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Foreword

The changes in climate induced by anthropogenic greenhouse-gas emissions are
a long-term phenomenon. They do however increasingly manifest themselves in
the short term.

Global temperature records continue to be reached, with the summer of 2023 the
Northern Hemisphere's hottest in recorded history'. Five natural thresholds already
risk being crossed, according to the Global Tipping Points report!, and three more
may be reached in the 2030s if the world heats 1.5°C above pre-industrial
temperatures.

The impacts from extreme weather events on the economy are increasing, with
higher disruptions and climate-related losses around the world and are difficult to
forecast. The effort to adapt or mitigate this physical risk will also play out in the
long-term, given the investment cycles at play. Most emissions plans and targets
refer to dates ranging from 2030 to 2050.

The 14t edition Emissions Gap Reportl published by the United Nations 2023
highlights that we are not on track to meet the 1.5°C target set out by the Paris
Agreement, in the context of energy security concerns. There is a high level of
uncertainty around the speed and scale of the transition. For financial institutions,
this short-term uncertainty on both physical and transition aspects represents
risks to be managed.

This chapter showcases how short-term scenarios can be used to assess the
impact of such climate-related economic risks. It offers a framework enabling
practitioners (banks, insurers, and asset managers) to better understand their
exposures and reflect outcomes of short-term scenarios in their strategy and
business models.

This work has been a collaborative effort between banks, insurers, and asset
managers, as well as consultancies and academics that have been convened by
the Bank of England and the Financial Conduct Authority. We are deeply grateful
to all who provided feedback, conducted reviews, or contributed to the production
of this chapter.

d\
PN
Billy Suid

Head of Climate Risk
at Barclays

Loubna Benkirane

Head of Group Climate &
Sustainability Risk at Aviva
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1 Purpose

This chapter recognises the overall importance of robust climate scenario analysis,
both short- and long-term, to support decision-making. In particular, this analysis
intentionally focuses on Short-Term Scenarios ("STS”), which are defined as
scenarios of six years or fewer (based on our survey of STS members which
suggests this is the duration typically used in financial services).

Firms are facing increasing demand to understand the impact of climate change
across their business models and activities. This is particularly important amidst
uncertainties stemming from fossil energy consumption on the one hand, and the
increasing occurrence and impact of weather events on the other.

Current business use cases require a more complete view of short-term climate-
related risk than is proposed by scenarios and models presently used by the
industry. These use cases include analysis of transition to net zero, tracking
progress against interim targets and ambitions (typically by 2030), and the
analysis of the financial resilience of business plans or portfolios.

The purpose of this chapter is to propose a framework for practitioners (banks,
insurers and asset managers) to consider in evolving climate-related risk
modelling for short-term use cases. This framework is an evolution of previous
frameworks proposed by the CFRF in its scenario analysis chapters developed in
the 2020V and 2021Y sessions. It also builds on content from the 2022-2023
chapters for banksY, insurers'’, asset managers¥!, and other financial firms,

The chapter examines some of the challenges in short-term climate scenario
analysis, e.g., extreme weather events, interdependencies between climate risks
and macro-financial developments, and assessing the likelihood of events.

This chapter includes case studies to illustrate current best practices, thought
leaders’ work and the results of two surveys. Given the evolving nature of short-
term scenario design and modelling, quantitative case studies remain limited. The
surveys confirm that most members and data providers are in the process of
developing climate STS, but their progress varies widely. Litigation risk and
nature-related financial risks are not in scope of this chapter.
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2 Executive summary

This chapter proposes a framework that can be adapted and deployed by financial
services firms to conduct STS analysis for a variety of use cases.

The framework outlines key questions and considerations for firms and industry
practitioners interested in conducting climate STS analysis. It examines the
various stages of STS analysis, from defining the purpose of the analysis and
setting out appropriate narratives and variables, to modelling indicative financial
impacts and likelihood, before discussing the importance of review and challenge
of the results and taking appropriate management actions.

e

What is the

Figure 1: Our Climate STS Analysis Framework
purpose of the STS
analysis and what

is the associated
/ time horizon? ‘
How do we validate Where relevant, What are the risk

} the results and how do we assess events and socio-
address likelihoods? economic context
. limitations? to be considered?
Short-term
climate

v How d scenario Which locations,
OUECERNE industry sectors

model the and
\ financial impact What are the counterparties
of the STS? firstand second  are at high risk?
\, order transmission
channels and
associated ,
variables?

Transmission chann®®

¢ Defining the use case and associated time horizon

The first step in the framework is to consider how the STS analysis could be used
to support decision-making and to determine the time horizon for the analysis.
Different use cases will require different resilience considerations, which will
impact the intensities of risk to be explored. This work should take into
consideration the business activity and the firm’s climate strategy as well as the
wider market environment. We define short-term time horizons as six years or
less.

e Defining STS narratives

This section considers how a risk event is expected to manifest during the time
horizon (e.g., the frequency and severity of the event) and what are the socio-
and macro-economic contexts (e.g., how will technology or policy ambition evolve

6
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to tackle climate change). Several frameworks have been developed to support
firms with defining STS narratives (e.g., the Network for Greening the Financial
System (NGFS)* and the Banque de France STS narrativesX). While there are
advantages of uniform and pre-determined STS, there are also benefits of using
bespoke scenarios tailored to a firm’s specific needs and vulnerabilities.

¢ Selecting variables through risk and transmission channel assessment

This section looks at steps three and four of the framework. When assessing
climate STS impacts, firms should consider what physical and transition risks could
occur during the specified time horizon, consistent with the chosen narrative,
either simultaneously or separately. Certain locations, sectors and even individual
companies, entities or individuals may be affected to a different extent by the
parameters being used within the scenario.

Firms can quantify the impact of the risk events through a variety of first order
(e.g., the consequences of implementing policy changes) and second order (e.g.,
impacts on a firm’s capital requirement) transmission channels. For each of these
transmission channels, there will be a set of associated variables to model.
Depending on the purpose and data availability, a firm can choose whether to use
a bottom-up or top-down approach to defining variables and modelling.

¢ Calculating financial impacts for STS analysis

There are a range of modelling approaches currently used, with different
advantages and limitations. Climate models have been used principally for long-
term scenario modelling. There are developments underway to improve short-
term modelling, both in terms of the breadth of the transmission channels and
variables being modelled, as well as the understanding of their limitations.
However, these improvements may not enter the mainstream for several years.
In the meantime, it is more likely that firms will adapt either existing climate long-
term models or other short-term models (e.g., those used for capital
management) to incorporate climate-related risk. Firms can choose a baseline
scenario that acts as a benchmark to compare results against.

e Assigning likelihoods

Assessing the likelihoods of climate STS is a recent area of focus, and there is no
consensus in the financial industry about its relevance. In this section, we address
the question of the importance of likelihoods for STS, describe key use cases in
their assessment and explore some of the approaches, both qualitative and
quantitative, currently being developed by industry practitioners and academia.

¢ Review and challenge of STS analysis

It is important to review and challengeX! the results of climate STS analysis before
being used to inform decision-making. Given the lack of historical precedent, some
uncertainty will likely remain. Limitations will also need to be considered. Well-
tested climate scenario analysis can build trust in the results and help to facilitate
a net zero transition, whereas poor scenario analysis can give rise to greenwashing
riskxi,

¢ Management actions

Decisions may be taken based on multiple sets of inputs, in addition to the STS
analysis, and will depend on the stakeholders and the business use case.
Therefore, firms should consider how to integrate the results of the STS analysis
effectively and proportionately into the overall strategic decision-making,
including their business planning and investment decisions.



3 Defining the use case and associated time horizon

The purpose for measuring the impact of climate risk and the time horizon will
vary across the financial sector, reflecting the differences in business models
banks, insurers, and asset managers. E.g.:

e Insurers may choose to focus on measuring the impact of climate change on
the claims and premium volumes that drive the profits and losses in their
books.

e Banks may need to assess how climate change is to be factored in their
measure of risk-weighted asset ratios to inform their capital reallocation
processes.

e Asset managers may seek to adjust their sectoral asset allocations for a given
portfolio considering climate-related risk, to stabilise their projected return
profile.

e Banks, insurers, and asset managers can also assess how climate-related risk
drives variations in their short-term financial earnings, asset and liability
valuations, and solvency and liquidity positions.

3.1 What is the purpose of the STS analysis?

Defining the purpose of an STS analysis exercise is equivalent to scoping the use
case(s) the analysis should inform, clearly setting out its requirements to ensure
the scenario design and its modelling delivers on those requirements.

A summary of typical use cases across the financial sector that would benefit from
STS analysis is shown in Error! Reference source not found. below. These are
an evolution of the use cases presented in previous CFRF guides, e.g., Session 3's
CFRF 2022 guides: Scenario Analysis - physical risk underwriting guide*¥, and
Scenario Analysis Working Group — Banking guide*‘. The purpose of the use case
will determine the severity of risk explored, with greater resilience considerations
leading to more severe risks .

Figure 2: Illustrative examples of use cases for climate STS analysis*

Strategy Projected funded emissions Identifying uninsurable risks Risk identification

Sectoral analysis to inform
asset allocation and exclusion
policies

Business Plan Reinsurance purchase Management Actions

Support discussion with asset
manager on their
decisions/metrics

ISSB/TCFD Pricing ORSA/ICAAP/ILAAP

Management of underwriting

Transition plan

Internal credit ratings

footprint

Operational or liquidity risk

Performance against net-
zero objectives and
interim targets

Assessing portfolio CVaR or
temperature alignment

Reinsurance/Catastrophe
Bond/Other risk transfer

Risk Appetite monitoring

Macroeconomic forecasts

Asset picking/stock selection

Input into Life underwriting
assumptions

Capital adequacy (SII)

Credit decision processing

Insights to internal credit
ratings for applicable
asset classes

Underwriting decision
processing

Expected Credit Loss (ECL)

Results highlighted were common responses of use cases supported by climate STS modelling in the STS Maturity Survey.
The importance of each use case depends on the priorities of each company and will vary by type of institution.
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* Own Risk Solvency Assessment (ORSA); Internal Capital Adequacy Assessment Process (ICAAP); Internal
Liquidity Adequacy Assessment Process (ILAAP); Solvency II (SII); Taskforce Climate Financial Disclosure
(TCFD); International Sustainability Standards Board (ISSB)

Below we present two case studies which illustrate short-term use cases. The first
one is Aviva’s illustrative examples of climate STS analysis*“ and the second one
is a scoping of a short-term use case - business planning for a composite insurer.

Case study 1: Aviva’'s illustrative examples of climate STS analysis

Aviva’s 2023 Climate report summarises how STS analysis has helped to inform
several use cases (e.g., Solvency II internal model, GI pricing and reinsurance).

Figure 3: An extract from Aviva’s 2023 Climate report

“We use scenarios to understand how climate-related risks might impact Aviva’s
strategy, financial and operational resilience, and franchise/reputation and,
therefore, the management actions we might need to take as a result. This is
primarily a qualitative assessment informed by quantitative indicators.

We map emerging risks and trends on our emerging risk spectrum according to
the nature and size of their impact to assess their materiality. The outcomes
are reported to our Board and Senior Management, which informs the
prioritisation for management action and reporting (see Risk Spectrum figure).
This is an ongoing exercise and position of the emerging risks and associated
scenarios will evolve in line with science and best practice.”

For example: from an asset perspective,

Our process for monitoring and
managing climate-related risks

We use a variety of metrics to monitor
and manage alignment with global or
national targets on climate change
mitigation and the potential financial
impact on our business, including
operational carbon emissions, financed
emissions, monitoring of sovereign
holdings, investment in sustainable
assets, weather-related losses,
temperature alignment, and Climate
Value-at-Risk (Climate VaR). We continue
to enhance our understanding of
litigation risk to reduce the risk of harm
arising from greenwashing risk.

We use scenario analysis as an input to
our risk assessment processes to test the
resilience of our business strategy and
adapt our business to ensure its longevity
as an asset manager, asset owner,
insurer, and pension provider. For
example:

« We reflect the potential short-term
impact of climate change, where
appropriate, in our internal model
Solvency Capital Requirement, over a 1-
year time horizon.

* We are adapting to a world of
increasing physical risk. We have built
the possibility of short-term extreme
weather events into our general
insurance pricing, reinsurance
programme design and monitor actual
weather-related losses versus expected
weather losses by business. Well-
exercised and effective plans are in
place to respond to major weather
events and weather-related claims
supported by exposure mapping and
flood modelling tools.

