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Executive Summary           1 

This paper discusses the potential sources of information on climate changes. It describes the various 2 
scenarios available and the criteria for selecting between them. Since the impact of global warming 3 
varies by geographic location and sector, a more granular view must be derived by applying a number 4 
of factors relating to local conditions, country specific legal environment, the purpose of the undertaking, 5 
and others. 6 

This paper highlights considerations to be taken into account when selecting or modifying a global 7 
scenario to reflect local circumstances. It also examines difficulties generated by the combination of 8 
multiple options that could be used to adapt to or mitigate the effects of climate changes, and the many 9 
factors impacting balance sheets as economic agents anticipate the potential effect of climate changes. 10 

This paper is not taking a position on any climate change scenario per se, it is portraying information 11 
which is articulated by the geophysical scientific community and supported by the international 12 
community and as such is a good common basis for risk disclosure.   13 

Climate change refers to a statistically-defined change in the average and/or the variability of the climate 14 
system, which includes the atmosphere, the water cycle, the land surface, the cryosphere, the 15 
biosphere, and their interactions. 16 

Climate-related risks arise when various climate effects interact with socio-economic systems which 17 
may disrupt the mechanisms traditionally used to maintain financial stability. Actuaries are increasingly 18 
involved in considering the potential business and financial impacts of climate scenarios on their 19 
organization, customers and the society, contributing to well-informed decisions through developing 20 
mitigation and adaptation strategies and building resilience. 21 

This paper builds on and should be read in conjunction with the IAA paper “The Importance of Climate-22 
Related Risks for Actuaries”1. It will also be followed by a series of complementary papers covering 23 
climate issues related to specific financial sectors or providing further insights. 24 

1 Global Scenarios 25 

1.1 Sources of Information on Climate Change 26 

A widely-held view is that climate change is caused mainly2 by an increase in atmospheric carbon 27 
dioxide (CO2) produced by humans burning fossil fuels to meet increasing energy demand or support 28 
industrial processes. There is also a significant contribution from human activities to the increase in 29 
other Greenhouse Gas emissions (GHG) through changes in land use, in particular. Agriculture, 30 
Forestry and Other Land Use (AFOLU) which includes livestock generating methane (CH4) and nitrous 31 
oxide (N2O), a more potent GHG than CO2. This is commonly referred to as the anthropogenic 32 
contribution to climate changes in the literature. 33 

The GHG emissions effect is a consequence of the Laws of Thermodynamics and was identified in 1824 34 
by Joseph Fourier, but its impacts became more visible as the concentration rose significantly above 35 
pre-industrial levels of about 280 parts per million (ppm).  36 

 37 

 38 

 

1 Importance of Climate-Related Risks for Actuaries - September 2020 
2 Not all the effect is due to human impact as there are also long-term cyclical climate changes. It is the rate of increase in global warming 
correlated with increased human activity that is the basis of the concern regarding the impact of the human activities. 

https://www.actuaries.org/IAA/Documents/Publications/Papers/CRTF_ImportanceClimateRelatedRisksActuaries_FINAL.pdf
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Figure 1- Anthropogenic Contribution, source: https://www.ipcc.ch/report/ar5/syr/synthesis-report/ 39 

 40 

The Intergovernmental Panel on Climate Change (IPCC)3 is the most common source of information 41 
about climate-related risks. The IPCC does not conduct its own research. Instead, scientists from all 42 
over the world contribute to the work of the IPCC. IPCC scientists assess thousands of scientific papers 43 
published each year to provide a comprehensive summary of what is known about the drivers of climate 44 
change, their impacts and future risks, and how adaptation and mitigation can reduce those risks. 45 
Through its assessments, the IPCC identifies the strength of scientific agreement in different areas and 46 
indicates where further research is needed. The IPCC assessment reports are supported by a wide 47 
consensus and are a key input into international climate change negotiations. Given the multiple levels 48 
of uncertainty, these reports do not attempt to predict future outcomes but rely instead on scenarios for 49 
a selection of pathways.  50 

The Fifth Assessment Report (AR5), published by the IPCC in 2014, provides an overview of the state 51 
of knowledge concerning the science of climate change. It comprises a synthesis report and a summary 52 
for policymakers, as well as reports from three working groups. The Global Warming of 1.5-degree 53 
Celsius (°C) report, published in October 2018, indicates the need to take dramatic actions now to keep 54 
warming below 1.5°C and the potential severe consequences if this is not achieved. A Summary for 55 
Policymakers of the Special Report on the Ocean and Cryosphere in a Changing Climate was published 56 
in September 2019. The UNEP also publishes Emissions Gap reports, the last one was issued in 2019. 57 

The Sixth Assessment Reports (AR6) are planned for 2021 and the Synthesis Report is scheduled for 58 
June 2022. 59 

1.2 Identification of Scenarios 60 

Climate change scenarios are often based on projections of future GHG emissions used by experts to 61 
assess future vulnerability to climate change. The goal of climate change scenarios is not to predict the 62 
future. Rather, they help to better understand uncertainties and the wide range of possible outcomes in 63 
order to make the best decisions possible. Although for simplicity’s sake, scenarios are represented by 64 
a curve, called “pathway” or “trajectory” that traces the evolution of a metric over time, often 65 
complemented by a confidence interval, each scenario comprises a narrative summarizing the 66 
associated impacts and relevant factors that describe the future states of the world. Producing scenarios 67 

 

3 The United Nations (UN) body for assessing the science related to climate change. The IPCC created by the UN in 1988 is an organization 
of governments that are members of the United Nations or the World Meteorological Organization (WMO), comprising 195 members. 

https://www.ipcc.ch/report/ar5/syr/synthesis-report/
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requires estimates of future population levels, economic activity, structure of governance, social values, 68 
patterns of technological change and possibly many more factors. 69 

The driving metric could be the additional warming in °C, the gigatons of GHG emitted expressed in 70 
eCO2, or the atmospheric concentration of eCO2 in ppm4. These metrics are estimates based on reports 71 
collected globally. Daily measurements of CO2 concentration in the Earth's atmosphere in ppm, taken 72 
at the Mauna Loa Observatory, Hawaii, are available continuously from the Scripps Institution of 73 
Oceanography, starting from 1958 to the present day. The graph of the daily values is known as the 74 
Keeling curve (see Figure 2 below). 75 

The “ppm” is one of the preferred metrics because it facilitates continuous monitoring and can be seen 76 
as a leading indicator since an increase in ppm precedes an increase in warming. Metrics based on 77 
emissions are estimates subject to errors in reporting and need to be converted in atmospheric 78 
concentration using factors for the proportion absorbed by oceans and by forests whereas the Keeling 79 
values measure directly the net result. The Keeling curve is useful for determining the starting point of 80 
a projection and to compare past projections with actual observations. 81 

Whatever the metric, it should be noted that the impacts as estimated by the IPCC or other models are 82 
based on probabilities. It is likely that keeping the concentration below 450 ppm will keep the global 83 
warming below 2°C, which in IPCC vocabulary means a probability of 66.7% that the temperature 84 
increase will not exceed 2°C. 85 

