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1 Introduction

1. The main purpose of this paper is to set out methodological principles to incorporate
climate change-related risks in a stress testing framework, which can be used when
developing future EIOPA bottom-up stress test (ST) on climate change risks. As such, it can
be seen as a methodological tool-box which can inform the design and calibration of future
supervisory climate STs and is part of EIOPA’s broader strategy on integrating sustainability
and climate-related assessment into its various supervisory processes and framework!2.

2. While there are clear similarities between traditional stress testing in the financial sector
and climate change stress testing, several specific challenges related to assessing climate
change vulnerabilities exist. While being a relatively new risk compared to other traditional
insurance specific and financial risks, climate change risk rapidly gained a high priority in the
agendas of supervisors and policymakers. The specificity of the topic and of the events to
be assessed require expertise that go beyond the usual financial / insurance perimeter,
hence a close cooperation among different disciplines and the combination of various
different tools and data sources to understand the potential implications of climate change
for the financial sector and insurer is needed. Additionally, the long term nature of the
climate change related events exceeds the time horizons used in traditional stress testing
requiring a general reassessment of this element. Not only that climate change has a long
time horizon, it is a process that has already started and has an impact today. Against this
background, a consensus on standardized methodologies has not been reached yet and the
topic is in rapid evolution.

3. Also the long term nature of the climate change related events® have a relevant effect on
the uncertainty, nature and time horizon of any climate change scenario, as the impact of
climate change is likely to be structural, irreversible and non-linear and the impacts may
only manifest themselves beyond the typical short term time horizon for stress testing.*
Against this, considerations on exogenous elements such as adaptation strategies,
technological advances and responses (management actions) to climate change become
relevant (see Table 1-1 for an overview of several key assumptions and uncertainties that
can affect climate scenarios).

TABLEL-1 KEY ASSUMPTIONSID UNCERTAINTIHSRROUNDING CLIMATEABIGE SCENARIOS

Key assumptions and = Macroeconomic Macroeconomic Financial stability Financial stability

uncertainties physical transition physical transition

Determines the speed
and timing of transition,
and also may have
diffuse impacts on
different sectors (for

Determine the extent of| Determine the speed Determine the extent of

Future climate policy warming and timing of transition | warming

! This papeis partof EIOP®Ba O NP | RSNJ adzadl Ayl oAftAGe 3SyRIF G2 AydsS3
(ESG) risk assessment in the regulatory and supervisory framework. EIOPA is committed to supporting the
European insurance and occupational pension sectors in their trangiti climate neutrality and to deliver on

0KS WDNBSY 5SItQ AYAGAFGSR o0& GKS 9dzNRPLISFY [/ 2YYA&AAZ2Yy
2 Takinginto account that similar workre currently carried out in various international fora (IAIS, NGFS, GFIA

etc.), this paper has arovisional nature and the is apossibility that it will be updated in the coming years in

the light ofnew developmentgyiven thecurrent discussions taking place worldwide.

3 Climate change hdeng term impacts but it has also impacts already tod&yr. example, the recent extreme

events in 2021 can be linked to climate change.

4 The structural, nodinear and irreversible impact of climate change in the long run has also been referred to

as the Tragedy of the Horizons (Mark CariBrgaking the Tragly of the Horizorg Climate Change and Financial

Stability, 2015):while the physical impacts of climate change will be felt over a-teng horizon, the time

horizon in which financial, economic and political players plan and act is much shorter
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example, a widespread
carbon tax)

Rate of progress in
carbonneutral
technology

Determine the extent of
warming

Could reduce costs or
actually result in an
increase in GDP

Determine the extent of
warming

Key technologies (for
example carbon capturg
and storage) will be
particularly important
for some sectors, and
result inless disruption
to existing business
models

Feedback loops within
the model

Key assumptions (e.g.
about GDP) are often
taken as external in the
model

Economy may be
affected indirectly
through seconeround
effects

Financial stability risks
could beexacerbated
by seconeround
impacts

Financial stability risks
could be exacerbated
by seconeround
impacts

Level of adaption and
adaptive capacity

Higher level of adaption
could lower the long
term physical damages
but might entail higher
adaption costsri the
shortterm

More diversified
economies, adaptive
firms, and resilient
financial systems could
reduce transition costs

Higher level of adaption
could lower the long
term physical damages
but might entail higher
adaption costs in the
shortterm

More diwersified
economies, adaptive
firms, and resilient
financial systems could
reduce transition costs

Nor+linear impacts /
uncertainties in climate
modelling

Damages may be highe
than expected, either
through direct losses to
particular sectors or
through general
macroeconomic
channels

Higherthan-expected
damages could impacts
the speed and timing of
climate policy

Damages may be highe|
than expected, either
through direct losses to
particular sectors or
through general
macroeconomic
channels

Higherthan-expected
damages could impacts
the speed and timing of
climate policy

Source: NGR3019)

4, Moreover, historical data and experience are building up, which means that climate
change scenarios are inherently more forward-looking and rely heavily on assumptions
about possible future equilibria and interactions between physical, transition and liability
risks. In light of these challenges, EIOPA acknowledges that any EU-wide climate change ST
should be at this stage seen as an important learning process with a more explorative
nature, where each ST exercise will evolve as expertise and capacity is built over time. An
important element of climate stress testing is therefore about raising awareness, enhancing
risk management capabilities and understanding how insurers assess climate related risks
themselves and evaluate potential spillover effects to other financial sectors and the real

economy.

5. Finally, it should be noted that this paper focuses solely on climate change related risks and
does not consider other environmental and sustainability risks for insurers. This is in line
with the current focus within the global supervisory community on climate change as a
wide-ranging and potentially large-scale transformation compared with other aspects of
sustainability. Furthermore, this paper is mainly concerned with the financial impact of
climate change related risks and does not look at specific liquidity risk stemming from
climate change (approaches to liquidity stress testing for insurers in general are discussed
in the Methodological Principles of Insurance Stress Testing — Liquidity component®).

1.1 Climate change risknd transmission channels

6. Climate change is by now widely recognized as an important source of financial risk for the
financial sector and for insurers in particular.® Climate change related risks can not only
adversely affect the safety and soundness of individual firms and the wider financial sector,

5 TheMethodological Principles of Insurance Stress Testing
https://www.eiopa.europa.eu/s

i Liquidity is available at
ites/default/files/financial_stability/insurance_stress_test/methodological -

principles -liquidity.pdf

6 See for instance SIF
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10.

but also affect the insurability of risks, impacting the affordability and availability of
insurance products with potential implications for the insurance protection gap (difference
between total economic losses and insured losses’). It is therefore increasingly relevant to
EIOPA’s mandate to monitor and assess the resilience of the European insurance sector to
adverse climate developments. In particular, stress testing and scenario analysis are seen
as important tools to better understand and assess potential financial and economic risks
stemming from climate change given the high-level of uncertainty involved and the more
forward-looking nature of climate scenarios, to ensure that the financial system is resilient
to these risks.