* We use long term scenario analysis as
one of the inputs into the climate-
related risk assessment process. For
example, Climate VaR is used to support
our risk management, quarterly internal
reporting process and annual
production of external disclosures as
well as our ORSA allowing us to
understand the extent to which climate
change will impact our business based
on different IPCC scenarios. Climate
VaR is also used to review the resilience
of our strategy.

Figure 2: Risk Spectrum

Current view

3
H
2
H

the Climate VaR is used to identify how
we can change our capital allocation to
reduce our exposure to both transition
and physical risks. From a liability
perspective, we have modelled the
transition risks of our underwritten
Personal Lines and Commercial Lines
books. This bespoke analysis informs our
future underwriting and pricing
strategies.

Risk

1. Climate litigation risk
(Increasing
regulation)

2.Climate change

(Tipping point
reached)

Proximity

More information can be found on Aviva’s 2023 Climate Report, pages 30-31.
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Case study 2: Scoping of a short-term use case - business planning for
a composite insurer.

Th(_e impact on new and 1 ! Short-term variability in |
e)us_tmg business a_nd i i insurance mitigation costs |
margin levels from drivers | I due to climate change e.g., |

e.g., GI claims experience | | it bane prites e |
(windstorms, floods etc.), ! | Feinsurancz_ ‘

persistency and mortality.

______________________________________

______________________________________

The impact of short-term

i A climate-adjusted view of | i ! carbon price pathways on the i
ibusmess—a:—usual econu:nlc | Climate STS | cost of the firm's carbon !
! assumptions e.g., asse ] H | offsettin rogram (and |
i growth, investment returns, | anaIVSIS used ! whether ?h?i cc?uld erE)de :

inflation, unemployment. to profits).

understand

3.2 What is the associated time horizon?

Determining the right time horizon for their STS analysis may be driven by the
selection of use cases and the duration of a firm’s exposures, e.g., business
planning decisions may entail time horizons of three to five years.

The decision of which time horizon to use is non-trivial and could have a significant
impact on the results of modelling analysis, given that transition and physical risks
will materialise significantly differently between shorter-term and longer-term
horizons. E.g., adverse weather events could occur over the next one to two years,
whereas the impact of bank defaults due to, e.g., transition or physical risks could
emerge over a longer five-year period.

Firms may choose to apply multiple short-time horizons (e.g., a one-year analysis
could be used for a trading book and a five-year analysis could be used for
business planning or stress and scenario testing for both banks and insurers) to
both fulfil multiple use cases and perform high-level sensitivity analysis on time
horizons. The choice of time horizon will impact the narrative chosen because it is
expected to take different lengths of time for different climate-related risks to
occur.

10
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4 Defining STS narratives

To date, most climate scenario narratives have focused on long-term systemic
relationships and trade-offs between the environment, energy systems and the
global economy. However, STS narratives are required to enable firms to explore
how risks may manifest over the near-term and to explore the interactions
between risk drivers, transmission channels, and tail risks in short-term horizons.

Compared to long-term scenarios, there is an absence of trade-off between
transition and physical risks. There is a time lag between climate policy
interventions and changes in global average temperatures, such that the near-
term physical risks exposure is already effectively ‘locked-in’. This results in more
possible combinations of events in short-term narratives, e.g., worst-case physical
risk can be combined with worst-case transition risk in a single scenario.

Climate shocks might generate second-order macro-financial impacts in the short-
term due to the interactions of these shocks with macro-economic stresses. This
may lead to a compounding of risks that substantially increases the economic
severity of certain climate shocks and impact government policy. Customer as well
as investor expectations and behaviour, may lead to a rapid re-pricing of risk
(i.e., a climate Minsky moment) and the market may overshoot its fundamental
value.

4.1 What are the risk events and socio-economic contexts?

Climate-related risk is multifaceted and will manifest in a variety of direct and
indirect ways. When defining STS narratives for a given use case, it is important
to consider which are key potential risk events and the wider socio and macro-
economic contexts that will be affected by climate change.

A. Risk events and socio-economic contexts

Firms should consider the overall story that the STS is trying to articulate and how
this might manifest in the future, with a focus on how to qualitatively describe
such a scenario. Key elements to be considered are:

¢ Macro-economic contexts: macro-economic factors are in general better
understood and easier to model, although there remains significant uncertainty
for more extreme events e.g., supply-side disruption, trade-wars, commodity
price spikes, cyclical demand-driven economic downturns and financial crises.

e Socio-economic contexts: these often have greater uncertainty e.g.,
migration crises, armed conflict, social movements and boycotts, pandemics,
changes in political landscape.

¢ Physical risk: e.g., increasing the frequency and/or the severity of extreme
heatwaves, droughts, flooding, storms or other acute or chronic weather events
or patterns. A scenario can be selected to present a relatively benign sequence
of weather events, or to include the occurrence of more catastrophic and severe
tail events or series of events, especially where losses are amplified*! due to
compounding impactsxi, This latter point is particularly important considering
that long-term scenarios used to date are widely regarded as not necessarily
capturing features such as tail risks, tipping points and non-linearities.*

¢ Climate policy landscape: plausible but severe policy changes could be
introduced in the next three to five years, e.g., globally recognised carbon taxes
and carbon border adjustment mechanisms, banning of certain non-transition-
aligned activities, introduction of subsidies for sustainable activities,



government investment in green energy or development of green technologies,
introduction of polices on waste, other pollutants, or nature restoration. There
are numerous elections due to take place 2024, including in the US and UK,
which means a range of policy outcomes are possible depending on the political
views on climate change of the those elected.

¢ Technology evolution: plausible technology breakthroughs that may occur,
e.g., breakthroughs in green energy, or improvements in existing technology
e.g., green hydrogen, battery technologies, carbon capture and
geoengineering.

e Public and investor sentiment and behaviour: e.g., rapid changes in
consumer and investor preferences in relation to high carbon assets or
expectations shocks where the current valuation of assets changes significantly
and suddenly due to the additional pricing in of further future physical risk.

B. Existing STS narratives

Several frameworks have already been developed to support firms with defining
STS narratives. ‘Off-the-shelf’ publicly available climate STS narratives hold
several benefits, including ease of access and ability to compare with peer
institutions, e.g., through external disclosures.

The following summarises the Banque de France STS* and NGFS STS narratives:

Case study 3: The “"Banque de France’s paper on: Using Short-Term
Scenarios to Assess the Macroeconomic Impacts of Climate Transition”

The Banque de France (BdF) developed a typology of potential transition shocks
which can be drawn on to inform potential scenario narratives. The provided
classification allows users to identify key macro-economic variables (e.g.,
inflation) via choosing a “family of transition shocks”.

The methodology classifies underlying transition shocks into positive and
negative supply, as well as demand, shocks, thus creating four categories. The
BdF provides eight STS narratives — two in each category (see figure 3 below).

Figure 4: Climate transition: A wide diversity of shocks, which can coexist.

Negative supply-side shocks Positive demand-side shocks
Disorderly carbon taxation (sudden and/or unanticipated) Boom in green public investment financed by carbon

taxation

Sudden tightening of environmental regulations
Boom in green private expenditures coupled with a “green
bubble” (e.g. shortage of metals and minerals required by
green technologies)

Negative demand-side shocks Positive supply-side shocks
Confidence crisis due to uncertainty on transition policies Large green private capital expenditures increase potential

output without crowding-out other investment (but

Financial turmoil, initiated by stranded assets, leading to crowding out consumption)

tightened financing conditions
Green innovation boosts aggregate productivity

12
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Case study 4: NGFS STS climate scenarios

To support practitioners with defining scenario narratives, the NGFS have
written a Conceptual note on short-term climate scenarios which defines
several STS narratives for the industry to consider.

Figure 5:NGFS STS scenarios

A
I
‘ Og X
w N
@/ | \ Q SR
i
I / \
Highway to Paris Green bubble Sudden wake-up call
Implementation of an ambitious Glut of green private Sudden change in public
mitigation pathway investment opinion and accelerated
transition
A
VINE /\«/\/\ NS0
foN(E £
Ry with \m‘ E \QY//
reaching (N = -0-
o N (@) =
by Low policy ambition and disasters Diverging realities
Severe acute physical disasters > Severe natural disasters in EMDEs and
and higher risk premia LICs and lack of external financing

> Disruption of transition-critical
mineral supply chains hampering

alobal transition

The following summarises the UNEP FI & NIESR scenarios*!

Case study 5: UNEP FI & NIESR scenarios

United Nations Environment Programme Finance Initiative (UNEP FI) and
National Institute of Economic and Social Research (NIESR) have developed a
tool that allows users to explore short-term shocks related to macroeconomic
events, transition risks, and physical risks, either in combination or
independently, across a five-year time-horizon for various jurisdictions and
regions. Users can select a combination of three short-term shocks and
associated stress levels to generate their own potential shock scenarios for
internal use.

Figure 6: UNEP FI & NIESR scenarios shocks

Transition shocks: Driven by rapid policy Physical shocks: Acute and chronic physical
implementation, technological advancements, hazards and its accompanying consequences.
and market shifts. * Climate migration

* Stringent carbon price * Chronic physical impacts

* Green spending * Acute physical impacts

* Stranded assets

Macroeconomic shocks: Large-scale, unexpected impact on
the economy.

* Geopolitical tension

* Greenflation

* Inflation

For all shocks in all regions, the impacts of the shocks on the following variables
can be displayed: Gross Domestic Product (GDP), Domestic demand, Imports
(goods and services), Exports (goods and services), Effective exchange rate,
Real effect exchange rate, Inflation rate, Long term real interest rate, Policy
rate, Equity prices, and Real personal disposable income.
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C. Bespoke climate STS narratives

While there are advantages of using pre-defined STS, there are situations where
these scenarios cannot adequately address firms’ specific circumstances. Thus,
firms could consider exploring bespoke scenarios that are tailored to their specific
use cases and needs.

Bespoke climate STS narratives can be described as tailor-made or customised
plausible views of the future developed for use by specific firms. They can help to
reflect a given firm’s unique business model, product mix, geographical reach,
corporate strategy, and client base. Using bespoke climate scenarios can help
firms to manage the climate-related risks specific to their business model and risk
profile, strengthening their resilience. It also helps them to meet ever-evolving
climate-related regulations and disclosure requirements. E.g., a firm can construct
a bespoke scenario using the framework in this paper as per Figure 7.

Figure 7: Developing a bespoke scenario for Climate STS analysis

Focus stress testing and risk Carry out a deep dive into a
assessment on firm-specific ) particular asset type, sector or
vulnerabilities and risk location that the firm's business
mitgation techniques model supports.

v

Customise scenarios to capture
the firm's own view of the
future economy. Document to
provide evidence of managing
climate risk to regulators

14
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The following summarises Barclays’ 2023 Climate STS analysis i

Case study 6: Barclays’ 2023 Climate Internal Stress Test

In 2023, Barclays undertook a climate stress test to assess the firm’s financial
resiliency to climate risks over and above the financial impact of existing
macroeconomic internal stress tests — and the extent to which Barclays would
remain within risk appetite.

The STS was internally designed with consideration of Barclays' specific portfolio
vulnerabilities. External scenarios e.g., those provided by the NGFS, while
offering granular and detailed scenario information for financial institutions,
tend to focus on longer trends and display limited volatility, with assumptions
that may be less relevant to Barclays’ specific businesses. As such, the scenario
was designed with a greater focus on short-term tail risks and volatility.

The scenario narrative spanned a five-year horizon, aligned with the Bank's
Medium-Term Planning and Internal Stress Testing scenarios. Specific variables
were expanded using a combination of models and subject matter expert
judgement by Barclays' Scenario Expansion Team.

The scenario saw initial policy announcements that trigger immediate asset
repricing, while more stringent policy requirements unfold over a longer time
horizon — dampening recovery in the outer years as depicted in the below chart
through stages 1, 2, and 3. Against this backdrop, the scenario also includes
consideration of physical risk, notably hazards of which Barclays' clients are
most susceptible to e.g., flood and drought.

Figure 8: An illustration of short-term scenario impact from Barclay’s 2023
annual report
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More information can be found on Barclays’ 2023 Annual Report, pages 131-
135.
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5 Selecting variables through risk and transmission
channel assessment

Once a scenario narrative has been defined, the next step is to identify the areas
of highest risk, as well as the physical and transition risk transmission channels,
and the financial and economic variables. The variables can be defined on an
absolute basis (from pre-existing variables) or relative to a specific baseline
scenario. Key challenges and considerations in STS variables generation should
also be identified.