Figure 2- The Keeling Curve, source: https://sioweb.ucsd.edu/programs/keelingcurve/wp-86 

content/plugins/sio-bluemoon/graphs/co2_800k_zoom.png 87 

 88 

1.3 IPCC Scenarios and the Paris Agreement 89 

The IPCC scenarios describe the effect on the energy balance of the global climate system due to 90 
changes in the composition of the atmosphere from sources like GHG emissions, other air pollutants 91 
and changes in land use. 92 

The AR5 IPCC report includes four scenarios identified by their forcing power (forcing is the difference 93 
between sunlight absorbed by the Earth and energy radiated back to space) to illustrate different 94 
compositions of the atmosphere at the end of the 21st century. The IPCC scenarios and associated 95 

 

4 eCO2 or equivalent CO2 is a unit that allows emissions of greenhouse gases 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 other impacts such as on 
agriculture. 

https://sioweb.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/co2_800k_zoom.png
https://sioweb.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/co2_800k_zoom.png
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Representative Concentration Pathway (RCP) scenarios are illustrated in Figure 3 and summarized as 96 
follows: 97 

• RCP 2.6 is consistent with an ambitious reduction of GHG emissions, which would peak around 98 
2020, deemed a turning point, then decline on a linear path that aims to limit global warming5 to 99 
below 2°C above pre-industrial temperatures, the goal of the Paris Agreement6. It is also known 100 
as a +2oC scenario. 101 

• RCP 4.5 is an intermediate-emissions scenario, consistent with a future with relatively ambitious 102 
emissions reductions and GHG emissions increasing slightly before starting to decline circa 2040. 103 
Despite such relatively ambitious emissions reduction actions, RCP4.5 falls short of the 2°C 104 
limit/1.5°C aim agreed on in the Paris Agreement. It is aligned broadly with the GHG emissions 105 
profile that would result from the implementation of the 2015 National Determined Commitments 106 
(NDC) up to 2030 followed rapidly by a 50% reduction of global emissions by 2080. It is considered 107 
likely to produce a warming of about 2.4°C. 108 

• RCP 6.0 is a high-to-intermediate emissions scenario, where GHG emissions peak at around 2060 109 
and then decline through the rest of the century which is considered likely to produce a warming 110 
of about 2.8°C. 111 

• RCP 8.5 is aligned broadly with current policies. A high-emissions scenario, consistent with a 112 
future with no policy changes to reduce emissions and characterized by increasing GHG 113 
emissions that lead to high atmospheric GHG concentrations. It is considered likely to produce a 114 
warming of 4.3°C. It has been deemed to represent a Business-As-Usual (BAU) scenario, but it is 115 
not necessarily the worst-case scenario. 116 

The RCP scenarios were produced before the conclusion of the Paris Agreement that created new 117 
expectations since a large majority of governments recognized the need to shift towards a low-carbon 118 
economy. In some of these scenarios the ultimate outcome remains dependent on negative emissions, 119 
adding to the risks by presuming the availability of efficient scalable Carbon Capture and Storage (CCS) 120 
technologies that do not exist yet.  121 

Figure 3- IPCC Scenarios, source : https://www.ipcc.ch/report/ar5/syr/synthesis-report 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

 131 

 132 

The Nationally Determined Commitments (NDC) are at the heart of the Paris Agreement and the 133 
achievement of these long-term goals. The signatories agreed to strengthen the global response to the 134 
threat of climate change through three main actions:  135 

 

5 https://en.wikipedia.org/wiki/Climate_change  
6 The Paris Agreement was adopted in December 2015 and ratified by 189 governments in 2016 

https://en.wikipedia.org/wiki/Paris_Agreement 

https://www.ipcc.ch/report/ar5/syr/synthesis-report
https://en.wikipedia.org/wiki/Climate_change
https://en.wikipedia.org/wiki/Paris_Agreement
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• Mitigation: holding the increase in average temperature to well below 2°C above pre-industrial 136 
levels and to pursue efforts to limit the temperature increase even further to 1.5⁰C.  137 

• Adaptation: increasing the ability of countries to adapt to the adverse impacts of climate change.  138 

• Finance: making financial flows more consistent with a pathway to low GHG emissions and climate 139 
resilient development. 140 

The NDCs embody efforts by each country to reduce national emissions and adapt to the impacts of 141 
climate change. The Paris Agreement (Article 4, paragraph 2) requires each party to prepare, 142 
communicate and maintain the successive NDCs that it intends to achieve. Parties shall pursue 143 
domestic mitigation measures, with the aim of achieving the objectives of such commitments. NDCs 144 
made by the parties are voluntary. Each government is autonomous in setting policy objectives and 145 
responsible for implementing mandatory measures or initiatives to achieve them. The initial NDC 146 
scenario is the aggregate of the commitments submitted in 2016 by the 185 signatories based on the 147 
presumption that the commitments will continue to apply after the pledge period, ending typically in 2025 148 
or 2030. The initial NDC scenario would entail warming estimated at around 3.2°C by 2100.  149 

As per the Paris Agreement, the commitments are to be increased at 5-year intervals if they are not 150 
sufficient to achieve the agreed objective. The first revision was due to take place on the occasion of 151 
COP26 meeting in Glasgow in November 2020. Due to the COVID-19 pandemic it has been postponed 152 
to November 2021. Global warming has already reached 1.1°C, more than half-way to the target, while 153 
there has been no reduction yet in GHG emissions. The longer it takes to tackle GHG, the higher the 154 
transition risks and the potential costs. 155 

These scenarios and many others created subsequently by various organizations, are further described 156 
in later sections covering a wider range of scenarios and criteria for selecting a set of scenarios with 157 
regards to the purpose and local conditions. 158 

1.4 Adapting Scenarios to Changes   159 

Changes in the climate are expected to give rise to both acute physical effects (e.g. increasing severity 160 
and frequency of extreme weather events like heat waves, landslides, floods, wildfires and storms) as 161 
well as chronic effects, (e.g. changes in precipitation, extreme weather variability, ocean acidification, 162 
rising sea levels and average temperatures).  163 

A smooth transition to a low-carbon economy entails numerous adaptation and transformation initiatives 164 
that need to be synchronized and coordinated. Adaptation can reduce the risks of climate change 165 
impacts, but there are limits to its effectiveness, especially with greater magnitudes and rates of climate 166 
change. Many adaptation and mitigation options can help address climate change, but no single option 167 
is sufficient by itself. Effective implementation depends on policies and cooperation at all scales and can 168 
be enhanced through integrated responses that link adaptation and mitigation with other societal 169 
objectives. 170 

Scenario analysis consists of defining and specifying an event and then assessing its impact. The 171 
scenario would include all effects that are relevant for the analysis of the impact. The specification would 172 
be such that it is possible to obtain qualitative or quantitative estimates on the financial loss or other 173 
effect that are in scope. For climate change, this is challenging, since there are many effects, some 174 
obvious and some not, that will emerge over time. For actuaries, the problem is even more difficult, 175 
since it suffices not to merely consider the changes in the climate, but also the effects on other relevant 176 
domains that impact the balance sheet or business models of insurers.   177 

