VITA

Zooming in on
ZIP codes

Using socio-economic factors to tailor US
pension plan longevity assumptions

How long retirees live is a key assumption when valuing
pension promises. There is ever stronger evidence

of variation in lifespan across US society'. Given that
differences in life expectancy are recognized to be
largely driven by lifestyle rather than genetic make-up,
how can plan sponsors tailor their longevity assumptions
to reflect the characteristics of their participants?

Club Vita brings its years of experience in the UK and
Canada to the US to calibrate its “VitaCurves” longevity
model to US pension plan participants. By harnessing the
wealth of information captured by ‘zooming in’ on each
participant’s ZIP+4 code, together with other key factors
such as gender, annuity amount and retirement health,
Club Vita can capture the diversity of your pension plan’s
demographics, increasing the accuracy and efficiency of
longevity modeling.

Our analysis identifies that data readily available in plan
records explains differences in life expectancy at age 65
of over 8 years. Using the VitaCurves model to zoom in on
the specific characteristics of individuals within pension
plans results in increases and decreases of liabilities of up
to 6% relative to the standard Society of Actuaries tables.
With a reduction in liabilities on average, most plans may
be unconsciously over-valuing their liabilities.
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Introducing Club Vita

Club Vita is a club for pension plans to share data on how In this paper we set out the details of the first calibration of our

long people live. As with many things, the whole is far unique VitaCurves model for longevity.

greater than the sum of its parts and each member of the

Club gets far more out than they putin. If any of the technical terms in this paper are unfamiliar to you,
you can find definitions and related terms in our online Lexicon

By pooling a ‘big data’ set from all contributing members, of Longevity. Just visit www.clubvita.net/glossary and search

Club Vita can develop statistical longevity models far for a term.

more accurate and predictive than would be possible by
analyzing data from individual pension plans alone.

The size of the data set reduces the statistical noise. By
collecting full, rich data, including ZIP+4, blue/white collar
and affluence measures such as salary and pension
amount, Club Vita can develop models that capture the
true diversity of each pension plan.

Club Vita needs you!

We're very excited about the first generation of the US Then we will turn our attention to analyzing the historical trends
VitaCurves model, but we are just getting started... in survival rates, split by socio-economic factors. The insights
Next on our list is to refine VitaCurves further, by exploring  become more powerful with larger data volumes: our Club is
more potential ratings factors such as salary, retirement much more powerful for all involved when individual plans
options, industry and marital status. We will also test collaborate to share data.

whether there are any differences between public sector

and multi-employer plans (differences in longevity We'd like to invite all large pension plans (whether single-
between the public and private sectors in the UK and employer, multi-employer or public sector) to try out our Club
Canada were found to be less significant when affluence by helping us build our data set, improve our VitaCurves model
and ZIP code was used). and enable further research and market development. If you'd

like to know more, get in touch today.

)
Erik Pickett Daniel Reddy Steven Baxter _
Head of Content CEO Head of Innovation and De\}élopment
Club Vita Club Vita US Club Vita I T
erik.pickett@clubvita.net daniel.reddy@clubvita.net steven.baxter@clubvita.net' — b

See for example,
https://www.cdc.gov/nchs/data/series/sr_02/sr02_181.pdf or
https://jamanetwork.com/journals/jama/article-abstract/2513561
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A diverse nation

The United States is a diverse nation made up of a wealth
of people with distinctly different characteristics. This
diversity is particularly noticeable when you analyze life
expectancy.

Figure 1shows the average life expectancy for men and
women for each state in the US. Each state itself is made up
of a diverse mix of people, but even so the state average
life expectancies are very different from state to state, with
over a four-year difference in life expectancy from
Kentucky to Hawaii.

Figure 1:
Life expectancy from age 65 for different states (2016)
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Source: Club Vita analysis of United States Mortality Database
(https://usa.mortality.org/)

What is contributing to this diversity and how can pension
plans account for it when setting their longevity
assumptions?

Nurture, not nature

Many believe that longevity is passed down through the
genes we inherit from our parents, but research suggests
that only about 20% of the differences in life expectancy
comes from our genes?. The rest is driven by external
factors such as lifestyle and environment.

Some key characteristics that indicate how long someone will
live include their level of education, whether they smoke, how
much exercise they get, the type of job they have, how wealthy
they are or even how much sleep they get. Many of these
factors are not possible for pension plans to measure, however,
we can use the data fields that pension plans do hold to create
effective proxies.