5.1 Which locations, sectors and counterparties are at risk?

Every firm will have a unique exposure to climate-related risk, depending on the
combination of the locations, sectors, and individual counterparties that they are
investing in and/or underwriting. Equally, each individual counterparty will be
uniquely exposed to climate-related risk, although counterparties within the same
sector and region may be affected similarly.

Additionally, some sectors will be more exposed to physical risk, while others will
be more exposed to transition risk, noting that almost all sectors will be exposed
to both. There is also a growing body of work to understand the exposure of
various sectors to liability or litigation risk; this is covered in significant detail in
the CFRF Session 3 paper on climate litigation risk,

Firms should carry out a materiality assessment when devising their scenarios.
This can consider which locations and sectors in their portfolio are likely to be
materially affected by a range of physical risk events, or whether transition risks
will materialise differently across different jurisdictions. We note that this process
may be iterative, as the modelling stage of the analysis will confirm which sectors
and regions are most at risk within a firm’s portfolio.

Understanding the materiality of exposure for different sectors and locations is a
useful step to identifying the form of modelling required later in the STS analysis
process. E.g., high-level sectoral analysis may indicate whether sector-specific or
sector-agnostic modelling is more appropriate, which in turn will point to a
selection of an appropriate model and appropriate choice of variables.

5.2 What are the first and second order risk transmission
channels?

The transmission channels may often be similar to those identified under longer-
term climate scenarios. E.g., channels include the introduction of more stringent
climate policy for which a carbon price functions as a proxy of policy intensity.
However, STS narratives can allow for transmission channels with a greater
intensity of interaction between physical and transition risks in the short-term.
This is driven by the fact that both physical tail risks and transition tail risks may
occur simultaneously in the STS, leading to complex and extreme feedback loops
between both forms of climate-related risk.

This interaction in short-term horizons can take place through macro-financial
channels e.g., initial climate stresses or shocks (e.g., an energy price hike, a
natural catastrophe, or a policy reversal), and second-order effects on key macro-
economic variables (e.g., equity indexes, asset prices, sovereign debt credit
spreads, exchange rates, and credit growth). Identifying the channels of shocks
that impact key macro-financial variables is not straightforward. A natural
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catastrophe event combined with a green transition push is likely to cause cross-
sectoral shifts in production and consumption trends with knock-on effects on
input-output prices across sectors.

A useful example is the NGFS conceptual paper*™ on STS narratives which
elaborates on the transmission channels and amplification of the stress. This
considers three types of amplification mechanisms and feedback loops: (i)
climate-economy direct impacts, (ii) macro-financial second-round effects, and
(iii) intra-finance amplification.

Figure 9: First and second order physical and transition risk transmission
channels based on the NGFS STS conceptual paper

Climate risks Transmission channels
Transition risks Macro-financial second-round effects
Energy prices Policy responses, accompanying policies (fiscal, regulatory and monetary) and pre-
Capital obsolescence existing levels of sovereign debt are key mitigating or amplifying factors for the impact
Labour market mismatch Ol
(unemployment)

+ Firm and household balance sheets

+ Asset prices (e.g., via green finance flows or a deterioration of real estate values)

+ Sovereign debt sustainability (lack of fiscal space could push economies into
poverty traps)

+ Sudden stops in capital flows (e.g., Exchange rates and Corporate defaults esp. with
high in foreign currency debt levels)

Consumption and investment
Innovation

Acute Physical Risks Intra-finance amplification
Physical capital destruction Expectation adjustment about the future of climate change and associated value of
Labour force size and exposed assets (Climate Minsky moment)

productivity/agricultural yields
Food and commodity prices
Business continuity (e.g., via
disruptions in global value

- Asset stranding

+ Corporate defaults

« Financial institution solvency (possible amplification via non-bank sectors)
« Access to and affordability of insurance (rapid re-pricing)

chains) . . « Fire sales and liquidity shortages
CQSt Of disaster insurance + Doom loop (i.e., a toxic sovereign-bank nexus), whereby runs on banks risk
Migration sovereign default due to excessive holdings

The EU climate risk assessment®¥ categorises climate risk into five “clusters”:
ecosystems, food, health, infrastructure and economy and finance. These can be
considered in a similar way to transmission channels described in this section.

These transmission channels can then re-inform the risk assessment that identifies
the sectors and counterparties which are likely to be most impacted. Identifying
relevant sectors and counterparty types enables an assessment of whether the
potential risks will heed to be modelled on a sector-specific or sector-agnostic
basis. It will also enable the universe of potential variables to be narrowed to a
more concise list of variables.

Furthermore, the transmission channels and initial risk assessment can then be
used to identify which types of models are likely to be required for variable
generation, which in turn can inform the variables which may be available. A key
consideration when selecting variables will be whether the identified transmission
channels will be better captured through top-down or bottom-up modelling
approach. Depending on the purpose and data availability, a firm can choose
whether to use a bottom-up or top-down approach to defining variables and
modelling. Some firms may choose to merge both approaches for robustness.

¢ A bottom-up approach requires granular data and translates the impact of
granular and asset-level climate-related risk variables (e.g., the probability of
default, or transition plan credibility) onto counterparty financial statements.

¢ A top-down approach requires less detailed data and sector-level models are
used to establish a relationship between macroeconomic variables (e.g.,


https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf

carbon prices, or unemployment rates, or gross value added as a sector-wide
proxy for sectoral growth) and credit-risk.

5.3 Which variables impact assets and liabilities?

Many variables that firms are familiar with for long-term scenario analysis remain
important in STS. However, there should be more focus on variables relating to
near-term shocks, especially those in the macro-economy, e.g., inflation and
consumption, and divergence from expectations of smooth pathway trajectories.

The interconnection between transition and physical risk variables may not follow
the gradual feedback loop as in long-term scenarios. STS analysis that
incorporates severe acute physical events, triggering a transition policy shock,
may require assumptions of fast-moving policy reaction functions, societal
response, and behaviour patterns which are not the typical outcome of long-term
climate scenario modelling and for which there is scant observable history of past
economic and financial stress either.

A. Examples of variables:

3\

Transition risk variables |
o] Transition risk variables include subsidies for green initiatives, explicit
= carbon taxes and energy price shocks. These can be quantified using
soa_ global factorse.g., Brent oil prices, or more country-specific factors e.g.,

electricity prices. Innovation shocks could be parametrised through the
unit cost of capital for green energy technologies or carbon

sequestration mechanisms.

Physical risk variables ]

Physical risk variables describe abnormally severe weather, e.g.,
tropical cyclones, hurricanes, heatwaves or wildfires. These may be
parameterised by windspeed, millimetres of rainfall and wet-bulb
temperature increases. Further variables describing shocks to
agricultural production or yields which drive changes in specific
commodity indexes and food prices may be included in Climate STS.

Macro-economic & macro-financial impact variables

Sectoral & micro-financial impact variables
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B. Severity of the variables

Practitioners can consider how severe risk channels could be over the next three
to five years and incorporate this into STS narratives via assumptions.

For acute physical risk, assumptions on incidence and damage can be used to
perform short-term ‘climate-conditioning™! of standard catastrophe models in
use by the industry. E.g., considering the severity of an extreme weather event
based on damage or incidence for a 1-in-100-year event.

For transition risk, severity can be established based on, e.g., the peak level or
steepness of the assumed carbon price trajectory or other variables reflecting
transition risk intensity. The macro-financial severity can be benchmarked using
conventional metrics e.g., the depth of the GDP fall, the decline of an equity price
index or the shock to an asset price or to credit spreads in a particular sector.

Severity of scenario variables can be particularly challenging to estimate. Because
the frequency and severity distributions of risk events will change less in STS
compared to the long-term, tail outcomes can be explored to incorporate severe
physical hazards or material deviations from recent trends in transition risk
variables.

The following summarises HSBC’'s 2023 Climate STS analysis*Vi:

Case study 7: HSBC’s 2023 Climate Scenario Analysis Exercises

In 2023 HSBC explored five scenarios with different levels of physical and
transition risks over a variety of time periods, assuming varying levels of
governmental climate policy changes, macroeconomic factors, and
technological developments. Three distinct timeframes were considered: short
term up to 2025; medium term from 2026 to 2035; and long term from 2036
to 2050.

The scenarios were created using external publicly available climate scenarios
as a reference, including those produced NGFS, IPCC and IEA. HSBC adapted
them by incorporating the unique climate risks and vulnerabilities to which the
bank and its customers across different business sectors and regions are
exposed. The short-term scenario was:

» A Near Term scenario, which assumes both a disorderly transition push
towards net zero and a sharp increase in extreme climate events over a
five-year period until 2027.

. Assumed Assumed Climate risk
Rise in global Ass_un?ed Assumed Assumed |change In change in
temperatures variation |pace of Assumed
Focus . . . |carbon energy CO,
by 2100 (vs horizon in global technology |socioeconomic rice consumption ..
pre-industrial climate change and |impact p P emissions Physical Transition
levels) policies adoption ($/tC02) |(% change (% change
after 2022) after 2022)
Short to Based on
1.4°%¢c medium High existing Very high 193 -14% -34%
term technology Higher Higher

More information can be found on HSBC’s 2023 Annual Report, pages 225-230.




6 Calculating financial impacts for STS analysis

After the STS narrative and corresponding variables have been defined, the next step is to evaluate the financial impacts and
metrics required to support decision-making. Figure 10 below depicts a modelling framework and provides illustrative examples
of existing models. The depth of each step in this end-to-end approach will be based on the use case, required model granularity
and level of expert judgement required. Many of the existing models have traditionally focused on longer time horizons,
however, these can be adapted for STS modelling. The purpose of the use case will determine the severity of risk explored,
with greater resilience considerations leading to more severe risks.

Figure 10: High-level framework for an end-to-end modelling approach for STS combining top-down sectoral models for
transition risk and bottom-up models for physical risk.

. L. Ny Projected portfolio emissions 7y
CO32 emissions - —v
Define use . pathways For example: =%
Transition = Carbon footprint of investment portfolic
cases risk Undenwriting emissions Vvalidation
b=t modellin Transition Capital and liquidity impacts
4 B g9 isk Monitoring progress against net zero targets e
I'IS_ Business planning and transition plan For example:
For example: ad]usted = Does the model
+  Computable General » — meet the needs of
. Equilibrium (GTAP, For example: AN s the usa case?
For example Climate G-Cubad) Forecast A< A « Isit an industry
- E)_{t&rnal scenarios Dymamic equilibrium MACreeconomic ALV model that has been
Disclosures models (E-DSGE) variables (GDP C bi extensively used and
Stress test of . - 10 models (Koks and ! ombine tested?
business plans Design of new, or selection Thi rate of return) hysical and Th . h i
= I P hosis of of existing scenarios. iszen, 2016) 2. Credit rating physica c . orough review
asset';|::':i§§'s . For example: migration matrices transition risk process for model ?
Credit analysis - Representative — Exposure f'-'ulf::?scﬁ::it?t'
Concentration Pathways % - " -
= Shared Sociceconomic Physical L] For example: impact quality?
Pathways ) risk Combined physical [, = Any :mjess;hnnal
i (4 ¢ i ition i sta that
= MGFS scenarios I""“.\j th:;lcal . ar!:l tra.nsn:lon |:|sk For example impact 5 rr ;r = tha
«  TEA scenarios isk ad]usted migration matrices ont PRIy
ris Econometric models — - Are the l_:ey
modelling For example: (NIGEM) Lisbilities ?ssym_ptnnsl ang
1. Cr_Edlt _latlng . Claims Al;nertalluns cl e:r.
For example: 3 migration matrices = Areany expe
- Internally developad 2. Matural catastrophe judgements
physical risk models statistics {hazard, Exposure documented?
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Use cases Input/output I Models I
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6.1 What are the key Ilimitations of existing modelling
approaches?

Climate risk models are continually improving, in terms of the breadth of the
transmission channels and variables being modelled. At the same time, there is
growing understanding of their limitations (see Annex CAnnex C: STS Climate
models). Whilst similar model frameworks are used in both short-term and long-
term modelling, data and modelling sub-processes (e.g., approaches to
interpolation in short-term) should be tailored to a STS perspective. Additional
limitations may arise from attempting to model the impact of STS through models
designed for long-term scenarios. Therefore, firms should be aware of the
limitations of climate risk models before deciding when and how to deploy them
and be clear about the limitations and assumptions when communicating the
results for internal or external purposes. We highlight some of the key limitations
of climate models in use by firms below.

ePhysical risk impact tends to be understated as certain acute
physical risks are not modelled and it is difficult to model climate
Physical risk outcomes from assessing 'known' and ‘unknown' unknowns of
tends to be physical risk. This may result in underestimation of the impact of a
business-as-usual scenario. Some warn that it could lead to a
understated misinterpretation that a green transition scenario is more adverse.
This limitation should be transparently communicated in any
disclosure.
. . eUnidentified risk transmission channels could lead to the
Unidentified underestimation of the impact of climate change. The CBES findings
risk survey (published by the CFRF in March 2023) shows that 83% of
transmission CBES participants who responded agree that risk transmission
channels channels and drivers (which have either been identified but not yet
modelled, or are not known) lead to an underestimation of risk.

