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Executive Summary 

 

Climate-related risks are getting more and more attention worldwide. Whether those risks arise from more 
frequent and severe weather events, or the transition to a net-zero-carbon economy, they have the potential 
to trigger substantial impacts with consequential implications for the work carried out by actuaries. 
Actuaries therefore need to stay up to date with the science underlying climate change, and with the 
political and economic responses to it. 

Scenario analysis is an important tool that can be used to assess the potential financial and business 
impacts of climate change in a decision-useful way. In a world of uncertainty, scenarios are intended to 
explore alternatives that may significantly deviate from the basis of “business as usual” assumptions. 

Actuaries are increasingly involved in considering the potential business and financial impacts of climate-
related risks on an organization, its customers and society. There is also an increasing demand for 
actuaries to use scenario analysis to ensure these risks are identified, measured, monitored, managed and 
reported. This work will form a basis for mitigation/adaptation strategies, as well as building resilience.  

The main conclusions of this paper are summarized in the following points:  

1. In the sphere of climate change, the focus of the actuarial profession is on climate-related risks and 
opportunities, rather than the multiple broader impacts of climate change.  

2. Climate-related risks can be analyzed into main categories comprising physical risks, transition risks, 
and legal and reputational risks. Each of these will be affected by initiatives from governments, 
enterprises and individuals. 

3. Climate-related risks are complex and entail a high level of uncertainty as to both the timing and 
intensity of their impacts. There is an abundance of material, tools and data that can be used by 
actuaries to assess and monitor these risks in cooperation with climatologists and other 
professionals. 

4. Analysis of scenarios covering a wide range of potential futures is best suited to developing fact-based 
policy options for governments, and management information for enterprises. This approach aims to 
maximize the sustainability of their policies, strategies and business models. 

5. The main source of basic research information about climate change is the Intergovernmental Panel 
on Climate Change (IPCC).1 

6. Scenarios need to accommodate interactions between the risks that are not linear but take place at 
multiple levels. They can occur on different timelines and horizons, and their impacts can be at the 
global, regional or enterprise level. Actions may be taken by a variety of stakeholders, each controlling 
only segments of the risks, but should be coordinated at both the local and global level. 

7. Actuaries should not necessarily aim to create scenarios by themselves. They should be able to work 
in multi-disciplinary teams to develop scenarios that are appropriate to a set of circumstances. 
Parameters should be customized to produce results that are relevant, credible and aligned to the 
needs of the users.  

8. Guidance is provided on the criteria and components of, and requirements to be met by, scenarios as 
well as on the process, which must be iterative. 
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Introduction to the Paper 

 

This paper is part of a series of papers that the IAA Climate Risk Task Force has committed to develop 
over the coming years. It builds on, and should be read in conjunction with, the IAA paper The Importance 
of Climate-Related Risks for Actuaries.2  

It aims to provide background covering the principles and outlining the processes for developing climate-
related scenarios. It focuses on climate-related financial risks but does not cover the scientific basis of 
climate change beyond what is necessary for understanding its impacts.3 It aims to help actuaries and 
others to acquire the basic vocabulary of climate science. It particularly serves those less familiar with the 
details of climate research who wish to develop or use climate-related scenarios. 

This paper is organized into five main sections: 

• Section 1 provides historical background information on climate change. It documents the main public 
sources of information and draws attention to the complexity of processes and their interactions. It 
points out the critical role of the Paris Agreement, whereby the international community has chosen to 
control climate-related risks by mitigating the greenhouse effect through shifting to a low-carbon 
economy. 

• Section 2 identifies the range of direct impacts from physical risks, and from transition risks resulting 
from mitigation or adaptation efforts. It also points out consequential legal, compliance and 
reputational risks that can develop over time. These risks entail a regional dimension and may affect 
financial services, particularly insurance and investments. They may also open new opportunities. 

• Section 3 covers various approaches to risk analysis depending on the time horizon contemplated and 
the breath of coverage of risks from frozen balance sheets to holistic projections. 

• Section 4 discusses how to measure and monitor the evolution of climate-related risks in order to 
incorporate mitigation and adaptation efforts at the global and local level. Such measurement must 
accommodate a high degree of uncertainty as to the timeline and intensity of the impacts. It recognizes 
the need to coordinate actions on both a national and global scale. A first subsection reviews the 
requirements for good scenario analysis. A second subsection reviews the components from which 
scenarios can be assembled and considers some of the tools available to actuaries.  

• Section 5 reviews the challenges and barriers that need to be overcome to support efficient actions 
and build resilience. These factors need to be considered when developing scenarios. 

To follow-up on this paper, the intent is to produce a series of complementary papers covering climate 
issues related to specific financial sectors or providing further insights. The future papers are described 
in Section 6.  

Accompanying this paper is a separate glossary4 of terms used, which the IAA will update as further papers 
on climate-related risks are developed.  
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1 Introduction to High-Level Climate Pathways 

1.1 Background Information on Climate Change 

The overwhelming majority of scientific opinion is that climate change is currently being caused mainly5 
by an increase in atmospheric carbon dioxide (CO2). CO2 is a greenhouse gas (GHG) which causes 
warming of the atmosphere. The increase has largely been produced by humans burning fossil fuels to 
meet increasing energy demand or support industrial processes. Human activities have also made a 
significant contribution to the increase in other emissions6 through changes in land use. In particular, 
forest destruction and its replacement with pasture for livestock generates methane (CH4) and nitrous 
oxide (N2O). These are both more potent GHGs than CO2. These human contributions are also referred to 
as anthropogenic contributions.  

The term “climate change” is commonly used in the literature, although some prefer the expression “global 
warming”.7 Actuaries are interested in the risks generated by climate change. These are referred to as 
“climate-related risks” or “climate-related financial risks”. 

 

Figure 1 – Atmospheric GHG emissions8 

 

The IPCC is the major global source of information about climate-related risks. It does not conduct its own 
research; instead, scientists from all over the world contribute to its work. These scientists assess the 
thousands of scientific papers published each year. They provide a comprehensive summary of what is 
known about the drivers of climate change, their impacts and future risks, and how adaptation and 
mitigation can reduce those risks. Through its assessments, the IPCC identifies the strength of scientific 
consensus in different areas and indicates where further research is needed. The IPCC assessment 
reports are supported by a wide consensus and are a key input into international climate-change 
discussions and negotiations. Given the multiple levels of uncertainty, including future adaptation and 
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mitigation actions taken by governments around the world, these reports do not attempt to predict future 
outcomes in detail, but rely instead on presenting a selection of climate pathways.9 

The Fifth Assessment Report (AR5), published by the IPCC in 2014, provides an overview of the state of 
knowledge concerning the science of climate change. It comprises a synthesis report and a summary for 
policymakers, as well as reports from three working groups. The report Global Warming of 1.5°C, published 
in October 2018, indicates the need to take dramatic actions now to keep warming below 1.5°C. It points 
to the potential severe consequences if this is not achieved. The Summary for Policymakers of the Special 
Report on the Ocean and Cryosphere in a Changing Climate was published in September 2019. The United 
Nations Environment Programme (UNEP) also publishes Emissions Gap reports; the last one was issued 
for 2019. 

The IPCC’s Sixth Assessment Report (AR6) is planned for 2021, and the Synthesis Report for June 2022. 

 

1.2 High-Level Driving Metrics of Climate Changes 

Climate-related scenarios are often based on projections of future GHG emissions. They are used by 
experts to assess future vulnerability to climate change, as well as the need for mitigation of future 
changes in climate, or for adaptation to them. The goal of these scenarios is not to predict the future. 
Rather, they help their users to better understand uncertainties and the wide range of possible outcomes 
in order to make the best possible decisions. For simplicity’s sake, scenarios are represented by a curve, 
called a “pathway”, that traces the evolution of a metric over time. The pathway is often complemented by 
a confidence interval. A scenario usually includes a narrative summarizing the associated impacts and 
relevant factors that describe the future states of the world up to a target date.  

The driving metric could be the additional warming in degrees C, the GHG emitted expressed in gigatons 
of CO2e10 or the atmospheric concentration of CO2e in parts per million (ppm). These metrics are estimates 
based on reports collected globally. For example, daily measurements of CO2 concentration in the Earth’s 
atmosphere in ppm, taken at the Mauna Loa Observatory, Hawaii, are available continuously from the 
Scripps Institution of Oceanography, starting from 1958 to the present day. The graph of past daily values 
is known as the Keeling Curve (see Figure 2). 

CO2 concentration is one of the preferred metrics because it is subject to continuous monitoring and is 
seen as a reliable leading indicator; i.e., an increase in concentration generally precedes the increase in 
warming. Metrics based on emissions are estimates subject to errors in reporting and need to be 
converted to atmospheric concentration by allowing for the proportion absorbed by oceans and forests. 
By contrast, the Keeling values directly measure the net concentration. The Keeling Curve is useful for both 
determining the starting point of a projection and comparing past projections with actual observations. 

Whatever the metric, it should be noted that the impacts as estimated in IPCC reports or from various 
models are based on probabilities, which are often quantified. The wording “it is likely that keeping the 
concentration below 450 ppm will keep the global warming below 2°C” in IPCC vocabulary means that 
there is an estimated probability of 66.7% that the temperature increase will not exceed 2°C.  
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Figure 2 – The Keeling Curve11 

 

 

 

 

 

 

 

 

 

 

1.3 The Paris Agreement 

The Paris Agreement12 (Article 4, paragraph 2) requires each party to prepare, communicate and maintain 
the successive Nationally Determined Contributions (NDC) that it intends to achieve. Parties agree to 
pursue domestic mitigation measures, with the aim of achieving the objectives of such commitments. 
NDCs made by the parties are voluntary. The NDCs embody efforts by each country to reduce national 
emissions and adapt to the impacts of climate change. Each government is autonomous in setting policy 
objectives and responsible for implementing mandatory measures or initiatives to achieve them.  

