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I N T R O D U C T I O N  

The Executive Committee of the Continuous Mortality Investigation Bureau of 
the Institute of Actuaries and the Faculty of Actuaries has pleasure in present- 
ing this, the seventeenth number of its reports. 

This number is devoted entirely to the new range of standard tables based on 
the 1991-94 experience. This range, to be know as the "92" Series, is even more 
extensive than the "80" Series introduced by C.M.I.R. 10, the innovations being 
standard tables for female temporary assurances. amounts tables for immediate 
annuitants, and tables based for the first time on the experience of retirement 
annuitants. Only the vested section of this last group warrants standard table 
status, but tables based on the deferred and on the combined vested and 
deferred experience are included in this volume for completeness. The official 
publication date of the new tables is 30 June 1999. 

The proposed new standard tables were discussed by the profession at a 
special seminar held at Staple Inn in December 1998_ and were further 
discussed at the Current Issues in Life Assurance seminar in April 1999. In 
the light of this. it is not proposed that further meetings be held to discuss 
this report. 

The data upon which the tables were based was included in C.M.I.R. 16,l-82, 
and the base table for the life office pensioners' experience was published in 
C.A.I.J.R. 16, 113-141. 

A Working Party consisting of A D Wilkie, J J McCutcheon and D 0 Forfar, 
assisted by P A Leandro of the Bureau Secretariat, prepared the reports. The 
Committee is grateful to them for all the work undertaken. for which the 
Committee takes responsibility. 

As on the previous occasion when a new suite of standard tables was pro- 
duced, a computer package is being launched, and will be a Windows version 
of the Bureau's highly successful Standard Tables Program and will include 
all the new tables. A companion hardback volume will also be produced, 
and, as on the last time, will include mortality functions and a sample of 
monetary functions. 

The committre structure of the Bureau was changed earlier this year and this 
is reflected in the details on the front inside cover. I retire from the Bureau on 
1 July 1999, and will be succeeded by Peter Nowell, whom I wish well at this 
exciting time in the Bureau's history. Once again 1 would like to thank all 
those involved in the work of preparing these reports, including the contributing 
offices_ the Secretariat of the Bureau. especially Tony Leandro who has had an 
exceptionally busy first year as Secretary, Alden Press. and, last but not least, 

. . . 
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1 .l introduction 
1.1.1 The investigations into the mortality of permanent assurances (i.e. whole 
of life and endowment assurances) are the oldest and largest carried out by the 
CM1 Bureau, They are now carried out for both sexes, and are subdivided by 
select duration since entry. The data for durations 2. 3, 4 and 5 and over are 
available separately; however, they have been amalgamated to form a section 
for durations 2 and over (denoted "durations 2+"). Data for the United 
Kingdom and the Republic of Ireland are collected separately. Only the 
former is considered here. In recent years subdivisions by smoker and non- 
smoker status have been included, but these are not considered in this report. 

1.2 The data 
1.2.1 The experience is a large one. The total numbers of exposed to risk and 
of deaths are shown in Table 1.1, and compared with the corresponding 
numbers for the 1979-82 experience. 
1.2.2 One can see that the male experience, as measured by the number of lives 
exposed to risk, has declined substantially since 1979-82, though the female 
experience has increased and at duration 0 is not far short of that of males. Pre- 
sumably the reduction is the result of larger sales of unit linked or unitised with 
profits policies in recent years, which are not included in this investigation. 
1.2.3 The data covers all adult ages, though there is a considerable reduction 
in the exposed to risk at around retirement ages, as endowment assurance 
policies mature. The age range of the data. and the continuous age range 
within which the central exposed to risk is greater than or equal to 100, and 
the continuous age range within which the number of deaths is greater than 
or equal to 10 are shown in Table 1.2. There are also isolated agcs wherc the 
number of deaths exceeds nine. These are not noted. 
1.2.4 The data at age 10 is clearly faulty, and there is very little exposed to risk 
between ages I1 and 16, so the graduations have been started at age 17. The 
select data effectively runs out at about age 80. The data for durations 2+ 
appears to have too few deaths recorded above age 90, so (as has been the 
practice for previous graduations) the graduation has been based only on 
data up to about age 90. 

1 



2 Standard Tables of Mortality based on the 1991-93 Experiences 

1.3 Variance ratios 
1.3.1 The investigations are carried out on the basis of policies, rather than 
lives. Evidence of the distribution of policies per life is obtained from the 
cause of death investigation (though this is the last occasion on which this 
will be possible, because the cause of death investigation is to be discontinued). 
Investigations showed that it was only necessary to consider the distribution of 
policies per life for males, durations 2+. The available data in the cause of death 
investigation showed 41,478 deaths with 49,305 policies. an average of 1.189 
policies per death. This is only a fraction. though a large one, of the total 
number of deaths, which amount to 68,963 policies, as noted above. For 
males, durations 0 and 1, there were only a few lives with duplicate policies. 
The corresponding information for females is not available. 
1.3.2 For each age or group of ages "variance ratios" can be calculated from 
the distribution of policies per life, as m2jm,, where m* and m, are the second 
and first moments, respectively, of the distribution of policies among lives (or 
rather deaths). The variance ratio for all ages combined for males durations 
2+ is 1.45, but the variance ratios are applied for each age separately. They 
are applied by dividing the exposed to risk and the actual deaths at each age 
by the ratio applicable to that age. Values of the variance ratios are shown in 
Table 1.15. In the discussion below certain values are quoted both without 
and with variance ratios, but the graduation has been carried out with variance 
ratios. This makes rather little difference to the fitted graduated rates, but a lot 
of difference to the values of 

1.4 Comparison with AM80 and AF80 
1.4.1 The experience for 1991-94 has been compared with the AM80 and 
AF80 tables, which were based on the data for 1979-82. Table 1.3 shows the 
overall values of IOOAiE, i.e. actual deaths as a percentage of expected 
deaths, for durations 0, I and 2+ separately, in each case the experience 
being compared with the corresponding rates from the AM80 and AF80 
tables. For this calculation, initial exposures have been used, and the expected 
deaths have been calculated using values of q,. 
1.4.2 From this table one can see that the experience for females for 1991-94, 
at all durations, is much lighter than that in 1979-82. For males the experience 
at durations 2+ is also much lighter, though the experience for select durations 
has hardly improved. There is therefore a good reason to construct new tables 
for both sexes appropriate to the years 1991-94. 

1.5 Comparison with  pensioner.^ 
1.5.1 It is of interest to compare the experiences for durations 2+ with the 
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graduated rates for pensioners, produced on the basis of the 1991-94 experi- 
ence, and reported on in C.M.I.R. 16. The overall comparisons are shown 
below; the full age range is used; the male experience is compared with the 
graduated rates for pensioners. males lives, and the female experience is com- 
pared with the corresponding experience for females (in this case using central 
exposures and P~~). 

l00 A/E 
Males 84.6 

(83.6 with variance ratios) 
Females 87.1 

1.5.2 For both sexes the value of 100AIE is well below 100. The ratio is far 
from uniform over the ages, being well above 100 at younger ages, and well 
below at higher ages. It should be remembered that the great bulk of the 
pensioners data is for ages above 60, and the extension to lower ages has 
been somewhat speculative. In any case it is clear that a simple adjustment to 
the pensioners tables would not be appropriate for the permanent assurances, 
a not unexpected conclusion. 

1 .6 Methodology 
1.6.1 As for the 1979-82 graduations, the methodology was to use central 
exposed to risk, fit a formula of the p, = GM(r, s) class, and in the first place 
choose the parameters by maximum likelihood, taking account also of the 
usual diagnostic tests (numbers of positive and negative deviations, runs, Kol- 
mogorov-Smirnov, serial correlations and However. as for the graduation 
of the life office pensioners experience, which has been considered in C.M.I.R. 
16, it was decided to adjust the parameters of the graduation formula so that 
the resulting mortality rates 'behaved properly', that is, the rates for the select 
durations rose with increasing duration, the rates for the highest and lowest 
ages were reasonable, and the rates Tor the two sexes were not unreasonable 
in relation to each other. 

