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Financial risks related to climate change and biodiversity loss are currently being Received 26 October 2021
addressed in a largely siloed manner. Neglecting their interconnections, however, Accepted 22 July 2022
may lead to ‘blind spots’ and misestimations of systemic financial risk, potentially
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biodiversity-related financial risks (BRFR). In particular, the ‘risk measurement- risk; climate change;
based’ approach dominating climate finance policy, which is now being taken up biodiversity loss; central
to address BRFR, is poorly equipped to address the radical uncertainty that banks; tipping points
characterises both types of risks. Furthermore, many BRFR may materalise over a

more immediate horizon than climate risks. In this paper, we examine how central

banks and financial supervisors are approaching the topic of BRFR in relation to

climate-related financial risk. We argue that policymakers should focus upon the

broader concept of systemic environmental-financial risks to account for the

interactions and trade-offs between both domains of biodiversity and climate

change. Instead of seeking evidence of financial materiality before acting, focusing

on how the financial system is actively facilitating direct drivers of environmental

damage offers a way for financial policymakers to assess potential sources of such

risks on the basis of information available today. In turn, policy interventions

should aim to reduce harmful flows of finance that may lead to the crossing of

dangerous ecological tipping points.
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Key policy insights:

» Financial policymakers need to think beyond siloes, and act on a precautionary
basis to manage climate- and biodiversity-related financial risks concurrently.

o Financial authorities, coordinating with relevant government departments, should
define business activities that are most harmful to climate and biodiversity,
especially those contributing to ecological tipping points, e.g. activities linked to
tropical deforestation, which will damage both domains.

e To aid transparency and supervisory risk assessment, financial supervisors could
require the mandatory disclosure of portfolio composition, risk management,
and due diligence procedures relating to the financing of identified harmful
activities.

o Financial regulators could use their toolkits to discourage the financing of such
activities, e.g. by applying punitive capital requirements.

» This approach may require greater coordination between central banks and other
government departments to maintain democratic legitimacy and support existing
central bank mandates.
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1. Introduction

Central banks and financial supervisors have acknowledged that climate change poses material risks to the
financial system and that the management of climate-related financial risks (CRFR) falls within their mandates
to preserve price and financial stability (Bank of England, 2017; ECB, 2020; NGFS, 2019a NGFS, 2020a). With the
majority of biodiversity and ecosystem indicators precipitously declining (IPBES, 2019), attention is now also
turning to the economic and financial threats posed by biodiversity loss (Dasgupta, 2021; NGFS-INSPIRE,
2022; OECD, 2019).

As with climate change, financial institutions are exposed to the dependencies and impacts of businesses on
biodiversity through their lending, investing, insurance, and advisory activities (Kedward et al., 2021a). These
biodiversity-related financial risks (BRFR) have been conceptualised in a similar manner to CRFR (Herweijer
et al., 2020; NGFS-INSPIRE, 2022). Physical risk factors refer to disruptions to business inputs, operating environ-
ments, or consumer demand resulting from biodiversity loss, e.g. declines in pollinators adversely affecting crop
yields. Transition risk factors refer to economic losses stemming from actions taken to mitigate biodiversity loss,
including shifts in policy, regulation, technology, trade, or consumer preferences, e.g. the EU’s proposal to
remove deforestation-risk commodities from EU supply chains (European Commission, 2021a).

The real economy impacts of biodiversity-related physical and transition risk factors — just as with climate
change - could include disrupted production, (global) value chains, and productivity; lower corporate profit-
ability; reduced cashflow; or impaired insurability. In turn, these effects can feedback through to the
financial system via impaired asset valuations, reduced ability to service debts, liquidity difficulties, reputational
damage, or legal costs; or through broader macroeconomic variables, such as shocks to exchange rates, volatile
commodity prices, or sovereign debt sustainability (Pinzén & Robins, 2020; Rudgley & Seega, 2021). An emer-
ging literature reveals potentially material exposures to BRFR within banks (Calice et al., 2021; Svartzman et al.,
2021a; Van Toor et al., 2020), insurers (SIF, 2021), global asset managers (Galaz et al., 2018; Springer et al., 2020),
pension funds (Global Canopy, 2022), development finance institutions (Dixon, 2020), and central bank asset
portfolios (Kedward et al., 2021b).