NDCs are at the heart of the Paris Agreement and the achievement of its long-term goals. The signatories 
agreed to strengthen the global response to the threat of climate change through three main actions:  

• mitigation: holding the increase in average temperature to well below 2°C above pre-industrial levels 
and to pursue efforts to limit the temperature increase even further to 1.5°C;  

• adaptation: increasing the ability of countries to adapt to the adverse impacts of climate change; and  

• finance: making financial flows more consistent with a pathway to low GHG emissions and climate-
resilient development. 

Under the Paris Agreement, the contributions are to be increased at five-year intervals if they are not 
sufficient to achieve the agreed objective. The first revision was due to take place on the occasion of the 
COP26 (UN Climate Change Conference) meeting in Glasgow in November 2020. Due to the COVID-19 
pandemic it has been postponed to November 2021.  

Global warming has already reached 1.1°C, well over half-way to the target. Meanwhile, there has been no 
significant reduction in GHG emissions. For the same temperature target, it is possible for governments 
collectively to act early, reducing physical risks and enabling a gradual transition to a low-carbon world 
(lower transition risk). Alternatively, they may act later, increasing physical risks and the likelihood of 
sudden, drastic policy action and economic adjustment. Later action is expected to drive higher transition 
and legal/reputational risks. 
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1.4 IPCC Global Warming Pathways 

The IPCC pathways describe the effect on the energy balance of the global climate system due to changes 
in the composition of the atmosphere from sources like GHG emissions, other air pollutants and changes 
in land use. 

The IPCC’s AR5 report includes four pathways identified by their net radiative forcing (the difference 
between energy absorbed by the atmosphere and energy radiated back into space). These illustrate 
different compositions of the atmosphere at the end of the 21st century. IPCC pathways and their 
associated Representative Concentration Pathway (RCP) are illustrated in Figure 3 and summarized as 
follows: 

• RCP 2.6 is consistent with an ambitious reduction of GHG emissions, which would peak around 2020 
– deemed a turning point. It would then decline on a linear path that aims to limit global warming to 
below 2°C above pre-industrial temperatures, the goal of the Paris Agreement. It is also known as a 
2°C scenario. 

• RCP 4.5 is an intermediate-emissions scenario, consistent with a future with relatively ambitious 
emissions reductions and GHG emissions increasing slightly before starting to decline c.2040. Despite 
such relatively ambitious emissions-reduction actions, RCP 4.5 falls short of the 2°C limit/1.5°C aim 
of the Paris Agreement. It is aligned broadly with the GHG emissions profile that would result from the 
implementation of the 2015 NDC up to 2030 followed rapidly by a 50% reduction of global emissions 
by 2080. It is considered likely to produce a warming of about 2.4°C. 

• RCP 6.0 is a high-to-intermediate-emissions scenario, where GHG emissions peak at around 2060 and 
then decline through the rest of the century. It is considered likely to produce a warming of about 2.8°C. 

• RCP 8.5 is aligned broadly with current policies. It is a high-emissions scenario, consistent with a future 
with no policy changes to reduce emissions and characterized by increasing GHG emissions that lead 
to high atmospheric GHG concentrations. It is considered likely to produce a warming of 4.3°C. It has 
been deemed to represent a Business-As-Usual (BAU) scenario, but it is not necessarily the worst-case 
scenario. 

Figure 3 – IPCC pathways13 
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The “NDC scenario” is derived by first aggregating the NDCs submitted by the 185 signatories in 2016. In 
addition, it is presumed that contributions will continue after the pledge period, ending typically in 2025 or 
2030. This initial NDC scenario would entail warming estimated at around 3.2°C by 2100. 

These pathways, and others created subsequently by various organizations, may be used as a basis for 
generating scenarios which have more specific regard to the application, and to local conditions. 

 

1.5 Complexity of Climate-Change Processes and Interactions  

Changes in the climate are expected to give rise to both acute physical effects (for example, increasing 
severity and frequency of extreme weather events like heatwaves, landslides, floods, wildfires, tropical 
cyclones and storms) as well as chronic effects (for example, changes in precipitation, extreme weather 
variability, ocean acidification, and rising sea levels and average temperatures).  

A smooth transition to a low-carbon economy would entail numerous adaptation and mitigation initiatives 
that need to be synchronized. For example, the transition from fossil fuels to sustainable energy 
generation and storage has to be coordinated to ensure continuous supply. Adaptation can reduce the 
risks of climate-change impacts, but there can be limits to its effectiveness. Many adaptation and 
mitigation options can help address climate change, but no single option is likely to be sufficient by itself. 
Effective implementation depends on policies and cooperation at all levels and can be enhanced through 
integrated responses that link adaptation and mitigation with other societal objectives. 

Scenario analysis consists of defining and specifying a set of conditions and then assessing their impact. 
The scenario would include all effects that are relevant for the analysis of the impact. The specification 
would be such that it is possible to obtain qualitative or quantitative estimates on the financial loss or 
other effects that are in scope. For climate change, this is challenging, since there are many effects, some 
obvious and some not, that will emerge over time. The problem is compounded by the fact that it is 
necessary to consider not only the changes in the climate, but also the effects on other relevant domains. 
Ultimately, any of these may impact the balance sheet or business models of insurers, pension funds, and 
other corporate bodies or organizations.  

A highly complex system like climate change, together with the domains that it will impact, will have many 
drivers that will cause effects to propagate. Actuaries who formulate climate-related scenarios or adapt a 
scenario to their region or to the exposures of a specific financial institution, would, for example, consider 
such effects quantitatively or qualitatively, or both. There are a number of different interactions between 
effects, some of which are described below. 

Drivers of climate change can cause cumulative effects. Incremental impacts of 
actions – for example, the burning of fossil fuels – can add up over time. The 
cumulative effect can be close to linear or non-linear and can lead to “tipping points” 
where a system enters a new state.14 

Some events can lead to a cascade of events, like dominoes that topple each other. 
The COVID-19 pandemic offers many examples of domino effects where an initial 
outbreak spreads, impacts supply chains, causes certain goods to be hoarded, 
impacts the free flow of goods, affects capital markets and affects many more 
things.15 

The ripple effects of climate change can propagate across different domains. CO2 can 
lead to an acidification of the sea which impacts shellfish, and the warming oceans 
impact coral ecosystems. Both of these impact humans, which might force coastal 
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populations to migrate; in turn this has impacts for both societies and economies. 
These effects are especially pronounced over long durations.  

Tipping points are thresholds where a small change can qualitatively alter the state or 
development of a system. The climate itself has many such tipping points, including 
the accelerated melting of Arctic ice, which reduces the solar energy that is being 
reflected, potentially leading to sudden changes in oceanic circulation. The entire 
global system has many more tipping points, where at least part of the system can 
enter new states with unknown consequences.16 

Feedback loops are effects which, possibly over several stages, dampen (negative 

feedback loop) or strengthen (positive feedback loop) the initial driver. The climate 
contains many feedback loops. A well-known positive feedback loop is that heating 
causes permafrost to melt, which then releases CH4 and CO2, which cause more 
heating.17  

It is difficult, if not impossible, to predict how these effects will play out. Many of the effects are highly 
uncertain, and data may be insufficient for any reasonable prediction or modelling. These varying effects, 
which can be seen as certain or likely to arise, would nevertheless be included in the scenario. For example, 
a scenario would not be believable if it were to postulate a regional temperature increase of 3°C in excess 
of the pre-industrial level without considering effects on agriculture, the healthcare system and society. 
Other effects are more speculative, especially in cases where a system might enter a new state after a 
tipping point. In these cases, the actuary might make an informed range of estimates. There are many 
techniques that allow the implications of climate change to be considered, including analysis by experts 
from various professions, workshops, graphical methods or the building of models.  

To develop climate-related scenarios, interdisciplinary approaches together with panels of experts can be 
most useful. To analyze the impact of climate change on clearly delineated domains, the view of relevant 
experts might be sought. To assess the interactions between different domains, it is often more useful to 
ask for the help of a knowledgeable generalist. It is important to emphasize the need for interdisciplinary 
work, in particular for analyzing a complex system like climate change and its effects.  

It can be useful to employ graphical methods to think qualitatively through effects that can occur in a 
complex system like climate change. Many elements or sub-systems of the climate are linked, and as the 
climate changes, effects propagate across different domains.  

A graphical representation, such as the example below, can be used to think through implications and to 
show possible feedback loops more clearly.  

 

 

 

 

 

 

 

 

Global warming Melting of 
Icelandic 
glaciers 

Increased 
volcanic 
activity 

Respiratory 
diseases in Europe 

Reduced flights 
across the 

North Atlantic 

Crop failures in 
Europe 

Struggling airline and 
tourist industry 

Iceland 
uninhabitable 

Supply chain 
interruptions Arctic plankton 

blooms 

Ash clouds over 
Europe and 

North Atlantic 

Acid rain 



IAA Paper – Introduction to Climate-Related Scenarios 

 

9 
 

2 Climate-Related Risks and Opportunities 

There are three types of climate-related risks: physical risks, transition risks and legal/reputational risks, 
with physical and transition risks having the potential for also generating opportunities. Each risk has its 
own pattern and will materialize differently over time and according to regions. Each is described here 
with comments on some of its impacts on modelling and on the work of actuaries. 

