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1 Introduction 
 

 

 

TABLE 1-1 KEY ASSUMPTIONS AND UNCERTAINTIES SURROUNDING CLIMATE CHANGE SCENARIOS 

Key assumptions and 
uncertainties 

Macroeconomic 
physical 

Macroeconomic 
transition 

Financial stability 
physical 

Financial stability 
transition 

Future climate policy 
Determine the extent of 
warming 

Determine the speed 
and timing of transition 

Determine the extent of 
warming 

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

                                                           
1 This paper is part of EIOPA’s broader sustainability agenda to integrate environmental, social and governance 
(ESG) risk assessment in the regulatory and supervisory framework. EIOPA is committed to supporting the 
European insurance and occupational pension sectors in their transition to climate neutrality and to deliver on 
the ‘Green Deal’ initiated by the European Commission.   
2 Taking into account that similar work are currently carried out in various international fora (IAIS, NGFS, GFIA,  
etc.), this paper has a provisional nature and there is a possibility that it will be updated in the coming years in 
the light of new developments given the current discussions taking place worldwide. 
3 Climate change has long term impacts but it has also impacts already today. For example, the recent extreme 
events in 2021 can be linked to climate change. 
4 The structural, non-linear and irreversible impact of climate change in the long run has also been referred to 
as the Tragedy of the Horizons (Mark Carney, Breaking the Tragedy of the Horizon – Climate Change and Financial 
Stability, 2015): while the physical impacts of climate change will be felt over a long-term 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 
carbon-neutral 
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 capture 
and storage) will be 
particularly important 
for some sectors, and 
result in less 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 second-round 
effects 

Financial stability risks 
could be exacerbated 
by second-round 
impacts 

Financial stability risks 
could be exacerbated 
by second-round 
impacts 

Level of adaption and 
adaptive capacity 

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

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 
short-term 

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

Non-linear impacts / 
uncertainties in climate 
modelling 

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

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

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

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

Source: NGFS (2019) 

 

 

1.1 Climate change risk and transmission channels 

 

                                                           
5 The Methodological Principles of Insurance Stress Testing – Liquidity is available at 

https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/methodological-
principles-liquidity.pdf  
6 See for instance SIF-IAIS Issues Paper on Climate Risk (2018) or NGFS Comprehensive Report (2019), NGFS 
reports in 2020 and 2021 among many others. 

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
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7 See for instance EIOPA papers: Report on non-life underwriting and pricing in light of climate change | Eiopa 
(europa.eu), The pilot dashboard on insurance protection gap for natural catastrophes | Eiopa (europa.eu) 
8 In 2021, EIOPA issued a second opinion related to climate change scenario in the ORSA Opinion on the 
supervision of the use of climate change risk scenarios in ORSA | Eiopa (europa.eu). There it was decided to 
use the definition from the European Commission’s Guidelines on non-financial reporting – Supplement on 
reporting climate-related information, Communication from the Commission, OJ C 209, 20.06.2019, p. 1.  
where only physical and transition risks are mentioned (litigation risk is under transition risk). 

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
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TABLE 1-2 OVERVIEW OF MAIN TRANSMISSION CHANNELS FOR CLIMATE CHANGE-RELATED RISKS 

Type of 
risk 

Transmission channel Balance sheet 
impact 

Example Covered in 
this paper? 

 

P
h

ys
ic

al
 r

is
k 

Underwriting risk Liabilities Higher than expected insurance claims on 
damaged insured assets (non-life) or higher than 
expected mortality or morbidity rates 
(life/health) 

 
Yes  

Market risk Assets  Impairing of asset values due to financial losses 
affecting profitability of firms, due to for instance 
business interruptions, or damage to real estate. 
 
Specific example: equity price shocks 

 
Yes 

Credit risk Assets  Deteriorating creditworthiness of 
borrowers/bonds/counterparties/reinsurers due 
to financial losses stemming from climate change 
 
Specific example: bond price/yield shock 

 
Yes 

Operational risk Assets  Disruption of own insurance activities and/or 
assets, such as damage to own property 

No 

Liquidity risk11 Assets / 
Liabilities 

Unexpected higher payouts and/or lapses as 
broader economic environment deteriorates 

 
No (not as 

part of 
climate ST)  

Tr
an

si
ti

o
n

 

ri
sk

 
 

Market risk Assets Impairment of financial asset values due to low-
carbon transition, for instance stranded assets, 
‘brown’ real estate and/or decrease in value of 
carbon/GHG intensive sectors. 
Specific example: equity price shock 

 
Yes 

                                                           
9 This does not mean that insurers and supervisors should ignore potential legal liability risks within their risk 
management and supervisory 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: Central 
banking and financial stability in the age of climate change (BIS/Banque de France 2020). 
11 This concerns liquidity risk specifically stemming from climate change related risks, which is not considered 
further in this chapter. However, please note that The Methodological Principles of Insurance Stress Testing – 
Liquidity component discusses the general approach to liquidity risk stress testing for insurers. 

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
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Credit risk Assets Deteriorating creditworthiness of 
borrowers/bonds/counterparties as entities that 
fail to properly address transition risk may suffer 
losses 
 
Specific example: bond price/yield shock 

 
Yes 

Underwriting risk Liabilities Decrease of underwriting business due to 
increase of insurance prices in response to higher 
than expected insurance claims (non-life) or 
changes in policyholders’ expectations and 
behavior related to sustainability factors (e.g. 
green reputation) (life) 

No 

Le
ga

l l
ia

b
ili

ty
 r

is
k 

Underwriting risk Liabilities Higher than expected claims on professional 
indemnity cover, as parties are held accountable 
for losses related to environmental damages 
caused by their activities 

 
No 

Legal/reputational 
risk 

Assets / 
Liabilities 

Insurers could be held responsible for climate 
change and/or not doing enough to 
mitigate/adapt 

 
No 

 

1.2 Elements of a Climate Change Stress Test exercise 
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FIGURE 1-1 STYLIZED OVERVIEW OF CLIMATE CHANGE STRESS TEST ELEMENTS 

 

 

2 Objective of Climate Change stress test 
 

 

                                                           
12 For a thorough discussion on the objective of a ST exercise refer to Chapter 2 of the 1st EIOPA publication on 
the Methodological Principles of Insurance Stress Testing available at 
https://www.eiopa.europa.eu/content/methodological-principles-insurance-stress-testing_en 
 

Objective and 
scope 

• Define specific ST objective

• Choose appropriate scope/participants 
(e.g. solo/group, life/non-life, 
transition/physical/liability risk)

Scenario design  
and narrative

•Define specific climate scenarios narratives

•Consider appropriate time horizon and granularity 

Derive climate 
and financial 

variables

•Develop scenario specifications  

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

Evaluate financial 
impact

•Define application of shocks 
andrelevant evaluation metrics

•Participants calculate impact on 
assets and liabilities

Assess resilience 
and potential 

responses 

•Forward looking 
assessment to 
evaluate implications 
for business models 
and insurability of risk

https://www.eiopa.europa.eu/content/methodological-principles-insurance-stress-testing_en
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TABLE 2-1 OVERVIEW OF POSSIBLE OBJECTIVES FOR A CLIMATE ST 

Microprudential objectives Macroprudential objectives 

 Assess vulnerabilities and resilience of individual 
(re)insurers to climate change risks and assess size of 
potential financial exposures/losses to adverse 
climate scenarios 

 Enhance understanding of potentially long-term 
climate change risks and implications for business 
models 

 Enhance risk management capabilities to assess and 
mitigate climate change risks 

 Assess vulnerabilities and resilience of overall 
(re)insurance sector and potential systemic climate 
change risks 

 Assess potential spill-overs to other financial sectors 
and the real economy of climate change risks 

 Assess potential implications for future insurability of 
risks and potential protection gap for the real 
economy related to climate change risks/perils 

 

3 Scenario design 
 

 

                                                           
13 For a description of the key constituent of a ST exercise refer to Chapter 2 of EIOPA (2020) Methodological 
principles of insurance stress testing. Available at: 
https://www.eiopa.europa.eu/sites/default/files/publications/methodological-principles-insurance-stress-
testing.pdf 
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3.1 General principles and scenario narratives  

 

 Principle 1: given their distinct but interlinked nature, both transition risk and physical risk 
should ideally be assessed in conjunction in a climate change stress test; 

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

 Principle 3: ST scenarios should focus both on a central path climate projection and on adverse 
tail events, to assess whether the financial system and insurers are resilient in case of 
disruptive climate and transition scenarios; 

 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 scenarios should also allow for the identification of key variables/assumptions that 
affect scenario pathways; 

 Principle 5: scenarios should cover appropriate time horizons to assess the long-term impact 
of climate change related risks, given the more long-term nature of climate scenarios, while 
allowing flexibility to derive short-term stress periods from long-term scenarios.  

