energy infrastructure jeopardize 1.5 C climate target. Nature, 572(7769), 373-377.

Way, R. et al. (2019) ‘Wright meets Markowitz: How standard portfolio theory changes when assets are
technologies following experience curves’, Journal of Economic Dynamics and Control, 101, pp. 211-238.

Wieners, C., Lamperti, F., Buizza, R., Dosi, G., Roventini, A. (2023): Macroeconomic policies to stay below 2°C
with sustainable growth, Technical Report, LEM Working Papers, forthcoming.

Zamarioli, L.H., Pauw, P., Kbnig, M., Chenet, H., 2021. The climate consistency goal and the transformation of
global finance. Nature Climate Change 11, 578-583. https://doi.org/10.1038/s41558-021-01083-w

17


https://www.unep.org/resources/emissions-gap-report-2022
https://doi.org/10.1016/j.cosust.2018.01.012

