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| ntroducti on

Welcome to the technical appendices supportingt h e N AoRde\itys (section 8). Many of these factors are closely related i and so we need
model report. to identify which factors are most important to allow for (section 9). We
describe how we grouped the data by these factors into a manageable

This document describes the key data, assumptions and analysis behind number of groups (section 10).

Club Vit a eoltaborabiva regedrch into longevity trends. As

such, it is deliberately technical in nature as it is designed to provide Having established our DB pensioner groupsi 6 h aprrde s sed 6 6 maki ng
confidence in the rigour of the research and the necessary supporting dod6 and 6 ciovnthenismoatlththeehBtorical data and embed it
documentation to enable Scheme Actuaries, corporate actuaries and into the approach widely used for the industry (sections 11, 12 & 13).
longevity consultants to be able to comfortable in referring to this work as This provides a starting point for trustees and sponsors seeking to reflect
part of forming their advice®. DB pension scheme data in their longevity improvement assumptions.
We start (section 1) by providing an overview of the data we have used in We conclude by looking at the financial impact of our results for different
the research i including its origin, how we verified it, the types of data schemes, and for different scenarios for longevity improvements within
available to us, and crucially the data volumes used in our analyses. In each of our DB pensioner groups. The profile of members used for these
order to maximise the insights we can gain from this data we have assessments, and for our four example schemes are detailed in section
designed a practical approach to handle missing data (section 2). We 14; whilst the method, assumptions and approximations underlying for the
also create a measure of deprivation that is comparable across all of our impact assessments are set out in section 15. In section 16 we describe
data (section 3). the scenarios themselves.

In section 4 we provide a brief history of longevity projections, before On behalf of all the team we thank you for your interest in this research

moving on to describe the maeyeusedfyd CMI angpwe avgule betdelighted to mespahe tb @ny questions you may have.
the pensions industry (section 5).

We then take our first look at improvements for different groups of )
pensioners. To do this we need a consistent method for calculating life ), &) -
expectancies and associated statistical confidence intervals (section 6). X

We start with the improvements in life expectancy seen between different 4

schemes (section 7) before digging deeper, segmenting defined benefit .

(DB) pensioners by such factors as pension size or socio-economics Steven Baxter Matt Fletcher Steve Hood

steven.baxter@clubvita.co.uk matthew.fletcher@clubvita.co.uk steve.hood@clubvita.co.uk
! This document also complies with Technical Actuarial Standards on Data and Modelling
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Reliances and Limitations
The NationalAs soci ati on of Pension Funds (ANAPFo0o) and Club Vita LLP (ah@¥erstaidifghojhov differentlydongevity hdssbden t o t he pen
improving for different groups of DB pensioners (such as those at different ends of the deprivation spectrum); and materials that pension schemes, and their advisors, can use in practice to better

inform the assumptions that are adopted for |l ongevity trends (together, the fAResearcho) .

The Research is based wguanmluhbdarstdnding of tegistalion and événts as at November 2014 and therefore may be subject to change. The Research is NAPF and CV
L L Punderstanding of how differently longevity has been improving for different groups of DB pensioners and is not, nor is it intended to be, specific to the circumstances of any particular pension

scheme.

The information contained herein is therefore not to be construed as advice and should not be considered a substitute for specific advice in relation to individual circumstances. Where the subject
of the Research refers to legal matters please note that neither NAPF nor CV LLP are qualified to give legal advice therefore we recommend that you seek legal advice. Neither NAPF or CV LLP
(nor their respective licensors) accept liability for errors or omissions in the Research and neither NAPF or CV LLP (nor their respective licensors) owe nor shall accept any duty, liability or

responsibility in regards the use of the Research except where we have agreed to do so in writing.

The Research contains copyright and other intellectual property rights of NAPF and CV LLP and their respective licensors. You shallnotdoanyt hi ng t o i nfringe INAPenssoar sCOV LLPOS:
copyright or intellectual property rights.

If you are seeking to use the information contained in the Research after the date it was produced then please be aware that the information may be out of date and therefore inaccurate.

We recommend that you speak with your appointed longevity consultant and/or other professional advisers should you have any queries in relation to the Research.
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It all starts with the data
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1 Data underpinning our analysis

The Club Vita database (VitaBank) is a pool of data of individual pension
scheme member records, submitted by the participating schemes. This
database (as at September 2014) consists of nearly 6 million member
records; including:

i Over 2.5 million pensioners and widow(er)s;
1 1 million deaths.

The records collected include personal, but non-sensitive information
recorded by pension scheme administrators. This includes information
relevant to predicting longevity, such as date of birth, sex, postcode,
pension, final salary and retirement health.

Only data which has been through our initial quality control process enters
the statistical analysis. The data quality control process is designed to
ensure the data for each pension scheme is as reliable as possible.
However it also recognises that the quality of the data is often dependent
on historic record keeping processes and so may have some inherent
shortcomings.

A suite of checks are carried out on the data received to ensure it is
correct and reliable, and where necessary corrections are made if
possible. Where a member record has a predictor which our checks
suggest is unreliable it is excluded from analysis. We also check for
concentrations of unreliable records within schemes and biases in
exclusions between |iving and
inclusion in our analysis where there is a risk of bias.

Ensuring a complete history of deaths

We recognise that some schemes may not have a complete record of
deceased pensioners prior to some point in time. For each scheme we
have det ereariiest asdabladateGEYD) i the date from which
we believe we have a complete history of deaths.

The mortality data we receive includes experience data up to a date
shortly before it was extracted f
system. As such it is I|Iiable to
understatement of deaths in the most recent weeks of the extract as a
result in the delay in reporting deaths.

In order to ensure that mortality rates are not underestimated we carry out
similar analysis to that described above to verify the point up to which we
believe we have full and comjatestt e
us eab !l qLUD)dar each scheme, which is used to right censor the
data (i.e. no observations of survival beyond this date are included in our
analysis). Typically the latest useable date excludes between 1 and 2
mont hséd worth of dat a.

Since we are analysing mortality by calendar years, we need to take care
to avoid seasonal biases resulting from including part years therefore we
have for these purposes restricted our analysis for each scheme to the
period from the first 1 January on or after the EUD to the last 31
December on or before the LUD for each scheme.

