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Executive Summary 

The current results of financial sector stress-tests or scenario analysis exercises conducted by 

financial supervisors and the private sector suggest that the current financial dislocation arising 

from physical and transition climate risks is unlikely to reach levels where this dislocation will have 

implications for financial stability. However, these results are based on ‘central’ estimates as to 

climate damages and broader economic losses under “hot house” scenarios.  

Current estimates around potential financial losses oscillate around 5-10%, although certain institutions 

may have higher results. More conservative estimation approaches arguably build credibility for the exercise. 

However, these approaches also may hide more extreme outcomes. Moreover, they typically do not account 

for the climate-related risks arising from shocks to ecosystem services, social conflicts, and climate tipping 

points.  

This paper seeks to identify the potential levels of risks not captured by this approach. Climate 

tipping points, ecosystem decline, and social risks have the potential to amplify the financial losses 

in equity markets from climate change by a factor of 2.5-3.5x. Translating these losses into absolute 

values, potential social and ecosystem feedback loops can wipe $31 trillion off of global capital 

markets.  

A high baseline climate risk stress-test scenario can create a 10% shock to global equity markets. A 

combination of climate tipping points, ecosystem decline, and social risks can increase that number to 27%, 

almost 3x the baseline losses. A low baseline scenario of a 4% shock in turn turns into a 14% shock when 

considering these other factors. These losses are dramatic as they are secular and not cyclical. It is worth 

flagging that this event would be unprecedented in modern financial market history.  

The models and calculations used here are by design rudimentary. They are developed based on expert 

judgements, third-party academic and grey literature, and historical shocks involving similar events where 

they exist. They thus represent a first approximation rather than necessarily a complete picture.  

Fig 0: Global equity market losses under a 2DII baseline (Source: Authors, based on Dietz et al. 2019, de Groot et al. 

2022, SwissRe 2021, 2DII 2019) 
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I. Introduction 

Externalities are unpriced values in the context of economic transactions (Coase 1960).  

Their pricing is the responsibility of economic policymakers, unless these externalities originate within 

financial markets or risk management systems that fail to identify where these externalities are being 

internalized as a result of an economic policy response.  

Externalities depress long-term financial returns as they result in a misallocation of capital from a 

macroeconomic perspective but can of course increase short- and medium-term returns for 

individual institutions. For externalities to have an impact, two conditions must hold.  

- The externality has an economic ramification (which is not necessarily always the case, there are 

also non-monetary externalities); 

- The non-priced externality has to be higher than the costs of avoiding the externality. An 

investment where total unpriced externalities represent 1% of the total investment costs may still 

be ‘optimal’ given that the investment would likely still go ahead, even if the externality was priced.  

From the perspective of risk-adjusted returns in the context of climate change, this creates two 

potential scenarios (Fig. below). 

Either policymakers require investors and banks to internalize the externality (Actual returns when externalities 

are priced) or externalities eventually materialize for the economy as a whole, depressing overall returns. In 

the case of the climate change, this creates an overall welfare loss since the cost of pricing externalities to 

the point that alternative investments become competitive is lower than the costs of letting these 

externalities materialize.  

Fig 1: Illustrative return profiles under different externality pricing assumptions (Source: Authors) 

  

A scenario where financial institutions operate as if they expect to achieve the hypothetical risk-

adjusted returns, when in practice they should expect to realize one of the two actual returns can 

have two consequences:  

◼ Lower long-term risk-adjusted returns potentially reduce the long-term resilience of the financial 

sector; 

◼ A sudden internalization of externalities may create financial dislocation. 
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The first issue is one that warrants supervisory intervention where supervisors understand their role to 

ensure optimal capital allocation in financial markets from either an economic policymaking perspective 

and / or the objective of contributing to a more robust long-term financial sector. The second issue may 

be material from a financial stability perspective, depending on the overall scale of dislocation. 

