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Why do we need a climate index?

NASA's Scientific Visualization Studio. Data provided by Robert B. Schmunk (NASA/GSFC GISS)

1880 - 1884



https://climate.nasa.gov/climate_resources/139/graphic-global-warming-from-1880-to-2018/
https://svs.gsfc.nasa.gov/4626

1980-2019 Year-to-Date United States Billion-Dollar Disaster Event Frequency (CPI-Adjusted)

Event statistics are added according to the date on which they ended.
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https://www.ncdc.noaa.gov/billions/

Why do Insurers care about Climate?
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This map dencles the approximate location for each of the 14 separate billion-dollar weather and climate disasters thal impacied the United Siates during 20118.

Source: https://www.ncdc.noaa.gov/billions/ accessed April 2019

Sources of data include the National Weather Service, the Federal Emergency Management Agency, U.S.
Department of Agriculture, National Interagency Fire Center, U.S. Army Corps, individual state emergency
management agencies, state and regional climate centers, media reports, and insurance industry estimates.
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Why do Insurers care about Climate?
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http://actuariesclimateindex.org/home/

Actuaries Climate Index — Goals

* To create objective measure of
observations of extreme weather and sea
levels

* |Inform actuaries, public policymakers, and
general public about climate trends

* Provide monitoring tool of climate trends

 Statistically robust, yet easy to understand

* Promote our profession @



WHICH NORTH AMERICAN
INSURANCE ACTUARIES GOT TOGETHER?

Climate Change Committee
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Regions and £
Components of -z_#
the ACI ACTUARIES CLIMATE INDEX

INDICE ACTUARIEL CLIMATIQUE

Indices are for 12 Climatological Regions
There are 6 components

— ACI components are of the form:

(X . Uref)/ O ref
— Each is monthly time series starting 1961

— Compared to measurements over 30-year
reference period 1961-1990

— Summarized by season

— 5-year moving average Is key metric @
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6 ACI Components

T90 — Frequency of temperatures above the
90 percentile

T10 — Frequency of temperatures below the
10t percentile

P — Maximum rainfall per month in 5
consecutive days

D — Annual maximum consecutive dry days

W — freo
percentl

S - Sea

ACl = (AT90 — AT10 + AP + AD + AW + AS) / 6 z

uency of wind speed above the 90®
e

evel changes




Figure 1. Seasonal five-year moving averages of components, Canada and the United States.
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The Actuaries Climate Index
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http://actuariesclimateindex.org/explore/component-graphs/

Figure 1. Temperature seasonal standardized anomalies.
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Temperature — T90 and T10

T90 is calculated for both daily maximum temperatures (TX90) and the
daily minimum temperatures (TN90)

T90 is the average of TX90 and TN90
Similar for T10, with T10 = (TX10 + TN10)/2

TX90, TN9O, TX10, TN10 come from GHCNDEX, which provides
monthly data on a gridded dataset (2.5 degrees latitude and longitude)

GHCNDEX is from the National Center for Atmospheric Research and
the University Corporation of Atmospheric Research, headquartered at
the University of Colorado

Standardized anomaly: compare the change since the reference
period, AT, to its reference period standard deviation, o,(T) to
measure what level of change in average readings is significant relative
to underlying level of variability for each guantity at the region level.
T90,4 =1/2(ATX90/ 0,,(TX90) + ATN9O/ 0,,(TN90),
and T10,=1/2(ATX10/ 0,.«(TX10) + ATN10/ 0,TN10))
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Sea Level
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Temperature and Sea Level Components - USA and Canada
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http://actuariesclimateindex.org/maps/
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Warm Temperature Index Cool Temperature Index

Extreme Precipitation Index Consecutive Dry Days Index

Extreme Wind Index Sealevel Index




Warm Temperature Index

1970 1980 1990 2000

Extreme Precipitation Index
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Warm Temperature Index Cool Temperature Index

Extreme Precipitation Index Consecutive Dry Days Index

| |
1980 1990 2000

Extreme Wind Index Sea Level Index
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Southeast Atlantic
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Central East Atlantic

Summer 1988
1.14

Southeast Atlantic
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AClI
(scale = reference period standard deviation)

The Actuaries Climate Index (ACI) shows that
the frequency of extreme weather has increased

(More frequent heat, rain/drought, and less frequent cold)
(Combined mean index for all of US and Canada)

—

o

=1 1

Above average frequency
of extreme conditions for year

|-|'|| ] ||| |I' ! || III‘I'II H| |"|IL I‘|

Below average frequency
of extreme conditions for year

l '“|

IIIIII|Il]I|IIJ

il | B Il

Rolling
five-year
average

I|IIJI|JI|II.IIIIlI

|||||




35

ACI Resources

RIES CLIMATE INDEX

DEVELOPMENT AND DESIGN




Actuaries Climate Risk Index®

Steve Jackson, Ph.D.
Assistant Director for Research (Public Policy)
American Academy of Actuaries
sjackson@actuary.org

A

AMERICAN ACADEMY 0f ACTUARIES

Objective. Independent. Effective.™

Middle Atlantic Actuarial Club, November 20, 2019; Columbia MD

© 2019 American Academy of Actuaries. All rights
eeeeee d.
May not be reproduced without express permission.
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Actuaries Climate Risk Index® (ACRI)

AMERICAN ACADEMY of ACTUARIES

Objective. Independent. Effective.™
© 2019 American Academy of Actuaries. All rights reserved.
May not be reproduced without express permission.



ACRI|—Status Update

38

Research update describing version 1.0 of ACRI under review by the

sponsoring actuarial associations

Estimates relationships between the ACl’'s weather metrics and weather-

related losses; derives ACRI from those estimates

ACRI 1.0 will focus only on the United States due to data limitations for

Canada; uses four of six ACl elements (excluding Drought and Sea Level)

ACRI 1.0 Research Update expected publication December 2019

v\

AMERICAN ACADEMY of ACTUARIES

Objective. Independent. Effective.™
2019 American Academy of Actuaries. All rights reserved.