 

2.1 Physical Risks and Opportunities  

The Task Force on Climate-related Financial Disclosures (TCFD) defines physical risks as risks resulting 
from climate change that can be event-driven (acute) or longer-term shifts (chronic) in climate patterns. 
Physical risks may have financial implications for organizations, such as direct damage to assets and 
indirect impacts from supply chain disruption. Organizations’ financial performance may also be affected 
by changes in water availability, sourcing and quality; food security; and extreme temperature changes 
affecting organizations’ premises, operations, supply chains, transport needs and employee safety.18 

There are several physical phenomena that can be caused or exacerbated by climate change. Higher 
temperatures mean more energy in the atmosphere. This can lead to stronger windstorms and more 
frequent and powerful hurricanes and tornadoes.19 Rain patterns could change, leading to more rain in 
some regions and more pronounced droughts in others. Increased temperatures can lead to changes in 
agriculture and fisheries as well as to longer and more extreme heatwaves in some areas. More 
speculative are the possibilities of increased volcanic activity20 or changes in oceanic resources.  

It is important for actuaries to consider the effect that physical risks can have on the financial markets, 
alongside the direct impacts. A large catastrophe can lead to losses in equity or corporate bond portfolios. 
Large catastrophes might also cause financial markets to freeze for extended periods of time, which might 
cause liquidity strains. Capital might flow out of jurisdictions that have been impacted severely by climate 
change, leading to further liquidity problems. Governments might react to these effects of climate change 
by changing interest rates or nationalizing certain industries, which can also lead to market losses and 
declines in liquidity. The physical effects of climate change could lead to an increased demand for 
construction, such as dams, relocation of entire cities and populations, the building of new health facilities 
and more, which could lead to higher interest rates but could also increase employment and investment 
opportunities.  

Physical risks can affect the exposure of an insurer or its operations, both directly and indirectly. 
Hurricanes, windstorms, floods, forest fires or heatwaves can impact insured portfolio exposures and 
cause losses directly, or can disrupt the operations of insurers or their investment holdings.  

Indirect impacts can occur; for example, from soil salinification or the acidification of the sea. These could 
impact agriculture and fisheries and also affect financial markets.  

Not only could insurers be impacted by such events, but also pension funds and other financial institutions. 
Pension funds might face increased uncertainty due to the impact of climate change on the life expectancy 
of retirees. Like insurers, financial institutions also face the potential impact of physical effects on their 
investment portfolio.  

  



IAA Paper – Introduction to Climate-Related Scenarios 

 

10 
 

2.1.1  Regional Impacts 

While climate change is a global phenomenon, physical effects will differ across regions. Climate change 
can give rise to impacts that differ regionally, both in kinds and in levels. In one region, increased 
temperatures might lead to aridification, and in another to more rain. While some regions might benefit 
from climate change by increased agricultural productivity, for others the rise of temperatures might be 
catastrophic. Regions that are already hot – for example, Central Australia or Qatar – might become 
uninhabitable without air-conditioning due to extended extreme heatwaves. Other regions, such as North 
America, might be impacted by more energetic or more frequent tornadoes, hurricanes or windstorms. 
This is why the IPCC aims to develop more granular regional and sectoral pathways. Regional models 
often require a higher resolution than global models. Detailed modelling of specific effects that might be 
highly relevant for a region may be of less consequence for a global model. 

Even within a region, climate change can lead to a variety of effects that might change over time. Coastal 
regions will likely be affected by rising sea levels, but also possibly by the reduction of marine diversity, 
which would affect fisheries. Further inland, glaciers might melt and destabilize mountain slopes, which 
could destroy winter sport tourism and would require the construction of protective measures to keep 
villages in mountain valleys safe. Other areas of the region might be exposed to new wildlife and insects, 
which might bring infectious diseases that had not been present there before, which in turn might disturb 
the balance of regional fauna and flora, perhaps irreversibly.  

Costs and risks can also depend on physical measures taken by governments. These measures will 
depend on the specific exposures of the region to climate change. Defences might be built to reduce 
flooding in coastal regions, which may lower the risk to properties or may change zoning laws. Other 
regions might be affected by extreme heatwaves. Governments may then put infrastructure in place which 
allows people to work from home, and may strengthen electricity supplies to ensure that cooling is always 
available, or change building codes to include natural cooling.  

Differences across regions emerge from their location and energy mix, as well as from measures taken by 
each country to mitigate or adapt to the effects of climate change. Different countries will likely take 
different measures, ranging from legal and regulatory ones to the building of infrastructure. All this will 
impact the exposures and the potential losses of insurers, reinsurers and other asset-holders. So, when 
analyzing the potential impact of climate change on the balance sheet of financial institutions, actuaries 
will need to consider the location of exposures; for example, buildings that they insure or financial 
instruments that they own, which supply long-term funding for infrastructure projects. 

While global climate change can affect regions differently, the effects of climate change on a regional 
level can also have global effects. Climate change is a highly complex system where seemingly small, 
localized events can percolate and spread to have global effects. People might be forced to relocate due 
to heatwaves or water and food shortages and find new homes far away. Physical events like large 
hurricanes or severe flooding can interrupt global supply chains and cause local shortages. The financial 
market is another transmission channel that can cause the spread of effects of local events across the 
globe. This can make it necessary not only to consider the effects of climate change in a region, but 
possibly also in other regions where global effects might emanate from.  
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2.1.2 Impacts on the Insurance Industry  

The cost to insurers of the effects of climate change might depend strongly on changes to legislative 
requirements, or measures taken, in a jurisdiction. It is obvious that if a hurricane does occur, a jurisdiction 
with a building code that requires hurricane-proof construction is likely to have lower losses than a 
jurisdiction where buildings do not have to comply with such requirements. Other legislative measures 
which impact the size of insurers’ losses could be the requirement to participate in climate-related losses 
– for example, via pools – or the requirement to reinsure climate-related risks with a domestic carrier.  

Growing physical risks can lead to situations where certain exposures cannot be insured anymore. The 
increasing costs or uncertainty of potential events like floods, forest fires, hurricanes and tropical cyclones 
can make it impossible for insurers to cover certain properties at an affordable price. Consequently, 
certain locations might have to be given up or losses born fully by the owners of properties. This could 
lead to the use of state insurance or pools involving multiple insurance companies. It is likely that buildings 
will be made more resilient to damages caused by these types of event to mitigate increased premiums. 
Actuaries should consider how they can contribute to the task to keep risks insurable and offer protection 
to policyholders and society.  

Insurers can influence the impact of climate change on a regional, if not global, level. Pricing the risks and 
potential costs of climate change on exposures to be insured gives incentives for taking appropriate 
measures. Insurers can make it cheaper for clients to insure their exposures by considering measures 
they take to adapt to, or mitigate, the effects of climate change. Pricing should also consider any 
governmental measures that potentially mitigate the effects of climate change; for example, changes to 
building codes, the building of dams or the strengthening of essential infrastructure. In extreme cases, 
where no measures are being taken, insurers might refuse to take on certain risks.  

It should, however, be noted that insurers cannot replace measures taken by governments or by supra-
national bodies. Insurers have to compete for their business and are expected to make a profit for their 
shareholders. If externalities caused by companies, such as CO2 emissions or environmental degradation, 
are not taxed or taken into account properly in accounting frameworks, the costs caused by these 
undertakings are transferred to future generations rather than incurred by those that profit now from the 
products and services. Insurers cannot by themselves correct the lack of proper costing for these 
externalities. Actuaries can contribute to the development of valuation and accounting systems that take 
into account all relevant costs; in particular, those relating to climate change. Only once this has been 
accomplished will prices give proper signals for an allocation of resources that reduce global warming.  

 

2.1.3 Actuaries in Banks and Other Financial Institutions 

Actuaries increasingly work in banks and financial institutions other than insurers. There they can face 
issues connected to climate-related risks from various perspectives. 

One of the main economic functions of banks is to allocate capital. Actuaries might be involved in a wider 
team assessing the economic and social benefits and risks of a bank’s investments or lending. There, they 
might have to give their professional assessment on the impact of climate change and how the allocated 
capital might exacerbate or reduce physical and transitional risks. They might also be involved in initial 
public offerings, where again the impact of a corporation on climate change and climate-related risks has 
to be assessed.  

Banks often issue mortgages, and actuaries might be tasked with the analysis of the financial exposures 
of buildings to physical and transitional climate-related risks; for example, the risks of flooding, forest fires, 
windstorms and other climate-related events that might be expected to increase in the future due to 
climate change. 
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Actuaries employed by a financial regulator might have to analyze, and give advice on the development 
of, rules and regulations to support the commitments of a jurisdiction to the Paris Climate Agreement, and 
to encourage the adoption of good practice in this area by regulated financial institutions. When they are 
employed by a central bank, they might have to give input on systemic risks emanating from climate 
change and other climate-related events. 

Actuaries might also be participating in an ever-expanding number of forums, assemblies, councils, 
panels, agencies, think-tanks, outreach organizations and lobbying groups that opine and aim to give 
advice on climate-related issues and risks. They may then be expected to give their actuarial perspective. 