Although at an early stage, financial initiatives focusing on biodiversity are following a similar trajectory to
CRFR, with an emphasis on developing reporting and disclosure mechanisms to enable financial institutions to
identify and manage financial risks (Finance for Biodiversity, 2021; NGFS-INSPIRE, 2022). For example, the Task-
force for Nature-related Financial Disclosures (TNFD) aims to establish a harmonised framework for financial
institutions to report on BRFR from 2023 onwards (TNFD, 2021), following the model established by the Task-
force on Climate-related Financial Disclosures (TCFD).

Within the central banking community, researchers have undertaken studies to estimate BRFR exposure
(Svartzman et al.,, 2021a; Van Toor et al., 2020). In a joint study group with external researchers, the Network
for Greening the Financial System (NGFS) - a group of over 100 central banks and financial supervisors —
also explored the implications of biodiversity loss on financial stability, concluding its relevance to primary man-
dates (NGFS-INSPIRE, 2022). Whilst its final report identifies a comprehensive research agenda and explores
possible policy options for financial policymakers, it stops short of recommending concrete policy interventions
to mitigate BRFR, citing a prerequisite need to develop risk assessment methodologies and capacity building
within institutions.

This paper takes this important agenda a step further by exploring how central banks and financial super-
visors can assess and manage BRFR in the context of existing policy agendas on climate finance. We find that
BRFR and CRFR are being addressed in a siloed and sequential fashion, with insufficient focus on integrating
biodiversity-related factors into existing approaches for assessing and managing CRFR. By neglecting the inter-
connections that exist between these two categories of risk, existing efforts to assess climate risk may be
subject to ‘blindspots’ and significant misestimations, which could have adverse consequences for financial
stability.

Financial policymakers are also largely pursuing a ‘risk measurement-based’ agenda to mitigating both CRFR
and BRFR, which assumes that supporting the disclosure of relevant environmental information will be
sufficient to ensure the management of potential financial risks via market price adjustments. This approach
has been critiqued extensively in the context of climate change (Ameli et al, 2020; Bolton et al., 2020;
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Chenet et al., 2021; Christophers, 2017). We build on this literature to show that addressing climate and biodi-
versity risks together is a vastly more complex task than is recognised by current policy agendas due to the
presence of radical uncertainty. Financial policymakers are also focusing too narrowly on attempting to quan-
tify the materiality of both climate change and biodiversity loss to the financial system (‘single materiality’), with
insufficient focus on the relevance of the negative impacts of the financial system on the climate and environ-
ment (‘double materiality’ - Adams et al., 2021).

In light of the limitations of risk measurement-based approaches, we propose new ways forward for central
banks and financial supervisors to manage radically uncertain climate-related and biodiversity-related financial
risks. Building upon recent calls for a ‘precautionary approach’ to financial policy (Chenet et al., 2021), we show
how focusing on where and how the financial system is actively facilitating direct drivers of climate change and
biodiversity loss offers a way for policymakers to assess potential sources of endogenous risk on the basis of
information available today. Given that the capital allocation decisions of financial actors today will
influence future climate and biodiversity trajectories, there is a case for financial policymakers to manage
both CRFR and BRFR by taking more direct interventions to reduce harmful flows of finance, and support
the transition of capital to more sustainable forms of economic activity. Such an approach warrants coordi-
nation between central banks and broader government objectives regarding environmental policy to maintain
democratic legitimacy.