1.7 The experiencefar males, durutions ?+ 
1.7.1 We consider first the experience for males, and start with durations 2+. 
The data for ages 17 to 91 inclusive is used. and variance ratios are applied. 
When the corresponding data for 1979-82, for both sexes, were graduated it 
was found that the formula p ~ K  = GGh1(2,2) was the most satisfactory. This 
formula was also the hest for the females experience for durations 2+. It was 
therefore reasonable to try this formula first on this occasion. However, it 
was also appropriate to consider alternative orders of formula, i.e. different 
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values of r and .S in the GM(r,s) formula. The following pairs of values were 
used: (0.2), (0,3), (1,2), (0,4), (1.3), (2,2). (OS), (1,4), (2,3), (3,2), i.e. each com- 
bination for which r + s < 5 and s 2 2. (There is no point in trying formulae 
with s = 0 or 1 for a mortality graduation, because the underlying shape is 
always of Gompertz, GM(0,2), type, i.e. to a first approximation log p, is 
linear in X.) 

1.7.2 Note that, for example. the GM(2,3) formula is parameterised as: 

where t = (X - 70)/50. The first two terms of this formula can be described as 
the "r" part, with two terms, and the exponential can be described as the "S" 

part. with three terms inside the parentheses. 
1.7.3 It was quickly clear that the lower order formulae, with r + s 5 3; 
provided an unsatisfactory fit to the data; that all the formulae with 
v + s = 4 and also (1,4) and (3,2) gave poorish fits, and that (0,4) gave a 
quite unsatisfactory shape. This left GM(0,S) and GM(2,3) as possible con- 
tenders, both with high values of the log likelihood (low values of the 
negative of the log likelihood) and the lowest values of X2. Although both 
had reasonable shapes, the values of q, for the GM(0,5) formula rose above 
those for English Life Tables No. IS, Males at low and at high ages_ whereas 
those for GM(2,3) did not. The latter was therefore preferred. without 
any further adjustments. Critical values for several formulae are shown in 
Table 1.4. 
1.7.4 Values of q, for ages from 10 to 120 are calculated by integrating p, 
using repeated Simpson's rule with successively shorter steps until the result 
converges. Note that the values of all the parameters are rounded to six decimal 
places before calculating [L,, as quoted in the tables in this report. 
1.7.5 The same graduation statistics as were shown for the 1979-82 gradua- 
tions are shown in Table 1.6 (for all three durations, 0_ 1 and 2+; the first 
two are described below). Specimen values of q,, at decennial ages from 20 to 
110, and percentage standard errors, are shown in Table 1.7. One can observe 
that for durations 2+ the T-ratio for the first serial correlation coefficient is 
just over 2.0, at 2.07 (note that these values should be compared with a unit 
normal distribution). Further, the value of (at 105.8) is still outside what 
might be expected for 68 degrees of freedom. 
1.7.6 Details of the exposed to risk, actual deaths, variance ratios, and 
adjusted exposure and deaths are shown in Table l .IS. Details of the gradua- 
tion. with exposed to risk, actual deaths. expected deaths, deviations, and 
standardised deviations (z,) are shown in Table 1.16. 
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1.8 The experience for mules, duratiuns 0 and / 
1 .S. 1 We consider next the experience for males for durations 0 and 1. First we 
compare the experience for the whole age range with the graduated rates for 
durations 2+, with the following results: 

Duralion 0 
Duration 1 

1.8.2 The overall values of 100A/E are. as expected, below 100. and that for 
duration 0 is below that for duration I. However, the pattern across the ages 
is not uniform, the values being somewhat lower at higher ages than at lower 
ages_ again as might be expected. 
1.8.3 We start again by fitting formulae of the GM(r,s) series to the data. omit- 
ting the data for the lowest ages and using an age range of 17 to 89 for duration 
0 and 17 to 100 for duration 1. Note that variance ratios were not used for these 
durations. The results for various Gbl(r.s) for~nulae are shourn in Table 1.5. 
1.8.4 For neither duration do thelow order formulaefit thedata satisfactorily, 
and generally the higher order formulae produce a poor 'shape' of graduated 
rates, with the exception of the GM(2,2) formula. However; for both durations 
these have unsatisfactory features in relation to the rates for durations 2+, espe- 
cially at the younger ages. An approach similar to that used for the pensioners 
was therefore adopted, to set some of the parameters to produce approximately 
the desired shape of curve, and then to optimise the rest, i.e. provide a 
conditional maximum likelihood fit; conditional on the values of the selected 
parameters. 
l .8.5 For duration 1 many combinations of parameters were tried. Eventually 
it was decided to use for both durations a GM(2,3) formula, as for durations 
2+. with in each case the values of three of the parameters fixed (u l ,  a, and 
hi for duration 0; a?, h? and b, for duration I), allowing the other two (bl 
and h, for duration 0; aland h ,  for duration I )  to be fitted by optimisation. 
The fixed parameter values are as shown below. 

Duration 0 Duration 1 
1000, 0.02 
1000, -0.02 -0.03 
b: 5.0 
hi -0.6 1 . 2  

1.8.6 The results appeared to be reasonably satisfactory, and the summary 
statistics for these constrained GM(2,3) graduations are shown in Table 1.5. 
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However, the values of q, for duration 1 approach very close to those for 
durations 2+ in the 50s of age; this is a feature of the data, and has not been 
eliminated. 
1.8.7 The same graduation statistics as for durations 2+ are shown in Table 
1.6 and values of q, at 10-year intervals are shown in Table 1.7. I t  should be 
noted that by fixing three of the parameters, the flexibility lies in the level and 
shape of the rates as affected by the free parameters, so the maximum percen- 
tage standard error in the value of q, is not necessarily at the ends of the 
range. For duration 0, for example, the parameters have been chosen so that 
the values of q, at the youngest ages are almost fixed. 
1.8.8 Although the values of q, for higher ages are shown in Table 1.7 (and 
also in Table 1.11 for females), the select rates for individual ages have been 
limited to age 90 for duration 0 and to age 91 for duration I ,  as for the 
AM80 and AF80 tables. 
1.8.9 A substantial part of the excess in the data for duration 1 comes from 
three adjacent ages, 46, 47 and 48, where the actual deaths (135 for the three 
ages in total) are substantially higher than those expected (86.3 for the proposed 
graduation), whereas the experience for neighbouring ages is more normal. For 
duration 0 the excess comes substantially from the youngest ages included, 
from 17 to 22 inclusive. where the actual deaths (90 in total) are also much 
higher than those expected (45.2 for the proposed graduation). 

l .9 The experience fur females, durations 2+ 
1.9.1 The experience for females, durations 2+_ is now considered. The values 
of the log likelihood and of for GM(r,s) formulae (1,2), (0,4), (1,3) and (2,2) 
are shown in Table 1.8. Although the GM(1,2) graduation (a Makeham 
formula) has rather poorer values of the statistics, its shape is rather better 
than that of any of the others, and it provides quite a satisfactory fit to the 
data, as seen from the statistics shown in Table 1.10. No adjustments needed 
to be made. 
1.92 Details of the graduation, with exposed to risk, actual deaths, expected 
deaths, deviations, and standardised deviations (G) are shown in Table 1.17. 

1.10 The experience for females, durations 0 and I 
1.10.1 The experience for females at durations 0 and I is now considered. One 
can see from the statistics in Table 1.9 that the differences in the log likelihood as 
between the GM formulae shown are not very large. However, for duration 0 
only the GM(2,2) formula produces a reasonable shape, and for duration 1 
only GM(I,2) and GM(2.2). Because a GM(1,2) formula had been found satis- 
factory for durations 2+, this form was chosen as the basis for modifications. 
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Both durations were refitted using a GM(1.2) formula, with a fixed value of 
IOOa, of 0.008 for each in order that the values of g, at the youngest ages 
were conformable with those for durations 2+. 
1.10.2 The usual graduation statist~cs and specimen values oTq, for all three 
durations are shown in Tables 1.10 and 1 .l  1. 

1.11 Comparisons 
1.1 1.1 Several sets of comparative ratios are shown in Tables 1.12, 1.13 and 
1.14, and graphs of these ratios are shown in Figures 1.2 to 1.6. Table 1.12 
shows ratios of the values of q, for duration 0 to those for duration 1 and the 
corresponding ratios for durations 1 and 2+, for both sexes. Figures 1.2 and 
1.3 show the same ratios. It can be seen that none of these ratios exceeds 1.0. 
However, the rates for males duration 1 are much closer to those for durations 
2+ at all except high ages than are those for females. 
1.1 1.2 Table 1 . l  3 and Figure 1.4 show a comparison between the rates for 
males and those for females. The female rates are all about half the male 
rates except at the very highest ages. 
1.11.3 Table 1 . l 4  and Figures 1.5 and 1.6 show a comparison of the graduated 
rates and those from the AM80 and AFXO tables. Many of the rates are much 
lower than in 1979-82. Others are higher. The shapes of the mortality experi- 
ences have changed substantially. 

