Continuous Mortality Investigation

Errata to CMI Working Papers 20, 25 and®27 an Mortality Projections

Background

After the publication of Working Paper 27 July 2007 it came to light that the dataset for
Permanent Assurances for Male lives used lgyGMI in its recent research into mortality
projections included initial exposures but was used as if these were central exposures.

As a result,some ofthe results published in Working Papers 20, 25 and 27 and the
projections contained in the draft lésy using this datasetere inaccurate

The issue was widely publicised, together with an initial indication of its impact on annuity
values. During the re-work the CMI found an error in the projection software in the
calculation of deviance residualsedsin bootstrapping simulations for the Ld&garter
modelswhich also affects some tiie valuesn Working Paper 25Registered users of the
CMI 6s il |l ust r akoadvised sfthifisswear e wer e

This note provides corrections to tharts ofWorking Papers 20, 25 and Affected bythese
issuesin Appendices A, B and C, respectively addition:
e The versions of Working Pape?® and 25on the website have been replaced with
revied versions
e Working Paper 27 hasot beenrevied so that the docuent on which the CMI
sought the views of the Profession remains as it was for consultagibs cantent is
effectively replaced by Working Paper 30 and tlser guide being issued alongside
version 1.0 of the library.
e A new release of the softwaie being sent to all registered users to correct the
calculation of the deviance residuals.

Dataset and exposure calculations

The dataset for Permanent Assurances for Male lives used by the CMI in its recent research
into mortality projections included iml exposures but was used as if these were central
exposuresThis dataset has also been made available to the Profession, together with the
illustrative mortality projections software, without specifying what definition had been used
for the exposures. fAthis software fits valuesf i users could reasonably expect the
dataset to include Central Exposures but it actually caeddmtial Exposures. Therefore,

the dataset needs to be adjusted before being used with the software.

Central Exposures nabe estimated for each age and year from the Initial Exposures using
the following formulae:

Central Exposure = Initial Exposu®.5 x Deaths.
This issue affected the annuity values and expectation of life values calculated for the CMI
dataset and coained in the three Working Papers, but did not alter the main conclusions of
the research. (Values using ONS data are unaffected by this issue).

Revised values are providedthe three Appendices to this note



The calculation of deviance residuals

During the re-work arising from theexposure issue abovthe CMI found an error in the
projection software in the calculation of deviance residuals used in-strapping
simulations for the Le€arter modelsvhich affects some of the values in Working Papgr 2

This procedure is explained in more detail in section 2.2 of Working Paper 15 (available here:
http://www.actuaries.org.uk/files/pdf/cmi/wp15/wp15.pdf

This affects the 2.5% dm7.5% confidence intervals for the annuities published in Working
Paper 25. Thecentral projections on the Lee Carter model that are produced by the
illustrative software areunaffected hence Working Paper 27 and the draft library of
projections were riaffected by this error.

The errorwas in the code for calculating deviance residwels er e t he fA20 i n
below (taken fronpage 10 ofVorking Paper 15yvas missing
: D,
Nt = SIgI’(DX’t - Iﬁx,t)\/qu,t |093E~’—t

-

(D, ~I&,)]

— Wt —
Xt

where IJ_9='-X,t = /E(,t E,; is the "expected' numbef deaths.

The deviance residuals are used in bBicdpping simulations and so this error affects the
confidence intervals for the Leé@arter and Le€arter APC models for both th€MI
Permanent Assuranceand ONS datasetsCorrecting for this error s the effect of
increasing the spread of the simulations.

The CMI reminds users that thpgojectionssoftware is illustrative and the CMI has only
carried out limited testing on itUsers are responsible for carrying out their own checks to
ensure thathe results are appropriate for their purposes.

Novenber2007


http://www.actuaries.org.uk/files/pdf/cmi/wp15/wp15.pdf

Appendix A: Errata to CMI Working Paper 20

CMI Working Paper 20, on-Bpline projections, was affected only by the exposure issue, in

respect of projections using the dataset for Perntak&surances for Male lives.

