"CICERO

Climate Risk:
Scope and Probability

Klimarisikoutvalget
17 January 2018

Christa Clapp
Research Director, Climate Finance




What 1s climate risk?
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Scope of climate risk
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Physical risks

Flooding
Drought
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Sea level rise | Extreme
weather

Heat stress

Wind

Transition risks

Technology
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Potential financial

impacts

Production / operation
disruptions (e.g. power,
transportation,

worker availability)

Supply chain disruptions

Physical damage to
assets (and raising
insurance costs)

Changes in
resource / input prices
(e.g. water, energy, food)

Changes in demand for
products / services

Source: Shades of Risk, CICERO, 2017



Climate change risk equation

Hazard

Climate risk Y&l Vulnerability

probability Y4l EXxposure

CICERO
Shades of
Climate Risk Additional
sectoral &
Scenarios Individual
assessment

Regional
studies
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Source: Shades of Risk, CICERO, 2017, based on IPCC risk equation



e ental , Green Bond
Green Bond \ Awards 2017
Awards 2017 y

Expressing relative climate risk p e

review provider Climate Bonds

SHADES OF GREEN EXAMPLES

Dark green is allocated to projects and solutions that correspond to the long-term Wind energy projects with a governance structure
vision of a low carbon and climate resilient future. that integrates environmental concerns
Medium green 1s allocated to projects and solutions that represent steps towards Plug-in hybrid busses

the long-term vision, but are not quite there yet.

Efficiency 1n fossil fuel infrastructure that

Light green i1s allocated to projects and solutions that are environmentally . -
decreases cumulative emissions

friendly but do not by themselves represent or contribute to the long-term vision.

Brown for projects that are in opposition to the long-term vision of a low carbon
and climate resilient future.

New infrastructure for coal




Which scenarios are most likely?

Most likely
outcome
3°C
e Current Paris pledges 4-5°C
s Paris No climate policy
ambition reference

Pull towards 2°C Push towards 4-5°C

Probability

v

oCICERO Temperature rise in 2100 .

Source: CICERO Climate Scenario Guide (forthcoming February 2018)



Temperature Impacts expected to be more
severe In Nordics

Data: CDIAC/GCP/IPCC/Fuss et al 2014
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Sources: (Fuss et al. 2014) (CDIAC) (IIASA AR5 Scenario Database) (Global Carbon Budget 2016))
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When to use scenario stress-testing ...
and when It doesn’t matter
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Physical Risk

Transition Risk

[

Now

Next 10-20 years

Mid-century

Scenarios don’t make much
difference due to locked-in GHG
emissions

Consider probabilities of physical
events (e.g. CICERQO’s Shades of
Risk.

Scenarios don’t make much
difference due to locked-in GHG
emissions

Consider probabilities of physical
events (e.g. CICERQO’s Shades of
Risk)

Scenarios can help bound range of
risks

Consider scenario range of 2-4°C

Scenarios can help bound range of
risks

Consider scenario range of 2-4°C

Scenarios can help bound range of
risks

Consider scenario range of 2-4°C

Scenarios can help bound range of
risks

Consider scenario range of 2-4°C

Source: CICERO Climate Scenario Guide (forthcoming February 2018)




Transition risk
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IEA WEQO™ Scenarios’ “Must Haves”

—)
-I

Note: The order of «Must Have’s» was chosen for demonstrative purposes. The order does not imply magnitude. All values in boxes are for 2040 (end of IEA WEO scenario periods)

Values in arrows mark the increase needed for one Must Have to move from one scenario to the next
* The IEA World Economic Outlook scenarios were chosen since they focus on transition risks, are from an independent source, and are most commonly used
** CO, prices are for the EU Emissions Trading System (ETS) in 2040. EU ETS was chosen since institutions for CO,, pricing already exist and because it is the only large market included in all three scenarios.
*** Energy efficiency refers to the ratio of benefits to expenses. We apply the end-use energy efficiency perspective on the demand-side with an increase in energy end-use efficiency achieved by technical, organizational, institutional, structural or behavioral changes.

***% Energy intensity is understood as the amount of energy used per unit of GDP. Improvements in energy intensity are to a large extent driven by improvements in energy efficiency.

Current
Policies

New Policies

Sustainable
Development
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Source: CICERO Climate Scenario Guide (forthcoming February 2018)



CO, pricing — Not on track for 2°C target

Current

Policies
Low price in
a few big
economies

New Policies
Moderate
price in

several big
economies

Sust.
Development
High price in
most big
economies

EU Emissions Trading System* — Price forecast compiled after reform decision

CO, price assumptions in selected regions

B Euros per metric ton (nominal)

30

20

10

1 1

2008 2015 2020 2030

USD (2015) / t CO2 Sector 2025 2040

Source: Bloomberg New Energy Finance estimates, retrieved 12.12.2017

Source: International Energy Agency, World Energy Outlook 2017

* EU ETS was chosen as an example since institutions for CO, pricing already exist and because it is the only large market included in all three scenarios.
** Forecast 2025, 2030: BNEF, December 2017. https://www.bloomberg.com/news/articles/2017-11-13/here-s-what-europe-s-carbon-market-overhaul-means-for-businesses. 11
*** Second forecast 2030: https://www.platts.com/latest-news/coal/london/eu-co2-price-to-hit-eur33-35mt-by-2030-under-26767414