1.12 The proposed tables 
1.12.1 Values of q,  for the proposed tables for permanent assurances are 
shown in Appendlx A in Table AI for males and in Table A2 for females. All 
six sets of rates are graphed in Figure 1.1. 
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Table 1. I .  Permanent assurances, males and females: 
comparison of (central) exposed to risk and deaths for 

1991-94 and for 1979-82, durations 0, 1 and 2+. 

Males 
Duration 0 

Central exposed 
Deaths 

Duration 1 
Central exposed 
Deaths 

Durations 2 1  
Ccntral exposed 
Deaths 

Females 
Duration 0 

Central exposed 
Deaths 

Duration I 
Central exposed 
Deaths 

Durations 2+ 
Central exposed 
Deaths 

Table 1.2. Permanent assurances, males and females: 
age ranges. 

Range of data Erpo~ed 2 100 Deaths 2 10 

Males 
Duration 0 l0 8 9  12-80 38-79 
Duration 1 10-10V 13-8 1 35 81 
Duralions 2+ 10-108 1 0 ~  101 19-100 

Females 
Duration 0 10-91 13 81 60-72 
Duration 1 l0 92 13-82 43-70 
Durations 2+ 10-108 10-94 2 5  95 

*An isolated casc at 100; thc rest of thc data ceases at age 89. 
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Table 1.3. Values of 100 A/E when the experience for 1991-94 
is compared with the AM80 and AF80 tables 

(using initial exposures and q,) .  

Duration 0 Duration 1 Ourations 24 
P P 

Males 98.7 96.2 72.2 
(72.6 with variance ratios) 

Females 871  68.8 79.9 

Table 1.4. Values of log likelihood and of h.' for graduation of males 
durations 2+ (age range used: 17-91: with variance ratios). 

Table 1.5. Values of log Likelihood and of for graduation of males 
duration 0 (ages 17 to 89) and duration1 (ages 17 to 100). 

GM(0,4) GM(1,3) GM(2.2) CM(2,3) GM(2.3) 
(unconstrained) (as titted) 

Duration 0: 
L o g  likelihood 8,9844 8,992.8 8,985.1 8.983.6 9,002.3 

X? 48.7 67.7 52.5 491 100.9 
Duration I: 

L o g  likelihood 11,1645 11.165.5 11;162.7 11.162.7 11,1680 

Y' 81.0 82.6 77.4 771 89.2 
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Table 1.6. Permanent assurances, males, durations 0. I and 2+: 
statistics for graduations of / I ,  = G M ( r , s ) .  

Duration: 0 I 2+ 
Formula GM(2,3) CM(2.3) GM(2.3) 

Ages used 17-89 

Values of parameters at optimum point: 
loo',, 0.02 
T-ratio 
1mu2 -0.02 
T-ratio 
b, -4.755647 
T-ratio - 109.7 
h2 5.236521 
T-ratio 32.5 
6, -0.6 
T-ratio 

Sign test: p(po;) 0.7338 
Runs test: p(runs) 0.1962 
K-S lest: p(KSJ 0.1320 

Serial correlation test: 
T-ratio I 2.85 
T-ratio 2 180 
T-ratio 3 1.60 

Degrecs of 59 
freedom 

P(*> 0.000563 
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Table 1.7. Permanent assurances, males. durations 0, I and 2+: 
specimen values of q, and percentage standard errors. 

Duratmn: 0 1 
Formula GM(2,3) GM(2.3) 

Age 20 
Percentage s.e. 
Age 30 
Pcrcentagc s.e. 
Age 40 
Pcrcentagc s.e. 
Age 50 
Percentage s.e. 
Age 60 
Percenwge s e .  
Age 70 
Percentage s.c. 
Age U0 
Percentage s.c. 
Age 90 
Percentage s e .  
Age IOU 
Percentage %c. 
.4ge 1 l0 
Percentage s.e. 

Table 1.8. Values of log likelihood and of for graduation of females 
durations 2+ (ages 17 to 89). 

L o g  likelihood 74,402.5 74,394.8 74;394.9 74.397.4 
x2 91.0 74.9 74.9 79.8 



12 Standard Tables of Mortality based on the 1991-94 Experiences 

Table 1.9. Values of log likelihood and of X 2  for graduation of females 
durations 0 and 1 

GM(] 2 )  GM(0.4) GM(1.3) GM(2,Z) 

Duration 0: 

-Log likclihnod 4,516.7 4.5092 4.512.5 4,5093 
XI 65.6 52.8 61.4 47.7 

Duration 1: 

-Log likclihaod 5,661.1 5.6609 5,660.4 5.6600 
X: 62.4 63.2 66.0 59.1 

Table 1.10. Permanent assurances, females. durations 0, I and 2+: 
statistics for graduations of p, = C M ( r , s ) .  

Duration: 0 1 3+ 
Formula GM(1.2) GM(1.2) GM(I 2 )  

Values of parameters at optimum point: 
lWa, 0.008 
T-ratio 
b, -4.978100 
T-ratio -81.5 
h2 5.078780 
T-ratio 281 

Sign test: p(pos) 0.2950 
Runs test: p(runs) 0.5251 
K-S test: p(KS) 0.1417 

Serial correlation test: 
T-ratio 1 1.11 
T-ratio 2 0.42 
T-ratio 3 0.67 

x2 test: 
X? 80.43 
Degrccs of 51 
freedom 

p(x2) 0.0053 
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Table 1.11. Permanent assurances. females, durations 0, 1 and 2 t :  
specimen values of q ,  and percentage srandard errors. 

Duration: 0 I ?+ 
Formula GM(1.2) GM(1.2) GM(1,2) 

Age 20 
Percenmge s.e. 
Age 30 
Percentage %c. 
Age 40 
Percentage s.e. 
Age 50 
Percentage s.e. 
Age 60 
Percenmgc s.e. 
Agc 70 
Percentage s.e. 
Age 80 
Percentage s e .  

Age 90 
Percentage s l .  

Age 100 
Percentage a e .  
Aee 110 
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Table 1 . l  2. Permanent assurances: ratios of values of q, in proposed tables: 
comparison of durations. 

Males Females 

Duration 0: Duralionll Duration 01 Duration l /  
Age Duration 1 Durations 2+ Duration 1 Durations 2 7  
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Table 1.13. Permanent assurances: ratios of values of q, in proposed tables: 
comparison of sexes. 

Duration 0 Duration 1 Durations 2+ 
Age FernaleslMalrs Females/Males Fernalcs/Males 
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Table 1.14. Ratios of values of q, in proposed tables to those in 
corresponding AM80 and AFXO tables. 

Males Femalcs 

Age Duration 0 Duration I Durations 2+ Duration 0 Duration I Durations 2 1  
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Table 1.15. Permanent assurances, males, durations 2+: exposed to risk (R,), 
actual deaths (A,), variance ratios, adjusted R, and A, and crude G,. 

Age r 
Variance 

Ratio 

1 .00 
1 .OO 
1 .OO 
1.00 
1 .on 
1 .OO 
1.00 
1.00 
1 .no 
1.00 
1.00 
1.15 
1.26 
1.29 
1.08 
1.00 
1.07 
1.28 
1.42 
1.58 
1.18 
1.13 
1.36 
1.40 
I 4 4  
1.47 
1.97 
1.42 
1.46 
l 6 2  
1.39 
1.36 
2.10 
1.56 
1.51 
1.70 
1.63 
1.60 
1.81 
1.75 
1 .70 

Adjusted Crude 

A, PI =A,/% 

53.00 0.046373 
100 0.002319 
0.00 0.000000 
0.00 0.000000 
0.00 0.000000 
0.00 0.000000 
0.00 0.000000 
0.00 0.0M1000 
3.00 0.000143 

13.00 0.001108 
21 0 0  0.000885 
21.74 0.000674 
26.98 0.000b72 
39.53 . 00W778 
35.19 0.000467 
49.00 0.000500 
47.66 0.000441 
66.41 0.000637 
52.11 0.000490 
48.10 0.000453 
78.81 0.000514 
92.92 0.000549 

105.15 0.000712 
90.71 0.000599 

l0000 0.00064C 
113.61 0.0Ml695 
106.60 0.000819 
141 5 5  0.000729 
163.01 0.000797 
189.51 0.000948 
221.58 0.000875 
262.50 0.000928 
233.81 0.001156 
336.54 0.001105 
427.15 0.001199 
485.29 0.001422 
590.80 O.OOl626 
625.63 0.001688 
600.55 0.001891 
648.00 0.002066 
753.53 0.002465 
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Table 1.15. (Continued). 