The financial risks stemming from climate change for insurers are typically divided into two
different channels: physical risks and transition risk®.

Physical risk refers to the risk faced by financial institutions due to the economic costs and
financial losses resulting from the direct physical impact of increasing severity and
frequency of extreme climate change-related weather events (such as heat waves,
landslides, floods, wildfires and storms) as well as longer term progressive shifts of the
climate (such as changes in precipitation, extreme weather variability, ocean acidification,
and rising sea levels and average temperatures). For insurers, this could not only affect their
own physical assets and investments, but also their insurance liabilities (through higher
claims). For life insurers, increased morbidity (ill-health and specifically the rate of incidence
of ill-health) and mortality from severe heat waves and other indirect impacts of rising
temperatures may affect life insurance liabilities.

Transition risk refers to the risk related to the process of adjustment towards a low-carbon
economy to meet the objectives of the Paris climate agreement, which may lead to a
reassessment of a wide range of asset values, in particular for climate-sensitive sectors (for
instance carbon/GHG intensive sectors such as fossil fuels). The transition to a
carbon-neutral economy also presents some opportunities for the financial sector, for
example, financing investments in building energy efficiency, renewable energy and
carbon-neutral transportation. A range of factors influence the adjustment process to a low-
carbon economy, including: climate change-related developments in policy and regulation,
the emergence of disruptive technology or business models, shifting sentiment and societal
preferences. Transition risks are particularly pronounced for abrupt and disorderly
transitions to a low-carbon economy. Legal liability/litigation risk refers to the risk of
climate-related claims under legal liability policies, as well as direct claims against insurers
for failing to manage climate risks. Liability risk may arise when parties who have suffered
losses from climate change seek compensation from those they believe may have been
responsible (for instance through failure to mitigate, adapt or disclose climate change-
related risks). Liability risks are of particular relevance to insurance undertakings as these
risks can be transferred by means of third-party liability protection, such as professional
indemnity or directors’ and officers’ insurance.

This paper considers only climate change-related risks stemming from physical and
transition risks (excluding legal liability risk). While legal liability/litigation risk is also

" See for instance EIOPA papéRgport on nodife underwriting and pricing in light of climate change | Eiopa
(europa.a1), The pilot dashboard on insurance protection gap for natural catastrophes | Eiopa (europa.eu)

81n 2021 EIOPAssued a second opinion related to climate change scenario in the ORSiAN on the
supervision of the use of climatéange risk scenarios in ORSA | Eiopa (europalhere it was decided to

dza 8

GKS RSTAYAGUAZ2Y FNRBY (KS 9-izhkRidlIsponingy/Sapplafert ani 2 vy Q &

reporting climaterelated information, Communication from the Commission, Q0%; 20.06.2019, p. 1.
whereonly physical and transition riskae mentioned(litigation risk is under transition risk).

6/57

D dzA


https://www.eiopa.europa.eu/document-library/report/report-non-life-underwriting-and-pricing-light-of-climate-change_en
https://www.eiopa.europa.eu/document-library/report/report-non-life-underwriting-and-pricing-light-of-climate-change_en
https://www.eiopa.europa.eu/document-library/feedback-request/pilot-dashboard-insurance-protection-gap-natural-catastrophes_en
https://www.eiopa.europa.eu/document-library/opinion/opinion-supervision-of-use-of-climate-change-risk-scenarios-orsa
https://www.eiopa.europa.eu/document-library/opinion/opinion-supervision-of-use-of-climate-change-risk-scenarios-orsa

11.

12.

important in the context of climate change, it is not addressed further in the paper as there
is currently very little evidences and information available in the literature on
methodologies to incorporate this in stress testing frameworks (also in the absence of
jurisprudence and/or settlements related to climate change lawsuits).?

The paper also excludes consideration on the impact on the asset-pricing stemming from
the application of newly developed technologies whose impact is expected over long time
horizons and so far subject to incomplete and non-conclusive assessment.

Many studies have found that climate change-related risks can have a significant impact on
the economy, in particular in the medium to long term, and is likely to affect different
economic sectors and geographic regions differently.!® Climate change risks also have direct
implications for both the asset side and liability side of insurers. Table 1-2 provides an
overview of the main transmission channels for insurers and highlights which ones are
covered in this paper. It is worth noting that if a transmission channel listed in table is not
covered in this paper, it does not imply that it will not be included in future stress test
exercises. EIOPA will keep working on these aspects and consider their inclusion in the
stress test framework once deemed as sufficiently mature.

TABLEL-2 OVERVIEW OF MAIN TRAMNISSION CHANNELRFTQLIMATE CHANGRELATED RISKS

Transmission channel Balance sheet Example Covered in
impact this paper?
Underwritingrisk Liabilities Higher than expected insurance claims
damaged insured assets (ndife) or higher than Yes
expected mortality or morbidity rates
(life/health)
Market risk Assets Impairing of asset values due to financial losg
affecting profitablity of firms, due to for instance Yes
business interruptions, or damage to real estat
=
2 Specific example: equity price shocks
g Credit risk Assets Deteriorating creditworthiness of
14 borrowers/bonds/counterparties/reinsurers due Yes
o to financial lossestemming from climate changg
Specific example: bond pricelyield shock
Operational risk Assets Disruption of own insurance activities and/ No
assets, such as damage to own property
Liquidity riskt Assets / Unexpected higher payoutnd/or lapses as
Liabilities broader economic environment deteriorates No (not as
part of
climate ST)
c Market risk Assets Impairment of financial asset values due to o
g carbon transition, for instance stranded asse Yes
2 ] WoNR oYy Q NBI fdecrdaseiih viabe d
E carbon/GHG intensive sectors.
Specific example: equity price shock
® This does not mean that insurers and supervisors should ignore potential legal liability risks within their risk
management and su  pervisory frameworks  beyond stress testing.
10 See for instance OECD Economic Consequence of Climate Change (2015), The Cost of Inaction (The Economist
Intelligence Unit 2015), NGFS First Comprehensive Report: A Call for Action (2019) or The Green Swan: Cen tral

banking and financial stability in the age of climate change (BIS/Banque de France 2020).

1 This concerns liquidity risk specifically stemming from climate change related risks, which is not considered

further in this chapter. However, please note tha t The Methodological Principles of Insurance Stress Testing i
Liquidity component __ discusses the general approa ch to liquidity risk stress testing for insurers.