In this paper, we refer to environmental-financial risks to encompass climate change, biodiversity loss, and
the broader deterioration of ecosystems — as well as the interconnections between them." We focus on
central banks and supervisors as actors whose actions have already accelerated the uptake of CRFR manage-
ment within financial institutions, and whose regulatory power is capable of expanding and shaping the
climate finance policy agenda to include other interconnected environmental risks. However, our arguments
also remain relevant to a broader range of financial institutions and policymakers.

The paper proceeds as follows. Section 2 outlines how financial institutions and supervisors are currently
attempting to understand and manage BRFR in relation to their climate policy agendas, and the weaknesses
of these approaches in light of the interactions between climate change and biodiversity loss. Section 3 con-
siders the intellectual underpinnings of the CRFR measurement approach and its limitations when applied to
biodiversity risks. Section 4 explores how financial policymakers can assess both CRFR and BRFR subject to
radical uncertainty, focusing on the double materiality perspective. Section 5 considers alternative policy tra-
jectories in the management of environmental-financial risks, and reflects on the institutional role of central
banks. Section 6 outlines urgent areas for further research, and concludes.

2. The climate-biodiversity nexus and the emergence of financial risk

Progress by financial actors in addressing environmental-financial risks has so far focused mainly on climate
change (Crona et al., 2021; NGFS, 2020c NGFS, 2021a). A number of novel frameworks focusing on broader
environmental exposures are now under development by financial institutions (e.g. Finance for Biodiversity,
2021), although these remain exploratory and heterogenous (see Supplementary Information). Exploratory
research on BRFR undertaken by researchers within central banks has aimed at quantifying the magnitude
of potential financial risk exposure within domestic jurisdictions. For example, the Dutch central bank, De
Nederlandsche Bank (DNB), quantitatively mapped the physical and transition risks of domestic biodiversity
loss, estimating that 36% of Dutch financial institutions are highly dependent on at least one ecosystem
service (Van Toor et al,, 2020). Using an extended methodology that accounts for upstream effects, other
central bank researchers have found that all securities held by French financial institutions are to a greater
or lesser extent dependent on all ecosystem services through their supply chains (Svartzman et al., 2021a).
These emerging developments within the central banking community are welcome and are urgently needed
in order to address the prominent knowledge gaps surrounding financial system exposures to biodiversity loss.
However, it is revealing to contrast this very early research focus on biodiversity loss with equivalent

'In line with the emerging terminology in this field (e.g, NGFS-INSPIb122RE, 2022), we refer to the more precise terms of biodiversity and eco-
systems, rather than ‘nature’ — which is less specific conceptually, but is used by some to encompass biodiversity and/or the environment.
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workstreams on climate change, where the significance of CRFR is well-established and where some central
banks and supervisors are now actively exploring and implementing policy options to manage such risks
(Bank of England, 2021b; ECB, 2021) - albeit with this policy implementation itself still at an early stage
(D'Orazio, 2021). Similarly, central bank speeches on climate change are now plentiful but, at the time of
writing, there has yet to be an official speech that comprehensively presents the specific topic of BRFR, and
its interconnections with CRFR, by any major central bank. A key concern at the current juncture is that
financial policymakers are approaching CRFR and BRFR on different tracks and at different speeds, which
may lead to them to neglect the potential interconnections that exist between these categories of environ-
mental risk.

The European Central Bank (ECB) is an illustrative example in this regard. Despite President Christine Lagarde
stating that ‘climate and biodiversity are two sides of the same coin; it is vital that we look at them together’,
the ECB's concrete policy developments regarding environmental risk — namely, the strategy review for mon-
etary policy, the economy-wide climate stress test, and the supervisory climate risk stress test — focus on climate
change and do not mention the potential relevance of BRFR (Alogoskoufis et al., 2021; ECB, 2021). Similarly,
whilst the ECB's supervisory guidance does emphasise the relevance of broader environmental risks, in practice
this document is vague about the definition and transmission mechanisms of these risks and does not discuss
how they may interact with CRFR (ECB, 2020).2 Existing studies by central bank researchers also underplayed
the financial stability implications of interactions between CRFR and BRFR (Svartzman et al., 2021a; Van Toor
et al, 2020); although the NGFS-INSPIRE Study Group identified this as an important research gap (NGFS-
INSPIRE, 2022, pp. 18-20).