 

2.2 Transition Risks and Opportunities 

Transitioning to a lower-carbon economy may entail extensive policy, technology and market changes to 
address mitigation and adaptation requirements related to climate change. Depending on the nature, 
speed and focus of these changes, transition risks may pose varying levels of financial risk to 
organizations. 

• Policy risk – Policy actions around climate change continue to evolve. Their objectives generally fall 
into two categories: policy actions that attempt to constrain actions that contribute to the adverse 
effects of climate change, or policy actions that seek to promote adaptation to climate change. The 
risk associated with and financial impact of policy changes depend on the nature and timing of the 
policy change. 

• Technology risk – Technological improvements or innovations that support the transition to a lower-
carbon, energy-efficient economic system can have a significant impact on organizations and 
societies. To the extent that a new technology displaces old systems and disrupts parts of the existing 
economic system, winners and losers will emerge from this “creative destruction” process. The timing 
of technology development and deployment, however, is a key uncertainty in assessing technology 
risk.  

• Market risk – While the ways in which markets could be affected by climate change are varied and 
complex, one of the major ways is through shifts in supply and demand for certain commodities, 
products and services as climate-related risks and opportunities are increasingly taken into account. 
21 

 

2.2.1 Transition Drivers 

Climate policies targeting economic decarbonization drive the transition to a low-carbon economy. These 
policies, adopted by the signatories to the Paris Agreement, have the objective of reducing cumulative 
GHG emissions to a level compatible with keeping global warming below 2°C. Independently of the 
mitigation of climate change, a low-carbon economy presents multiple benefits to ecosystem resilience, 
trade, employment, health, energy security and industrial competitiveness. 

Mitigation actions might include making changes to the energy system, the land system, industry, 
transport and agriculture as well as influencing consumer behaviour (e.g., reducing food waste and 
consumption in general). These changes are likely to be designed to move human activity away from 
dependence on fossil fuels to greater efficiency of energy usage, optimized land system usage and 
reduced emissions in agriculture and industry. 

The transition risks are dependent on the nature and intensity of the mitigation effort. Thus, if an actuary 
selects a more stringent scenario, like below 1.5°C, the actuary should project higher transition risks than 
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for a 2°C scenario, especially in terms of impacts on the value of assets. Similarly, a “too little too late” 
scenario with a more disorderly transition to a low-carbon economy presents more significant long-term 
risks.  

The incentives for decarbonization are likely to be defined at the country level as national governments 
implement policies driven by the NDCs submitted under the Paris Agreement. For instance, this would be 
the case for the regulatory and compliance burden and carbon pricing. The same would also be true for 
emissions-reduction requirements such as standards for cars and industrial production, subsidies for 
solar panels or wind turbines, or the decommissioning of coal-fired power plants. Countries are also 
starting to reflect climate goals in their trade policies by, for example, considering tariffs on goods 
imported from countries not supporting the Paris Agreement. 

 

2.2.2 Regional Impacts  

A key part of any transition to a low-carbon economy is a major change in the sources of energy. It impacts 
countries unequally, leading to challenges of the global consensus and thus adding to uncertainty in the 
likelihood of smooth continuous progress. According to a comprehensive report, The Geopolitics of 
Renewable Energy,22 the global energy system is so vast – with trillions of dollars of legacy infrastructure 
– that even minor changes can have outsized impacts in some regions and sectors. In addition to the 
financial impact on fossil-fuel producers, there is a major political impact on the international order since 
for many countries such fuels are a significant source of revenues and political power.  

Many emerging economies see the reduction of GHG as a constraint on their economic development. They 
make the political argument that the developed economies have achieved their development through 
building up the concentration of CO2 that is now causing global warming, and thus it would be unfair to 
deny them the same opportunity. 

To put this in perspective, the per capita emission of CO2 was 15.5 tons per annum for the USA and 0.66 
tons for the Democratic Republic of Congo in 2016.23 Some developing countries possess abundant 
reserves of coal from which they can produce energy that would lose value in a low-carbon economy. To 
help resolve this conundrum, some developed countries have offered to contribute to a fund to subsidize 
the transition for developing economies. Nevertheless, the shift to a low-carbon economy is often seen as 
destroying jobs, even though they could be replaced by different jobs of equivalent or better quality. 

These difficulties have led to the promotion of alternative solutions, such as Carbon Capture and Storage 
(CCS) technologies, to make the burning of fossil fuels compatible with the 2°C objective. As no such 
technology exists yet at the required scale, it entails a risky bet on the future: the capacity of the largest 
CCS plant, capturing 5 million tons of carbon, is a very small fraction of the 36 billion tons emitted in one 
year,24 and risks of future carbon leakage are unknown. 

  



IAA Paper – Introduction to Climate-Related Scenarios 

 

14 
 

Figure 4 – Per capita and cumulative emissions25 

 

Local economic drivers will depend on geographic location and composition of the market demand. They 
depend on the local balance between energy production from fossil fuels and renewables, and the 
investment opportunities in local infrastructure projects.  

Actuaries should evaluate the exposure to the impact of decarbonization on the operation of their 
employer or client, and on assets and investments, independently of the exposure to physical risks. In a 
first phase, for investments, the actuary could consider each entity’s carbon-footprint data, but these do 
not provide information on how prepared the entity is to adapt its business model and investment strategy 
to future risks, face supply chain disruptions and cope with changes in demand for products or services. 

More generally, transition to a low-carbon economy is a complex operation that requires synchronization 
between independent stakeholders to ensure continuity and orderly harmonization of supply chains. 
Actuaries need to appropriately allow for the uncertainty around ultimate warming levels and the fact that 
the timeline increases the transition risks. In addition, this uncertainty makes it more difficult to mobilize 
individuals to provide public support for difficult political choices. More recently, the resistance to wearing 
masks in light of the COVID-19 pandemic has demonstrated challenges to modifying cultural habits of 
individuals and the risks of politicization.  

 

2.2.3 Market Risks – Stranded Assets 

It is widely recognized that to reach net-zero emissions, fossil fuels need to be phased out and energy 
obtained from renewables (e.g., hydro, solar, wind, wave, tidal, geothermal or hydrogen technologies) and 
energy-conversion methods (e.g., hydrogen, batteries, superconducting magnetic coils, flywheels) 
developed. 

That means decarbonization,26 a shift away from a carbon-based economy to a low- (or zero-) carbon 
economy. The IPCC reports state the maximum amount of CO2 that can be emitted to keep the 
concentration below 450 ppm, the maximum concentration consistent with the 2° Celsius target. That 

means fossil-fuel reserves in excess of this budget should not be extracted, thus becoming redundant and 
losing their economic value (unless CCS can be developed at scale). They would then become what is 
called “stranded assets”, which are thought to represent from 60–80% of known reserves.27 Stranded 
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assets can also result from changing policies or regulations, reputational impacts, shifts in markets due 
to new technology and physical risks. 

The concept of stranded assets extends to the infrastructure that supports the use of fossil fuels, from 
extraction and transportation to power plants and maintenance of internal combustion engines. This will 
impact the asset values as well as the cash flows generated by the trading and consumption of fossil 
fuels. To evaluate and monitor the impact, the actuary would, alongside other relevant professionals, 
establish relevant metrics to assess the dependency on fossil fuels and related revenues. Other types of 
assets can also become stranded as, for example: 

• cities might have to be abandoned due to rising sea levels, or infrastructure could become redundant 
as people migrate away; or 

• industrial equipment dedicated to carbon-intensive processes such as cement and steel manufacture 
may need to be retired and/or replaced by less carbon-intensive technologies.  

These stranded assets may drive potential investment losses, which can be sudden depending on the 
transition pathway that is emerging or if they become a source of concern for investors. In all these cases, 
consideration should be given to the new investment opportunities presented by the mitigation activity.  

 

2.3 Legal and Reputational Risks  

2.3.1 Legal Risks 

Recent years have seen an increase in climate-related claims being brought before the courts by 
property owners, municipalities, states, insurers, shareholders and public-interest organizations. 
Reasons for such litigation include: 

• the failure of organizations to mitigate the impacts of climate change;  

• failure to adapt to climate change; and 

• the insufficiency of disclosure around material financial risks.28 

As the value of loss and damage arising from climate change grows, litigation risk is also likely to 
increase. There is a strong rise in climate-related litigation. As of January 2020, Norton Rose Fulbright 
estimated that 1,444 such cases had been filed so far in at least 33 countries.29 Most cases are based 
on constitutional and human rights laws attempting to hold governments or oil producers accountable 
for addressing climate change. References are often made to government commitments under the Paris 
Agreement. Most lawsuits have not been successful so far, but a few have been. As an example, the UK 
Court of Appeal blocked plans to build a third runway at Heathrow Airport as its expansion violated the 
Paris Agreement. In the Netherlands, the case Urgenda Foundation v. State of the Netherlands forced the 
Netherlands to make a 25% reduction in GHG emissions. In contrast, in a similar case in Germany, the 
courts found that the government had some discretion in how to meet climate commitments.  

The ways to present cases are in evolution as claimants are looking for more effective approaches, and 
an increasing number of lawsuits look at using scientific findings as their basis to prove causation. In the 
US, litigation is typically directed at the producers of emissions themselves rather than at the government. 
These lawsuits typically come from consumers, consumer advocates and regulators. 