7157


https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/methodological-principles-liquidity.pdf
https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/methodological-principles-liquidity.pdf

Credit risk Assets Deteriorating creditworthiness 0
borrowers/bonds/counterparties as entities thg Yes
fail to properly address transition risk may suffi
losses

Specific example: bond pricelyield shock

Underwriting risk Liabilities Decrease of underwriting business due No
increase of insurance prices in response to hig
than expected insurance claims (nbfe) or
OKIFy3asSa Ay Lkt Ade ks
behavior related to sustainability factors (e.
green reputation) (life)

1.2
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« Underwriting risk Liabilities Higher than expected claims on professior

2 indemnity cover, as parties are held accounta No

> for losses related to environental damages

= caused by their activities

% Legal/reputational Assets /| Insurers could be held responsible for climg

8 | risk Liabilities change and/or not doing enough t No

g mitigate/adapt

13. On top of these direct transmission channels on insurers’ business and balance sheet (BS),

there may also be important second-round effects and feedback loops (indirect effects), as
climate change may lead to a wider worsening of macroeconomic conditions further
affecting insurance business, while there might also be indirect exposures stemming from
other financial institutions. Depending on the modelling approach, these second round
effects could also be taken into account for calibrating a ST scenario.

Elements of a Climate Change Stress Test exercise

14. The overall process of a climate change ST exercise is similar to a traditional ST, though its
aim and design may differ. The figure below provides a stylized overview of the different
elements of a climate ST exercise that are covered in this paper. In particular, different
scenarios and modelling approaches for assessing the impact on both assets and liabilities
of insurers stemming from physical and transition risk will be considered, for both non-life
and life business (including health).



HGUREL-1

Objective

scope

15.

STYLIZED OVERVIEWA@RMVATEHANGETRESS TEITEMENTS

wDefine specific ST objective

and wChoose appropriate scope/participants
(e.g. solo/group, life/nodlife,
transition/physical/liability risk)

SlechelifefesSlsl  aDefine specific climate scenarios narratives
and narrative wConsider appropriate time horizon and granularity

. . uDevelop scenario specifications

Derive climate uDerive impact on climate and financial

and financial variables stemming from climate risk (shocks
variables on assets and liabilities)

uDefine application of shocks

andrelevant evaluation metrics
impact oParticipants calculate impact on
assets and liabilities

Evaluate financia

ofForward looking
AEEEERI SN[ gssessment to
and potential evaluate implications
responses for business models
and insurability of risk

The below chapters are structured as follows: the possible objective(s) of a climate ST
exercise are discussed in section 2. The principles of climate change scenario design and
specification are discussed in section 3. The modelling approaches for deriving specific
shocks to assets and liabilities are discussed in section 4.1 (for transition risk) and in section
4.2 (for physical risk). The metrics for evaluating the financial impact are presented in
section 5, while the possible approaches to a forward looking assessment, including
responses and adaptation strategies to infer implications for business models, are discussed
in section 6. In each section, different options are explored with a discussion of the pros
and cons, with the aim of collecting concrete stakeholder feedback on the different
methodologies presented.

2 Objective of Climate Changtess test

16.

17.

ST exercises can be designed to pursue micro- or macroprudential purposes.’? The design
of a climate change-related exercise, despite its specificities, follows the same logic and
should have its objectives clearly defined at inception, which will inform the design and
scope of any climate change ST.

In particular, given the forward-looking and long-term nature of climate change risks, a
climate change ST exercise is expected to be more explorative compared to traditional
financial stress testing. Furthermore, it is important to consider the type of risks that will be
assessed, as a climate ST can incorporate all types of climate change risks (transition,
physical) separately, in conjunction or focus on one particular source of risk. Finally, a
climate ST can also provide information about potential issues regarding affordability and
availability of insurance products in the future (more macroprudential objective to assess

12 For a thorough discussion on the objective of a ST exercise refer to Chapter 2 of the 1 st EIOPA publication on

the Methodol

ogical Principles of Insurance Stress Testing available at

https://www.eiopa.europa.eu/content/methodological -principles -insurance -stress -testing_en
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potential spillovers and implications for protection gap / forward looking aspects). Against
this, a climate ST can be designed to cover microprudential or macroprudential objectives.
As for any type of ST exercise it is key that the objectives are defined upfront and the other
elements designed accordingly'®. Table 2-1 below provides an overview of the main micro-
and macroprudential objectives of a climate change ST.

TABLE2-1 OVERVIEW OF POSSIBBEECTIVESK®@ CLIMATET

Microprudential objectives Macroprudential objectives

1 Assess vulnerabilities and resilience of ove
(re)insurance sector angdotential systemic climate
change risks

1 Assess potential spitlvers to other financial sector
and the real economy of climate change risks

1  Assess potential implications for future insurability
risks and potential protection gap for the re
economy réated to climate change risks/perils

1 Assess vulnerabilities and resilience of individ
(re)insurers to climate change risks and assess si
potential financial exposures/losses to adver
climate scenarios

1 Enhanceunderstanding of potentially lonterm
climate change risks and implications for busin
models

1 Enhance risk management capabilities to assess
mitigate climate change risks

18. EIOPA acknowledges that at this stage any climate change ST should be considered more as
an explorative exercise and part of an important learning process to better understand the
potential implications of climate change risks for the insurance sector rather than a
conclusive quantitative assessment of the impact of an adverse climate based scenario on
the capital position of the European insurance industry. As such, a step-by-step approach is
considered, starting with a more microprudential exercise to assess individual
vulnerabilities given the current BS exposures. The latter may be enriched with a separate
forward-looking assessment (mostly via a qualitative questionnaire) to assess the
implications of climate change risks in insurers’ business models and potential spillover
effects stemming from reactive management actions/responses. At a later stage, more
comprehensive macroprudential exercises can be considered, but even after experience is
gained, climate change stress testing are expected to look at multiple scenarios to assess
potential outcomes for firms due to the inherent uncertainty of forward-looking
assessment.

3 Scenario design

19. Selecting and designing suitable climate change scenarios in line with the ST objective(s) is
animportant element of a climate ST exercise and requires addressing a set of key questions
related to risk coverage, time horizon and granularity of scenario specifications.

20. To begin with, physical and transition risks are interlinked and affect financial firms in
distinct ways. The initial approaches taken by supervisors to better understand the impact
of climate change tend to treat the two risks separately. The same approach is taken by the
academia where much of the existing production focuses on one element or the other in
insulation. Although approaching the two risks separately might help from a theoretical and
operational perspective, by simplifying the analysis and enhancing transparency, it neglects
to understand the interplay between the two risks. The complex dynamic between physical
and transition risks can generate both mitigating and mutually reinforcing effects which

13 For a description of the key constituent of a ST exereifer to Chapter 2 of EIOPA (2020) Methodological
principles of insurance stress testing. Available at:
https://www.eiopa.europa.eu/sites/default/files/publications/methodologigatinciplesinsurancestress
testing.pdf
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need to be analyzed in a ST scenario in order to create more multi-dimensional approaches
for forward-looking stress testing.'* Any climate scenario should in principle therefore
involve a trade-off across both risks given their interrelated nature, e.g. continued
emissions in the absence of strong climate policy will lead to rising temperatures that
increase physical risks, whereas limiting these impacts requires substantial emissions
reductions that may increase transition risks.