There are a number of concerns with this siloed and sequential approach to understanding environmental-
financial risks. First, climate change interacts with and is reinforced by other environmental risks, especially bio-
diversity loss. Second, some biodiversity-related physical risk factors may become financially material within a
much shorter time frame than the worst expected climate-related impacts. Third, the trade-offs and synergies
between climate mitigation policies and biodiversity impacts, and vice versa, are neglected with implications
for the estimation of transition risks. We now discuss each of these ‘blind spots’ in turn and their implications
for effective financial policymaking.

From the physical risks perspective, the biophysical dynamics driving climate change and biodiversity loss
are strongly interlinked and mutually reinforcing (Lade et al., 2020; Rockstrom et al., 2009; Steffen et al.,
2018). The physical impacts of climate change - especially higher temperatures, shifting rainfall patterns,
higher frequency of extreme weather events, and the acidification and oxygen depletion of water bodies -
put ecosystems under stress and contribute to biodiversity loss (IPBES, 2019). In turn, the loss of key habitats
and adverse changes in biodiversity negatively affect the climate system, through changes in the carbon, nitro-
gen, and water cycles, and via adverse effects on the carbon sequestration capabilities of biomass (IPBES and
IPCC, 2021). Critically, changes affecting both the climate and biosphere are non-linear. Once critical thresholds
or ‘tipping points’ are breached, natural systems can undergo rapid regime shifts with catastrophic and poten-
tially irreversible consequences for biodiversity, the climate, and human activity (Lenton, 2013; Sharpe &
Lenton, 2021; Steffen et al., 2015).

Importantly for businesses, financial institutions, and policymakers, the complex feedback loops governing
these interactions mean that associated financial risks will be compounding rather than additive. Yet these non-
linear dynamics are largely neglected by Environmental, Social, and Governance (ESG) frameworks, which for
the most part simplistically aggregate estimations of risk factors without considering potential interactions
between them (Crona et al., 2021). Similarly, by neglecting the interactions between various environmental
dynamics, financial policymakers are likely to be generating potentially significant misestimations of
financial exposure to climate change and biodiversity loss. This is because compound risks significantly
magnify the impacts of individual shocks, in terms of both severity and duration (Ranger et al,, 2021).

2Comments at the IUCN Congress in Marseille, 4th September 2021, and posted on Lagarde’s official Twitter: https://twitter.com/Lagarde/
status/1434170468525871109?5s=20&t=gmNm-G5yVWD9b2tUX3-7bQ
®Indeed, the term ‘biodiversity loss’ is mentioned in the main body of the report’s text only six times, and ‘ecosystem services’ only twice.
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Figure 1. Interconnected climate- and biodiversity-related physical impacts may have compounding economic impacts that result in higher
than expected financial risks. Source: Authors’ own illustration

With reference to two sectors both exposed and contributing to climate change and biodiversity loss - agri-
culture and infrastructure (IPBES, 2019; UNEP-WCMC, 2020), Figure 1 illustrates how selected financial risks
resulting from climate change, e.g. lower crop yields and higher infrastructure damages, are also exacerbated
by the effects of biodiversity loss. These, in turn, may generate larger than expected financial losses for financial
institutions.

The significance of these interconnections is that current efforts to establish and measure climate-related
physical risk exposures are likely to be misestimations unless other environmental dynamics are considered.
Whilst existing climate-economy models that underpin the scenario analyses currently used by financial policy-
makers do include some feedback loops in the climate system (e.g. land use dynamics), at present these
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scenarios do not account for how biodiversity-specific physical risk channels may affect the resilience of the
financial system (NGFS-INSPIRE, 2022).* The ECB's economy-wide climate stress test, for example, included
only flooding, wildfires, sea-level rise, water stress, heat stress, earthquakes and hurricanes in its calculation
of firm-level forward-looking physical risk scores (Alogoskoufis et al., 2021).