Variance Adjusted Adjusted Crude 
Age r R, As Ratio R, A. =&!Rr 
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Table 1.15. (Continued). 

Age X 

105 
106 
l07 
108 

Totals 

Variance Adjusted Adjusted Cmds 
Ratio R, A, A = &/R, 

1.19 795.0 149.58 0.18816l 
1.28 549.8 130.47 0.237283 
1.13 457.1 93.81 0.205227 
1 0 8  370.4 65.74 0,177500 
1.21 245.9 38.84 0.157983 
1 .OO 241.8 23.00 0.095120 
2.70 72.0 10.00 0.138960 
1.00 300.3 28.00 0.093240 
1 .00 113.5 9.00 0.079295 
l 0 0  80.3 5.00 0.062267 
1.40 45.7 0.71 0.015625 
1.00 52.5 2.00 0.038095 
1 .OO 46.0 2.00 0.043478 
1.00 40.0 0.00 o.oooooo 
1.00 34.0 2.00 0.058824 
1.00 127.5 3.00 0.023529 

9,883,9308 48,591.64 
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Table 1.16. Details of graduation for males durations 2+: exposed to risk and 
actual deaths adjusted by variance ratios. 

Adjusted Adjusted 
Age r R, @.l A, Ex Dev,, (V,)"' 100AjE 



Standard Tables o f  Morruliry bmed on rlfr 1591-94 Enperirncar 21 

Table 1.16. (Continued). 

Adjusted Adjusted 
Age r R V  l& A, E, Dev, ( V )  7 IOOA/E 
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Table 1.17. Details of graduation for females durations 2+ 



Table 1.17. (Continued) 
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58 97,828.4 
59 89.9508 
60 74,586.1 
61 62,276.8 
62 56,357.6 
63 50,300.6 
64 43,3321 
65 34,219.1 
66 28,2271 
67 25,149.6 
68 22,799.3 
69 20,595.0 
70 18,508.7 
71 16,937.3 
72 15,228.1 
73 12.9484 
74 10.5468 
75 8,372.3 
76 7.1899 
77 6,841.7 
78 6,567.8 
79 6,099.6 
80 5,374.3 
8 1 4,7231 
82 4.0971 
83 3,405.6 
84 2,693.7 
85 1,832.8 
86 1,289.5 
87 1.W7.4 
88 7656 
89 573.6 

Totals 4,925,744.9 

E, Dev, ( V )  z, 

386.07 -18.07 19.65 -0.92 
392.29 -10.29 19.81 -0.52 
359.57 -29.57 18.96 -1.56 
331.95 -29.95 18.22 -1.64 
332.22 -0.22 18.23 0 . 0 1  
327.98 -8.98 18.11 -0.50 
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As. 

Figure 1 .1 .  Permanent assurances, values of q(x )  

F h r e  1.2. Ratios of q(x )  to those for durations 2+, males. 
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Figure 1.3. Ratios of q(x )  to those for dwations 2+, females. 

0 0 
10 10 W M 50 BO 7U 80 90 1Vb 110 120 

I m 

I 
Figure 1.4. Ratios of q(x )  for females to those fot males. 
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1 0 ,  

1 B ~  

1 6 -  

1 4 -  

Fignre 1.5. Ratm of q(x)  for males for 1991-94 to those of AM80 

Figure 1.6. Ratios of q(x )  for females for 1991-94 to those of M 8 0  



2. I M M E D I A T E  A K N U I T A X T S ,  M L L E S  A N D  F E M A L E S .  

L I V E S  A N D  A M O U N T S  

2.1 Introduclion 
2.1 .l The investigations into the mortality of immediate annuitants, once one 
o r  the most important of the CM1 Bureau's investigations, are now relatively 
small. The exposed to risk for both males and females has reduced since the 
last graduation exercise in 1979-82, as can be seen from Table 2.1, which 
also shows the corresponding figures (for lives only) for the five years 1921- 
25, the first experience published under the new permanent investigation. It 
can he seen that the experience for 199194 is smaller than that for 1921-25, 
even allowing for the extra year's exposure in the earlier investigation. 
2.1.2 It will be seen below that themortality of immediate annuitants (by lives) 
is no longer lower than that of permanent assurances; as it used to be. For males 
it is near enough the same, for females rather higher. Why this should be 
deserves some consideration of the class of person who nowadays buys a 
purchased life annuity, especially one with no guaranteed period. One might 
speculate that one of the possible reasons for the purchase of such an annuity 
is to provide for a lifetime income left as a legacy: the executors of a will with 
such a provision may prefer to purchase an annuity rather than to keep a 
trust alive for possibly many years, and, in these circumstances, the state of 
health of the beneficiary may not be taken into consideration. 
2.1.3 The bulk of the data is of course at older ages, as shown in Table 2.2, and 
for both sexes it is concentrated into the ages 70 to 100, though there is a small 
amount of rather implausible data at very young ages. The experience for 
duration 0. for both sexes, is quite small, hut the traditional method of using 
one year's selection has been maintained on this occasion. It will be seen that 
the graduation of the duration 0 data is necessarily rather tentative and relies 
heavily on the graduation for durations 1 and over (durations l+ ) .  
2.1.4 The average amounts per life are much higher than in 1979-82 as might 
be expected. The increase is much the same for both males and females, as 
shown in Table 2.3. 

2.2 Males, lives 
2.2.1 We consider first the data for males, lives, durations l+, for which there 
were 2&36 deaths. First, the data were graduated using a variety of GMjr,.?) 
formulae. with the results as shown in Table 2.4. A GM(0,2) formula gives as 
good a fit as any higher order formula. However, the values of q, at low ages 
were unreasonable, and it was desirable to try a different apprcach. 
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2.2.2 The experience was therefore compared with the graduated rates for per- 
manent assurances, males. durations 2+; using the rates as fitted to the data 
without variance ratios. (These rates are very close to, but not identical with. 
the fitted rates for permanent assurances, males, durations 2+ with variance 
ratios, as shown in part I of this report.) The value of 100AiE was 98.59, and 
the fit was quite satisfactory. It was therefore decided to adopt these graduated 
rates as the rates for immediate annuitants, males, durations l+. Details of the 
graduation statistics are shown in Table 2.5 and specimen values of q, are 
shown in Table 2.6. Note that standard errors of the estimates of the parameter 
values and of the values of y, are not available with this method of fitting the 
rates. 
2.2.3 We now consider the data for males, lives, duration 0. With only 104 
deaths it is difficult to fit an independent graduation. Various orders of 
GM(r,s) formula gave almost identical values of the log likelihood and of 
When the data were compared with the rates adopted for durations l+, the 
resulting value of 100A/E was 73.801. If a GM(r,s) formula is modified by 
multiplying all values of p ,  by a constant. k.  the resulting parameters, denoted 
by *, are modified as follows: a: = k a i  for all i ;  h; = h,  + Ink; b; = hi for i > 2. 
The graduated values of M, for duration 0 were therefore taken as 73.801% 
of those for durations l+; the fit was reasonably satisfactory, although the 
value of X' is rather on the high side. The usual details are given in Tables 
2.5 and 2.6. 

2.3 Males, amounts 
2.3.1 We now consider the data for males amounts. As with the lives data, for 
durations l+, the various GM(r, S )  formulae tried show very similar values for 
the log likelihood and for X', so the simplest formula. GM(0,2). would appear 
to be the best if we had no other information. However, when we compare the 
data for amounts, durations l +  with the rates adopted for lives, durations l +  
(the same as those for permanent assurances. males, durations 2+; without 
variance ratios), we find a value of 100A/E of 95.344, and not a bad fit. How- 
ever, the fit can be improved a little by taking the values of p, for amounts, 
durations l +  as 95.344% of those for lives, durations l+. The usual details 
are shown in Tables 2.5 and 2.6. Note that a high value of is not unusual 
for amounts data. 
2.3.2 For amounts. duration 0 a similar investigation led to the use of the 
values of p, for amounts, durations l +  mulLiplied by 0.81786; this is equivalent 
to the lives, durations l +  values multiplied by 0.77978. Note that the amounts 
data for duration 0 shows higher mortality than the lives data for duration 0, by 
about S%, whereas for durations l+  the experience by amounts is about 5% 
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lower than that for lives. There are no conspicuously large amounts at any one 
age that might account for this. but with only 104 deaths in the lives data. 
random fluctuations mean that such differences should not be taken as 
significant. Indeed the amounts data at neither duration is very significantly 
different from that of the lives, and separate tables would hardly be justified. 
The usual details of the graduations are shown in Tables 2.5 and 2.6. 

