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Die CASCADES Perspektive

Human/Extraneous and social factors

000 = Demographictrends
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= Economic structures
= |nequalities and economic opportunities
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Cascading climate impacts in Europe

= Supply losses and business disruptions

= Financial instability

= Food (and other commaodity) affordability
= Climate-related displacement

Climate impacts

Soil erosion

Floods

Sea-level rise

Increasing rainfall variability
Temperature increase
Ecosystem disruption

= Droughts

= Wild fires

= Crop failures

= Desertification

= Tropical cyclones
= Monsoon variation

s Asset losses

s Capital flows
and profit = Increased
margins affected indebtedness/

= Insurance premiums  reduced credit
increase ratings

Policy responses

N = Climate policy
= Trade policy
= Diplomacy

= Development aid and finance
= Security and defence
= Financial regulations
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Modellierungskette fiir breite Palette von Szenarien

A Crop Yields From ISI MIP

Ain crop demand
and land use

r

TWIST <—— MAGPIE

!

Ain crop prices (short-term
volatility)

— ICES CGE

Ain crop production
> Ain crop prices
Ain land allocated to crops

Macroeconomic effects 1 r\
- Trade-transmitted \ \..._

impacts on GDP, growth,

sectoral and country

competitiveness

A Sea-Level Rise, A in selected extreme

events

Trenslated into activiity
interruption in «our»

chokepoints i.e. straits+ US Gulf

ports, Black sea ports, Brasil
southern ports

Information from CH-MAT and CH-RTD can be transformed

into A export flows and used as input to the ICES model and to -

the MAGPIE model

CH-MAT )—“ Chokepoint-

driven risk for
food commodities

Chokepoint-driven
risk for other
macro-categotries
of commodities

TRASE

=
___f__,f-""'ﬁg\;elopment of jéint case
T studies with CH-MAT and 10TA,
sl sub national & heterogeneous |
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IOTA

Hybrid (values +
physical quantities) /0
model

Develop network analysis for
supply chain risk. Critical nodes
and transmission mechs.

producers dimension

Database model

Data collection: asset
type, location,
capacity, residual life,
prices (Refinitiv
Eikon, S&P, elc)
Reconstruction of
global firms and
European investors’
ownership chain
Data harmonization
across providers
Missing values:
estimation of
capacity, asset
coordinates, etc

Tropical cyclones
impacts in Mexico
from CLIMADA
(Aznar-Siguan et al.,
2022)

Tracks adjusted for
climate impact
5Cenarios

Hazard, area-specific
damage function:
assess direct
damages on physical
assets across
different return
periods (RP)

Macroeconomic
impacts

Climate financial
valuation adjustment

Busiess bnescutpt o

xxy .

Matching of plant-
level info with sector
classification
Economic impacts by
sector, region (ICES)
Shocks by SSP-RCP
scenario combination
(2-6.0,3-2.6,3-4.5, 5-
4.5)

Impacts expressed as
ratio btw baseline (no
climate shock) output
and climate adjusted
output by sector

+ Shocks cascade from

asset impacts to
business line, firm
and investor-s level

* Consideration of

climate (chronic +
acute) impacts on
firms’ long-run
growth rate

+ 3-stages Climate

Dividend Discount
Model (CDDM) for
Climate-adjusted
stock valuation

Climate financial risk
assessment

v, RP23H)

)

* Average portfolio
losses and portfolio
Value at Risk (vaRr)
are computed from
company-level equity
losses

+  The estimation is
strengthened using
bootstrapping over
15,000 samples

*  Assessment of the
underestimation of
climate-adjusted risk
metrics from
neglecting tail risk
and asset-level data

Bodirski et al. 2020, Bressan et al. 2022, SSRN, King et al. 2022 on resourcetrade.earth




Auswirkungen auf Handelsengpasse

« Auswirkungen einer Blockade des Panamakanals dominieren

 Einige Lander (z.B. Agypten, Somalia) sind stark auf
Weizenimporte angewiesen, die durch die turkischen
Meerengen verlaufen

« Das Beispiel der Evergreen zeigte starkere nachgelagerte
Effekte als gedacht

Proportion of 2030 global trade at risk from envisioned chokepoint disruptions
(SSP2)

Panama Canal Turkish Straits Suez Canal All 3 chokepoints
j 1% N 1% 6%
Wheat B 2 B 2 10%
Other Cereals B 2% B % 12%
Oil Seeds ] 1% | 1% 15%
Agricultural Commodities Total I 1% I 1% 13%

King et al. 2022 on resourcetrade.earth 5
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SSP2, 2030

@ Northern EU @ Mediterranean EU (main) @ Mediterranean EU (rest of) @@ Eastern EU @ Rest of Europe

