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The 3 Key Performance Indicators (KPI’s) of Climate Change

Greenhouse Gas Emissions annually: 51 billion tons 

– Goal: Reduce by 50% in next 10 yrs, and get to “Net-zero” by mid century

Carbon Concentration Levels: 412.5 parts per million 

– Goal: Stabilize at 450 ppm

Temperature Increase: 1 degree (on a 3 degree trajectory)

– Goal: Keep to well below 2 degree, ideally 1.5 degree
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What is the Greenhouse Effect? 
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Atmospheric Concentrations of CO2 
Stable atmospheric conditions enabling life on earth
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“…humans beings are now carrying 
out a large scale geophysical 
experiment…” – Roger Revelle 
(1957)

260 ppm 
to 280 
ppm 
range 
over last 
10,000 
years



Annual Greenhouse Gas Emissions – Human Activity
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Paper # 4
Application of Climate-Related Risk 
Scenarios to Asset Portfolios
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• The assessment of assets is an integral part of actuarial work

• Climate-related risks may affect:
– The amount, likelihood and/or timing of expected future cash flows

– Asset prices and market values due to shifts in investor preferences, global climate 
policies and new innovations

• Is the market reflecting oil reserves that will remain underground (Stranded 
assets)?

• Obligation of pension fund fiduciaries, insurers and other financial institutions 
to take climate-related risks into account (our employers/clients)

• Understand and lead climate scenario analysis

• Consider the impact of climate-related risks on discount rate and on the 
appropriateness of assets backing liabilities (asset/liability matching).
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Why this Paper?



10

Climate-related Risks and Opportunities



IPCC Global Emissions Scenarios
Future annual emissions of CO₂ (left) and of a subset of key non-CO₂ drivers (right), across five illustrative scenarios
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Source:  IPCC AR6 report August 2021 Summary for policymakers IPCC_AR6_WGI_SPM_final.pdf

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf


International Energy Agency Report
Key public policy milestones

12

Summary

Electrify end-use 
applications

Decarbonize Power 
Sector

Carbon Capture and 
Storage (CCS)

Remove CO2

Source: IEA (2021), Net Zero by 2050 Roadmap,p.20, www.iea.org/reports/net-zero-by-2050

http://www.iea.org/reports/net-zero-by-2050
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Network for Greening the Financial System Scenarios (NGFS)
GDP Impacts Relative to Prior Trend for Net Zero, Delayed (Sudden) Transition and Current-Policies Scenarios

Source: IIASANGFS Climate Scenarios Database, NiGEM based on REMIND. IAM data and damage estimates from Kalkuhl & Wenz (2020), 
www.ngfs.net/sites/default/files/media/2021/08/27/ngfs_climate_scenarios_phase2_june2021.pdf

http://www.ngfs.net/sites/default/files/media/2021/08/27/ngfs_climate_scenarios_phase2_june2021.pdf


• Example: Final Report of the BoC-OSFI Climate Scenario Analysis Pilot1

• Discounted Cash Flow Model (DCF)
• GHG emission data (Scopes 1, 2 and 3) and metrics
• Trend vs. point in time
• Physical risk data

– improving the energy label/efficiency
– Exposure to physical damage

• Legal and reputational risks
• Source of data
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Bottom-Up Analysis

https://www.bankofcanada.ca/wp-content/uploads/2021/11/BoC-OSFI-Using-Scenario-Analysis-to-Assess-Climate-Transition-Risk.pdf1.

https://www.bankofcanada.ca/wp-content/uploads/2021/11/BoC-OSFI-Using-Scenario-Analysis-to-Assess-Climate-Transition-Risk.pdf
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Financial Disclosure and the Legislative Landscape

Sustainable Finance Disclosure 
Regulation (SFDR)



• Example: IFoA-Ortec Finance Climate scenario analysis for pension schemes1

• Interplay between
– Government policies

– Technology

– Market

• GDP and broad welfare metrics

• Price of carbon and the EU Emissions Trading Scheme

• Net Zero by 2050 commitments

• Consistency of Climate-Related Risk Modeling Between Assets and Liabilities 

• Open-Source Tools

• Climate-Related Risk Data Providers 
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Analysis