2.4 Females, lir'es 
2.4.1 We nonr consider the experience for females, starting with lises, dura- 
tions I+, which, with 5,857 deaths (omitting ages 10 to lh) is the largest part 
of the experience for immediate annuitants. When the data is compared with 
the graduated rates for permanent assurances, females, durations 2+, the 
value of 100A;E is 130.18. so there is no justification for using these rates, as 
was done for the males. But it is notable that the mortality rates tbr female 
immediate annuitants are now so much higher than those for permanent 
assurances. 
2.4.2 A variety of GM(r,s) formulae were fitted. The results are shown in 
Table 2.7. The most satisfactory formula was GM(1,2). and this was an ade- 
quate fit. Higher order formulae showed better values of the log likelihood, 
but were of an unsuitable shape. However, with this GM(1,2) formula the 
mortality rates for females rose above those for males above age 100, so experi- 
ments with a GM(1,3) formula and various values of b, were tried, allowing the 
other parameters to be optimised. A negative value of b; reduces the values of py 
at higher ages. However, it increased the values of p, at young ages unredson- 
ably, so it was necessary also to fix the value of ui at a suitable level. optimising 
on b, and b2 .  The chosen values were: 

100ul 0.03 
h3 -0.9 

The resulting GM(1,3) formula gave a satisfactory fit, rather better than that for 
GM(1,2) alone. The usual statistics are shown in Tables 2.9 and 2.10. 
2.4.3 The experience for females, lives. duration 0 proved difficult. There were 
only 146 deaths, and each GM(rl S) formula tried gave similar values for the log 
likelihood and for X'. However, none was a clearly good fit. When the p d u -  
ated salues of hr, for durations l +  are applied, the resulting value of lOOA/E 
is 71.724> hut this still gives a rather poor fit. Nevertheless it seemed to provide 
the most reasonable solution. so the values of / L ,  for lives. durations l+ were 
multiplied by 0.71724. This graduation is recommended. The mortality rates 
lie below those for males, duration O throughout. The usual statistics are 
shown in Tables 2.9 and 2.10. 
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2.5 Fr.n?ulm, umounfs 
2.5.1 The experience for females, amounts, durations l + is considered next. A 
variety of GM(r,s)  formulae were fitted, the statistics for which are shown in 
Table 2.8. A GM(l:2) formula fitted reasonably. but as for lives, the mortality 
rates rose above. those for males at high ages. The same process as for lives was 
therefore uspd. fitting the values of U ,  and h3 as: 

The resulting rates are generally lower than for females. lives, durations l+,  
hut are higher at ages up to 39 and from 87 upwards. The usual statistics are 
shown in Tables 2.9 and 2.10. The overall level of mortality is almost the 
same as that of lives, durations I + :  but the fit of these rates would not be 
satisfactory. 
2.5.2 For females. amounts, duration 0, the best procedure seemed to be, as 
before, to use a fixed multiple of the values of p~, for amounts, durations l+, 
in this case 82.226%. The fit is reasonable. The usual statistics are shown in 
Tables 2.9 and 2.10. 

2.6 Compnri.sons 
2.6.1 in Table 2.1 1 are shown ratios comparing the rates (q,) for duration 0 
with those for durations I+. Note that. even when p, for duration 0 is taken 
as a tiaction of p, for durations 1 +, (a) the ratios of the values of q ,  are slightly 
irregular. because the values of q, are rounded to six decimal places? which at 
young ages is only three significant figures and (h) the ratios turn upwards at 
higher ages because, as the value of p, rises, the effect on q ,  is not linear. 
These ratios are graphed in Figure 2.1. 
2.6.2 In Table 2.12 are. shown ratios comparing the rates for amounts and for 
lives. Note that, for males, the rates for amounts duration 0 are higher than 
those for lives throughout, whereas for females at low ages and high ages the 
rates for amounts are higher than those for lives, for both durations. These 
ratios are graphed in Figure 2.2. 
2.6.3 In Table 2.13 are shown ratios comparing the rates for the sexes. Note 
that the rates for females durations l +  rise above those for males, by a very 
small amount, for a few ages above 100. This result is a feature of the graduation 
rather than the data. These ratios are graphed in Figure2.3. Note that the ratios 
for amounts, duration 0 and durations l +  are very dose, as can be seen on the 
eraah. but are not identical. 

A 

2.6.4 In Table 2.14 are shown ratios comparing the rates for lives for 1991-94 
with the corresponding rates for the IMXO and IF80 tables projected to calendar 
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year 1992. Note that the new rates are neither consistently lower nor consis- 
tently higher than the projected rates. These ratios are graphed in Figure 2.4. 

2.7 The pru[~oserl tables 
2.7.1 Values of q, for the proposed tables for immediate annuitants are shown 
in Appendix A in Table A6 for males and in Table A7 for females. As in the 
IM80 and IF80 tables, the rates for duration 0 are stopped at age 100. 
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Table 2.1. Immediate annuitants. males and fernales, lives and amounts, 
durations 0 and l+: comparison of (central) exposed to risk and deaths for 

199194, for 1979-82 and for the five years 1921-25 (lives only). 

Males 
Lives 

Duration 0 
Central exposed 
Deaths 

Duralions I +  
Central exposed 
Drsths 

Amounls E 
Duration 0 

Central exposed 
Deaths 

Durations l + 
Central exposed 
Deaths 

Females 
Lives 

Duration 0 
Central exposed 
Deaths 

Durations I t  
Cenual exposed 
Deaths 

Amounts E 
Duration 0 

Central exposed 
Deaths 

Durations I -  
Central exposed 
Deaths 
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Table 2.2. Age ranges. 

Males 
Duration 0 19-100 65-66 84 
Duralions I+ 22-~107 61-96 67V 100 

Females 
Duration 0 32 107 71-89 None 
Durations l+  10-108 60-101 70-104 

Table 2.3. Average amounts per life, 1979-82 and 
1991 -94. 

Males 

Duration 0 f1.180.61 £2,928.10 
Durations l+  £73804 f 1,47417 

Femalcs 
Duration 0 f1.151.37 £3.247.88 
Durations I +  £55643 f 1,467.90 

Table 2.4. Values of log likelihood and of for graduation of males. lives, 
duratlons l +  (age range used: 22-107). 

L o g  likelihood 9.3391 9,339.2 9.339.1 9.337.6 9,337.2 9.337.2 9,3371 
X> 34.4 34.0 34.5 34.2 33.6 32.8 33.2 
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Table 2.5. Immediate annuitants. males, lives and amounts. durations 0 and 
l+ :  statistics for graduations of /L, = G M ( r , s )  

Live, Amounts 

Duration: 0 1 - 0 1 + 
Formula GM(2.3) GM(2.3) GM(2.3) GM(2.3) 

Basis: Permanent assurances. males, durations 2-, times a factor: 

1 0 0 ~ ~  0.010649 0.014429 
100a: -0.029980 -0.040629 
h, -4.703659 -4.399861 
6, 5.568973 5.568973 
b; -0.654909 -0.654909 

Sign test: p(pos) 0.4018 0.3179 
Runs test: p(runs) 0.9748 0.8081 
K-S test: p(KS) 09996 0.8438 

Serial correlation test: 
T-ratio 1 -2.10 - 1.35 
T-ratio 2 0.38 0.68 
T-ratio 3 -0.56 0.22 

x2 cat: 

X >  25.37 37.75 
Degrees of frcedom 11 35 
P(X? 0.0080 0.34 

Note that the method of graduation does not permit the calculation of the standard errors (and 
hence T-ratios) of estimates of the parameter values. 
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Table 2.6. Immed~ate annmtants. males, l~ves and amounts. 
durations 0 and l+:  specimen values of y,. 

Lives 

Duration: 0 l+  
Formula GM(2,3l GM(2,3) 

Age 20 
Age 30 
Age 40 
Age 50 
Age 60 
Age 70 
Age 80 
Age 90 
Age 100 
Age 110 

Amounts 

0 I + 
GM(2.3) (iM(2.3) 

0.000447 0.000546 
0.000463 0.000566 
0.000737 0.000901 
0.001956 0.002392 
0.006259 0.007647 
0.019412 0.023684 
0.051547 0.066284 
0.135053 0162554 
0.286970 0.338706 
0.508441 0.580348 

Note that the method of graduation docs not pcrmir the calculation of thc standard 
errors of estimates of the values of y,. 

Table 2.7. Values of log likelihood and of for graduation of females, lives, 
durations l +  (age range used: 17-108). 

