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Climate risk exposure of European sovereigns

*EU vulnerabilities and readiness
*Climate-debt vicious circle

Debt Sustainability Analysis with climate risks

*How to deal with the deep uncertainty
Narrative scenario matrix architecture

Climate-proof sovereign debt




“even if the true scientists should all recognize the
limitations of what they can do, so long as the
public expects more there will always be some
who will pretend, and perhaps honestly believe,
that they can do more to meet popular demands
than is really in their power.”

-Friedrich von Hayek, Nobel Prize Lecture

“The ability to incorporate many risks into
economic evaluations is being undermined by
difficulties in bridging the climate science,
economics, and modelling cultures.

Possible causes for this gap, include: the
disagreements over the scale of impacts; a culture
in economics that does not encourage large-team
collaboration; and limited funding available for
economic model development. *

- “The missing risks of climate change”, Nature
(2022) Rising et al.
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A problem of DEEP uncertainty

= Uncertainty (pink)
= Ambiguity (blue)

= Misspecification (black)
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GDP/PER CAPITA UNDER
REPRESENTATIVE CONCENTRATION PATHWAY RCPS.6

Burke, Hsiang, and Miguel, Nature, 2015.



https://web.stanford.edu/~mburke/climate/map.php
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Ratio GDP growth rate 2100/growth2020

Kahn-Kalkuhl range Kahn-Kalkuhi range @ ND-GAIN == Linear (ND-GAIN)
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CHANGE IN BOND
YIELDS

Battiston-Monasterollo (2020), using
1 IAM for energy transition

Kahn et al. (2021), Energy Economics.
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CREDIT RATINGS

= Downgrades are at the top of ratings scale

= RCP2.6 = 55 down ratings by 0.66 notches AOHEELE et 24 s s
= RCP8.5 = 80 down ratings by 2.48 notches

= Temperature increase and variability
= Downgrades start from 2030

= Increase of borrowing costs:
= France 1,35-2 bn per year
= Germany 0.23-0.35 bn per year

Mohaddes et al. (2021), integrate machine-learning credit rating with IAM of Khan et al. (2019)




= Adverse effects:
= GDP growth
= Damages (chronic and acute)
= Transition risks
= Stranded assets
= Bail-outs

= Mitigation and adaptation policy costs

= Each climate effect may seem small and inconsequential
= Aggregate effects can become a first order problem

= Raise concerns with adverse effects on borrowing costs

= How much fiscal space is there for climate policies?
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Fiscal needs, debt, economic growth.
Financials: real interest, inflation, asset revaluation. A Narrative scenarios

Narrative scenarios

— » Economic Dynamics

Integrated Assessment Models
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Economic Transition Economic Damage Green House Gases
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Adaptation Extreme weather Long-range change

I— Physical risks |
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Transition risks —— — Mitigation

Implications for fiscal stability

NGFS- implications for financial stability
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STOCHASTIC DEBT
SUSTAINABILITY ANALYSIS

@D Physical modules

q 4 Climate policy modules
Fiscal needs, economic growth @ Economy modules

Financials: natural rate of interest, inflation @ DsA module

_ Deep uncertainty
Asset revaluation A A Narrative scenarios
Legacy debt - RiSk

Economic Dynamics L Ambigu itY

| l N = Miscpecification

Economic Transition Economic Damage Green House Gases

Fat-tails
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Transition risks A
Adaptation Extreme weather Long-term trend
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Mitigation

Acute and chronic effects

The tragedy of the horizon (Carney)




IAM FOR DSA

Forward looking scenarios
= GDP growth

= Fiscal: mitigation, adaptation, damages
= Financial: r*, inflation > ECB

ITC H '@\ gﬁcc = Asset revaluation

= Contingent liabilities
g International Institute for
w» Applied Systems Analysis

| | AS A www.iiasa.ac.at

Narrative scenarios

Acute and chronic: extreme weather & gradual changes

Ensemble of climate integrated assessment models

Burke et al., Nature, 2015
Hsiang et al., Science, 2017
Kahn et al., IMF Working Paper, 2019




* SSP 5 * SSP 3

(Mitigation challenges dominate) (High challenges)
Fossil-fueled Regional rivalry
development ARocky Road

Taking the Highway * SSP 2

(Intermediate challenges)

Middle of the road

for mitigation

% SSP 1 % SSP 4

(Low challenges) (Adaptation challenges dominate)

Sustainability Inequality

Taking the Great Road ARoad Divided
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Socio-economic challenges
for adaptation

Global average surface temperature change

PR  NARRATIVE SCENARIOS

e RCP2.6
== RCP8.5

RCP8.5 NINEN

RCP4.5
RCP6.0

SSP- Shared Socio-economic Pathways

RCP26 NEIEE

RCP- Representative Concentration Paths

Climatic Change (2014), special issue.



D;=(1+i; 1)D¢ 1 — B; 1 (stock)
Fe =1 1Dy 4 + A — B; 4 (flow)
Y; (debt-to-GDP)
= D,/Y, and F,/Y,



SSP1 SSP4 SSP2 SSP3 SSP5

RCP8.5

RCP6.0

RCP4.5

RCP2.6

RCP1.9

Number of IAM that converge, Rogelj, Emmerling et al. (2018), Nature.

SCENARI0 MATRIX ARCHITECTURE
VAN VUUREN ET AL. (2014), CLIMATIC CHANGE
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TECHNICAL VERSION

@ Sovereign issues debt X to finance its debt
@ Uncertain correlated financial, economic, fiscal variables
@ Debt sustainability controls

@ Feedback loop
X—>D—r—X

@ Tension between debt stock and flow

13 /41



Sovereign debt risk management

Q1. Optimize debt financing

@ Discrete state-space, discrete time-space scenario tree
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Sovereign debt risk management

Q1+Q2. Optimize debt financing with

sustainability controls
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NO_ADAPTATION_COST
ADAPTATION COST

ITALY POST COVID-19
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FINALIST
620-BANK OF ITALY FINTECH COMPETITION




CLIMATE-PROOF
SOVEREIGN DEBT

= EU institutions coordination scenario-based systematic assessment
= Scenario matrix architecture
= EU-wide integrated assessment model for climate risk
= Mandated DSA with climate risks

= Fiscal authorities mainstream climate risk analysis in public finance
= Budgetary plans account for climate risks

= Risk-sharing instruments (Sovereign CoCo, GDP-linked bonds, CAT bonds,
participation funds)

= Off balance sheet items

= Disclosure of climate exposure of public debt
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