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= In the last century, life expectancy has increased significantly
due to medical advances and changes in lifestyle.

= As the aged population grows, the estimation and the
modelling of mortality rates at very old ages is a major
challenge.

= The estimation of mortality rates for this population is
particularly difficult, especially because of the lack of reliable
data on one hand and the small amount of adapted models on
the other hand.
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» Evidence supports a complex evolution of mortality driven by three components: the
decrease in premature deaths, the shift of the mortality mode to ever higher ages and
the increase of the mortality compression around the mode.
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Trend of the mode Trend of the compression
France, between 1970 and 2013 France, between 1970 and 2013
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Relationship between the mode and the 701,
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Compression against the mode
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When plotting the compression against the
mode for France, we noticed a non-negligible
correlation between these two parameters.

As it appears, a linear regression is a quite
efficient yet simple way of modelling the link
between the mode and the compression.

This allows us to only estimate the mode then
use the linear relationship between mode and
compression in order to derive the
compression, which will prove useful in the
following sections.

We obtained similar results for Japan,
Sweden, the UK and the USA.
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» Following the footsteps of R. Thatcher [1999], in order to model old-age death rates, we
modelled the force of mortality p(t) with a logistic curve, i.e

. K
pit) = 1+ e—T(t—tg)
= We set K=1. In order to link the remaining parameters r and t0 to the mode and to the
compression, we established the relationship between Dx, the number of deaths between
ages x and x + 1, Lx, the number of people alive between ages x and x + 1, and u(t), the
force of mortality at age t.

= We obtained the following relations:

Mode = argmax, D, = f(r. 1)
3 Lismode * Dy # (x — Mode)? = g(r, tp)

Compression = [l
P \V 0. :1 e
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.| N — = We notice several diagonals between
SEEEE=S=C=SnE — ages 80 and 95. These unusual cohorts
B SEE=E- are a well known phenomenon, which

G has been attributed to the hypothesis of
EmEESa= N constant birth rates used in the

. EEEEEE_C_ = o2 ®°°  methodology of the HMD.

| EEE=ammmm—sc=== .= = We also notice a discontinuity between
B = ==E——mm—— ages before 95 and ages after 95. This

we discontinuity comes from the smoothing
= = and extrapolation methods used for
e e HMD's database: fitted death rates are

B-C- il used to replace the raw death rates
Age after 95 years old.
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Mode against mid—age death rates
France, Female

2l * French data shows that the mortality
¢ structures of various socio economic
. subgroups seem to be following the
e — : — same evolution, the only varying
parameter between these socio-
g7 N N economic subgroups being their
I < \ advancement in the shared timeline of
Frp—— mortality structures.
o Socioeconomic category
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Y i = We studied the link between the mode of mortality and
‘\2 mid-age for the general population.
\’Se » Evidence support a strong correlation between mid-age
mortality rates and the mortality mode over time that

AR : _ could be modelled using a Power function.
= \ \\,, —~ = Once the mode is estimated via mid-age mortality rates,
3 ~ the compression can be derived based on the mode.
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Caomparison between extrapolated death rates and real death rates BERLI N 201 8
2005 exrapolated from 19702000, Male

1.004

= Mortality rates estimated for 2005 using
data between 1970 and 2000 are then
backtested against real observed

| mortality rates for year 2005.

- T e = Results show that our model produces
satisfactory estimations of future
mortality rates for old ages.
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Extrapolating the mode of mortality

France, Female, 95% confidence interval

= In order to extrapolate the mortality

1007 structure of a country, we looked at
mortality from a stochastic perspective:
in this perspective, the mode of

o5 mortality can be seen as a random
walk, going a step up or down with
every passing year.
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= We derive the compression using the
— Knowmmogeofmotaly nrevious linear regression between the
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Extrapolated death rates

France, 5% confidence interval, Female, 2030

Extrapolated death rates
France, 85% confidence interval, Male_ 2030
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The extrapolation method we propose explicitly assesses both the
mode and the compression of mortality for old ages.

We therefore propose a method to estimate the mode of a given
subgroup of the French population based on observed mid-age
mortality rates.

= This extrapolation method allows the production of more

consistent life tables for subgroups based on observable data

It could also be used to anticipate long-term trends of the
mortality structure based on stochastic projections of the mode
and the compression.
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