A highly complex system like climate change together with the domains that it will impact, will have many 178 
drivers that will cause effects to spread and propagate. Actuaries who formulate climate change 179 
scenarios or adapt a scenario to their region or to the exposures of a specific insurer would consider 180 
such effects, quantitatively or qualitatively or both. There are a number of different effects, some of 181 
which are described below. 182 
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Drivers of climate change can cause cumulative effects. Incremental impacts of 183 
actions – e.g. the burning of fossil fuels – can add up over time. The cumulative 184 
effect can be close to linear or it can lead to tipping points and to a system entering 185 
a new state (see https://www.fs.usda.gov/ccrc/topics/cumulative-effects) 186 

Some events can lead to a cascade of events, like dominoes that topple each other. 187 
The COVID-19 pandemic offers many examples of domino effects where an initial 188 
outbreak spreads, impacts supply chains, causes certain goods to be hoarded, 189 
impacts the free flood of goods, affects capital markets and much more (see 190 
https://www.scientificamerican.com/article/the-next-climate-frontier-predicting-a-191 
complex-domino-effect/) 192 

The ripple effects of climate change can propagate across different domains. CO2 193 
can lead to an acidification of the sea, which might cause coastal populations to be 194 
forced to migrate, which has impacts for both societies and economies. These 195 
effects are especially pronounced in long-duration events like climate change.   196 

Tipping points are thresholds where a small change can qualitatively alter the state 197 
or development of a system. The climate itself has many such tipping points, 198 
ranging from the accelerated melting of glaciers to the change of oceanic 199 
circulation. The entire system has many more tipping points, where at least part of 200 
the system can enter new states with unknown consequences (see 201 
https://www.pnas.org/content/105/6/1786) 202 

Feedback loops are effects which – possibly over several stages, dampen 203 

(negative feedback loop) or strengthen (positive feedback loop) the initial driver. 204 
The climate contains many feedback loops. A well-known positive feedback loop is 205 
that heating causes permafrost to melt, which then releases methane and carbon 206 
dioxide which are greenhouse gases that cause more heating. For many more 207 
examples see https://climate.nasa.gov/nasa_science/science/. 208 

It is difficult, if not impossible, to predict how these effects will play out. Many of the effects are 209 
probabilistic, and data may be insufficient for certain prediction or modelling. These effects, which are 210 
certain or likely to arise, would nevertheless be included in the scenario. For example, a scenario that 211 
postulates a regional temperature increase of 3 degrees in Australia without considering effects on 212 
agriculture, the health system and society is not believable. Other effects are more speculative, 213 
especially in cases where a system might enter a new state after a tipping point. In these cases, the 214 
actuary would make an informed estimate. There are many techniques that allow the implications of 215 
climate change to be considered, including the analysis by experts from various professions, workshops, 216 
graphical methods or the building of models.  217 

To develop climate change scenarios, a mix between intermediate approaches and a panel of experts 218 
might be most useful. To analyze the impact of climate change on clearly-delineated domains, the view 219 
of experts can be solicited. To assess the interactions between different domains, it is often more useful 220 
to ask for the help of a knowledgeable generalist. 221 

It can be useful to employ graphical methods to think qualitatively through effects that can occur in a 222 
complex system like climate change. Many elements or sub-systems of the climate are coupled, and as 223 
the climate changes, propagate across different domains.  224 

A graphical representation can help to think through implication and also see more clearly possible 225 
feedback loops.  226 

 227 

 228 

 229 

https://www.fs.usda.gov/ccrc/topics/cumulative-effects
https://www.scientificamerican.com/article/the-next-climate-frontier-predicting-a-complex-domino-effect/
https://www.scientificamerican.com/article/the-next-climate-frontier-predicting-a-complex-domino-effect/
https://www.pnas.org/content/105/6/1786
https://climate.nasa.gov/nasa_science/science/
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 230 

 231 

 232 

 233 

 234 

 235 

 236 

1.5 Recognition of Climate-Related Stranded Assets  237 

Reaching zero net emissions entails phasing out fossil fuels and obtaining energy from renewables (e.g. 238 
solar panels, or wind power). That means “decarbonisation”, a shifting away from a carbon-based 239 
economy to a low (or no) carbon economy. The IPCC reports state the maximum amount of CO2 that 240 
can be emitted to keep the concentration below 450 ppm. That means fossil fuel reserves in excess of 241 
this budget cannot be extracted thus should become redundant and lose their economic value.  They 242 
would then become what is called “stranded assets”, which it is thought to represent from 60% to 80% 243 
of known reserves7. The concept of stranded assets extends to the infrastructure that support the use 244 
of fossil fuels, from extraction, transportation, power plant and maintenance of internal combustion 245 
engines. A most visible shift is from cars, trucks, planes that in the future could become electrical but 246 
the shift is not a real improvement if the electricity is generated from coal power plants. This will impact 247 
the asset values as well as on the cash flows generated by the trading and consumption of fossil fuels. 248 
To evaluate and monitor the impact, the actuary would establish relevant metrics (incl. the “carbon foot-249 
print”) to assess the dependency on fossil fuels related revenues.  250 

Other types of assets can also become stranded assets as cities might have to be abandoned due to 251 
rising sea levels or infrastructure can become irrelevant because people migrate away. Industrial 252 
equipment dedicated to carbon-intensive processes such as cement and steel manufacture may need 253 
to be retired and/or replaced by less carbon-intensive technologies.   254 

In all these cases, consideration would be given to the new investment opportunities presented by the 255 
mitigation activity.  256 

2 Considerations in Applying Global Scenarios to Regional/Local 257 

2.1 Considerations for Physical Risks and Opportunities  258 

There are a number of physical phenomena that can be caused by climate change. Higher temperatures 259 
mean more energy that can lead to stronger windstorms and more frequent hurricanes and tornadoes. 260 
Rain patterns can change, leading to more rain in some regions and more pronounced droughts in 261 
others. Increased temperatures can lead to changes in agriculture and fishing as well as to longer and 262 
more extreme heatwaves in some areas. More speculative are the possibilities of increased Icelandic 263 
volcanic activity, the change of oceanic currents or the catastrophic collapse of Arctic or Antarctic ice 264 
shelfs.  265 

It is important to consider the effect that physical risks can have on the financial markets. These can 266 
range from direct impacts – positive or negative – on financial instruments, to indirect ones that can 267 
emerge from various causes related to climate change. A large catastrophe can lead to losses in equities 268 

 

7 https://publications.iadb.org/publications/english/document/Stranded-Assets-A-Climate-Risk-Challenge-(Summary).pdf, page 3 
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or corporate bond exposures. Large catastrophes might also cause financial markets to freeze or at 269 
least to stop functioning properly for extended periods of time which might cause liquidity strains. Capital 270 
might flow out of jurisdictions that have been impacted severely by climate change, leading to further 271 
liquidity problems.  Governments might react to the effects of climate change by lowering interest rates 272 
or nationalizing certain industries, which can also lead to market losses and decline in liquidity.  Physical 273 
effects of climate change can lead to an increased demand of construction – dams, relocation of entire 274 
cities and populations, the building of new health facilities and more – which could lead to higher interest 275 
rates but also increased employment and investments.  276 