Table 2.8. Values of log likelihood and of ,y2 for graduation of females. 
amounts, durations I +  (age range used: 17- 108). 
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Table 2.9. Immediate annuitants; females, lives and amounts; durations 0 and 
l+ :  statistics for graduations of W ,  = G M ( r . s )  

Lives Amounts 

Duration: 0 I + 
Formula GM(1.3) GMi1.3) 

Factor 0.71724 
times Lives 

loon, 0.021517 0.03 
T-ratio 

h -5.597708 -5.265363 
T-ratio -128.9 

b2 6.683129 6.683129 
T-ratio 65.1 

h3 -0.9 -0.9 

Sign test: p(pos) 0.3238 0.6742 
Runs test: p(runs) 0.5467 0.0238 
K-S lest: p(KS) 0.1548 0.8126 

Serial correlation tcst: 
T-ratio 1 0.14 1.06 
T-ratio 2 1.51 -0.22 
T-ratio 3 -012 0 . 1 4  

X' test: 

x2 33.94 87.37 
Degrees of freedom I S 40 
p(a2) 0.0035 o.moo22 

0 I t  
GM(1.3) GM(l,3) 

082226 
timcs Amounts 

0.032890 0.04 

Note that the method of graduation for duration 0 does not permit the calculation of the standard 
errors (and hence T-ratios) of estimates of the parameter \,alucs. 
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Table 2.10. Immediate annuitants, females, lives and amounts, durations 0 
and 1 1 :  specimen values of q, and percentage standard errors. 

Lives Amounts 

Duration: I1 I t  0 I+ 
Formula CM(1.3) GM(1.3) GM(1.3) GM(1.3) 

Age 20 
Perccntagc s e .  
Age 30 
Perccntagc se.  
Age 40 
Pcrcenlage S.". 

Age 50 
Percentage s.e. 
Age 60 
Percentage s e .  
Agc 70 
Percentage s.e. 
Age X0 
Percenrage s.c. 
Age 90 
Percentage S.< .  

Ape l00 
Percentage 5.e. 

Age 110 
Percentage s.e. 

Uote that the method ofgraduation for duration 0 dues not permit the calculation of the standard 
errors of estimates of the values of y,. 
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Table 2.1 1. Immediate annuitants: ratios of values of y, in 
proposed tables: comparison of duration 0 and durations l +  

(duration 0 divided by durations l+). 

Males Females 

ARC Lives Amounts Lives Amounts 
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Table 2.12. Immediate annuitants ratios of values of q ,  in proposed tables: 
comparison of rates for lives and amounts (amounts divided by lives). 

Males Females 

4gs Duratlon 0 Durations I +  Duration 0 Durations l+ 
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Table 2.13. Immediate annuitants ratios of values of q, in proposed tables: 
comparison of rates for males and females (females divided by males). 

Liws 

Duration 0 Duration* l + 

Amounts 

Duration 0 Durations l +  

0.7360 0.7326 
0.7477 0.7454 
0.7149 0.7102 
0.6188 0.6160 

0.4776 0.4761 
0.3496 0.3481 
0.2761 0.2742 
02600 0.2586 

0 2900 0.2886 
03531 0.3515 
04401 0.4383 
0.5431 0.541 1 

0.6541 0652l 
0.7641 0.7620 
0.8629 0.8606 
0.9405 0.9375 

0.9895 0.9856 
1.0033 
0.9957 
0.9732 
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Table 2.14. Ratios of values of y, in proposed tables for lives to those in 
corresponding IM80 and IF80 tables projected to calendar year 1992, i.e. 

1M80C92 and 1F80C92 (1991-94 divided by Ix80C92). 

Males Females 

Duration 0 Durationi I +  Duration 0 Durations l +  
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Figure- 22 Immediate mnitwts: ratios of v a l w  of q(x) fur mounts to those fm lives. 
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Figure 2.4. Immedlats amuit8nts: ratins &dues:  of q(x)  for 198144 to projected rates 
IM8OC92 and IFW1. 



3. S E L F - E M P L O Y E D  R E T l R E M E N T  A N N U I T A N T S  

M A L E S  A N D  F E M A L E S  

3.1 Introduction 
3.1.1 The investigation into the mortality of those self-employed who have 
purchased retirement annuities has grown to be a large one. Data is gathered 
for both males and females. and is subdivided into two sections. deferred and 
vested, which together form the combined section. 
3.1.2 For both sexes there has been a large increase in the exposure since 
1979-82, as seen in Table 3.1, especially in the vested section. The experience 
for males remains much larger than that for females. 
3.1.3 The age ranges for the deferred and vested sections overlap suhstmtially 
in the age range 60-75, as would be expected. but there are many vested below 
60 and a very few deferred above age 75. as shown in Table 3.2. In both sections 
there are small amounts of implausible data at the very youngest ages, below 16; 
and it might be questioned whether the data in the vested section at ages a little 
above 16 is plausible. 
3.1.4 It is immediately apparent from inspection of the crude rates of mortal- 
ity that the mortality in the vested sections. for both sexes, is much higher than 
that in the deferred at the youngest ages (below age 60), and is still rather higher 
between ages 60 and 75. Above 75  the combined sections are virtually all vested. 
The overall mortality of the combined section Tor both sexes has a 'normal' 
shape; the mortality for the deferred is almost the same as that for the combined 
at the youngest ages, and then runs below the combined; the mortality for the 
vested is well above that for the combined at the youngest ages, running into 
the combined at high ages. This is consistent with the self-employed choosing 
to retire when their health is impaired, and choosing to refrain from retiring 
while they are still healthy. 
3.1.5 It is therefore appropriate to start by considering the graduation of the 
combined experiences, and then to fit the deferred and vested around the 
graduated rates for the combined. This procedure is based on an assumption 
that the combined experience contains deferred and vested in the correct 
proportions. If offices do not contribute correspondingly to both sections, or 
count lives differently in the two sections, or if many policyholders switch 
to non-contributing offices, or combine multiple policies in the deferred 
period to one policy at vesting. then these conditions may not be fulfilled. 
However, the mortality rates in the combined sections appear reasonably 
smooth, so it is at least plausible that the two sections are indeed appropriately 
weighted. 

44 
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3.2 Males, combined 
3.2.1 In total there are 37,456 deaths in the males combined experience. The 
very small amount of data below age 17 has been ignored. 
3.2.2 The data is first compared with the graduated rates for permanent assur- 
ances, males, durations 2+. The value of 100A/E is 99.7, so the overall level is 
very similar. However; the detailed shape is different. so it is worth graduating 
the data separately. 
3.2.3 A variety of different GM(r,.r) formulae were used. including those with 
r + s < 4 and also GM(2,3). Details are given in Table 3.3. GM(2,3) gives the 
best value of the log likelihood, and provides both a good fit and a reasonable 
shape, so the GM(2.3) formula has been adopted. The usual details are given 
in Tables 3.4 and 3.5, which also show the details for the deferred and vested 
sections. 

3.3 M a l ~ s ,  drfirred 
3.3.1 The males deferred section is considered next. When the experience is 
compared with the newly graduated rates for the combined section the resulting 
value of IOOA/E is 9 1.6. At low ages, where the deferred forms the vast bulk of 
the combined experience, the rates are necessarily very close. However, at rather 
higher ages, particularly from age 60 upwards, the deferred experience falls 
below the combined. 
3.3.2 The rationale described in paragraph 3.1.4 suggests that the graduated 
rates for the deferred should be almost the same as those for the combined at 
the youngest ages, and in fact should be identical at age 17, should always lie 
below them. and should diverge further below at higher ages. The data effec- 
tively ceases at age 75, so rates above that age are superfluous (although details 
are shown to indicate where the graduated rates would go). 
3.3.3 A further consideration is that it is possible, given the mortality rates 
for the combined. deferred and vested sections. to derive implied "forces of 
retirement" from the deferred section to the vested section. These must not be 
negative. 
3.3.4 The procedure used to meet these constraints (while still fitting the 
experience data adequately) was as follows: the value of p, at age 17 in the 
graduated rates for the combined section is 0.00040096, and the rates for the 
deferred were adjusted so that the same value of fix at age 17 was obtained. 
This was done by "nudging" the rates by adjusting the value of a ,  in stages 
so that this equality was achieved. The value of u2 was chosen to be the same 
as that for the combined section. Then. by a process of "trial and error", 
values for b2 and b3 were found so that the constraints could be met. Then 
the value of b ,  was found by optimising, subject to a repeated process of 
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nudging and optimising. The resulting rates satisfied the criteria. and appear 
satisfactory. The implied retirement rates are positive at all ages and also 
increase with increasing age. The usual statistics for the mortality rates are 
shown in Tables 3.4, 3.5 and 3.6. 

