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Background

Here, we talk about this Not this

Quote

“DEATH comes to everyone.
The timing is much LESS CERTAIN.”

The Economist (2 Feb 2010) when commenting on longevity
swaps




We must quantify uncertainty around mortality
experience

Understand Uncertainty
Manage Risk
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We must quantify uncertainty around mortality
experience

Understand Uncertainty

f The base mortality assumption
Manage Risk *Expressed as Actual/Expected (A/E)
«Of a life table e.g. PCMAQO
*E.g. 92% PCMAO00

«But rarely says 92% Plus or Minus What?

We must quantify uncertainty around mortality
experience

Understand Uncertainty

Manage Risk

Regulatory Requirements
Measure Credibility of Experience




Problems

. Problem 1:

— How do we measure uncertainty due to small
number of people?
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Problems

. Problem 1:

— How do we measure uncertainty due to small
number of people?

e Problem2
— How do we measure increased volatility due to
concentration of pension amount on a small number
of people?

Problems

. Problem 1:

— How do we measure uncertainty due to small
number of people?

. Problem 2

— How do we measure increased volatility due to
concentration of pension amount on a small number
of people?

*  Problem3
— How to use the solutions in practice?
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We want to quantify uncertainty

Number of 85 Number of Number of Ratio of

year-olds at the deaths deaths actually | Actual over

start of the year | expected in the | observed in Expected
year according the year (AIE)

to a life table
which says that
mortality rates
of age 85 is 10%

Big 10K 10,000 1,000 1,000 100%

Small 1K 1,000 100 100 100%

Intuitively, the result of Big 10K should be more certain than Small 1K.
But, how do we measure the uncertainty?

We want to quantify uncertainty

Number of 85 Number of Number of Ratio of 95%
year-olds at the | deaths deaths actually | Actual over confidence
start of the year | expected in the | observed in Expected intervals of
year according | the year (AE) AE?
to a life table )
hich says that This is what
w we try to find
mortality rates out
of age 85 is 10%
Big 10K 10,000 1,000 1000 100% Missing??
90-110%7??
Small 1K | 1,000 100 100 100% Missing??
t

Want to work this out

Solution 1: Monte Carlo Simulation

*Name coined in the 1940s
after the Monte Carlo Casino

*Method involves computers
to solve questions relating to
random events

*Used in
*Physics
«Finance
*Epidemiology/Medicine

Monte Carlo Casino (picture from Wikipedia)
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Solution 1: Monte Carlo simulation

Repeat this for all other members
10,000 members for Big 10K
1,000 members for Small 1K

Randomly given
Anumber between
0-100%

Alive start of yea _—

Simulate 200 scenarios

Example:

In the first simulation for Big 10K,
We get 980 deaths compared
with the expected 1000 deaths
S0, in this scenario we have a
A/E ratio of 98%

Result 17 The more the betier
We get a distribution of A/E generated in the 200 scenarios for
Big 10K and Small 1K

Distribution of scenarios

Number of scenarios out of 200

3%~ B387% 8392% 0397 08102% 103 108 113 118%e
o7 12%  17%

Percentage of death in simulation against expected number of
eaths
(Expect 1000 deaths in Big 10K and 100 deaths in Small 1K)

=Note that the distribution of Big 10K is narrower than Small 1K
=So confidence intervals for Big 10K is narrower than Small 1K,
«which is understandable because Big 10K has a larger dataset

Result Z7 Pension amount increase uncertainty
We can also get a distribution of A/E generated in the 200
scenarios for Big 10K and do a weighting by pension amount

Distribution of Big 10K
AVE of weighted by pension amount increases variance

Nurmber of scenarios out of 200
8

LA EN—

Percentage of death in simulation against expected deaths
(A =lives, A Amount = weighted by amount)

g 10K O Big 10K Amount

We get a wider distri n
with amount weighting method,




Solution 1: Monte Carlo simulation
for all ages

Each randomly
given
. % Anumber between
ch member »

Of all ages 0-100%
Alive start of yea

Repeat this for all other
members

JE—
lecting age profi

UK above 6 %-100%

Alive

Simulate many scenarios

(1 the oty ree
o il aged)

Work out A/E
With or without
Weighting by pension

Number of people reflecting UK age profie
(200, 1000, 5000, 25000,125000)
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Solution 1: Monte Carlo simulation

