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Two questions:

1. How can I think about climate change in my role?

2. How can actuaries help society on climate change?
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Climate Emergency
- tipping the odds in our favour
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There is a level of warming that will cause
a 100% loss of GDP.

We have not yet taken sufficient action to
eliminate that as a possibility.
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https://www.thinkingaheadinstitute.org/news/article/climate-tipping-points-change-everything/
https://ensia.com/articles/tipping-point-resilience-regime-change/
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Economists have estimated the economic losses from
climate change in a hot-house scenario to be “as low as
2.1% of global economic production for a 3°C rise in global
average surface temperature, and 7.9% for a 6 C rise.”

How?

- A striking disconnect between climate science and economics

- Models exclude many of the risks we expect to face, such as tipping points, sea level rise
or involuntary mass migration.

- Estimates exclude sectors of the economy that work inside, 87% of economy
* General equilibrium models have a number of underpinning assumptions that do not hold
- So modelling ‘what happened in the past when it became a little warmer’

- With impacts restricted to a small proportion of the economy I-&%\
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Meaning no amount of global warming impacts GDP...

Damage Functions vs Temperature Anomaly

O
‘5 14% ——Disasters/GDP —Quadratic

0 1 2 3 4 3)
Global Warming Temperature Anomaly w.r.t. 1900
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Sample TCFD results from UK investors, impact on portfolio returns per annum, long term

Institution 1
Institution 2
Institution 3
Institution 4
Institution 5

Institution 6

“benign results for the hot-house world are deeply flawed and

underestimate the impact of the risks we expect to face%’,ﬂ&
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Something a little more realistic?

Damage Functions vs Temperature Anomaly

80% —e—Disasters/GDP ——Quadratic

60% — Logistic 6 degrees

— Logistic 4 degrees

Damages as percent of GDP

0 1 2 3 4 5

Global Warming Temperature Anomaly w.r.t. 1900
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- We have underestimated climate change. It is progressing faster than expected,
SR and Facuity driving severe impacts which we need to adapt to as further warming occurs.

- T

Climate Emergency
- tipping the odds in our favour

Multiple climate change tipping points, which may be irreversible, are likely to be
triggered at 1.5°C.

Net-zero carbon budgets only give a 50% chance or less of limiting warming to 1.5°C,
which represents an unreasonable risk of not meeting our objectives.

Delivering a stable climate will require removing GHGs from the atmosphere. It will be
overwhelmingly economically and socially positive to mitigate climate change.

Tipping points mean there is even more uncertainty which we need to plan for by
exploring tail risks and introducing prudence.
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https://actuaries.org.uk/media/gebdhxzi/climate-emergency-final-report.pdf

Climate change is progressing faster than expected

A B C D E
Unique and threatened Extreme Distrubution Aggregate Large-scale
systems climate events of impacts impacts discontinuities . i
7c - Estimates of the temperature at which severe
8 oc impacts occur consistently reduce over time.
g sc - Climate change impacts we are experiencing
2 today exceed what we would expect at 1.2°C
p warming
uEJ 3°C
§ 2°¢ » Arctic amplification with permafrost thawing
- 70 years sooner than model projections
0°C , _ _ , , - Sea level rise has been tracking near the
TAR Smith AR5 SRIS TAR Smith AR5 SR15 TAR Smith ARS SRIS TAR Smith AR5 SRIS TAR Smith ARS SRIS . .
3006 So0s 3556 o0 S5 upper IPCC limits
(AR4) (AR4) (AR4) (AR4) (AR4)
- Emissions are in line with RCP8.5 — a high
TAR = |PCC Third Assessment report Very high . . .
AR4 =|PCC Assessment Report Four I High emissions scenario
ARS = |PCC Assessment Report Five Moderate
SR1.5 = IPCC Special Report on the impacts of global warming of 1.5°C Undectable
ey |
The risks associated with temperature rise in successive IPCC reports V. Institute
eS8\ | and Faculty
of Actuaries
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2023 — Gobsmackingly bananas
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Global Surface Air Temperature Anomalies

Data: ERAS 1940-2023, Reference period: 1850-1900, Source: climate.copernicus.eu
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Sources: Climate records tumbled ‘like dominoes’ during world’s hottest year (ft.com)



https://www.ft.com/content/fafaf4cc-4f93-46fd-ab94-2f90165cef9f?emailId=46e9b51c-b541-409f-9f6b-134a34e347cd&segmentId=ccee9840-6c9b-2776-04de-b87d446b96a1