Litigation can be used to repair actual harm done or to avoid potential harm from being done. The latter is 
harder to prove. For climate-related risk, it is often the failure to act as a reasonable and prudent person in 
the face of climate-related risks that triggers litigation.  
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Another major current cause is improper disclosure regarding emissions. In the case Commonwealth of 
Massachusetts v. Exxon, Exxon was sued for “ deceptive advertising to Massachusetts consumers and for 
misleading Massachusetts investors about the risks to Exxon’s business posed by fossil fuel-driven 
climate change—including systemic financial risk.”30  

Legal risks can be mitigated through insurance. When an insurer provides legal risk protection, this risk is 
reported as a liability risk in the insurer balance sheet, together with all of its other lines of business, to 
differentiate it from its own legal risk. In the face of climate-related risks, insurers will adapt their coverage 
and pricing to offer updated products. New coverage is likely to respond to newer forms of risks with 
limitations to prevent undesired risks. Some systemic risks may prove not to be insurable because the 
pooling of global risks fails to diversify them. In appraising the level of risk, the actuary needs to assess 
how reasonable and prudent his or her client is and whether proper disclosure of risk is being made. 
Insurance coverage that does not explicitly mention climate change may already provide protection for 
legal risks; for example, through existing directors and officers insurance policies. 

 

2.3.2 Reputation Risks  

Climate change has been identified as a potential source of reputation risk tied to changing customer or 
community perceptions of an organization’s contribution to or detraction from the transition to a lower-
carbon economy. Reputation risk is similar to legal risk, with the exception that the judgement is made by 
clients and the public in general rather than from courts. Reputation risk is harder to insure as the loss is 
very difficult to assess. It is nevertheless a real risk. 

 

3 Approaches to Risk Analysis 

There are different ways risks can be analyzed. There are the existing risks on the balance sheet assuming 
the world is not going to change and there are the risks that are likely to arise as the world changes. If the 
world changes, there will be disruption, and therefore one needs to be prepared. The difficulty with climate-
related risks and opportunities is that future changes are hard to predict due to both the slow development 
of climate change and its effects and the long-term nature and multitude of interactions between 
variables. Depending on the purpose and depth of the desired analysis, there are different ways of 
approaching the question. 

 

3.1  Frozen Balance Sheet  

A first type of analysis is to look at the current portfolio of liabilities and assets and rank each of its 
components according to their sensitivity to changes in the environment, possibly splitting them all into 
short-, medium- and long-term with impacts associated with each bucket. The advantage of such an 
approach is that it makes it easier to compare between different organizations. It is also easier to model 
and therefore a good introduction to the analysis of a risk as complex as climate change. The main 
disadvantages are (a) that it assumes that no corrective actions will be undertaken to adjust the portfolio 
and (b) that it is difficult to account for dynamic paths. It is an approach that is particularly useful when 
looking at the possible impact of stranded assets and making adjustments to an asset portfolio. 
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3.2  Dynamic Paths  

Not all risks can be captured by a “frozen balance sheet” approach. Because of all the variables involved, 
it may be more useful to look at the impact of the interaction of a number of variables over time through 
a dynamic model. Such models attempt to provide a more realistic projection or look at predefined paths 
to facilitate the understanding of the interrelations.  

Dynamic paths allow the study of the impact of changes in one variable at a time or the combined impact 
of changes in a set of circumstances. They also enable examination of the impact of delayed changes, 
either in the risk itself or the response to the risk, since managers will respond as risks emerge or 
crystallize. The actuary could build his or her own scenario or use existing ones. The use of existing 
scenarios facilitates the disclosure of results to an external audience and even internally to non-
specialists.  

Of course, this approach is much more complex than the “frozen balance sheet” approach. It captures 
more information for the medium term, but not enough for the true long-term projections indicated below. 

 

3.3  Longer-Term Analysis 

A broader and longer-term analysis requires a holistic projection with all factors involved together with 
their potential secondary effects. It requires projections of resources (land, water and food supply) in 
terms of both quantity and usability, and the need for resources (population size, inequality of distribution). 
It would project the impact of new means of adapting to the environment, through both technical 
advancement and the change in volume and type of consumption. The major downside of this type of 
analysis is the sheer number of assumptions and interactions needed, making it complex to handle, 
validate and explain.  

Whatever the type of analysis selected, it is important that the models be internally consistent and 
coherent. Often more than one model is being used, and the combination of the results requires 
consistency and coherence. Building scenarios, especially the more complex ones, is likely to require 
interdisciplinary work where actuaries work with climate scientists, economists, demographists and 
engineers, for example.  

When evaluating the impact of a scenario on a financial institution’s balance sheet, the actuary has to 
determine the present value of future losses or benefits. This requires the use of a discount rate.31 
Actuaries have then to make an important decision on suitable discount rates to use, and may consider 
the concept of social discount rates which are set so as to reflect how a society relatively weighs future 
costs to current ones.32  

Indeed, the current actions may render the human habitat hostile to human life, and unduly reducing its 
impact through discounting would be against intergenerational equity.  
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4 Scenarios: Process, Criteria and Analysis 

4.1 Considerations for Designing Scenarios  

Climate-related scenarios can be seen as describing possible pathways under which either there is a 
transition to an ultimate state where the climate has stabilized, or new GHG emissions may or may not 
have reached a net-zero level.33 Most of them assume that global warming will not continue indefinitely. 
Multiple pathways are possible that reflect the interaction of changes induced by the transition to a low-
carbon economy. 

In addition to their own needs, actuaries should take into account the new context created by the 
recommendations issued by the TCFD.34 These recommendations promote the use of scenario analysis 
in the disclosure of climate-related risks and opportunities. The demand for climate-related disclosures 
has increased significantly since the release of the TCFD recommendations in 2017.35 Any entity can freely 
use the recommended framework36 as an analytical tool to help manage risks even if there is no intent to 
report publicly.  

Even though the recommendations are not mandatory, the trend is clearly for regulators and governments 
to require disclosures.37 An optimal selection should encompass the risks that are significant for the users 
and third parties, depending on the purpose of the analysis, which may include benchmarking and 
comparison with peers. Thus, it is in the actuary’s interest to avoid duplication, to minimize the reporting 
burden and pre-empt reputational risks by including in the selection those scenarios that help meet the 
expectations of the market and of the investment community, and potentially the requirements of the 
financial regulators or credit rating agencies.  

As shown in Figure 5, despite national commitments to reduce emissions, the atmospheric concentrations 
of CO2 since 1990 show an almost linear growth. Thus, past data would imply indefinite growth at about 
2 ppm/year, which is not necessarily a best assumption. Given that emissions have been higher than 
anticipated, an accelerated version of the +2°C scenario, the “net-zero by 2050” scenario, is currently 
promoted by UNEP FI (the UNEP Finance Initiative)38 as representing a pathway to keep warming below 
2°C. In this pathway, emissions peak in 2020 and reach net-zero between 2050 and 2075. 

Figure 5 – Trend in CO2 concentration39 
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Scenarios can be classified in accordance with the ultimate degree of warming and the year when 
emissions stabilize. However, even after annual GHG emissions reach net-zero, global warming would 
continue due to the delayed effect of accumulated emissions. 

While there is a high degree of certainty that risks from some combination of physical and transition 
factors will occur, the exact outcome and the timing remain uncertain. The magnitude of future impacts 
on the ecosystem will be determined, at least in part, by actions taken by governments, institutions and 
individuals. The impact of these risks on the financial system may therefore be larger than other types of 
risks and is potentially non-linear and irreversible.  

In addition, the time horizons over which risks may be realized is uncertain and their full impact is likely to 
crystallize outside many current business planning horizons. There are many potential outcomes, some 
of which will be better and some worse. These may result from technological breakthroughs, political 
reversals or feedbacks from emerging experience that will be at variance from expectations. Thus the 
need to monitor progress against expectations and adjust dynamically for changes in the exposure. Four 
of them are illustrated in Figure 6. 

 

Figure 6 – Illustrating a double alternative40 

 

Events such as the COVID-19 pandemic may cause a temporary reduction in emissions that could be 
misinterpreted as a new trend, or the impact of lockdowns may motivate individuals to act to avoid further 
risks of disruption in their lifestyle.  

A worse case than RCP 8.5 cannot be excluded, which means that resilience needs to be tested against 
severe outcomes like runaway emissions that would push global warming beyond the range of current 
expectations. 
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The choice and design of the scenarios should maximize the utility of the information for the user to: 

• assess exposure to a combination of complex climate changes;  

• understand the impacts on an enterprise and its supply chain, business model or program; 

• identify risks and opportunities associated with the future ecosystem; and 

• test the resilience to more extreme scenarios. 

A scenario better fulfills its function when it is part of a family of scenarios based on a distinct and clearly 
differentiated set of determinants. The choice of the scenarios should maximize the utility of the 
information for the user. The TCFD lists the main desirable characteristics of scenarios as follows: 

• Plausible – The events described in the scenario should be possible and credible. 

• Distinctive – Each scenario should be based on a distinct and clearly differentiated set of 
determinants. 

• Consistent – Interaction between the qualitative and quantitative elements described in the scenario 
should obey strong logic. If the reversal of past trends is predicted, a logical explanation of such a 
reversal should be provided. 

• Relevant (to the issues examined) – The specific issues at stake should be key to the scenario. 

• Challenging – The scenarios should challenge the prevailing visions of the future and the status quo. 

• Transparent – The scenarios should be transparent as to the methods applied, the assumptions made, 
the reasons behind their choice, the results and the conclusions. 