The tables and graphs contained ims tAppendix replace those in Working Paper 20,
although for many of the tables only some of the values have changed. In a number of places,
references in the accompanying text referredumerical values from the tables but we have
not amended these paragrajpihshis documentin no case do we believe that the inference

drawn in any text has been invalidated by the revision to the numerical value

Table M1(page 24 of Working Paper 20

Projection based on male assur
lives, 1947 to 1994

Projection based on male ONS
data, 1961 to 1994

4.5% annuity value at age

4.5% annuity value at age

Mortality basis 60 65 ‘ 75 60 ‘ 65 ‘ 75
PMA92u95 14.388  12.549 8.686| 14.388 12.549 8.686
PMA92u95ps50ac 14.867  12.953 8.943| 15188 13.155 8.950
PMA92u95ps97.5ac 15.187  13.230 9.113| 15908 13.760 9.281
PMA92u95ps2.5ac 14579  12.703 8.786| 14576 12.651 8.671
PMA92u95ps50ap 14.818 12917 8.931| 15543 13.604 9.372
PMA92u95ps97.5ap 15.310 13.340 9.191| 20.487 19.289 15.238
PMA92u95ps2.5ap 14.405  12.559 8.705| 10.192 90.114 6.829

Table M2(page 2%

Annuity values in the shaded cells. Other cells show the values in Table M1 as percentg

values in the shadedis.

Projection based on male assut
lives, 1947 to 1994

Projection based on male ONY
data, 1961 to 1994

4.5% annuity value at age

4.5% annuity value at age

Mortality basis 60 65 | 75 60 | 65 | 75
PMA92u95 14.388 12549  8.686| 14.388 12549  8.686
PMA92u95ps50ac 103.3% 103.2% 103.0%| 105.6% 104.8% 103.0%
PMA92u95ps97.5ac 105.6% 105.4% 104.9%| 110.6% 109.7% 106.9%
PMA92u95ps2.5ac 101.3% 101.2% 101.2%| 101.3% 100.8%  99.8%
PMA92u95ps50ap 103.0% 102.9% 102.8%| 108.0% 108.4% 107.9%
PMA92u95ps97.5ap 106.4% 106.3% 105.8%| 142.4% 153.7% 175.4%
PMA92u95ps2.5ap 100.1% 100.1% 100.2%| 70.8%  72.6%  78.6%




Figure 5(page 27)

Projected annuity values for age 60 starting from 1993
P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Figure 6(page 28)

Projected annuity values for age 60 starting from 1993
P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Note: Figure 7on page 28vas based o@NS data s@s unchange.



Figure 8 (page 29)
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Projected annuity values for age 75 starting from 1984
P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Table M3(page 30

Mortality basis

Projection based on male assur
lives, 1947 to 2003

Projection based on male ONSY
data, 1961 to 2003

4.5% annuity value at age

4.5% annuity value at age

60 65| 75

60 | 65 | 75

PMA92u04mc
(unadjusted)

PMA92u04mc
PMA92u04lc
PMA92u04sc

PMA92u04ps50ac
PMA92u04ps97.5ac
PMA92u04ps2.5ac

PMA92u04ps50ap
PMA92u04ps97.5ap
PMA92u04ps2.5ap

15.480 13.786 9.842

15.218 13.640 9.902
15.620 14.154 10.355
15.044 13.415 9.599

15.756 14.012 9.880
16.088 14.309 10.073
15.452 13.742 9.703

15.746 14.027 9.913
16.277 14.503 10.222
15.291 13.621 9.645

15.480 13.786 9.842

15.218 13.640 9.902
15.620 14.154 10.355
15.044 13.415 9.599

16.156 14.409 10.029
16.961 15.151 10.484
15.411 13.763 9.651

14.599 13.020 9.174
16.359 14.508 9.989
13.653 12.203 8.676




Table M4(page 3}

Annuity values in the shaded cells. Other cells show the values in Table M3 as percenta

values in the shaded cells.