Panama Canal

Wheat

Rice

Other grains
Oilseeds
Vegetables and fruit
Sugar cane and beet
Fibrous crops

Other crops

Food industry

Turkish Straits

Wheat

Rice

Other grains
Oilseeds
Vegetables and fruit
Sugar cane and beet
Fibrous crops

Other crops

Food industry

Suez Canal

Wheat

Rice

Other grains
Oilseeds
Vegetables and fruit
Sugar cane and beet
Fibrous crops

Other crops

Food industry

Source ICES model and CH data CMCC-CH

Anderung der
Getreidepreise

Anderung der
Produktion in
der Lebens-

mittelindustri

SSP2, 2030
@ Panama Canal @ Turkish Straits

Europe

Northern EU
Mediterranean EU (main)
Mediterranean EU (rest of)
Eastern EU

Rest of Europe

Outside Europe

Canada

USA

Mexico

Argentina

Brazil

Paraguay

Rest of Latin America and the Caribbean
Transition Economies
Russia

Ukraine

Kazakhstan

Turkey

Middle East and North Africa
Tigris—-Euphrates
Sub-Saharan Africa
South Africa

India

China

Hong Kong

Japan

South Korea

Taiwan

Indonesia

Thailand

Rest of Asia

Australia
Rest of the World

Suez Canal
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Starke Abhangigkeit bei fossiler Energie und Diingemittel

Fossil fuels

Oil 40%

Coal Other fossil
fuel products

®m [mport = Production

Total commodities

Coal 13%

Metals and minerals

Industrial Betrachtet man Rohstoff
lid el a Importe scheint die EU27
relativ selbstversorgend,

Non- aber bei Diingemitteln und
ferrous fossilen Brennstoffen ist die

Gas 12%

Iron and steel 12% | metals 3% EU27 stark importabhingig.

Forestry
products
3%

Agricultu ral products

Fertilizers 1%

- I l I

Nitrogenous  Potassic fertilizers Phosphatic
fertilizers fertilizers

mimport ®mProduction

West et al. 2021, Climate Risk Management



Analyse des Krieges in der Ukraine: Schock Szenario fur
internationalen Handel von Energie und Getreide
(Integration Finanzmarktanalyse zu CGE-Modell)
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Renditen Sektorale Propagation
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Basierend auf empirischen Daten:

‘  Quantifizierung: kurzfristiges ineffizientes Verhalten von Markten
« Verstarkter Preisanstieg bei Rohstoffen (nicht sichtbar in
klassischen Makrookonomischen Modellen)

Auer et al. in revision 8




Analyse des Krieges in der Ukraine: Amplifikation durch
Integration Finanzsektor (Rohstoffhandel)

Change in cereals exports to MENA

UKR - an —
Med EU -2 =
ARG — £
RUS | &= . : =
c BRA —a 00 1
“=North EU -
& EastEU —
USA -8 .
CAN e i 401 6.08% loss :
AUS — Pre invasion for investors 0.36% loss
ND e s Post invasion W for investors
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. ‘ | ] -
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—_ Russia prices . . T e -
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. . _ . .
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Szenarien: Exportverbot von fossilen Brennstoffen, Dingemitteln, Olsaaten, Getreide, Forst- und Fischerei- produkten in die EU, die USA,
JP, CAN, AUS, UKR; Produktions- und Exportreduktion in und aus der Ukraine; zusatzliche Handelshemmnisse.

Auer et al. in revision 9



Globale Netzwerkanalyse: Schlusselpunkte zur Adaptation vor
Kaskaden Effekten nach Europa

- = Cluster 1 Cluster 2 Cluster 3
Netzwerkanalyse unter Einbeziehung * .= U i D oo

& inflation g 15 e & inflation 1.1; e s &inflation 4 it
vo n Ka' s kad e n effe kte n Food price spikes Agriculture Food price spikes Agriculture Food price spikes Agriculture

Crog

. . . strociure Crap o = ——trfrastrociure Crop " Ifrastrociore:
[ WeIChe Systeme konnten Tl’lggei’ fur KaSkadel’l exports - & Economy exports | & Ecanomy exports & Economy
nach Europa sein?” Secpatcs ety cuy ool couty
. . - WViolent confhct State Wialent contlict ~ State Wiolent conflick State
Wasser und Landwirtschaft in fast allen Landern & unrest response & unvest respanze & unvest Sy respanse
. . . Extremist anisation Extremisk chanisation Extremist rbankcation
- entweder hoher Anteil der Bevdlkerung im oroups. Human'KOBMIEA aroups. Humanrborisa! Groups pumanlFoRSS
Agrarsektor ODER
- wichtiger Exporteur d) .