*Models may not have the required spatial resolution to model
risk at the level of granularity required.

eimproved ability for models to handle large amounts of data at a
more granular level will be needed to increase the reliability of STS
analysis results.

Level of
granularity

Refences: 'unknown' unknowns X, misinterpretation that a green transition scenario is more
adverse %, CBES findings survey ***, CBES participants **! aggregation of these***" non-climate-

related risk drivers, e.g., geopolitical risks X




6.2 Are new models needed to model STS?

To date, climate risk models (as shown in Figure 10) have been used principally
for long-term scenario climate modelling. In the interim, it may be most practical
to apply adjustments to these existing models to address their limitations for short-
term modelling (see section 8.2).

Firms may be able to adapt their current short-term modelling capabilities (e.g.,
for ORSA/ICAAP/ILAAP purposes) within the business to incorporate climate-
related risk. However, there is an opportunity for new models to be developed that
better capture the nature of short-term risks. We consider two case studies below
of new models that thought leaders are developing, which could be adopted by
firms in the future.

The following summarises Generating scenarios algorithmicallyxxxxvi
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Case study 8: Stochastic modelling from RiskThinking.AI

Current climate models and stress testing use only a small set of deterministic
scenarios, which may not fully account for tail risks (see section 6.1). This
method generates a stochastic distribution of STS, including low probability and
high impact scenarios (e.g., 2023 summer heatwave in Europe that was
followed by extreme rainfall).

Forward-looking projections are sourced from all leading climate models to
generate novel scenarios of the future. These include scenarios that combine
optimistic and pessimistic projections, e.g., more extreme precipitation and
more drought. Or, when including transition risk, hotter temperatures, and
higher carbon prices. They may also include unintuitively optimistic scenarios
of the future, whereby the overall impact of climate change is less severe.

Figure 11: A single scenario from Generating scenarios algorithmically

Scenario: By 2050 California’s
average temperature will have risen
more than expected. The growth of
renewable energy generation is
more than was predicted and the
regional grid has not materialized as
much as was expected. Load growth
by contrast is more than was
expected.

The approach generates a scenario tree with the extreme values and the
corresponding likelihoods as inputs. The tree generates a distribution of
scenarios, along with their likelihoods and associated impact.
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The following summarises Credit risk modelling>xi xxii gnd the ECB>*xx

Case study 9: Credit risk modelling and the ECB

Rising volatility from future climate shocks is expected to interact with the short-
term systematic cycles of credit risk, potentially accentuating credit shocks. In
turn, this would have capital effects. However, further work is needed to
incorporate credit risk in climate scenario modelling.

To assess the volatility and deviations from average long-term trends, and the
subsequent capital effects, STS climate models will need to incorporate factors
representing past systematic credit shocks expected to occur in the time horizon
of STS. Current approaches to modelling future credit risk focus on changes to
smoother, long-term economic trends.

The ECB proposes that physical and transition risk for wholesale credit risks could
be calculated by adapting existing wholesale probability of default models. There
is no data to measure empirical links between climate and credit risk. Instead,
firm costs and profitability would be adjusted in response to climate impacts,
which would give an adjusted credit risk impact.
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6.3 How do we model the baseline scenario?

To understand the significance of the impact of climate-related risk, firms can
choose a baseline scenario that acts as a benchmark to compare results against.
There are various ways of selecting a baseline, including the following options
currently in use by some firms.

A. Best estimate of the projected manifestations of climate risk

Here, the firm chooses a scenario they view as most likely. Other climate scenarios
reflect departures from our best estimate of future climate change manifestations,
and hence the impact of unexpected climate-related events. This is useful when
future projections already exist. E.g., countries make projections of food supply
based on expected agriculture yields due to climatic conditions. We can change
the expected agricultural yields to reflect different levels of climate-related risk
compared to existing projections and quantify the impact of this change on food

supply.

B. Absence of future climate-related risk

Using a hypothetical scenario with no future additional climate-related risk (often
referred to as a ‘counterfactual’ scenario) relative to some baseline year allows us
to quantify climate change risk relative to today’s conditions. This can remove
some uncertainty about estimating the most likely impact of climate change
(although uncertainty remains in the starting conditions) and can therefore be
easier to understand in risk analysis. However, this is unlikely to reflect the real
world since consensus is now that some level of physical and/or transition risk will
inevitably occur in the short-term, meaning that uses would need a ‘current
policies’ scenario for comparison to avoid risk of misinterpretation.

C. Consensus about the risk of climate change priced into assets

Market prices of assets are assumed to consider some future level of climate
change risk i.e., a market consensus. Using this market consensus as a baseline
can clarify the likely impact of unpriced climate change on asset values. As for all
risk modelling using market pricing, a range of assumptions may be applied to
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underpin what the market consensus may be for a given sector.

D. Carbon budget implying a certain degree of warming

For this option, we assume a certain carbon budget. Other climate scenarios then
imply different degrees of warming and transition activity due to a departure from
this carbon budget. This has the advantage in that it relates to the temperature
and carbon targets used in international policy. However, although some countries
have domestic carbon budgets, there is no consensus on how to allocate carbon
budgets to different countries. This means that an allocation may need to be
assumed, e.g., using Nationally Determined Contribution (NDC) pledges as an
approximation where available. This approach is commonly taken in calculations
of the Implied Temperature Rise ("ITR") for investment portfolios.

Ultimately, the options outlined above indicate that there is no single correct
baseline to use; the most suitable method depends on the use case and the view
of the firm that is conducting this analysis. This leads to a wide range of climate
scenario analysis results from different firms depending on the assumptions used
(although this is a feature shared by modelling of other risk types). For use cases
where consistency is important, e.g., mandatory regulatory disclosures, an
alternative would be to develop and use an external standard for the baseline used
in modelling, noting that this does not currently exist.

6.4 What are the required outputs and level of granularity?

The use case (or modelling purpose), along with the firm’s specific risk exposures
and business model, will drive the required granularity and scope of the output.
Furthermore, the output should account for different types of climate-related risk
and the various approaches to measuring STS impacts.

A. Illustrative examples:

—_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_—
I Stress testing exercises seek to inform an I Here the analysis may focus less on stress- I
entity’s resilience to extreme events. Such driven metrics and instead consider
I exercises aim to calculate the impact of | variables informing key trends in specific
climate change on a range of variables e.g.: I economic sectors or projected counterparty
+ macroeconomic variables (e.g., GDP, performance under the near-term
I unemployment, inflation, real estate I I assumptions of the short-term scenario.
I pricgs, e>_<change rates, interest rates, I I |
equity prices) This would require the modelling of
I + transition risk parameters (e.g., carbonl I variables e.g.: I
price, energy price) 1. The gross added value of the sector I
+ physical hazard metrics (e.g., | under scope
I precidp)itatitl)n Otr_ near-surface wind | 2. Key production and consumption I
speed) or location I variables
I I 3. Economic and market variables (e.g.,
I The adjusted variables are then used to | GDP, inflation, stock prices) I
calculate the financial impacts on the I 4. Specific sector variables (e.g., for the
I entity’s assets, liabilities, _and cIa|ms..These I automotive sector, this would include |
are calculated before the impact of climate I electric vehicles sales or efficiency
I change is incorporated into the entity’s I metrics of new electric batteries. |
capital buffers. I 5. Greenhouse gas emissions

Strategic planning
and portfolio o
optimisation -

Regulatory stress
testing
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7 Assessing climate scenario likelihood

The STS maturity survey suggests that, to date, there is no industry consensus on
whether assessing scenario likelihoods is beneficial and should be required.
Assessing climate scenarios likelihood remains an understudied area, albeit one
where academics and an increasing number of practitioners are starting to focus
on and where proposals around suitable approaches are starting to emerge.

7.1 Why are likelihoods important for STS?

To date, firms have generally refrained from calling climate scenario analysis
outputs a “forecast”, as they are still getting comfortable with the limitations and
uncertainties associated with their modelling. However, firms are now looking to
expand their STS use cases to understand the resilience of their business, including
its strategy and risk appetite. Therefore, they may want to understand how
concerned they should be with specific scenario features, e.g., tail events, and how
much consideration should be given to established extreme climate scenarios
compared to ‘rare’ combinations of severe but plausible events, e.g., a physical
tipping point event leading to widespread transition risk-generating reactions, or
market panic; a sudden surge in climate activism and a shift in consumer
sentiment. However, one key reason why assigning likelihoods to STS is so
challenging, particularly for transition risk, is the existence of a wide range of views
on energy supply and demand, even in the near future.

Rystad Energy’s Oil Scenario Report?® and RMI's Energy Transition
NarrativeX highlight some likely scenarios that could impact the energy sector.

Case study 10: Rystad Energy’s Oil Demand Scenarios

Rystad Energy’s scenarios are all driven by historical trends, technological
developments, macro forces and governmental actions in the short term. Oil
demand is forecast across three scenarios: Mean, + Sigma and -Sigma.

Figure 12: Oil demand- three varied climate trajectory scenarios
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The variation in short-term forecast is mainly driven by assumptions in the
Passenger Vehicle sector as it contributes to 28% of oil demand and
electrification of vehicles is unfolding rapidly. In the Mean scenario, they
reduce communicated EV auto manufacturers sales targets to meet a realistic
exponential growth, given battery production capacity and regional adoption
constraints, while in the Sigma scenario they assume all the communicated
targets are met. In the +Sigma scenario, the required infrastructure adopts
more slowly, therefore the EV adoption.




Aviva: Internal

Case study 11: RMI's Energy Transition Narrative

Rocky Mountain Institute (RMI) predicts that if we continue on the existing
learning and growth rates, solar and EVs will rise to dominate sector sales by
2030 and the entire fossil fuel system will be very different by 2030 when
change will be priced into markets.

RMI also observe that energy modellers have failed to reach agreement on
the baseline view of energy transition pace and scale, even for the short-term
scenario. In the past, many energy modellers have continuously
underestimated the exponential growth in renewable sales and rapid decline
curves for renewable costs.

Figure 13: Most energy modellers have missed the transition
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For 20 years the IEA forecast linear growth of solar The EIA has been forecasting flat or rising US coal demand since
deployment. For 20 years solar has been growing exponentially. 2009. But demand has been falling rapidly.

Some of the key reasons for this underestimation include:

e Linear thinking: assumes linear technology change rather than S-shaped
curves

e Turning point: underestimates the timing and impact of peak oil demand
on the investors decision

e Static world: assumes static technologies, policies, business models and
societal perceptions

These common errors in forecasting energy transitions call for more forward-
looking assumptions to be tested in the climate scenario.
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7.2 Use cases for STS likelihood assessment

There are a wide range of use cases for STS likelihood assessment across banks,
insurers, and asset managers e.g., business planning, disclosures, and trading
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book product pricing exploration. We explore key use cases below:

oIt would be important to express
scenario likelihood to set the financial
risk appetite for climate risk

eRisk appetite is typically determined
based on internal stress test results and
is subsequently translated into limits
that control day-to-day risk taking
across the firm.

eLikelihood assumptions are inherently
implied in the risk appetite process - i.e.
the more likely a risk is to materialise,
the more it has to be captured in risk
limits. E.g., in setting market risk
appetite, the VaR computes the amount
and probability of potential loss
(confidence level) over a defined time
horizon. Similarly, the likelihood of the
transition or physical risk scenario
should be taken into consideration for
setting climate risk appetite.

Risk appetite

eDisclosure standards, e.g., IFRS9, may
require a rationale for the identification
and selection of explored climate
scenarios based on criteria of plausibility
and likelihood.

eThis may include an assessment based
on plausibility of the stress within a
probability distribution framework,
either qualitatively or quantitatively.

eThe baseline scenario would be
assessed as more likely or carrying a
higher probability of occurrence. In
contrast, scenarios identified as tail risk
outcomes, with materially severe
impacts, would be attached to lower
probabilities or likelihoods.

eIdentifying the likelihood of the baseline
scenario then facilitates comparisons to
“severe but plausible” scenarios, e.g.,
those which typically are designed for
stress testing purposes to explore
resilience to material and non-negligible
risk & vulnerabilities in the climate of
exposures of a firm.