The current results of financial sector stress-tests or scenario analysis exercises conducted by 

financial supervisors and the private sector suggest that the current financial dislocation arising 

from physical and transition climate risks is unlikely to reach levels where this dislocation will have 

implications for financial stability.  

Current estimates around potential financial losses oscillate around 5-10%, although certain institutions 

may have higher outliers. These orders of magnitude are typically those captured by traditional stress-tests 

and thus current capital buffers and regulatory policies suffice to ensure financial stability.  

However, these estimates typically focus on long-term scenario analysis. While this is relevant to capture 

long-term trends, the underlying scenarios are in fact not typically extreme in the sense that they represent 

tail outcomes. Rather, they are typically consistent with the central estimates of the climate policy and 

modelling community around future trajectories under various scenarios. As a result, there is an 

inconsistency between the logic of stress-tests designed to identify potential tail or low-probability events that 

may be financially material, with the current suite of scenarios used in climate stress-test that in fact – for a 

given future (e.g. 1.5°C or 4°C) represent the central estimate as to how the future will materialize. In 

addition, their view of ‘externalities’ is narrow and does not capture the secondary effects of ecosystem 

decline and societal risks that may both be driven by climate change and in parallel reinforce the economic 

damages related to climate change.  

In principle, the current approach to identify climate risk materiality on the basis of ‘central’ 

scenarios (and thus materiality that doesn’t reach financial stability levels) makes sense. 

In order to build credibility on the overall exercise, identify baseline trajectories under different climate 

futures, and ensure more robust results, given the complexity of mapping the tail events more extreme 

climate models identify and generate. However, these approaches also may hide more extreme outcomes. 

Some model approaches seek to capture second round and network effects. However, these effects are still 

based on an original input that is ‘conservative’ in the sense that they represent central outcomes under a 

given climate warming future.  

Despite the rationale of central estimates, this paper seeks to identify the potential levels of risks 

not captured by this approach.  

The models and calculations used here are by design rudimentary. They are developed based on expert 

judgements, historical shocks involving similar events where they exist, and – where information is 

sufficiently developed – basic credit and valuation models. 
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II. Approach 

This paper explores the potential increased financial materiality related to what we call ‘tail’ 

physical risk scenarios based on a combination of heuristics and a simplified model approach, 

ecosystem decline, and societal conflict. The following summarizes the components of the model: 

- Baseline estimates. The paper will use two baselines: The SwissRe baseline and the 2DII previous 

stress-test scenario baseline (2019). We use SwissRe 2021 research to identify the baseline GDP impacts 

of climate change by 2050 based on estimated warming of 2.3°C. SwissRe represents these estimates 

based on baseline projections and “(un)known unknowns” which it uses as multipliers to their 

projections (5x and 10x). The challenge with these multipliers is that they may duplicate partly with the 

issues covered in the other factors. However, overlap is likely limited given that the description does 

not cover the issues identified in this paper. We will use the baseline of 2°C warming by mid-century 

with the “moderate” multiplier of 5x (covering supply chain disruptions etc.). The more dramatic 

extreme scenario from SwissRe is largely consistent with the 1in1000 stress-test model from 2019 

(“Storm Ahead). This scenario could thus be interpreted as being  

 

Fig. 2: Economic impact of climate change by mid-century under various warming scenarios (Source: SwissRe 2019) 

 

- Tipping points: The first component is to identify the additional ramification of so-called climate 

tipping points. Climate tipping points have a range of different changes to the environment and 

the planet’s response to global warming. The additional GDP shock is extrapolated from a study 

by Dietz et al. that estimates the economic impacts of climate tipping points on social costs of 

carbon. We use the % change in social cost of carbon to suggest the additional GDP losses by 

2050 relative to the baseline under their central estimate and the 10% tail probability.  

 

While the social cost of carbon does not equate one to one to future GDP losses, it can be used as 

a proxy for long-term GDP effects assuming that the stream of undiscounted damages is flat or 

has a shape that equates to the % uplift in 2050. The second is the % increase in marginal damages 

is equal to the % increase in total damages. Finally, we concentrate here the GDP impacts until 

2050, which can also be contested.  