Physical risks can directly or indirectly affect the exposure of an insurer or its operations. Hurricanes, 277 
windstorms, or heat waves can directly impact exposures and cause losses or impact the operations of 278 
insurers. Indirect impacts can occur e.g. from soil salinification or the acidification of the sea that impact 279 
agriculture and fishery or impacts on the financial markets.  Exposures can also be affected by legal, 280 
regulatory and infrastructure measures that are being taken by governments to combat the impact of 281 
physical phenomena from climate change, e.g. building codes, risk pools or the construction of dams. 282 

2.1.1 Characteristics of the Region 283 

While climate change is a global phenomenon, its physical effects will differ across regions. The effects 284 
of climate change are not the same across all regions and can differ substantially. In one region, 285 
increased temperatures might lead to aridification, in another to more rain. While some regions might 286 
benefit from climate change by increased agricultural productivity, for others the rise of temperatures 287 
might be catastrophic. Regions that already now are hot might become uninhabitable without air-288 
conditioning due to extended extreme heatwaves. Other regions might be impacted by more energetic 289 
or more frequents tornadoes, hurricanes or windstorms. 290 

Even within a region, climate change can lead to a variety of effects that might change over time. Coastal 291 
regions will likely be affected by rising sea levels, but also possibly by the death of marine diversity 292 
which would affect fishery. Further inland, glaciers might melt and destabilize mountain slopes which 293 
could destroy winter sport tourism and would require the construction of protective measures to keep 294 
villages in mountain valleys safe. Other areas of the region might be exposed to new wildlife and insects 295 
which might bring infectious diseases that had not been present there before.  296 

Climate change will likely also affect financial markets in different ways. Actuaries might consider the 297 
reliance of a financial market on foreign investment and how these will change in situations of climate 298 
stress, the legal certainty of a jurisdiction, the expenditures needed to cope or adapt to climate change 299 
in a region, or the potential effects on exchange rates.  300 

Differences across regions emerge from their location and energy mix, as well as from measures taken 301 
by each country to mitigate or adapt to the effects of climate change. Different countries will likely take 302 
different measures, ranging from legal and regulatory ones to the building of infrastructure. All this will 303 
impact the exposures and the potential losses of insurers, reinsurers and other assets holders.  304 
Actuaries would consider the location of exposures when analyzing the potential impact of climate 305 
change on the balance sheet of an insurer. 306 

2.1.2 Infrastructure Building and other Legislated Measures 307 

Costs and risks can also depend on physical measures taken by governments.  These measures will 308 
depend on the specific exposures of the region to climate change. Coastal regions might build dams to 309 
reduce flooding, which lowers the risk to properties. Other regions might be affected by extreme heat 310 
waves and governments put infrastructure in place that allow people to work from home or strengthen 311 
electricity supply to ensure that cooling is always available.  312 

2.1.3 Impacts on the Insurance Industry 313 

The cost to insurers of the effects of climate change can depend strongly on legislative requirements or 314 
measure taken in a jurisdiction. It is obvious that a building code that requires a hurricane-proof 315 
construction will lead to lower losses than a jurisdiction where buildings do not have to comply with such 316 
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requirements. Other legislative measures could be the requirement to participate in climate-related 317 
losses, e.g. via pools, tax incentives that promote local electricity generation or the requirement to 318 
reinsure climate-related risks with a domestic carrier.  319 

While global climate change can affect regions differently, the effects of climate change on a regional 320 
level can also have global effects. Climate change is a highly complex system where seemingly small, 321 
localized events can percolate and spread to have global effects. Physical effects like the collapse of a 322 
large ice shelf can cause a tsunami and a quick rise in sea levels globally. People might be forced to 323 
relocate due to heat waves or water and food shortages and find new homes far away. Physical events 324 
like large hurricanes or severe flooding can interrupt global supply chains and cause local shortages. 325 
The financial market is another transmission channel that can cause the spread of effects of local events 326 
across the globe. This can make it necessary to not only consider the effects of climate change in the 327 
region of the exposures at risk, but possibly also in other regions where global effects might emanate 328 
from.   329 

Insurers can affect the impact of climate change on a regional, if not global level. Pricing the risks and 330 
potential costs of climate change of exposures to be insured gives incentives for taking appropriate 331 
measures. By considering measures taken to adapt to or mitigate the effects of climate change, insurers 332 
can make it cheaper for clients to ensure their exposures if they take appropriate preventive measures. 333 
Pricing would usually also take into account governmental measures that mitigate effects of climate 334 
change, e.g. building codes, the building of dams, or the strengthening of essential infrastructure. In 335 
extreme cases, where no measures are being taken, insurers might even refuse to take on risks. By 336 
taking into account measures that reduce the risks to their exposures, insurers give positive incentives 337 
to tackle the effects of climate change. 338 

2.2 Considerations for Transition Risks and Opportunities (Mitigation)  339 

If emissions do not decrease fast enough in the first half of the 21st century, then they will need to 340 
decrease even more rapidly in the latter part of the century. Requirements for mitigation include 341 
making changes to the energy system, the land system, industry, transport, and agriculture as well as 342 
influencing consumer behavior (e.g. reducing food waste and consumption in general). These 343 
changes are designed to move human activity away from dependence on fossil fuels, to greater 344 
efficiency of energy usage, optimized land system usage and reduced emissions in agriculture and 345 
industry. 346 

2.2.1 Local Incentives to Transition 347 

The transition to a low-carbon economy is being driven by climate policies aiming at the decarbonisation 348 
of the economy adopted by the signatories to the Paris Agreement with the objective to reduce 349 
cumulative GHG emissions to a level compatible with keeping global warming below 2oC. Independently 350 
of the mitigation of climate change, a low-carbon economy presents multiple benefits to ecosystem 351 
resilience, trade, employment, health, energy security, and industrial competitiveness. Although the 352 
focus is generally on adverse consequences of global warming, the transition entails both downside and 353 
upside impacts.  354 

However, the transition risks are dependent on the nature and intensity of the mitigation effort. Thus, a 355 
more stringent scenario, like the “below 1.5oC”, will entail higher transition risks than an NDC scenario,, 356 
especially in terms of impacts on the value of assets, while a BAU scenario leads to lower transitional 357 
impacts. A more disorderly transition to a low-carbon economy resulting from switching to a “too little 358 
too late” scenario presents more significant risks.  359 

The incentives to decarbonisation are likely to be defined at the country level as national governments 360 
implement policies driven by their commitments under the Paris Agreement. This would be the case for 361 
instance of the regulatory and compliance burden, carbon pricing, emissions reduction requirements 362 
such as standards for cars and industrial production, subsidies for solar panels or wind turbines or 363 
decommissioning of coal fired power plants. 364 
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2.2.2 Importance of Local Economic Drivers  365 