When analysing the patterns in longevity by specific factors, for example

deceas ePgnsipnamaount, ye alsg ghack yhether we have complete ipforgation on

that factor from the EUD onwards. Where this is not the case we use a
factor-specific EUD for that scheme.

rom t he
6incurr

deat h
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1.3 Data extract used in this analysis - the maturation of pension schemes leading to larger numbers
Through the help of the NAPF we obtained access to an additional of pensioners

500,000 UK pensioner records, provided by schemes who wished to
participate in the research project. These pensioners (and associated
deaths) are included in the numbers quoted on the previous page.

- There is a step-up in 2001 i the point at which a number of
the larger schemes first have reliable data

1 The deaths follow a similar pattern to the exposed to risk.
This additional data was subject to the same checks as were performed
Total exposed to risk

on the data supplied by existing Club Vita participants. Data was only 2,500,000 (All types of pensioner including widowler)s)

taken forward to the final dataset if it was found to be of sufficient quality.
3 m Female Exposure
. i 2,000,000
Exposed to risk & deaths : " Male Exposure
. . . . s gz 3
Club Vita collects data annually from each of its subscribers, with these § 1,500,000 3 ils £
. T - I “
data feeds spread over the calendar year. As such it is regularly g = 1°
refreshed with the latest longevity data. 3 1000000 g
: 3 F ol allg
For the purposes of our analysis we have focussed on an extract of the % 500,000 2]¢ ] ] | g H § E kB
database as at July 2014 throughout. The charts (right) shows the pattern ll g g 8 5 g g
of (pensioneran d depe _n dant .) . %amd<dpanhs @ver 'Flrme_cﬁor ri sk F I PP I P LSS
men (blue bars) and women (pink bars) within the data analysed in this Year of Exposure
report. Total number of deaths
20,000 (All types of pensionser including widow(er)s)
We can see how: 70,000 ® Female Death
60,000 - ® Male Death
i The exposures increase over time reflecting . 50,000
2 %
- schemes within the Club having reliable data starting at % 000
different points in time due to historical administration 2 30000 -
practices; 20,000 | HEE
10,000 sla)8

Year of death

% Broadly speaking a measure of the number of lives in each year but adjusted to allow for
the fact some individuals were only in the analysis for part of that year.
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100%

1.4 Key rating factors
By collecting information at the individual level, VitaBank contains a wide

9

g

range of rating factors potentially relevant to both baseline mortality and s

improvements coming through over time. These rating factors include 70%

gender, retirement health, pensioner type (pensioner or dependant), s o (it
postcode based socio-economic measures (such as Index of Multiple s0% - e

Deprivation), affluence (pension and salary), age and occupation (manual - -

and non-manual)®. We briefly discuss some of the rating factors used in o | ot ot

our analysis below. -

Postcode based measures 10

Cl ub Vifestyeonseaslre " e 2 s 2r B8 8 EE 22885 828¢8G%¢8

The Club Vita |ifestyle measure uses dllﬂﬂl?IalﬂvﬂlauguﬂdalguasgEI:EIIEIEELJEUESLUUUE to
assign him or her to one of seven different groups, labelled A-G. The chart above shows the split of our data (men and women combined)

between the 7 lifestyle categories. Notice how a small proportion of the

These groups have been calculated using geo-demographic data provided ) .
data belongs to the two most extreme lifestyle groups i.e. group A and G.

by a specialist third party provider (CACI) which maps each residential UK

postcode onto_a dem(_)g_raphic type_. These diffe_rent typ_es have_then been The Club Vita lifestyle categorisation has the advantage of using the full
condensed using statistical clustering methods into 7 different lifestyle individual postcode. However our research is aimed at providing a widely
categories which are predictive of material differences in longevity. Our applicable analysis of longevity trends. As such we have also considered
group A r € llates 't ot hose with t h e owor st dyardety &t fublitly dvaiadle poftcode b&sedHdMdGdphicneasited;V | n 9
the shortest life expectancy, whilst group G relates to those having accepting that this results in a trade-off between availability and

lifestyles linked to the longest life expectancies. granularity i as publicly available measures typically cover much broader

geographical areas than an individual postcode (circa 15-20 houses).

Index of Multiple Deprivation

The statistics agencies of each of the nations within the UK measure the
deprivation of local areas via an index which captures multiple indicators,
typically including such factors as income, employment and crime.

% See Madrigal et al (2012) for more detail on how Club Vita have determined the key ratings The scores are publicly available at a fairly detailed local level. For
factors for mortality levels. example within England they aloeer-avail abl e

layerSuper Out gLsOAsPwhiehaypidally cover around 35,000
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houses. However, they are not directly comparable across countries within and where reported income is less than 60 per cent of UK median income.
the UK. Accordingly we have used a method to generate an index which This measure is easily accessible* and covers the whole of the UK.

spans all of the UK. This method is detailed in section 3 and the resulting
UK-wide index of deprivation is available from our website
(www.clubvita.co.uk).

For the purposes of our analysis we have split the UK areas into five
groups based upon their rankings for this score, running from the 20% of
areas with the lowest scores (Q1) to the 20% with the highest scores (Q5).

flea]

Area classification score
The second alternative deprivation measure we have used is the Area
Classification Score (ACS). This is a publicly available® form of geo-
demographic profiling produced by the ONS based on 2001 census data

= Leass Deprived - 01 which splits LSOAs in England & Wales i and their equivalent,

:fm Datazones, in Scotland i into 7 super-groups, 20 groups and 53

— subgroups.

= Mot Deprived - 05
For the purposes of our research we have focussed on the super-groups:
1 Countryside

o 2 Professional City Life

ERERRINEEERE888¢888

§ ¥ ¥ 8§ ¥ R ¥ ¥ %

2012

Urban Fringe

We can see from the chart of the split of our data (men and women
combined) between the quintiles of these scores that, despite the groups
being determined at the UK population level, we find broadly 20% of our
data in each group.

White Collar Urban
Multicultural City Life

Disadvantaged Urban Communities

~N o o b~ W

Low income families
We have also considered two alternative methods to measure deprivation.

