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Main message$rom previoussession on .
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>\

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

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

>

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

>\

Currently the measures that are planned, even in the most optimistic scenarios, are insufficient to prevent dramatiasvolutio

>\

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

A At this stage, the main commitment is the Paris Agreement under which parties have agreed to implement national measlee®in o
limit temperature growth to 1.8C by the end of the century. For Europe, it means reaatanigon neutralityby 2050.
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Isthere a specificityto environmental risk?

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/20299-05/the-energyhistorianwho-saysrapid-decarbonizatiors-a-fantasy



https://www.latimes.com/business/story/2022-09-05/the-energy-historian-who-says-rapid-decarbonization-is-a-fantasy
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Decisioamaking for the future depends on our ability to
anticipate change

Conduct is forwardooking and the problem of knowledge is
prediction

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

Too many variables to handle, so we dependnd@rencefrom
other behaviours, i.e. in theonstancy of the properties

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

Statistics are historical observations, probabilities are forward o
looking models "

Past performance is not representative of future performance o ‘ 11
4 18590( 2)
o 18585(2)

Source: Franck Knight, Riskcertainty and Profit, 1921,
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A According to Knight (1921) arises when we cannot predict the

outcome of a situation but are able to attach probabilities to the »= suow |v] TR S—
different scenarios oyt anon s Favx
, _ s i e S > /
A On the other hand, uncertainty means that we do not have the e iene e[ i = :
ability to infer these probabilitieKpightian uncertainty Lo e mner | Sensitvites S rveseras
Commercial Facility Size 604 935 USD 0n0s 10111213141516171819202122232435
A In practice, the distinction is a bit hazardous as all situations s o osocaitiet E—
potentially present unquantifiable variables Reirenoe Exuly PR 00004 Purcenage CFADS and Debt Service
:—::;r.l:;tl’ﬂ::em::wﬂﬁ 1%%02 ggenlatb?t’ Pl zmmurm lberations oo 50
::irr:ﬂinﬂﬁscg‘n :% :::2 Iﬁz; 12,78% Percentage of EPC E:z 1 .|
; - : - s Sy e o' WeDuee  Cosmos 2430 USDO0OIMY
A In order to anticipate risks, the financial industry has developec wuemmmmmsmran = s Ose' " Couin  0x Fveomeseee | 20 ] d
always more sophisticated modelling techniques e o e Tahe: A Do Hewmuwe & oy
L L ) ) ) . ) Fagback period T8 Years from PC Total LDs 3783 Percentage of EPC i
A Deterministic modelsassign fixed probabilities to different eventi... .

and explore a limited range of outcomes : a business plan is a
deterministic model
A These models have strong limits :
A Simple and explainable
A Heavily rely on quality of hypothesis

A Provide false sense of certainty, i.e. do not cover the full
range of outcomes

Source: Franck Knight, Riskcertainty and Profit, 1921,
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A Stochastic (probabilistic) modelgse randomness to assess the
different probability scenarios 25000

A Stochastic models still rely on hypothesis and on the capacity to

generate random variables (Brownian motions are frequently 5 20000
used) T
A £ 15000
A Black & Scholes option pricing model is one of the most famous *
examples in finance of stochastic modelling (and it relies on boitl .

Brownian motion and the assumption of a{ogrmal distribution

of returns)
5000 |

A Monte-Carlo simulationgvon NeumannUlam) allow repetitive
iterations of the same randomnesmsed calculation in order to 2%
assess the actual probability distribution of the outcome

10% -

A Monte-Carlo simulations will provide estimates of probabilities
and of a cone of possibilities, which can then be used in
deterministic modelling & 1

2% 4

Time (years)

25-75%ile 5-95%ile 0.5-99.5%ile Median

Sourcehttps://datascience.eu/fr/mathematiquegt-statistiques/definitionde-la-simulationde-monte-carlo/ |
https://www2.deloitte.com/content/dam/Deloitte/za/Documents/financialervices/ZA _XSi@formation-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
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Source: Anguera (2008)

