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Climate risk: a stream of works (selected)

Climate stress-test

Transition risk

« Climate stress-test of the financial system,
Battiston ea. 2017 Nat Clim Ch.

« Connecting IAM with financial risk measures (VaR)
« Classification of economic activities CPRS)

 Application to Mexican financial system including
banks and funds, Roncoroni ea. 2021 J. Fin. Stab.

Physical risk

» Asset-level climate physical risk assessment and

cascading financial losses, Bressan ea. 2022 ssrn
4062275
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Scenarios

» Scenarios and impact of climate transition risk on
risk measures, Battiston & Monasterolo 2020 SSRN
3743647

» Endogeneity of climate scenarios Balliston ea. 2021
Science

Policy applications:
» Banque de France Financial Stability Report
» EIOPA Financial Stability Report 2020

» National Bank of Austria, Financial Stability Report
2020

* NGFS Case Studies of Environmental Risk Analysis
Methodologies

3 Zurich*™ 2022 Stefano Battiston, UZH and UNIVE, CliMathLaw, LMU


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4062275&download=yes
https://scholar.google.com/citations?user=n67zVywAAAAJ&hl=en&oi=sra
https://www.science.org/doi/10.1126/science.abf3877
https://www.ngfs.net/en/case-studies-environmental-risk-analysis-methodologies

Climate investment gap
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Mitigation implies a transformation across sectors

Decarbonization implies large changes across sectors: primary energy, electricity, transport, buildings and agriculture.
IPCC AR6 WGIII Ch.3 provides estimates to compare scenarios: Current policies scenarios vs transition scenarios.

Fossil: example C5 - C1 implies decrease Electricity: growth + change in composition. Example C5 - C1
in output by ~ 60% by 2050 implies change in % low-carbon electricity ~30% 2> 95%.

Legend: categories of
scenarios . oy
Fossil Share of Low Carbon Electricity ~ Electricity

Bl 8 AbovedOC 1004
Bl C7:Beow4.0°C 1000+
B3 C6: Below3.0°C =
© 80
Bl C5:Below2.5°C o
$ C4: Below 2°C g = * )
. a 5004 *ﬂ s~ 601
Bl C3: Likely below 2°C
BE C2: Below 1.5°C wilh high OS * 20
BE Ct:Below 1.5°C witn no or low OS
01 201 : | |
2030 2050 2100 2030 2050 2100
Year Year
Source: IPCC AR6 WGIII Ch.3 Sec.3. Source: IPCC AR6 WGIII Ch.3 Sec.3.
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Investment gaps despite available capital

By sector Actual yearly flows compared to average annual needs (billion USD 2015 yr ') Investment needs exceed current flows

Energy efficiency / . by 3-6 times overall(*). See e.g. electricity:

Transport

-

m———
Electricity ——
Agriculture, forestry and other land use § X1

variations across sectors and regions.

Source AR6 WGIII, Ch. 15, Sec. 15.5.2

Yearly mitigation investment 2017 | 2019 IEA data mean [ Average flows Annual mitigation investment
flows (USD 2015 yr') in: 2018 [ 2020 2017-2020 needs (averaged until 2030) Mostly capital reallocation rather than
- new investments: global available capital
Example: annual average total investments e — sufficient to reduce/close gap.
in global fuel supply and power sector: North America =
Europe -
* In 2019: ~ 1.6 t USDl/y (IEA 2020) o : :
0 ;

* In 2030: ~ 1.91 t USD/y under Sustainable  /siFacificbeveloped

Eastern Europe and West-Central Asia l

So what are the barriers, then?

Development Scenario Africa “J " :
South-east Asia and Developing Pacific [} X TO understand barrlers We have tO |00k at
(*) See Ch 15. for details on estimation. Current flows based on """ P the relation btw climate and finance
reports by CPI, IEA. Estimates of needs based on review of ! e o
range of IAM model results. Source AR6 WG”I, Ch. 15, Sec. 15.5.2
X Unj\F/er5|ta University of
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Climate and finance: risks and impacts

Direction from climate to finance: risk

, , Climate-financial risk
Risk perception

determines - Physical risk:
/ I estment decisions * Direct: increased frequency/magnitude of climate-
related hazards and chronic impacts - losses on

i - hysical assets and human lives
Impact of climate change on finance physl u v

physical risk + transition risk * Indirect: reduced food and water security >

increased risk of conflicts > decreased value of land
and businesses in affected areas

Climate
1 Transition risk:
change Finance

* Orderly transition is ideal scenario.