Miscellaneous built-up areas

The first of t hes escoredeflestsvtheipropodionef f a mi | +hygsHuw.gov.ukigovernment/publications/personal-tax-credits-children-in-low-income-
children living in families in receipt of out-of-work benefits or tax credits families-local-measure

® http://www.ons.gov.uk/ons/guide-method/geography/products/area-classifications/ns-area-

classifications/index/index.html
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The chart below shows how the data (men and women combined) splits mix of full RPI, limited price inflation and nil increases. (The same
into these 7 super-groups. approach is not required for live pensioners as their pensions will usually
be recorded at a recent date.)
100%
o The charts below show the distribution of pensions and salary amounts

within our data (men only).

80%
9%
60% 6

0%
8%
50% 5 '
w4 7%
a0%
m3 6%
30% m2
5%
ml
20% 4%
10% 3%
0% 2%
2 & 8 8§ B &8 § 8 8 8 8 & 8 & 58 8 8 ¢ 4 o
223 322 2 2R R/ IIR/ IS IR L R 1% ””
Affluence measures: Pension and sa|ary 0% 5L, \Iul\I.“\I\I\“.I\Iul\l\l\l\'.'.'\'\'\'\'\'u'u'u'\'\'\'\'.'.'m'\'\'.'. TR
, . . 288888888 g8s8s88888e8s88888 88
The Club Vita data contains two measures of affluence: pension and last oM oM oS HShoenhgnomomgmon g n
~NmMm N O e = N N~ 0 A M T O N0 0 NMm N Y
knOWnsalary A H o+ H NN NN NN MmN o,
Pension size can be a poor proxy for overall affluence as it depends not Salary
. . . . . 7%
only on earnings but length of service in the pension scheme i a modest
pension could arise from long service on low pay, or very short service on o
high pay. However, whilst salary is a better measure of affluence, pension 5%
will almost always be available, whereas salary may be harder to extract %
from some pension scheme records. .
To allow for inflation both pension and salary are revalued from their as at 2%
date to a common date (1 July 2013) in line with RPI. For deceased 1%
pensioners the revaluation of pension amounts are performed using a o mant LRRLL IARRANE IARERNE ,“I“l,l‘l‘l,l,l‘l
proportion of RPI (below 100%) for broad consistency with the pension g88ge8ggggegegegegegeegegegssss
. o . . . . A T S S S T - S
increases paid historically to surviving pensioners which will typically be a
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2 Making @av @i Uabl

In section 1 we discussed how the scheme data used in our analysis has
undergone a thorough data quality control process, to determine what
data will be used in the onward analyses and ensure reliability of data.
This is done both at the scheme level and at the covariate level (so for
example a particular scheme may have reliable postcode data but suspect
pension amounts in a particular year).

ma X |

It is important to maximise the data used in our analysis. This will help
minimise volatility and also reduce the sensitivity of the analysis to the
experience of individual schemes (although this is not a material issue
given the overall data volumes).

In this section we set out the process that we have adopted to ensure that
we have maximised the available data without compromising on overall
data quality.

2.1 ng O6mi ssingdé dat a

As part of our analysis we look at the impact of different covariates on life
expectancy. In our analysis, we need to exclude data which falls below
the required quality threshold on the covariates used to divide the data.
As such, we are reducing the available data as a result of excluding

members who fail the quality checks that are applied.

Expl ori

Levels of unknown covariates can be expected to increase as we go
further back in time (due to having less stringent administration standards
historically, records not being updated, etc.). In particular these issues
are more likely to affect deaths (i.e. higher levels of unknowns), so there is
the possibility that we could be biasing the results by excluding more
deaths relative to living pensioners in a given calendar year.

010

ef dat a

the point in time before which no exposures are included (the EUD
discussed in section 1).

There is, therefore, a growing risk of understating rates of mortality
historically (if we exclude more deaths than lives, we are reducing the
mortality rate). This will have a knock on effect on mortality

i mprovements, which will again be | ower
historical mortality rates being lower.
The chart below illustrates, for a sample scheme, how the proportion of
6 u n k npemsiorbamounts for male lives and deaths varies over time.
20%
15%
5
E 10% | Deaths
5
=
59 | Exposures
0% T T T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
We can see that, in this case, the proportion of unknown deaths is more
volatile than exposures, but generally the proportion of unknown deaths
and lives are both increasing as we go further back in time.
We have sought to overcome this iissue

the section below illustrates the method using males as an example.

At a scheme |l evel, the proptltoincreases of oéunknownsd is again |ike
aswegobackintime,unt il , in some cases,ireaching the 6triggerd | evel
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2.2 Adjusting for missing male pensioner data Deaths
In our analysis for men we have divided the data using both pension and
adjusted IMD (see section 10). We have sought to maximise the amount
ofdatausedbyre-al | ocating | ives and deaths
across the covariate groups, as follows.

Known Unknown
.95.4% | _ 4.1%
SV 05% 07 0.0%

Known
Unknown

Pension

We initially take the (cleaned) submitted data, and allocate individual Where one of the covariates is unknown, then the exposures and deaths
members (lives and deaths) to the appropriate pension bands and IMD for the group are assumed to be spread across the unknown covariate in
quintiles (including 6unknownsd f or etlesame preporiopsitoamhease the sovagigiegsrkaopn liedt e ) .

For each age and calendar year we therefore have four distinct categories T where pension band is unknown (but IMD is known), the spread of

of member: fiunknown pension band, known | MDO expos.t

q where both pension and IMD are known: the different pc‘en3|on bands.matches t he
band, known | MDO foferposure énddegtisven | MD)

1 where pension is known and IMD is unknown; respectively

il where pension is unknown and IMD is known; and 1 where pension band and IMD are both unknown the spread of

1 where both pension and IMD are unknown. nunkno.wn pen3|on. band, unknown 1 MDO expc
across the different IMDs and pension bands matches the spread of

The following tables show the relative levels of exposures and deaths in Aknown pensi on bfarexggosurkanddeaths | MD 0

each of these four groups for male pensioners (for 1993 to 2012 and ages respectively.

60 to 95).

) This minimises the risk that the mortality rates as measured over time are
Exposure polluted by any imbalances in data coverage between lives and deaths.

IMD

Unknown

Known
Unknown

0.5% 0.0%

Pension
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2.3 Smoothing by age

The proportions to use for spreading data across the unknown covariate
are volatile from one age to the next. To smooth this out, we average
across the 5 year age bracket centred on each age when determining the

ratios.