Fig. 1.1 Channel Tunnel passenger traffic forecasts and actual results

Source: Marchaux et aDecisiorMakingunderdeepuncertainty FromTheory to Practice, DMDU, Springer, 2019, 418 pages
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Table 1.1 Progressive transition of levels of uncertainty

Context (X)

System model

(R)

System
outcomes (O)

Weights (W)

Complete
determinism

Level 1

A clear enough
future

4

)
v

Level 2

Alternate futures (with
probabilities)

Level 3

A few plausible
futures

=

Level 4 (deep uncertainty)

Total ignorance

Level 4a

Many plausible
futures

?

Level 4b

Unknown future

*
.:‘Q’i'..

x’*k

Many

A single A single (stochastic) A few Unknown
(deterministic) system model alternative alternative system model,
system model system models system models know we don’t
know

A point estimate | A confidence interval A limited range | A wide range of | Unknown

for each for each outcome of outcomes outcomes outcomes; know
outcome we don’t know
A single set of Several sets of weights, | A limited range | A wide range of | Unknown
weights with a probability weights weights weights; know

attached to each set

we don’t know

Source: Marchaux et aDecisiorMakingunderdeepuncertainty FromTheory to Practice, DMDU, Springer, 2019, 418 pages



=

Deepuncertainty and its consequences on .

school

A Deep uncertainty hagiree unknowns(Lempertet al., 2003) :

A The external context of the system

A The functioning and the boundaries of the system

A The outcomes and their relative importance Rumsfeld: Reports that say that something hasn't happened are always interesting to me, because as we

know, there are known knowns; there are things we know we know. We also know there are known
unknowns; that is to say we know there are some things we do not know. But there are also unknown

A gllmétec r,elated dGC}\:lSl}OOSﬂI’G hlghlysepSItl\{e tocatas}rqphlc . unknowns -- the ones we don't know we don't know. And if one looks throughout the history of our country
S Q S y uazx S Q S y AT uKSsS é 2-00 dZNJS & j and other free countries, it is the latter category that tend to be the difficult ones.

probability ODismal theorem Weitzman, 2009)

A Theexact quantification of the damages of these events is
impossible

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

A The cost of those catastrophes is so important thawarfes
discounting and should make our willingness to pay for their
avoidancdnfinite (Weitzman, 2009)

A The main question becomesow should we value catastrophic

events as a Society ’? Source https://archive.ph/20180320091111/http://archive.defense.gov/Transcripts/Transcript.4itner, OnWelfareframeworksand
catastrophicclimaterisks in Journal oEnvironmentaEconomicsind Management, 2013 Weitzman Onmodellingand interpretingthe
economicf catastrophicclimatechange, in Th&eviewof Economicend Statistics 2009

12


https://archive.ph/20180320091111/http:/archive.defense.gov/Transcripts/Transcript.aspx
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A ABlack Swarfl) has grobability of occurrenceoutsideof
realisticexpectations, (2) havextremeimpacts and (3) caanly <BIS
be explainedex post (Taleb, 2007) BANQUE DE FRANCE

EUROSYSTEME

A Fractalmathematicsand conter-factual reasoningcanbe usedto
reducethe importance of blackwans Fattail riskisan argument
for the needof regulationon financialmarkets Historicaldata
and normal distributions argrelevant

A Three differences with Green Swans :

A There is certainty about the coming materialization of
climate risk

ATEAYFGS OKIy3IS A& G(KS aY2UKSNE=— é
because it can trigger extinctidevel events -

A¢cKS tS@St 2F O2YLX SEAGe Aa TI
Black Swans

RAGAZ2Y £ &

The green swan

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

13
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A Climate change affects prices through two channplsysical
risksrelated to climate damages, anidhnsition risksrelated to