How can pension plans
capture this diversity?

The following drivers of longevity can be captured by data
fields routinely held by pension plan record keepers:

Longevity Data item used
driver as a proxy
Lifestyle ZIP code

(level of education,
propensity to smoke, etc)

Affluence Ideally salary, otherwise
pension amount

Retirement health Disabled or normal health
retirement

Occupation Blue or white-collar worker

Categorizing participants using these different data fields (often
referred to as “rating factors”) gives us a granular method for
understanding a pension plan’s demographics. By comparing
each participant to the experience of other participants in the
Club Vita data set with similar characteristics, we can then
derive a longevity assumption appropriate for valuing that
participant within the plan.

Zooming in

We've seen that longevity varies state to state. This is largely
driven by the different lifestyles of people living in different
places. But can we zoom in further and capture more diversity
using details about where people live?

Marketers have long appreciated that analyzing ZIP codes helps
them spend their budgets more wisely. Pension plan sponsors
can repurpose these techniques to refine their understanding
of the longevity of their people.

23ee for example,

https://www.ncbi.nim.nih.gov/pubmed/9686488 or https://www.ncbi.nlm.nih.gov/pubmed/12537858 03
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Capturing lifestyle effects

using ZIP code

Where someone lives can tell us a lot about their lifestyle and therefore about how long they are expected to live. This
information is encoded within the 9-digit ZIP code (commonly known as the ZIP+4 code), but how do we get to it? First,

we repurpose some key principles used by marketers.

Marketing principle 1

People living in the same neighborhood have similar
characteristics

People living in the same neighborhood tend to have similar
characteristics (such as lifestyle, household size or level of
education). We've picked out two such neighborhoods in the
map below. It's worth noting that these areas are not very big,
you only have to travel one block to find different types of
people. The green and purple neighborhoods actually have
very different characteristics despite both being in the same
5 digit ZIP code.
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Marketing principle 2

Neighborhoods can be characterized by the types
of people living there.

The characteristics of people living in the purple and green
neighborhoods are very different. We have used a system
which classifies every ZIP+4 code area in the US by the
characteristics of the people living there. The neighborhoods
in the map are described in the table below.

Typical characteristics

Average number of children; owning detached
houses; nuclear families; higher education; below
average unemployment; urban dwellers, work in
financial, technological, management and public
sectors.

High socio-
economic area:
it Above average number of children; renting
apartments; extended families; not or only graduated
high school; high unemployment; urban dwellers,

Low socio-

economic area: ork in admin or hospitality sectors.

Marketing principle 3

Neighborhoods with the same characteristics
appear all over the country.

Once a neighborhood has been classified using the
characteristics of its residents, we find that there are many
other neighborhoods with similar characteristics that appear
all over the US. The maps below show neighborhoods in
New Jersey, Alabama and Arizona that share the same
lifestyle characteristics.

While there are over 46 million ZIP+4 codes in the US, this
marketing classification puts each ZIP+4 code into one of 58
different types of neighborhoods.
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Longevity modeling principle:

Neighborhoods with similar characteristics have

similar longevity

We analyze longevity experience data for people living in
each of the different marketing groups and order them

Figure 2:
Crude Life expectancy at age 65, men, split by
marketing groups, colored by longevity group

from shortest life expectancy to longest life expectancy. &
We then use a clustering algorithm to simplify the 86 &
classification of ZIP+4 codes by combining the marketing 85 e

groups that have similar longevity experience.

This process gives us 7 groups exhibiting distinct longevity

84

83 c—"-".

experience for men (see Figure 2 to the right) and 6 for 82 s

women. We color-code these “longevity groups” from 81

purple to green as follows:

Longest
Lived
Group

Shortest
Lived
Group

80

Highly educated: above average numbers with bachelors, masters and doctorates
High value properties ($500k); mix of ownership and rentals; low unemployment
Well above average household income (albeit average retirement income)

Variety of educational levels but above average achieving bachelors degrees ‘
Mid value properties; tendency towards ownership; below average unemployment |
Broadly average “family unit”. Broadly average income (household and retirement)

Low levels of education: above average levels not having graduated from High School ‘
Low value (average «$100k) properties; generally rentals; high unemployment |
Less likely to be in a husband-wife family; materially below average household income

Figure 1showed how different states have different average
life expectancies. For women, the states with the highest
and lowest life expectancy are Hawaii and Kentucky. This
does not mean that everyone in Hawaii has the longest life

expectancy. In fact, we see the full range of longevity groups
for both states, but Hawaii has more residents from the
higher groups and Kentucky has more residents in the lower
groups.