Example

If we consider the example of the group with unknown pension band,
where IMD is 1, then we have the following (for each age and year):

IMD 1, Pen band unknown

IMD 1, Pen band unknown - reallocated

2
3
4 3
4

IMD 1, Pen band 1-5

4

So the exposure in group Al MD
is:
00 '® 6 0L ‘@ 6 z 00 @ 6
B "O0 ‘& &
00 O 6z 00 @ §
B 00 @ 6
00 0 6 z U
B0O0 @ 6

2.4  Adjusting for missing female pensioner data

1

The same approach of reallocating unknowns was also applied for

women. However as we only use one covariate i IMD 1 for women, the

calculations are less complex than for men, although the levels of
unknowns are similar.

IMD

Known Unknown

Exposure

IMD

Unknown

Deaths

Pensi
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2.5 Impact of reallocation Exposures (women)
The following charts show the increase in exposures and deaths, for men 800,000 39%
and women, as a result of the re-allocation process set out above. 200,000 7%

Exposures (men)

700,000 7%

600,000 - 6%
500,000 -+ 5%
400,000 -+ 4%
600,000 - 6% 300,000 | 5o
500,000 \__\ T 5% 200,000 - 2%
400,000 -+ 4% 100,000 - -+ 1%
300,000 L 39 (8 -+ 0%

Exposures

% unknown

Exposures

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

% unknown

-~ 2%
- 1%
-+ 0%

200,000 -
mmmm Known (left axis) mmmmm Reallocated (left axis) =% unknown (right axis)

100,000 ~

0 4

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 Deaths (women)

mmmm Known (left axis) mmmmm Reallocated (left axis) a0 unknown (right axis) 30,000 12%

25,000 10%
Deaths (men)

Deaths

30,000 12%

200w A"\—-\ [
15,000 " - 6%

25,000 A 10%
\ 10,000 + 4%

20,000 +— 8%
V\ 5,000 | L 2%

15,000 +— 6%
o 4+ 0%

% unknown

Deaths

% unknown

10,000 L 1% 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

mmmm Known (left axis) mmmmm Reallocated (left axis) =% unknown (right axis)

5,000 - + 2%

o - L 0%

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 We can see from these charts that the levels of reallocation are relatively

low. Prior to 2001 the levels of reallocation increase in percentage terms,

mmmm Known (left axis) mmm Reallocated (left axis) =19 unknown (right axis)
particularly for deaths.
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The impact on our results of this reallocation is relatively small. However
we can be confident that we have removed a possible area of bias in our
analysis of historic improvements.
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3 Ensuring we IcdMdatamparess all of UK

3.1 Thechallenge

In order to analyse how life expectancy has changed for different groups
of lives we need ways of segmenting our data by different socio-econom
and demographic measures.

The statistics agencies of each of the nations within the UK measure the
deprivation of local areas via an index which captures multiple indicators
typically including such factors as income, employment, crime, etc. This
Index of Multiple Deprivation (IMD) is publicly available. However, one

challenge of this measure is that it cannot be used with pension schemes

which have membership | iving in
countries. This is because the index is country specific T with the
weighting to the different factors varying from country to country (and
indeed in some countries factors are included which are not included in
other countries). Further, many of the factors are measured relative to th
country-specific average value.

3.2 Our solution i a UK-wide measure of deprivation

We have followed a recognised method® to calculate an Index of Multiple 33

Deprivation which can be used across the UK.
The method works on the following principles:

1 Choose a small number of factors used in the indices for multiple
deprivation of the constituent countries which:

1.1 Are used in the calculation in all countries

® The method was published by the ONS in Health Statistics Quarterly 53, Spring 2012,

12 Have significant weighting i
IMD
c 1.3  Have the underlying data used in generating the index
published

The published work focusses on Income & Employment which we will also
, restrict our attention to.

2 Carry out a linear regression of the IMD score for each country
against these factors

mor e 3F h aRRbase e valds foleAch cobhlyby: consti tuent
3.1 Choosing a base country

We have used England as this dominates the UK data.

e
3.2 Using the regression coefficients for that base country, along

with the observed values of the factors, to calculate revised
IMD for each area in each of the other countries

Adjusting these calculations by the residuals from the
individual country fit (i.e. the extent to which there is a
component not captured by the chosen factors), standardised
to the variability seen in the residuals of the base country.

Formulaically
We can express the above process formulaically in two stages.

Linear regression
Fit, for each country 0, a two factor linear regression model:

u n d eUK indics of multiple deprivation i a way to make comparisons across constituent o 0O 1o -

countries easiero

Where:
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i "0 is the value for the income factor in area "f country 6 better. However, these also require more stages to the calculations for
o~ . " " those seeking to replicate our work with future data publications. As such
1 O is the value for the employment factor in area "“(f country 0 9 P ) ) P
we have elected to use domain scores in our work.
i | ,I andl are the country specific regression coefficients
3.3 Results of fitting the model
i - is the residual value for area "“f country 0 (i.e. the difference

: Regression coefficients
between the fitted and actual IMD value) The fitted coefficients from our regression analysis (along with 'Y ) scores
Generate 6adjustedod | MD scores are presented in the table below.

Calculate the scores for each country 6, other than England, as:

Country ) I A a. q
o | I 0 7 o - — England -0.190 0.849 0.930 3.585 0.95
Scotland -1.491 0.831 0.865 2.779 0.97
Where ,, is the estimated standard deviation of the residuals for country
" - Wales -4.333 0.972 0.583 3.363 0.95
0. (For England the existing scores are used.)
Northern Ireland | -6.601 0.720 0.761 2.855 0.97

Domain scores or values?

The different factors used in calculating the index of multiple deprivation
are known as domains. In each case a score is calculated for the domain
(typically, but not always, on a scale of 0 to 1). An exponential transform
is applied to these scores to create domain values i converting the
rankings of the scores to values on a scale from 0 to 100. It is these Adjusted IMD values for each country

domain values which are weighted to get the IMD score for each area. A natural comparison to make is how the revised IMD values compare to
the original published values, and the extent to which we have changed
the ordering of areas within different countries. On the following pages we
do this in two ways i firstly by comparing a plot of the adjusted and
original IMD values (which should be clustered around the diagonal), and

Reassuringly we see that each of the countries has a high 'Y value i this
is a statistical measure of goodness of fit and indicates a very modest
proportion (2% in the case of Scotland) of the variation in IMD values is
explained by factors other than income and employment.