It is expected that global emissions will not change dramatically from year to year but will gradually reflect 
mitigation efforts. Thus, the pathways would become continuous curves differing mostly by the year 
emissions peak, the speed at which they reduce and the ultimate stabilization level. The IPCC RCPs and 
most other pathways are mathematical projections based on physical laws or extrapolations. They 
therefore seem orderly and reach stabilization at some future date. However, one cannot rule out inflection 
points linked to political reactions or shifts in public opinion that can call for a faster reduction in emissions 
or oppose it, leading to runaway global warming. In addition, the inherent volatility of impacts of climate-
related risks is compounded by externalities such as earthquakes or pandemics.  

More importantly, there are numerous possible unpredictable human factors that may result from the 
aggregation of a large number of uncoordinated decisions. History shows how difficult it has been to reach 
a consensus across nearly 200 countries,41 and the Paris Agreement is imperfect, like all compromises. 
The COVID-19 crisis confirms the difficulty of coordinating actions and decisions to resolve global issues.  

 

4.2 Analysis of Scenario Components 

There is no silver bullet for assembling a set of scenarios but there is an abundance of material, tools and 
data. Establishing objectives/governance, reporting and disclosure are important steps.  

A report by the Shift Project, a think-tank for the AFEP (Association française des entreprises privées), 
offers an inventory of free public scenarios with an analysis of their limits.42 Others are available for a fee 
from commercial providers. To assess providers, one needs to consider various features,43 such as 
breadth, depth, rigour, flexibility, operational model and cost.  
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Figure 7 – Scenario analysis process44 

 
 
The end-to-end climate-related scenario analysis process, which Figure 7 illustrates, is iterative. While it 
focuses on the risk analysis related to an adaptation process, rather than identification of how mitigation 
might be approached, some investors will also be interested in what steps are being taken to reduce GHG 
emissions. The process will need to be applied to more than one major emission pathway to provide 
adequate coverage of the exposure to climate-related risk and be updated in a dynamic way as the actual 
experience emerges.  

Some firms may want to start with various reference scenarios and alter them to be relevant to their own 
business models, rather than start from scratch. Another approach is to start by asking a set of “what if?” 
questions, rather than launching into full-blown scenario analysis: for example, what if there was a carbon 
price of $100/ton? The final stage is to assess the financial impacts of these scenarios and/or “what if?” 
questions. Insights gained from that financial impact analysis should in turn feed back into the refinement 
and identification of new risks and potential exposures, which will then inform the development of 
scenarios as well as supporting identification of potential new scenarios to be analyzed.45  

A climate-related scenario, as opposed to a pathway, is typically defined using a combination of four main 
components: 

1. Socioeconomic context – Shared Socioeconomic Pathways (SSPs)46 have been developed by 
internationally recognized teams of academics to support the analysis of the physical impacts of 
climate change by setting their socioeconomic narratives. 

2. Climate policy landscape – Assumptions about future climate policy ambitions and economic policies, 
impacting emissions either directly (e.g., through imposing taxes or quantity restrictions on emissions) 
or indirectly (e.g., through regulations on technology, materials and efficiency).  
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3. Technological evolution – Reducing emissions will require a shift to renewables driven by a 
combination of pricing and technological efficiency that need to be quantified. This component will 
cover the setting of parameters such as carbon taxes, sources of energy and costs and investments 
in renewables.  

4. Emissions pathways – plus associated changes in the concentration of GHG in the atmosphere 
comprising the timing and intensity of associated climate events such as temperature, precipitation, 
winds and sea rise. Basic information is available from IPCC reports,47 think-tanks or academic 
research institutions. This component will set the timeline, the ultimate target of global warming and 
thus the balance between physical risks and transition risks. Each may affect the business model or 
financial plan of an enterprise.  

The interaction and feedback loops between the four components are illustrated in Figure 8 below. 
 

Figure 8 – Components interaction48 

 
 

The shifting mix of the sources of energy in Figure 9 below can be seen as a graphical illustration of the 
shift to a low-carbon economy driven by technological evolution. It points to the need for re-aligning 
infrastructure with a low-emission, resilient development pathway that is critical to meeting the goals of 
the Paris Agreement. The executive summary of the Organisation for Economic Co-operation and 
Development (OECD) report Financing Climate Futures: Rethinking Infrastructure49 describes the needed 
re-alignment50 of the flow of investments as follows: 

Mobilising public and private resources across the financial spectrum is an essential part of 
generating the trillions of dollars needed for sustainable infrastructure. Public finance institutions, 
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banks, institutional investors, corporations and capital markets all have a crucial role to play, both in 
their own right and as part of the broader financial ecosystem.  

 

Figure 9 – Global power generation mix51 

 

The OECD conclusion is further documented in a complementary briefing, Shifting the Lens,52 that 
compares four illustrative scenarios summarized in Appendix 1 of this paper. In contrast to the science-
based IPCC scenarios, these foresight-based scenarios cluster the critical uncertainties into possible 
futures with distinct decision-relevant characteristics named respectively Open Internationalism, Assertive 
States, Patchwork and Shocked Collaboration.  

Embedded in Figure 10 below are variables that will need to be considered in order to estimate the impact 
of different scenarios. Translating physical variables into financial market variables that can be fed into 
projection models constitutes one of the greatest (if not the greatest) challenges to implementing climate-
related scenarios in practice. Given the importance of these variables, they will likely require a multi-
disciplinary team for their assessment. They will be the object of a future paper. 
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Figure 10 – Variables to be defined53 

 

Figure 11 illustrates how different types of risks combine to define a scenario adapted to the purpose, 
geographic location and circumstances of the user over different timelines. It points to the need for 
extending the time horizon in focus beyond a short-term period. It draws attention to the fact that risks 
evolve somewhat independently at different strengths and over different timelines that may not 
converge to the same horizon. 

Figure 11 – Physical and transition risks54 

 
The actions taken today will have little impact on physical risks over the next decade or so, since they 
depend on the cumulative amount of past GHG emissions, not on their current level. In addition, single 
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agents have little control on future physical risks since these depend on the global impact of decisions 
made by a large number of governments, enterprises and even individuals. Their impact on physical risks 
is likely to evolve gradually as current emissions accumulate. Even if single agents have no control on 
mitigation, they can decide more freely on adaptation responses. 

Transition risks, on the other hand, are driven by actions taken locally but are only partly under the control 
of a single agent since they depend partly on policies set for each independent jurisdiction. For example, 
carbon tax may differ by country but will apply uniformly within a jurisdiction. A single enterprise may be 
able to mitigate the impact with proper planning and adaptation of its business model.  

These risks can change rapidly, even abruptly, as they depend on political decisions that in turn can be 
influenced by public opinion or reactions to emerging experience.  

Political decisions, especially if trade-related, can also be influenced by peer pressure or negotiations if 
they involve a significant proportion of stakeholders. Additional information about scenarios, comprising 
a summary of a set of illustrative scenarios and a list of additional scenarios, can be found in Appendix 1.  

 

5 Key Challenges 

There are several challenges and barriers that need to be considered in the development or use of 
workable climate-related scenarios. As adaptation moves from theory to practice, there is growing 
recognition that barriers may make it difficult for individuals, businesses and governments to plan and 
implement adaptation actions and build resilience. These involve a variety of issues, especially for long-
term decisions, and include economic, political and governance challenges. Addressing these barriers is 
critical to advancing climate compatible development. Actuaries working on scenario analyses will need 
to consider the degree to which they are likely to be successfully addressed.  

Some of these challenges have been highlighted in the first comprehensive report of the Network for 
Greening the Financial System (NGFS)55 and the Climate Financial Risk Forum 2020 Scenario Analysis 
Guide:56  

• Far-reaching impact in breadth and magnitude – Climate change will affect all agents in the economy 
(households, businesses, governments), across all sectors and geographies. The risks will likely be 
correlated and potentially aggravated by tipping points, in a non-linear fashion. This means the impacts 
could be much larger, and more widespread and diverse, than those of other structural changes.  

• Foreseeable nature – While the exact outcomes, time horizon and future pathway are uncertain, there 
is a high degree of certainty that some combination of increasing physical and transition risks will 
materialize in the future. While using a shorter timeframe (up to a few years) may seem more relevant 
for decision-making now, the most significant impacts from physical risks will arise over decades. 
Conversely, transition risks can occur much sooner, if momentum builds towards a policy change and 
public opinion shifts (as happened with diesel emissions or plastic bag use). The time horizons over 
which climate-related risks may be realized are uncertain, and their full impact is likely to crystallize 
beyond most current business planning horizons. Conversely, social tipping points are rarely modelled 
but may mean some transition elements affect certain sectors abruptly. So, using past data unadjusted 
may not be a good predictor of future experience. 

• Dependency on short-term actions – The magnitude and nature of the future impacts will be 
determined by actions taken today, which therefore need to follow a credible and forward-looking 
policy path. This includes actions by governments, central banks and supervisors, financial market 
participants, firms and individuals.  
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• Cognitive biases must also be recognized and accounted for when developing and using any type of 
scenario – For example, people unconsciously assess the probability of a future event or outcome on 
the basis of how easily they can remember past examples or how easily they can imagine possible 
events. Many economic models of climate impacts are still developing, and data are not always 
available.  

• Data gaps and comparability of disclosures – Firms may need to use additional metrics requiring new 
data and new modelling methods to capture climate impacts on the economy and their business. Such 
variables might include hazard factors for physical events or GHG emissions from specific economic 
activities. Firms are likely to find that their existing risk models will also need to be adapted to capture 
climate factors.  