 

 The total level of mitigation of climate change risks 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); 

 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 (BIS and Banque de France 2020) for more details on the interactions between 
physical and transition risk. 
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FIGURE 3-1 STYLIZED CLIMATE SCENARIOS WITH TRANSITION AND PHYSICAL RISKS 

 
Source: NGFS Comprehensive report “A call for action: Climate change as a source of financial risk. 

 

 Early policy action, orderly transition scenario where the transition to a carbon‑neutral 
economy starts early and the increase in global temperature stays below 2⁰C, in line with the 
Paris Agreement. Physical and transition risks are minimized in this scenario; 

 Late policy action, disorderly transition scenario 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 transition risks are particularly 
pronounced compared to the early policy action scenario; 

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

 Business as usual, no additional policy action scenario (‘Hot house world’) where no policy 
action which has already been announced is delivered. Therefore, the transition is insufficient 
for the world to meet the Paris agreement climate goal and physical risks will be particularly 
pronounced. 
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FIGURE 3-2 STYLIZED PATHWAYS FOR POSSIBLE CLIMATE SCENARIO NARRATIVES 

 
Source: Bank of England (2019): The 2021 biennial exploratory scenario on the financial risks from climate change  

3.2 Scenario specification and granularity of technical specifications 

 

 

 

 

 

 

 

                                                           
15 A new set of climate scenarios has been developed with respect to the sixth IPCC report (IPCC AR6), the 
Shared Socioeconomic Pathways" (SSPs). Compared to the previously used RCPs, the new SSP scenarios have 
been improved in a variety of ways. Link: The SSP Scenarios — English (dkrz.de) 
16 Detlef P. van Vuuren et al. (2011) The Representative Concentration Pathways: An overview. Climatic Change, 
109(5). 
17 Battiston, S., Mandel, A., Monasterolo, I., Schuetze, F., Visentin, G. (2017) A climate stress-test of the financial 
system. Nature Climate Change 7, 283–288. 
18 https://2degrees-investing.org/resource/pacta/  

https://www.dkrz.de/en/communication/climate-simulations/cmip6-en/the-ssp-scenarios
https://2degrees-investing.org/resource/pacta/
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FIGURE 3-3 GRANULARITY OF SCENARIO SPECIFICATION 

 

Source: EIOPA adapted from Bank of England. 

 

TABLE 3-1 ADVANTAGES AND DISADVANTAGES OF DIFFERENT SCENARIO GRANULARITY FOR BOTTOM-UP STRESS 

TESTING 

Aggregation level Advantages Disadvantages 

Scenario narrative 

 Simplicity: requires less detail in the specifications 

and can be clearly linked to climate research 

 Allows flexibility for firms to use different models 

 Forces firms to enhance modelling/risk 

management capacity to assess impact of high-level 

climate scenarios 

 Greater flexibility reduces modelling consistency 

and comparability across firms 

 More difficult for participants to calculate impact on 

financial metrics 

 Results can be difficult to validate 

Climate factors 

 Only climate variables would have to be specified, 

which can be clearly linked to climate research 

 Allows flexibility for firms to use different models, 

but achieves more consistency concerning the 

impact on key climate factors 

 Forces firms to enhance modelling/risk 

management capacity in order to translate climate 

factors into financial impacts 

 Greater flexibility reduces modelling consistency 

and comparability across firms 

 More difficult for participants to calculate the 

impact on financial metrics 

 Results can be difficult to validate 
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Broad economic 

factors 

 Ensures consistency not only on climate factors, but 

also on the macroeconomic impact and key 

economic variables 

 Macroeconomic models can be used to estimate 

broad economic impacts  

 Firms would still have to model implications from 

broad economic factors to their specific portfolio 

(reducing consistency/ comparability) 

 Uncertainty regarding model calibration 

 Broad economic factors do not distinguish between 

economic sectors, which could be impacted quite 

differently  

Sectoral 

 Provides clarity on the implications for different 

economic sectors and takes into account different 

impacts across economic sectors  

 Classifications are readily available (for instance 

NACE 2, GICS or GLEIF) 

 Results can be compared against similar studies 

 No commonly accepted methodology yet to 

estimate sectoral impacts of climate scenarios 

(challenging to bridge climate models to economic 

sector impact) 

 Sectoral impacts do not take into account firm’s 

heterogeneity within sectors 

 Requires mapping of the portfolio to economic 

sectors 

Firm 

 Takes into account firm-heterogeneity and specifies 

firm-specific impacts based on underlying activities 

based on activity 

 Ensures comparability /consistency as impacts are 

provided at individual asset level 

 Promotes risk awareness at counterparty level 

 Very complex specification and requires extensive 

mapping of the portfolio to individual assets 

calculate impact 

 Relevant climate data at individual firm level data is 

often incomplete and only provides a partial view on 

consolidated firm activities 

 Less incentives for capacity/risk management 

building for firms to assess exposures of individual 

assets/counterparties, as impacts would be 

provided to them at a very granular level 

Activity 

 Specifies impacts at the most granular level 

 Incentives firms to assess climate exposures of 

assets based on the underlying activity  

 Requires highly granular information on underlying 

economic activities of firms and how these activities 

would be impacted by climate change 

 Data on underlying activities is often not available 

and only provides a partial view on consolidated 

firm activities  

 

 Sectoral level for corporate bonds, equities and real estate exposures. 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); 

 Country level for government bonds exposures; 

 Regional level for climate related factors, such as temperature and emission pathways and 
intra-country regional level for climate-related perils. 

 

3.3 Time horizon and treatment of balance sheets 

 



 
 

16/57 

TABLE 3-2 OVERVIEW OF CLIMATE CHANGE RELATED RISKS AND EXPECTED TIMING OF EFFECTS 

Type of risk Timing of effects Financial impact 

Physical risk 
Extreme climate 
events 

Short to medium term Unanticipated shocks to physical 
assets, economic distress, possible 
systemic disruption 

Gradual 

warming20 

Medium to long term Anticipated shocks to physical and 
financial assets 
 
Anticipated shocks to financial and 
non-financial (e.g. long-term impacts 
on profitability of climate sensitive 
sectors) 

Transition risk 
Short to medium term Unanticipated shocks to financial 

assets and potential stranded assets 

Source: Adapted from NGFS Technical Supplement to First Comprehensive Report (2019) 

 

 The frequency of the calculation (i.e. whether calculations are required at intermittent 
intervals within the modelling horizon); 

 Static/Fixed reference BS without reactive management actions or dynamic BS with reactive 
management actions (instantaneous shocks to reference BS versus dynamic BS)21. 

TABLE 3-3 POSSIBLE APPROACHES FOR THE FIXED/DYNAMIC BALANCE SHEET  

Frequency of the 
calculation 

Fixed/ 
Dynamic balance 

sheet 
Outcome Pros Cons 

At end of 
modelling horizon 
only 

Fixed, impact on 
reference date 
balance sheet 

Climate scenario 
modelled over short, 
medium, or long term 
with instantaneous 
shocks to balance sheet 
at reference date, no 
reactive management 
actions allowed 

 Relatively easy to 
implement 

 Enhanced 
comparability 

 Allows to assess the 
potential impact 
given current 
business/balance 
sheets  

 Reactive management 
actions/responses not 
considered which could 
overstate the impact   

Dynamic, balance 
sheet allowed to 
change 

Climate scenario 
modelled over short, 
medium, or long term 
with instantaneous 
shocks to balance sheet 

 Reactive 
management 
actions/responses 
taken into account, 
more realistic, 

 Reduces comparability, 
as reactive management 
actions can vary and may 
be hard to validate 

 

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

embedded management actions 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 
undertakings in direct response to a climate change scenario and that are not assumed to be applied in the 
baseline scenario. 
20 One drawback of using gradual warming is the potential non-linear impact on climate change extremes for 
example.   
21 To ensure the plausibility and the consistency of the enforced reactive management actions against the 
designed adverse scenarios limitations in the applicable reactive management actions might be prescribed. 
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at with reactive 
management actions 
allowed 

notably for long-term 
impacts 

 Allows to assess 
impact of reactive 
management 
actions/responses 

 Impact of reactive 
management actions 
difficult to assess 
depending on time 
horizon 

At intermittent 
intervals (for 
instance 1 year or 5 
year intervals) 