3.4 Males, vested 
3.4.1 When the experience for the vested section for males is compared with 
the graduated rates for the combined section, the resulting value of 100A/E is 
108.5, but the observed rates are exceptionally high at ages below 60. Since 
above age 75 the rates must in principle be the same as for the combined, the 
procedure described below was used. 
3.4.2 At age 75 and above the values of p, (and hence of q,) were taken as 
exactly the same as those for the combined section. The value of ,I, at age 75 
on the combined rates was 0.038815. Only the data up to and including that 
for age15 was used for the graduation of the rates below that age. The parameters 
were adjusted step by step by trial and error so that the value of p, at age 75 was 
reproduced exactly, and a satisfactory fit to the data below that age was achieved. 
The procedure was similar to that for the deferred section. with the values of a2, 
b2 and b3 being chosen so that the constraints could be met; the value of b ,  was 
used for "nudging" and the value of a ,  was found by optimising. 
3.4.3 The resulting rates at young ages are exceptionally high. The value of 
is also high. A large part of this comes from the experience at ages 58 and 59, 
where the actual deaths total 156, as compared with an expected of 75.9. How- 
ever, no smooth curve will accommodate such outliers. The minimum value of 
q,  is at age 60. 
3.4.4 As noted above, the rates above age 75 were taken as exactly the same as 
those of the combined experience. When these are applied to the data for the 
vested section at ages 75 and above, they fit quite satisfactorily. Details are 
not shown. 

3.5 Females, combined 
3.5.1 The experience for females combined is compared with the graduated 
rates for females permanent assurances durations 2+, which shows IOOA/E of 
104.7. As with the males. the rates are broadly at the right level. but are not 
quite the right shape. The statistics for various G M ( r ,  c) formulae are shown 
in Table 3.7. It  is found that a GM(1,2) formula (a Makeham formula) fits satis- 
factorily. The rates from this formula rise above those for the males combined 
section above age 99; which might be considered an objection. 
3.5.2 The usual statistics are shown in Tables 3.8 and 3.9, along with those for 
females deferred and vested. 
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3.6 Frma/es,&f~rred 
3.6.1 When the experience for the females deferred section is compared with 
the females combined we get a value for lOOA/E of 90.2. As with the males, 
the experience rates run increasingly below those for the combined. but this 
starts at ages above about 50. In order to keep the rates consistent with those 
for the combined section, a procedure similar to that for males was used. 
A GM(1,3) fornlula was chosen. By trial and error suitable values of b2 and 
b, were found. The value of a ,  was used to nudge the value of p,, for the 
deferred so that it exactly equalled the value of !lL7 for the combined 
(0.00018668). Then the value of 6 ,  was optimised so as to give the best tit to 
the data sub,ject to the constraints. The resulting rates provide a satisfactory 
fit to the data. and also produce implied retirement rates that are positive at 
all ages (and also increase with increasing age). The usual statistics are shown 
in Tables 3.8 and 3.9. 

3.7 Feinales, wsfed 
3.7.1 When the experience for females vested is compared with the females 
combined rates. the resulting value of IOOA/E is 108.5. The observed rates of 
mortality are, as for the males, extremely high at low ages. The same process 
as for males was adopted. From age 75 upwards the combined rates were 
used. Then the data Tor ages up to and including age 75 was analysed. A 
GM(2,3) formula was used. The parameters were adjusted step by step so 
that the value of p, at age 75 (0.024050) was reproduced exactly, and a satisfac- 
tory tit to the data below that age was achieved. Suitable values of a*, h2 and hi 
were chosen, the value of h, was nudged so that the desired value of i~~~ was 
obtained and the value of a, was then optimised. The usual statistics are 
shown in Tables 3.8 and 3.9. 

3.8 Comparisons, fables andfigures 
3.8.1 Various ratios are shown giving comparisons of the graduated rates for 
retirement annuitants among themselves and with other rates. Table 3.10 shows 
ratios of deferred to combined and vested to combined for both sexes. Table 
3.11 shows ratios of females to males for each or the three sections. Table 
3.12 shows ratios of the combined for each sex to the graduated rates for 
permanent assurances durations 2+. 
3.8.2 Figures 3.1 and 3.2 show the values of g, for each of the three sections, 
for males and females respectively. Figure 3.3 shows the ratios of the rates for 
females to those for males for each of the three sections. Figure 3.4 shows the 
ratios of the rates for the combined sections to those for the graduated tables 

1 rot permanent assurances durations 2+. 
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3.8.3 Values of the graduated rates of mortality, q,; at each age for the vested 
section are shown in Appendix A in Table A8. Rates of mortality for the 
deferred and combined sections have also been graduated, but these are not 
designated as standard tables, and are shown in Appendix B in Tables B1 for 
males and B2 for females. 

3.9 Age range the table 
3.9.1 For both males and females, the amounts of exposed to r ~ s k  and deaths 
belobv age 40 are small. Although values of q ,  have been calculated down to age 
17 it is doubtful if, in normal use, these tables should be used below age 40. 

Table 3.1. Retirement annuitants, males and females. 
deferred and vested: comparison of (central) exposed 

to risk and deaths for 1991-94 and for 1979-82. 

Malcs 
Deferred 

Central exposed 
Dcaths 

Vested 
Central erposcd 
Death? 

Cornbmed 
Central exposed 
Deaths 

Fcmilles 
Defcrred 

Central exposcd 
Deaths 

Vested 
Central exposed 
Dcilths 

Combined 
Central exposed 
Deaths 
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Table 3.5. Retirement annuitants_ males. combined, deferred and vested: 
statistics for graduations of p, = G M ( r : s ) .  

Seclinn Combincd Deferred Vested 
Formula GM(2.3) GM(2.3) GM(2.3) 
Ages used 17 108 17-106 21-7Y 

Values of parameters at oplimurn point: 
IOOn, 0.016470 
T-riltlo 0.50 
100n2 -0.020219 
T-ratio -0.53 
h, -4.399325 
T-ratio -35.18 

h2 5.219980 
T-ratio 62.12 

h3 -0.637407 
T-rat10 --S48 

Sign test: p(pos) 
Runs test: p(runs) 
K-S test: p(KJ') 

Seriill correlation lest: 
T-ratio I 0.73 
T-ratio 2 -0.67 
T-ratio 3 1.46 

xL LCSL: 

1;: llX.60 
Degrees of freedom 74 

P(X? 0.000773 

'Piote that the graduated rates for vestcd abuve age 75 are assumed to be the wme as lhe graduated 
rates for combined. 
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Table 3.2. Retirement annuitants: age ranges. 

Rangc of data Exposed 2 100 Deaths 2 10 

Males 
Deferred 10- 106 19-76 25-75 
Vested 10- 108 62-94 50-95 
Combined 10-l08 19-94 25-95 

Females 
Deferred 17-103 20-75 39 70 
Vested 10-104 50b9 1 59-92 
Combined 10-104 20-91 39-92 

Table 3.3. Values of log likelihood and of for graduation of retirement 
annuitants, males, combined. 

Loglikelihood 196,533.2 196,5210 196,5312 196.471.6 196,465.5 196,4782 196,465.4 
x2 258.7 2561 245.9 141.0 119.6 140.1 118.6 

Table 3.4. Values of log likelihood and of for graduation of retirement 
annuitants, males, deferred. 

GM!0,31 GM(I.2) GM(0.4) GM(1.3) GM(2.2) GM(2.3) GM(2.3) 
(unconstraincd) (as fitted) 
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Table 3.6. Retirement annuitants, males, combined. deferred and vested: 
specimen values of q ,  and percentage standard errors. 

Sectton Combmcd Deferred Vested 
Forrnuh GM(2.3) GM(2.3) GMi2,31 

4ge 20 
Percentage s.e. 
Age 30 
Pcrunfage S.". 

Age 40 
Percentage s c .  

Age 50 
Percentage s.c. 
Age 60 
Percentage s.c. 
Age 70 
Percentage s.c. 
Age 80 
Percentage Er. 
Age 90 
Percenvuge s.e. 
Age l00 
Percentilgc s.e. 
Age 110 
Pcrcentage se .  

Table 3.7. Values of log likelihood and of y2 for graduation of retirement 
annuitants, females, combined. 
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Table 3.8. Retirement annuitants, females. combined, deferred and vested: 
statistics for graduations of p, = G M ( r .  S ) .  