Risks affected

Physical

Transition

Climate-related Environmental

Climate-related Environmental

mitigation strategies

A Distinctive features of climate change include physical and
transition risks that interact with complex, fagaching,
nonlinear, chain reaction effects

* Extreme weather Water stress

events

* Resource scarcity
+ Chronic weather
patterns

+ Biodiversity loss

* Pollution

* Other

» Policy and * Policy and
regulation regulation
+ Technology + Technology

+ Market sentiment Market sentiment

The probabilities of default (PD) and loss given default
(LGD) of exposures within sectors or geographies
vulnerable to physical risk may be impacted, for
example, through lower collateral valuations in real
estate portfolios as a result of increased flood risk.

Severe physical events may lead to shifts in market
expectations and could result in sudden repricing,
higher volatility and losses in asset values on some
markets.

The bank’s operations may be disrupted due to
physical damage to its property, branches and data
centres as a result of extreme weather events.

Liquidity risk may be affected in the event of clients
withdrawing money from their accounts in order to
finance damage repairs

Energy efficiency standards may trigger substantial
adaptation costs and lower corporate profitability,
which may lead to a higher PD as well as lower
collateral values.

Transition risk drivers may generate an abrupt
repricing of securities and derivatives, for example for
products associated with industries affected by asset
stranding.

Changing consumer sentiment regarding climate
issues can lead to reputation and liability risks for the
bank as a result of scandals caused by the financing
of environmentally controversial activities.

Transition risk drivers may affect the viability of some
business lines and lead to strategic risk for specific
business models if the necessary adaptation or
diversification is not implemented. An abrupt repricing
of securities, for instance due to asset stranding, may
reduce the value of banks high quality liquid assets,
thereby affecting liquidity buffers.

Credit
Framework for physical and transition risks Graph 5 Market
arke
Low-carbon scenario Hothouse Earth scenario
+—— More transition risk More physical risk —p
Operational
Scenario Rapid Transition Two-degree Business-as-intended Business-as-usual
Corrective transition . .
Very stron Stron Substantial Limited
response v 2 £ Other risk types
Change in temperature, (liquidity, business
2100 vs pre-industrial era 15°C 2C ¥ 4°C model)
Source: adapted from Oliver Wyman (2019); authors’ elaboration.
Source: ECB

Source: Bolton et al., The Green Swan, Central Banking and financial stability in the age of climate change, BIS, Bawgy@@20-115 pages |

ECB, Guide on climatelated and environmental risks




A focus onstrandedassets

A Strandedassetsare assetsvho are no longeeconomicallyuseful
or whoseeconomicvalueis lesserthan anticipateddespitenot
beingfully depreciated

A Infinancialterms, theseassetsneedto be written-down toreflect
their lossof value,this impactsboth the balancesheet(reduction
of tangible assets) and thecomestatement(non-cashloss

Impairement = Book Value — Max(Selling Value; Usage Value)
With :
Selling Value = Fair Value — Cost to sell

Usage Value = Present Value of Future Cash Flows

A Tokeepin line (50% probwith a 22C scenario, 80% obal
reserves 50% ofasreserves 33% obil reservesshouldremain
in the ground

A Thisisnot pricedin asit relies onpolitical choices i.e. therelated
asset classes are susceptibldomaffectedby «unanticipated
and suddenwritedowns, devaluationsor conversion to
liabilities »

A Studiesestimatethe value ofpotentially strandedassets irfossil
fuel anywherefrom $1 trillion to $18 trillion

Sources: Bolton et al., The Green Swan, Central Banking and financial stability in the age of climate change, BIS FBaogu@@20, 115 pageshftps://corporatefinanceinstitute.com/resources/knowledge/accounting/stranded

assets/
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In addition, in line with its new Climate Ambition announced on May 5, 2020, which aims at carbon neutrality, Total
has reviewed its oil assets that can be qualified as “stranded”, meaning with reserves beyond 20 years and high
production costs, whose overall reserves may therefore not be produced by 2050. The only projects identified in this
category are the Canadian oil sands projects Fort Hills and Surmont.