 Disorderly transition: complexity of policy process
implies possibility of late and sudden transition with

— unanticipated effects on prices and financial stability.
» The purpose of assessing transition risk is to avoid
Source: author’s illustration based on AR6 WGIII Ch.15 itS matel’ialitY-
Source: AR6 WGIII Ch.15
\W"'; Universita TR University of
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Climate and finance: risks and impacts

Direction from finance to finance: impact

Impact of financial investments

* Firms make investment (CAPEX) decisions in
high/low carbon equipment (e.g. wind vs coal power
plants)

s » Financial actors influence these decisions by making
Climate policy uncertainty capital more/less expensive for firms

lack of clarity on country’s future economic path: energy,

consumptions patterns, investments in new technologies, jobs, . .ye .
Honsp Jes. ] Barriers to mitigation

education, ...
* Inadequate assessment of climate-related
. : risks/opportunities
Cllmate » When adequate, unattractive risk-return profiles
Change Flnance e because of national/regional conditions
________________ * Weak regulatory environments, limited
standardization (disclosure), lack of track record
' itiaati i i Most [ late t i izati
Delay in mitigation Barriers to capital i ost barriers relate to uncertainty on decarbonization

reallocation plans and transition risks for the private sector.

Source: AR6 WGIII Ch.15

Source: author’s illustration based on AR6 WGIII Ch.15
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Policy credibility

Endogeneity and role of governments

. TRCT TR Endogeneity of climate scenarios implies key role of

POIK_:y cred_lblhty' <. | clear policy signalling (Battiston ea. 2022 Science):

cross-cutting policy package : , ,

* reduce uncertainty on future scenarios and

* create incentives to reallocate capital towards climate-
aligned investments for decision makers in public and

policies private financial institutions and households

Clarity on decarbonization

Policy options: Cross-cutting policy packages are best-

. suited. Options include:
Climate .|+ National level ic (fiscal, industrial, welf
. :..].» National level: economic (fiscal, industrial, welfare
change Finance policies): e.g. fossil/ren subsidies, R&D, jobs,
education
* International level: Market creation and de-risking
Accelerate mitigation Overcome barriers to mechanisms via multilateral/national climate funds and
capital reallocation development banks;
Political feasibility of the transition requires instruments
Source: author’s illustration based on AR6 WGIII Ch.15 with attention to economic, social, gender equity_
Source: AR6 WGIII Ch.15
TSR] “L™) University of
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Climate mitigation scenarios.
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Climate transition risk

Transition risk: risk associated to changes in the values of assets which cannot be fully
anticipated or hedged by market players, as a result of a late-and-sudden alignment to climate

targets (e.qg. 2 degrees C).
Multiple causes/dimensions for limited ability to anticipate:
1. uncertainty in policy process leading to the introduction of a climate policy

2. social dynamics of market players that try to guess if/when the majority will switch to low-
carbon investment strategy before they do it themselves

3. technological innovations causing unexpected changes the cost technologies (e.g. solar PV)
4. social dynamics triggered by climate-related events to demand policy intervention

Remark. Standard assumption is that market players are good at anticipating price changes and
that policy makers would not introduce climate policies that entail economic losses.

» However, events of recents years show that market players may collectively make wrong
predictions on policy outcome and that policies that entail new risks are sometimes adopted,
even unexpectedly so (e.g. US elections, Brexit, COVID-19).

Sy  Universita iversi
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What are climate mitigation scenarios?

Climate mitigation scenarios are not predictions. They describe what the economy and land
use might look like in the next decades.

Climate mitigation scenarios are paths forward to achieve mitigation goals in time,
constrained by:

— laws of physics (e.g., cumulative CO2 emissions, i.e. terms of carbon budget until 2100
leading to global warming levels with associated probabilities)

— by technological constraints (e.g. technological efficiency, limits to speed of technology
deployment) and finite nature of the planet.

Process-based, large-scale Integrated Assessment Models (IAM): used to develop long-term
scenarios of emissions and socio-economic variables assessed by IPCC (Mc Collum ea. 2018
Nat. Ener.).

'W 82-‘;2;56';8” €10 University of Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"
¥ \lenezia Zurich Page 14



What are climate mitigation scenarios?