Net-zero budgets give 50% chance or less of limiting warming

to 1.5°C

IPCC scenario statistics

Scenario Temp rise 2100 (*C) Peak temp rise ("C)  Likelihood of staying below (%)

(50th (5th-95th) (50th (5th-95th)

percentile values) percentile values) <1.5°C <2°C =3°C
55P1-1.9 {very low) 1.3 (0.8-1.5) 1.6 (1.3-1.6) ﬁ a0 100
S5P1-2.6 (low) 1.6 (1.1-1.8) 1.7 (1.4-1.8) \y 76 oo
55P2-4.5 (intermediate) 27 (2-29) 27 (2-29) Q 8 il
SSP3-7.0 (high) 35 (25-3.9) 3.5(2.5-3.9) 0 0 22
S5P5-8.5 (very high) 4.2 (3.3-5) 4.2 (3.3-5) 0 0 4

2000 year

sea level rise

2-3m for 1.5°C

4-10m for 3°C

12-16m for 4°C

19-22m for 5°C

* Low probability of limiting warming to 1.5°C

- Reliance on negative emissions and GHG removal

Large margins for error:
420GtCO, +/-650GtCO,

Assume no surprises

May already be negative
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Emperor’s New Climate Scenarios
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The Emperor’s
New Climate Scenarios
imitations and assumptions of commonly used

Climate models are
understating risk
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https://actuaries.org.uk/news-and-media-releases/news-articles/2023/july/04-july-23-emperor-s-new-climate-scenarios-a-warning-for-financial-services/

Everyone who cares about the stability of our financial system should
read this paper.

Failing to include known non-linear effects in strategic thinking about
climate change will lead to complacency, heightened risk and missed
opportunities. So the scenarios that are used as part of TCFD processes
really matter - both because economic damage will grow much faster and
because the transition to clean technologies will happen much faster
than conventional economic modelling suggests.

Nigel Topping, UK Climate Action Champion, COP26 ,?@f\
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Many climate-scenario models in financial services are
significantly underestimating climate risk.

The Emperor’s
New Climate Scenari

Carbon budgets may be smaller than anticipated and risks
may develop more quickly.

Regulatory scenarios introduce consistency but also the risk
of group think, with scenario analysis outcomes being taken

too literally and out of context.
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https://actuaries.org.uk/news-and-media-releases/news-articles/2023/july/04-july-23-emperor-s-new-climate-scenarios-a-warning-for-financial-services/

I: Scenario choice and emissions

Observations

IV.

Most firms begin by using three climate
scenarios, often NGFS or regulators.

Limited consideration of the impacts of
higher temperature with benign
modelled results for a hot-house world.

Stock of greenhouse gases in
atmosphere now double pre-industrial —
tracking RCP8.5 (high emissions).

The flow of GHGs continue with record
levels of CO2 and methane

The assumptions underpinning carbon
budgets do not hold

IV.

Regulatory scenarios provide
consistency but may not:

- reflect experience

- fully capture risks

- be realistic or likely

- are not stress or tail scenarios

More mature firms developing bespoke
scenarios to address some of these
challenges.

Firms also developing best estimates — a
thesis on what is likely.

Mix of qualitative and quantitative —
recognising limits of modelling
(spurious accuracy).
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Il: Damage functions and model choice drive estimates of loss
Parameterising the damage function

Comparison of GDP losses by 2100 based on two different methodologies

GDP loss (%)

Final impacts, top down
80

60

40

20

AL —

>

Burke
= et al
(2015)

Kaw
(2020)

g .

Temperature increase above pre-industrial level

1I"C 3'C 4 C

5°C

» NGFS calibrated to K&W (Kalkuhl &
Wenz), estimates impact on productivity
of higher temperatures on GDP level

» Burke-Tanutama assumes higher
temperature level has negative impact
on GDP growth, as well as GDP level

» Both exclude risks such as tipping
points, because they work from
historical data — so is this still a
conservative estimate of the damage
function?
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lll: Damage functions and model choice drive estimates of loss
To equilibrium or not to equilibrium?

How model choice impacts outcomes

» Final results reflects the
choice of model type

Energy transition

Non-equilibrium/ Debt payment phase o
Money creation » In non-equilibrium

models the macro-
o economic benefits arise
first, and costs are
incurred later due to
debt financing and no
investment crowding out

Equilibrium/ Return to optimal investment trajectory
Crowding-out - no borrowing
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Source: Under the bonnet: different economic engines that drive climate change scenario models | The Actuary



https://www.theactuary.com/2022/03/01/under-bonnet-different-economic-engines-drive-climate-change-scenario-models

As an actuary you must be clear on this

14
Actuaries have been warned by external parties and their profession about the need to

appropriately consider climate change in their professional advice, a warning reinforced by
the FRC’s updated Technical Actuarial Standards , which specifically call out climate
change as a material external factor that may influence actuarial work.”