• Related risks – There are other risks related to the climate change. One example is risks related to the 
biodiversity loss. Some scenarios which show a relatively good outcome on climate change can result 
in a bad outcome regarding biodiversity loss. How to take this into account in scenario testing is 
another great challenge. 

 

6 Next Steps 

This paper is the second in a series of papers that the IAA Climate Risk Task Force has committed to 
develop over the coming years. The first paper was entitled The Importance of Climate-Related Risks for 
Actuaries and was an introductory paper to the series. In order to address the needs of actuaries, more 
papers are scheduled to be released over the following years, such as:  

• a paper designed to further stimulate development of effective and globally applicable links between 
climate-related risk scenarios and insurance and pension risks and costs; 

• a paper on the application of climate-related risk scenarios to asset portfolios with an important 
subsidiary goal of encouraging consistency between assets and liability modelling; 

• advice on climate-related risk management and addressing emerging third-party 
regulatory/reporting/disclosure requirements; 

• a paper on the potential effects of transition and adaptation steps; and 

• a paper on the link between climate-related risk scenarios and social security.  

A review of existing IAA publications is also planned to identify and address any gaps related to climate-
related risks. 

The IAA Climate Risk Task Force welcomes and encourages input and involvement in these activities. 
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Appendix 1 – Additional Information about Scenarios  

a. Summary of Illustrative Scenarios  

The sequel scenarios in summary (carbon emissions – GtCO₂ – fossil fuel and industrial only)57 

 Transition milestones and commentary Physical damage milestones and commentary 

Current • 2017 emissions reached 37 GtCO2. 

• Fossil fuels are 80% of the energy mix. 

• 80% of emissions are not covered by carbon pricing. 

• 59% of 2017 energy supply investment went to fossil 
fuels. 

• 3.3 million electric vehicles were on the road in 2017. 

• Temperature has increased by 1.1°C relative to pre-
industrial levels.  

• CO2 concentration is over 400 ppm (last occurred three 
million years ago). 

• Sea-level rise is at 22 cm. 

• Half of the Great Barrier Reef has bleached to death since 
2016, which has significant biodiversity and flood-protection 
implications. 

2°C Aggressive climate action:  

• Emissions peak in 2020.  

• Emissions fall to 16 GtCO₂ by 2050 (57% decrease 
versus 2017).  

• Net-zero emissions are reached by 2080–2100.  
By 2050 (relative to 2015):  

• Total energy demand is down by 12%.  

• Coal is aggressively phased out.  

• The energy sector is electrified.  

• Power generation increases by 60% (with 55% of 
generation from renewables and 8% nuclear). 

• Oil and gas supplies are down by 10% (oil demand 
down by 33%; gas supply up by 20%).  

• New vehicle sales are 50% electric vehicles (EV) and 
25% liquefied petroleum gas (LPG). 

• There is a 50% chance of keeping temperature increase 
below 2°C.  

• By 2050, temperature rises 1.7°C.  
Physical damage examples at 2°C of warming include: 

• Average sea-level rises around 50 cm.  

• Annual maximum daily temperature is 2.6°C higher; the 
number of hot days increases by 25%. 

• Frequency of rainfall extremes over land increases by 36%.  

• Average drought length increases by four months. 

• Suitability of drylands for malaria transmission goes up 27%.  

• Average crop yields for maize and wheat decrease by 9% and 
4%, respectively. 

3°C Some climate action but not transformative, and we fail to 
achieve a 2°C outcome:  

• Global emissions are essentially flat to 2050 and rise 
slighter afterwards. 

• Emissions reach 41 GtCO₂ in 2050.  
By 2050 (relative to 2015):  

• Total energy demand is up 18%.  

• Fossil fuels represent 80% of primary energy. 

• Coal use is down but only by 7%. 

• Power generation increases by 85% (with 27% of 
generation from renewables and 3% nuclear).  

• New vehicle sales are 37% EV and 35% LPG. 

• In 2050: temperature increases by 1.9°C.  

• By 2100: temperature increases by 3.2°C.  
By 2100, example physical damages are largely considered 
irreversible (permanent loss of Arctic sea ice) and include: 

• Sea levels rise approximately 58 cm on average. 

• Average drought length increases by four months. 

• There is 30% less water availability.  

• Heatwaves and forest fires are greater than recent years.  

• Risk to marine fisheries and negative aggregate impact on 
agriculture and food production increases chance of famine. 

4°C Business-as-Usual pathway:  

• Global annual emissions increase by 49% by 2050 
relative to 2015. 

• Emissions reach 91 GtCO₂ by 2100.  
By 2050 (relative to 2015):  

• Total primary energy is up by 28%.  

• Fossil fuels represent 84% of primary energy by 2050. 

• Power generation is 25% renewable (plus 5% nuclear). 

• In 2050: temperature increases by 2.0°C.  

• By 2100: temperature increases by 3.9°C (heading higher).  
By 2100, example physical damages are largely considered 
irreversible (permanent loss of Arctic sea ice) and include:  

• Sea level rise of approximately 70 cm on average.  

• There is 50% less water availability.  

• The strongest Northern Atlantic cyclones increase by 80%.  

• Heatwave and forest fire risk is very high and compromises 
normal outdoor activities. 

• Risk to marine fisheries and ecosystems and medium-to-
high risk of decline in fish stocks, plus negative aggregate 
impact on agriculture and food production, increases chance 
of famine and reductions in food supplies and employment. 
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b. Scenarios from the Shifting the Lens Report 
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c. TCFD Recommendations 

The Technical Supplement to the TCFD recommendations58 offers information regarding “Key 
Considerations: Parameters, Assumptions, Analytical Choices, and Impacts” and includes a comparison 
of several publicly available scenarios.  

d. CRO Forum 

The 2019 CRO Forum report The Heat Is On: Insurability and Resilience in a Changing Climate59 compares 
physical and economic impacts for scenarios leading to global warming of 1.5°, 2°, 3° and 5°C. 

e. Scenarios from the Shift Project 

Chapter 8, “The public energy/climate-related scenarios: inventory and limits” of the report by the Shift 
Project60 contains a critical analysis of publicly available scenarios, including the 12 listed below: 

 

References to additional scenarios are listed below and on subsequent pages: 

• the NGFS;61  

• Climate Interactive;62 
• the Bank of England;63 
• the Climate Financial Risks Forum;64 

• Bloomberg NEF (BNEF);65 
• Greenpeace;66 
• the Institute for Sustainable Development;67 and 
• the Institutional Investors Group on Climate Change (IIGCC).68 
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Appendix 2 – References 

 

1.  The IPCC was created in 1988 by the UN as an organization of governments. It has 195 members. A total of 
189 nations have become signatories to the 2015 Paris Agreement, on the basis of the IPCC reports. 

2.  Importance of Climate-Related Risks for Actuaries – September 2020 

3.  In some countries the actuarial profession is publishing an Actuaries Climate Index (ACI) focusing on 
extreme weather events that is aimed at measuring changes in the frequency or intensity of six climate 
components. See actuariesclimateindex.org/home/  

4.  Glossary of Defined Terms Used in IAA Climate-Related Risk 

5.  Not all the effect is due to human impact as there are also long-term cyclical climate changes. It is the 
increase in atmospheric CO2 concentration, caused by increased human activity, which is the basis of 
concern regarding the impact of the human activities. This is based on scientific knowledge of the 
greenhouse effect. 

6.  Under the Kyoto Protocol, GHG emissions comprise CO2, CH4, N2O, hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs) and sulphur hexafluoride (SF6). See www.ipcc.ch/sr15/chapter/glossary/ 

7.  The consequences of this physical phenomenon (the GHG effect) have long been known: discovered in the 
late 19th century, they created collective concerns in the late 1960s. They have been the subject of almost 
universal scientific consensus since the Rio Summit in 1992. See page 17 of theshiftproject.org/wp-
content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-EN.pdf 

8.  www.ipcc.ch/report/ar5/syr/synthesis-report/ 

9.  High-level climate scenarios are often represented by a curve, called a pathway or trajectory, which traces 
the evolution of a metric over time, often complemented by a confidence interval. Each scenario includes a 
narrative summarizing the associated impacts and relevant factors that describe the future states of the 
world up to a target date. 

10. CO2e or CO2 equivalent is a unit that allows emissions of GHGs of different warming potential to be added 
together to simplify analysis and comparisons. However, the conversion does not fully reflect the 
differences in persistency and in the timing of the resulting warming effect.  

11. sioweb.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/co2_800k_zoom.png. 
The Seasonal variation overlay has been added by the authors to signal the existence of annual minimums 
and maximums.  

12.  The Paris Agreement was negotiated by 196 state parties plus the European Union and adopted by 
consensus on 12 December 2015. The threshold for its entry into force was achieved on 5 October 2016. As 
of February 2020, it had been ratified by 189 of 197 Parties to the Convention. Iran and Turkey have not 
ratified it, and the USA gave notice of withdrawal, which became effective on 4 November 2020. 