Disclosure standards

and the baselining

eAs firms use STS to inform their
business planning exercises, views on
scenario likelihood can inform decision
making by providing e.g., ‘pessimistic’
and ‘optimistic’ views relative to a
central house climate scenario.
eFurthermore, STS likelihood
assessments could improve their
understanding of how likely it would be
for any given STS to occur within a firm'’s
typical strategic planning horizon and
hence inform the relevance and
materiality of climate management

Business planning

eAs firms assess progress towards
meeting interim net zero targets,
questions e.g., “how likely is it we will
stay below 1.5°C?” become increasingly
pertinent and highlight the interest by
some firms in being able to assess the
relative likelihoods of scenarios.

Target setting
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7.3 Approaches to assigning a likelihood to a climate scenario

Assessing STS likelihoods is driven by the key variables and assumptions
underpinning each scenario, e.g., carbon pricing, technological change, and the
occurrence of acute or chronic physical risk events. Current approaches to
assigning likelihoods are emerging. Practitioners could either apply expert
judgement, in a qualitative manner, or seek a more analytical approach. The choice
of approach will be dependent on a firm’s ability to source sufficient expertise, data
and the use case in question. While scientific understanding and modelling
capabilities continue to improve, radical uncertainty will likely always characterise
climate related risks to some extent. This should be taken into account in likelihood
assessments. Below we outline examples of how firms could approach assigning
likelihoods.

A. Qualitative expert judgements

To date, this is considered the most common approach adopted by firms. A team,
typically formed of management and climate experts, will review and challenge
the existing STS (e.g., the NGFS conceptual note) and/or climate-risk models.
They can then decide the rank orders of the likelihood of these scenarios given the
use case of the STS analysis (e.g., evaluate the resiliency of a firm’s strategy).
Qualitative phrasing, e.g., ‘challenging’ or ‘speculative™ could also be included to
bound the likelihoods of scenarios. Such an exercise should involve a broad range
of inputs from specialists in climate, geopolitics, and socioeconomics, to consider
consequential impacts of adverse weather events on top of the current world
political events.

B. Probabilistic likelihood

A next step is to look to assign probabilities to scenarios. This requires significant
expert judgement and there will be considerable uncertainty in the probability
derived due to limitations discussed earlier in this report. Over a short-time
horizon, practitioners should consider the likelihood of key assumptions that could
drive the largest variability.

This assessment does not need to be in the form of a full probability distribution
for the scenario, which is incredibly challenging, but can instead focus on simpler
quantitative methods.

Podcast:

This podcast, in collaboration with GARP, will provides further discussion on the
various approaches to assigning likelihoods.

Below we introduce two case studies from ‘thought leaders’ who are focusing on
this area within their research.

Case study 12: An empirically grounded model-based probabilistic
forecast of energy transitions from Professor Doyne Farmer

Firms play a key role in real economy transition. The speed at which a firm is
financing the transition to net zero is a key use case due to the impact on the
firm’s financial statements. Hence, some firms are now looking for tools e.g.,
“what-if” analysis to assess the climate impact under multiple scenarios. One
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challenge is to design and “predict” the possible transition scenarios of different
climate policies as inputs to these analyses.

It is found that the deployment of new technologies, e.g., for hydroelectric
power or nuclear, follows similar S-curves (with exponential increase first then
flattening out), when forecasting using time-series models. This can be used to
perform out-of-sample back-testing to calibrate the modelled S-curve for the
green technology concerned, e.g., decide at what probability (i.e., confidence
interval) a S-curve starts to flatten out, supplying X% of market share.

Case study 13: An algorithmic framework for measuring the financial
risk of climate change from RiskThinking.Al

As discussed in Case study 8, some model developers are specialising in this
area by using an algorithmic framework that can generate multi-factor
scenarios based on expert judgment. An ensemble of the future is created
from a scenario tree structure, with each path representing a unique
combination of all the risk factors with associated compounded likelihood.
Firms may choose to adopt this capability from third party providers, but we
note they are unlikely to be able to develop this approach in-house.

7.4 Why are some firms against assigning likelihoods to
climate scenarios?

For those firms who don’t see the need to assign a likelihood to a STS, the main
argument is that there is significant uncertainty around scenario drivers (e.g.,
short-term climate policy or tipping points) and there is no basis to formulate
probabilities. Further uncertainty is introduced given the set of possible future
outcomes is also unknown X

This is partly why existing climate scenarios, e.g., the NGFS scenarios, are not
associated with any likelihood*¥, so as to not convey a false sense of foreseeability.
In addition, assigning probabilities could lead to decisions based on a ‘weighted
average’ baseline. Decision makers need to take a rounded view of the full range
of scenarios, looking for decisions that are robust in a range of states of the world,
and developing a preparedness and resilience towards the unexpected.
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8 Review and challenge of STS analysis

To be reliable and useful for decision-making, practioners should review and
challenge the results of climate STS analysis, to the fullest extent possible, before
using them to make decisions. However, given the lack of historical precedent,
some uncertainty will likely remain. Understanding the impact of these limitations
will help practioners to decide whether they are material enough to need to make
any adjustments.

8.1 How do we review and challenge the outputs of STS
modelling?

At present, there is no regulation or guidance provided by a professional body
specifically for climate scenario and model validation, although this may become
more regulated over time. In the absence of regulation, we suggest a principles-
based framework that is broadly in line with general risk management and
professional guidance applied in the UK financial services industry (e.g., Solvency
IIXVi BaselMi the PRA’s SS1/23¥X or the FRC’s Technical Actuarial Standards)'.

A. Challenge the scenario

Challenge should be provided around narratives and variables underpinning the
selected STS. Where proportionate, an independent reviewer should interrogate
the approach used to choose the STS (see Section 3) and confirm that the
assumptions are appropriate for the chosen purpose and use case. This ought to
include ensuring that uncertainty within the STS has been understood and
communicated.

B. Thorough review process

All models used as part of STS require a thorough review process, however the
approach to this may differ depending on whether the model is internal or from a
third-party. If an extensively tested industry model has been used, then obtaining
documentation from the model vendors, combined with verifying the suitability of
the model and testing any adjustments made to the model output could be
sufficient. Otherwise, a higher level of review will be needed. This may include
sense-checking assumptions, testing the model when subject to extreme inputs
and back-testing (where practical). Data quality should be assessed with gaps or
assumptions made commented on as part of validation to convey the potential
impact on results. Poor data will lead to poor modelling results and firms should
look to address any gaps in the data.

C. Check modelling output meets requirements

The review process should include a conclusion as to whether the results met the
need(s) of the business use case(s) established at the start of the scenario
development as part of the use case scoping process. This may result in suggested
actions or improvements that will then be fed back into the model development
cycle (see section 7.2). Actions and improvements are more likely to be required
for off-the-shelf severe scenarios, where tail-risk and feedback loops are not fully
captured at present.

D. Good model governance

Firms can apply their usual governance guidelines to STS modelling. This should
include a clear internal review process, with senior management oversight (making
sure individuals involved have sufficient technical knowledge). A robust model
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maintenance process should be used for both internal and third-party models.
There should be clear documentation for all models, which is understandable and
could be audited by a third party. This reduces the risk of inappropriate use of the
output and of greenwashing claims. Documentation should include key
assumptions, key expert judgements, demonstrating challenge of the scenario,
model limitations and any material uncertainties that are difficult to validate (e.g.,
the impact of ‘unknown’ physical risk), along with their potential impact on results.

8.2 How can STS limitations be addressed?

The validation process may identify several limitations that users should consider
addressing. While new models and approaches are being developed, we suggest
an iterative approach to help model users to adjust models and to address
limitations.!

Figure 14: Addressing model limitations

Identify Limitations

LLEXH

Existing limitations may be identified
from model documentation, via expert
judgement or through established
methods such as sensitivity analysis.

Adjustments Materiality Assessments
Adjustments may be required for material
limitations, e.g. to key assumptions or the M
model output. Scenarios could be extended

by a user by incorporating more granular
data they may have available for their
specific exposure which might be not be
included in the macro-level scenarios.
Adjustments should be documented, and
users aware of anchoring or over-confidence
that subjective judgement may introduce.

Assess the impact of the limitation
using methods such as back-testing or
comparison to the outputs from
alternative models.

Case study 14: SwissRe approaches to adjust for physical risk

The financial impacts of physical risk are acknowledged to often be
underestimated due to the non-linear nature of the risk and underlying
transmission channels that aren’t fully captured. In 2019, the Bank of England
explored how climate-conditioned catastrophe models can be adjusted to try to
address this:

1. Partially/fully rebuild the model, typically by adjusting the frequency
and/or severity of events. The approach is “most scientifically robust but
requires considerable research effort and time” so may only be possible for
the original model developers.
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2. Adjust model outputs using a one-off approximate adjustment factor based
on available data. This method is more efficient, but it requires expert
judgement to assess a reasonable adjustment.

SwissRe used the second approach in 2021 to model the impact of physical risk
on economic outcomes. SwissRe used proxies to attempt to capture missing
transmission channels and multiplicative factors to increase the severity of
physical risk (x5 for moderate and x10 for severe outcomes).

Aviva: Internal

9 Management actions

The final stage of the STS analysis framework is to take decisions informed by the
output of the analysis and feed them into the strategic conversations that boards
will increasingly need. To inform decision-making, the outputs of climate STS
analysis should be translated into management information.

Given the relative immaturity of climate STS and the associated likelihood,
deciding on an ‘appropriate’ course of action is difficult. The actions will also
depend on the role of the stakeholder and the use case. However, management
actions will broadly fall under one of three options - revising exposures to reduce
climate-related risks or increase opportunity under the STS, holding a different
level of capital to cover climate-related risks or engaging with high-emitting or
high-risk companies or lobbying governments to implement effective science-
based actions. This is shown via two examples below:

Objective: To assess whether current | Objective: To align the investment
capital held is sufficient to cover the portfolio with a net zero emissions

|

impact of climate change pathway. :
Key stakeholder: Risk function Key stakeholder: Investment

function 1

Output of use case: A regulatory
stress testing exercise highlighted that
there is a larger than expected

|

|

|

|

: Output of use case: The modelling ofI
I exposure to short-term climate risk.
|

|

|

|

|

|

|

climate emissions of the investment
portfolio indicates the short-term |
emissions of certain counterparties are
expected to be significantly higher
than other parts of the portfolio.

Management action: The investment
function decides to dis-invest from
those counterparties to others with a
climate risk profile with lower
emissions.

Management action: The risk
function agrees to increase the capital
held to make sure that the capital
levels are sufficient to cover the
impact of climate change and meet
regulatory requirements.

Strategic planning
and portfolio
optimisation

Regulatory stress
testing

We recognise that management actions are taken with information from multiple
sources, rather than being solely driven from one piece of analysis. In many cases,
outputs from STS analysis are just one set of inputs into a broader set of strategic
conversations. It is important that the impact due to climate change is highlighted
separately from other factors, so that the size of climate-related risks is
unambiguous.

Firms can then consider how to effectively integrate the results of their STS
analysis into their overall strategic decision-making, including their business
planning, with which boards will increasingly need to engage. This involves the use
of a forward-looking approach considering narratives and heuristics, as well as
models and data.
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10 Case Study

This section illustrates the application of the STS framework set out in this guide through a hypothetical case study exploring the
impact of major global heatwave shocks alongside other extreme weather events in various countries around the world over a five-
year period. This also causes some governments to introduce policy measures, resulting in further global macro-economic shocks.

Figure 15: Case Study, adapted from Kornhuber et al. 2020

1. Use Case Define the purpose of the STS analysis and the associated time horizon.

| Aninsurance company offering agriculture insurance considers a STS over a time horizon of 5 years on the firm's business medel resilience and business plan. This use case is constructed as a tail risk |
’ scenario. i

Which locations,

What are the risk events

and the socio-economic industry se(ftors and What are the first and sec?nd order. trans?m|55|0n What s the financial Impact? How I|kel.\f ‘|?s
e i b Ene R e counterparties are at channels and associated variables? the scenario?
high risk?
-  3.Risk Assessment — 4. Transmission Channels and variable impact . .
identification of vulnerabilities, Numerous first and second order transmission channels are identified. S. Financial Impacts

&. Likelihoods

Consider the associated
likelihood of each
SCenario.