Fixed, impact on 
reference date 
balance sheet  

Climate scenario 
modelled over short, 
medium, or long term 
with instantaneous 
shocks to balance sheet 
at reference date for 
specific intervals, no 
reactive management 
actions allowed 

 Medium complexity 

 Allows assessing 
impacts on current 
balance sheet over 
time 

 Reactive management 
actions/responses not 
considered which could 
overstate the impact   

 Adds additional scenario 
specification and 
computational burden 
compared to only end-of 
period impact 

Dynamic, balance 
sheet allowed to 
change 

Climate scenario 
modelled over short, 
medium, or long term 
with shocks to balance 
sheet at reference date 
for specific intervals, 
with reactive 
management actions 
allowed at each interval 
(e.g. shock T=10 
compared to balance 
sheet at T=5) 

 Reactive 
management actions 
and responses taken 
into at each interval, 
more realistic 

 Allows to assess 
reactive management 
actions and responses 

 

 Highly complex both in 
terms of scenario 
specification and 
computational burden, 
full blown multi-period 
ST 

 Reduced comparability as 
results will be very hard 
to validate 

 

 a medium-to-long term horizon (e.g. 15 to 30 years); 

 shocks modelled as instantaneous to the reference date BS; 

 a twofold exercise based on fix and a dynamic / constrained balance sheet; 

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

 to be assessed at the end of the modelling horizon. Intermediate positions (e.g. in the middle 
of the time horizon) might be considered based on cost-benefit analysis. 

 

 

                                                           
22 The 2020-2021 Banque de France / ACPR Climate Exercise that had a in the 30-years’ time horizon and 
dynamic balance sheet represent a potential evolution of the current proposal. 
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3.4 Way forward 

 

 Multiple climate scenarios to be evaluated focusing on different climate outcomes/scenario 
narratives, given the uncertainty of future climate outcomes and to allow a range of different 
combinations of physical and transition risks. While this would add operational and 
computational 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 vulnerabilities and 
resilience to adverse climate scenarios. 

 Scenario and technical specifications with specific climate variables at regional (intra-country) 
level for perils and financial impacts at a sectoral level (for corporate bonds, equities and real 
estate)23 and country level (for government bonds), to ensure a balance between complexity 
and comparability. Methodologies for deriving, specifying and calibrating these variables will 
be discussed in more detail in sections 4.1 (for transition risk) and 4.2 (for physical risks). A 
more granular scenario specification, for instance at individual asset/firm level, would be seen 
as too complex and burdensome at this stage for a bottom-up ST exercise, but will be 
considered further as part of EIOPA’s work on top-down methodologies and sensitivity 
analysis on climate risks. 

 A medium-to-long-term time horizon, with end-of-modelling horizon scenario impact 
evaluated as an instantaneous shock to the reference BS under a fixed and constrained 
framework. This allows assessing the potential long-term financial impact of climate change 
related risks given current business models and BSs. As such it can give an important indication 
of the size of potential exposures, and hence the required transformation given current 
business models, should a specific climate scenario materialize, given the more long-term 
nature of climate scenarios. 

 A separate forward-looking assessment designed to capture 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 and better understand the 
implications of these responses on insurers’ business models, their resilience and the 
potential spill-over effects (see section 6). This may be enhanced with questions designed to 
solicit information on the level of integration of climate change-related risks in areas such as 
governance, strategy, risk management and metrics and targets of insurers. 

4 Modelling approaches 
 

                                                           
23 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  

 

TABLE 4-1 OVERVIEW OF THE MAIN TRANSMISSION CHANNELS ON THE ASSET-SIDE 

Type of 
risk 

Transmission 
Channel 

Balance Sheet 
impact 

Example 
Asset classes 

affected 

 

Tr
an

si
ti

o
n

 r
is

k 

Market risk Assets Impairment of financial asset values due to low-
carbon transition, for instance stranded assets, 
‘brown’ real estate and/or decrease in value of 
carbon/GHG intensive sectors. 
Specific example: equity price shock 

 
Equity 

Property 
Infrastructure 

Credit risk Assets Deteriorating creditworthiness of 
borrowers/bonds/counterparties as entities that 
fail to properly address transition risk may suffer 
losses 
Specific example: bond price/yield shock 

 
Government 

bonds 
Corporate bonds 
Mortgages/Loans 

 

 

 

                                                           
24 As laid out in the Commission Implementing Regulation (EU) 2015/2450, Official Journal of the European 
Union, L 347, 31 December 2015 (p. 1208). 
25 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. 
26 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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TABLE 4-2 OVERVIEW OF THE MAIN ASSET CLASSES AND METHODOLOGIES THAT COULD BE USED TO DERIVE THE 

FINANCIAL IMPACT OF TRANSITION RISK27 

Assets Methodology Granularity 

Government bonds  CLIMAFIN (Battiston and Monasterolo,2019) Country-level 

NiGEM / Gaussian VAR (BdF) Country-level 

Corporate bonds CARIMA (Gorgen et al.)  Asset level, sector level or 
country level 

CLIMAFIN (Battiston et al.) Asset or Sector level 

NiGEM (DNB and BdF)  Sector level 

PACTA (2dii) Asset or technology level 

Equity CARIMA (Gorgen et al.) Asset level, sector level or 
country level 

CLIMAFIN Battiston et al. (2019) Asset or Sector level 

NiGEM (DNB and BdF)  Sector level 

PACTA Model (2dii) Asset or technology level 

Property/real estate (mortgages)  CARIMA (Gorgen et al.) 
PACTA (2dii) 

Firm-level 
Individual Property level 

Infrastructure investments See corporate bonds or equity (depending 
on the type of infrastructure exposure) 

 

 

4.1.1 CLIMAFIN 
Government bonds 

 

 

                                                           
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 obtain one scenario 
covering all asset classes. Furthermore, as new methodologies are being developed, this table should not be 
regarded as exhaustive.    
28 Battiston, S. & Monasterolo, I. (2019). A Climate Risk Assessment of Sovereign Bonds’ Portfolio Working paper, 
available at SSRN: https://ssrn.com/abstract=3376218  
29 Battiston S., Mandel A., Monasterolo I. (2019): CLIMAFIN handbook: pricing forward-looking climate risks 
under uncertainty”. Working Paper, Climate Finance Alpha. 

https://ssrn.com/abstract=3376218
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Corporate bonds and equity holdings  

 

 

 

 

                                                           
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 Economics 4(4), 1340008. 
31 According to Battiston et al. (2019), the climate spread metric introduces climate as a source of risk in 10-
years’ bond yields. Shocks are potential gains (positive) or losses (negative) on individual sovereign bonds 
associated to countries disordered transition to a 2°C-aligned economy by 2030. 
32 The application to insurers’ sovereign bonds is also described by Battiston, S., Jakubik, P., Monasterolo, I., 
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  

https://www.eiopa.europa.eu/content/eiopa-financial-stability-report-december-2019
https://www.eiopa.europa.eu/content/eiopa-financial-stability-report-december-2019


 
 

22/57 

4.1.2 CARIMA 

 

 

 

Corporate bonds 

 

Equities 

 

Property/real estate (mortgages) and loans 

 

                                                           
33 Görgen, 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), 3–56. 
35 Elton, E.J., Gruber, M.J., Blake, C.R. (1995) Fundamental Economic Variables, Expected Returns, and Bond 
Fund Performance. Journal of Finance, 50(4), 1229-56. 
36 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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Infrastructure investments 

 

 

4.1.3 NiGEM model  

 

 

                                                           
37 Vermeulen, R., Schets, E., Lohuis, M., Kölbl, 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. Available at: 
https://www.dnb.nl/en/binaries/OS_Transition%20risk%20stress%20test%20versie_web_tcm47-379397.pdf. 