Local economic drivers will depend on geographic location and composition of the market demand that 366 
depend on the local balance between energy production from fossil fuels and renewables, and 367 
investment opportunities in local infrastructure projects. Stranded assets can result from changing 368 
policies or regulations, reputational impacts, shifts in markets due to new technology, and physical risks. 369 
Asset stranding could affect a variety of infrastructure assets.  370 

Entities need to evaluate their exposure to the impact of decarbonisation on their operation, assets and 371 
investments, independently of the exposure to physical risks.  In a first phase investors could rely on 372 
carbon foot-print data, but these do not provide information on how prepared the entity is to adapt its 373 
business model and investment strategy to future risks, face supply chain disruptions and cope with 374 
changes in demand for products or services. 375 

2.2.3 Local Disincentives to Transition  376 

The transition to a low-carbon economy entails a major change in the sources of energy. According to 377 
a comprehensive report on The Geopolitics of Renewable Energy8 the global energy system is so vast- 378 
with trillions of dollars of legacy infrastructure - that even minor changes could have outsized impacts in 379 
some regions and sectors. In addition to the financial impact on fossil fuel producers, there is a major 380 
political impact on the international order since for many countries it is a significant source of revenues 381 
and power. This has led to the promotion of alternative solutions such as Carbone Capture and Storage 382 
(CCS) technologies to make the burning of fossil fuels compatible with the 2oC objective. As no such 383 
technology exists yet at the required scale, it entails a risky bet on the future: the largest CCS plant 384 
capturing 5 million tons of carbon is a very small fraction of the 36 billion tons emitted in one year9.  385 

Many emerging economies see the reduction of GHG as a constraint on their economic development 386 
and make the political argument that the developed economies have achieved their development 387 
through building up the concentration of carbon dioxide that is now causing global warming, thus it would 388 
be unfair to deny them the same opportunity. 389 

To put this in perspective, the per capita emission of CO2 is 16.6 tons per annum for the USA and 0.06 390 
tons for the Democratic Republic of Congo in 2017. Some of these countries possess abundant reserves 391 
of coal from which they can produce energy that would become stranded assets in a low-carbon 392 
economy. To help resolve this conundrum, some developed countries have offered to contribute to a 393 
fund to subsidize the transition for developing economies. Nevertheless, the shift to a low-carbon 394 
economy is seen as destroying jobs, even though they could be replaced by different jobs of equivalent 395 
or better quality.   396 

 

8 https://energypolicy.columbia.edu/sites/default/files/CGEPTheGeopoliticsOfRenewables.pdf  

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

https://energypolicy.columbia.edu/sites/default/files/CGEPTheGeopoliticsOfRenewables.pdf
https://www.globalccsinstitute.com/news-media/latest-news/new-wave-of-ccs-ambition-ten-large-scale-projects-announced/
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Figure 4 – Per capita and Cumulative Emissions, source: https://www.nature.com/immersive/d41586-397 
019-02711-4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy- 398 

 399 

More generally, the transition is a complex operation that require synchronization between many 400 
independent stakeholders to ensure continuity and orderly harmonization of supply chains. The 401 
uncertainty about the ultimate warming level and the timeline increases the transition risks and makes 402 
it more difficult to mobilize individuals to provide public support for difficult political choices. The 403 
resistance to the wearing of masks to combat the COVID-19 pandemic has demonstrated the challenge 404 
of modifying cultural habits of individuals and the risks of politicization. 405 

2.3 Considerations for Litigation and Reputational Risks  406 

2.3.1 Expected Level of Care by the Corporations / Fiduciary Obligations 407 

Care is expected at the various levels within a corporation: it is expected from its Board, from the Officers 408 
of the company, its managers and from its professionals. Whatever the actuary’s role, there is an implicit 409 
or explicit expectation of care. Climate-related risks are becoming part of the expected considerations. 410 
These considerations cover the entire business cycle: e.g. Business Plan, Product Design and Pricing, 411 
Risk Management, Investments, Human Resources, Governance, Financial Reporting. In addition, 412 
there are growing expectations that environmental risks are to be disclosed in a transparent manner. 413 

More so than other environment risks, climate-related risks are rarely immediate risks but risks with 414 
consequences years in the future. What is potentially acceptable now may very well not be accepted in 415 
the future. Professional judgement and disclosure might be questioned in the future with the knowledge 416 
as of that point in time. In summary, even though the future is hard to predict, the future legal assessment 417 
of decisions taken today will be based on what could have plausibly been known today and whether it 418 
followed the prudential principle.  419 

There will always be pressure for short-term results over long-term considerations but that will likely not 420 
be a good enough answer when a climate-related catastrophe materializes. If fiduciary obligations are 421 
not fulfilled satisfactorily to the stakeholders, there is both a legal risk as well as a reputational risk. 422 

2.3.2 Legal Risk 423 

There is a strong rise in climate-related litigation. As of January 2020, Norton Rose Fulbright estimates 424 
that 1,444 such cases had been filed so far in at least 33 countries.10 Most cases are based on 425 

 

10 Climate Litigation update February 2020: https://www.nortonrosefulbright.com/en/knowledge/publications/7d58ae66/climate-change-

litigation-update /  

https://www.nature.com/immersive/d41586-019-02711-4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy-
https://www.nature.com/immersive/d41586-019-02711-4/index.html?utm_source=Nature+Briefing&utm_campaign=093e3be58a-briefing-dy-
https://www.nortonrosefulbright.com/en/knowledge/publications/7d58ae66/climate-change-litigation-update%20/
https://www.nortonrosefulbright.com/en/knowledge/publications/7d58ae66/climate-change-litigation-update%20/
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constitutional and human rights laws attempting to hold governments or oil producers accountable for 426 
addressing climate change. References are made to government commitments under the Paris 427 
Agreement. Most lawsuits have not been successful so far, but a few have been. As an example, the 428 
UK Court of Appeal blocked plans to build a third runway at Heathrow Airport as its expansion violated 429 
the Paris Agreement. In the Netherlands, the case ‘Urgenda Foundation versus State of the 430 
Netherlands’ forced the Netherlands to make a 25% reduction in green-house gas emissions.  In 431 
contrast, in a similar case in Germany, the courts found that the government had some discretion in 432 
how to achieve commitments.  433 

The way to present cases is in evolution as claimants are looking for more effective approaches and 434 
an increasing number of lawsuits look at using scientific findings as their basis to prove causation. In 435 
the US, litigation is typically directed at the producers of emissions themselves rather than on the 436 
government. These lawsuits typically come from consumers, consumer advocates and regulators. 437 

Litigation can be used to repair actual harm done or avoid potential harm from being done. The latter 438 
is harder to prove. Most often for climate-related risk, it is the failure to act as a reasonable and 439 
prudent person in the face of climate-related risks that triggers litigation.  440 