We have the option to use domain scores or values in our regression (as
both can be sourced from the individual statistical authorities). Ideally we
would want to use whichever of these values which:

q Best mirrors the distribution of the IMD statistic secondly by showing the movements between quintiles within each
country. Since the adjusted index for England’ is identical (by
l The assumptions underlying linear regression (e.g. normally construction) to the original index we focus on Scotland, Wales and
distributed residuals) holds best for Northern Ireland below.

By visual examination of plots of the respective distributions and Q-Q plots
for residuals, domain values appear to meet the above criteria only slightly 7 https:/www.gov.uk/government/statistics/enalish-indices-of-deprivation-2010
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Whilst there is some change to the values it is

reassuring to see that very few areas have
moved between quintiles.

Data sources:

http://www.scotland.gov.uk/Topics/Statistics/SIMD/backgr

ound2simd2009

Adjusted IMD i quintile (1=lowest)

2 3 4 5

0
0
0

Original IMD

Reassuring the adjusted IMD is very
consistent with the original IMD values.

Data sources:

http://wales.gov.uk/statistics-and-research/welsh-index-

multiple-deprivation/?lang=en

017
Club Vita LLP
Scotland Wales Northern Ireland
100 100 - 100 - .
L4
-
4 4
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a o o
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[:h) L] L8]
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S 2 | a5 | 2 0 0
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=)

S 0 0 3 175 0
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Again, reassuring the adjusted IMD is very
consistent with the original IMD values.

Data sources:

http://www.nisra.gov.uk/deprivation/nimdm_2010.htm
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The industry approach to modelling
Improvements
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4 A brief history of | ongevity projections
Before considering how longevity trends may evolve in the future it is 87
useful to consider how they developed in the past, and how this has 86
compared to the longevity projections made at various points. 85

84
The chart below (focussing on the England and Wales population) shows 83
the significant increase in observed lifespans since the 1950s. g2
88 - 81
86 - 80
84 79

78
82 - 77
80 - 1970 1980 1990 2000 2010 2020 2030 2040
78 1 The dotted lines illustrate typical trend assumptions adopted from 1990
76 - (specifically the A80 seriesodo projections)
74 late 1990s and 2000s (the 92 series, medium cohort projection, and

1950 1960 1970 1980 1990 2000 2010 medium cohort with 1% underpin) up to those typically used in recent
I i i 0
—Men - Expectation of life from 65 —Women - Expectation of life from 65 y(_aars (the _2011 CMI pr(_)J?Ctlon r_nOdel with a 1.5% long term rate,

discussed in more detail in Section 5).
Period life expectancies from age 65 increased by over 6 years for both The Office for National Statistics (and f ol
men and women, with pal’ticularly rapid increases in recent decades. Department) also produces |Ongevity projections roughly biennia”y, for
Indeed, the majority of those increases occurred in the last 25 years for use in population projection. Comparing these projections to actual
women and last 15 years for men. improvements in longevity has also shown a consistent under-estimation

of improvements over time (although more recently, projections have been

Throughout this time pension schemes (and their actuaries) have needed . . .
much more in line with actual improvements).

to make assumptions about how the trends would evolve. The evolution

of typical assumptions (for male pensioners) from the early 1990s through It is clear that lifespans have repeatedly increased more rapidly than
to the start of this decade is shown below. projected, leading to the successive revisions to assumptions.
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The changes over the last decade alone have reduced funding levels by
10%, and by around 20% if we look back 2 decades. So the risk is clear;
schemes could see further strains emerge from longevity in the future.

We can also draw the following conclusions:

i Longevity projections are a necessary tool to help set the pace of
funding for pension schemes, but they cannot provide certainty of
outcome.

i Improving the accuracy of projections would be of benefit to

pension schemes and their sponsors. Using the most relevant data

1 that from defined benefit schemes i and understanding the

impact of factors such as socio-economic group on trends i would

inffoomtru st ees® understanding of the risks and issues.

i Whatever projections are made, the outcome is likely to differ from
any best estimate assumption. Hence it is valuable to consider a
range of possible future scenarios, to gain an understanding of the
risks associated with longevity trends.
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5 The oO0industintyhestCMbdamd @ I

5.1 Introduction project, we have used the version of the model published in September
Many of the well adopted models discussed in Section 4 have been 2013 (CMI_2013) because the start-point for projecting improvements (in
provided by the Continuous Mortality Investigation (CMI), part of the 2010) is the same as the start-point for improvements in our dataset.

Institute and Faculty of Actuaries (IFOA). The CMI seek to produce an

industry wide starting point from which professionals can easily There are broadly three parts to the longevity improvement model:

understand and communicate the approach adopted. q Initial rates of improvement
5.2 The CMI Model 1 Long-term rate of improvement
Currently the most widely used model for mortality improvements in the
actuari al industry is the CMI mort al iTR y pr 01 epcatt| onasyomocdoenlne(ctthlengc')él\ﬁ]le ohdoerlt t,er m
first published in November 2009. With this model the CMI sought to We consider each of these separately below.
improve the realism and flexibility of projection models, reflecting more
closely the improvements experienced to date without reducing the Each input to the model can be adjusted by the user to better reflect their
flexibility or simplicity of the model. views on the current level and likely future path of longevity improvement.
The flexibility offered in the model allows the user to change many
We have illustrated our results using various calibrations of the CMI model aspects of the improvements, although in the pension scheme context it
of mortality improvements because it is widely used, flexible and well has typically been used in 6Core Parameter
understood within the industry. the long-term rate are pre-defined.
5.3 Description Within the main report, we illustrate the impact on life expectancy and
The CMI Model is a deterministic model driven by user inputs, based on scheme liabilities of changing each of these features.

the assumption that current rates of mortality improvements converge
over time to a single8 long-term rate (which is typically lower than the
current, historically high, improvement rates).