For impairment calculations, Total's Board of Directors has decided to take into account only proven reserves on
these 2 assets — unlike general practice which considers so-called proven and probable reserves. This leads to an
additional exceptional asset impairment of 5.5 BS. Consequently, Total will only take into account for its proven
and probable reserves in Canada the proved reserves. And the proved and probable reserves life of the Group is thus
reduced from 19.0 to 18.5 years. In addition, Total will not approve any new project of capacity increase on these
Canadian oil sands assets. Finally, still consistent with the Climate Ambition announced on May 5, 2020, Total
decided to withdraw from the Canadian association CAPP considering the misalignment between their public
positions and the Group's ones.

Overall, the exceptional asset impairments that will therefore be taken into account in the 2nd quarter of 2020
amount to 8.1 BS, including 7 BS on Canadian oil sands assets alone, impacting the gearing ratio of the Group
by 1.3%.

15


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

Unintendedconsequences

A Facedwith the prospect ofignificantiossessomecompanies
actuallypreferto divestfrom the threatenedassetsdeforethe
lossesmaterialise

A This has a doubleenefit sinceit avoidslossesandfreesup cash
to investin other energyprojects mainlyto finance the pivot to
renewableenergy

A Shift ofownershipto private and/or Stateownedinvestorswith
muchlessscrutinyand public pressure (and nvestoractivisn),
reducesoverallimpetusto cut emissions

Sourceshttps://www.ft.com/content/4dee70883alb-479fa50cc3641c82c142
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The big sell-off: oil majors’ upstream disposals

Deal value, aggregate disclosed consideration by seller ($bn)

BP Chevron Shell

2015 16 17 18 19 20 21 2015 16 17 18 19 20 21 2015 16 17 18 19 20 21

Equinor ExxonMobil Eni Total

2015 17 18 19 2021 2015 17 18 192021 2015 17 18 19 2021 2015 17 18 19 20 21

Source: Wood Mackenzie
©FT
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Sources ofincertainty Natural variation ofclimate (stochastic| Scientificuncertainty (or epistemologica) Socieeconomicuncertainty
/ ontologicaluncertainty)
Associatedisks Physicatisk Physicatisk Physical and transitionsk
Origin and nature of Climateis a chaoticsystemwith a non  Climateis a complexsystemthat we can Inherentto the global GH®@eduction
uncertainty linear, non-deterministicbehaviour only partiallydescribeandrepresent trajectory (whichlow carbon
Differencesn modeloutcomesusing Limits tomodelling transition?)
sameinputs and model Differencedn modeloutcomesusing
identicalscenarios butifferent models
Perspectives on the By essenceynreducibleuncertainty Someuncertaintiescouldbe reduced Dependson politicalandeconomic
evolution of uncertainty throughimprovementsn modelling(bothin  scenarios and otheir interpretation
level terms of computingpower and (perceivedcredibility) byeconomic
understandingf dynamic$ actors
Scientifigorogresss not linearhowever
Time horizon for the Shortterm Mediumterm Longterm
prevalenceof this
uncertainty
Ability to manage Knownunknowns for somevariables and dimensionse know theintrinsiclimits or Scenarios cahe usedto limit the
uncertainty the errorsin our understandingmodellingchoicesthat have been made field of possibilitiesbut not to assign

Unknownunknowns parts of the systengoulddisplay disruptivdoehaviours surprises, probabilities
especiallywhen strayingawayfrom averagevariabilitydomains

SourceDépouest al. Pour une autre approche du risque climatique en finance, Tenir compte des incertitudes, 14CE, Nov. 2019, 20ei@s byrdneauthor.



Welight of the differencesources ofuncertainty

SourceDépouest al. Pour une autre approche du risque climatique en finance, Tenir compte des incertitudes, I4CE, Nov. 2019, 20 satims byréneauthor.
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