


Green Finance: 
from concepts to advancedinstruments
Session 2: the financialmanagement of environmentalrisk
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Refresher
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Main messages from previoussession

Á Climate change and the green transition is the biggest economic challenge of the 21st century

Á The fundamentals of our market economy do not allow for a full integration of this necessary effort without public intervention

Á There is a radical uncertainty concerning both climate change and the policy measures that need to be deployed

Á Currently the measures that are planned, even in the most optimistic scenarios, are insufficient to prevent dramatic evolutions

Á Many (most) of the aspects of the current environmental crisis are left unaddressed 

Á At this stage, the main commitment is the Paris Agreement under which parties have agreed to implement national measures in order to 
limit temperature growth to 1.5°C by the end of the century. For Europe, it means reaching carbon neutralityby 2050.
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The manydifferent jobs of a finance department
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Is there a specificityto environmentalrisk?
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Nothing can be more counterproductive than any certainty regarding complex affairs.
Uncertainty and unpredictability will always remain the most fundamental attributes of human existence.

Vaclav Smil, Energy Historian

https://www.latimes.com/business/story/2022-09-05/the-energy-historian-who-says-rapid-decarbonization-is-a-fantasy

https://www.latimes.com/business/story/2022-09-05/the-energy-historian-who-says-rapid-decarbonization-is-a-fantasy


Risk stems from the changingnature of the world 

Á Decision-making for the future depends on our ability to 
anticipate change

Á Conduct is forward-looking and the problem of knowledge is 
prediction

Á Knowledge of the future depends on our ability to analyse past 
behaviours to isolate recurrences and that these properties 
maintain over time

Á Too many variables to handle, so we depend on inference from 
other behaviours, i.e. in the constancy of the properties

Á Fully deterministic analysis is impossible, leading to estimations 
and probabilities attached to different outcomes

Á Statistics are historical observations, probabilities are forward-
looking models

Á Past performance is not representative of future performance
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Source: Franck Knight, Risk, Uncertainty, and Profit, 1921, 



The differencebetweenrisk and uncertainty

Á According to Knight (1921) arises when we cannot predict the 
outcome of a situation but are able to attach probabilities to the 
different scenarios

Á On the other hand, uncertainty means that we do not have the 
ability to infer these probabilities (Knightian uncertainty)

Á In practice, the distinction is a bit hazardous as all situations 
potentially present unquantifiable variables

Á In order to anticipate risks, the financial industry has developed 
always more sophisticated modelling techniques

Á Deterministic models assign fixed probabilities to different events 
and explore a limited range of outcomes : a business plan is a 
deterministic model

Á These models have strong limits : 

Á Simple and explainable

Á Heavily rely on quality of hypothesis

Á Provide false sense of certainty, i.e. do not cover the full 
range of outcomes
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Source: Franck Knight, Risk, Uncertainty, and Profit, 1921, 



The statisticaltreatment of uncertainty

Á Stochastic (probabilistic) modelsuse randomness to assess the 
different probability scenarios

Á Stochastic models still rely on hypothesis and on the capacity to 
generate random variables (Brownian motions are frequently 
used)

Á Black & Scholes option pricing model is one of the most famous 
examples in finance of stochastic modelling (and it relies on both 
Brownian motion and the assumption of a log-normal distribution 
of returns)

Á Monte-Carlo simulations(von Neumann, Ulam) allow repetitive 
iterations of the same randomness-based calculation in order to 
assess the actual probability distribution of the outcome

Á Monte-Carlo simulations will provide estimates of probabilities 
and of a cone of possibilities, which can then be used in 
deterministic modelling

9Source: https://datascience.eu/fr/mathematiques-et-statistiques/definition-de-la-simulation-de-monte-carlo/ | 
https://www2.deloitte.com/content/dam/Deloitte/za/Documents/financial-services/ZA_XSG-information-pack_151116.pdf

https://datascience.eu/fr/mathematiques-et-statistiques/definition-de-la-simulation-de-monte-carlo/
https://www2.deloitte.com/content/dam/Deloitte/za/Documents/financial-services/ZA_XSG-information-pack_151116.pdf


Gettingit wrong
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Source: Marchaux et al., DecisionMakingunderdeepuncertainty, FromTheory to Practice, DMDU, Springer, 2019, 418 pages



The different levelsof uncertainty
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Source: Marchaux et al., DecisionMakingunderdeepuncertainty, FromTheory to Practice, DMDU, Springer, 2019, 418 pages



Deepuncertaintyand its consequences

Á Deep uncertainty has three unknowns (Lempertet al., 2003) : 

Á The external context of the system 

Á The functioning and the boundaries of the system

Á The outcomes and their relative importance

Á Climateςrelateddecisionsare highlysensitive to catastrophic 
ŜǾŜƴǘǎΣ ŜǾŜƴ ƛŦ ǘƘŜȅ ƻŎŎǳǊ ǿƛǘƘ ŜȄǘǊŜƳŜƭȅ ƭƻǿΣ ōǳǘ ΨŦŀǘ-ǘŀƛƭŜŘΩΣ 
probability (Dismal theorem, Weitzman, 2009)

Á The exact quantification of the damages of these events is 
impossible

Á This is a structural result of our uncertainty as to the effects of 
GHG emissions

Á The cost of those catastrophes is so important that it dwarfes
discounting and should make our willingness to pay for their 
avoidance infinite (Weitzman, 2009)

Á The main question becomes: how should we value catastrophic 
events as a society ?
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Source : https://archive.ph/20180320091111/http://archive.defense.gov/Transcripts/Transcript.aspx| Millner, On Welfareframeworksand 
catastrophicclimaterisks, in Journal of EnvironmentalEconomicsand Management, 2013 |  Weitzman, On modellingand interpretingthe 
economicsof catastrophicclimatechange, in The Reviewof Economicsand Statistics, 2009

https://archive.ph/20180320091111/http:/archive.defense.gov/Transcripts/Transcript.aspx


FromBlack Swansto Green Swans

Á A Black Swan (1) has a probabilityof occurrence outsideof 
realisticexpectations, (2) have extremeimpacts and (3) can only
beexplainedex post (Taleb, 2007)

Á Fractal mathematicsand conter-factual reasoningcan beusedto 
reducethe importance of black swans. Fat-tail riskisan argument 
for the needof regulationon financialmarkets. Historicaldata 
and normal distributions are irrelevant.