The firm
considers the
likelihood of the
specified
scenario and

Assess the impact on

. 2. Scenario narrative Lpatl
assets and liabilities.

high risk areas and
opportunities

First order impacts
Will largely materialise within the first year
Location dependency Labour productivity: health, and hours of work supplied - particularly for
T outdoor workers.
| Infrastructure damage: Extended warm periods can accelerate metal and

plastic asset corrosion and also lead to wildfires.

Define risk events and socio-
economic context. Impacts on balance

sheet

Global Heatwave

Results are aggregated
from credit risk and
climate-conditioned

catastrophe models. The

| Arisk assessment is carried

out which identifies the key
countries reliant on grain
production (for example

[ Thekeyriskeventsarea |
global heatwave, El Nino
Southern Oscillation warm

(reather g?gﬁgh‘:“?ﬁg’se | Us. India. China, BraziD and [ Food shortages and MBBF": Hotter temperatures lead to suboptimal yields results show reductions in considers the
could cause soéio- | ?Agrlijculture, and t_m_a higher I_|'I(e|ih0_od of h_arveg [a‘llure_s in key production reqion_s. asset values in the likelihood of an
aconomic events such as ! Manufacturing, | Geopolitical conmderatlons:_ migration for displaced workers and tourism; agricultural sector, alternative
political instability, mass Construction, Financial). i ) c‘_)nfhcts over water supply. ] fluctuations in interest scenario where
migration, and restrictions ! i | Investments: Red|rgc_t|on c!f corporate and government investment to rates impacting asset and physical and
. e i mitigate impacts of the heatwave. liability values, and transition risk

on volumes of grain
exports. In response to | consider:
public outcry, policy shifts | | ——————

Policy based transition risk: Governments guickly pass carbon tax legislation
| that causes immediate repricing of carbon intensive assets. Equities and

increased insurance claims. are no longer

assumed to be

cati i i i Consider:
to implement companents Location corporate bonds for the aligned sectors are impacted heavily by the carbon — ek : orthogonal.
such as carbon taxes which . sectors p— bies fhat h F——— L Reduced sectoral/ c-arporit_(_a_?Jtpu!___i
cause immediate repricing ounterparties onsider variabies thal impact asseis and iabiliijes. Rising unemployment and inflation |
__of carbon intensive assets, | Existing adapiationana | |/ | SRR impactonvariables T | e SR =
mitigation measures I GDP, food prices, ployment and mig . Credit ratings an Interest rate fluctuations ___| f
I | for countries that aren't aligned to Net-Zero targets
7. Review and Challenge 8. Management Actions
The firm undertakes review and benchmarking of key scenario companents and climate metric design, The firm decides to reduce their exposure to assets in at-risk sectors and increase holdings in the renewable
regional calibration and expansion. It gathers expert input and review from key stakenolders and sector energy sector, which benefits as the scenario unfolds. Insurance policy terms are updated to increase the
experts. Feedback is then incorporated back into earlier phases. exclusions in the policy for extreme weather events.

Y Multiple Bread Basket Failure: Recent research shows the likelihood of a multiple-breadbasket failure (global harvest failure of over 15% relative to average) occurring in a given year has increased from c. 1% in the past 20 years to . 2% in the next |
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11 Conclusion

Given the increasing regulatory drivers and public scrutiny, it is critical for the
financial services sector to act to mitigate climate risk in all its forms, while also
balancing this with putting mechanisms in place that influence corporate
decision-making. No action is not an option.

This framework is intended to provide an insightful reframing of the emerging
but rapidly evolving climate modelling space. It may be deployed by financial
services firms to embed STS in decision-making, either by choosing from
standard scenarios families or constructing bespoke scenarios. This will help firms
to understand their potential climate-related exposures, identify opportunities in
the near-term and make more risk-informed business decisions.

Conducting STS analysis is not a trivial exercise. This is exacerbated by the
evolving nature of STS design and modelling. Thus, expert judgement will be
required to construct the narratives and select the relevant variables to be
considered. In particular, significant data and modelling limitations exist, which
means that it is important to review and challenge assumptions and caveats of
the modelling before taking the results into consideration for decision-making.

Evolution of STS will be driven by several developments. Technological
advancements and data and modelling capabilities are rapidly evolving every
day, while wider understanding of the impacts of climate change are continuing
to grow. Climate models are becoming increasingly sophisticated, particularly
modules pertaining to the short-term. Short-term use cases are being
increasingly adopted and fully integrated by firms. These developments will likely
improve the capacity and reliability of performing such analysis over the coming
years.

Initiatives of collaboration between industry, academia, regulators and
consultants should continue to help address the challenges of STS analysis.
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Annex A. STS Maturity Survey Results

In September 2023, the CFRF STS Sub-group conducted a survey to evaluate
members' progress in developing climate STS narratives. This survey covered the
use of climate scenario modelling in general, along with the use of STS narratives,
modelling, variables, and likelihoods. 17 member firms responded to the survey,
41% were banks, 30% insurers and 29% asset managers.

The survey highlighted that while some respondents are in the very early stages
of developing STS, others have progressed to the point of considering how they
may assign likelihoods. For respondents that are currently immature with regards
to STS, almost all of them plan to develop narratives and modelling capabilities
within the next year, emphasising that this is an area of high priority development
area. Climate scenario modelling is commonly used by respondents for external
disclosures, scenario and stress testing and risk reporting, with an increasing
focus on STS analysis for business planning purposes.

Figure 16: A heat-scale showing the maturity of climate STS development

frxx x *  xx oo

Have identified  peveloped Implemented Detailed output ~ Have assigned
use cases for narratives modelling of at  variables and/or  likelihoods
short-term least one metrics

scenarios scenario

A.1l Use of climate scenario analysis and time horizon

Almost all respondents use climate scenario modelling and the majority of these
then use, or are planning to use, STS analysis. Almost half of respondents are
considering a single STS, with the rest considering three or more scenarios.

Figure 17: Extent to which respondents use scenario modelling

Do respondents use climate Are respondents using, or
scenario modelling? planning to use, STS scenarios?
Yes “ No Yes =~ No

All respondents consider “short-term” to be a maximum of five years, however

the exact duration used is dependent on the type of institution:

. Insurers and asset managers almost all responded one to three years.

. Banks were split on their answer, with the expectation that this is due to the
purpose of their use cases. E.g., the application for capital models being less
than a year, and the application for business planning tending to be three
to five years.



Figure 18: How to define the time horizon of STS

Aviva: Internal

10

o N B~ OO

3 months or less 3-12 months 1-3vyears 3 -5years 5 years +

Almost all respondents use climate scenario modelling for external disclosures,
with a significant number of respondents using it for scenario testing and stress
testing. The “other” category includes (pricing, uninsurable physical risk
assessment, asset allocation, non-life product underwriting, exposure
management and credit authorities and approval).

Figure 19: Use cases which are supported by climate scenario modelling
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The use cases for STS analysis are more focused on internal purposes e.g.,
business planning, risk appetite framework and scenario testing. Nearly three
quarters of respondents consider specific use cases when using STS. For
respondents that have developed climate STS, a range of approaches have been
adopted for reference scenarios. Some are based on NGFS scenarios with
adjustments applied, whereas others have developed more bespoke scenarios,
e.g., on a case specific basis, or a macroeconomic stress scenario.

A.2 Narratives

We have set out a list of some typical narratives used by respondents below. Most
respondents adjust long-term narratives to STS, but a few have developed STS
narratives from scratch to try to address potential gaps in existing long-term
narratives e.g., geopolitics, tipping points, feedback loops and disruptive
technology.
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Figure 20: Typical STS narrative themes

Building STS narratives from scratch

Adjusting long-term narratives to the STS

Tipping point of Atlantic Meridional Overturning
Circulation slowdown leading to fire sale of fossil
fuel industry and increased climate activism

Change in frequency and severity of physical risk
events

Varying adoption of carbon removal technology,
influenced by carbon prices. Retrofitting of
buildings to achieve improved Energy
Performance Certificates
Increased national commitments to be ‘Paris’
aligned

University of Exeter scenarios!¥

A.3

All respondents either already model climate STS or are planning to develop
modelling capabilities within the next two years.

A.4

Respondents are using a range of variables in climate STS analysis. Most
variables were focused on financial or transition risk, with only a few considering
physical risk variables (although one participant considered quantification of
several physical risks).

Figure 21: Variables considered for modelling in climate STS analysis (Variables
in bold were used by multiple respondents)

Transition based Physical based

Gross Domestic Product Temperature increases
Carbon price Flood events
Unemployment Sea level rise
Base rate Wildfire events
Minimum Energy Efficient Standard
House price index
Sectoral Gross Value Added
Equity prices
Carbon emissions

Modelling

Variables

A.5 Application of likelihoods to STS analysis

Respondents were split on whether they believe likelihoods should be assigned
to climate STS. No respondents currently associate likelihoods with STS.
Respondents that are intending to associate likelihoods in the future have not yet
established an approach for this. It was acknowledged by several respondents
that a level of expert judgement will be required in these decisions.

Figure 22: Approach to likelihoods in climate STS analysis
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Annex B. Data Providers Survey Results

In October 2023, the STS Sub-group conducted a survey to evaluate data
providers’ current and planned development of climate STS. 18 climate data
providers responded with the survey covering the: geographical coverage of data,
intended market, data sets and climate pathways used and the use of modelling
and variables. The definition of short-term used for this survey was five years.

Most respondents to the survey either have, or are developing, short-term
climate modelling capabilities. 78% of these models are, or are anticipated to be,
commercially available. For data providers that have not explored the
development of climate STS modelling capabilities, a variety of responses was
given. These included a focus on long-term scenarios, a lack of resources and
poor data quality for physical climate-related risk. Almost half of the data
respondents’ models are global models. Regional and country-specific models had
a relatively even split for the remaining models available.

Figure 23: Regions covered by respondents’ climate models

Country-specific 30%
Regional 22%
Global

All data providers referred to part of the financial services sector as forming part
of their intended market. Regulatory disclosures to date have focused on this
sector which is likely to be a driver for this.

Figure 24: Intended market for survey respondent’s models

Financial services
Corporate clients
Government

Energy and resources
Real estate
Manufacturing
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Most respondents use publicly available data sources for their models, and there
is a fairly even split between internally sourced and externally licenced data.

Figure 25: Data sources underpinning models

Publicly Available Data
Internal Data

Externally Licenced Data
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Publicly available data sources include the Coupled Model Intercomparison Project
(CMIP), the Fifth Generation of European Centre for Medium-range Weather
Forecasts Reanalysis (ERA5), UK Climate projections 2018 (UKCP18), Global
Trade Analysis Project (GTAP), International Best Track Archive for Climate
Stewardship (IBTrACS), Integrated Surface Database (ISD) and EU Global Energy
and Climate Output (GECO).

B.1 Scenario Narratives

Almost all respondents mentioned Representative Concentration Pathways
(RCPs) or Shared Socioeconomic Pathways (SSPs) in response to what scenario
narratives underpin their model. These pathways are used by the NGFS, IPCC
and IEA narratives. Other narratives included those that aligned to a business-
as-usual scenario or net zero scenarios. Respondents’ narratives are grouped
based on the global temperature rise associated with that scenario in 2100.

Figure 26: Global temperature rises associated with respondents’ models
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Most respondents use narratives that cover a range of implied temperature rises,
however there is a focus of scenarios that align to 1.5°C and 2°C. This may be
driven by the regulatory focus for firms to align targets to Net Zero or the Paris
Agreement. Respondents have also explored different types of transition, e.g.,
orderly and dis-orderly narratives as part of their scenarios.

B.2 Modelling
Just over 70% of respondents model both transition and physical risk, although

it appears more common to measure only physical risk, than only transition risk.

Transition risk variables were diverse but tended to focus on macroeconomic
variables rather than purely financial variables. Almost all respondents that cover
physical risk provide a form of flood, windstorm, and wildfires, and more niche
examples include bioclimatic indicators and extratropical cyclones.

Figure 27: Types of transition risk and physical risk variables considered

Transition risk variables Physical risk variables
Macroeconomic variables (e.g., GDP, inflation, Flooding (riverine, coastal, and pluvial)
interest rates, corporate spread)
Financial (incl. revenue loss, commodity price Wind (windstorm, tropical and extra tropical
volatility) cyclone, and tornado)
Technology (incl. retrofitting costs and energy Temperature extremities (extreme snow,
efficiency) heatwaves, and cold-waves)
Carbon price/taxes Drought
Asset prices Coastal erosion and inundation
Reputation (incl. credibility of net zero actions) Freeze, thaw, and hail
Greenhouse gas emissions Subsidence
Policy (e.g., bans on highly-polluting
technologies, energy efficiency regulation)
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Annex C.