NGFS scenarios Framework

5 Too little, too late |IAM scenarios assessed by the IPCC (2013;
* 2018, 2022) have some distinct features of the
transition
Divergent . . .
Net Zero timing of carbon price (2020, 2030)
(15°Q Delayed « temperature target (1.5C, 2C)
transition
g « extent of reliance on Carbon Dioxide Removal
§ (CDR)
2 S Based on IPCC scenarios, NGFS has identify 4
= 2050 high-level scenarios:
(15°Q « Disorderly; Orderly; Hot-house world; Too-
little, too late
Current L ) )
policies «  Within each high-level scenario: one or more
. specific scenarios are provided, each
3 Hot house world generated with one or several models
Low Physical risks High
Source: NGFS 2021
University of Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"
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NGFS climate mitigation scenarios

" Net Zero 2050 limits global warming to 1.5°C through
stringent climate policies and innovation, reaching
global net zero CO, emissions around 2050. Some
jurisdictions such as the US, EU and Japan reach net
zero for all GHGs.

Below 2°C gradually increases the stringency of
climate policies, giving a 67% chance of limiting global
\_ warming to below 2°C.

(" Divergent Net Zero reaches net zero around 2050 but
with higher costs due to divergent policies introduced
across sectors leading to a quicker phase out of oil use.

Delayed transition assumes annual emissions do
not decrease until 2030. Strong policies are needed
\ to limit warming to below 2°C. CO, removal is limited.

(" Nationally Determined Contributions (NDCs) includes
all pledged policies even if not yet implemented.

Current Policies assumes that only currently
implemented policies are preserved, leading to high

. physical risks.

University of
Zurich™

CO, emissions by scenario
Gt CO, /year
50
40
30
Z25'L
20
10 1.7°C
1A
o L 1 1 1.5°C
2020 2030 2040 2050
Delayed transition = Divergent NZ
e Current policies we= NDCs
wess Net Zero 2050 (1.5°C) w Below 2°C

Source: IIASA NGFS Climate Scenarios Database, REMIND model.
End of century warming outcomes shown.
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Carbon price development
USD (2010) t/CO,
800
700
600
500
400
300
200

17X

100

0 1 B
2020 2030 2040
Delayed transition
s Current policies
s Net Zero 2050 (1.5°C)

== Divergent NZ
w= NDCs
wes Below 2°C

Source: IIASA NGFS Climate Scenarios Database, REMIND model.
Carbon prices are weighted global averages. End of century warming
outcomes shown.

Source: NGFS 2021
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NGFS mitigation scenarios - Example

Example: output of electricity of gas vs wind across 3 NGFS scenarios:

« CurrPolicies, Delayed Transition, NetZero2050

 for the region EU, 2020-2070, under model “REMIND-Mag-Pie”.

« going from CurrPolicies to mitigation scenario: a consistent increase / decrease of output

— 18 Wind-based electricity 3 Gas-based electricity
§ 16 Changes in investors’
D14 e expectations over
. future production
s ' 2 trajectories can
T 10 translate in differences
2 |, . in future credit risk,
6 depending on the
—Current Policies ! technological profile of
4 Delayed transition the firm
) —=Net Zero 2050 05
0 0 Source:
FFFF TS EE S L@ E PP S o o e o

sz Universita
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Financial risk: climate transition risk analysis

Concept: translate IPCC climate mitigation scenarios into:

« adjustment in valuation of financial contracts at counterparty level (Battiston et al.
2017)

What is transition risk?

+ Risk resulting from financial actors’ expectations: adjustment from baseline to
transition scenario.

Use: approach widely used by supervisors (e.g. ECB, BoE) and practitioners (e.g. top
consulting firms)

Reference: NGFS scenarios (2020; 2021), based on IPCC

LR AU University of
urich”™ Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance" Page 18




Quantitative assessment of transition risk losses
Scenario analysis - Climate stress-test

SN 8”!;“5'@ A" University of
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Climate financial risk analysis and stress-testing

Counterparty level technological profile Counterparty level financial valuation
1. Analyse counterparty i’'s revenues share by 1. Compute financial instrument valuation under
technology across CPRS granular (e.g. coal baseline scenario B
vs wind based electr., ICE vs EV automotive) « Equity: standard valuation based on future
2. Estimate current market share in each discounted profits trajectory
technology » Bonds and loans: future compound profits
3. Estimate i’s future production trajectory in a trajectory combined with a structural model
given scenario X, based on NGFS sector- of default
level trajectory and on I's market shares 2. Calibration: possibly using counterparties PD,
— NOTE: i’'s technology share endogenous! LGD provided by banks
4. Estimate i’s future cashflows along the time 3. Assume adjustment in investors’ expectations
trajectory, in each NGFS scenario about realization of transition scenario P.