21. This section aims to further set out methodological principles to develop climate change
risk related stress scenarios, looking at general principles, scenario specification, granularity
and time horizon considerations.

3.1 General principles and scenario narratives

22. ST scenarios are intended to assess vulnerabilities to severe, but plausible adverse
scenarios. In light of the complexity, uncertainty and long-term nature of climate change
related risks, it is useful to define a set of general principles to follow in designing climate
stress scenarios and narratives for the insurance sector:

9 Principle 1:given their distinct but interlinked nature, both transition risk and physical risk
should ideally be assessed in conjunction in a climbsngestress test

1 Principle 2:given the wide range of possible future climate paths, it is important to consider
a range of climatechange scenarios and transition pathways that capture different
combinations of physical and transition risk. Applying multiple scenarios also alldelseto
into account different key dimensions, such as the role of climate policy

9 Principle 3:ST scenarios should fodusth ona central path climate projectioandonadverse
tail events, to assess whether the financial system and insurers are resiliazdase of
disruptive climate and transition scenarjos

9 Principle 4:scenarios should entail information (ideally quantitative) about climate pathways
(key changes in climate factors) and associated financial impacts at a sufficiently granular
level. The senarios should also allow for the identification of key variables/assumptions that
affect scenario pathways

1 Principle 5:scenarios should cover appropriate time horizons to asgeskngterm impact
of climate change related risks, given the more lbagn nature of climate scenarios, while
allowing flexibility to derive shottierm stress periods from longrm scenarios.

23. When designing the different scenarios, it can be particularly useful to focus on adverse
outcomes along two dimensions as proposed by the NGFS (see Figure 3-1):

1 The total level of mitigation of climatehangerisks or, in other words, how much action is
taken to achieve Paris agreement goals and reduce greenhouse gas emissions (leading to a
particular climate outcome)

1 Whether the transition occurs in an orderly or disorderly way, i.e. are the actions sudden and
unanticipated.

14 See Annex 3 of The Green Swan (B IS and Banque de France 2020) for more details on the interactions between
physical and transition risk.
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24. As such, the following scenario narratives seem particularly relevant for climate change

related risks:

1 Early policy action orderly transition scenario where the transition to a carbdreutral

So2y2Ye

adlrNIa SkNIe

Iy R

GKS AYyONSBI &

Paris Agreement. Physical and transiti@ksare minimized in this scenario
1 Late policyaction, disorderly transitionscenario where the global climate goal is met but the

transition is delayed and must be more severe to compensate for the late start. In this

scenario, physical risks arise more quickly early on and transitios aisk partialarly

pronounced compared to the early policy action scenario

S Ay 3Af 2

1 Too little, too late scenario where the manifestation of physical risks spurs disorderly
transition, but not enough to meet Paris agreement goals. Physical and transitisramesk
both highand severe

f Business asisual, no additional policy actiod OSy I N& 2

6wl 21

K2dza$s

g 2 NI

action which has already been announced is delivered. Therefore, the transition is insufficient
for the world to meetthe Paris agreementlimate goal ad physical risks will be particularly

pronounced.

25. Figure 3-2 provides an illustration of what the different scenario narratives/pathways could
look like in terms of emissions, temperature and carbon prices. It should be noted that these
scenario pathways would not explicitly incorporate social and political feedback effects,
such as migration or political upheaval, in its specification or calibration, given the high
degree of uncertainty related to these feedback effects.
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Source: Bnkof England(2019) The 2021 biennial exploratory scenario on the fin.ancial risks from climate change
3.2 Scenario specification and granularity of teaat specifications

26. Following the selection of scenario narratives, another important consideration relates to
scenario granularity, as climate scenarios can be specified at different aggregation levels.

27. At the highest level, the scenario narrative discussed above would only describe the key

assumptions about the climate transition, the timing of the shocks and climate outcomes.

28. As a next step, the scenario narratives can be translated into specific climate outputs, with
pathways for specific climate factors related to physical and transition risk: global and
regional temperature pathways, severity and frequency of perils, emissions, carbon price,
energy prices and energy mix. Potential inputs for this can be the IPCC RCPs'*®, |EA

reference scenarios, General Circulation Models (GCMs) and expert judgment.

29. The climate scenario and factors can be further translated into broad economic outputs
such as Gross Domestic Product (GDP), inflation and interest rate pathways. Potential tools
for estimating these impacts are Integrated Assessment Models (IAMs), structural models,

the LIMITs database or other macroeconomic models such as NiGEM or DSGE models.

30. Going one step further, impacts can be disaggregated across economic sectors and
countries using appropriate industry classifiers, based on sensitivity to climate-related risks
of specific economic sectors (for instance carbon/GHG intensities). Impacts could be
classified using either NACE (4 digits where needed), GICS or GLEIF code classifiers or other
classifiers, such as the Climate Policy Relevant Sectors (CPRS) developed by Battiston et al.

(2017)."

21. Even more granular scenario specifications could derive individual firm implications (based
on climate sensitivity of underlying activities of individual firms). This would require a highly
granular mapping of the portfolio at individual asset level (ISIN) to calculate the impact of

the specified shocks. A potential tool for this is the PACTA model*® or similar approaches.

32. Finally, the most granular level of specification would derive economic activity-level

implications. This would require participants of a ST exercise to identify and map the

15 A new set of climate scenarios has been developed with respect to the sixth IPCC report (IPCC AR6), the
Shared Socioeconomic Pathways" (SSPs). Comiatied previously used RCPs, the new SSP scenarios have

been improved in a variety of waylsnk:The SSP ScenaribsEnglish (dkrz.de)
16 Detlef P.vanVuur enetal. (2011) The Representative Concentration Pathways: An overview
109(5).

. Climatic Change,

17 Battiston, S., Mandel, A., Monasterolo, I., Schuetze, F., Visentin, G.

system . Nature Climate Change
18 https://2degrees

7, 2831 288.

-investing.org/resource/pacta/
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https://www.dkrz.de/en/communication/climate-simulations/cmip6-en/the-ssp-scenarios
https://2degrees-investing.org/resource/pacta/

economic activities of their individual counterparties/individual asset level to calculate the
impact.

33. In general, the higher the level of aggregation/specification, the more degrees of freedom
there are for participating firms to calculate and assess the (financial) impact of the climate
scenario for their portfolio/business, but the results would be less comparable and more
difficult to validate. Conversely, the more granular the scenario specification, the greater
the complexity of the technical specifications and the exercise, but this would lead to
greater consistency and comparability of the ST outcomes and could allow for more
validation of the results. Figure 3-3 summarizes the different aggregation levels of scenario
specification.

