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- Introduction



Climate change and sustainability
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Climate change and the economy
1

Climate change is regarded as one of the ultimate challenges for
economics.

The challenge is to understand the interactions between climate and the
economy and to design policies which will slow down climate change and
address its negative impacts.

Climate change is an externality — the most important of all externalities.

Economic theory states that the correction of externalities requires the
use of fiscal measures.

The use of fiscal measures — e.g. carbon taxes, tradable emission permits
—requires pricing of the externality.



- Scientific Facts and Economic Impacts



Global fossil CO, emissions: 36.2 + 2 GtCO, in 2017, 63% over 1990
@ Projection for 2018: 37.1 + 2 GtCO,, 2.7% higher than 2017 (range 1.8% to 3.7%)
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Observed global temperature change and modeled responses
to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)
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Regional warming in the decade 2006-2015 relative
to preindustrial time

Annual average warming

N

o5 30
_ EAS \
5 " R o 1
NTP N GAM ¢ o v o
= W AMZ _ W0 — 15
g R AL

13._: = pomes / sau 7/ do7s
\_—~ — Allay / {00

December-January-February

4-0.75

-1.5

Estimated warming relative to 1850-1900 ( C)

-2.25

Source: IPCC Special Report, “Global Warming of 1.5°C”, October 2018



Impacts and risks for selected natural, managed and

human systems
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Damages from climate change

- Global Carbon Emissions Direct Damage to U.S. Economy
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Country-level economic impact of historical global warming

\ from 1961-2010 \ from 1991-2010

percent change in GDP per capita

from 1991-2010
probability of economic damage
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Source: Diffenbaugh, N. and M. Burke, Global warming has increased global economic
inequality, PNAS, 2019



Sustainability
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Climate Change and Investments

* How do we take into account changes (+/-) in
greenhouse gasses in project appraisal ?

* |s there a price of carbon to be used in project
appraisal?



The price of carbon
7

= The social cost of carbon (SCC) is the full effect on social welfare from
emitting 1 ton of carbon as CO, or (GHGs) over the lifetime of that ton in
the atmosphere. This the marginal damage cost of carbon.

= Many projects generate global social benefits from reduced GHG
emissions or costs from increased emissions. The SCC or the shadow price
of carbon (SPC) should be used to evaluate these benefits/costs.

- NPV = —fixed costs + Z{=1 benefits(t)— costs(t)—(SPC(t)x AGHG emissions(t))

(1+ social discount rate)?

= GHG emissions are calculated as the difference between gross/absolute
GHG emissions of the project and the gross GHG emissions of a baseline
scenario.



Recommended shadow price of carbon in USD per
metric ton of CO, equivalent (constant prices)
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EU Emission Trading System
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The effective carbon rate

The effective carbon rate is the total price that applies to CO, emissions
from energy use as a result of market-based policy instruments.

Effective Carbon Rate e The carbon pricing gap measures the extent to
EUR per tonne of CO . .

ERP 2 which current prices fall short of a benchmark
Emission permit price Value; as d percentage'

e The results show that the carbon pricing gap is

ERER large, but that it falls over time.

e Using €30 per ton of CO, as the benchmark,
energy use there is a drop from 83% in 2012 to 79.5% in 2015
and to 76.5% in 2018. This amounts to a decline
Source: OECD, 2016 of about 1 percentage point per year.

Specific taxes on




- Climate Change and the Financial System

* The Governor of the Bank of England, Mark Carney, was
the first to highlight the threat of climate change for the
stability of the financial system and to identify the risks
involved (“Breaking the tragedy of the horizon”, 2015).

° Are climate-related risks properly reflected in asset
pricing?



Physical risks Transition risks
Droughts; floods; storms; Policy risks - stringent carbon-pricing;
wildfires and crop failures; sea liability risks; technology risks; market

level rise. risks; reputation risks
Insured —Uninsured assets




Physical risk drivers

« Extreme weather
events

- Gradual changes in
climate

Financial contagion (market losses, credit tightening) feeding back to the economy

Economy

Business disruption

Capital scrapping

Reconstruction and
replacement

Increase in
commodity prices

Migration

-

Direct transmission channels

Lower residential
property values

Lower commercial
property values

Lower household wealth

Lower corporate profitability and

increased litigation

=

Financial system

Financial market
losses
(equities, bonds and
commodities)

Credit market losses
(residential and
corporate loans)

Underwriting losses

Operational risk
(including liability
risk)

Indirect transmission channeis//‘

Wider economic deterioration (lower demand, productivity and output)

impacting financial conditions

Source: Network for Greening the Financial System, “A call for
action: Climate change as a source of financial risk”, 2019

From physical risk to financial stability risks

One study found that almost
2% of the world’s financial
assets are at risk if the global
mean surface temperature
rises by 2.5°C compared to
pre-industrial levels (Dietz et
al.,, “Climate value at risk of
global financial assets”, Nature
Climate Change, 2016).
Warming of 5°C could result in
losses equal to 5% of the
global stock of manageable
assets (“The cost of inaction:
Recognising the value at risk
from climate change, The
Economist Intelligence Unit,
2015).