The model has been updated roughly annually to reflect emerging
experience, with the version including 2013 (and partial 2014) experience
data (CMI_2014) published November 2014. For the purposes of this

& Technically the model reduces the user input long term rate to 0 at the oldest ages
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Splitting the Initial Rate of Mortality Improvements into two component
parts was well-supported by research, paralleled the structure of the
Interim Cohort Projections and the approach adopted by the GAD and
ONS within the National Population Projections

Historic Short-term . Pathway Long-term

We have been able to collect data on DB pensioners that can be used to
produce starting rates that are more relevant to pension schemes. We
have followed a similar smoothing and splitting approach to that used by
the CMI on this data. Further details are set out in section 11.

Long-term rate of improvement

Within the model, the user is required to define a rate of improvement that
will apply in the long term. This is typically lower than the current
historically high rates.

The Long-Term Rate ( i L TaBsanption is considered to be the single
most important parameter for users of the CMI model to set and this is the
2000 2010 2020 2030 2040 only input to have no default proposed assumption. A higher long term
rate implies that mortality rates are reducing more year on year, this in
Initial rates of improvement turn means that life expectancies are higher.

The CMI_2013 model takes in crude mortality rate data for the England
and Wales population for ages 18 to 102 over the period 1961 to 2012.
From this, raw rates of improvement are derived, which are then
smoothed by fitting a statistical model.

The Pension Regul at ondnsualfuedngsmtistcpoubl i cati on
(www.thepensionsregulator.gov.uk/docs/scheme-funding-2014.pdf )

shows that 81% of schemes with valuations in Tranche 7 (effective dates

between 22 September 20117 21 September 2012) use the CMI

England and Wales population data was used to produce the default initial Projections Model and of these, 62% use a long-term rate of improvement
rates of mortality improvements, principally due to the lack of a single of 1.5% per annum. It is worth noting that a significant minority of
alternative dataset that would otherwise meet the needs of all users. schemes using the interim cohort projections also use a 1.5% per annum

underpin to the rate of improvement.
The resulting smoothed rates are the default tables for the Initial Rates of

Mortality Improvement within the model; these rates are then split into two This suggests that there is a de facto oO0st.
component parts (Age/Period and Cohort). improvement assumption within the industry, namely the CMI model with a

1.5% long term rate.
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We do not comment on the suitability of a 1.5% long-term rate; however, 300 —

we want to show some alternative futu T~ —100% strate
the range of outcomes. 75%

2.50%

—350%

200% e
Convergence —So
- A . . 1.50%
The 6pathwayd between the I nitial Rat ; \& he
100%

LTR is controlled by two sets of parameters:

i the period of convergence (how long it takes to get to the LTR); and 0.50%

Rate of Mortality [mprovement, %ep.a.

1 the proportion of convergence remaining at the mid-point of the 0.00% YU T TTTTTTTTTTTTTTT T
convergence period (the rate at which the LTR is achieved). 0 g e

Year of Projection
Figure 5.2: Illustration of the operation of the convergence formula over a 40-year

Behind the Core Parameters setup of the model are default assumptions
P P period, with various Proportions of Convergence Remaining at Mid-Point

for the length and shape of convergence.

The period to convergence varies by age and by cohort, and is capped at It can be seen that a higher proportion means that the initial rate of
40 years. improvement increases before falling toward the assumed long term rate
(assuming that the long term rate is higher than the initial rate). Therefore,

In some of our scenarios, we consider the impact of lengthening or i . i ) o : _
having a higher proportion will result in higher life expectancies.

shortening the period.

To make some all owance for the o6direction
the short to medium term, in some of our illustrative scenarios we use

higher and lower proportions remaining i see for example scenario 1.1

fiHeal th .Cascadeo

The proportion remaining at midpoint is set by default at 50%. If this
default assumption is adopted, and the long-term rate is lower than
current rates, then mortality improvements will start to fall immediately.
This can be seen from the chart below (the green line illustrates the
default assumption), extracted from CMI Working Paper 39.
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There are some potential weaknesses in the CMI model which include

1 the underlying population,
i issues with population data

For example, it is well known that the 1919 birth cohort (and, to a lesser
extent, the cohort born shortly after the Second World War) has a
particularly idiosyncratic pattern of births, which causes problems with
calculating mortality rates and improvements (Phantoms Never Die: Living
with Unreliable Mortality Data
www.macs.hw.ac.uk/~andrewc/papers/ajgc71.pdf ). There have also been
historic concerns relating to unreliable population projections from census
data for those aged over 90.

The CMI have recently undertaken a consultation and will be investigating
some of these known issues.
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Initial results
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6 Calculating |Ii fe expectancy for our i1 nit.i
Details of the 6Chiangd calcul ation
There are a number of different factors which are known to impact on The standard Chiang method, as implemented in the excel template
mortality rates, based on analysis of historical mortality rates (e.g. age, available from the ONS, can be summarised as follows:
pension amount, salary, etc). In section 8 we explore a number of these _ o .
variables, and examine the impact that each can, in isolation, have on life l Group ages iofdgeintdvalsicket so
expectancy (known as O6univariate analysithdenpldte uded 1948t agé iftdhals td Eler theBuft age
variable). In section 9 we then go on to consider how best to model spectrum (<1, 1-4,5-9, 10-1 4 , &84, 85+

mortality improvements using combinations of these factors (known as

Omul tivariate analysiso). Where:

= youngest age in age interval (e.g. 65 for 65-69 interval)

In order to consider the impact of a particular factor on life expectancy ¢ = number of ages in age interval (e.g. 5 for 65-69 interval i the
(sections 7-9) we need a method for calculating both the relevant life 85+ interval is assumed to have 11 years)

expectancies over time and the appropriate confidence intervals to place
on those life expectancy calculations (so we can consider whether any
differences in life expectancy are statistically significant)®.

& = fraction of age interval at which deaths in the interval are
assumed to die (0.5, i.e. half way through the interval, except
the <1 interval, where it is 0.1)

The method we use is a slightly modified version of the approach known 1 For each age interval, obtain details of the population and deaths in
as the Chiang method®, which is widely used by the ONS (who provide a that interval.

template spreadsheet model'* which estimates life expectancy at birth

from population data) and others. 1 Calculate 0 (the age specific death rate) as deaths/population in

the interval.