4. Recompute financial valuation under scenario
P to give valuation adjustment BP

S,

SuEN gn'i\éersita ii™) University of
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Framework for Climate stress-testing

Disorderly transition: late-sudden P e r——
) alignment to climate targets relevant sectors and Investors
S > GVA shocks on revenue streams of >@
2 securities issuers/borrowers
¥ —> valuation adjustment of issuers’ default @
0 boC oo prob., bond spread, credit risk (CVA) )
-5 A . S P e I, S — ] ==
200020202040206020802100
14.00% 0.2 . ) . .
By 2O / Adjustment of gain/losses
a wind ‘0% Dlewe s T >015| distr. 2 Valug at Risk -
B Hydro to "LIMTIS-500" = i
N.uclear 8.00% at 2020 ‘(% 01 IF Val U.e | |
m Oil oo Policy Scenario change -8 at RISk
Gas from "LIMTIS-Base" to e
Gas CCS £.00% "LIMITS-450" at 2030 a 0.05
7. Coal CCS . 3.98% .
= Coal .« Disordexly transition 0 e} .
2010 2020 2030 2040 oo 0.00% ,;\~\ -300 -200 -100 0 100 200 300
[source: LIMITS Kriegler ea. 2013] 205 20 205 AW A AW N® B0 A5 2% Variation in assets (USD million)
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Climate financial risk analysis and stress-testing

Risk assessment

Counterparty risk Portfolio risk analysis:
Sector risk , analysis: climate scenario climate scenario adjusted
analysis adjusted KPI: PD, LGD, metrics: expected gain /
spread losses

!

Data ‘

Output trajectories Counterparty data: Counterparty risk
for Climate Policy share of revenues by data: PD, LGD,
Relevant Sectors Climate Policy spread

Relevant Sector

Source ‘ ‘

NGFS scenario Annual report, Bank reporting
database, sector data providers
outlook reports

a4, Universita
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Transition risk: financial valuation procedure - example

Trajectories at sector level Sector: fossil|gas. Model: REMIND-Magpie

2507 — mmediate 1.5 « Comparison of examples of sector-level
==NDC e ——— output trajectories (2010 — 2070):
200 + /' .~-—.~
P - B = Nationally Determined Contribution
= Rl (NDC, baseline)
=  P=Immediate 1.5C with limited CDR
S 00 (disorderly).
@
501 « For each trajectory, we carry out valuation
— today of financial instrument issued by a
0 ‘ ‘ ‘ ‘ ‘ firm in the fossil|gas sector.
2010 2020 2030 2040 2050 2060 2070

Year

sy, Universita gl University of
g 7 ' - i=n A
g‘? Ca FOSCZ!FI ES- Zurlchuzu
o =
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Transition risk: financial valuation procedure - example

Trajectories at sector level Sector: fossil|gas. Model: REMIND-Magpie

2501 « Blue area represents cumulative output of
companies active in the fossil|gas sector
200 in scenario P.
= « Valuation of financial instrument equity
g computed from discounted sum of
5 dividends.
5 100 . o
© « Assumption: dividends depend on output
0 (via profits) in scenario B.
0 . . . . . tuq.uit_v
2010 2020 2030 2040 2050 2060 2070 chuity - d“’j (QP.)‘.t(OP,j,t))
Year P.j o Z (1 e .r)t—tu |
t=to

., Universita
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Transition risk: financial valuation procedure - example

Trajectories at sector level Sector: fossil|gas. Model: REMIND -Magpie

2507 * The red area corresponds to the loss in
output between the scenarios B and P.

 We then compute relative shock.

* |t represents the change in valuation of
the security today, after a change of
agents’ expectations on future scenario of

output
equity equity
Qequity . VP o VB
0 ‘ | | | | B,P Vequity
2010 2020 2030 2040 2050 2060 2070 B

Year

4l University of
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Transition risk: financial valuation procedure - example

A simple relation holds between the relative shock on equity and the relative shock on expected
discounted output under two assumptions:

« dividends are proportional to profits with aj as proportionality factor, i.e.

« profits are proportional to output with Bj as proportionality factor, i.e.

divi(Qpjt) = o - Qpjt, Qp;t(0) = B - Opjit.

tf,?:,:t) dl\J(Q[,.)-l(Or).J_!))—di\'j(QB'J,L(OB.j.f))
5 diy (QBJz OB,j.t))
t=ty (1+4r)t—to

uity . . a. .
tfz?::x . QJJJOP,J,! QJ.JJ OB.JJ
t=ty (14r)t—to

(534 08,085

t=ty (14r)t—to

equity -
tmax OP.J.! OB._;.&

t=to (14r)t—to

equity .
fmax OBJ"

t=ton (1'*'7')‘_‘”

P ., Universita
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Transition risk: financial valuation procedure - example

Trajectories at sector level Sector: fossil|gas. Model: REMIND-Magpie

250

2010 2020 2030 2040 2050 2060 2070
Year

Grey area represents cumulative output of
companies active in the fossil|gas sector
in scenario B.