Á Three differences with Green Swans :

Á There is certainty about the coming materialization of 
climate risk

Á/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ǘƘŜ άƳƻǘƘŜǊ ƻŦ ŀƭƭ ǎȅǎǘŜƳƛŎ Ǌƛǎƪǎέ 
because it can trigger extinction-level events

Á¢ƘŜ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭŜȄƛǘȅ ƛǎ ŦŀǊ ƘƛƎƘŜǊ ǘƘŀƴ ŦƻǊ άǘǊŀŘƛǘƛƻƴŀƭέ 
Black Swans
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Source : Bolton et al., The Green Swan, Central Banking and financial stability in the age of climate change, BIS, Banque de 
France, 2020, 115 pages 



The different natures of environmentalrisk

Á Climate change affects prices through two channels : physical 
risks related to climate damages, and transition risks related to 
mitigation strategies

Á Distinctive features of climate change include physical and 
transition risks that interact with complex, far-reaching, 
nonlinear, chain reaction effects 
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Source: Bolton et al., The Green Swan, Central Banking and financial stability in the age of climate change, BIS, Banque de France, 2020, 115 pages | 
ECB, Guide on climate-related and environmental risks



A focus on strandedassets

Á Strandedassetsare assets who are no longer economicallyuseful
or whoseeconomicvalue is lesserthan anticipateddespitenot 
beingfully depreciated

Á In financialterms, theseassets needto be written-down to reflect
their lossof value, this impacts both the balance sheet(reduction
of tangible assets) and the incomestatement(non-cash loss)

Á To keepin line (50% prob.) with a 2°C scenario, 80% of coal
reserves, 50% of gasreserves, 33% of oil reservesshouldremain
in the ground

Á This isnot priced-in as it relies on politicalchoices, i.e. the related
asset classes are susceptible to be affectedby «unanticipated
and suddenwritedowns, devaluationsor conversion to 
liabilities »

Á Studiesestimatethe value of potentiallystrandedassets in fossil
fuel anywherefrom $1 trillion to $18 trillion
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Sources: Bolton et al., The Green Swan, Central Banking and financial stability in the age of climate change, BIS, Banque de France, 2020, 115 pages | https://corporatefinanceinstitute.com/resources/knowledge/accounting/stranded-
assets/

https://corporatefinanceinstitute.com/resources/knowledge/accounting/stranded-assets/


Unintendedconsequences

Á Facedwith the prospect of significantlosses, somecompanies
actuallyprefer to divest from the threatenedassets beforethe 
lossesmaterialise

Á This has a double benefit sinceit avoidslossesand frees-up cash 
to investin other energyprojects, mainlyto finance the pivot to 
renewableenergy

Á Shift of ownershipto privateand/or State-ownedinvestorswith
muchlessscrutinyand public pressure (and no investoractivism), 
reducesoverallimpetusto cut emissions
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Sources: https://www.ft.com/content/4dee7080-3a1b-479f-a50c-c3641c82c142

https://www.ft.com/content/4dee7080-3a1b-479f-a50c-c3641c82c142


The sources of climateuncertainty

17Source: Dépoueset al. Pour une autre approche du risque climatique en finance, Tenir compte des incertitudes, I4CE, Nov. 2019, 20 pages. Translation by the author. 

Sources of uncertainty Natural variation of climate(stochastic
/ ontologicaluncertainty)

Scientific uncertainty (or epistemological) Socio-economicuncertainty

Associated risks Physical risk Physical risk Physical and transition risk

Origin and nature of 
uncertainty

Climateisa chaoticsystem with a non-
linear, non-deterministicbehaviour
Differencesin model outcomesusing
sameinputs and model

Climateis a complexsystem that we can 
onlypartiallydescribeand represent
Limits to modelling
Differencesin model outcomesusing
identicalscenarios but different models

Inherentto the global GHG reduction
trajectory(whichlow carbon
transition?)

Perspectives on the 
evolution of uncertainty
level

By essence, unreducibleuncertainty Someuncertaintiescouldbe reduced
throughimprovementsin modelling(both in 
termsof computingpower and 
understandingof dynamics)
Scientific progressisnot linearhowever

Dependson politicaland economic
scenarios and on their interpretation
(perceivedcredibility) by economic
actors

Time horizon for the 
prevalenceof this
uncertainty

Short term Medium term Long term

Ability to manage 
uncertainty

Knownunknowns: for somevariables and dimensions, we know the intrinsiclimits or 
the errorsin our understanding/modellingchoicesthat have been made
Unknownunknowns: parts of the system coulddisplay disruptive behaviours, surprises, 
especiallywhenstrayingawayfrom averagevariabilitydomains

Scenarios can beusedto limit the 
field of possibilitiesbut not to assign
probabilities



Weightof the differencesources of uncertainty

18Source: Dépoueset al. Pour une autre approche du risque climatique en finance, Tenir compte des incertitudes, I4CE, Nov. 2019, 20 pages. Translation by the author. 