Climate scenario analysis for pension schemes - UK Case Study.pdf (actuaries.org.uk)
Climate risk scenarios for pension schemes | The Actuary

1.

https://www.actuaries.org.uk/system/files/field/document/Climate%20scenario%20analysis%20for%20pension%20schemes%20-%20UK%20Case%20Study.pdf
https://www.theactuary.com/2021/05/28/climate-risk-scenarios-pension-schemes


Bottom-up Top-down
Advantages •Performing investment analysis and supporting 

investment decisions at a micro level
•Reflecting characteristics of the securities 
analyzed
•Customizable

•Macro-economic implications of 
climate-related scenarios are 
considered holistically
•Easier to ensure that assumptions 
are consistent with one another. 

Disadvantages •Difficult to aggregate risks at the portfolio level
•Valuation of various individual securities may not 
be based on a consistent view of the overall 
climate and mitigation risks
•Can lead to incomplete or inconsistent results
•Fails to identify high-level concentrations of risks

•Offsetting positive and negative 
impacts may not be overlooked. 
•Nuances may not be apparent 
when modeling the impact on GDP
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Bottom-Up  vs. Top-Down Approaches

Consider the purpose of the climate-related risk assessment, 
but using both approaches would provide a more complete picture. 



• Bonds are generally more susceptible to downside climate-related risks, rather 
than upside

• Long-term bonds are more susceptible to climate-related risks, as effects of 
climate change tend to be more pronounced over long term

• Physical risk scenario could affect value of government bonds in countries 
which are highly vulnerable to physical risks but less financially resilient 

• Transition risk could affect developed countries more, as they are likely to 
spend more on climate-related mitigation and adaptation in long term
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Considerations for Fixed Income



• Could be impacted by opportunities and 
risks arising from climate change

• GHG emissions and climate-related 
impacts vary significantly by sector. 

– Even within sector, there can be great 
variability in intensity of emissions

• Transition risks wise, most impacted 
sectors are typically carbon-intensive

• Physical risk is more spread out over 
various sectors as main driver is  the 
location of the firm’s physical assets
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Considerations for Equity



• Real estate
– Physical impacts of climate change naturally depend on the location, e.g. located in 

a coastal area

– Transition risks could also affect the building and operating costs of real estate, as 
they contribute to one-third of global final energy consumption.

• Infrastructure
– Some assets could become “stranded” as they succumb to obsolescence due to 

new regulations, greener alternatives or technological innovations. 

– Asset owners increasingly provide project financing for development or construction 
of real green assets
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Considerations for Real Estate and Infrastructure



• Derivatives
– Could be used to immunize portfolio, if underlying assets are exposed to downside 

impact of climate risks

• Agriculture Assets
– Methane from beef farming, deforestation worsen direct emissions
– Offset by investments in regenerative agriculture practice, forestry carbon capture
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Considerations for Derivatives and Agriculture Assets



• Most commonly available types are green bonds, 
green infrastructure and green real estate

• Main challenge is to assess whether investment 
qualifies as “green”

• Risk of greenwashing
• To build a common definition, EU created a 

Taxonomy for Sustainable Activities
• Other taxonomies from China, UK
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Green Asset Classes
EU Taxonomy for 

Sustainable Activities



• Normally linked to underlying environmentally friendly activity
• Green bonds often have a “greenium” or “green premium” (lower yield for 

those raising capital), 
– Presence and extent of “greenium” is under debate

• Albeit rapidly growing, small market may have low liquidity
• Funded via private markets, to greater extent than publicly traded markets

– Disclosure requirements may not be as stringent
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Green Assets: Investment Characteristics



• % of portfolio that is committed to “net zero by 2050”, or invested in carbon-related sectors

Overall Portfolio Alignment

• GHG emissions generated by investee companies, reduced according to portfolio’s shareholdings

Portfolio Emissions

• Estimate of global temperature rise, as if every company operates with same carbon intensity as a 
particular asset and experiences same emissions pathway

Implied Temperature Rise

• Size of loss attributable to climate-related financial risks by comparing value of assets in a world 
with climate change relative to same world without climate change

Climate Value-at-Risk (Climate VaR)
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Portfolio-Level Risk Measures & Metrics
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Case Studies: Observations of Common Features of 
Insurers Implementing Climate-Related Risk Analysis

General Insurers

• Investment portfolio more heavily 
weighted toward cash and other highly 
liquid asset

• Physical risk is more prominent, and 
manifests on the liability side as claim 
levels and business operations impact 
the insurer’s income statement. 

