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Key question

= Life expectancy increases in many countries. BERLIN 2018

= But changes in life expectancy (and other typically used statistics) are only a consequence of the underlying change of
the age distribution of deaths.
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= Key question: How does the shape of these curves change over time?
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Classification of mortality evolutions in the past _,"]_
Shortcomings 111
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BERLIN 2018

= There is a variety of literature on the question how the age distribution of deaths changes over time and we have identified
some shortcomings there.

= In what follows, we discuss examples for four shortcomings:

Different notions for certain observations have been established (e.g. compression, extension, rectangularization, etc.) but
sometimes these scenarios were defined imprecisely.

Some of these scenarios were supposed to be mutually exclusive but there are counterexamples.
Several often used statistics are insufficient or even misleading.

Often effects caused by the choice of a certain age range under observation were not considered.

© June 2018 Extension, Compression, and Beyond




Classification of mortality evolutions in the past -
Shortcomings 7‘111

= Imprecise scenario definitions: - BERLIN 2018

- E.g., rectangularization is defined by a final state.
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= Rectangularization: Present state (blue line) and final state

] = Overall rectangularization...
(yellow line)

= .. but two different evolutions between State 1 and 3 and
State 3 and 5, respectively.
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Classification of mortality evolutions in the past -
Shortcomings 7‘111
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= Exclusiveness of scenarios: BERLIN 2018

- E.qg., compression and shifting mortality are assumed
to be opposing scenarios.
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e Neither compression nor shifting mortality prevail. e Compression and shifting mortality coexist.
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Classification of mortality evolutions in the past

Shortcomings

8 Insufficient or misleading statistics:

B For example, in literature compression is linked with...
increasing M and decreasing SD(M+),
decreasing IQR,
decreasing Ca (e.g. C50).

— Example 1: M increases and SD(M+) decreases, but
there is no compression:
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Example 2: Considerable process of compression, but
IQR stays constant:
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Classification of mortality evolutions in the past -
Shortcomings 7{:? 11

¥ The choice of the age range matters: BERLIN 2018

® The age range should be chosen depending on the question at hand.
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e Compression into the higher ages e No compression within the higher ages.
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A new classification framework _,,']_
Requirements
q "-_'.;l
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In light of these shortcomings of previous approaches, a new classification system should... BERLIN 2018

= ... uniquely categorize every material change in mortality patterns,

= ... allow for mixed scenarios,

= ... be applicable to different age ranges,

= ... build on statistics that can be feasibly calculated and easily interpreted,

= ... be extendable by additional components if needed.

Our new approach:
= We use the deaths curve as basis for the framework.

= We define 4 characteristics of the deaths curve for a unique classification of observed mortality evolutions.
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A new classification framework
Details

number of deaths in the modal
age at death d(M):
concentration or diffusion

degree of inequality Dol:
compression or decompression
modal age at death M:
right or left shift
—
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upper bound of the death
curve’s support UB:
extension or contraction
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A new classification framework _,,'1_
Details
'l'!'l
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Each scenario is defined by a 4-dimensional vector where each component can have three specifications: BERLIN 2018

attainable states indicates changes in...

M right shift / neutral / left shift ... the position of the deaths curve
UB extension / neutral / contraction

Dol compression / neutral / decompression ... the shape of the deaths curve
d(M) concentration / neutral / diffusion

= This allows for 34=81 different scenarios (some of which might not be relevant in practice)

= The framework satisfies the requirements:

Each observed mortality evolution can uniquely be classified in one of those scenarios.
Pure and mixed scenarios are included.

The framework can be applied to age ranges starting at any given age up to UB.
Feasible and easily interpretable statistics are used.

The framework is extendable by additional statistics if needed.

In the paper, we discuss different issues in estimating these statistics, e.g. how to estimate UB, and methods for the detection of

trends. /
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A new classification framework
Application: UB for US females, starting age 10

= For each calendar year, we estimate the four statistics. This
gives us four time series.

107

& UB
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UB - fitted values

10s || considerable
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¢ 1| data
2 105 | unclear trends
. and trend
102 - e changes
101 * .
100 -Z outliers
gg L T T T T T T T 1
1933 1943 1953 1963 1973 1933 1993 2003 2013

years

0
(Source: Human Mortality Database (HMD) and own calculation)
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— ... are "noisy” > We need to eliminate the noise.

The time series for each statistic...

— ... have outliers > We need to eliminate the outliers.

— ... in parts have unclear trends > We need a method to
identify periods of stable trends.