Source: CICERO Climate Scenario Guide (forthcoming February 2018)


https://www.bloomberg.com/news/articles/2017-11-13/here-s-what-europe-s-carbon-market-overhaul-means-for-businesses
https://www.platts.com/latest-news/coal/london/eu-co2-price-to-hit-eur33-35mt-by-2030-under-26767414

Energy Efficiency — On the way, but more efforts

needed for 2°C target

3.50

Energy Intensity* Improvement — Average Change per year

Current Policies
Historic rate of

1.9% energy
Intensity*
Improvement

3.00

2.50

per year

- 2.00
New Policies

2.3% energy

Intensity*

improvement -
per year

Sust. Development

3.2% energy

Intensity* 050
Improvement

per year

m average 2000-2016 m Current Policies 2016-2040
®m New Policies 2016-2040 m Sust. Development 2016-2040

% change

Based on: World Energy Outlook 2017

o
*Energy intensity is understood as the amount of energy used per unit of GDP. Improvements in energy intensity are to a large extent driven by improvements in energy efficiency 16
** Based on IEA Energy Technology Perspectives — Tracking Clean Energy Progress 2017. Judgement based on Energy demand developments in Industry and Transport and combined 13 sub-categories.

Source: CICERO Climate Scenario Guide (forthcoming February 2018)



Renewable Electricity Generation:
On the way, but more efforts needed for 2°C target

Current Policies RE Generation* / Total Power Generation Average Annual Growth Rate by Technology

RE reaches 70
31% of global Coal
electricity 14
generation in %0 12
2040

10

Solar PV Oil

50
New Policies

RE reaches 40%
of global
electricity
generation in
2040

—Current Policies
—New Policies
—Sust. Development
—Historic

/ - W|nd
Sust. Development -

RE reaches
63% of global
electricity 10
generation in
2040 Hydro Nuclear

1990 2016 2025 2030 2040 —New Policies —Sust. Dev —Current policies

w
o

% change
N
o

\

\
\
\
\
\
\

gas

*Renewable Electricity (RE) technologies: Hydro, bio, wind, geothermal, solar PV, CSP, marine

o
CICERO | |
** Based on IEA Energy Technology Perspectives — Tracking Clean Energy Progress

2017.
Source: CICERO Climate Scenario Guide (forthcoming February 2018)



Electric vehicles — On track for 2°C target

EV shares of global PLDV* fleet **

45

40

Current Policies
Nn.a.

35

30
New Policies

EVs stand for

25

14% of global
PLDV fleet

20

EV share of total PLDV fleet in %

Sust. Development

EVs stand for
44% of global
PLDV fleet N

15

)]

2017 2017 2040
®m New Policies m Sustainable Development m Historic
*Passenger light duty vehicles
(o) **2040 global EV stock: IEA WEO 2017 Sust. Development scenario 875 million; IEA ETP 2017 629 million; BNEF Electric vehicle outlook 2017 ca. 500 million.
‘ I ‘ E R O *** Based on IEA Energy Technology Perspectives — Tracking Clean Energy Progress 2017 2 1

Note: 2017 EV share of PLDV fleet: BNEF 2017 forecast 3 million Evs, global PLDV stock 1.2 bn

Source: CICERO Climate Scenario Guide (forthcoming February 2018)



CCS — Not on track for 2°C target

CCS Deployment in a 2°C scenario’

8.00
Current Policies - 00
n.a. '
6.00 2040 cut-off

year for WEO
scenarios

J1
o
S

New Policies
n.a.

B
o
S

@
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S

GtCO, captured and stored

Sust. Development 2.00

12% of global
fossil fuel

WEOQO Sust.
Development
scenario: 1.56 Gt

- 1.00 ’
electricity (wout cement
generation Is -
CCS equipped 2014 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

® Fuel production and transformation W Power W Industry

*Graph based on International Energy Agency, Energy Technology Perspectives 2017. The depicted CCS deployment is according to the 2 degree scenario (2DS), which is similar to the
450 scenario in the World Energy Outlook.
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Source: CICERO Climate Scenario Guide (forthcoming February 2018)



Physical risk
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Observed Impacts = Today’s News

Coastal flooding threatens
energy Infrastructure in the
US Gulf Coast region

Flooding risk for European
cities (and adaptation
opportunities)

R
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2 S

Heat stress threatens
production in Middle East

o
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8

Thailand flooding cuts global
supply of electronic and car
components

Source: Shades of Risk, CICERO, 2017



CICERO Shades of Risk

CICERO RISK MATRIX

Immediate attention required: impacts are
already observed with a significant probability

to increase High
probability
Some attention is required: impacts are Medium
. probability -
expected in the next few years Caution over the
long term
Low
probability