 

The distribution of cash flows is not provided by Diet et al., but given the assumptions above, this 

appears as an acceptable shorthand. While this may overstate the effects, it is worth flagging that 

review letters to the study suggest that it may even understate the shocks. While we recognize 
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potential limitations to these assumptions, we consider them as a first order of magnitude relevant 

and appropriate. According to Dietz et al., the 2% tail probability is roughly double the 5% tail 

probability, so this demonstrates that even more extreme model runs are possible. This is also 

identified by other literature and analysis complementing that of Dietz et al. These tail probabilities 

it is worth noting likely represent more central estimates when considering the additional ecosystem 

and biodiversity ramifications associated with the tipping points materializing. While we use a 

global average, there are significant regional differences to the social cost of carbon which would 

with a more granular analysis provide more country-specific results (see Fig. below).  

Fig 3: Country level impacts of climate tipping points (Source: Diet et al. 2019) 

 

- Ecosystem losses: Projections for ecosystem losses are taken from WWF (2020) and World Bank 

(2021). WWF estimates are more conservative than those from the World Bank, however the 

World Bank estimates only go out to 2030 with subsequent assumptions around a policy response. 

We assume here for consistency that the effects measured by the World Bank take longer to 

materialize and go out to 2050. This may be a more conservative assumption as to the time horizon 

of the risks, but allows for more consistent and comparable analysis.   
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- Social conflicts (Social). The second component are social risks. We rely here on two different 

studies, one focused on a developed market (Northern Ireland Troubles, Dorsett 2019) and one 

global study from 2022 that demonstrates that over a 20-30 year period conflicts lower GDP by 

about 12% (de Groot et al. 2022). We take this figure as an end GDP shock and extrapolate linearly 

from today in terms of year on year negative GDP effects from social conflicts. This linear 

assumption may be contested as social conflicts may only escalate in the future and current levels 

of conflict may not translate to GDP effects. On the other hand, social conflicts may also escalate 

into more pronounced full out wars which may have more dramatic GDP effects.  

These reference points are translated into financial shocks through a simple discount dividend 

model. The following briefly summarizes the key assumptions: 

- The discount dividend model assumes a 1:1 relationship between long-term growth and long-term 

dividend profiles of companies. We recognize that this relationship may not hold for a number of 

reasons and relies on a number of key assumptions and conditions, however, there is empirical 

evidence for the long-run relationship at least at global level; 

 

- We use a 4% discount rate for future cash flows. Note, results, are not very sensitive to reasonable 

adjustments to that assumption; 

 

- Our baseline growth path is based on projections from the Economist Intelligence Unit of 2.5% 

(2020-2030); 2% (2030-2040); 1.8% (2040-2050) for an average growth rate of ~2%. 

 

- The discount dividend model is based on a 28 year cash flow profile until 2050 and a terminal value 

of 0%.  

 

- The model compounds the risks, recognizing that they may be both mutually reinforcing but also 

materialize in a way where the sum is less than its parts. As we seek to look at the topic from a 

stress-test perspective, we think this approach is appropriate. 

This note will focus on potential equity losses with subsequent research set to tackle a broader 

universe of assets. 
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III. Results 

Social and ecosystem risks have the potential to amplify the financial losses in equity markets from 

climate change by a factor of 2.5-3.5x.  

Integrating ecosystem changes related to climate tipping and social conflicts related to global warming 

amplifies losses both under a low baseline climate losses scenario and a ‘high’ baseline as per the 2DII 

stress-test scenario from 2019. These losses are dramatic as they are secular and not cyclical. They represent 

permanent value destruction in equity markets. It is worth flagging that this event would be unprecedented 

in modern financial market history.  

The figures below summarize the results using the SwissRe baseline and 2DII baseline reference points for 

losses.  