This oversight becomes even more problematic when considering the differing time horizons of climate-
and biodiversity-related physical impacts. For example, the ECB expects physical risks to ‘primarily materialise
in the medium to long term’ (ECB, 2020, p. 13). Similarly, the NGFS reference scenarios consider that the effects
of climate change will adversely affect crop yields only from 2060 onwards (NGFS, 2020b; NGFS and INSPIRE,
2021). Yet it is increasingly acknowledged that agriculture is also exposed to shorter-term biodiversity-
related physical risks, such as pollinator loss and soil erosion (Garibaldi et al., 2011; IPBES, 2016; Sartori et al.,
2019) that may have financial impacts in the nearer term. Additionally, at the regional scale, several critical
biomes involving tropical rainforests and coral reefs are considered to be rapidly approaching ‘tipping
points’ (Lovejoy & Nobre, 2019; Schellnhuber et al.,, 2016; Staal et al., 2020; van Hooidonk et al., 2016).
Tipping dynamics are also relevant to climate change (Lenton, 2013; Steffen et al.,, 2015). The presence of
these non-linear dynamics suggest that some environmental-financial risks may materialise in the nearer
term. As we discuss further in Section 3, this implies a trade-off between knowledge-building and policy inter-
vention that is at present underappreciated by financial policymakers.

Climate change and biodiversity loss are also interconnected from a transition risks perspective, sharing
common anthropogenic drivers of change. Yet the integrated assessment models (IAMs), which underpin
the scenario risk modelling methodologies used by central banks, primarily focus on greenhouse gas (GHG)
emitting sectors as the main sources of transition risk (e.g. using shadow carbon prices to proxy for the intensity
of climate mitigation actions) (Ghersi et al., 2021; Hansen, 2022; Svartzman et al., 2021b). More recent studies
have explored actions to mitigate the loss of biodiversity, focusing on the transition risks associated with the
post-2020 Global Biodiversity Framework’s proposed target to conserve 30% of the earth’s surface (Waldron
et al, 2020), or nitrogen-intensive fertiliser use (Van Toor et al., 2020). In general, however, the interactions

* Nature-based solutions, e.g.:

- Ecosystem restoration

- Green urban infrastructure
e Circular economy technologies
* Regenerative agriculture

* Monoculture afforestation

* Bioenergy

* Renewable energy infrastructure
* Electric battery technologies

CLIMATE MITIGATING

BIODIVERSITY RESTORING

BIODIVERSITY DEPLETING

* Industrial agriculture

* Mining

* Large-scale fishing practices
* Freight shipping

e Ecotourism

CLIMATE EXACERBATING

v

Figure 2. Selected sector-based examples of potential trade-offs and synergies between selected climate and biodiversity solutions. Source:
Authors’ own illustration, based on literature detailed in the text
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between climate-related and biodiversity-related transition risks remain under-researched. By focusing on
these risks in isolation, policymakers may be failing to account for the fact that actions designed to mitigate
various environmental problems are not necessarily mutually supportive.

Figure 2 visualises where trade-offs and synergies between biodiversity and climate solutions may emerge.
In the top left quadrant are some examples of climate mitigation activities that may have negative conse-
quences for biodiversity. For example, several studies have shown that the land use change implied by low
emission scenarios relying on bioenergy crops may have severe impacts upon biodiversity (Hof et al., 2018;
Immerzeel et al,, 2014; Tarr et al,, 2017).° If policy actions to protect biodiversity become more developed
and widespread - as is the ambition following the forthcoming COP15 Biodiversity Conference - the climate
mitigation activities in the top-left quadrant may become subject to biodiversity-related transition risks that
are at present unaccounted for in environmental-financial risk analysis.

