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Modern techniques for analysing mortality risk

Why is mortality such a
“hot topic™?
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The ‘mortality revolution’
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Modern techniques for analysing mortality risk

Largely developed by actuaries working for life assurance
companies selling annuities (worried about people living “too long’)
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Modern techniques for analysing mortality risk
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The ‘old generation’ approach to mortality...

Using ‘standard mortality tables’...

INTERIM LIFE TABLES

Produced by

The Office for National Statistics

EXPECTATION OF LIFE

UNITED KINGDOM, MALES

BASED ON DATA FOR THE YEARS 2004-2006
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The ‘new generation’ approach...

Using statistical models in which
mortality rates (or survival probabilities)
are a function of rating factors

For example, using a simple Generalised Linear Model,
mortality rates could be modelled as:-

In (m, ,,) = ax + by +cz + k

/ \

a, b, c & k are coefficients
X, y and z are

/ derived by fitting a
rating factors statistical model
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Factors which influence life expectancy (other than age & gender)

~ Household income, salary, property
Wealth " value, pension amount, etc...

, Market segmentation
databases

Socio-economic profile

Geography » Region, local authority,
output area, etc...

Scheme-specific influences > Assorted

Health/selection issues > Assorted
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The impact of geographical region on pensioner mortality

Source: Paternoster
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Life expectancy by local authority

Life expectancy at birth, 2002-04, Quintiles of Local Authority areas
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Culbure and Consumer Psychology|

Postcode databases

II EEEEEY N

Group A Symbals of Success Sebastian and Olivia

Type A01 Global Connections o7z ik

Very affluent, cosmopolitan sophisticates found in
axtremely expensive housing.

RO
Overview

Key Features
W Well educated
B well informed
B Top professions
B Very wealthy
B Cosmopalitan
M Rented flats, no garden
W Self confident
B Hedonistic
B International travel

Regional Houses

Hampstead, NW3

Top Postal Areas Top Shopping Centres

District Local
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) London (EC) Battersea ¥ Kensington v
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Sociology and Environment|

Stersotype

) Who We Are|

How We Make a Living
- Where We

Our Home Lives

Weltanschauung|

'
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Group F Welfare Borderline Archibald and Martha

Type F38 Tower Block Living 0.0 Mk

Young prople in pubic sector high rise tower blocks with high levels
of deprivation.

<D
Overview

Key Features

B Young adults

B No children

B Low incomes

B State benefits

B High unemployment

M High rise flats

M Poor health | smokers

B Amongst the poorest in
all senses

BT

-
=
4
by
=

Regional Houses

Top Postal Areas |op S} opping Centres
Local
London (EC) Salfom v Sheepscar
Glasgow (G) | Birmi
Motherwell (ML) Pollokshaws Woodhouse
Dundee (DD) Coatbridge Stechford
Halifax (HX} Leith Motherwell
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The impact of socio-economic class group

Source: Paternoster
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Wealthy, high socio-economic class pensioners are more likely to:
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Modern techniques for analysing mortality risk

PATERNOSTER

15



We are seeing unprecedented change
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We are seeing unprecedented change
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Projecting the pace of improvement...

5.0% -

Annual — 1930-34
reduction in 4 gy |

: e— 1025-29
mortality
rates for 1935-39
men in 3.0% - ——— 1940-44
England & / ——1920-24

Wales by
year of birth  2.0% -
(smoothed)
1.0% -
0.0% T T T T I I
1970 1980 1990 2000 2010 2020 2030

Source: Paternoster

PATERNOSTER 18



..using the “medium cohort” basis
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Statistical models

e

p-spline model

\

Lee Carter model
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P-spline model

A method of
optimising the
smooth ‘surface’

to fit a 2- il
dimensional set //z/"/%%w/
of past mortality I,/:,,,/,'g/,;/,;///////// 7
rates (varying by
age and time)

Source: Paternoster
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P-spline model

PATERNOSTER
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The p-spline model in practice

Annual rate of improvement in heart disease mortality, England & Wales
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The UK ‘cohort effect’

Vst l
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In the UK men and women born in the period 1925-45 have
experienced more rapid reductions in mortality rates than
generations born either before, or after, this period
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Lee Carter model

In (M, o) = a(X) + P(x).x(t)

AR N

age function age function

time function
[often
modelled using
an ARIMA(O,1)
time series]
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Lee Carter model
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The outlook for future improvements

- 1. Understand the drivers of past trends

2. Access expert medical opinion on
likely future trends
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Arguments for further acceleration
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Arguments for deceleration
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The outlook for future improvements
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Extreme scenarios
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Extreme scenarios
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Key points
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