Please note that the rest of this section provides details of the formalities

] i ; i Calculate ; (the probability of dying in the interval) as
of the Chiang method. It is relatively heavy on formulae.

z

° Note that in Section 16 the life expectancies are based upon fitted mortality rates and so

are calculated directly from these values using the usual method i.e. Q 1@/ 1 p n p

o _ _ o i Calculate n (the probability of surviving the interval) as
Chiang C L The Life Table and its Applications (1984)

! http://www.ons.gov.uk/ons/rel/subnational-health4/life-expec-at-birth-age-65/2004-06-to- n P n

2008-10/ref-life-table-template.xls

November 2014

http://connect.hymans.co.uk/vitaclients/NAPFO1/Papers Reports/NAPF Technical Appendix drafting/NAPF Technical Report.docx


http://www.ons.gov.uk/ons/rel/subnational-health4/life-expec-at-birth-age-65/2004-06-to-2008-10/ref-life-table-template.xls
http://www.ons.gov.uk/ons/rel/subnational-health4/life-expec-at-birth-age-65/2004-06-to-2008-10/ref-life-table-template.xls

NAPF Longevity Model

Club Vita LLP

i Calculate a (the life table, starting from 100,000) as

a o zn
1 Calculate 'Q (the deaths in the life table for the age interval) as
Q a «
i Calculate 0 (the number of years lived in the age interval) as
0 Tz a % zQ for o< 85
o 4
5
i Calculate Y (the cumulative number of years lived in the age
interval and subsequent intervals) as
Y oY 0 for w< 85
Y O
i Calculate 'Q (the life expectancy at the start of the interval) as
o —
How we used the Chiang method
We applied the method described above with:
i 8 age intervals were used, starting from 60-64, with the highest

interval being 95+ (as supported by our data)

Thus the specific calculations for the 85+ period in the description

above now apply to 95+, e.g. qes =1

1 ¢ was set to 5, except for the top band where it was set to 10 for

men and 12 for women

027

Amendments to the standard Chiang calculations
The Chiang method relies on the user having mid-year population

estimates in order to calculate 6central o

deduces annual probabilities of death. In contrast we are working with
startyearpopul ati on number s
technical distinction which requires some changes to the method.

Specifically

1 For the 95+ bucket

n p
. n
0 — -
I €21 2 p ®
i For buckets apart from 95+ (assuming sufficient exposure):

- Calculate b as
Q'Q&o
Qonéi o+

- Calculate 1 as
€20
p €20 zp ®

In addition we modified the method to be appropriate for our
circumstances where we are wishing to be able to compare mortality
between different groups of lives:

i The & values were solved to be appropriate for the intervals, and
the curvature of mortality rates over the interval meaning that using
the ONS implementation of & 1@ provided numbers inconsistent
with accurately calculated life expectancies

(and o6initi
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1 Calculation of ] direct from the underlying data is subject to the & 04 GODOOGK DUAROHQOI Q0D O 0
age group having minimum exposure levels
1 One year approach:

Each of these is detailed further below. . . .
£ 0aDQOX NUARQWw QXTI QQIQ w ®

Setting the a, values
Within each age interval deaths are assumed to occur at a particular point

This leads to us using:

B Q v o -

in the age interval (& in the formula above). Therefore the values chosen ) -
for @ can have a material impact on the resultant life expectancy € Q
calculations. The ONS implementation assumes that the deaths occur on
average halfway through the interval, however this is unlikely to hold when Note: In our calculations we used the i values from the most recent calibration of mortality
mortality rates rapidly increase over the age interval as is the case at older tables to the Club Vita data and then used the same values of @ throughout our calculations.
ages. We therefore assessed the appropriate & to use in each age _
interval Allowing for sparse data

' As we are looking at various ways of subdividing the data into a number of
This was done by constructing a life table using the 1] rates from age 60, subgroups, and then grouping into age buckets, we can in some (very
and in each age interval working out a suitable value for & by equating rare) instances have cells in the calculation which have very low levels of
the standard Chiang method for calculating the number of years lived by exposure, particularly at older ages. This can lead to misleading mortality
the deaths with the same calculation using a one year approach, which rates and false conclusions.

assumes that the average survival period for deaths in a one year period
is half a year. This reduces the potential for distortions and ensures that
we achieve the desirable feature that the resultant life expectancies are
similar to those that would result from calculating life expectancy using the ) )
6standardé |ife expectancy cal cul at i OqgjusgmgnsgSén(}heSOeﬁasets:he full mortality table

In such (very rare) cases, it is necessary to adjust the calculation method
above to use a sensible mortality rate for cells. Which we take to be the
average rates from the CV dataset. Formally we make the following

This reduces to equating the following calculations for the average T Taken to be based on a mortality table produced by Club Vita

number of years lived by the deaths within each age interval (where the i Calculate i as
age interval runs from @ to w:

1 Chiang method:
i Calculate - as

YieeQ my f p Q
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6.3 Confidence intervals

Life expectancies

The confidence interval around the life expectancy value calculated by the
Chiang method is found as follows:

1 The variance of gy is

E20 2 p HzEzd
GENOOGOPRED G 2870

won

9 Then the variance of e, is

Baz p & 28 Q 70N

a
Further details of the derivation of these formulae can be found in
Chi angds nTbeldegTabdemrid its Applications. Using the
variance derived above, and an assumption that the variability in life
expectancy is normally distributed, we can readily calculate confidence
intervals for the life expectancies.

Changes in life expectancy

In order to estimate the confidence interval of the difference in life
expectancy we introduce an additional assumption that the life
expectancies involved are independent.

The standard deviation of the change in life expectancy, can then be
calculated by taking the square root of the sum of the variances of the life
expectancies at the start and end of the period.

i Q VO VO
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/7 How

f e

We have used the methods described in section 6 to explore the variation
in life expectancy (from age 65) for each of the schemes in the combined

Club Vita and NAPF dataset.

The chart below shows, for over 40 of the largest schemes™ in the dataset
the period life expectancy based upon observed mortality over the period
2008-2012 (and so in effect a smoothed value for life expectancy in 2010).

Life expectancy from age 65 for the largest schemesin

Club Vita (2008-2012 data)

89 +
88 -+ 4 Scheme A
* * *
0“
87 4 ¢ ® +*
s *
- N N 2.
o 86 - *
E * - *e
+
= .o ’.’SchemeB
85 A .
PRI
*
84 4
83 4 .
82 T T T T T T 1
80 81 82 83 84 85 86 87

Men

¥ Selected to have sufficient data volumes for men and women, and across the older age

spectrum, so that have a tight degree of confidence in the calculated life expectancies.

expectancy

has varied

030

bet ween

We can see how there is considerable variation in life expectancy i
spanning 4 years for men, and 5 years for women. These variations
though are largely well understood by pension scheme trustees, sponsors
and their advisors, and as such are routinely incorporated into funding

valuations.