Spatial Hazard Events and Losses Data
for the United States (SHELDUS)

A
0 Loss Data from SHELDUS, Arizona State University

0 SHELDUS™ is a county-level hazard data set for the U.S. and
covers natural hazards such as thunderstorms, hurricanes,
floods, wildfires, and tornados as well as perils such as flash
floods, heavy rainfall, etc. The database contains information
on the direct losses caused by events (property and crop
losses, injuries, and fatalities) from 1960 to present.

o Information primarily derived from NOAA Storm Event
Monthly Reports which, since 1996, are included in the
NOAA Storm Events database.

Objective. Independent. Effective.™
3 9 © 2019 American Academy of Actuaries. All rights reserved.


https://cemhs.asu.edu/sheldus

Losses by Weather Categories, 1961-2016

Losses (2018 S) by Weather Event Type,
1961 - 2016

Source: SHELDUS

® Flood Convective Storms ® Tropical Storms ® Wildfire ® Winter

ia

AMERICAN ACADEMY of ACTUARIES

Objective. Independent. Effective.™
9 American Academy of Actuaries. All rights r

201 eserved.
May not be reproduced without express permission.



Weather-Related Losses Combined, 1961-2016
]

TOTAL Losses from Weather Categories Combined
USA Total, Billions of 2018 $
1961-2016
Source: SHELDUS
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Inherent Difficulty

42

“Methods used to estimate the potential
economic effects of climate change in the
United States ... and the studies that use them
produce imprecise results because of modeling
and other limitations but can convey insight
into potential climate damages across sectors
in the United States.”

GAO 17-720, “Climate Change,” September 2017




Limited Losses

N
“Economic costs of extreme weather
events have increased over the period
1960-2000. ... However, the greatest
contributor to increased cost is rising
exposure associated with population

growth and growing value of assets.”

IPCC, 2014: Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects.

AM
Objective. Independent. Effective.™
© 2019 American Academy of Actuaries. All rights reserved.
May not be reproduced without express permission.



Statistical Approach to ACRI

1 Combine losses from all weather categories

o Fit exponential model of Losses to Set of ACI weather
metrics using OLSQ:
Losses(S) = A * T902 * T10° * Precip® * Wind? * Exposure®

1 Use a pooled, cross-section for Region-Months

o Correct for heteroskedasticity by adjusting covariance
matrix (MacKinnon and White)

o ACRI for a region-month equals (predicted losses) —
(average, exposure-adjusted predicted losses during
reference period)

v\

AMERICAN ACADEMY ¢ f ACTUARIES

Objective. Independent. Effective.™
9 American Academy of Actuaries. All ri
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ACRI Losses with Confidence Intervals

ACRI Losses by Region, with Confidence Intervals
(in billions)

Intrinsic, | Extrinsic, | Intrinsic, | Extrinsic,

OO $23.78 $15.72 $2.42 $35.98 $45.15
BTN $22.42 $14.82 $10.90 $33.91 $33.94

* ACRI Best Estimate: ~§1 billion per year in the USA, mostly from the South East Atlantic region

* ACRI (USA) 90% confidence Interval, intrinsic uncertainty: ~$0.5 billion - ~$1.5 billion per year

* Intrinsic 90% confidence interval: uses 90% confidence interval for predicted losses to produce ACRI estimates,
capturing uncertainty of parameter estimates

* ACRI (USA) 90% confidence interval, extrinsic uncertainty: ~$0.0 billion - ~2.0 billion

* Extrinsic 90% confidence interval: based on standard errors of 30 estimates of ACRI with synthetic data sets,
drawn from pool of actual observations with replacement, capturing uncertainty due to sampling.

AMERICAN ACADEMY of ACTUARIES

Objective. Independent. Effective.™
© 2019 American Academy of Actuaries. All rights reserved.
May not be reproduced without express permission.



Weather-Related Losses per Year, 1991-2016:

All Losses, Increase From Reference Period, ACRI
N

Weather Related Losses, per Year
United States, 1991-2016
Billions of 2018 S
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AMERICAN ACADEMY of ACTUARIES
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ACRI: Conclusion

0 While others find likely large losses due to changes
in weather by end of 215t century, but little loss yet
when controlling for changes in exposure, we find
small increases in loss likely already occurred,
1991-2016 (~5% of total weather-related losses).

0 We also find substantial uncertainty in these
estimates.

0 Challenges prompting us to version 2.0.

v\

AMERICAN ACADEMY ¢ f ACTUARIES
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Further Work

Working with other organizations to
add regions

Australia recently came out with their
own Iindex

Actuarial Association of Europe
working on index

Less data Is available in Asia, but
could perhaps have index
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BEYOND THE ACI AND ACRI
ACTUARIES AND CLIMATE CHANGE RISK

Beware of non-catastrophic events as well as catastrophic:
Increased hailstorm frequency
WC risk with more hot days
Increased risk to first responders — more severe weather events
Crop risk — changes as climate changes
Invasive species — increased risk?
Loss of natural buffers to flood and wind due to climate change




ACI: Toward Version 2.0

.
Possible refinements of ACI:

+ Additional weather and/or hydrologic elements (e.g.,
inland water levels)

» Station-level, rather than gridded, data

+ Reanalysis data for all but precipitation

+» Maximum wind speed, rather than average
+» Monthly drought rather than annual

+~ Improved aggregation to regional and super-regional

levels
Fvt

AMERICAN ACADEMY ¢ f ACTUARIES

Objective. Independent. Effective.™
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I QUESTIONS?
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