• Extreme weather events may restrict 
access or power to the insurer’s facilities  
and impact operations in short term

Life Insurers

• Review portfolio for exposure to climate-
related risks, especially the impact of short-
and long-term climate events and changing 
climate conditions on their investments

• Disclose specific climate-related risk 
scenarios, GHG emissions from the portfolio 
and insurer’s target, processes of informing 
board about climate-related issues, how 
climate-related risk analysis led to changes 
in investment portfolio, etc.



• Model assessed economic impact of 
climate scenarios and translated 
impacts of climate-adjusted GDP onto a 
wide range of financial and economic 
variables, on a stochastic basis

• However, not all risks are fully captured, 
e.g. environmental tipping points and 
knock-on effects
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Case Studies: Pension Funds (Reference: 2020 IFoA paper “Climate scenario 
analysis for pension schemes” & 2021 article from The Actuary magazine)

Funding Level Projections (Difference to 
Climate-Uninformed Baseline)

Climate scenario analysis for pension schemes - UK Case Study.pdf (actuaries.org.uk)
Climate risk scenarios for pension schemes | The Actuary

https://www.actuaries.org.uk/system/files/field/document/Climate%20scenario%20analysis%20for%20pension%20schemes%20-%20UK%20Case%20Study.pdf
https://www.theactuary.com/2021/05/28/climate-risk-scenarios-pension-schemes


• The assessment of assets is an integral part of actuarial work
• Climate-related risks may affect:

– The amount, likelihood and/or timing of expected future cash flows
– Asset prices and market values due to shifts in investor preferences, global climate 

policies and new innovations

• Is the market reflecting oil reserves that will remain underground (Stranded 
assets)?

• Obligation of pension fund fiduciaries, insurers and other financial institutions 
to take climate-related risks into account (our employers/clients)

• Understand and lead climate scenario analysis
• Consider the impact of climate-related risks on discount rate and on the 

appropriateness of assets backing liabilities (asset/liability matching).
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Key Takeaways



Opportunities for Actuaries
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Two Levels of Involvement for the Profession

1. Technical: Actuaries applying their skills in modeling, scenario analysis, 
stress testing etc… to assess & manage the resiliency of insurance 
companies, banks and pension plans

2. Engagement: Actuaries collaborating with other professionals, regulators, 
scientists & politicians to build the right sustainable financial sector for the 
planet
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Part of CIA mission is to advance actuarial science for the financial well-being of society
https://www.cia-ica.ca/about-us/the-institute/governance/philosophy

Rules of professional conduct state that members must comply and thereby serve the public interest https://www.cia-
ica.ca/publications/rules-of-professional-conduct



Technical Involvement
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• Incorporating climate-related risk in our work
– Being informed and staying current of climate related risks and their applicability

– Reflecting climate risks in risk management and capital management frameworks

– Conducting analysis of climate-related risk exposure, sensitivity and adaptive capacity

– Creating innovative products that align with the changing need of stakeholders

– Performing qualitative and quantitative scenario analysis

– Assisting in the development of investment strategies that meet employer’s or clients’ 
environmental, social and governance criteria



Engagement 
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– Contributing to a sustainable financial sector
– Supporting carbon footprint disclosure
– Addressing regulatory or voluntary disclosure requirement such as Task Force on 

Climate-Related Financial Disclosure (TCFD) and the International Sustainability 
Standards Board (ISSB)

– Assessing and comparing various adaptation or mitigation options
– Advising various types of organizations including governments and other policymakers on 

climate-related risk initiatives and sound policy making
– Engaging stakeholders in the importance of adaptation (e.g., land use policies) in 

addressing climate risks
– Accounting for biodiversity in economic decision making
– Researching



• For the full list of references, please refer to the paper
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