Strength

. This method has the
advantage of using the
full information in the data
including age profile,
exact pension amount of
each pensioner directly

. So, it reflects uncertainty
around the population’s
own mortality experience

. Would satisfy regulatory
requirements

Solution 1: Monte Carlo simulation

Strength Limitation

. This method has the _ Doesn't reflect
advantage of using the weather — hot
full information in the data summer, cold winter,
including age profile, flu
exact pension amount of —  Need further
each pensioner directly adjustment for late

«  So, it reflects uncertainty reported deaths and
around the population’s m\%:g\lgmem

own mortality experience

. Would satisfy regulatory
requirements

—  Relatively intensive
on computing power




Solution 1: Monte Carlo simulation

Discussion: Is there any less demanding method?
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Solution 2: Formula to reflect results of Monte Carlo simulation

. Further details to be released in
—  ‘Estimation of Confidence Intervals for Mortality Table Adjustments’
By A Kanter and J Lu (2010) Longevity Science on the Web Issue 2

wlegalandgeneral comisweb

Solution 2: Formula to reflect results of Monte Carlo simulation

. var(A/E lives) = (X n,p, g, )/ (£ n,q)?
. var(A/E amounts) = (25S,2p,q,) / (22S,q,)?

. X = age exact

. n = the number of population

. q, = probability of a person age x dying over the year (standard notation)
N Py =1-q,

. S, = Pension amount of person i




Compare 95% confidence intervals of Monte Carlo
Simulation with Formula (3-year mortality investigation period)

Monte Carlo Simulation

16/03/2010

Males ‘“Three year investigation period
AJE (lives) 'AJE (amounts) for different inequality levels
sampl size Low Med High
0 o 1479 S50 161% 3450 -200% 2902429
1000 w12 To-12m% 3% 140% 2o 167%
5000 o2 1099 oo 111% o250 119% oo - 133%
25000 a7h-103% o6 -105% o254 -100% a5 1159
125000 9o 102% oo - 102% o758 -103% 900 - 108%
FOTMUIA_(bold epresents witin 19 diference rom above)
Vs Threeyor Invesigaion peiod
AVE (lives) AJE (amounts) for different inequality levels
samplesize Low ved High
m oo 1430 1o - 156% 21961920 o219
1000 s2%6- 115% To%- 1250 o196 1620 s106- 1780
so00 s206- 108% ss06- 1119 s2%6- 1155 s0%6- 133%
25000 s6%6- 1045 s506-105% s206- 108% 5556 116%
125000 ss06- 102% ss06-102% s6%6- 10456 s196- 10856

Compare 95% confidence intervals of Monte Carlo
Simulation with Formula (1-year mortality investigation period)

Monte Carlo Simulation

Males One yea investigation period

A (ives) ATE (amounts) for ifferen nequalty levels
Sample size Law Ved Hin
20 3% 184% 1% 221% 12%-281% o%4- 37350
1000 1% 136% 2% 148% 1% 177 20% - 208%
5000 % 115% 2% 120% 9% 133% 0% 159%
25000 9% 107% 2109 % 1% 3%~ 125%
125000 97%- 103% 9% - 104% 9456 - 106% 5% - 113%
Formula (bold represents within 1% difference from above)
Males One year investigation period

A (ves) A (amounts) for diferent inequality levels

Sample size Low Med Hign
0 2m%0- 17250 S50 195% s1%-25% 106% - 306%
1000 oot 1325 1% 143% 20%- 171% 20%-220%
5000 6% - 1145% B1%- 115% %6 152% a%- 154%
25000 94%-106% 91%- 1009 a6%- 114% 74%- 126%
125000 97% - 103% 95%- 1045 5496 105% Bt - 115%

How to use the Formula approach?
What if we want a simpler approach?