Another major current cause is improper disclosure regarding emissions. In the case ‘Commonwealth 441 
of Massachusetts v Exxon’, it is alleged that ”Exxon had deceived investors by not disclosing climate 442 
change-related risks to its business, and had deceived consumers through greenwashing campaigns 443 
and misleading advertisements that failed to disclose the impact of its fossil fuel products on climate 444 
change”11. In the future, sources of claims are likely to expand beyond use of fossil fuels. 445 

Laws evolve and are influenced by developments in other countries. What is acceptable in court also 446 
evolves and the cultural evolution in the public minds about the acceptability of certain behaviors 447 
regarding climate-related risks is slowly percolating into the court system. 448 

Legal risks can be mitigated through the use of insurance. When an insurer provides legal risk 449 
protection, this risk is reported as a Liability Risk in the insurer balance sheet to differentiate it from its 450 
own Legal Risk.  451 

In the face of climate-related risks, insurers will adapt their coverage and pricing to offer up-dated 452 
products. New coverage is likely to respond to newer forms of risks with limitations to prevent undesired 453 
risks. Some systemic risks may not be hedgeable as the pooling of global risks fails to diversify them.   454 

2.3.3 Reputation Risks  455 

Climate change has been identified as a potential source of reputation risk tied to changing customer or 456 
community perceptions of an organization’s contribution to or detraction from the transition to a lower 457 
carbon economy. Reputation risk is similar to legal risk with the exception that the judgement is made 458 
by clients and the public in general rather than from courts. Reputation risk is harder to insure as the 459 
loss is very difficult to assess. It is nevertheless a real risk. 460 

3 Criteria, Guidance and Tools for Selecting Scenarios 461 

3.1 Considerations for Designing Scenarios  462 

Climate change scenarios can be seen as pathways to achieve the transition from the current state of 463 
climate to an ultimate state where the climate has stabilized at some warming level and new GHG 464 
emissions have reached the Net Zero level12. Most of them assume that global warming will not continue 465 

 

11 See www.mass.gov/files/documents/2019/10/24/Complaint 
12 The Net Zero level refers to an overall balance between greenhouse gas emissions produced and greenhouse gas emissions taken out of 

the atmosphere. 

http://www.mass.gov/files/documents/2019/10/24/Complaint
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indefinitely. Multiple pathways are possible, that reflect the interaction of changes induced by the 466 
transition to a low-carbon economy. 467 

In addition to their own needs, users should take into account the new context created by the 468 
recommendations issued by the Task Force on Climate-Related Financial Disclosures. The demand for 469 
climate-related disclosures has increased significantly since the release of the TCFD recommendations 470 
in 2017.  These Recommendations13 promote the use of scenarios analysis in the disclosure of climate-471 
related risks and opportunities. Any entity can freely use the recommended framework14 as an analytical 472 
tool to help manage risks even if there is no intent of reporting publicly.  473 

Even though the recommendations are not mandatory, the trend is clearly for regulators and 474 
governments to require disclosures. It is in the user’s interest to avoid duplication, minimize the reporting 475 
burden and pre-empt reputational risks by including in the selection those scenarios that help meet the 476 
expectations of the market, of the investment community, and potentially the requirements of the 477 
financial regulators or credit rating agencies. Thus, an optimal selection should encompass the risks 478 
that are significant for the users and third parties, depending on the purpose of the analysis, which may 479 
include benchmarking and comparison with peers.  480 

As shown in the Figure 5 below, despite national commitments to reduce emissions, the atmospheric 481 
concentrations of CO2 since 1990 show an almost linear growth. Thus, using past data would not be a 482 
good predictor as it would imply indefinite growth at about 2 ppm/yr. Given that emissions have been 483 
higher than anticipated, an accelerated version of the +2oC scenario, the “Net Zero by 2050” scenario, 484 
is currently promoted by UNEP FI15 to keep warming below 2oC, have emissions peak in 2020 and reach 485 
net zero between 2050 and 2075.  486 

Figure 5 -Trend in CO2 concentration, source: 487 
http://scrippsco2.ucsd.edu/data/atmospheric_co2/primary_mlo_co2_record 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

 498 

 499 

 500 

Scenarios can be classified in accordance with the ultimate degree of warming and the year when 501 
emissions stabilize at the net zero level. 502 

 503 

Figure 6 – Illustrating a double alternative,  504 

 

13 https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf  
14 https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf  
15 https://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.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf
https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf
https://www.unepfi.org/climate-change/united-nations-convened-net-zero-asset-owner-alliance/
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source: https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report - 505 

17042019 0.pdf 506 

 507 

The magnitude of future impacts will be determined, at least in part, by actions taken by governments, 508 

firms, individuals and a range of other actors. Their impact on the financial system may therefore be 509 

larger than other types of risks and is potentially non-linear, correlated and irreversible. In addition, the 510 

time horizons over which risks may be realized is uncertain and their full impact may crystallize outside 511 

many current business planning horizons. While there is a high degree of certainty that risks from some 512 

combination of physical and transition factors will occur, the exact outcome and the timing remain 513 

uncertain. There are many potential outcomes similar to the four illustrated in Figure 6 that may result 514 

from technological breakthroughs, political reversals, or feedbacks from emerging experience that will 515 

be at variance from expectations. Thus, the need to monitor progress against expectations and adjust 516 

dynamically for changes in the exposure.  517 

The COVID-19 pandemic will likely cause a temporary blip in emissions that could be misinterpreted as 518 

a new trend or on the contrary the confinement may motivate individuals to act to avoid further risks of 519 

disruption in their lifestyle.  The reverse is also possible and a worse case than RCP 8.5 cannot be 520 

excluded, which means that resilience needs to be tested also against severe outcomes like runaway 521 

emissions that would push global warming beyond the range of current expectations. 522 

The choice of the scenarios should maximize the utility of the information for the user to: 523 

• Assess its exposure to a complex combination of climate changes;  524 

• Understand the impacts on its enterprise, supply chain, business model or program; 525 

• Identify risks and opportunities associated with the future eco-system; and 526 

• Test the resilience to more extreme scenarios. 527 

A scenario better fulfills its function as part of a family of scenarios based on a distinct and clearly 528 
differentiated set of determinants. The choice of the scenarios should maximize the utility of the 529 
information for the user. The TCFD lists as follows the main desirable characteristics of scenarios: 530 

• Plausible: the events described in the scenario should be possible and credible; 531 

• Distinctive: each scenario should be based on a distinct and clearly-differentiated set of 532 
determinants; 533 

https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report%20-%2017042019%200.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report%20-%2017042019%200.pdf
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• Consistent: interaction between the qualitative and quantitative elements described in the 534 
scenario should obey strong logic. If the reversal of past trends is predicted, a logical explanation 535 
of such a reversal should be provided; 536 

• Relevant (to the issues examined): the specific issues at stake should be key to the scenario; 537 

• Challenging: the scenarios should challenge the prevailing visions of the future and the status 538 
quo. 539 

• Transparent as to the methods applied, the assumptions made, the reasons behind their choice, 540 
the results and the conclusions. 541 