Valuation of financial instrument equity
computed from discounted sum of
dividends.

Assumption: dividends depend on output
O (via profits Omega) in scenario B.

r discount factor
tequity

- = divj(2B,;t(0B,jt))
equity __ J +Js 1J
VB,J - Z (1 + r)t—tu

t=tn
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Climate credit risk model: corporate bonds

Source: Battiston, S., Monasterolo, I. (2020). On the dependence of investor’s probability of default on climate
transition scenarios. Available at SSRN
(abstract_id=3743647), https://papers.ssrn.com/sol3/papers.cim?abstract id=3743647

@ Jniversita niversity of Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"

urich™ Page 28
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3743647

Transition risk: financial valuation procedure — bond and loans

« For bonds and loans: similar intuition but more complex model
* Probability of default (PD) and Loss Given Default (LGD) depend on:

« projected compounded profits from valuation time until maturity, conditional to
scenarios

* More details available soon in:
« report of climate transition risk analysis recently conducted with an NGFS member
« model documentation and sensitivity analysis (Battiston et al. 2021b)

savn - Universita Igm : :
S 8 10 University of
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From climate scenarios to financial valuation adjustment

Definitions

@ Climate policy scenarios {B, P, ..., P,}:
@ GHG emission reduction targets (e.g. P = 2 degrees C; B
(Baseline) = Current Policies)
@ Climate economic scenarios {..., Yc s p.m. . }:

@ output trajectories for each sector S, under each scenario P, for a

given country C, estimated with given climate economic model M
Sources: Battiston,

(e.g. NGFS scenario database) S., & Monasterolo, I
. . (2020). On the
@ Expectation adjustments {BP, ..., BP,, ..., BP,}: dependence of
. , . . ) investor’'s prob_ability
@ changes in markets' expectations over future trajectories B — P) of default on climate
ransition
- - 5 - V(Y: —V(Y: scenarios. Available
@ Financial valuation adjustment {..., ( J’P\’/M\),, ( f’B’M),...}: at SSRN 3743647,
( j.B;M ) Battiston, Mandel,
@ changes in forward-looking financial valuation V of asset related to Monactoralo 2019,
firm j (e.g. bond) resulting from changes in markets’ expectations Handbook: Pricing
) . ) . .. climate financial risk
e Y g m output of firm j depends on its technology mix, transition Part 1
- - - https://papers.ssrn.c
exposure (CPRS) and business geography (multinational om/sol3/papers.cim?

abstract id=3476586

corporations)

a'% Universita
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Adjustment of firm's revenues across business lines

@ Consider two time steps t =0, t =T
@ Decompose revenue adjustment uj( BP) of firm j's across sectors:

revj(P) —rev;(B)

uj(BP) = <o (B) = ZS:(UJ,S(BP) wj,s(B)),  with:
O e — revf’sfg_?(‘z;’S(B) relative shock on j's revenues from sector S;
revj,s(B),

@ wjs = share of j's revenues from S, under scenario B

rev;(B)

@ Focus on selected Climate Policy Relevant Sectors: Primary Energy Fossil
(PrFos), Electricity Fossil/Renewable (EIFos/EIRen):

UJ(BP) = Uj,PrFos(BP) VVj,PrFos(B)+
Uj ElFos(BP) Wj EiFos( B) + Uj EIRen(BP) wj EiRen(B).

@ Assumption: adjustment uj(BP) in revenues leads to adjustment &;( BP)
on j's asset at T depends via elasticity Xj')i

&(BP) = xj ui(BP)

University of

urich™ Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"

Sources: Battiston,
S., & Monasterolo, .
(2020). On the
dependence of
investor’s probability
of default on climate
transition

scenarios. Available
at SSRN 3743647.
Battiston, Mandel,
Monasterolo 2019,
CLIMAFIN
Handbook: Pricing
climate financial risk
Part 1
https.//papers.ssrn.c
om/sol3/papers.cim?
abstract _id=3476586
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Impact of expectation adjustments on firm's revenues

Firm j considered as a portfolio of (low/high carbon) activities.

In transition scenarios: losses for high-carbon activities (stranded
assets), gains for low-carbon activities.