 

https://www.dnb.nl/en/binaries/OS_Transition%20risk%20stress%20test%20versie_web_tcm47-379397.pdf
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4.1.4 PACTA model  

 

 

                                                           
38 2° Investing Initiative (2019). 2° SCENARIO ANALYSIS Report - Background Information, available at 

https://www.transitionmonitor.com/wp- 
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Corporate bonds 

 

Listed equity 

 

Real estate 

 

                                                           
39 2° Investing Initiative (2017). OUT OF THE FOG: Quantifying the alignment of Swiss pension funds and 
insurances with the Paris Agreement and 2° Investing Initiative (2019). CLIMATE ALIGNMENT ASSESSMENT 
2020 BRIEFING FOR INVESTORS. 
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FIGURE 4-1 CO2 EMISSIONS FOR SELECTED SWISS REAL ESTATE PORTFOLIO 

 
Source: 2° Investing Initiative (2019). CLIMATE ALIGNMENT ASSESSMENT 2020 BRIEFING FOR INVESTORS 

Limitation 

 

 

Way forward

 

 

 

 

 

                                                           
40 Refer to: https://www.eiopa.europa.eu/document-library/publication/sensitivity-analysis-of-climate-
change-related-transition-risks_enhttps://www.eiopa.europa.eu/document-library/publication/sensitivity-
analysis-of-climate-change-related-transition-risks_en 
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4.2 Physical risks  

 

TABLE 4-3 TRANSMISSION CHANNELS ON THE BALANCE SHEET STEMMING FROM PHYSICAL RISKS 

Type of 
risk 

Transmission 
channel 

Balance sheet 
impact 

Example 

 

P
h

ys
ic

al
 r

is
k 

Underwriting risk Liabilities Higher than expected insurance claims on damaged insured 
assets (non-life) or higher than expected mortality rates (life) 

Market risk Assets  Impairing of asset values due to financial losses affecting 
profitability of firms, due to for instance business interruptions, 
or damage to real estate. 
 
Specific example: equity price shocks 

Credit risk Assets  Deteriorating creditworthiness of 
borrowers/bonds/counterparties/reinsurers due to financial 
losses stemming from climate change 
 
Specific example: bond price/yield shock 

4.2.1 Impact on insurance liabilities 

 

 changes to the frequency, severity and correlation of specific weather-related events such as 
heatwaves, floods, wildfires and storms, and  

 in the longer term, broader shifts in climate such as changes in precipitation and extreme 
weather variability, sea level change and rising average temperatures. 

4.2.1.1 Non-life shocks 

 

 

                                                           
41 A framework for assessing financial impacts of physical climate change, BoE, May 2019. 
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 Prescribing specific Nat-Cat events linked to climate change evidence (‘event-based scenario’ 
similar to the approach in the EIOPA 2018 ST exercise for Nat-Cat);42 

 Prescribing changes to frequency, severity and correlation of specific (regional) perils linked 
to climate change evidence (but not prescribing the specific events). 

 

TABLE 4-4 ADVANTAGES AND DISADVANTAGES OF EVENT-BASED SCENARIO VS. CHANGES TO SEVERITY, FREQUENCY 

AND CORRELATION PARAMETERS FOR PERILS 

Approach Advantages Disadvantages 

Event-based scenario  The approach will allow for the 
evaluation of the impact of a specific 
set of catastrophic events on the 
European insurance sector linked to 
climate change (e.g. specific windstorm 
or flood event) providing additional 
insights into the resilience of the sector 
to such physical risks 

 Challenging to link specific events explicitly 
to climate change. Also different ST 
participants would license different models, 
thus finding exactly the same event in a 
catalogue could be not straight forward. 

 The approach could be expensive and 
challenging for undertakings/groups that do 
not have an internal model for computing 
catastrophic losses and might rely on 
external consultants / data provides. This is 
particularly true for medium-sized/small 
non-life solo undertakings 

 The approach doesn’t allow for a similar 
severity of shocks for all participants 
(depending on the specific Nat-Cat events in 
the scenario) 

 The comparability of results could be 
hampered by the fact that current modelling 
tools allow for customisation by participant 
groups that may lower the estimations of the 
final losses 

Changes to severity, 
frequency and correlation 
parameters for perils 

 The approach will allow for the 
evaluation of the impact of changing 
severity, frequency and correlation of 
specific (regional) perils linked to 
climate change, providing additional 
insights into the resilience of the 
insurance sector to such physical risks 

 The approach would allow more similar 
severity of the shocks for all 
participants, as they are not tied to 
specific events, but broader perils 

 Challenging to link increasing severity and 
frequency of specific perils to climate change 
and even more for the correlation 

 It may be difficult to translate shocks to 
parameters into specific financial losses 
(requires granular data on the type of 
coverages provided and how they would be 
impacted by different perils).  

 The comparability of results could be 
hampered as participating groups may use 
different modelling tools to estimate 
financial impact 

 

                                                           
42 See also the EIOPA Discussion Paper on Methodological Principles in insurance stress testing (section 5.2.2.2) 
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 key drivers influencing the severity of a given peril; 

 impact of climate change on those drivers; 

 historic trends and/or potential future trends impacting these drivers; 

 a measure of uncertainty in the current climate and the strength of climate change signal that 
will be distinct from inherent natural variability in today’s climate; 

 change in likelihood of events (or event drivers) of a given severity; 

 change in geographic areas impacted by a given peril; and 

 the relation of the information above to greenhouse gas emission projection(s), recognizing 
that research outcomes are based on a range of IPCC model outputs. 

 

FIGURE 4-2 LIKELIHOOD OF INCREASES OR DECREASES IN FREQUENCY OF WEAK-TO-MODERATE INTENSITY EVENTS 

 
Source: AIR (2017) 

4.2.1.2 Life and health shocks 

Direct impacts 
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FIGURE 4-3 POTENTIAL IMPACT FROM CLIMATE CHANGE ON LIFE AND HEALTH 

 
Source: Swiss Re SONAR 2019 New emerging risk insight 
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4.2.2 Impact on insurance assets  

 

 

FIGURE 4-4 GLOBAL MEAN TEMPERATURE NEAR-TERM PROJECTIONS RELATIVE TO 1986-2005 

 
Source: Climate Lab Book (2019) Comparing CMIP5 & observations. Available at: https://www.climate-lab-book.ac.uk/comparing-cmip5-
observations/ 

                                                           
43 See 
http://eprints.whiterose.ac.uk/125845/1/Actual_resubmission_DiscountingDisentangled_AEJP_2017_R2.pdf for 
a survey on the so-called Social Discount Rate (SDR) is used by economists and policy experts (Drupp, Moritz 
A., et al, AER 2018). A positive discount rate reduces the present value given to projects which benefit future 
generations.  
44  See http://427mt.com/2019/06/17/scenario-analysis-for-physical-climate-risk-part-1-foundations/ for a 
review of scenario analysis for physical climate risk. 

http://eprints.whiterose.ac.uk/125845/1/Actual_resubmission_DiscountingDisentangled_AEJP_2017_R2.pdf
http://427mt.com/2019/06/17/scenario-analysis-for-physical-climate-risk-part-1-foundations/
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FIGURE 4-5 RISKS BROKEN DOWN INTO SUPPLY CHAIN RISK, OPERATIONS RISK AND MARKET RISK 

 
Source: Four Twenty Seven (2019) Scenario Analysis for physical Climate Risk: Equity Markets. Available at: 
http://427mt.com/2019/06/18/scenario-analysis-for-physical-climate-risk-equity-markets/   

                                                           
45 http://427mt.com/2019/06/18/scenario-analysis-for-physical-climate-risk-equity-markets/ 
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TABLE 4-5 SECTOR EXPOSURES TO PHYSICAL RISK 

 
Source: Four Twenty Seven (2019) Scenario Analysis for physical Climate Risk: Equity Markets. Available at: 

http://427mt.com/2019/06/18/scenario-analysis-for-physical-climate-risk-equity-markets/ 

 

 

 

                                                           
46https://www.spratings.com/documents/20184/1634005/How+does+sandp+incorporate+ESG+Risks+into+its
+ratings/6a0a08e2-d0b2-443b-bb1a-e54b354ac6a5 
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4.2.3 Way forward 

 

 

 

4.3 Specification and Application of shocks 

 

TABLE 4-6 OVERVIEW OF KEY VARIABLES TO BE SPECIFIED IN CLIMATE ST SCENARIO 

Climate variables Financial variables 

Physical risk Transition risk Macroeconomic  Financial markets  

 Global and regional 
temperature pathways 

 Frequency, severity and 
correlation of specific and 
material climate-related 
perils for different 
regions (for non-life) 

 Mortality / morbidity 
parameters (for life) 

 Emission pathways 
(aggregate and 
disaggregate across 
world regions and 
economic sectors) 

 Carbon price pathways 

 Commodity and energy 
prices, by energy source 

 Energy mix 

 GDP (aggregate and 
disaggregated by 
economic sector and 
country)  

 Interest rates (RFR)48  

 Inflation  

 Residential and 
commercial real estate 
prices 

 Government bond yields   

 Corporate bond yields, 
disaggregated by 
economic sector  

 Equity indices/shocks, 
disaggregated by 
economic sector 

 

 

                                                           
47 See NGFS (2021), Technical documentation to the NGFS Scenario V2. Network for Greening the Financial 
System, Paris, France and NGFS Scenarios Portal 
48 Shocks to interest rates only stemming from climate change shocks if they can be justified by the model (i.e. 
additional macroeconomic shocks are not considered). 

https://www.ngfs.net/ngfs-scenarios-portal/
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Treatment of reinsurance 

 

 

 Impact calculated gross of reinsurance (i.e. reinsurance treaties are not taken into account for 
the calculation of the financial impact); 

 Impact calculated both gross of reinsurance and net of reinsurance; 

 Impact calculated net of reinsurance, but with shock to reinsurance recoverables; 

 Impact calculated net of reinsurance. 