It is expected that global emissions will not change dramatically from year to year but will gradually 542 
reflect mitigation efforts, thus the pathways would become continuous curves differing mostly by the 543 
year emissions peaks, the speed at which they reduce and the ultimate stabilization level.  History shows 544 
how difficult it has been to reach a consensus across nearly 200 countries16 and the Paris Agreement 545 
is imperfect like all compromises. The COVID-19 crisis illustrates the difficulty to coordinate actions and 546 
decisions to resolve global issues. The IPCC RCP and most other existing scenarios are mathematical 547 
projections based on physical laws or extrapolation, which therefore seem orderly and reach 548 
stabilization at some future date.  However, one cannot rule out inflection points linked to political 549 
reactions or shifts in public opinion. In addition, the inherent volatility of impacts of climate-related risks 550 
is compounded by externalities such as earthquakes or pandemics but more importantly by 551 
unpredictable human factors, aggregating a large number of uncoordinated decisions.  552 

3.2 Types of Scenarios 553 

There are different ways risks can be analyzed. There are the existing risks on the balance sheet 554 
assuming the world is not going to change and there are the risks that are likely to arise as the 555 
environment changes. If the environment changes, there will be disruption and therefore, one needs to 556 
be prepared. The difficulty with climate-related risks and opportunities is that future changes are hard to 557 
predict both due to the slow development of climate change and its effects and the long-term nature and 558 
the multitude of interactions between variables. Depending on the purpose and depth of the desired 559 
analysis, there are different ways of approaching the question. 560 

3.2.1 Frozen Balance Sheet  561 

A first type of analysis is to look at the current portfolio of business and assets and rank each of its 562 
components according to their sensitivity to tested changes in the environment, possibly splitting into 563 
short, medium and long-term with impacts associated with each bucket. 564 

The advantage of such an approach is that it makes it easier to compare between different 565 
organizations. It is also easier to model and therefore a good introduction to the analysis of a risk as 566 
complex as climate change. The main disadvantages are a) that it assumes that no corrective actions 567 
will be undertaken to adjust the portfolio and b) that it is difficult to account for dynamic paths. It is an 568 
approach that is particularly useful when looking at the possible impact of stranded assets and making 569 
adjustments to the asset portfolio. 570 

3.2.2 Dynamic Paths  571 

Not all risks can be captured by a ‘frozen balance sheet’ approach. Because of all the variables involved, 572 
it may be more useful to look at the impact of the interaction of a number of variables over time through 573 
a dynamic model. Such models attempt to provide a more realistic projection or look at predefined paths 574 
to facilitate the understanding of the interrelations. Dynamic paths allow to study the impact of changes 575 
in one variable at a time or the combined impact of changes in a set of circumstances. It also allows 576 
examination of the impact of delayed changes either in the risk itself or the response to the risk, since 577 
managers will not sit passively. The actuary could build his or her own scenario or use existing ones. 578 

 

16 This article illustrates the complex interactions between science and politics https://www.nytimes.com/2018/08/31/podcasts/the-
daily/climate-change-losing-earth.html  

https://www.nytimes.com/2018/08/31/podcasts/the-daily/climate-change-losing-earth.html
https://www.nytimes.com/2018/08/31/podcasts/the-daily/climate-change-losing-earth.html
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The use of existing scenarios facilitates the disclosure of results to an external audience and even 579 
internally to non-specialists. Of course, this approach is much more complex than the ‘frozen balance 580 
sheet’ approach.  It captures more information for the medium term, but not enough for the true long-581 
term projections indicated below. 582 

3.2.3 Impact of Limited Resources (Food, Water, Land) 583 

A broader and longer-term analysis requires a holistic projection with all factors involved and their 584 
potential secondary effects.  It requires projections of resources (land, water and food supply) both in 585 
term of quantity and usability and the need for resources (population size, inequality of distribution). It 586 
would project the impact of new means of adapting to the environment, both through technical 587 
advancement and the change in volume and type of consumption. The major downside of this type of 588 
analysis is the sheer size of assumptions and interactions needed, making it complex to handle, validate 589 
and explain. Whatever the type of analysis selected, it is important that the models be internally 590 
consistent and coherent. Often more than one model is being used and the combination of the results 591 
requires consistency and coherence.  592 

3.3 Criteria, Guidance and Tools for Selecting Scenarios  593 

There is no “silver bullet” for selecting a set of scenarios but there is an abundance of material, tools 594 
and data, some are available for a fee from commercial providers. 595 

Figure 7- Scenarios Analysis Process, source: https://www.fca.org.uk/publication/corporate/climate-596 
financial-risk-forum-guide-2020-summary.pdf 597 

 598 

 599 
 600 
The end-to-end climate scenario analysis process, as Figure 7 illustrates, is iterative. The process will 601 
need to be applied to more than one major emission pathways to provide adequate coverage of the 602 
exposure to climate-related risk and updated in a dynamic way as the actual experience emerges.  603 
Some firms may want to start with various reference scenarios and alter them to be relevant to their own 604 
business models, rather than start from scratch.  Another approach is to start by asking a set of ‘what 605 
if?’ questions, rather than launching into full blown scenario analysis: e.g. what if there was a carbon 606 
price of $100? The final stage is to assess the financial impacts of these scenarios and/or ‘what if?’ 607 
questions. Insights gained from that financial impact analysis should in turn feed back into the refinement 608 
and identification of new risks and potential exposures, which will then inform the development of 609 

https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf
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scenarios as well as supporting identification of potential new scenarios to be analyzed17. A climate 610 
scenario can typically be defined using a combination of four main components: 611 

i. Emission pathway and associated changes in the concentration of GHG in the atmosphere 612 
comprising the timing and intensity of associated climate events such as temperature, precipitations, 613 
winds and sea rise. Basic information is available from IPCC reports18, think-tanks or academic 614 
research institutions.  This component will set the timeline, the ultimate target of global warming and 615 
thus the balance between physical risks and transition risks. 616 

ii. Climate policy landscape: assumptions about future climate policy ambition and economic 617 
policies, impacting emissions either directly (e.g. through imposing taxes or quantity restrictions on 618 
emissions) or indirectly (e.g. through regulations on technology, materials and efficiency).  619 

iii. Technological evolution: Reducing emissions will require a shift to renewables driven by a 620 
combination of pricing and technological efficiency that need to be quantified. This component will 621 
cover the setting of parameters such as carbon taxes, sources of energy and costs and investments 622 
in renewables.  623 

iv. Socio-economic context: Shared Socioeconomic Pathways’ (SSPs)19 have been developed by 624 
internationally recognised teams of academics to support the analysis of the physical impacts of 625 
climate change by setting their socioeconomic narratives. 626 

Further details on the interaction between the 4 components are illustrated in Figure 8 below. 627 

Figure 8 - Components interaction, source: https://www.fca.org.uk/publication/corporate/climate-628 

financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf 629 

 630 
 631 
 632 
 633 

 