13.  www.ipcc.ch/report/ar5/syr/synthesis-report  

14.  www.fs.usda.gov/ccrc/topics/cumulative-effects 

15.  www.scientificamerican.com/article/the-next-climate-frontier-predicting-a-complex-domino-effect/ 

16.  www.pnas.org/content/105/6/1786 

17.  For many more examples, see https://climate.nasa.gov/nasa_science/science/ 

18.  Task Force on Climate-related Financial Disclosures. Final TCFD Recommendations Report, June 2017. 
www.fsb-tcfd.org/publications/ 

19.  www.soa.org/resources/research-reports/2019/weather-extremes/  

 

https://www.actuaries.org/IAA/Documents/Publications/Papers/CRTF_ImportanceClimateRelatedRisksActuaries_FINAL.pdf
https://actuariesclimateindex.org/home/
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20.  Source: P. Huybers and C. Langmuir (2009), Feedback between deglaciation, volcanism and atmospheric 
CO2, Earth and Planetary Science Letters 286 (3–4), 479–491. 

21.  Task Force on Climate-related Financial Disclosures. Final TCFD Recommendations Report, June 2017. 
www.fsb-tcfd.org/publications/ 

22.  energypolicy.columbia.edu/sites/default/files/CGEPTheGeopoliticsOfRenewables.pdf  

23   Carbon Dioxide Information Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory,   
Tennessee, United States. 

24.  www.globalccsinstitute.com/news-media/latest-news/new-wave-of-ccs-ambition-ten-large-scale-projects-
announced/  

25.  www.nature.com/immersive/d41586-019-02711-
4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy- 

26.  www.actuaries.org/IAA/Documents/Publications/Papers/Decarbonization-
A_Briefing_for_Actuaries_FINAL.pdf  

27.  publications.iadb.org/publications/english/document/Stranded-Assets-A-Climate-Risk-Challenge-
(Summary).pdf, page 3 

28.  Task Force on Climate-related Financial Disclosures. Final TCFD Recommendations Report, June 2017. 
www.fsb-tcfd.org/publications/ 

29.  www.nortonrosefulbright.com/en/knowledge/publications/7d58ae66/climate-change-litigation-update/ 

30.  www.mass.gov/lists/attorney-generals-office-exxon-investigation  

31.  www.actuaries.org.uk/system/files/field/document/IF%20Bulletin%20Issue%2001%20V05%20WEB.pdf  

32.  See, for example, www.soa.org/globalassets/assets/files/resources/research-report/2020/social-
discounting-climate-change.pdf  

33.  The net-zero level refers to an overall balance between GHG emissions produced and GHG emissions taken 
out of the atmosphere by natural or new technological processes. 

34.  www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf  

35.  www.fsb.org/2020/10/2020-status-report-task-force-on-climate-related-financial-disclosures/  

36.  www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf  

37.  For instance, on 9 November 2020, the UK government announced new mandatory disclosure for large 
companies. See www.gov.uk/government/news/chancellor-sets-out-ambition-for-future-of-uk-financial-
services 

38.  www.unepfi.org/climate-change/united-nations-convened-net-zero-asset-owner-alliance/  

39.  scrippsco2.ucsd.edu/data/atmospheric_co2/primary_mlo_co2_record and authors’ calculations. 

40.  www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf 
(page 21) 

41.  www.nytimes.com/2018/08/31/podcasts/the-daily/climate-change-losing-earth.html  

42.  https://theshiftproject.org/wp-content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-
EN.pdf (see Chapter 8). 

43.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-
chapter.pdf (see page 9, Table 1). 

 

http://www.fsb-tcfd.org/publications/
https://energypolicy.columbia.edu/sites/default/files/CGEPTheGeopoliticsOfRenewables.pdf
http://www.globalccsinstitute.com/news-media/latest-news/new-wave-of-ccs-ambition-ten-large-scale-projects-announced/
http://www.globalccsinstitute.com/news-media/latest-news/new-wave-of-ccs-ambition-ten-large-scale-projects-announced/
http://www.nature.com/immersive/d41586-019-02711-4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy-
http://www.nature.com/immersive/d41586-019-02711-4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy-
http://www.actuaries.org/IAA/Documents/Publications/Papers/Decarbonization-A_Briefing_for_Actuaries_FINAL.pdf
http://www.actuaries.org/IAA/Documents/Publications/Papers/Decarbonization-A_Briefing_for_Actuaries_FINAL.pdf
https://publications.iadb.org/publications/english/document/Stranded-Assets-A-Climate-Risk-Challenge-(Summary).pdf
https://publications.iadb.org/publications/english/document/Stranded-Assets-A-Climate-Risk-Challenge-(Summary).pdf
http://www.fsb-tcfd.org/publications/
http://www.nortonrosefulbright.com/en/knowledge/publications/7d58ae66/climate-change-litigation-update/
http://www.mass.gov/lists/attorney-generals-office-exxon-investigation
http://www.actuaries.org.uk/system/files/field/document/IF%20Bulletin%20Issue%2001%20V05%20WEB.pdf
http://www.soa.org/globalassets/assets/files/resources/research-report/2020/social-discounting-climate-change.pdf
http://www.soa.org/globalassets/assets/files/resources/research-report/2020/social-discounting-climate-change.pdf
http://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf
http://www.fsb.org/2020/10/2020-status-report-task-force-on-climate-related-financial-disclosures/
http://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf
http://www.gov.uk/government/news/chancellor-sets-out-ambition-for-future-of-uk-financial-services
http://www.gov.uk/government/news/chancellor-sets-out-ambition-for-future-of-uk-financial-services
http://www.unepfi.org/climate-change/united-nations-convened-net-zero-asset-owner-alliance/
http://scrippsco2.ucsd.edu/data/atmospheric_co2/primary_mlo_co2_record
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf
http://www.nytimes.com/2018/08/31/podcasts/the-daily/climate-change-losing-earth.html
https://theshiftproject.org/wp-content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-EN.pdf
https://theshiftproject.org/wp-content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-EN.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf


IAA Paper – Introduction to Climate-Related Scenarios 

 

32 
 

 

 

44.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf  

45.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf 

46. 
www.unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp
_doc/SSP2_Overview.pdf  

47.  www.ipcc.ch/report/ar5/wg1/atlas-of-global-and-regional-climate-projections/  

48.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-
chapter.pdf 

49.  www.oecd.org/environment/cc/climate-futures/policy-highlights-financing-climate-futures.pdf  

50.  Comparison can be made with current financial flows at www.ran.org/wp-
content/uploads/2020/03/Banking_on_Climate_Change__2020_vF.pdf 

51.  about.bnef.com/new-energy-outlook/ 

52.  www.oecd.org/environment/cc/climate-futures/interim-briefing-shifting-the-lens-financing-climate-futures-
un-environment.pdf 

53.  www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-
financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80 

54.  https://goo.gl/4vGW3q in Cicero at https://cicero.oslo.no/en/posts/news/scientists-demystify-climate-
scenarios-for-investors 

55.  www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf  

56.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-
chapter.pdf  

57.  www.mercer.com/our-thinking/wealth/climate-change-the-sequel.html  

58.  www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf 

59.  www.thecroforum.org/2019/01/24/crof-eri-2019-the-heat-is-on-insurability-and-resilience-in-a-changing-
climate/  

60.  theshiftproject.org/wp-content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-EN.pdf  

61.  www.ngfs.net/en/ngfs-climate-scenarios-central-banks-and-supervisors  

62.  www.climateinteractive.org/tools/c-roads/  

63.  www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-
financial-risks-from-climate-change.pdf  

64.  www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-
chapter.pdf  

65.  https://about.bnef.com/new-energy-outlook/#toc-download  

66.  www.greenpeace.org/usa/research/an-abrupt-climate-change-scena/  

67.  www.iea.org/reports/world-energy-model/sustainable-development-scenario  

68.  www.iigcc.org/resources/  

http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf
http://www.unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf
http://www.unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf
http://www.ipcc.ch/report/ar5/wg1/atlas-of-global-and-regional-climate-projections/
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.oecd.org/environment/cc/climate-futures/policy-highlights-financing-climate-futures.pdf
http://www.ran.org/wp-content/uploads/2020/03/Banking_on_Climate_Change__2020_vF.pdf
http://www.ran.org/wp-content/uploads/2020/03/Banking_on_Climate_Change__2020_vF.pdf
https://about.bnef.com/new-energy-outlook/
http://www.oecd.org/environment/cc/climate-futures/interim-briefing-shifting-the-lens-financing-climate-futures-un-environment.pdf
http://www.oecd.org/environment/cc/climate-futures/interim-briefing-shifting-the-lens-financing-climate-futures-un-environment.pdf
http://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80
http://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80
https://goo.gl/4vGW3q
https://cicero.oslo.no/en/posts/news/scientists-demystify-climate-scenarios-for-investors
https://cicero.oslo.no/en/posts/news/scientists-demystify-climate-scenarios-for-investors
http://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.mercer.com/our-thinking/wealth/climate-change-the-sequel.html
http://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf
http://www.thecroforum.org/2019/01/24/crof-eri-2019-the-heat-is-on-insurability-and-resilience-in-a-changing-climate/
http://www.thecroforum.org/2019/01/24/crof-eri-2019-the-heat-is-on-insurability-and-resilience-in-a-changing-climate/
https://theshiftproject.org/wp-content/uploads/2019/11/Etude-Sc%C3%A9narios-Afep_TSP-Rapport-final-EN.pdf
http://www.ngfs.net/en/ngfs-climate-scenarios-central-banks-and-supervisors
http://www.climateinteractive.org/tools/c-roads/
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/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
http://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
https://about.bnef.com/new-energy-outlook/#toc-download
http://www.greenpeace.org/usa/research/an-abrupt-climate-change-scena/
http://www.iea.org/reports/world-energy-model/sustainable-development-scenario
http://www.iigcc.org/resources/