HGURE3-3 GRANULARIT®F SCENARIO SPETAFION
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34. The different levels of scenario granularity come with different advantages and
disadvantages, which are summarized in the table below. These mainly relate to the trade-
off between complexity, comparability and incentives for building risk management
capacity.

TABLE3-1 ADVANTAGES AND DISADMAGES OF DIFFERENENARIGRANULARITROR BOTTOMP STRESS
TESTING

Aggregation level |

Advantages
1 Simplicity: requiredessdetail inthe specifications

Disadvantages
1 Greater flexibility reduces modelling consistgn

Scenario narrative

and can be clearly linked to climate research
1 Allows flexibility for firms to use different models
i Forces firms to enhance  modelling/rig
management capacity to assess impact of Hegrel
climate scenarios

and comparability across firms

1 More difficult for participants to calculate impact o
financial metrics

1 Results can be difficult to validate

Climate factors

1 Only climate variables would have be specified
which can be clearly linked to climatesearch

1 Allows flexibility for firms to use different model
but achieves more consistency concernitige
impact on key climate factors

 Forces firms to enhance modelling/rig
management capacitin orderto translate climate
factors into financial impast

1 Greater flexibility reduces modelling consisten
and comparability across firms

1 More difficult for participants to calculatehe
impact on financial metrics

1 Results can be difficult to validate
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Broad economic
factors

1 Ensuraconsistency not only on climate factors, b
also on the macroeconomic impact and ke
economic variables

1 Macroeconomic models can be used to estimg
broad economic impacts

1 Firms would still have to model implications fro
broad economic factors to theispecific portfolio
(reducingconsistency/comparability)

1 Uncertainty regarding model calibration

1 Broad economic factors do not distinguish betwe
economic sectors, which could be impacted qu
differently

1 Provides clarity on the implicationfor different
economic sectors andakes into account differen
impacts across economic sectors

1 Classifications are readily available (for instal

1 No commonly accepted methodology yet
estimate sectoral impacts of climate scenari
(challenging to bridge climate models to econon
sector impact)

Sectoral NACE 2, GICS or GLEIF) 1 Sectoral impacts do not take into account fiind
1 Results can be compared against similar studies| heterogeneity within sectors
1 Requires mapping othe portfolio to economic
sectors
1 Takes into account firsheterogeneity and specifie§ 1 Very complex specification and requires extensi
firm-specific impacts based on underlying activiti mapping of the portfolio to individual assets
based on activity calculate impact
1 Ensures comparabiliticonsistency as impacts ar| 1 Relevant climate data at individual firm level détal
Firm provided at individual asset level often incomplete and onlprovides gartial view on
1 Promotes risk awareness at counterparty level consolidated firm activities
1 Less inentives for capacity/risk managemer
building for firms to assess exposures of individ
assets/counterparties, as impacts would
provided to them at a very granular level
1 Specifies impacts at the most granular level 1 Requires highly granular information on underlyi
1 Incentives firms to assess climate exposures| economic activities of firms and how these activiti
Activity assets based otie underlying activity would be impacted by climate change

1 Data on underlying activés is often not available
and onlyprovides apartial view o consolidated
firm activities

35. Based on these advantages and disadvantages, EIOPA considers the most appropriate
aggregation level for a bottom-up ST at this stage to be, at least, a specification that includes
impacts at an economic sector whose shocks shall be calibrated, where applicable, at
country and regional level:

9 Sectoral levefor corporate bonds, equities and real esta®gposures For specific sectors a

higher granularity may be explored if needed (for instance based on technology used in energy

production, e.g. coal, gas, oil or renewat)le

= =4

Gountry level for government bondsxposures
Regional level for climate related factors, such as temperature and emission pathways and

intra-country regional level foclimaterelated perils

36. This approach aims to strike a balance between complexity and comparability. A more
granular specification (for instance with scenario outputs and shocks at individual firm-
level) would be seen as too complex and burdensome at this stage for a bottom-up ST
exercise, but can be considered further on as part of top-down approaches and sensitivity
analysis on climate risks.

3.3 Time horizon and treatment of balance sheets

37. One of the challenges of designing climate change stress scenarios, is to define an
appropriate time horizon that captures the relevant climate risk dynamics over time, while
balancing this with modelling feasibility to ensure meaningful, consistent and comparable
outcomes. In previous EIOPA STs on insurers and pension funds, the shocks had been
applied on an instantaneous basis to the BS at the reference date with strict specifications
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in the application of reactive management actions'®. However, the full extent of climate
change-related risks are expected to fully manifest over a medium to long time horizon (see
Table 3-2), beyond the one typically used for stress testing (1-3 years), which makes the
approach and the assumptions applied less plausible. At the same time, EIOPA
acknowledges the difficulty in establishing the shocks to be applied for long term scenarios,
which will be more hypothesis-driven.

TABLE3-2 OVERVIEW OF CLIMATHAGIGE RELATED RISKS EXPECTED TIMIREEFFECTS

Type of risk

Timing ofeffects Financial impact

Extreme climate| Short to medium term Unanticipated shocks to physic

Physical risk

events assets, economic distress, possik
systemic disruption

Gradual Medium to long term Anticipated shocks to physical ar

warming?® financialassets

Anticipated shocks to financial an
non-financial (e.g. longerm impacts
on profitability of climate sensitive
sectors)

Unanticipated shocks to financig
assets and potential stranded assets

. . Short to medium term
Transition risk

SourceAdapted fromNGFS echnical Supplement to First Comprehensive Report (2019)

38. In light of these challenges, Table 3-3 provides an overview of possible different approaches
to the time horizon along two dimensions:

1 The frequencyof the calculation(i.e. whether calculations are required at intermittent
intervals within the modelling horizon)
9 StaticFixed referencdSwithout reactive management actions or dynanBiwith reactive
management actions (instantaneous shocks to refereB®eersus dynami83?~.
TABLE3-3 POSSIBLE APPROACHER THE FIXEDYNAMIC BALANCE SHEE

Fixed/
Dynamic balance
sheet

Frequencyof the

) Outcome
calculation

At end of Fixed, impact on Climate scenario 1 Relatively easy to 1 Reactive management
modelling horizon | reference date modelled over short, implement actions/responses not
only balance sheet medium, or long term | § Enhanced considered which could

with instantaneous
shocks to balancsheet
at reference date, no
reactive management
actions allowed

comparability overstate the impact

9 Allows to assess the
potential impact
given current

business/balance

sheets
Dynamic, balance | Climate scenario 1 Reactive 1 Reduces comparability,
sheet allowed to modelled over short, management as reactive management
change medium, or long term actions/responses actions can vary anchay

with instantaneous
shocks to balance sheet|

taken into account,
more realistic,

be hard to validate

19 The EIOPA Discussion Paper on Methodological Principles for Insurance Stress Testing

embedded management actio

distinguishes between

ns and reactive management actions (Box 2.1 in the respective paper). In the

context of climate change, the focus is on reactive management actions: actions that would be taken by
are notassumed to be applied in the

undertakings
baseline scenario.

in direct response to a climate change scenario and that

20 One drawback of usingradual warming is the potential ndinear impact on climate change extremes for

example.

