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1. Introduction: Objectives and Literature
Climate Risk Implications for Life Insurers

Air Pollution and Mortality Case Study
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Next Steps: Compositional Data Analysis and
Forecasting Mortality
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Introduction

. Climate-related risks are defined as an insurer’s exposure to physical, transition, and liability risks caused
by or related to climate change!

. Physical risks can be event-driven, or based on longer-term shifts in climate patterns

*  Transition risks arise from the transition to a lower-carbon economy and the related changes mitigate
and adapt to climate change

. Exposure to liability risks arises in the form of litigation when businesses (including trustees and directors)
do not sufficiently respond to climate risks

. Actuarial studies in the past have focused on quantifying these impacts through:

— Examining the impact on mortality arising from climate change: important findings for the
insurance industry?

— Extremes in mortality and temperatures

International Association of Insurance Supervisors (2021), Task Force on Climate-related Financial Disclosures (2017)
Miljkovic et al. (2018), European Actuarial Journal
Li and Tang (2022), North American Actuarial Journal 4
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Climate Risk Implications for Life Insurers

« Understand climate-related risks and stresses for life insurers in Australia

« [Issues and complexities in quantification of climate risk stress impacts

* |dentify key climate-related mortality risks from previous research and
literature

« Apply to synthetic life insurance portfolios covering protection and longevity
risks
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Motivation

* Risk management for life insurers

« EIOPA Stress Testing Principles
« Relevant life insurance risks
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Application: Approach

« Synthetic Portfolios
* Time Horizon

* Liability Stresses

o Asset Stresses
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Application: Approach

Insurer Description of Liability Portfolio

: ctuaries 'f'i et il Abaeen hnsssiabo
Instlﬂute .' REEACiston Aetuaiaha Inematonale

Description of Asset Portfolio

A Risk Portfolio Insurer, with only YRT 5% Cash
products paying the sum insured for death 95% Australian Government Bonds
benefits.
B Annuity Insurer, with only lifetime 3% Cash
annuities, where regular annual payments 75% Fixed Interest
are made to the policyholder as long as 5% Equities
the policyholder is alive. 17% Property

Table 1: Synthetic Asset and Liability Portfolios
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Application: Outcomes

« Expected financial impacts from short-term events in isolation are small
relative to expected long-term changes in mortality

 Value of a mortality hedge is even more apparent given the increased
mortality risk for yearly renewable term insurers in the short to medium term

« There are developments in understanding potential changes to asset values
and portfolio selection, which are likely to be significant in the longer term#

«  Worth understanding better for more specific climate-related risks and
exposures, exploring methods to better forecast and predict climate risks

International Actuarial Association: Climate Risk Task Force (2022)
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EXAMPLES AND CASE STUDY

10



BRIDGE TO TOMORROUWJ Y|
2023 INTERNATIONAL ‘
CONGRESS OF ACTUARIES g\ '\~ [TTHEN A R e

28 MAY - 1 JUNE 2823 - SYDNEY

Examples

« Case Study investigating the impact of air pollution on
mortality, and comparing different forecasting approaches

« Application of Compositional Data Analysis 1o forecast
mortality by cause.

11
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Air Pollution and Mortality

Observable impacts on mortality from climate change specific to air pollution:

« 2019-2020 Australian Bushfires: Unprecedented smoke-related health burden»

« Cadlifornian Wildfires: fivefold increases in size and destruction of California’s
annual wildfires from the 1970s, large and destructive wildfires in 2017 and
2018¢

Limited empirical research to link extreme events impacting air quality to applied

settings.

5. Borchers Arriagada et al. (2020) Medical Journal of Australia

6. Williams et al. (2019), Earth’s Future "
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Purpose of Air Pollution Study

Do changes in PM2.5 concentration have an impact on excess mortality?

Aims:

 Understand relevance of modelling relationship between air quality and
excess mortality

« Compare established regression methods and a machine learning approach

« Determine whether wildfire events trigger structural breaks in PM2.5
concentration and mortality time series

13
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Ovutcome of Air Pollution Study

Dependent Variable:
Excess Mortality (1)
LM (1) GAM(2) XGB (3)

RMSE (In Sample) 0.7363 0.7264 0.7165
RMSE (Out of Sample) | 0.7206 0.7100 0.7179

Table 2: Excess Mortality fit using statistical approaches.
Note the random walk RMSE is 0.8571.

14
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Figure 1: Generalized additive model (GAM) plots showing the partial effects of PM2.5 on excess deaths.
The tick marks on the x-axis are observed data points. The y-axis represents the partial effect of each
variable. The shaded areas indicate the 95% confidence intervals.
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Ovutcomes of Air Pollution Study

PM2.5: Statistical models with PM2.5 are better at forecasting excess deaths than a random
walk model, but the predictive power is not strong in any model tested.

Model: GAM performs the best based on out of sample RMSE

Change Points:

« Change points in excess mortality driven by changes in PM2.5.

 Not all break points for PM2.5 concentrations correspond with break points in excess
deathes.

What do these results mean for actuaries and life insurerse

16
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Next Steps

What does climate risk do to humans, and what does it mean for life
insurerse A better understanding is needed to improve forecasts and
predict climate-related impacts on mortality.

« Mortality by age, gender, cause, location

« Forecasting mortality with CODA: improvements to quantifying
implications of climate-related risks, insight into how insurance can
change to meet these changing risks and exposures
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