Assumption: adjustment of j's revenues from sector S, uj s(BP), is
approximated with relative change in aggregate output of sector S
(e.g. ElFos) from scenario B to P, according to climate economic
model M, in the scenario database (e.g. NGFS).

Which transition scenarios eventually occurs remains uncertain
because of endogeneity: it depends on investors’ expectations
(climate sentiments, Dunz et al., 2021) and credibility of
governments’ policies (Battiston et al. 2021).

Zurich™

University of
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Sources: Battiston,
S., & Monasterolo, .
(2020). On the
dependence of
investor’s probability
of default on climate
transition

scenarios. Available
at SSRN 3743647.
Battiston, Mandel,
Monasterolo 2019,

CLIMAFIN
Handbook: Pricing
climate financial risk
Part 1
https.//papers.ssrn.c
om/sol3/papers.cfm?
abstract _id=3476586
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Corporate default: a simple structural model

Shocks and default condition

Consider two time steps: issue time tp = 0, maturity t = T
Firm j's balance sheet: asset A;(to = 0), A;(T); liability L;(T).
Default condition:
Ai(T) = Ai(0)(1 + n; ) < L;i(T)
e 7n;(T) € R: idiosyncratic shock (e.g. on j productivity),
Adjustment of expectations — adjustment in asset: &;(BP)
New default condition:

Ai(T) = A(0)(1 + m; + §(BP) ) < L;(T)
< 1; < 6i(BP) = L;i(T)/A;(0) —1—¢&(BP)
o 0;(BP): default threshold under adjustment of expectations BP

e for high-carbon: negative &;(BP) — 6;(BP) > 0;(B): PD is higher
under BP than under B
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Sources: Battiston,
S., & Monasterolo, .
(2020). On the
dependence of
investor’s probability
of default on climate
transition

scenarios. Available
at SSRN 3743647.
Battiston, Mandel,
Monasterolo 2019,
CLIMAFIN
Handbook: Pricing
climate financial risk
Part 1
https.//papers.ssrn.c
om/sol3/papers.cim?
abstract _id=3476586
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Issuer's default probability: proposition

Proposition. Default prob. adjustment Ag;(BP)

@ Assuming

e idiosynchratic shocks are independent from &;(BP) shock

o &;(BP) shock on asset proportional to shock on revenues via
elasticity & = X uj(BP)

@ Then, the adjustment in default probability Ag;(BP)

o increases with shock magnitude |u;j(BP)| if uf” < 0, and decreases
viceversa

e Under approximation of small shock, Ag;(BP) can be linearized to
be proportional to shock on CPRS revenues:

Aqj(BP) ~ —xX; (U} prFos(BP) Wj,PrFos + Uj ElFos(BP) Wj,ElFos

+ Uj EIRen(BP) Wj,EIRen)-

“i,"?]fufjtyﬁ Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"
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Sources: Battiston,
S., & Monasterolo, I.
(2020). On the
dependence of
investor’s probability
of default on climate
transition

scenarios. Available
at SSRN 3743647.
Battiston, Mandel,
Monasterolo 2019,
CLIMAFIN
Handbook: Pricing
climate financial risk
Part 1
https://papers.ssrn.c
om/sol3/papers.cfim?
abstract_id=3476586
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Adjustment in investor’s PD and Expected Shortfall

We prove several propositions on how investor's ES and PD are
adjusted conditional to a transition scenario (Appendix). In short:
@ ES(BP) increases with adjustment on bond default probability Sources: Btiston,
. onasterolo, I.
q (B P) (2020). On the
. . ] . _dependt,ence of N
@ Adjustment of PD of a leveraged investor can be derived analytically of defouh on clmate
(numerically) in absence (presence) of correlation among bonds vansitn
- - - at SSRN 3743647.
@ Under some assumptions of homogeneity, ES and PD decrease with Batiston, Mandel,
- - - 5 o - Monasterolo 2019,
share of climate-aligned revenues (i.e. renewable energy activities) CLIMAFIN
y Handbook: Pricing
climate financial risk
Part 1

httpos://papers.ssrn.c
om/sol3/papers.cfim?
abstract id=3476586
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Sensitivity of loss distribution to disorderly transition scenarios

Consider a financial investor:
 with a portfolio of n corporate bonds financed
with leverage (in figure: n=100, leverage =