 

 

 

4.3.1 Way Forward 

 

– for the transition risk in terms of shocks to prices / yields to the specific asset classes 

– for the physical risks, on the liability side in terms of change in the best estimate assumptions 
or discontinuance of parameters used in the estimation of the technical provision, on the 
assets side in term of change in value of asset classes pending on the development of a robust 
methodology. 
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5 Metrics for evaluation  
 

5.1 Balance sheet indicators 
TABLE 5-1 BALANCE SHEET INDICATORS BY TYPE OF RISK 

Indicator Type of risks Notes 

Excess of Asset over Liabilities (change of) Physical and transition  

Asset over Liabilities (change of) Physical and transition  

Stressed value or price change for each of 
the identified assets (or class of assets) or 
change in portfolio market evaluation 

Only transition Only for assets mapped to climate relevant 
sectors, physical assets and their related 
technologies.  

Relative change of total technical 
provisions 

Only physical Only non-life business could be considered 
unless the scenario include also the impact 
of a change in mortality/morbidity 

5.2 Profitability indicators  

 

TABLE 5-2 PROFITABILITY INDICATORS BY TYPE OF RISK 

Type Indicator Type of risks Notes 

Main Loss Ratio Only physical Overall or split by relevant lines 
of business 

Ancillary Overall impact on the firm’s 
profit and loss 

Physical and 
transition 

 

Ancillary Impact on the firm’s technical 
result  

Only physical (for 
non-life insurers); 
both (for life 
insurers)  

Overall or split by relevant lines 
of business 
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5.3 Technical indicators  

 

 expected losses – typically average annual losses (AAL) or median losses to show how average 
losses might change due to the impact of climate change;  

 tail losses – showing how the losses that might be expected in an extreme year could move 
as a result of climate change.  

 

TABLE 5-3 TECHNICAL INDICATORS BY TYPES OF RISKS 

Type Indicator Type of risks Notes 

Main 
Gross/ceded/net 
aggregated losses 

Only physical  

Main  
Exposures (Sum Assured) Only phiyical Overall (baseline figures). As ancillary 

information and only if available, split by 
event49/geographical area 

Main 
Total assets subject to 
transitional risks 

Only transition Baseline figures. Overall or split by sector 
or technology 

Main 
Probable maximum loss 
(PML) 

Only physical It shows the value of the largest loss that 
is considered likely to result from an 
event 

Main 
Annual Probability of 
occurrence 

Only physical It shows the probability that, over a 
period of one year, an event of a given 
magnitude occurs.  

Only for IM users 
1 in X years AEP (aggregate 
exceedance probability) 
 
 

Only physical It shows the maximum amount of losses 
caused by all the events over a period of 
one year, corresponding to the given 
probability level 
 

Only for IM users 
Annual Average Loss (AAL) Only physical It shows the average losses from 

property damage experienced by a 
portfolio per year50.  

Only for IM users 
1 in X years Return period Only physical It shows the magnitude of an extreme 

event (for instance an event with a 1-in-
100 year return period has a 1% chance 
of being exceeded by a higher magnitude 
event in any year) 

Ancillary 
Return period of gross 
losses 

Only physical  

 

                                                           
49 Potential events linked to the climate change: Floods (coastal and inland); Wildfires; Droughts; Subsidence; 

Hurricanes; Tornados; Heat waves; Extreme precipitation events; Severe thunderstorms; Cyclones (tropical and 

extratropical. 
50 Average annual losses can be derived from an exceedance probability curve that shows the probability that a 
given threshold of losses will be exceeded in any one year 
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5.3.1 Way forward 

 

 

 

 

6 Second-round effects, spillover and forward looking 
assessment 

 

                                                           
51 Issues Paper on Climate Change Risks to the Insurance Sector approved by IAIS executive Committee and the 

Sustainable Insurance Forum on 25 July 2018. 

Link:https://www.insurancejournal.com/research/app/uploads/2018/08/IAIS_and_SIF_Issues_Paper_on_Clima

te_Change_Risks_to_the_Insurance_Sector_-1.pdf 
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52 “The impact of climate change on the UK insurance sector”. A Climate Change Adaptation Report by the Prudential 
Regulation Authority. September 2015 
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53 Mckinsey Global Institute, Climate risk and response: Physical hazards and socioeconomic impacts, January 2020 Report- 
Link: https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-response-physical-
hazards-and-socioeconomic-impacts 
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TABLE 6-1 ADVANTAGES AND DISADVANTAGES OF AN ANCILLARY FORWARD-LOOKING ASSESSMENT 

Advantages Disadvantages 

 Can shed more light on potential issues regarding 
affordability and availability of insurance products 

 An exercise of this nature will help raise awareness 
about climate related risks within the industry  

 Can help enhance insurer’s risk management 
capabilities 

 Can help better understand how insurers assess 
climate-related risks through preventive risk 
management and  adaptation strategies to infer 
implications on business models 

 Takes into account entity specific risk profiles  which 
can pose challenges with regard to the comparability 
of the results 

 Existence of country specific guarantee schemes and 
government pooling can pose challenges with regards 
to comparability of the results 

 Can pose additional burden on the sample 

 Issues regarding the reliability of management actions 

 May not be relevant for smaller companies since 
climate integration (and other ESG elements) is an 
expensive strategy 

 

  



 
 

42/57 

7 Annexes  
7.1 Overview of ST exercises by supervisors with main elements 

Authority Publication Method Type of 
risk 

Time 
horizon 

Scenarios Balance sheet 
impact 

Description 

Bank of England 
(i) 

Link  

Stress test 
(bottom-up) 

Physical 
and 
transition 
risk 

30 years, 
with 5 year 
reporting 
intervals 

BUA, Early Policy 
Action, Late 
Policy Action 

Asset and 
liabilities, based 
on impact on 
individual 
counterparties 

Participating 
institutions (large 
UK banks and 
insurers) are 
required to 
calculate the 
impact on their 
exposures for 
three detailed 
climate scenarios 
provided by the 
Bank of England. 

Bank of England 
(ii) 

Link 
Stress test 

(bottom-up) 

Physical 
and 
Transition 
risk 

2100 (with 
evaluations 
at 2022 and 
2050) 

  Insurers analysed 
impact of 
physical and 
transition risk on 
both their assets 
and liabilities in 
three policy 
scenarios. 

Bank of France Link 
Stress test 

(bottom-up) 

Physical 
and 
Transition 
risk 

2020-2050 
(reporting 
steps at 
2025, 2030, 
2035, 2040,  
& 2050) 

Transition: 
Orderly 
(baseline), 
delayed, 
accelerated 
 
Physical: RCP 8.5 
(+4 degrees by 
2100) 

55 sectors 
considered for 
asset-side 
transition shocks. 
CATNAT impacts 
(flood, marine 
submersion, 
droughts and 
cyclones) 
projected at the 
department 
level. 

5 years of “static 
balance sheet” + 
25 years of 
“dynamic balance 
sheet” allowing 
for the 
integration of 
strategic 
management 
actions. 

De 
Nederlandsche 

Bank (i) 
Link  

Stress test 
(top-down) 

Physical 
and 
Transition 
risk 

   Analysis of how 
the asset-side 
exposures of 
Dutch banks, 
insurers and 
pension funds 
are affected in 
scenarios of a 
disruptive energy 
transition. 