« Just need a few inputs:
— Number of annuitants
Average Age

— Concentration of pension, e.g. 10% of people own 45% of
pension

Number of years of data
— Base table

How to use the Formula approach?
What if we want a simpler approach?
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Base Variances x
Inequality multiplier x

Base table adjustment

Adj factor (number of years) x

Variance = 1/(number of people x Observed A/E) x

Solution 3: A ‘Simplified Formula’ Approach

Base Variances Pension Inequality Multyr investigation Base tabl

Avg age| Male | Female | [ Top 10% own] Coeff. of var] Gini] Inequality multipier] m__ [Adifector| [Table [mad] fadj
65 |50.35] 67.97 30% 088 [0.41] 178 1 PCxa00[ 1.00 | 1.00
66| 4568] 6030 35% 112 |oag 2.25 2 0478 PCx00[ 075] 083
67 |ar1s] s324 0% 137|053 2.89 3 0304 PEXA0[ 0.94] 083
63 |36.94] 4687 a5% 169 [0.59) 3.84 4 0218 PEXL00[ 066 | 073
69 |3208| 4113 50% 204 [063] 515 5 0166 PXA92 | 0.95 | 1.09
70 | 29.33] 36.08 55% 251 [0.68] 7.30 6 0131 [PNXADD| 1.05 | 1.04
71 |2600] 3163 60% 306 [072] 10.39 7 0107 PNXL00 [ 081 087
72 |2300] 2775 65% 391 [0.76] 16.26 8 0.088 PPXV00[ 1.44] 155
73 |2030] 2436 70% 505 Joso| 26.47 9 0074 Rxvoo [093] 128
74 |1701] 2140 10 0.063 sPxa03[ 0.81] 0.80
75 |1578] 1883 'gpmz 0.58[ 0.68

Formula (Solution 2) (bold represent consistency with Solution 1)

Compare 95% confidence intervals of Solutions 2 and 3
(3-year mortality investigation period)

Males Thee year investigation perod
AE (ves) ATE (amounts) for iffret nequality levels
sample size Low Med High
200 60%-143% 9% -156% 21%0-192% 496-221%
100 a2 115% Tesh-125% 61%-142% s15%- 178%
5000 5296 - 108% B9 - 111% 6296 - 119% 9% - 133%
25000 o696 - 104% o596 - 105% 5296 - 108% 5% - 116%
125000 ca%6 - 102% ca%6 - 102% 0696 -104% 91%-103%
Simplified formula close
Simplified Formula (Solution 3) &nough for key figures’
ales Thvee year investigation period
A (ves) ATE (amounts)for ifferent nequalty levels
Sample size Low Med High
20 6% 139% % 1525 1236 108% 1019 - 3019
1000 3% -117% 5% 125% seth-142% 2% 178%
5000 92%-108% 50%- 110% 2% -118% 0% - 140%
25000 97%- 103% s5t6-105% 5296 -108% 6296 - 118%
125000 9891029 sevo102% s6% 1045 5296 108%
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[Compare 95% confidence intervals of Solutions 2 and 3
1-year mortality investigation period)

Formula (Solution 2) oid represent consitency wit Soluton 1)
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Wales ‘One year investigaion period
A (ives) AVE (amounts) for differet ncauality evels

sampe size Low ed High

20 28%-172% S5%-105% s150-251% -106%- 306%

1000 8% 1229 S10- 143% 29%- 111% 20 - 2200

5000 B8 -114% 619 113% e8%- 1329 agt0- 15454

25000 949 -106% 51961030 % - 114% 749 -126%

125000 971%- 109 o696 104% 94%- 1069% 85%- 115%

Simplified Formula (Solution 3)

Males One year investigation period enough fof key. mmm)
A (Ives) A (amounts) for diferent inequality levels

Samplesize Low Med High

20 29%- 17154 o5 10450 0% 260% 2609 - 454%6

1000 oot 1325 S8%- 142% 20%- 17250 62%-26%

5000 5% - 1145% B1%- 115% a6 152% 21%- 173%

25000 94%-106% 919%- 1089 86%- 114% 74%- 126%

125000 97% - 103% 95%- 1045% 0496 105% Bt - 115%

Comparison of the 3 methods

Monte Carlo Formula Simplified Formula

Computing complexity

Time

Level of

Skills

Conclusion

¢ Problem 1: How do we measure uncertainty due to
small number of people?

*  Problem 2: How do we measure increased volatility
due to concentration of pension amount on a small
number of people?

*  Problem 3: How to use the solutions in practice?
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Conclusion

* Answer:
— Use one of the 3 methods
— But we welcome suggestions of any other methods
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Questions for Discussion

« Inyour capacity, what are the
benefits of understanding the
uncertainty around Base
Mortality? -
—
+ How do you quantify uncertainty
around Base Mortality for your

Stakeholders? " '
*  Whatwould be your preferred "
method in practice?
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