20)
« with individual bond probability of default q 0 M
and correlation p (varying as indicated in p=0
figure) 02 S
0.1F q=0.05
« Left: probability distribution of losses on the  0.05] .
portfolio for varying q and p 0 20 20 60 80
* Right: idem but y-axis in log scale to zoom
on the tail 0.2
» Value-at-Risk: left edge of shaded area
» Expected Shortfall: vertical bar 01l
Effects observed: 0051
« VaR and ES: shift to the right with 80
increasing q and with increasing p
* more mass in the tail with increasing p
Source: Battiston & Monasterolo 2020
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3743647
University of Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"
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Example output:
shocks on bond valuation for selected sectors and parametrization

Formulas Results
« Bond valuation: k= (1 -PD) + (1 - LGD) PD « Bond shock varies across sectors and technology
« Bond shock: (k(Baseline) — k (Transition)) / k(Baseline) ( and climate transition scenario
PD (Baseline vs Transition) LGD (Baseline vs Transition) Bond valuation shock
energy-intensive |[—" -
energy-intensive —/
electricity|wind g E— . o '
PD (Transition) ® LGD (Transition) electricity|wind I
electricity|solar |y - s E— lectrici I
m LGD (Baseline) electricity|solar i
electricity|hydro [l m PD (Baseline) _ electricity|hydro |
electricity|gas [ ——— . electricity|gas | —
electricity|coal = e electricity|coal —
fossil|oil  [m— T — fossil| oil —
fossil|gas [ — fossil|gas = IEEEE—————
fossil|coal —|[r—— e fossil|coal |
0 0.2 0 02 04 06 06 -04 -02 00

University of
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Endogeneity of transition scenarios
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Endogeneity of risk and macro-financial feedback loop:
take home message

* NGFS climate mitigation scenarios are already a reference tool for investors assess climate-
related financial risk

» Scenarios can shift markets’ expectations, but do not account for impact of financial
actors’ looking at the scenarios themselves.

» This missing feedback loop is key for financial stability and for climate targets, because it can
lead to under-investing wrt to climate targets.

» Missing endogeneity matters for understanding the dynamics of the low-carbon transition:
can make difference btw achieving or missing climate targets

» Opportunity: we introduce a framework to model interaction expectations-scenarios: it
generates new transition scenarios that are more coherent with investment needs and
climate targets (Battiston ea. 2021, Science)

» Key role for policy credibility, implications for fiscal and financial policies

Stefano Battiston UZH, UNIVE - EDHEC Speaker Series "The future of finance"
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Transition pathway

Macro-financial feedback loop is missing

Climate scenarios’
(IPCC, NGFS)

Emissions
Representative Scenarios

Gt emissions / year

-10
2020 2030 2040 2050 2060 2070

«==Orderly (all GHGS)
Disorderly (all GHGs)
=== Hot house world (all GHGs)

e« +Orderly (CO)
Disorderly (CO,)
=== Hot house world (CO,)

Based on whether climate targets are met

Not met

A Immediate
1.5°C with limited CDR

Too little, too late

> .
E No scenario
T i available in
I} _ .
o limited CDR this category
(a)

9]

ﬁ . Delayed 2°C

i< @ Disorderly with CDR

c

o

=

@ x

= Immediate Hot house world

E Immediate 2°C with

1:5%€ limited CDR

Nationally
with CDR

Determined
Contributions
(NDCs)

2]

Immediate 2°C
with CDR

Orderly

Current policies

Physical risks
gy Luniun

Venezia

Economic scenarios
(sector output, IAM)

18 Current policy
16
14
12
10
8
6 Delayed
2C CDR
4 Immediate 1.5C
2 limited CDR
0
2015 2020 2025 2030 2035 2040 2045 2050
10 Delayed 2C
CDR
8 .
Immediate 1.5C
limited CDR
6
4 Current policy
(hothouse)
2
0

2015 2020 2025 2030 2035 2040 2045 2050

Missing!

N

New investments and
capital reallocation

Climate risk exposures (disclosure)

JP MORGAN CHASE

BANK OF NEW YORK MELLON
NORTHERN TRUST CORP
BANK OF AMERICA CORP
DEUTSCHE BANK AG
WELLS FARGO & CO

BPCE SA
TORONTO-DOMINION BANK
BNP PARIBAS

ROYAL BANK OF CANADA
PNC FINANCIAL SERVICES
SOCIETE GENERALE SA
BANK OF MONTREAL
NORGES BANK

LAZARD LIMITED

Missing!