De 
Nederlandsche 

Bank (ii) 
Link 

An 
exploration 

of  
climate-
related  

risks for the 
Dutch 

financial 
sector 

Physical 
and 
Transition 
risk 

   

 

California 
Insurance 

Commissioner 
Link  

2°C scenario 
analysis 

Physical 
and 
Transition 
risk ansition 
risk 

   

 

EIOPA Sensitivity 
analysis 2020 

Link 
Sensitivity 

analysis 
(top-down) 

Transition 
risk 

2019-2030 Transition: A late 
and sudden policy 
shock; a 
supplementary  
scenario based on 
the IEA “Beyond 2 
degrees”  
(B2DS) scenario 

Price sensitivity 
of equity,  
corporate bonds 
and government 
bonds holdings 

Impact on the 
assets side 

Example of DNB physical risk stress test: 
In 2017, DNB conducted a stress test that included stresses related to the physical climate risks of a 
sample of Dutch non-life insurers. The physical risk stress test focused on windstorm frequency and 
severity as well as hail risk severity. Insurers were asked to model the impacts of a large windstorm 

https://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf
https://www.bankofengland.co.uk/prudential-regulation/letter/2019/insurance-stress-test-2019
https://acpr.banque-france.fr/en/main-results-2020-climate-pilot-exercise
https://www.dnb.nl/en/publications/research-publications/occasional-studies/nr-7-2018-an-energy-transition-risk-stress-test-for-the-financial-system-of-the-netherlands/
https://www.dnb.nl/media/r40dgfap/waterproof-an-exploration-of-climate-related-risks-for-the-dutch-financial-sector.pdf
https://interactive.web.insurance.ca.gov/apex_extprd/cdi_apps/r/250/files/static/v54/2018_full_report.pdf
https://www.eiopa.europa.eu/sites/default/files/publications/reports/sensitivity-analysis-climate-change-transition-risks.pdf
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event; three medium-sized windstorm events happening in a single year; and a large local extreme 
weather event occurring in the area where the insurer has the largest concentration risk.  

Example of Climate change scenarios in the PRA insurance stress test54  

The PRA has asked large life and non-life insurers to explore – on a best-efforts basis – their exposures 
to the physical risks of climate change as well as risks associated with the transition to a low-carbon 
economy. The PRA specified three climate change scenarios and requested insurers to consider the 
impact of each scenario on selected metrics of their business models and asset valuations:  

 The first scenario involves a sudden transition, ensuing from rapid global action and policies, 
and materialising over the medium-term business planning horizon that results in achieving a 
temperature increase being kept below 2°C (relative to pre-industrial levels) but only 
following a disorderly transition. In this scenario, transition risk is maximised. This scenario is 
based on the disorderly transitions highlighted the IPCC Fifth Assessment Report (2014). Shock 
parameters are illustrative of potential impact in 2022. 

 The second scenario involves a long-term orderly transition that is broadly in line with the 
Paris Agreement. This involves a maximum temperature increase being kept well below 2°C 
(relative to pre-industrial levels) with the economy transitioning in the next three decades to 
achieve carbon neutrality by 2050 and greenhouse-gas neutrality in the decades thereafter. 
The underlying assumptions for this Scenario are based on the scenarios assessed in the IPCC 
Special Report on Global Warming of 1.5°C (2018). Shock parameters are illustrative of 
potential impact in 2050. 

 The third scenario with failed future improvements in climate policy, reaching a temperature 
increase in excess of 4°C (relative to pre-industrial levels) by 2100 assuming no transition and 
a continuation of current policy trends. Physical climate change is high under this scenario, 
with climate impacts for these emissions reflecting the riskier (high) end of current estimates. 
Shock parameters are illustrative of potential impact in 2100.  

The point in time at which the shocks occur differs for each scenario, with the illustrative potential 
impacts occurring in 2022, 2050 and 2100.  

TABLE 7-1 IMPACTS OF PHYSICAL RISKS ON GENERAL INSURERS’ LIABILITIES 

 
Source: FSI 2019 

                                                           
54 Source: FSI 2019 and PRA General Insurance Stress Test 2019. 
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EIOPA Sensitivity analysis 2020 

The sensitivity analysis of climate-change related to transition risks carried out by EIOPA employs a 
“what-if” scenario analysis based on the investments in high and low-carbon industries that are 
considered highly climate-policy relevant. Holdings of government bond were also included to provide 
insights into possible values at risks (VaRs) under the scenarios and assumptions employed. The 
“what-if” scenarios draw input from several external sources and combine them in a consistent 
narrative calibrated on the current holdings of European insurers. 

The exercise started with a mapping of individual securities (equity and corporate bonds) to physical 
production in key climate-relevant sectors. Investments were sourced from regulatory reporting 
under Solvency II. These investment holdings were subsequently mapped using information about 
group ownership structure and detailed production level data available to 2° Investing Initiative. For 
government bond holdings, Solvency II reporting data was used. 

Based on the identified exposures, a “what-if” sensitivity analysis was carried out. This sensitivity 
analysis assessed possible impacts on investment holdings if economies were required to re-align and 
transition away from CO2-dependent production and consumption. Under the assumption that 
climate risk may not be fully reflected in asset prices so far and, and in line with previous studies on 
the topic, the sensitivity analysis considered a policy shock that would have an impact on market prices 
that can be interpreted as a change in price compared to current levels.    

The asset price adjustments for equity and corporate bonds were considered to be a function of the 
change in production that would be required if the economy were to align with two scenarios 
prepared by the International Energy Agency’s (IEA), namely the Sustainable Development Scenario 
(SDS, often referred to as a “2 degree scenario”) and the “Beyond 2 degrees” (B2DS) scenario, which 
requires slightly stronger policy action. The second scenario can be interpreted as a scenario that is 
likely to have a higher probability of limiting global warming to 2 degrees (or below).  

The required change in production is directly linked to a carbon budget and is consistent with the 
generally framed narrative we are using in this analysis. For each of the considered sectors (e.g. 
energy, mining etc…) and technologies (e.g. coal power, oil power, renewable power), a price 
adjustment factor was calculated based on the current relevant physical production levels and 
projections for future production levels computed and extrapolated using data available to 2DII. The 
practical implementation of this scenario required a model or a view on how the production and profit 
will change in each sector and a methodology to consider how this shift will affect market prices of 
the assets held in the insurance portfolio. This analysis relies on detailed scenario outputs from the 
IEAs set of integrated assessment models (IAMs) and was carried out in collaboration with the 2° 
Investing Initiative. 

Given the data available, price adjustments were computed consistent with the IEA scenarios in the 
Power, Oil&Gas, Coal and Automotive sectors.  In addition, price adjustments in the cement and 
aviation sectors were based on the shocks employed by the Prudential Regulation Authority at the 
Bank of England (2019). For Government bonds, the methodology and approach followed Battiston, 
S., Jakubik, P., Monasterolo, I., Riahi, K., van Ruijven, B. (2019) and was an implementation of the 
methodology described therein. 

The exercise was carried out at on a top-down basis and it contains a number of important caveats 
that should be noted. First, it was not possible to map the full portfolio of European insurers, so the 
results represent a subset. Second, certain sectors that may also react to a typical “policy shock”, most 
notably the agriculture and real estate sectors are not considered due to data limitations. Third, 
effects stemming from shocks to GDP or other macroeconomic variables were not included in the 
assessment. Fourth, the calibrations of the price adjustments rely on extrapolations and sometimes 
somewhat limited data, and consider changes that might stem from events that might happen by the 
end of this decade. These calibrations are naturally fraught with intense uncertainty. 
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2020-2021 Banque de France / ACPR Climate Exercise 

The results of the ACPR / Banque de France pilot climate exercise were published in May 2021. Using 
climate scenarios pertaining to both transition and physical risks, this pilot exercise aimed to produce 
a long-term assessment of the exposure of French financial institutions to climate change risks. The 
30-year time horizon and dynamic balance sheet phase together illustrated insurers’ visions for coping 
with the different financial risks posed by various emissions pathways. Moreover, the exercise 
produced important methodological advancements and made an array of datasets publically available 
for use by other supervisors or financial institutions. 

Three ecological transitions were considered in the exercise: an orderly transition (which served as a 
baseline), a delayed transition and an accelerated transition. The two latter should be considered as 
adverse variants, resulting in a significantly higher degree of macroeconomic perturbation despite 
ultimately reducing emissions by 2050 to levels consistent with the 2015 Paris Accords. A separate 
scenario was used to evaluate physical risk, which was not assumed to have any sectoral or asset-side 
dimension. 

The public policy instrument underlying all three scenarios was a carbon tax schedule. The 
representative baseline scenario assumes an immediate introduction of an optimal carbon price, 
which increases by approximately $10/ton per year of CO2 until 2050. The delayed transition depicts 
the case of a late introduction of a carbon tax, jumping from $87/ton of CO2 in the baseline to $219 
in 2035 and increasing steadily afterwards. The second adverse scenario depicts the case of a sudden 
(accelerated) transition which is made worse because of the immaturity of technological innovations. 
An increase in the carbon price is therefore accompanied with a negative productivity shock. In this 
last scenario, the carbon price is unexpectedly revised and assumed to reach $184/ton of CO2 in 2030, 
following the carbon trajectory set in the alternate NGFS reference scenarios for a disorderly 
transition. 