0 Life Longevity
. {} expectancy group
# at 65** split

Hawaii 88.7

"

51 Kentucky 84.1 0%

20% 40% 60% 80% 100%

* Life expectancy ranking out of 50 states and District of Columbia

** Source: United States Mortality Database, April 2019
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Longevity or mortality?

Longevity and mortality are two sides of the same coin: However, plan sponsors are typically only exposed to
longevity is the measure of how long people live and longevity risk. American employers with post-retirement
mortality is the measure of when people die. Longevity risk is healthcare promises will have additional longevity risk.
the risk that people live longer lives than expected and

mortality risk the risk that they live shorter lives. It is a key risk At Club Vita, we prefer to think about living rather than
for pension plans: if participants live longer than expected, dying, so we tend to use the term longevity more often.

then more money will be needed to pay their benefits.

Many life insurers are exposed to both longevity and
mortality risk: the balance between these risks helps to make
insurers more secure.

Further information on the technical terms of longevity can

be found in our online Lexicon of Longevity.

Figure 3: The two steps to quantifying and then managing longevity uncertainty...

Step 1: Current (“baseline”) longevity

Accurately measure what is happening today. A
‘snapshot’ of the current situation; it may be
different for different people.

This gives a measure of how long people will live if
nothing changes in the future.

With a large data set, and an understanding of how
itis relevant to your population, it is possible to get
this calculation ‘right’.

Step 2: Future changes to longevity

Project how things will change in the future. For
example, changes due to medical advances or
differences in lifestyles.

This allowance, especially in the long run, is much
more subjective.

By tailoring your baseline longevity, you can
concentrate your efforts on proactively managing
trend uncertainties.

The analysis in this paper addresses the baseline challenge (Step 1) by fitting Club Vita's VitaCurves
methodology to US data. Over the coming months we propose to collect larger volumes of historical data to
analyze historical trends in different socio-economic groups which will help with the setting of an appropriate

allowance for future changes (Step 2).

06
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Introducing VitaCurves

ZIP+4 codes allow us to capture large differences in life expectancy, but there are other factors, most notably
income, that also lead to considerable variation of life expectancy. Club Vita's approach is to combine the
effects of multiple factors including ZIP+4, pension amount and blue/white collar worker into a highly predictive
model of current (or “baseline”) longevity (for Step 1in Figure 3). We call this model VitaCurves. The techniques
we are describing here have been tried and tested in the UK® and Canada®.

The starting point is the data set underlying our calculations.

Q The size of our data set is key to make our O The richness of our data set is key to capture the
calculations statistically significant. full diversity between different retirees.

@ Themoredatawe have, the more we can identify The more data fields we collect, the more
the signal through the noise. diversity we can capture between retirees.

Q Our first-generation US VitaCurves model is built Q Our first-generation US VitaCurves model uses
on a data set of over 800k retirees from a diverse the data fields: ZIP+4, pension amount, blue/
portfolio of 108 large plans. white collar, first/second life, gender, disabled/

normal health.

How do we build the Retiree Retiree

VitaCurves model? men women

We split each data field into distinct ‘buckets’. Each Pension amount 6 pensionbands 3 pension bands
individual retiree in our data set will be characterized by

how their data fits into each bucket.
7 longevity 6 longevity

groups groups

ZIP+4
We apply a statistical technique called Generalized Linear
Modeling to our data set to build up a picture of how each
data field influences an individual’s longevity. We use this Collar Blue/white Blue/white
technique to calculate an individual longevity assumption,

or “VitaCurve”, for each combination of our data fields. For
our first-generation model, we generate 306 VitaCurves.

The first generation of VitaCurves captures a difference in
life expectancy from 65 of 8.7 years for men and 6.6 years
for women. We show on the next page how ZIP+4, annuity
amount and collar type contribute to this diversity by
indicating the broad change in life expectancy from moving
from the best to worst group for that factor, whilst keeping
all other attributes unchanged.