17 For further details please refer to the https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf. 
18 https://www.ipcc.ch/report/ar5/wg1/atlas-of-global-and-regional-climate-projections/  
19 https://www.unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf  

https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-summary.pdf
https://www.ipcc.ch/report/ar5/wg1/atlas-of-global-and-regional-climate-projections/
https://www.unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf
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Figure 9 below illustrates a potential Technological evolution driving the shift to a low-carbon 634 
economy. 635 

Figure 9- Global Power Generation Mix, source: https://about.bnef.com/new-energy-outlook/ 636 

 637 

Embedded in Figure 10 are variables that will help estimate stranded assets and the impact on future 638 
cash flows and investments. Given the importance of these variables, they are the object of a separate 639 
paper to be published later. 640 

Figure 10- Variables to be defined, source: https://www.bankofengland.co.uk/-641 
/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-642 

change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80 643 

 644 

The graph in Figure 11 explains how different types of risks combine to define a scenario adapted to 645 
the purpose, geographic location and circumstances of the user over different timelines. 646 

https://about.bnef.com/new-energy-outlook/
https://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://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://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
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 647 
Figure 11 - Physical and Transitional Risks20 648 

 649 

Additional information about scenarios can be found in Appendix 1 650 

4 Key Challenges 651 

There are several challenges and barriers that need to be considered in the development or use of 652 
workable climate scenarios to support the assessment of the potential business- and financial impacts 653 
of climate change. As adaptation moves from theory to practice, there is growing recognition that barriers 654 
may make it difficult for individuals, businesses and governments to plan and implement adaptation 655 
actions and build resilience. These involve a variety of issues, especially for long-term decisions, and 656 
include economic, political and governance challenges. Addressing these barriers is critical to advancing 657 
climate compatible development, and actuaries working on scenario analyses will need to consider the 658 
degree to which they are likely to be successfully addressed.  659 

Some of these challenges have been highlighted in the NGFS first comprehensive report and the 660 
Climate Financial Risk Forum 2020 Scenario Analysis guide.  661 

• Far-reaching impact in breadth and magnitude: Climate change will affect all agents in the 662 
economy (households, businesses, governments), across all sectors and geographies. The risks 663 
will likely be correlated and potentially aggravated by tipping points, in a non-linear fashion. This 664 
means the impacts could be much larger, and more widespread and diverse than those of other 665 
structural changes.  666 

• Foreseeable nature: While the exact outcomes, time horizon and future pathway are uncertain, 667 
there is a high degree of certainty that some combination of increasing physical and transition 668 
risks will materialise in the future. While using a shorter timeframe (up to a few years) may seem 669 
more relevant for decision-making now, the most significant impacts from physical risks will arise 670 
over decades. Conversely, transition risks can occur much sooner, if momentum builds towards 671 
a policy change and public opinion shifts (as happened with diesel emissions or plastic bag use). 672 
The time horizons over which climate-related risks may be realized are uncertain, and their full 673 
impact may crystallize beyond most current business planning horizons. Conversely, social 674 
tipping-points are rarely modelled but may mean some transition elements affect certain sectors 675 
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abruptly, using past data may not be a good predictor of future risks and currently there is often 676 
little 677 

• Dependency on short-term actions: The magnitude and nature of the future impacts will be 678 
determined by actions taken today which thus need to follow a credible and forward-looking policy 679 
path. This includes actions by governments, central banks and supervisors, financial market 680 
participants, firms and households.    681 

• Cognitive biases must also be recognised and accounted for when developing and using 682 
any type of scenario:  For example, people unconsciously assess the probability of a future event 683 
or outcome on the basis of how easily they can remember past examples or how easily they can 684 
imagine possible events. Many economic models of climate impacts are still developing, and data 685 
is not always available.   686 

• Data gaps and comparability of disclosures: Firms may need to use additional metrics 687 
requiring new data and new modelling methods to capture climate impacts on the economy and 688 
their business. Such variables might include hazard factors for physical events or green-house 689 
gas emissions from specific economic activities. Firms are likely to find that their existing risk 690 
models will also need to be adapted to capture climate factors.  691 

5 Next Steps 692 

This paper is the second of a series of papers that the IAA Climate Risk Task Force has committed to 693 
develop over the coming years. The first paper was entitled “The Importance of Climate-related Risks 694 
for Actuaries” and was an introductory paper to the series of paper that the IAA committed to. In order 695 
to address the needs of the actuaries, the following papers are scheduled to be released over the 696 
following years, such as:   697 

• A paper designed to further stimulate development of effective and globally applicable links 698 
between climate-related risk scenarios and insurance and pension risks and costs. 699 

• A paper on the application of climate-related risk scenarios to asset portfolios with an important 700 
subsidiary goal of encouraging consistency between assets and liability modeling. 701 

• Advice on climate-related risk management and addressing emerging third party 702 
regulatory/reporting/disclosure requirements. 703 

• A paper on the potential effects of transition and adaptation steps. 704 

• Review of existing IAA publications to identify and address any climate risk related gaps. 705 

• A paper on the link between climate-related risk scenarios and social security.  706 

The IAA Climate Risk Task Force welcomes and encourages input and involvement in these activities.  707 
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Appendix 1 – Additional Information Available about Scenarios   708 

Summary of a Set of Illustrative Scenarios 709 

The current status is used as the baseline for comparison purposes21 710 

 711 

 712 

 

21 https://www.mercer.com/our-thinking/wealth/climate-change-the-sequel.html  
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Additional sources of information 715 

The Technical Supplement to TCFD recommendations22 offers information regarding “Key 716 
Considerations: Parameters, Assumptions, Analytical Choices, and Impacts” and includes a comparison 717 
of several publicly available scenarios.  718 

Additional scenarios are listed below. 719 

• 2019 CRO forum.  Their report “The heat is on - Insurability and Resilience in a Changing 720 
Climate”23 compares physical and economic impacts for scenarios leading to global warming of 721 
1.5o, 2o, 3o and 5oC. 722 

• The Network for Greening the Financial System (NGFS) 24  723 

• Climate Interactive25 724 

• The Bank of England26 725 

• Climate Financial Risks Forum27 726 

• BloombergNEF (BNEF)28 727 

• Greenpeace29 728 

• Institute for Sustainable Development30  729 

 

22 https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf 
23 https://www.thecroforum.org/2019/01/24/crof-eri-2019-the-heat-is-on-insurability-and-resilience-in-a-changing-climate/  
24 https://www.ngfs.net/en/ngfs-climate-scenarios-central-banks-and-supervisors    
25 https://www.climateinteractive.org/tools/c-roads/  
26 https://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-

change.pdf  
27 https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2020-scenario-analysis-chapter.pdf    
28 https://about.bnef.com/new-energy-outlook/#toc-download    
29 https://www.greenpeace.org/usa/research/an-abrupt-climate-change-scena/   
30 https://www.iea.org/reports/world-energy-model/sustainable-development-scenario    
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https://www.ngfs.net/en/ngfs-climate-scenarios-central-banks-and-supervisors
https://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
https://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
https://www.greenpeace.org/usa/research/an-abrupt-climate-change-scena/
https://www.iea.org/reports/world-energy-model/sustainable-development-scenario
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