21 To ensure the plausibility and the consistency of the enforced reactive managementsaatjainst the

designed adverse scenarios limitations in the applicable reactive management actions might be prescribed.
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at with reactive notably for longterm |  Impact of reactive
managenent actions impacts management actions
allowed 9 Allows to assess difficult to assess
impact of reactive depending on time
management horizon
actions/responses
At intermittent Fixed, impact on Climate scenario 1 Medium complexity | 1 Reactive management
intervals (for reference date modelled overshort, 1 Allows assessing actions/responses not
instance 1 year or § balance sheet medium, or long term impacts on current considered which could
year intervals) with instantaneous balance sheet over overstate the impact
shocks to balance sheet| time 1 Adds additional scenario
at reference date for specification and
specific intervals, no computational burden
reactive management compared to only endaf
actions allowed period impact
Dynamic, balance | Climate scenario 1 Reactive 1 Highly complex both in
sheet allowed to modelled over short, management actions | terms of scenario
change medium, or long term and responss taken specification and
with shocks to balance into at each interval, computational burden,
sheet at reference date | more realistic full blown multiperiod
for specific intervals, 1 Allows to assess ST
with reactive reactive management| § Reduced comparability a
management actions actions and responsey results will be ery hard
allowed at each interval to validate
(e.g. shock T=10
compared to balance
sheet at T=5)

39. At this stage, EIOPA is considering as a first step to assess individual vulnerabilities to
climate change risks a ST approach based on:

a mediumto-long term horizon€.g.15 to 30 years)

shocks modelled as instantaneotssthe reference datd8S

atwofold exercise based ofix and adynamic/ constrained balance shegt

collection of qualitative information on the evolution of climate change impact the
business models of insurers

9 to beassessedt the end of themodelling horizonintermediate positions (e.g. in the middle
of the time horizon) might be considered based on dustefit analysis.

=A =4 =4 =4

40. This approach balances the long-term climate dynamics with operational feasibility and
comparability and allows for the assessment of the potential impact of climate change-
related risks given current BSs/business models (i.e. sizing the potential exposures in
different climate scenarios). The approach also allows for collection of information on
reactive management actions and on the qualitative evolution of climate change impact on
business models. While for climate change-related risks a multi-period approach with the
implementation of specific reactive management actions in each period of the simulation
may be more appropriate, this would add considerable complexity to the design of a stress
exercise, for which no common tools and methods for a bottom-up approach are available
yet. The use of a framework based on dynamic BS approach with the use of (reactive)
management actions and of a multi-period approach will be further explored in the future.??

41. The proposed approach could be also combined with a separate forward-looking
assessment of the reactive management actions/responses to climate change-related risks
to identify the risk mitigation responses that are considered by insurers in response to
climate change. This approach would help to better understand the resilience of insurers to
climate change and the implications of these responses on insurers’ business models, for

22 The 20202021 Banque de France / ACPR Climate Exercise thathad aindh§ BONE Q (A YS K2NAT 2y
dynamic balance sheeepresenta potential evolution of the current proposal
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instance with regards to asset allocation, underwriting risk coverage, Gross Written
Premium (GWP) and/or protection gap and allow to assess potential spillovers effects to
other financial sectors and the real economy (see also section 6).

3.4 Way forward

42. To summarize, and in light of the considerations above, EIOPA considers the following
approach for a first climate change ST, recognizing that it is an important learning process:

1 Multiple climate scenariogo be evaluated focusing on different climate outcomes/scenario
narratives, given the uncertainty éfiture climate outcomes and to allow a range of different
combinations of physical and transition skWhile this would add operational and
computationd burden to the ST exercise (as participants would have to calculate the impact
of multiple, distinct climate scenarios), using multiple scenarios allows to take into account
different key dimensions of climate change risks and better assess vulnerabditie
resilience to adverse climate scenarios.

1 Scenario and technical specificatiomsth specific climate variables at regioffiatra-country)
level forperilsand financial impacts at a sectoral level (for corporate bonds, equities and real
estatef® andcountry level (for government bonds), to ensure a balance between complexity
and comparability. Methodologies for derivingpecifyingand calibratinghese variables will
be discussed in more detail in sectichd (for transition risk) andt.2 (for physical risks). A
more granulascenaricspecification, for instance at individual asset/firm level, would be seen
as too complex and burdensome at this stage for a bottgmST exercisebut will be
O2yaARSNBR FdzNIIKSNJ | & -doWwnNdethogicfogie8 harfu tsénsitidity ¢ 2 NJ
analysis on climate risks.

1 A mediumto-long-term time horizon with endof-modelling horizon scenario impact
evaluated as arnstantaneous shocko the reference BS under a fixednd constrained
framework. This allows assessing the potential lgegm financial impact of climate change
related risks given current business models B&$ As such it can give an important indication
of the size of potentiakxposures, and hence the required transformation given current
business models, should a specific climate scenario materialize, given the mo#erong
nature of climate scenarios.

1 A separate forwardlooking assessmentlesignedto capture the reactivemanagement
actions/responses to climate changelated risks to identify the risk mitigation responses that
are considered by insurers in response to climate change and better understand the
AYLE AOFGA2ya 2F GKSAS NBaLRtyed Rsliengeynd the/ & dzZNB NE&
potential spilkover effects(see sectiorb). This may be enhanced with questions designed to
solicit information on the level of integration of climate chargéated risks in areas such as
governance, strategy, risk management and nestand targets of insurers.

4 Modelling approaches

43, This section discusses different possible modelling approaches to derive and calibrate the
physical and financial impact on insurers’ asset and liabilities in a climate change scenario.
Section 4.1 discusses modelling approaches for transition risk, whereas section 4.2
discusses approaches for physical risk. Section 4.2.3 subsequently discusses general
principles regarding the specification and application of the shocks.

2 For specific sectors a higher granularity may be explored if needed (for instance based on technology used in
energy production, e.g. coal, gas, oil or renewables)
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4.1 Transition risk

44. The shocks to the assets and related calibrations to capture the transition risks derives from
the transmission channel as presented in Table 4-1.