Projectionbased on male assurg Projection based on male ONY
lives, 1947 to 2003 data, 1961 to 2003
4.5% annuity value at age 4.5% annuity value at age
Mortality basis 60 65 | 75 60 | 65 | 75
PMA92u04mc 15.218  13.640 9.902 15.218  13.640 9.902
PMA92u04ic 102.6% 103.8% 104.6%| 102.6% 103.8% 104.6%
PMA92u04sc 98.9% 98.3% 96.9% 98.9% 98.3% 96.9%
PMA92u04ps50ac 103.5% 102.7% 99.8%| 106.2% 105.6% 101.3%
PMA92u04ps97.5ac 105.7% 104.9% 101.7%| 111.5% 111.1% 105.9%
PMA92u04ps2.5ac 101.5% 100.7% 98.0%| 101.3% 100.9% 97.5%
PMA9204ups50ap 103.5% 102.8% 100.1% 95.9% 95.4% 92.6%
PMA92u04ps97.5ap 107.0% 106.3% 103.2%| 107.5% 106.4% 100.9%
PMA92u04ps2.5ap 100.5% 99.9% 97.4% 89.7% 89.5% 87.6%
Table M5(page 32

Annuity vdues @ 45% i1 000 Series as a percentage of

Projection based on male assur,  Projection based on male ONS

lives, 1947 to 2003 data, 1961 to 2003
4.5% annuity value at age 4.5% annuity value at age

Mortality basis 60 65 ‘ 75 60 ‘ 65 ‘ 75
PMAOQOOu04ps50ac 100.0%  100.0% 99.8%| 100.0% 100.0% 99.7%
PMAOOu04ps97.5ac 100.0% 100.0% 99.7%/| 100.0% 99.9% 99.7%
PMAOQOOu04ps2.5ac 100.0%  100.0% 99.8%| 100.0% 100.0% 99.8%
PMAOQOu04ps50ap 100.0%  100.0% 998% | 100.1% 100.1% 99.8%
PMAOOu04ps97.5ap 100.0% 100.0% 99.7%/| 100.0% 99.9% 99.7%
PMAOQOOu04ps2.5ap 100.0%  100.0% 99.8%| 100.1% 100.1% 99.9%




Figure 9(page 33)
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Projected annuity values for age 60 starting from 1993
P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Figure 10(page 33)
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Projected annuity values for age 65 starting from 1993
P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Figure 11(page 34)

Projected annuity values for age 75 starting from 1993

P-spline, age-cohort, assured lives fitted from 1947, ages 21-90, PMA92, 4.5%
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Table F1(page 35)

Projecton based on male assurt¢
lives, 1947 to 1994

Projection based on female ON
data, 1961 to 1994

4.5% annuity value at age

4.5% annuity value at age

Mortality basis 60 65 75 60 65 75
PFA92u95 15.251 13.700 9.969 15.251 13.700 9.969
PFA92u95ps50ac 15.819 14.205 10.317 15.873 14.236  10.297
PFA92u95ps97.5ac 16.170 14.526 10.539 16.369 14.677 10.574
PFA92u95ps2.5ac 15.496 13.911 10.114| 15.422 13.840  10.049
PFA92u95ps50ap 15.771 14.169 10.303 15.802 14.306  10.557
PFA92u95ps97.5ap 16.315 14.666 10.646| 20.393 19.522 15.972
PFA92u95ps2.5ap 15.299 13.741 10.005 10.869 9.970 7.703




Table F2(page 35)

Annuity values in the shaded cells. Other cells show the values from Table F1 as percent

valuesin the shaded cells.