For each scenario, a general equilibrium modelling framework provides various impacts of the climate 
policy shocks, including GDP, inflation and interest rates. 55 distinct sectors were modelled, and a 
mapping to NACE and other standard codes was provided to participants with respect to the financial 
impacts. While the suite of models used ensured an internal consistency of the structure of the 
economy, several models were used to translate transition scenarios obtained from climate models 
into macroeconomic, sectoral, financial and firm-level variables. These models include climate models 
such as the so-called Integrated Assessment Models (IAMs),  a multi-country in-house “NiGEM“ 
macroeconomic model, the Banque de France credit rating model and various financial modules to 
project various asset prices through time. 

Shocks to equity prices were provided (by sector) using a dividend discount model. First, the NiGEM 
and sectoral models described above provide projections of turnover and value added between 2025 
and 2050.  Next, the assumption is made that distributed dividends equal 50% of return of capital, the 
latter being the 33% of value-added. Lastly, this dividend stream (associated to the respective sector 
and geographical area) is discounted using an empirical average of an index stock return plus a sector-
specific risk-correction component to derive a shock to the market value of the asset. 

Econometric approaches such as reduced-form vector auto-regressions (VAR) were used to project 
risk-free yield curves and sovereign spreads (by country) and corporate credit spreads (by country and 
sector). Historical time series were used to ultimately generate forecasts conditional to a future path 
(the scenario) of the macroeconomic covariates described above. For instance, the RFR term 
structures at date t, for any given climate scenario provided by NiGEM model, are obtained as 
conditional forecasts of the yield curve conditionally to the future path of macroeconomic variables 
(GDP, inflation, etc.) between 2020 and 2050. 

The sectors most impacted by the transition scenarios include Crop and Animal Production, Mining & 
Quarrying, Petrol & Gas, Manufacturing, Electricity & Gas, and Construction. The impacts to these 
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sectors varied considerably across asset classes: as a deviation from the baseline, the most affected 
sectors suffered 3-4% losses in the adverse variants for corporate bonds, while the most affected 
equities suffered losses between 20-25%.  Nonetheless, with ex-ante exposure to climate-relevant 
sectors amounting to only 17% of total assets (due largely to existing divestment commitments), 
overall impacts to French insurers’ balance sheets was low to moderate. 

When interpreting these results, it should be borne in mind that none of the scenarios analysed 
include an economic recession by 2050, contrary to the usual practice of stress tests. Instead, the 
adverse scenarios imply a lower trend in economic activity and productivity, in addition to sectoral 
reallocations. Based on the current balance sheet structures, it nevertheless appears that considerable 
efforts must be made to help significantly reduce greenhouse gas emissions by 2050 and to contain 
the rise in temperature by the end of the century.  

7.2 Modelling approaches for transition risk 
7.2.1 CLIMAFIN model application to sovereign bonds 

The approach by Battiston and Monasterolo (2019) is based on the CLIMAFIN approach 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). 
The authors develop the first approach to price 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. Using policy-relevant 2°C-aligned climate 
mitigation scenarios that correspond to a certain level of Greenhouse gases (GHG) emissions’ 
concentration in the atmosphere (IPCC 2014), the authors calculate economic trajectories for fossil 
fuels and renewable energy sectors and sub-sectors associated to a disorderly transition (business-as-
usual – BAU, i.e. no climate policy) to a mild or tight climate mitigation scenario using the LIMITS 
project database (Kriegler et al. 2013).  

The authors analyse the impact of the shock on firms and sectors’ profitability and calculate 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. By introducing the “climate spread”, the authors model the climate shock transmission to 
government’s fiscal revenues, to the change in the value of the sovereign bond and its associated risk. 
Thus, climate policy shocks affect sovereign bonds on the country-level through the channel of 
probability of default, the value of sovereign bonds and the climate spread55. 

The study uses different data sources. The 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)s 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.  

Battiston and Monasterolo (2019) apply the model to the sovereign bonds of the OECD countries 
included in the Austrian National Bank (OeNB)’s non-monetary policy portfolio. They find that the 
(mis)alignment of an economy could already be reflected in the sovereign bonds’ spread (i.e. the 
climate spread) and change the fiscal and financial risk position of a country. Lastly, the authors 

                                                           
55 According to Battiston et al. (2019), the climate spread metric introduces climate as a source of risk in 10-
years’ bond yields. Shocks are potential gains (positive) or losses (negative) on individual sovereign bonds 
associated to countries disordered transition to a 2°C-aligned economy by 2030. 
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calculate the Climate VaR and compute the largest gains/losses on the central bank’s portfolio via 
financial network models (Battiston et al. 2017; Roncoroni et al. 2019).56  
For illustrative reasons, Table 7-2 shows the impact of climate policy shocks on the value of sovereign 
bonds and sovereign bonds yields (climate spread) computed with GCAM and WITCH under the tighter 
climate policy scenario StrPol-450. 

TABLE 7-2 CLIMATE SHOCKS ON SOVEREIGN BONDS (VALUES AND YIELDS) 

 

Source: Battiston and Monasterolo (2019) 

A similar approach by Battiston et al. (2019)57 analyses the impact of a climate policy shock on the 
sovereign holdings of European insurers, using Quarterly Solvency II Reporting and Centralized 
Security Database (CSDB) with solo data of insurers from 31 countries in EU/EEA that reported 
Solvency II data at the end of 2018 in an Integrated Assessment Model (IAM)58,. They find that in a 
mild scenario59 the portfolio impact of the climate policy shock, i.e. the ratio of the value of the 
portfolio after the shock over the initial value before the shock, ranges from 99.6% to 99.8%. Whereas 
in the adverse scenario60, the impact of a climate policy shock equals and the median shock is about 
three times larger than in the mild scenario (Figure 7-1 and Figure 7-2). 

FIGURE 7-1 IMPACT ON SOVEREIGN HOLDINGS (MILD SCENARIO) 

                                                           
56 Battiston, S., Mandel, A., Monasterolo, I., Schtze, F., Visentin, G. (2017). A Climate Stress-test of the Financial 
System. Nature Climate Change, 7(4), 283288. 
Roncoroni, A., Battiston, S., Escobar Farfan, L. O. L., Martinez-Jaramillo, S. (2019). Climate risk and financial 
stability in the network of banks and investment funds. Under review at Journal of Financial Stability. 
57 Battiston, S., Jakubik, P., Monasterolo, I., Riahi, K. & van Ruijven, B. (2019). Climate risk assessment of 
sovereign bonds portfolio of European insurers, forthcoming. 
58 CLIMAFIN framework as described in Battiston et al. (2019). 
59 Loss given default equal to 0.2 and elasticity of probability with respect to market share of 0.2.  
60 Loss given default equal to 0.4 and elasticity of probability with respect to market share of 0.5. 
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Distribution of the impact on sovereign holdings of European insurers conditioned to the country of the holder, across climate policy shock 
scenarios under the mild scenario on market conditions. 

 
Source: Battiston et al. (2019) 
Note: Y-axis corresponds to the percentage of the original value of government portfolios (e.g. 100% expresses 0% impact, 97% corresponds 
to a drop of 3%). 

FIGURE 7-2 IMPACT ON SOVEREIGN HOLDINGS (ADVERSE SCENARIO) 

Distribution of the impact on sovereign holdings of European insurers conditioned to the country of the holder, across climate policy shock 
scenarios under the adverse scenario on market conditions. 

 

Source: Battiston et al. (2019) 
Note: Y-axis corresponds to the percentage of the original value of government portfolios (e.g. 100% expresses 0% impact, 97% corresponds 
to a drop of 3%). 

7.2.2 CARIMA model application 

With the help of a comprehensive dataset61, Görgen et al. (2019) design a scoring concept with 55 
Carbon Risk Proxy Variables to assess whether firm values (or stock prices) are positively or negatively 
influenced by unexpected changes in the transition process towards a Green Economy, i.e. transition 
risk. Dividing these variables in group indicators “Value Chain”, “Adaptability”, and “Public Perception” 
to capture the three impact channels of carbon risk, the authors calculate a Brown-Green-Score (BGS) 
which measures the direction and magnitude of the changes in firm value due to transition risk. 