TABLHE-1 OVERVIEW OF THE MAIRANSMISSION CHANEEIN THE ASSEIDE

Type of | Transmission @ BalanceSheet Example Asset classes
risk Channel impact affected
Market risk Assets Impairment of financial asset values due to lo
carbon transition, for instance stranded asse Equity
WoNRoYyQ NBFE Sadlras | Property
i carbon/GHG intensive sectors. Infrastructure
c Specific example: equity price shock
;8 Credit risk Assets Deteriorating creditworthiness o)
§ borrowers/bonds/counterparties as entities thg  Government
= fail to properly address transition risk may suff bonds
losses Corporate bonds
Specific example: bongtice/yield shock Mortgages/Loans

45. The relevant asset classes considered are based on the main asset categories in Solvency
112, i.e. government bonds (Complementary Identification Code - CIC 1), corporate bonds
(CIC 2), equity (CIC 3), property/real estate (mortgages/loans) (CIC 8-9) and infrastructure
investments (CIC 0). The focus would be to calibrate the severity of the negative shocks
according to the climate sensitivity of the assets, in line with the adverse scenario approach
of STs. Although the transition to a low-carbon economy can potentially also lead to positive
shocks for certain assets, for instance in the case of “green” assets or technologies, this can
only be considered in a stress testing framework if they can be duly justified.?® The
methodologies discussed below potentially allow for the integration of positive shocks, but
the inclusion of these would have to be carefully considered in light of the ST objective with
a focus on adverse scenarios.

46. Each of the sub-section below is devoted to a modelling approach and focuses on the asset
classes that are treated in the method, including the discussion on methodologies and data
sources to calibrate the shocks (more details about the modelling approaches can be found
in the Annexes, section 7.2). The criteria for the calibration refer to the level of the shock
(asset level, industry/sector level or geographical level), the future economic trajectories
and forward-looking climate policy shock scenarios. In particular, the derivation of impacts
from climate policy shocks are considered. Climate policy shocks negatively affect high
carbon firms and sector’s profitability. One example for climate policy shocks is the
introduction of a carbon tax. Table 4-2 provides an overview of the main asset classes and
list the methodologies that could be used to derive the financial impact of transition risk
(including the level of granularity the methodology would allow the shock to be specified).

47. The list of methodologies is by no means exhaustive?® and EIOPA intends to liaise with the
academic community, practitioners and model vendors for the exact calibration of the
shocks. Furthermore, given the data limitations and reliance on assumptions of the
methods presented, the results give only an approximation of the possible future
development of assets in the light of climate change scenarios. Depending on the

2 As laid out in the Commission Implementing Regulation (EU) 2015/2450, Official Journal of the European
Union, L 347, 31 December 2015 (p. 1208).
% For instance, CARIMA, the stress testing module of the PACTA tool and others emphasize that risks are two -

sided and therefore, positive shocks should be considered in stress -testing.
% The overview focuses on open  -source and publicly available methodologies. EIOPA is aware that commercial
model vendors have also developed specific climate change risk models, but these are excluded from the list.
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assumptions and limitations of the methods, it is crucial to bear in mind that the results
might change over time with varying assumptions or parameters and should therefore not

be seen as a forecast.

TABLE4-2 OVERVIEW OF THE MAARSET CLASSES MITHODOLOGIES THAUCD BE USED TO DAERTHE
FINANCIAL IMPACT DRANSITION RIEK

Assets \ Methodology Granularity
Government bonds CLIMAFIN (Battiston and Monasterolo,20] Countrylevel
NiGEM / Gaussian VAR (BdF) Countrylevel
Corporate bonds CARIMA (Gorgen et al.) Asset level, sector level g
country level
CLIMAFIN (Battiston et al.) Asset orSector level
NiGEM DPNBand BdF) Sector level
PACTAX(dii) Assetor technologylevel
Equity CARIMAGorgen et al.) Asset level, sector level g

country level

CLIMAFIN Battiston et al. (2019)

Asset orSector level

NiGEM DPNBand BdF)

Sector level

PACTA ModeP(lii)

Assetor technologylevel

Property/real estate (mortgages)

CARIMAGorgen et al.)
PACTA (2dii)

Firmlevel
IndividualProperty level

Infrastructure investments

See corporate bonds or equity (dependi

on the type of infrastructure exposure)

48. Finally, due to the high degree of uncertainty, assumptions and the limitations of climate
modelling and the uncertainty of future (political, economic, or societal) developments, any
of the methodologies discussed below will ultimately have to be complemented with expert
judgment based on review of available literature/estimates on climate impacts to validate
the shocks in terms of severity and plausibility.

4.1.1 CLIMAFIN
Government bonds

49. Government bonds are not immune to climate change risks. A climate policy shock might
affect the coupon rate and the expected value of a sovereign bond, through the channel of
its intermediate impact on the sovereign net fiscal assets and its default probability
(Battiston and Monasterolo, 2019).28 However, due to the interconnectedness of the capital
markets, the competitiveness of the real economy and financial stability, the impact of
climate change on government bonds is more complex than, e.g., for equities or corporate

bonds.

50. The approach by Battiston and Monasterolo (2019) is based on the CLIMAFIN model
developed by Battiston, Mandel and Monasterolo (2019)% and focuses on the analysis of a
disorderly policy transition on sovereign bonds, through the channel of firms’ profitability
to sectors’ Gross Value Added (GVA). This approach prices forward-looking climate
transition risks in the value of individual sovereign bonds, by including the characteristics of
climate risks (i.e. uncertainty, non-linearity and endogeneity of risk) in financial valuation,

27 One challenge in a climate stress test is to create one consistent scenario, using different methodologies for
each asset class. In this context, some simplifications and assumptions would be required to obszienamm
covering all asset classes. Furthermore, as new methodologies are being developed, this table should not be

regarded as exhaustive.
®Battiston, S.
available at SSRN:

& Monasterol o, I .
https://ssrn.com/abstract=3376218

(2019) .

2 Battiston S., Mandel A., Monasterolo I. (2019): CLIMAFIN handbook: pricing forward

under
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51.

using policy-relevant 2°C-aligned climate mitigation scenarios from the LIMITS project
database (Kriegler et al. 2013).%° The model first analyses the impact of the shock on firms
and sectors’ profitability and subsequently calculates the change in market share and GVA
for sectors and firms in fossil fuels and renewable energy sectors, using two Integrated
Assessment Models (IAM) (GCAM and WITCH). This serves as a basis to calculate the impact
on fiscal revenues of sovereigns and finally on sovereign fiscal assets and default
probability, which affects the value of sovereign bonds.>!

The study uses different data sources. The Nomenclature of Economic Activities (NACE)
Rev2 classification of economic sectors allows to associate the exposure of a specific
financial instrument to a specific sector of economic activity which allows, by remapping
the subsectors in five climate-relevant sectors, to distinguish carbon-intensive and low-
carbon sectors. Lastly, using data on energy and electricity production and proxies by fossil
fuel, nuclear and renewable energy technology, by British Petroleum (BP), Statistical Review
of World Energy 2018 and by the IEAs World Energy outlook (2018), Battiston and
Monasterolo (2019) estimate the gross value added of each technology and its share on
total electricity production by country. More detailed information on their findings can be
found and its application to insurers’ sovereign bonds can be found in Annexes, section
7.2.1%

Corporate bondsnd equity holdings

52

53.