Caution over the Caution over the

long term long term

Caution: impacts could manifest
towards mid-century

Impacts Impacts Impacts
observed now expected in expected mid-
next 10 years century

*CICERO



Physical
Impacts
observed In all
regions today

Scenario planning is not relevant for near-
term physical impacts

But limiting GHG emissions now can avoid
worse impacts in the future

Source: Shades of Risk, CICERO, 2017
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Physical impacts for Europe

See website for other regions

Climate risk

Key message

Key impacted sectors

Shade of Risk

Extreme precipitation

High variability expected in precipitation, greater intensity in
North. Precipitation could become more extreme in
Mediterranean when it does occur after long dry spells (see also
drought)

Infrastructure in high density urban areas

Northern & Central Europe .

Southern Europe

Flooding from precipitation patterns and snow melt is observed

(combined with ground water sinking from
Irrigation)

Flooding and expected to increase Infrastructure in high density urban areas All
Infrastructure (high density areas and along Northern Europe
rivers), Energy (reduced hydropower generation

Drought Reduced water availability in the South In the South, increased in North), Agriculture

Southern Europe

Sea level rise

Sea level rise a concern low-lying coastal areas, especially in
combination with extreme events such as hurricanes and spring
floods

Infrastructure in coastal regions, nuclear energy

Coastal areas

Heat stress

Heat stress observed especially in South and expected to
increase with high likelihood

Impacts on health, labour productivity,
Agriculture (crop production, wildlife in South)

Northern Europe

Southern Europe

Wind

No clear trend

Energy (changes in wind energy production
uncertain, reductions most likely in South)

All

*CICERO

. Immediate attention required: impacts are already Some attention is required: impacts
are expected in the next few years

observed with a significant probability to increase

towards mid-century

Caution: impacts could manifest

20

Source: Shades of Risk, CICERO, 2017


http://www.cicero.uio.no/en/climateriskreport

Regional flooding, Norway 2012 - 2013

Event Parameters

* Flooding along Dovrebanen rail and E6 highway (2013) and extreme rainfall in Buskerud county (2012)
* Frequent water overflow cause of majority of costs (not extreme events)
« Both events led to infrastructure damages to the national rail system and supply chain disruptions

Total Costs (rail only) Buskerud: 2.6 million USD
Dovrebanen: 49 million USD

Indirect share of costs (rail Buskerud: 53%

only) Dovrebanen: 37%

Insurance coverage No data

Policy context

Flood insurance is bundled into fire insurance which leads to a high insurance coverage. For uninsurable assets, the
government has a separate natural hazard compensation scheme.

o
C I C E R o Sources: (Olsen and Traae 2015) (Siedler 2015) 21



Store flomhendelser far mest
oppmerksomhet, men overvann Koster mer

(1000 USD)

..But are not are expensive as

$90,000 Large flood events damages from overflow

are largest share of
NASK payouts...

$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000

$0

$80,000

2008 2009 2010 2011 2012 2013 2014 2015 2016
® Natural Perils Insurance (large flood events) Natural Perils Insurance (other flood damages)  ®mInsurance pay-outs from Water Intrusion & Overflow
°C I C E Ro Sources: ("NASK - Naturskadestatistikk " 2017) ("VASK - Vannskadestatistikk " 2017) Note: the VASK data covers approximately 85 % of the market. All

figures adjusted to 2015 NOK (SSB KPI for Norway) and converted to USD using the 2015 annual average exchange rate from the Bank of Norway .



Hvilket ansvar har stat og

kommuner for sikring og
soning I ett klima under

forandring?

Hvordan vil forsikringsbransjen
reagere pa gkte tap fra flom?

!&. FLOM

RISIKO

FORSIKRINGS-

BRANSJEN

Hvor lenge kan husholdninger stole
pa det naveerende systemet av
forsikring og sikring?

PRIVATE HUSHOLDNINGER




Resources
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°CICERO Climate Finance

@, THE WORLD BANK

Treasury

BLACKROCK®

Bridging the gap between climate scientists

and financial decision makers AN 0 | Normesion s
NORGES BANK of Foreign Affairs

INVESTMENT MANAGEMENT

= SEB

Andra AP-fonden
Second Swedish National Pension Fund - AP2

a9 storebrand m

%@ Finans Norge S‘D
OSLO BARS
ASEI I

INITIATIVE FOR

RESPONSIBLE
INVESTMENT




CICERO Climate Risk Resources

Climate Scenario Guide (forthcoming 2 February 2018)

Shades of Climate Risk report (2017)
http://www.cicero.uio.no/en/climateriskreport

CCCCCCC

Flood Risk for Investors (report forthcoming 2018)

Climate Risk Assesment of Norway’s Financial Sector (CICERO project
funded by ENOVA, January — June 2018)

*CICERO
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http://www.cicero.uio.no/en/climateriskreport
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Contact:
Christa.clapp@cicero.oslo.no

® cicero klima
O cicero.oslo.no
@ cicerosenterforklimaforskning
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