Using the Brown-Green-Score to identify brown and green firms, the authors assign to mimicking stock 
portfolios “brown” firms and “green” firms. Calculating a time series of historical portfolio returns for 
both stock portfolios and taking the difference between the two times series gives the Carbon Risk 

                                                           
61 The master dataset combines Thomson Reuters ESG, MSCI ESG-Stats and IVA-Ratings, Sustainalytics ESG 
Ratings and CDP and capital market data from Thomson Reuters DataStream, and comprises data on ESG and 
other capital market variables for about 40,000 firms. 
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Factor BMG (“Brown-Minus-Green”). This time series of historical returns reflects investments in 
“brown” stocks while simultaneously selling “green” stocks. 

By including the Carbon Risk Factor BMG in a factor model approach, one is able to analyse the impact 
of carbon risk on a financial asset. The regression analysis of the factor model allows the calculation 
of a Carbon Beta which measures the effect of Carbon Risk on financial assets. This Carbon Beta 
measures the effect of unexpected changes in the transition process of the economy towards a green 
economy, i.e. how will the return on an asset (bonds, stocks, funds or portfolios) change if the Carbon 
Beta changes, ceteris paribus, by one unit in relation to the market. An example of Carbon Betas for 
two corporate bonds are shown below in Figure 7-3.  

FIGURE 7-3 CARBON BETAS FOR TWO CORPORATE BONDS 

  
Source: CARIMA Excel-Tool (2019) 

Similarly,  
 
 
 

 

 

 

 

Figure 7-4 shows an example of carbon betas across sectors (depicted as a Box-and-Whisker plot of 
equally weighted aggregate Carbon Betas across sectors). 62 

 
 

 

                                                           
62 The Carbon Beta of a sector can be determined on an equal- or value-weighted basis. 
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FIGURE 7-4 EQUALLY WEIGHTED AGGREGATE CARBON BETAS ACROSS SECTORS 

 
Source: CARIMA Excel-Tool (2019) 

Finally, Table 7-3 shows an illustration for how a carbon beta can be estimated for a loan, using 
information on the corporate bonds and equity from the issuer or comparable firms.  

TABLE 7-3 ESTIMATING THE CARBON BETA 
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Source: CARIMA Manual (2019) 

7.2.3 PACTA model application 

The PACTA model allows to show the current technology exposure for asset classes, such as corporate 
bonds, with respect to a transition to a low carbon economy in comparison to a market portfolio. This 
market portfolio is based on the exposure of the global universe of assets in the relevant asset class 
to the sectors. Figure 7-5 shows the exposure for corporate bonds of California insurance companies. 

FIGURE 7-5 CURRENT EXPOSURE OF THE FIXED INCOME PORTFOLIO TO HIGH- AND LOW-CARBON ACTIVITIES 

 
Source: 2° Investing Initiative (2019). 2° SCENARIO ANALYSIS Report - Insurance Companies Operating in California. 

Given the current exposure of corporate bonds with respect to a transition to low carbon economy, 
Figure 7-6 shows the alignment of investment and production plans of companies in the portfolio with 
different climate scenarios and the Paris Agreement. Here shown for the fossil fuel sector. 

FIGURE 7-6 ALIGNMENT OF INVESTMENT AND PRODUCTION PLANS DIFFERENT CLIMATE SCENARIOS AND THE PARIS 

AGREEMENT 
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Source: 2° Investing Initiative (2019). 2° SCENARIO ANALYSIS Report - Insurance Companies Operating in California.  

 

The current technology exposure for listed equity can be derived analogously to that for corporate 
bonds. Figure 7-7 below shoes the exposure for listed equity of California insurance companies. 

 

 

 

 

 

 

FIGURE 7-7 CURRENT EXPOSURE OF THE EQUITY PORTFOLIO TO HIGH- AND LOW-CARBON ACTIVITIES 

 
Source: 2° Investing Initiative (2019). 2° SCENARIO ANALYSIS Report - Insurance Companies Operating in California. 

7.3 Second round effects – qualitative questionnaire 

 Governance: 
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- Does your board and/or board committees oversee climate-related risks and opportunities? 
If so, what are the processes and frequency by which the board and/or board committees 
(e.g audit, risk or other committees) is informed about climate related issues? 

- Does your board and/or board committees consider climate-related issues in any of the 
following aspects: 

a. when reviewing and guiding strategy, major plans of action, risk management 
policies, annual budgets, and business plans,  

b. when setting the organization’s performance objectives, monitoring 
implementation and performance,  

c. when overseeing major capital expenditures, acquisitions, and divestitures? 

- Has the board set goals and targets for addressing climate-related issues? Does the board 
monitor and oversee progress against goals and targets, and how? 

- Has your organization assigned climate-related responsibilities to management-level 
positions or committees? If so, do these responsibilities include assessing, managing and 
reporting climate-related issues to the board or a committee of the board? How does 
management (through specific positions and/or management committees) monitor climate-
related issues in your organization? 

 Strategy: 

- Has your company identified climate-related risks and opportunities over the short, medium 
and long term? If so, please describe: 

a. what you consider as short-, medium- and long-term time horizon; 

b. the climate-related issues you have identified for each time horizon and whether any 
of these issues could have a material financial impact on your organization; and,  

c. the process or processes you have used to determine which risks and opportunities 
could have a material impact on your organization.  

- Has your organization identified climate-related issues that affect its business, strategy and 
financial planning? Specifically, do the identified climate-related issues impact your business 
and strategy in any of the following areas: products and services, supply chain and/or value 
chain, adaptation and mitigation activities, investment in research and development, and 
operations? If so, please elaborate.  

- In relation to the previous question, do the identified climate-related issues impact your 
financial planning in any of the following areas: operating costs and revenues, capital 
expenditures and capital allocation, acquisitions or divestments and access to capital? If so, 
please elaborate.  

- In addition, please describe the identified potential impacts of climate change risks and 
opportunities (supported with quantitative information where available) on your core 
business, products and services including: 

a. information at the business division, sector, or geography levels;  

b. how the potential impacts influence client, cedant, or broker selection; and  

c. whether specific climate-related products or competencies are under development, 
such as insurance of green infrastructure, specialty climate-related risk advisory 
services, and climate-related client engagement. 
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- Does your company use climate-related scenarios to inform the organization’s strategy and 
financial planning? If so, please describe the scenarios used.  

- Does your company factor climate-related risks and opportunities into relevant investment 
strategies? If so, is this done from the perspective of a total investment strategy or individual 
investment strategies for various asset classes? 

- Has your company assessed the resilience of its strategy, taking into consideration a 
transition to a lower-carbon economy consistent with a 2°C or lower scenario and, where 
relevant to the organization, scenarios consistent with increased physical climate-related 
risk? If so please describe if the organization’s strategy is affected, how it may change, and 
the climate-related scenarios and the time horizon(s) considered. 

- In addition, if your company performs climate-related scenario analysis please provide the 
following information: 

a. description of the climate-related scenarios used, including the critical input 
parameters, assumptions and considerations, and analytical choices. In addition to a 
2°C scenario, insurance companies with substantial exposure to weather-related perils 
should consider using a greater than 2°C scenario to account for physical effects of 
climate change and 

b. time frames used for the climate-related scenarios, including short-, medium-, and long-
term milestones. 

 Risk management: 

- Has your organization implemented processes for identifying and assessing climate-related 
risks? How does your organization determine the relative significance of climate-related risks 
in relation to other risks? 

- Please describe your company’s processes for identifying and assessing climate-related risks 
on re-/insurance portfolios by geography, business division, or product segments, including 
the following risks:  

a. physical risks from changing frequencies and intensities of weather-related perils,  

b. transition risks resulting from a reduction in insurable interest due to a decline in value, 
changing energy costs, or implementation of carbon regulation, and  

c. liability risks that could intensify due to a possible increase in litigation.  

- Does your company use key tools or instruments, such as risk models, to manage climate-
related risks in relation to product development and pricing? If so, please describe the key 
tools and instruments used as well as the range of climate-related events considered and 
how the risks generated by the rising propensity and severity of such events are managed. 

- Does your company consider the positioning of its portfolio with respect to the transition to 
a lower-carbon energy supply, production and use? Does your company actively manage its 
portfolio positioning in relation to this transition? 

 Questions related to targets and metrics: 

- Does your organization use metrics to assess and manage relevant climate-related risks and 
opportunities in line with its strategy and risk management process? If so please describe 
which metrics are used. If relevant, please provide aggregated risk exposure to weather-
related catastrophes of your property business (i.e., annual aggregated expected losses from 
weather-related catastrophes) by relevant jurisdiction. 
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- Does your organization use targets to manage climate-related risks and opportunities and 
performance against targets (e.g. GHG emissions)? If so, please describe which targets are 
used.  
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