In contrast variations in improvements in life expectancy are less well
understood. We have calculated the corresponding period life expectancy
(and confidence intervals therein) for the period 1998-2002. By comparing
the change in life expectancy between these two points in time we have
an estimate for the increase in life expectancy (in effect) between 2000

and 2010, as illustrated in the chart below.

Increase in life expectancy 2000-2010 for the largest
schemes within Club Vita

4 -
3 -
o Scheme A
)] *
£ 2 * ‘0
5] . **
= v @
+
1 - - ¢
Scheme B
0 T T 1
0 1 2
Men
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When looking at this chart please note fewer schemes are shown as not Confidence intervals for increase in life
all the schemes have a reliable back history (or have sufficient data at all expectancy (2000-2010)

ages in early years) to enable us to plot the increase in life expectancy 5
with confidence.

In both of the charts on the preceding pages we have highlighted two
schemes, Scheme A & Scheme B. These represent two schemes which
have had, for men, some of the highest and lowest increases in life
expectancy over 2000-2010. Over this period Scheme A saw life
expectancy for men rise by 3 years, compared to 1.6 years for Scheme B. o | | :
Both are material rises in life expectancy, but for Scheme A the extra § Scheme A
improvements in life expectancy equate to more than 5% extra in = 2 ; ;

liabilities.

Of course there is some uncertainty in the measurement of life expectancy
and some of the differences seen for Scheme A and Scheme B could be
due to noise. The chart to the right shows 7 by the width of the blue
shaded bars i the 95% confidence intervals™ for the change in life
expectancy for men, for each scheme. 0 1 2 3 4 5

If Scheme A and Scheme B had been selected at random from the wider
dataset, the fact that these bars are non-overlapping would indicate that
there is a statistically significant difference between the two sets of
improvement. However, because Scheme A and Scheme B were picked
specifically from the wider dataset as schemes whose improvements were
different from each other, there is still a possibility that this difference is
due to st at iTkemagoitde ofdhe differeraid liability impact
on the two schemes, though, encourages us to proceed further with our
investigation into how life expectancy may have changed differently for
different types of individuals within DB pension schemes.

4 Calculated as per methods in 6.3
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8 Expl ori nagl mprsawements i n |ife expectancy

In this section we explore how life expectancy has increased between In order to answer this we need to calculate confidence intervals for the
2000 and 2010 for a variety of different groups of individuals within our individual life expectancies, and the differences therein.
data.

The chart below illustrates, for the same industry types, the 95%
In each case the life expectancies and the differences therein, have been confidence intervals around the increase in life expectancies in the
calculated using the approach described in section 6. The life previous chart.

expectancies are based upon data averaged over 3 years i.e. the 2000

. . 8 . We can see that in this case Consumer Services have seen lower
figure uses data spanning 1999-2001 and the 2010 figure data spanning

increases than Utilities. The non-overlapping confidence intervals provide

2009-2011. . . i . . -
us with considerable confidence that the different increases in life
81 Anintroduction to our charts expectancy are not simply due to random variations.
The chart below illustrates as the increase in period life expectancy at age . . . .
65 over the decade from 2000 to 2010 for four different industries Confidence interval for change in male life expectancy
for different industries
Change in male life expectancy for different industries (age 65, 2000-2010, 3 year averaging)
(age 65, 2000-2010, 3 year averaging) S T T T S S S S S S S S
(R R P I e
Consumer Services -
Consumer Services Consumer Goods - | H
consumer Goods Basic Materials _

00 02 04 06 08 10 1.2 14 16 18 20 22 24 26 28 30 32
Basic Materials

; ; ; Change in EoL (Years)
; H } i i i f t f
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28

Change in Eol (Years)

We can see there is a 0.9 year difference between the lowest (consumer
goods) and highest (utilities) increases in life expectancy i however is this
a significant difference? Or is it simply down to the uncertainty in
measurement of the life expectancies in 2000 and 2010 for each industry?
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8.2 Results for a selection of variables Salary
We have set out below the results of univariate analysis on a range of
covariates (pension amount, salary and deprivation). Confidence interval for change in male life expectancy for different salaries
(age 65, 2000-2010, 3 year averaging)
Pension amount
Confidence interval for change in male life expectancy for different Top 1/3rd _
pensions (age 65, 2000-2010, 3 year averaging)
Middle 1/3rd )
£7,500+ 1
£5,000-£7,500 - Bottom 1/3rd -
£2,500-£5,000 b | 0.0 0.5 10 15 2.0 25 3.0
| Change in life expectancy (years)
62,500 - Confidence interval for change in female life expectancy for different
' salaries (age 65, 2000-2010, 3 year averaging)
0.0 0.5 1.0 1.5 20 25 3.0
Change in life expectancy (years)
Confidence interval for change in female life expectancy for different Top 1/3rd _
pensions (age 65, 2000-2010, 3 year averaging)
Middle 1/3rd _
Bottom 1/3rd _
0.0 0.5 1.0 1.5 20 25 3.0
<£5,000 . Change in life expectancy (years)
00 05 1 i o . 0 For both men and women we see some indications of an affluence effect
Change in life expectancy (years) when looking at salary (based on splitting the data into equally sized
groups).
We can see:
1 clear differences in life expectancy improvements for men by

pension income.

T no clear differences for women
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Deprivation (England) Public v Private Sector
Confidence interval for change in male life expectancy for different
deprivations (age 65, 2000-2010, 3 year averaging)

Least deprived 20% k3

fo7] E 3

Mid deprivation 3

a4 R

Most deprived 20% k3
0.0 0.5 1.0 1.5 2.0 25 3.0
Change in life expectancy (years)

For men the biggest improvements in life expectancy have been seen in Over the last decade public sector schemes have seen larger
the most deprived areas. For women we see a clear gradient with the improvements in life expectancy than private sector schemes, particularly
biggest improvements again seen in most deprived areas. for men.
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