3 What longevity predictors should be allowed for when valuing pension scheme liabilities?
4 https://www.cia-ica.ca/docs/default-source/2018/218068.pdf

07
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Life expectancy
from 65

o

i

Life expectancy
from 65

ZIP+4 3% years
$ 3%years

ZIP+4 3Vayears
$ 1%years

. Collar . Collar 1 year

1%, years
80.2» 7.6years »87.8 82.5» 59years »88.4

including “age only” disabled curve

6.6 years »88.4

including “age only” disabled curve

79.1» 81.8»

8.7 years »87.8

Numbers in grey indicate the broad change in life expectancy from moving from the best to worst group for that factor, whilst keeping
all other attributes unchanged. Note sums do not add due to rounding.

Applying VitaCurves to your plan

@ Analyze each participant’s individual characteristics using the data bucketing system
@ Assign a VitaCurve to each individual in your plan, matching the bucketing of their specific characteristics

@ Combine all the individual VitaCurves together to create an assumption for your plan as a whole.

The VitaCurves model captures the diverse range of experience of your participants and
applies it to your plan in a streamlined and efficient way

-
Why ZIP+4 codes?

o Onaverage, a 5-digit ZIP code covers around 7,800 people, but in many cases, they cover more than
100,000 residents.

60629 Chicago, IL

Population 105k

90011 Los Angeles, CA
Population 106k

79936 El Paso, TX

Population 115k

90201 Bell Gardens, CA
Population 101k

90650 Norwalk, CA
Population 105k

o These large areas cover a diverse mix of people. In fact, around 1/3 of all 5-digit ZIP codes contain

addresses from at least six of our longevity groups.

« Simply taking the average life expectancy across such a diverse mix of people will lose a lot of
information about how long individuals will live. This problem is solved using our system of grouping
ZIP+4 codes with similar characteristics.

08
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How much does the value of
pension promises change?

The data set used for this initial calibration came from a
diverse collection of over 100 large pension plans, from a
range of different industries and locations. It can also be
used to study the impact on individual plans. Figure 4 shows
that, when comparing to our best estimate of the plans’
current longevity assumption, the change in the value of
liabilities ranges from a 3% rise to a 6% fall. The winners
(shown by the green bars below) outnumber the losers
(shown by purple bars) by roughly two to one.

Overall, plans would enjoy an average reduction of around 1%
off their liabilities, assuming no change to the allowance for
future improvements (step two in Figure 3). We suspect that
this hidden overvaluation is largely attributable to the pension
industry’s existing tables needing to be projected forward
over several years to the current date. The RPO6 tables were
based on data centered in 2006 and whilst they have been
updated in line with national US population data and
projected changes in longevity, these updates have not
captured the actual pace of change in sub-sections of the US
population. In contrast, the VitaCurves model is based on data
centered in 2015.

6%

4%

2%

0%

-2%

-4%

-6%

Figure 4:
Impact of moving from RPO6 to 9 digit ZIP US VitaCurves (both MP18 improvements)

B Decrease in liabilities

B Increase in liabilities

Calculation approach: For each plan in our data set we have calculated the plan’s liabilities using both VitaCurves and the Society of Actuaries RP06 base
tables. We assumed plans would use RP06 tables best matched to the collar type of the plan. We assumed MP18 mortality projection scale for future
improvements and 4% discount rate and excluded any surviving spouses’ pensions that may commence after retirees die in the future. We have not
shown results for plans in our data set for which we did not have sufficiently good quality ZIP+4 data.

10
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The power of individual assumptions

Not only does VitaCurves allow you to capture the ] . ] )
diversity of your plan when setting your longevity Figure 5: Individual assumptions vs ‘average assumption
assumptions, it also lets you value participants with 6%

individualized longevity assumptions. This could have a

significant effect when assessing the value of a pension risk N

transfer deal. 2%
0% —
For example, participants with higher pensions will have a -
longer life expectancy than participants with lower 2% I
pensions. If you use the same assumption to value all -4%
participants in your plan, you will overvalue those with low %
pensions and undervalue those with high pensions. Figure 5 Bottom 20%  20%-40%  40%-60%  60%-80%  Top 20%
shows the effect on liability values for different quintiles of Lowest pensions Split of liability by pension amount  Highest pensions

participants for an example plan of moving from their Source: Club Vita; for an example US plan, the effect on quintiles of

current assumption to using VitaCurves. liabilities of moving from assumed funding assumption to individual
VitaCurves for baseline longevity