We fit a polygonal curve to the data and allow for changes
in slope with or without jumps. Thus we achieve a
decomposition of the time range into periods, where the
time series follows a linear trend.

For each period we detect whether a trend is significantly
increasing, neutral, or decreasing using a statistical test.

This can be illustrated by a time bar.
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A new classification framework

Application: The mortality evolution of US females

starting
age

10

60

compo-| @ | Q 3 3 2 2 2 3 =

nent a 3 a a a a 3 = =

M 0

UB

Dol increasing trend
d(mM) neutral trend

M decreasing trend
UB change in slope
Dol upward jump
d(M) downward jump

What does this mean for the classification framework?

We see that...

= ... each component of the vector develops independently from the others (no redundant information).

= ... there are mixed scenarios (rather the rule than an exception).

= ... there are different scenarios for different age ranges (age range matters).
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Related Papers - 1: A Comprehensive Analysis of the Patterns of Worldwide Mortality
Evolution AN

Typical Results !-Vfi: -;11

= We applied the classification framework on a comprehensive BERLIN 2018
dataset from the HMD and analyzed differences in the I - Sweden

trends of the four statistics between... B
L Finland
. . . - D[gn?gark
— ... neighboring countries, ... ~ Scotland
— England / Wales
— Netherlands
- ... males and females, and ... —~ Belgium
— Luxembourg
) 0 d 60 - /\L/\\Lesﬁlgermany
— ... starting ages 0 an . 5§ Ewnze”and
— France

= We found: - Spain
. — Portugal
NS |  faly
— Dependencies in the trends among neighboring countries | - EAstEemmAny
i - Czech Republic
(see figure). - Slovakia R
— Estonia
— Latvia
— Hungary
— Bulgaria
— Belarus
— Ukraine
— Russia
SA

— Differences in the trends between Eastern European
populations an the rest of the world.

decreasing
neutral
increasing

jump downwards

. . jump upwards

— Greater differences between the starting ages for males R B

than for females. 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
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— Differences in the trends between males and females for
both starting ages, which are smaller for starting age 60.

— Canada
— Japan
— Australia

[TTTTTT
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— New Zealand (Non-Maori)
— New Zealand (Maori)

calendaryears




Related Papers - 2: Who wants to live forever? An analysis of the maximum lifespan in
the US AN

The Estimation of the Right Endpoint - Idea m}!-l

BERLIN 2018

= So far, we assumed that there are sufficiently good estimators for each of the four statistics of the classification framework.
However, for example the estimation of UB is difficult.

= We have estimated this statistic using a high quantile plus the remaining life expectancy in this age. But this estimator
highly depends on the quality / availability of old age mortality data.

= This is a typical problem of extreme value theory (EVT). Still, two challenges remain:
— 0Old age mortality data typically is sparse and often censored.

— Solution: Combine (parts of) the HMD-data with the (complete) data from the International Database on Longevity (IDL)
- combined dataset (CDS).

= Resulting data is randomly right censored. Thus “classical” EVT-methods are not sufficient.

— Solution: Einmahl et al. (2008) introduced estimators for the extreme value index y (EVI) and the right endpoint of the
deaths curve for randomly right censored data.

— For the existence of a right endpoint xg of a distribution function F, it holds:
o Ify <0 > xp < o,i.e.aright endpoint of F does exist.
o Ify>0->xp = ,i.e.aright endpoint of F does not exist.
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Related Papers - 2: Who wants to live forever? An analysis of the maximum lifespan in
the US —waN)__

The Estimation of the Right Endpoint - Results m-;-'-l

BERLIN 2018

= We have used different estimation methods and different parameters of the estimation algorithm to estimate the EVI.

— Key question: is there a finite right endpoint of the deaths curve?
— If so, we determine a best estimate for it.

= Below a typical example for our results indicating that no one will live forever:
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Summary

In the paper, we have...

.. identified shortcomings of previous approaches for
classification of mortality scenarios,

.. derived requirements for a new framework,
.. identified 4 central characteristics of the deaths curve,

.. derived a new classification framework based on these
characteristics, which

— ... builds on clear scenario definitions,

— ... provides a unique classification for each mortality evolution,

— ... allows for mixed scenarios,
— ... is applicable for different age ranges,

.. discussed methods we suggest for the determination of
prevailing states, and

.. applied the framework to concrete data for US females.

_"l':_
111.

[ra:!a‘.m‘

In two related papers, we have... BERLIN 2018

.. applied the framework on a comprehensive
dataset from the HMD, and ...

= .. estimated the right endpoint of the deaths
curve using censored EVT and a combined dataset.
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Thank you for your attention!

BERLIN 2018
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