R 35, TR
Individuelle Einkommen (besonders LMIC Lander) E‘L\ -

Lokale Wirtschaft (bes. LMIC Lander)

[Konflikt: Sahel, Mexiko, Brasilien, Saudi Arabien] X
Cluster
1
= Anpassung unserer Lieferketten ¥ -
ohne Zerstorung Wirtschaft vor Ort EU
= Doppelte Belastung fiir LMIC NA_ value

Auer et al. in revision 10
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Why

Fig. 1: Global climate change impacts on crop yields under two different emission

scenarios.

» Strong divergence b

> Hard to communicate i Lidie

> Impression from median
— nothing much to do
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Change in average global crop yields
compared with 2015

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

Year Year
* CROVER ® CYGMA1p74 = EPIC-IIASA e GFDL-ESM4 A |PSL-CMBA-LR
cacm ® 1SAM LDNDC ® LPJmL GCM ® MPI-ESM1-2-HR + MRI-ESM2-0
* pDSSAT * PEPIC * PROMET 2 UKESM1-0-LL

Source: Bacca et al. 2023
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https://www.nature.com/articles/s43247-023-00941-z

Agriculture impacts on Agricultural output

WP3: CC macroeconomic —-*'-T"r'-'rf-rr'r"J*r"r*Jf'r'
cascading effects + é

- ks EEE S s
Macroeconomic effects can = e
be «moderate», however T F W pppEpr U e

cascading «extra EU» effects
are huge in relative terms!

% change from baseline
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(Compare «red vs blue» bars It ==aT, L
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ts on agriculture

: CC impac

WP3

WM price for Wheat (LDNDC, ipsl-cm6a-Ir, ssp585, default, 2015so0c)

1900 1950 2000 2050 2100

1850
Year
Simulated time series of annual wheat prices for a particular model combination with

a very strong increase in price variability between historical and future periods.

Source TWIST model PIK
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2010 20560

Frequency of heatwaves per decade
along road routes for EU soy imports,
2010, 2050 and 2090. Year labels
indicate the midpoint of an 11-year
period, except 2010 which is a 9-year
period. Size of each point indicates
throughflow of soy, tonnes. RCP 6.0

2080

Infrastructural stress on soy | e
transport routes can o |
increase 1 5[:'(],-(]'5(} 'I.GDE?I,UGEW.EGEI',DGU E,SDE.GI}D

Heatwave frequency, per year

00toD2
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D4t00B
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®08t010

Soy, tonnes

Source UoY



Minimum equity loss/gain by sector
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compos ition Agriculture Electricity Fossil energy Industf'y high lndusfry low Tranéport Construction Services

. Macrosector
Firms and _ _ _
. . Portfolio loss/gain by sector/region

portfolios in
Europe emerge as 4
main losers. ,

The fossil energy
sector firms and
portfolios
(excluding oil
products) emerge
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Price amplification



2. A database and workflow for financial risk

Plant-level
probabilistic climate
risk assessment

Climate financial risk
assessment

Climate financial
valuation adjustment

Macroeconomic
impacts

Busiress lines output ratio

Coepared caue
:an".;a I";
Cheoaie vs  tadl acute |asset-Bevel, 12m.3
RP250
Circme va chronie and tall acmte TN
|ercetlewed [{[\'HH
Arerage acite ssa-kwl, EAI) vs, T
L&l acye (spi=level, REZN)

T

Data collection: asset
type, location,
capacity, residual life,
prices (Refinitiv
Eikon, S&P, etc)
Reconstruction of
global firms and
European investors’
ownership chain
Data harmonization
across providers
Missing values:
estimation of
capacity, asset
coordinates, etc

Tropical cyclones
impacts in Mexico
from CLIMADA
(AznarSiguan et al.,
2022)

Tracks adjusted for
chmate impact
5Cenarios

Hazard, area-specific
damage function:
assess direct
damages on physical
assets across
different return
periods (RP)

Matching of plant-
level info with sector
classification
Economic impacts by
sector, region (ICES)
Shocks by SSP-RCP
scenario combination
(2-6.0,3-2.6,3-4.5, 5
4.5)

Impacts expressed as
ratio btw baseline (no
climate shock) output
and climate adjusted
output by sector

Shocks cascade from
asset impacts to
business line, firm
and investor’s level
Consideration of
climate (chronic +
acute) impacts on
firms’ long-run
growth rate
3-stages Climate
Dividend Discount
Model (CDDM) for
Climate-adjusted
stock valuation

Average portfolio
losses and portfolio
Vvalue at Risk (VaR)
are computed from
company-level equity
losses

The estimation is
strengthened using
bootstrapping over
15,000 samples
Assessiment of the
underestimation of
climate-adjusted risk
metrics from
neglecting tail risk
and asset-level data
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