In other sectors — depicted in the bottom-left quadrant of Figure 2 — negative climate impacts are well-estab-
lished, but there has been insufficient focus by financial actors on other sources of transition risk. The emissions
associated with mining and real estate, for example, are well known but are considered largely abatable
through electrification. Yet, these sectors may face additional and potentially significant financial risks
should targets such as those proposed in the post-2020 draft Global Biodiversity Framework be enacted.
The target to conserve 30% of land and sea areas globally, for example, could create stranded mining and infra-
structure assets as conservation policies restrict development across certain ecosystems (Caldecott et al., 2013;
Waldron et al., 2020). The bottom-left quadrant hence depicts where current efforts to understand transition
risks may be significant underestimations.

Conversely, there are also important synergies to be gained from climate mitigation activities that are also
protective or restorative for ecosystems, such as the ‘nature-based solutions’ shown in the top-right quadrant
(IPBES and IPCC, 2021; Smith et al., 2019), which has implications for the appropriate definition and design of
green financial instruments (Deutz et al., 2020; The Nature Conservancy, 2019). Indeed, an IPBES-IPCC joint
report on climate and biodiversity found that ‘on balance, the evidence suggests more mutually synergistic
benefits than antagonistic trade-offs between conservation actions and [climate] mitigation objectives’
(2021, p. 20). One exception — depicted in the bottom right quadrant - might be the negative impacts on
GHG emissions of ‘ecotourism’, which has been proposed as one type of market-based mechanism for
funding conservation efforts (Deutz et al., 2020), given that tourism today accounts for around 8% of global
emissions (Lenzen et al., 2018). Overall, the precise dynamics of potential climate-biodiversity trade-offs and
synergies from a financial risk perspective are not well-established and remain in need of further research.

In summary, the interconnected dynamics of climate- and biodiversity-related physical risks together with
the interactions between various types of mitigation policies mean that CRFR and BRFR cannot be considered
in isolation to each other. Policymakers should be cognisant that the siloed and sequential approach that cur-
rently characterises environmental-financial risk assessment may result in ‘blind spots’ and potentially signifi-
cant underestimations of financial risk exposure.

3. Current financial policy approaches to environmental-financial risks

The most prominent sustainable financial policy initiatives (e.g. BEIS, 2019; European Commission, 2018) take
the position that the measurement and disclosure of environmental-financial risks is itself a means of managing
these risks (Chenet et al., 2021). This approach is grounded in a ‘market failure’ understanding of environmental
threats, which are assumed to result from negative externalities, i.e. the fact that environmental damages are
not priced into existing markets (Christophers, 2017; Ryan-Collins, 2019). According to this perspective,
encouraging firms to disclose the risks that environmental threats pose to their own private balance sheets
will, through increased awareness of financial materiality, lead to more sustainable resource allocation and miti-
gate potential sources of financial risk (e.g. TCFD, 2017).

“For a review of emerging biodiversity-economy models, see NGFS-INSPIRE (2022) and Svartzman et al. (2021a).
*Scientific studies relating to the conservation/climate mitigation interconnections of the other examples in this Table are summarised in the
Supplementary Information.
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This market-led perspective has dominated central bank and financial supervisors’ approaches to managing
CRFR in advanced economies (Baer et al., 2021; Bailey, 2020; Brainard, 2021; Schnabel, 2020; Weidmann, 2021).
Risk disclosure and transparency is central to Pillar 3 of the international Basel lll regulatory framework and has
accordingly become one of the key recommendations of the NGFS with respect to CRFR management (NGFS,
2019b). So far, financial authorities seem to be prioritising the same logic in their early explorations of BRFR. For
example, Dutch supervisors identified material exposures to BRFR within the Dutch financial sector, yet their

Table 1. Frameworks and indicators for understanding and measuring BRFR compared to CRFR.

Climate-related financial risks

Biodiversity-related financial risks

Clear, quantifiable goal

The 2015 Paris Agreement sets the ambition to
limit global average temperature increases
since the industrial revolution to below 2°C,
and ideally below 1.5°C.

Acknowledgement of role of finance T