Projection based on male assur Projection based on female ON
lives, 1947 to 1994 data, 1961 to 1994
4.5% annuity value at age 4.5% annuity value at age

Mortality basis 60 65 | 75 60 | 65| 75
PFA92u95 15.251  13.700 9.969 15.251  13.700 9.969
PFA92u95ps50ac 103.7% 103.7% 103.5%| 104.1% 103.9% 103.3%
PFA92u95ps97.5ac 106.0% 106.0% 105.7%| 107.3% 107.1% 106.1%
PFA92u95ps2.5ac 101.6% 101.5% 101.5%| 101.1% 101.0% 100.8%
PFA92u95ps50ap 103.4% 103.4% 103.4%| 103.6% 104.4% 105.9%
PFA92u95ps97.5ap 107.0% 107.1% 106.8%| 133.7% 142.5% 160.2%
PFA92u95ps2.5ap 100.3% 100.3% 100.4% 71.3% 72.8% 77.3%

Table F3(page 36)

Projection based on male assur Projection basd on female ONS
lives, 1947 to 2003 data, 1961 to 2003
4.5% annuity value at age 4.5% annuity value at age

Mortality basis 60 65| 75 60 | 65 | 75
PFA92u04mc
(unadjusted) 16.327 14.814  11.166| 16.327 14.814 11.166
PFA92u04mc 15.976  14.482 10.819| 15.976 14482 10.819
PFA92u04lc 16.400 15.020 11.333| 16.400 15.020 11.333
PFA92u04sc 15.804 14.260  10.515| 15.804 14.260 10.515
PFA92u04ps50ac 16.592  14.947 10.898| 16.515 14.906 10.767
PFA92u04ps97.5ac 16.942 15.273 11.130 16.962 15.311 11.027
PFAQ2u04ps2.5ac 16.265 14.645 10.685| 16.101 14.536 10.531
PFA92104p-s50ap 16.589  14.967  10.937| 14.776  13.247 9.563
PFA92u04ps97.5ap 17.147 15.490 11.308 15.753 14.085 10.067
PFA92u04ps2.5ap 16.090 14.509 10.611| 14.122 12.673 9.193




Table F4(page 37)

Annuity values in the shaded cells. Other cells show the values in Table F3 as percenta
values in the shaded cells.

Projection based on male assur Projection based on female ON

lives, 1947 to 2003 data, 1961 to 2003

4.5% annuity value at age 4.5% annuity value at age

Mortality basis 60 65 | 75 60 | 65 | 75
PFA92u04mc 15976  14.482  10.819| 15976  14.482 10.819
PFA92u04lc 102.7% 103.7% 104.7%| 102.7% 103.7% 104.7%
PFA92u04sc 98.9% 98.5% 97.2% 98.9% 98.5% 97.2%
PFA92u04ps50ac 103.9% 103.2% 100.7%| 103.4% 102.9% 99.5%
PFA92u04ps97.5ac 106.0% 105.5% 102.9%| 106.2% 105.7% 101.9%
PFA92u04ps2.5ac 101.8% 101.1% 98.8%| 100.8% 100.4% 97.3%
PFA92104p-s50ap 103.8% 103.4% 101.1% 92.5% 91.5% 88.%%
PFA92u04ps97.5ap 107.3% 107.0% 104.5% 98.6% 97.3% 93.0%
PFA92u04ps2.5ap 100.7%  100.2% 98.1% 88.4% 87.5% 85.0%

Note that the figures shown Trable F5page 37were unchangeffom those in the original
Working Paper 20 The figuresunderlying this tablehanged, but insufficiently to altére
percentagewhen rounded td decimal place.

The table bfitting parameters for the-Bpline ageperiod modeln Appendix A of Working
Paper 20 (page 39) inaccuratedferred tdcohortd me n s i shouldl haveurdéferred to
‘perioddimension’
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Contour maps of projected improvements for male assured lives using agehort

penalties(see Appendix B of Working Paper 20)

Figure B1

P-spline, age-cohort, male assured lives, data from 1947-1983, ages 21-90
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Figure B2
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