Number of climate-related disasters p.a. 1955-2015 vs
temperature anomaly from the mean of the 20t century
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Natural disaster risks from climate change

Increased uncertainty for
investors/loss of market
confidence

Reduction in
lending in
unaffected

Direct damage to banking and areas

payment service facilities

Asset fire sales causing falls
in asset prices

insured Reduction in
Losses for insurers Losses for banks lending in
affected areas

Climate-linked
natural disaster

Reduction in Fall in Weakening of
insurance in collateral household & corporate

uninsured
affected areas values balance sheets

Limited financing available for F§II in output
reconstruction from physical in affected
damage areas

Batten S., R. Sowerbutts and M. Tanaka, “Let's talk about the weather: the impact of climate
change on central banks”, Bank of England, London, Staff Working Paper No. 603, 2016



From transition risk to financial stability risks

Transition risk drivers

= Climate policy

- Technology

= Consumer preferences

Financial contagion (market losses, credit tightening) feeding back to the economy

Economy Direct transmission channels Financial system

Stranded assets Corporate assets devaluation . .
(fossil fuels, Financial market
real estate, losses

infrastructure, o (equities, bonds and
e Lower corporate profitability commodities)

and increased litigation

Reinvestment and ' '

replacement Lower residential property values Credit market losses
(residential
and

Increase in corporate loans)

energy prices Lower household wealth

Indirect transmission channels

Wider economic deterioration (lower demand and output) impacting financial conditions

Source: Network for Greening the Financial System, “A call for action:
Climate change as a source of financial risk”, April 2019



Loans to coal power companies, 2017 (USD bn)
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Transition risks and stranded assets
I

Stranded assets refer to those investments which have already been
made but which, at some time prior to the end of their economic life (as
assumed at the investment decision point), are no longer able to earn an
economic return” (IEA, 2013, p. 98). The Carbon Tracker Initiative uses
this definition and links the economic losses to those that are “a result
of changes associated with the transition to a low-carbon economy”
(Carbon Tracker Initiative, 2017).



Carbon bubble

Carbon bubble: “A hypothesized overvaluation of fossil fuel reserves and
related assets due to neglecting the possibility of those assets becoming
unusable or ‘unburnable’ ” (Carbon Tracker Initiative, 2011)

Limiting the rise in global warming to 2°C compared to pre-industrial
levels will leave the majority of fossil fuel reserves as stranded assets.
(Carbon Tracker Initiative, 2011, 2013; McGlade and Ekins, 2015)
Nevertheless, listed oil, gas, and coal companies still largely invest in
locating and developing new fossil fuel reserves (Carbon Tracker
Initiative, 2013)

Financial markets might carry a carbon bubble

Are climate risks properly valued?

Recommendation n°1 NFGS: Integrate climate-related risks into financial
stability monitoring and micro-supervision.



Pricing
N

There is some evidence that after 2015 some kind of stranded asset risk is
priced, especially for firms holding more fossil fuel reserves. There is some
further evidence that “green banks” charge marginally higher loan rates to
fossil fuel firms (Delis et al., “Being Stranded with Fossil Fuel Reserves?
Climate Policy Risk and the Pricing of Bank Loans”, 2019).



Green bonds
S

= “Green bonds” are debt instruments used to finance green projects that
deliver environmental benefits. A green bond is differentiated from a
regular bond by its commitment to use the funds raised to finance or
refinance "green" projects, assets or business activities” (OECD, 2016).

= The main categories include renewable energy and energy efficiency,
pollution prevention and control, sustainable land use, biodiversity
conservation, clean transportation and also climate adaptation.

It is important that the environmental benefits of green projects be
clearly presented by the issuer and if possible quantified as well, so
that they can be verified by independent evaluators.



The green bond premium

"= The “greenium” is defined as the difference in yield between a green
bond and an equivalent synthetic conventional bond. Is a green bond
yield lower than that of a completely equivalent non-green bond?

= There is evidence that the average green bond premium is found to be
negative from the green bonds’ issuance date to 30 December 2016,
especially in several segments such as EUR and USD bonds where the
issued amount is greater than USD 100 (Zerbib, “The Green Bond

Premium”, 2017).
)



The green bond premium

= Agliardi, E. and R. Agliardi (“Financing environmentally-sustainable
projects with green bonds”, EDE, 2019) suggest that in order to
accelerate the green bond market:

« green bonds should have some kind of tax exemption.

» policy-makers should invest in environmentally responsible
education and information provision to encourage consumers-
investors’ demand for green bonds.

e transparency should be increased on green projects, so as to
improve the issuer’s credibility.

* the cost of obtaining and monitoring the green label should be
reduced.



The premium of climate change risk
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Climate change and government bond yield
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- Further Research



Further research
I

0 The exposure of the financial system to carbon intensive assets and the
possible financial risks from the emergence of stranded brown assets

o The liabilities of the insurance system to physical climate change risks

0 The extent to which assets are uninsured with respect to climate change
risks

0 The structure of a potential green macroprudential policy which will
facilitate the introduction of green technologies

0 Green bonds policies which will facilitate the transition to a low carbon
economy and support programs of adaptation to climate change

e



Further research
I

0 Green bonds policies which will facilitate the transition to a low carbon
economy and support programs of adaptation to climate change

0 The appropriate discount rate and the price of carbon to be used in cost
benefit analysis of projects associated with transition to a low-carbon
economy and adaptation to climate change.



