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* Why does high age mortality (90+) matter?

« Summary of observed experience and graduated tables
« Theories around mortality patterns at high ages

« What modelling and data issues should be considered?
* Issues with mortality of closed cohorts

- Summary of findings

* Future research

* Further information can be found in CMI Working Paper 85
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http://www.actuaries.org.uk/research-and-resources/pages/cmi-working-paper-85

Background

High Age Mortality Working Party
 Established Summer 2014

* Members predominantly drawn from CMI investigation committees

HAMWP terms of reference
* Investigate and summarise published research on high age mortality
* Investigate absolute mortality rates in respect of closing published tables

* Analyse data issues with available data sets (population / portfolio data)
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Why does high age mortality matter?
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ONS 2012-based population-projection forecasted deaths at ages 90+:
« 20% of all deaths in 2013
« 36% of all deaths in 2040
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Mortality Rate

Fitting mortality rates at high ages
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Academic Contributions

A range of functional forms
have been proposed for shape
of mortality curve at older ages

Graph shows impact on
S2PML curve of regressing
common functional forms

Gompertz: u, = ae’
Kannisto: uy, = ae™/(1+ aeb¥)
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Summary of published tables

Extension Approach Limit mortality rate

Variable-knot spline
ELT16 n/a regression fitted to 108, used m;,,=2/0;5 ~ 1
for high age extensions

“S2” Series 95 Cubic spline with constraints ;59 =1/ ;59 ~ 0.64

“08” Series 90 Non-linear interpolation Moo =1/ 0y ~ 0.64

Quartic polynomial to bridge
Canadian CPM2014 94 graduated rate to population 0114=0.66
rates at age 103

Kannisto regression for high

Between : :
US RP-2014 75and  298s 75-104/interpolation o 0 05
100 between main regression

and high age
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Comparison of published graduations (1)
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Comparison of published graduations (ll)

1 7
/7
4
0.9 ELT14 mine;n=1.88 | 7
0.8 P -
0.7 >~ - |
2 T e
x 06 S2PML e, = 2.12 L. -7 ===
205 AT S b
g ]
g 0.4
0.3 “00” Series extension
0.2 max €,y = 2.23
O T T T T T T T T T 1
70 75 80 85 90 95 100 105 110 115 120
Age

— S2PML Fitted gx
- = RP-2014 Extension

- = S2 Extension
- = RP-2000 Extension

= = 00 Extension
- = ELT14 Extension

- = 08 Extension
— = ELT15 Extension

19 November 2015



Comparison of life expectancies

ELT15 extension: differences only seen at very high ages

“08” Series: outlier as extension applies from a young age (90)

Period life expectancy | “S2” Series | “08” Series | RP-2014 ELT15

€40 8.03 (99.3%) (100.0%)

Table percentages show LE relative to S2PML graduated rates

(100.0%)
(100.0%)

(99.3%)

“08” Series extension: uses relative differences between annuitant and population
mortality so applying to SAPS data may give misleading results

RP-2014 extension: low impact as extension commences at age 100
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Theories on mortality patterns at high ages

« Debate around mortality deceleration vs Gompertz progression at high ages

* A number of authors support deceleration with heterogeneous populations
(frail die young) seen as main cause

« Gavrilov and Gavrilova (2011, 2014) propose no underlying deceleration,
primarily due to:
— Age misreporting
— Aggregation of single year birth cohorts (heterogeneity)

— Studying age-specific probabilities of death rather than force of mortality

— Data recording in older studies was less accurate
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What data issues should be considered?

Population Data

Portfolio Data

Exposure
estimation

Death reporting

Phantoms

Migration

Mid year population
estimates used as proxy for
exposed to risk

Death registrations required
within 5 days of death

“‘Phantom” cohorts possible
due to rolling forward of
census data

Assumption required for
Impact on exposures

Exposed to risk calculated from
data

Late reported / unreported
deaths common

“Phantom” exposures possible if
deaths not removed from data
set

Tracing overseas deaths difficult,
likely delays in reporting

19 November 2015
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Model of late reporting and age misstatement

« Constructed stationary population by fitting Gompertz curve to data
underlying “08” Series tables

* Rolled forward population with assumed mortality rates and allowance for
late reporting

Remove deaths with
probability of death Exposure for age, in

Exposure for age, in
dy plus allowance for year,

late reporting

year, ;

« Looked at impact on mortality curve based on consistent observation timing
with “08” Series tables

* Analysed impact of age misstatement by redistributing exposures and
deaths across ages
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Modelling late reporting of deaths
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Modelling age misstatement
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Closed cohort mortality

» Considered deaths for cohorts which are essentially extinct (reached their
110t birthday)

- Estimate historical populations (and mortality) from recorded deaths
— Population for age x in calendar y year y = Px,y
— Deaths for age x in calendar y year y = Dx,y
— Pmax,y = D110y
— Px,y = Px+1, y+1 + Dx,y

* Implied mortality compared against ONS and HMD published mortality
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Closed cohort mortality

Extinct Generation mortality / HMD mortality -

Extinct Generation mortality / ONS mortality -
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Age

Areas of further investigation —time trends
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No clear evidence for a material change in mortality patterns for England &
Wales centenarians born between 1884 and 1898.
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Summary of findings

- Data and modelling issues at very high ages:
— Inconclusive debate on mortality shape at high ages
— Users should consider age misstatement and late reporting issues
— Published closed cohorts mortality appears to be understated

« Impact of different mortality rates derived using different models generally
not material except at very old ages

« Given this and data issues mentioned above, the Working Party feels that
old age extrapolation choices in recent graduated CMI tables were
reasonable
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Areas for further exploration

« Population mortality at high ages

Mortality trend insights

International comparators

Seasonal mortality

CMI datasets
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The views expressed In this presentation are those of the presenters.

Please send any views or feedback to
Highagemortality@cmilimited.co.uk
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