TAS100 — Principles for Actuarial Work to support the Reliability Objective

* Practitioners must ensure actuarial information, including communication of inherent uncertainty, is
relevant, based on transparent and appropriate assumptions, complete and comprehensible

« Risk ID: A1.2 “Relevant material factors to be allowed for...in technical actuarial work should include all
internal or external environmental factors that have the potential to influence the technical actuarial work
either directly or indirectly...External factors may, for example, include climate change.

N

Sources: IFOA, Emperor’s New Climate Scenarios ; FRC General Actuarial Standards - Version 2.0 (frc.org.uk) 31
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https://www.frc.org.uk/getattachment/67478854-f362-419b-9317-ae27063f824b/TAS-100-General-Actuarial-Standards-Version-2-0_-March_2023.pdf

Education on the assumptions underpinning the models
and their limitations. (FCA DP23/1)

The Emperor’s
New Climate Scenari

Development of realistic qualitative and quantitative
climate scenarios is required.

Model development required to better capture risk
drivers, uncertainties and impacts.
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https://actuaries.org.uk/news-and-media-releases/news-articles/2023/july/04-july-23-emperor-s-new-climate-scenarios-a-warning-for-financial-services/

Development of rich qualitative
scenarios

» Global warming will impact a
number of interconnected risk
drivers, which in turn will impact
factors that influence financial
markets and financial institution
solvency.

» Firms should develop qualitative
scenarios that explore how these
risks could cascade and what
actions could be taken.

08 February 2024

Global
warming
ri
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As if by magic...real world and decision useful...

_ Provides four short term narrative scenarios combining
e climate, geopolitics and other risks.

a) Real world volatility in climate — extreme weather — and
in politics, economics, markets, technology and
consumer behaviour.

b) Shorter horizons (2030) relevant to financial decision-
making and goal of halving emissions by 2030

c) Financial implications missed from current scenarios.

Physical risk is fixed (increasing) to 2030 and strong description
of how that might play out — the scenarios play around with
different geopolitical reactions, including factors like Ukraine and

e - China and US election results. Institute

and Faculty
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https://actuaries.org.uk/news-and-media-releases/news-articles/2023/july/04-july-23-emperor-s-new-climate-scenarios-a-warning-for-financial-services/

The Earth’s climate may be more sensitive than we thought

How much will we warm — and how fast?

Equilibrium Climate Sensitivity (ECS)

Earth System Sensitivity (ESS)

f ~ ».  The warming we
il expect if we double

GHGs from pre-
industrial levels —
once Earth reaches
energy balance

- ECS now estimated at 3°C (IPCC)
* Range given of 2.5°C to 4°C
« Heavy tailed — 18% chance ECS > 4.5°C

- Excludes long-term feedbacks such as
changes in ice sheets and vegetation

What will actually
happen taking into
account all changes

- Wy
P e
s -

« ESS > ECS, some scientists think double

* Implies 6°C to 10°C warming with
todays GHG levels

« Current rate of warming may increase to
0.3°C per decade 8
)

Y
i
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The sting in the tail of ECS

Probability density

0.80 1

0.60 7

0.50 1

0.40 1

0.30 1

0.20 A

0.10 1

IPCC
3°C

Hansen
4.8°C
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Climate scorpion — the sting is in the tail

The rate of global warming accelerated in 2023, there
is early indication this is not temporary.

Life in the tail - increased warming is now driving
more severe impacts across the planet.

An overshoot of the 1.5°C temperature threshold is
likely.

The sting in the tail of the Earth’s climate sensitivity.

Warming above 1.5°C is dangerous, increasing the risk
of triggering multiple climate tipping points.




Alaska Robotics In a Pickle

We're in a real pil:l{ie,




Reasons for hope — agency and tipping points

Climate Stability

®

@ Tipping point

\fr

9,

- Capital flows
@ - Cost of renewables
- Societal beliefs
Now — Climate Emergency - Political motivationggg
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Expressions of individual views by members of the Institute and Faculty of Actuaries
and its staff are encouraged.

The views expressed in this presentation are those of the presenters.
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Q&A

Please click on the ‘Raise Hand’ icon
to ask a question aloud
and
wait to be unmuted

or
Use the Q&A function to ask a question
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