STS Climate models

Figure 28: Types of STS climate modelling

Transition Risk

Integrated IAMs™ produce narrative-based transmission Risk assessment Reliant on numerous defined parameters and assumptions. IAMs: REMIND-

Assessment pathways for integrated variables, e.g., policy e Assumptions of a linear relationship may make such models MAgPIE,

Models (IAMs) ambition, land use and projected emissions. unsuitable for modeling complex non-linear dynamics. MESSAGEix-

e.g., o Potential oversimplifications made, e.g., omission of important GLOBIOM, GCAM

Computable CGEsY! and DSGEs!! are both numerical feedbacks and integrations between variables.

General : : ¢ Some rely upon an assumption that the economy is in a state of | CGEs:

Equilibrium gz%rggg?g%ngllirfsgglsiéGgfoﬁgﬂfﬁptgr? é?epsic‘:fv()f equilibrium (which is reached over longer time scales™) which GTAPXi  G-Cubed

models (CGEs) | hat the economy consists of multiple different sectors limits applicability to STS analysis. _

and Dynamic with individual supply and demand functions. DSGEs! e Only represent the end state of the system upon adjustment DSGEs:

Stochastic are a subset of CGEs that are also designed to analyse rather than progressive change over time. EMuSe model

Equilibrium the economic impacts of climate-related shocks, as e May require unrealistic assumptions e.g., all markets are described in

models well as changes in policy. ! perfectly competitivei and all agents in the economy have Hinterlang, Martin,

(DSGEs) perfect information and foresight. Rohe, Stahler, and
e Sectoral and regional coverage can be limited. Strobel, 2023,

CatDSGE
Semi-structural | Combination of elements of both structural and Risk assessment e Highly data intensive to produce useful outputs. NiGEM

economic reduced-form models, which are used to simulate e Model complexity can entail challenging communication of
models macroeconomic variables for a given scenario, often results.
used in the context of analysing counterfactual ¢ Some models, e.g., NiGEM, lack sectoral granularity.
policies.X¥
I-O (Input- I-O frameworks represent sectoral interdependencies Risk assessment e Accuracy of leakage measures. Koks and Thissen,

Output) models

Physical Risk

Circulation
Models

e.g., General
Circulation
Models (GCMs),
Regional
Climate Models
(RCMs) and
Earth System
Models (ESMs)

through the interaction of the flow of goods and
services between different sectors of the economy.

GCMs™Vi; Large-scale climate models that analyse the
physical processes pertaining to climate dynamics
(e.g., atmospheric and ocean dynamics). Typical
resolutions range from 250km to 600km.

RCMsXVii; Regional-scale climate models, based on
the same principals as GCMs, but are able to provide
higher-resolution outputs.

ESMsXVilL; Integrated atmospheric, ocean, land and

cryosphere models. These models expand on CGMs to
capture interactions between different components of

Risk assessment

e Assumes an absence of supply constraints is unable to capture

feedback Ioops.'xJ

e Oversimplification, especially on the production side of the
economy.

o Computationally expensive™* due to requirement to model a
large location, model at a high resolution and/or due to the
integration of several models.

¢ Not well-suited to modelling the complex, non-linear dynamics of
the Earth system.

¢ GCMs and RCMs are not well suited to modelling impacts of
feedback loops.

¢ Not suited to modelling impacts of abrupt climate change or STS
shocks, so less applicable for STS analysis.

e Often calibrated using historical data which can lead to
overfitting and poor predictions.

2016

GCMs: CCSM,
HadGEM

RCMs: WRF,
RegCM

ESMs: MAGICC,
MIROC
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the Earth system, including the carbon cycle and
biogeochemical processes.

Natural
catastrophe
models
(NatCat)

NatCat models™ consist of four key components:
event, hazard, vulnerability and financial modules.
Models can be run stochastically in order to enable
companies to output a distribution of results.
Financial modules™ of NatCat models translate the
physical damages of climatic events into monetary
losses. Additional features, e.g., limits and
deductibles, can then be applied depending on the
nature of the firm.

Transition Risk and Physical Risk or Carbon Emissions

Risk assessment
and financial
impact

e Computationall

e High dependence on quality of input data and assumptions

restricts the temporal and spatial coverage.

e Rarity of catastrophe eventsi |imits effectiveness of model

validation.

e Limited capacity to perform independent modelling of transition

risk.

e Limited ability to capture the complex interactions between

economic conditions and climate-related variables.
expensive.

SEAGLASS,
Moody’s RMS,
EQECAT, AIR
Worldwide, JBA.

transition risk

Large-scale Models designed to simulate the behaviour of the Financial e Reliant on assumptions about the relationships between key NiGEM
econometric economyii ynder different scenarios of economic and | impact: financial and climate variables.
models technological developments. They capture the Exposure impact o Computationally expensive due to their data-intensive nature.

interactions between financial and climate variables; e Vulnerable to oversimplifications due to their inability to capture

they also provide insights into how different policies all complex interactions between financial and climate variables

and scenarios might affect the climate™, They are the economy and environment which can lead to inaccurate

built using dynamic equations to represent supply and predictions.xxv

demand with coefficients based on regressions.
Projected Models that can project emissions trajectories based Financial ¢ Strong dependency on assumptions about future unknowns (e.g., | CMIPeXxvii
emissions on different scenario pathways, e.g., Representative impact: evolutions in scalable technology, population growth, changes in
models Concentration Pathways (RCPs). Projections™¥ rely on | Projected policy).

assumptions e.g., future economic growth, fossil fuel portfolio « Difficulty in efficiently validating™i projections of the future.

prices and electricity generation costs. emissions e Dependence on accurate and up-to-date data.

e Requires an accurate baselining of current emissions.

Credit risk The integration of physical and transition risk into Financial e No data exists to explicitly measure empirical links between | Climate-adjusted
models existing credit risk models™x, They are used to impact: climate and credit risk. PD.

forecast future trends and to identify the potential Exposure impact e Expected gaps in climate risk currently captured in credit risk

climate-related credit risk posed at company or models.xx

sectoral level in light of both physical and transition

risk.
Physical and Models used to overlay physical and transition risk Financial o Difficulty in back testing and validation. Combination of
transition risk impacts onto credit risk, asset valuations and other Impact: e Ensuring that the same assumptions have been applied to the REMIND-MAGgPIE,
aggregation key outputs. Combine base model as well as the climate risk aggregation is non-trivial. | MAGICC and
models physical and Kalkuhl & Wenz

(2020)

Aviva: Internal




FCA Official

Aviva: Internal

Annex D. Table of Figures

Figure 2: Our Climate STS Analysis Framework 6
Figure 2: Illustrative examples of use cases for climate STS analysis 8
Figure 3: An extract from Aviva’s 2023 Climate report 9
Figure 4: Climate transition: A wide diversity of shocks, which can coexist 12
Figure 5:NGFS STS scenarios 13
Figure 6: UNEP FI & NIESR scenarios shocks 13
Figure 7: Developing a bespoke scenario for Climate STS analysis 14
Figure 8: An illustration of short-term scenario impact from Barclay’s 2023 annual
report 15
Figure 9: First and second order physical and transition risk transmission
channels based on the NGFS STS conceptual paper 17

Figure 10: High-level framework for an end-to-end modelling approach for STS
combining top-down sectoral models for transition risk and bottom-up models for
physical risk 20
Figure 11: A single scenario from Generating scenarios algorithmically 22
Figure 12: Oil demand- three varied climate trajectory scenarios 25
Figure 13: Most energy modellers have missed the transition 26
Figure 14: Addressing model limitations 31
Figure 15: Case Study, adapted from Kornhuber et al. 2020 33
Figure 16: A heat-scale showing the maturity of climate STS development 35
Figure 17: Extent to which respondents use scenario modelling 35
Figure 18: How to define the time horizon of STS 36
Figure 19: Use cases which are supported by climate scenario modelling 36
Figure 20: Typical STS narrative themes 37
Figure 21: Variables considered for modelling in climate STS analysis (Variables
in bold were used by multiple respondents) 37
Figure 22: Approach to likelihoods in climate STS analysis 37
Figure 23: Regions covered by respondents’ climate models 38
Figure 24: Intended market for survey respondent’s models 38
Figure 25: Data sources underpinning models 38
Figure 26: Global temperature rises associated with respondents’ models 39
Figure 27: Types of transition risk and physical risk variables considered 39
Figure 28: Types of STS climate modelling 40

Annex E.

References

2023 to be hottest year on record, EU scientists say | Reuters

i Global Tipping Points | Home (global-tipping-points.orq)

i Fmissions Gap Report 2023 | UNEP - UN Environment Programme

v Climate Financial Risk Forum Guide 2020 - Scenario Analysis chapter (fca.org.uk)

v Climate Financial Risk Forum Guide 2021: Scenario Analysis (fca.org.uk)

vi CFRF Guide 2022: Scenario Analysis Working Group — Banking guide (fca.org.uk)

vii CFRF Guide 2022: Scenario Analysis - physical risk underwriting guide (fca.orqg.uk)

vi. CFRF Guide 2023: Scenario anlaysis: Guide for Asset Managers (fca.org.uk)

x CFRF Guide 2022: Scenario Analysis - financial firms (fca.org.uk)

X NGFS scenarios: Purpose, use cases and guidance on where institutional adaptations are

required
xi wp922 0.pdf (banque-france.fr)

xii NGFS scenarios: Purpose, use cases and guidance on where institutional adaptations are

required


https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf
https://www.reuters.com/business/environment/climate-change-2023-will-be-warmest-year-record-eus-copernicus-2023-12-06/
https://global-tipping-points.org/
https://www.unep.org/resources/emissions-gap-report-2023
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-scenario-analysis.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-banking-guide.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-physical-risk-underwriting-guide.pdf.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2023-scenario-analysis-guide-asset-managers.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-in-financial-firms.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf
https://publications.banque-france.fr/sites/default/files/medias/documents/wp922_0.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf

Aviva: Internal

xii | oading the DICE Against Pensions - Carbon Tracker Initiative

xiv CFRF Guide 2022: Scenario Analysis - physical risk underwriting guide (fca.org.uk)

XV CFRF Guide 2022: Scenario Analysis Working Group — Banking guide (fca.org.uk)

XViAviva Climate Related Financial disclosure 2023:
https://static.aviva.io/content/dam/aviva-corporate/documents/socialpurpose/pdfs/aviva-
plc-climate-related-financial-disclosure-2023.pdf

xvii - A typology of compound weather and climate events | Nature Reviews Earth &
Environment

xvii ngfs compound risks implications for physical climate scenario analysis.pdf

xix NGFS scenarios: Purpose, use cases and guidance on where institutional adaptations are
required

X wp922 0.pdf (banque-france.fr)

xxi Conceptual note on short-term climate scenarios (ngfs.net)

xxii Scenarios for Assessing Climate-Related Risks: New Short-Term Scenario Narratives|
UNEP FI and NIESR (unepfi.org)

xxiii Barclays PLC - Annual Report - 2023 (home.barclays)

xxiv. CFRF: Scenario analysis working group: climate litigation risk chapter (fca.org.uk)

xxv Conceptual note on short-term climate scenarios (ngfs.net)

xxvi Fyropean Climate Risk Assessment — European Environment Agency (europa.eu)

xxvii CFRF Guide 2022: Scenario Analysis - physical risk underwriting guide (fca.org.uk)
xviiHSBC ~ Annual Report 2023:  https://www.hsbc.com/-/files/hsbc/investors/hsbc-
results/2023/annual/pdfs/hsbc-holdings-plc/240226-annual-report-and-accounts-
2023.pdf?download=1

xxix The economics of climate change | Swiss Re

xxx wp774.pdf (banque-france.fr)

xxxi CFRF Scenario Analysis: Learning from the 2021/22 Climate Biennial Exploratory Scenario
(CBES) (fca.org.uk)

xxxii. Climate Financial Risk Forum Guide 2020 - Risk management chapter (cgfi.ac.uk)

xxxii Memo _Tools-for-Near-Term-Climate-Risk-Management.pdf (whitehouse.gov)

xxxiv.ngfs compound _risks implications for physical climate scenario analysis.pdf

xxv (PDF) Generating scenarios algorithmically (researchgate.net)

xxvi Dealing with Uncertainty in Scenario Analysis: Stochastic vs. Deterministic Approaches
(garp.org)

xxvii Frontiers | Climate-change scenarios require volatility effects to imply substantial credit
losses: shocks drive credit risk not changes in economic trends (frontiersin.org)

xoviii Deyveloping A Short-Term Climate Stress Scenario to 2030 - Combining Climate
Narratives with Empirical Credit Model Shocks Benchmarked to the ‘Great Recession by Scott
D. Aguais, lawrence forest :: SSRN

xxxix Climate risk stress test - Methodology (europa.eu)

xI The Road to Paris: stress testing the transition towards a net-zero economy (europa.eu)
Xl Sixth Carbon Budget - Climate Change Committee (theccc.org.uk)

xlii | ong-term Qil Macro Scenarios whitepaper (rystadenergy.com)

i -mj renewable revolution.pdf

xliv All options, not silver bullets, needed to limit global warming to 1.5 C: a scenario appraisal
(iop.org)

xIv working-paper-382-VVenmans-and-Carr.pdf (Ise.ac.uk)

xvi NGFS Scenarios Portal

xvii Solvency II - European Union (europa.eu)

xvii. Base| Framework (bis.org)

xlix 551/23 - Model risk management principles for banks | Bank of England

I Technical Actuarial Standards (frc.org.uk)

i Frontiers | “All scenarios are wrong, but some are useful”—Toward a framework for
assessing and using current climate risk scenarios within financial decisions (frontiersin.org)
li A framework for assessing financial impacts of physical climate change - a practitioner's
aide for the general insurance sector (bankofengland.co.uk)

lit The economics of climate change | Swiss Re

liv- Amplified Rossby waves enhance risk of concurrent heatwaves in major breadbasket
regions | Request PDF (researchgate.net)

v actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-scenarios. pdf

Vi Q&A: How 'integrated assessment models' are used to study climate change
(carbonbrief.org)