54.

55.

. The method which is used for government bonds, i.e. the CLIMAFIN approach developed by

Battiston et al. (2019), can also be extended for the analysis of transition risk on corporate
bonds and equity holdings.

The approach embeds climate scenarios in adjusted financial pricing models and allows
forward-looking transition risk shocks obtained from climate economic models (e.g. IPCC).
As such, it allows embedding forward-looking risk scenarios in the valuation of counterparty
risk, in the probability of default of bonds and largest losses on investors’ portfolios
(Battiston et al., 2019).

The CLIMAFIN approach would allow asset shocks to be specified for climate-sensitive
sectors (for corporate bonds and equities) and climate-sensitive countries (government
bonds), but could also be used to derive more granular shocks at individual issuer level.

However, one drawback is that IAMs have limitations relating to the model structure and
behavior which, in turn, may affect the policy relevance of the outcomes and hence may
not be suitable for scenario analyses (see IMF, 2019).

30 Kriegler E, Tavoni M, Aboumahboub T, Luderer G, Calvin K, De Maere G, Krey V, Riahi K, et al. (2013) What
does the 2 C target imply for a global climate agreement in 2020? The LIMITS study on Durban Platform

scenarios. Climate Change Econom  ics 4 (4) , 1340008.

31 According to Battiston et al. (2019), the climate spread metric introduces climate as a source of risk in 10 -

yearsd bond yields. Shocks are potenti al gains (positive)

associated to countries disordered tr ansition to a 2°C  -aligned economy by 2030.

2The

application to insurersd sovereign bonds is also described

Riahi, K. & van Ruijven, B. (2019). Climate risk assessment of sovereign bonds portfolio of European insurers,
EIOPA Financial Stability Report December 2019, available at: https://www.eiopa.europa.eu/content/eiopa -
financial -stability -report -december -2019
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4.1.2 CARIMA

56. Gorgen et al. (2019)* build on previous work Fama and French (1993)** and Elton et al.
(1995)* to capture the sensitivity of carbon risks on assets such as corporate bonds among
other asset classes. Their work, named “Carbon Risk Management” (CARIMA) aims at
measuring, quantifying, and managing carbon risks and financed emissions.

57. The authors develop a factor model approach to capture the sensitivity of carbon risks on
corporate bonds among other asset classes, by introducing a Carbon Risk Factor BMG
(“Brown-Minus-Green”), which can be used to derive a ‘Carbon Beta’. This Carbon Beta
measures the effect of unexpected changes in the transition process of the economy
towards a green economy.

58. The CARIMA approach is a fundamental approach to analyze the drivers of returns of assets
and the range of the application of the Carbon Beta is wide as it can be determined for
several asset classes such as stocks, corporate bonds, loans, portfolios and funds. 3¢
Moreover, the Carbon Beta can be aggregated to country or sector level and thus allows
country and sector analyses. For the purpose of stress testing, the Carbon Beta can be used
for generating scenarios. However, one of the most important limitations of this and similar
methods is that the “real” market portfolio is unknown.

Corporate bonds

59. For the purpose of measuring the effect of Carbon Risk on corporate bonds, the authors
estimate a factor model including the Carbon Risk Factor BMG. In the context of corporate
bonds, a high positive value of Carbon Beta means that the value of the asset will fall
compared to the entire market, given a transition process. If, analogously, the Carbon Beta
takes a high negative value, it implies the opposite, i.e. the value of the asset will increase
compared to an average asset, given a transition process. Carbon Betas close to zero imply
that the asset moves to an average extent by the transition process.

Equities

60. For equities, transition risk impacts share prices through revenues and capital charges with
varying effects across sectors. By affecting the market value of a company, the CARIMA
approach allows to derive shocks to individual assets and climate sensitive sectors.

Property/real estate (mortgageghd loans

61. In the case of loans and mortgages real estate projects, Carbon Risk emerges from credit
risk, in particular default risk. Transition risk on real estate can be linked to higher energy
efficiency standards or lower household wealth due to increased energy costs and expected
price development of properties will, in turn, lead to changes in the valuation of mortgages
associated to the property. By calculating the Carbon beta of loans related to real estate
projects, one is able to build a proxy for transition risk on property and real estate projects.

3 Gorgen, M., Jacob, A., Nerlinger, M., Riordan, R., Rohleder, M., Wilkens, M. (2019) Carbon Risk. Working

Paper.

34 Fama, E. F., French, K. R. (1993) Common risk factors in the returns on stocks and bonds. Journal of Financial

Economics, 33 (1), 3 1 56.

% Elon, E.J., Gruber, M.BJake C.R. (199Fjundamental Economic Variables, Expected Returns, and Bond
Fund Performancelournal of Finance, §40), 122956.

3% The freely available Excel -tool provides an intuitive starting point for investment professionals to quantifying
Carbon Risk and its effect on investments.
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62.

63.

In general, the CARIMA method measures the impact of Carbon Risks on financial assets
using historical return time series. For loans, however, such historical return time series or
historical time series of (present) values are not available. Hence, the Carbon Beta can only
be measured indirectly by using the Carbon Beta of corporate bonds and stocks. There are
several possibilities to indirectly determine the Carbon Beta for loans.

First, if a firm issues corporate bonds and the Carbon Beta can be calculated, the Carbon
Beta of that firm’s loans can be also be determined. This may be relevant for non-listed
firms, where no times series of stock returns are available. Second, if a firm issues stocks
and the Carbon Beta can be calculated, the Carbon Beta of that firm’s loans can be also be
determined. This may be relevant for listed firms that do not issue corporate bonds. Third,
if a firm issues corporate bonds and stocks, the Carbon Beta of that firm’s loans can be
estimated by the Carbon Beta of comparable firms. This may be relevant for listed firms
that are financed by stocks and corporate bonds. Finally, if a firm issues neither corporate
bonds nor stocks, the Carbon Beta of that firm’s loans can be estimated by the Carbon Beta
of comparable firms. This may be relevant for non-listed firms that are financed with capital
market instruments.

Infrastructure investments

64. Infrastructure investments usually have bond or equity exposure. Building on the Carbon

Betas of equity and corporate bonds, one can consider whether infrastructures investments
have a different risk profile. Otherwise, it is possible to consider infrastructure investments

4.1.3 NIGEM model

87 Vermeulen, R., Schets, E., Lohuis, M., Kélbl, B., Jansen, D., Heeringa, W., 2018. An energy transition risk
stress test for the financial system of the Netherlands. DNB Occasional Studies No 16 -7. Avail able at:
https://www.dnb.nl/en/binaries/OS_Transition%20risk%20stress%20test%20versie_web_tcm47 -379397.pdf .
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