Longevity, it is a changin’

As we discussed in Figure 3, nailing down an accurate the USA average, and each grey line represents an
baseline assumption is the first step to understanding your individual state. We can see that a 2-year gap in life
plan’s longevity risk. The second step is to understand how  expectancy experienced in the 1960s has opened up
longevity is changing over time. There are various things to over a 4-year gap in life expectancy in recent years.

driving changes in longevity, including medical advances,
changes in diet and levels of exercise, smoking and alcohol ~ Club Vita's research in the UK® has shown that life

consumption. Many of these effects are not experienced expectancy has recently been increasing at a faster
uniformly across society. rate for more well-off retirees. This phenomenon
has been mirrored in the US, with research showing
Looking again at the simplified situation of state level that between 2001 and 2014, life expectancy has
statistics we can see that improvements have not been increased more for those with higher income’. Club
experienced uniformly in different states. Figures 6 and 7 Vita can help you consider these socio-economic
show how life expectancy (measured from age 65) has differences when thinking about longevity
changed between 1960 and 2016: the blue line represents improvement scales.
Figures 6 & 7: Life expectancy from 65
920 920
88 o 88 o
86 ﬂ 86 {} ‘/__,
84 I 84 == I
82 82 /
, / 80 g
78 8 78
76 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 * 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Individual states ‘s National Individual states @ National
2 4 2.5
year o year year Y16
gap gap gap year
gap
Source: Club Vita analysis of US state life expectancy data from the United States Mortality Database (https://usa.mortality.org/)

https://www.clubvita.co.uk/collaborative-research/trends
7 https://jamanetwork.com/journals/jama/article-abstract/2513561 1



Details on the
underlying data

The VitaCurves model described in this paper was calibrated
to a data set containing 815,000 in force lives and over 160,000
deaths. The model was calibrated to the experience over the
period 2014-2016. Further details of the data set and the
validations applied can be found in the technical supporting
documents.
https://www.clubvita.us/zooming-in-on-zip-codes

VIT Club Vita US, LLC
cLuB A www.clubvita.net

Details on the
modeling
methodology

Further technical details on the modeling methodology can
be found in the technical supporting documents.
https://www.clubvita.us/zooming-in-on-zip-codes

Reliances and limitations

In this paper (the “Research”), Club Vita US, LLC (“CV US LLC") has provided an overview of methodology and results of the calibration of the

first generation of US VitaCurves. The Research is based upon CV US LLC'’s understanding of legislation and events as of July 2019 and

therefore may be subject to change. Future actuarial measurements may differ significantly from the estimates presented in the Research due
experience differing from that anticipated by the demographic, economic and other assumptions. The Research should not be construed as
advice and therefore not be considered a substitute for specific advice in relation to individual circumstances and should not be relied upon.
Where the subject of the Research refers to legal matters please note that CV US LLC is not qualified to give legal advice, therefore we
recommend that you seek legal advice if you are wishing to address any legal matters discussed in this research. Please be advised that CV US
LLC (nor its respective licensors) does not accept liability for errors or omissions in the Research and CV US LLC (nor its respective licensors)
does not owe nor shall accept any duty, liability or responsibility regarding the use of the Research, except where we have agreed to do soin
writing. © 2019. The Research contains copyright and other intellectual property rights of CV US LLC and its respective licensors. All such rights
are reserved. You shall not do anything to infringe CV US LLC's or its licensors’ copyright or intellectual property rights. However, you may
reproduce any of the charts and tables contained herein and quote materials from this report, provided the source of the material is clearly
referenced by stating “Reproduced with permission from Club Vita US, LLC. You must not rely on this material and CV US LLC does not accept
any liability for it.” If you are seeking to use the information contained in this research sometime after it was produced, please be aware that the
information may be out of date and therefore inaccurate. Please consult the Club Vita website, www.clubvita.net, for publication updates or
contact one of the team.

This paper and its supporting documents complies with the relevant Actuarial Standards Board’s Actuarial Standards of Practice (ASOP) and
the Financial Reporting Council’s Technical Actuarial Standards (TAS) 100.