Fig 4: Global equity market losses and GDP growth rates under a 2DII / SwissRe “extreme” baseline (Source: Authors, 

based on Dietz et al. 2019, de Groot et al. 2022, SwissRe 2021, 2DII 2019) 

 

 

 

-30%

-25%

-20%

-15%

-10%

-5%

0%

High baseline Climate Tipping
Point - Central

Climate Tipping
Point - Tail

(<10%)

Ecosystem
decline (WWF

estimate)

Ecosystem
decline

(WorldBank
estimate)

Social risks

E
q
u
it

y 
m

ar
k
et

 l
o

ss
es

-1%

0%

1%

2%

3%

No climate
change

Baseline Climate
Tipping Point -

Central

Climate
Tipping Point -

Tail (<10%)

Ecosystem
decline (WWF

estimate)

Ecosystem
decline

(WorldBank
estimate)

Social risks

A
n

n
u
al

 G
D

P
 G

ro
w

th
 2

0
2
2
-2

0
5
0



10 
 

Fig 4: Global equity market losses and GDP growth rates under a SwissRe baseline (Source: Authors, based on Dietz et al. 

2019, de Groot et al. 2022, SwissRe 2021, 2DII 2019) 

 

 

Translating these losses into absolute values, potential social and ecosystem feedback loops can 

wipe $31 trillion off of global capital markets.  

These findings do not draw specific inferences about financial stability but demonstrate the important 

relationship between climate change and social and ecosystem considerations. Estimates around global 

equity losses are based on a total estimated equity market size of $117 trillion (SIFMA 2022). 

It is important to highlight that these losses are ‘stress-test scenarios’ and not central estimates or 
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The paper does not comment on the probability of these losses materializing to capital markets or the 
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change over the next 30 years.  
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It is hard to understand what a radically different world these scenarios represent, with the most 

extreme case leading to what is effectively a permanent global economic recession.  

The average growth rate under the most extreme scenario presented here (2DII baseline + 10% tipping 

point outcome + social conflict) equates to an average annual growth rate of -0.3% over the next 30 years. 

Such outcomes are truly unprecedented – effectively a permanent recession. This dynamic may be unevenly 

distributed with periods of positive and negative growth, but leads to a truly different world.  

The ramifications of long-term negative growth are unprecedented in modern economic history and will 

likely have dramatic effects for all asset classes. Real estate prices in particular correlate significantly with 

GDP per capita (Tripathi 2019). While these effects are not explored in this paper, they suggest the potential 

for a profound long-term economic and financial transformation that creates risks to financial markets 

currently not mapped by standard stress-test and scenario analysis exercises.  

 

 

 

IV. Conclusion 

This report represents the first attempt to bring together the potential financial risks that come 

from tail scenarios linking climate, ecosystem, and social risks.  

The findings suggest that losses from physical risks may be a factor of 2.5-3.5 higher as a result of these 

broader dynamics triggered by climate change and creating feedback loops in terms of financial losses. It is 

worth highlighting again however the extent to which these findings are not central estimates but potential 

tail losses to be considered under extreme climate change scenarios.  

The exercise represents a basic modelling approach to highlight the sensitivities and potential 

orders of magnitude of different effects based on a basic valuation model.  

There are obviously a host of limitations to the analysis conducted here, notably the extent to which GDP 

effects translate directly into valuation effects, the extent to which some of these risks may already be priced, 

the lack of consideration of sectoral exposures and potential adaptation, and the focus on equity markets 

only. There are also other limitations which relate to the actual accuracy of the analysis, notably the 

uncertainty as to the timing of climate tipping point risks materializing, and the overall uncertainty around 

the interplay between climate tipping points, ecosystem decline, and social conflicts. However, these are 

not necessarily limitations in the context of stress-tests designed to test extreme scenarios. 

Next steps of the research involve expanding the focus to other asset classes and better mapping 

the probabilistic distribution of these outcomes.  
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