SIS
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0%

10%

.
— Sectors

— » Fossil-fuel
o - Utiities
O Energy-intensive
~ EE Housing
- Transport
o Finance
. Other
'
'
'
I
- I
o

20% 30% 40% 50% 60% 70% 80% 90% 100%
Portfolio composition (%)

Battiston ea (2017)

Climate-adjusted risk and

asset valuation (climate stress-test)

Deutsche Bank

Crédit Agricole
Commerzbank

Natixis

Nordea Bank

Crédit Industriel et Co.
Standard Chartered
Raiffeisen Bank Intern.
Unicredit

Dexia

Société Générale
Skand. Enskilda Banken
Barclays

Delta Lloyd

Aareal Bank

Jyske Bank

KBC Groep

Monte Paschi
BNP Paribas
Svenska Handelsbanken 3 R N
0 1,000 2,000 3,000
VaR(5%) on asset losses (US$ million)

Battiston ea (201 7)
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Enabling or hampering role?

Enabling:

Investors perceive high physical risk from missed transition/high opportunities successful
transition (credible climate policies, Rogge ea. 2018)

- They reallocate capital into low-carbon investments early and gradually and even
anticipate policy impact: climate sentiments (Dunz ea. 2021)

Hampering:

Investors interpret “orderly transition” as high-carbon firms only slightly more risky than low-
carbon: expect firms to adjust tech mix and spread stranded assets over time because

climate policy not credible

—> Capital reallocation not sufficient to fund investments assumed in scenario. Transition more
costly for society due to abrupt reallocations of capital and price adjustments.

If a risk scenario is associate with too low-risk perception can make the scenario
unfeasible

 EREEIEN “11™ University of
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IAM-CFR framework

A new IAM-CFR framework to link Integrated Assessment Models (IAM) and Climate
Financial Risk model (CFR) in a circular way, applicable to various IAMs and CFR.

It captures interaction expectations — scenarios and generate new scenarios that can be
more coherent with investment needs climate targets.

A P e cFR
4 Carbon price \ 'A('\gt;) %FR " Investor expectations )
p,(t) o B(t)
Investmer Interest rate
NORNIO LERAD) (Yo (0.0, B
Output Gzt oo Capital allocation
\ Ys.k(ls.k(t)' ps(t)) )

7

CFR to IAM \ h(ClimateVaR(Y_, (t), B(t))
(B,r.h) Source: Battiston ea. 2021 Science
« Set of IAM climate mitigation scenarios -

« - CFR models financial risk of high/low-carbon firms along scenarios.
« > Interest rate fed back to the IAMs to compute new scenarios
 Repeat

t, time; ¢, country; s, economic activity.

Source: Battiston S., Monasterolo .,
Riahi K., van Ruijven B.J.,
Accounting for finance is key for
climate mitigation pathways,
Science, 28 May 2021. DOI:

10.1126/science.abf3877.
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IAM-CFR framework

Immediate climate policy Delayed climate policy Ordeﬂy/disordeﬂy are endogeneous
. . ngn o
— P An |mmed_|ate transition to.2 C
+— Climate policy classified in NGFS scenarios as
introduction 0 . c
AMICER orderly. But in hampering case:
Enabling N\, delayed transition, large and sudden
ﬁ"at"c'a' of 4 financial value adjustments as in a
sysiem . .
8 v I}M disorderly scenario.
P\~ * A delayed transition to 2° C classified
o, R L L dlsorderly.. But in enabling case
gradual price adjustments more
Energy output Asset value consistent with orderly
* In hampering role: disorderly transition
T could also lead to higher risk than in
Foranciad NGFS disorderly
systom Source: Battiston ea. 2020,
Science, Legend
DOI:10.1126/science.abf3877 Trajectories from IAM scenarios  Trajectories from IAM-CFR framework
5020 : ; 2056 5020 : : 2056 — Renewable energy Coal - = Renewable energy Coal
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Policy implications

Policy signal and policy credibility

Role of policy credibility well-known in economics. Here: highlight its crucial role for low-
carbon transition dynamics and for financial stability

Fiscal policies

Neglecting role of finance implies carbon price projections could miss emissions target
because mitigation scenario does not necessarily imply a risk perception by the financial
system that leads to investment reallocation assumed by the scenario. Similarly, for carbon
subsidies phasing out.

Thus, IAM-CFR framework could help IPCC community and NGFS to revise carbon price
projections from climate mitigation models to be more consistent with role of financial
system

Financial policies

IAM-CFR could support financial authorities, within financial stability mandate, in
encouraging investors’ assessment of climate-related financial risk.

— Limit underestimation of financial risk in climate stress-test exercises.

Implications for asset eligibility criteria in central banks’ collateral frameworks and asset
purchasing programs (e.g. Quantitative Easing)
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