Vi Computable General Equilibrium Modelling in Regional Science | SpringerLink



https://carbontracker.org/reports/loading-the-dice-against-pensions/
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-physical-risk-underwriting-guide.pdf.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-banking-guide.pdf
https://static.aviva.io/content/dam/aviva-corporate/documents/socialpurpose/pdfs/aviva-plc-climate-related-financial-disclosure-2023.pdf
https://static.aviva.io/content/dam/aviva-corporate/documents/socialpurpose/pdfs/aviva-plc-climate-related-financial-disclosure-2023.pdf
https://www.nature.com/articles/s43017-020-0060-z
https://www.nature.com/articles/s43017-020-0060-z
https://www.ngfs.net/sites/default/files/media/2023/11/07/ngfs_compound_risks_implications_for_physical_climate_scenario_analysis.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guidance_note_on_the_scenarios.pdf
https://publications.banque-france.fr/sites/default/files/medias/documents/wp922_0.pdf
https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf
https://www.unepfi.org/themes/climate-change/scenarios-for-assessing-climate-related-risks-new-short-term-scenario-narratives-by-unep-fi-and-niesr/#:~:text=Publications%2C%20Risk%2C%20TCFD-,Scenarios%20for%20Assessing%20Climate%2DRelated%20Risks%3A%20New%20Short%2DTerm,by%20UNEP%20FI%20and%20NIESR&text=The%20use%20of%20climate%20scenario,volatility%2C%20and%20potential%20systemic%20vulnerabilities
https://www.unepfi.org/themes/climate-change/scenarios-for-assessing-climate-related-risks-new-short-term-scenario-narratives-by-unep-fi-and-niesr/#:~:text=Publications%2C%20Risk%2C%20TCFD-,Scenarios%20for%20Assessing%20Climate%2DRelated%20Risks%3A%20New%20Short%2DTerm,by%20UNEP%20FI%20and%20NIESR&text=The%20use%20of%20climate%20scenario,volatility%2C%20and%20potential%20systemic%20vulnerabilities
https://home.barclays/content/dam/home-barclays/documents/investor-relations/reports-and-events/annual-reports/2023/Barclays-PLC-Annual-Report-2023.pdf
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-working-group-climate-litigation-risk-chapter.pdf
https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf
https://www.eea.europa.eu/publications/european-climate-risk-assessment
https://www.fca.org.uk/publication/corporate/cfrf-guide-2022-scenario-analysis-physical-risk-underwriting-guide.pdf.pdf
https://www.hsbc.com/-/files/hsbc/investors/hsbc-results/2023/annual/pdfs/hsbc-holdings-plc/240226-annual-report-and-accounts-2023.pdf?download=1
https://www.hsbc.com/-/files/hsbc/investors/hsbc-results/2023/annual/pdfs/hsbc-holdings-plc/240226-annual-report-and-accounts-2023.pdf?download=1
https://www.hsbc.com/-/files/hsbc/investors/hsbc-results/2023/annual/pdfs/hsbc-holdings-plc/240226-annual-report-and-accounts-2023.pdf?download=1
https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-natural-catastrophe-risk/expertise-publication-economics-of-climate-change.html
https://publications.banque-france.fr/sites/default/files/medias/documents/wp774.pdf
https://www.fca.org.uk/publication/corporate/cfrf-scenario-analysis-2023-learning-bienennial-exploratory-scenario-cbes.pdf
https://www.fca.org.uk/publication/corporate/cfrf-scenario-analysis-2023-learning-bienennial-exploratory-scenario-cbes.pdf
https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CBES-Reports-Survey-Report.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/12/Memo_Tools-for-Near-Term-Climate-Risk-Management.pdf
https://www.ngfs.net/sites/default/files/media/2023/11/07/ngfs_compound_risks_implications_for_physical_climate_scenario_analysis.pdf
https://www.researchgate.net/publication/343343977_Generating_scenarios_algorithmically
https://www.garp.org/podcast/stochastic-vs-deterministic-cr-092823
https://www.garp.org/podcast/stochastic-vs-deterministic-cr-092823
https://www.frontiersin.org/articles/10.3389/fclim.2023.1127479/full
https://www.frontiersin.org/articles/10.3389/fclim.2023.1127479/full
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4778570
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4778570
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4778570
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.climateriskstresstest2021~a4de107198.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op328~2c44ee718e.en.pdf
https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.rystadenergy.com/insights/long-term-oil-macro-scenarios-whitepaper
https://rmi.org/wp-content/uploads/dlm_uploads/2023/06/rmi_renewable_revolution.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/abfeec/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/abfeec/pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2022/11/working-paper-382-Venmans-and-Carr.pdf
https://www.ngfs.net/ngfs-scenarios-portal/faq/
https://www.eiopa.europa.eu/browse/regulation-and-policy/solvency-ii_en#:~:text=Solvency%20II%20is%20the%20prudential,protection%20of%20policyholders%20and%20beneficiaries.
https://www.bis.org/basel_framework/
https://www.bankofengland.co.uk/prudential-regulation/publication/2023/may/model-risk-management-principles-for-banks-ss
https://www.frc.org.uk/library/standards-codes-policy/actuarial/technical-actuarial-standards/
https://www.frontiersin.org/articles/10.3389/fclim.2023.1146402/full
https://www.frontiersin.org/articles/10.3389/fclim.2023.1146402/full
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2019/a-framework-for-assessing-financial-impacts-of-physical-climate-change.pdf
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2019/a-framework-for-assessing-financial-impacts-of-physical-climate-change.pdf
https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-natural-catastrophe-risk/expertise-publication-economics-of-climate-change.html
https://www.researchgate.net/publication/337847056_Amplified_Rossby_waves_enhance_risk_of_concurrent_heatwaves_in_major_breadbasket_regions
https://www.researchgate.net/publication/337847056_Amplified_Rossby_waves_enhance_risk_of_concurrent_heatwaves_in_major_breadbasket_regions
https://actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-scenarios.pdf
https://www.carbonbrief.org/qa-how-integrated-assessment-models-are-used-to-study-climate-change/
https://www.carbonbrief.org/qa-how-integrated-assessment-models-are-used-to-study-climate-change/
https://link.springer.com/chapter/10.1007/978-3-319-50590-9_4

Aviva: Internal

Vi DSGE Model-Based Forecasting - Federal Reserve Bank of New York - FEDERAL RESERVE
BANK of NEW YORK (newyorkfed.org)

lix policy Analysis Using DSGE Models: An Introduction by Argia M. Sbordone, Andrea
Tambalotti, Krishna Rao, Kieran James Walsh :: SSRN

x Advances and challenges in climate modeling | Climatic Change (springer.com)

Xi Fyaluating process-based integrated assessment models of climate change mitigation |
Climatic Change (springer.com)

Xii Market Equilibrium and the Perfect Competition Model (saylordotorg.github.io)

Ixiit GTAP Models: Current GTAP Model (purdue.edu)

Xiv JMP_2nd_resubmission.pdf (mit.edu)

xv_ Input-Output Models for Impact Analysis: Suggestions for Practitioners Using RIMS II
Multipliers (bea.gov)

xvi What is a GCM? (ipcc-data.org)

Ixvii Background - Regional and Global Climate (oregonstate.edu)

Ixviii. Farth system models (Chapter 5) - Understanding the Earth System (cambridge.org)

xix Atmospheric General Circulation Models (researchgate.net)

b Quantifying the sources of simulation uncertainty in natural catastrophe models |
Stochastic Environmental Research and Risk Assessment (springer.com)

xxi The Science & Technology of Catastrophe Risk Modeling | Moody's RMS

i Catastrophe models: The good, the bad and the ugly | PreventionWeb

Ixxiii. Macroeconomic Models, Forecasting, and Policymaking (clevelandfed.org)

Ixxiv. EFconometrics for Modelling Climate Change | Oxford Research Encyclopedia of Economics
and Finance

bxv Advances and challenges in climate modeling | Climatic Change (springer.com)

kxvi Energy and emissions projections - GOV.UK (www.gov.uk)

bxvii ykep18-guidance---caveats-and-limitations.pdf (metoffice.gov.uk)

Ixviii CMIP6: the next generation of climate models explained - Carbon Brief

bxix oyerview-of-modeling-credit-portfolios. pdf (moodysanalytics.com)

xx Bank of England report on climate-related risks and the requlatory capital frameworks |
Bank of England

44


https://www.newyorkfed.org/research/staff_reports/sr554.html#:~:text=Dynamic%20stochastic%20general%20equilibrium%20(DSGE,and%20to%20perform%20policy%20analysis.
https://www.newyorkfed.org/research/staff_reports/sr554.html#:~:text=Dynamic%20stochastic%20general%20equilibrium%20(DSGE,and%20to%20perform%20policy%20analysis.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1692896
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1692896
https://link.springer.com/article/10.1007/s10584-021-03298-4#citeas
https://link.springer.com/article/10.1007/s10584-021-03099-9
https://link.springer.com/article/10.1007/s10584-021-03099-9
https://saylordotorg.github.io/text_principles-of-managerial-economics/s06-market-equilibrium-and-the-per.html
https://www.gtap.agecon.purdue.edu/models/current.asp
https://economics.mit.edu/sites/default/files/publications/JMP_2nd_resubmission.pdf
https://www.bea.gov/system/files/papers/WP2012-3.pdf
https://www.bea.gov/system/files/papers/WP2012-3.pdf
https://www.ipcc-data.org/guidelines/pages/gcm_guide.html
https://regclim.coas.oregonstate.edu/dynamical-downscaling/background/
https://www.cambridge.org/core/books/abs/understanding-the-earth-system/earth-system-models/BE1520F579A916E3C9A3941300E8B4C3
https://www.researchgate.net/publication/314611241_Atmospheric_General_Circulation_Models
https://link.springer.com/article/10.1007/s00477-017-1393-0
https://link.springer.com/article/10.1007/s00477-017-1393-0
https://www.rms.com/catastrophe-modeling?contact-us=cat-modeling
https://www.preventionweb.net/news/catastrophe-models-good-bad-and-ugly
https://www.clevelandfed.org/publications/economic-commentary/2011/ec-201119-macroeconomic-models-forecasting-and-policymaking
https://oxfordre.com/economics/display/10.1093/acrefore/9780190625979.001.0001/acrefore-9780190625979-e-675
https://oxfordre.com/economics/display/10.1093/acrefore/9780190625979.001.0001/acrefore-9780190625979-e-675
https://link.springer.com/article/10.1007/s10584-021-03298-4
https://www.gov.uk/government/collections/energy-and-emissions-projections
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukcp18-guidance---caveats-and-limitations.pdf
https://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained/
https://www.moodysanalytics.com/-/media/whitepaper/2021/overview-of-modeling-credit-portfolios.pdf
https://www.bankofengland.co.uk/prudential-regulation/publication/2023/report-on-climate-related-risks-and-the-regulatory-capital-frameworks
https://www.bankofengland.co.uk/prudential-regulation/publication/2023/report-on-climate-related-risks-and-the-regulatory-capital-frameworks