Section 
Formula 
Ages used 

Comhlned Deferred Vested 
GM(I.2) GM(1.3) G11(2,3) 
17 104 17-103 27-75' 

Values of parameters at optimum point: 
l000, 0.014000 
7-ratio 2.74 
1U0a: 
7-rauo 
hi -4.271379 
7-ratio 244.21  
h2 5.378175 
T-ratio 62.13 
h3 
T-ratio 

Sign tcst: p(pos) 
Runs test: p(nmss1 
K-S test: p(K.53 

Serral correlation test: 
T-ratio 1 1.44 
T-ratio 2 1.42 
7-mtio 3 1.73 

X- test: 

l? 114.57 
Degrees of freedom h5 

p k 2 !  0.000146 

'Note that the graduated rates for vc~trd above agc 75 are assumed to be the same as the graduated 
rates for combined. 
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Table 3.9. Retirement annuitants. females, combined, deferred and vested: 
specimen values of q, and percentage standard errors. 

Secllon Cornbmrd Deferred Vested 
Formula GM(I.2) GM(1,3) GM(2.3) 

Age 20 
Pcrceniage s e .  
Age 30 
Percentage s.e. 
Age 10 
Percentage S.C. 

Age 50 
Percentage s.e. 
Age 60 
Pcrccntilsc sc .  
Agc 70 
Percentage Sr. 

Age 80 
Percentape S.". 

Age 90 
Perccntage 3.e. 

Aye 100 
Percentage s.e. 
Age 110 
Percentage se .  
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Table 3.10. Retirement annuitants: ratios of values of q ,  in proposed tables: 
comparison of sections. 

Males Females 
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Table 3.11. Retirement annuitants: ratios of values of y, in proposed tables: 
comparison of sexes. 

Combined Deferred Vested 
Age Fema1es:Males Females/Rlalcs Fernales/Males 
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Table 3.12. Ratios of values of g, for retirement 
annuitants. combined to those for permanent 

assurances, durations 2+. 

Age Males Females 
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T . m o  ? 

Elgora 3.1. Retirement annuitants: values of q(x) for males 

l l OWO ~ 

0.1000 

- g 0.0100 - 

0.0010 - 



F- 33. RmrmmtantlmmG: ratios ofq(x) for Fern& to those for malt%. 



4. W I D O W S  O F  L I F E  O F F I C E  P E N S I O N E R S  

4.1 Introduction 
4.1.1 The investigation into the mortality of widows of life office pensioners is 
one of the newer investigations carried out by the Bureau, and the experience in 
1979-82 was quite small. It has increased many-fold since then, as shown in 
Table 4.1. There were previously only 692 deaths; this number has increased 
to 5,452. By contrast, the experience for widowers is still small and has not 
been considered in this report. 
4.1.2 The bulk of the exposure is at older ages, as can be seen from Table 4.2, 
though there are also some younger widows. Those recorded at ages as young as 
10 are presumably errors (possibly orphans), and only the data from age 17 has 
been used in the graduation process. 
4.1.3 The investigation is carried out on an amounts basis as well as on a lives 
one. The average amounts per life in 1979-82 and 1991-94 are shown in Table 
4.3. It can be seen that the average amount has almost doubled. This is a smaller 
proportionate increase than for pensioners. However, the experience was new 
in 1979-82, and therefore the average duration since the commencement of 
pension (though not necessarily the age of the pensioners) was less than in 
the pensioners investigation, hut the impact of this on the experience is not clear. 

4.2 Compari.son with pensioners' r a m  
4.2.1 The experiences have been compared with the new female pensioners 
1991-94 mortality rates. The results are as shown below. Although the overall 
level of the lives experience is similar to that of the pensioners, the overall shape 
is very different. with much higher rates for widows at lower ages as compared 
with the pensioners. The amounts experience is even further adrift. 

lOOA/E 
Lives 101.9 
Amounts 109.2 

4.2.2 The experiences have also been compared with the mortality rates pro- 
jected for 1992 (the centre of the 1991-94 experience quadrennium) from the 
tables for widows in the "80" Series tables, i.e. WL80C92 and WA80C92, 
using central exposures and q,. The results are as shown below. Although the 
overall levels of both experiences are lower than projected, the rates for younger 
ages are generally higher, and a simple adjustment to the C92 rates would not 
be satisfactory. 
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l OOA/E 
Lives 88.0 
Amounts 91.0 

4.3 The lives experience 
4.3.1 The values of the log likelihood and X2 for various GM(r.s) graduations 
are shown in Table 4.4. There is very little difference between all the formulae 
on this criterion. All are a tolerable shape, and all have some poor features 
when the fit is considered. All produce relatively high values of y, in the 40s 
and 50s of age, running down to rather low values by age 20. This reflects the 
experience, but it would be more compatible with other tables for the values 
or  q,, to be rather higher at age 20. This can be achieved by choosing the 
GM(1.2) formula with a value of l0Oq of 0.02, and then optimising for h, 
and h:. The results in the usual form are shown in Tables 4.6 and 4.7. 

4.4 The uiifofmts ewperience 
4.4.1 Before graduating the amounts experience the numbers of exposed to 
risk and actual deaths were divided by the average amount per life in the 
exposed to risk, £1,104.10, as noted in Table 4.3. The experience was then com- 
pared with the newly graduated rates for widows lives. The resulting value of 
100AIE of 89.6 justified a separate graduation of the amounts experience. 
4.4.2 The statistics for the widows amounts graduations by different GM(r,.s) 
formulae are shown in Table 4.5. As with the lives, there is very little difference 
between them. All provide a reasonable fit (bearing in mind the assumption that 
the value of X' is expected to be high), but the GM(1.3) and GM(2.2) formulae 
do not give a comfortable shape of curve. It was therefore decided to use the 
same method as for lives, i.e. to adopt a GM(I,2) formula, with a value of 
loon, of 0.018, and then optimising for h ,  and h2. The results are shown in 
Tables 4.6 and 4.7. 

4.5 Comparisons, tables undfigures 
4.5.1 Comparisons of the graduated amounts rates with the rates for lives. 
comparisons both with the projected rates for calendar year 1992 based on 
the WL80 and WAX0 tables (WL80C92 and WA80C92). and comparisons of 
both with the graduated rates for female pensioners for 1991-94 are shown in 
Table 4.8. 
4.5.2 The graduated rates for ages from 17 to 120 are shown in Appendix A in 
Table A9. 
4.5.3 Graphs of the graduated rates are shown in Figure 4.1. The ratios of 
amounts to lives rates, for the widows and for male and female pensioners, 
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are shown in Figure 4.2. Graphs of the rates as compared with the graduated 
rates for the projected rates WL80C92 and WA8OC92 are shown in Figure 
4.3, and ratios of the rates for widows to those for female pensioners are 
shown in Figure 4.4. The very high ratios of the rates for uridows to those for 
female pensioners in the 30s and 40s of age suggest that possibly the graduated 
rates for the latter are too low. 

Table 4.1. Widows, lives and amounts: comparison o r  (central) 
exposed to risk and deaths for 1991-94 and for 1979-82. 

Lives 
Central exposed 28,386.5 152,237.1 
Deaths 692 5,452 

Amounts L 
Central cxposed 15,892.759.0 179,126,584.6 
Deaths 238.438 4,279.423 

Table 4.2. Widows: age ranges 

Range of data Exposed 2 100  death^ 2 10 
10-108 33-95 56-97 
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Table 4.3. Widows: average amounts per life. 1979-82 and 1991-94 

Table 4.4. Values of log likelihood and of X2 for graduation of widows lives. 

Table 4.5. Values of log likelihood and of X 2  for graduation of widows 
amounts. 
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Table 4.6. Widows, lives and amounts: statistics for graduations 
of f i r  = GM(1,2). 

Lives Amounts 
Formula GM(I,Z) GM(I21 

Values of paramelers at optimum point: 
100al 0.02 
T-rario 
bl -3.795522 
T-ratio -201.02 
h2 4.308854 
T-ratio 52.93 

Sign test: p(pos) 
Runs test: p(runs) 
K-S test: p(KSI 

Serial correlation test: 
T-ratio 1 
T-ratio 2 
T-ratio 3 

xi test: 
x2 
Degrees of 
freedom 
p(x21 
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Table 4.7. Widows, lives and amounts: specimen values of 
q ,  and percentage standard errors. 

Lives Amounts 
Formula GM([,?) GM(1,2) 

Agc 20 
Percentage se .  
Age 30 
Percentage s e .  
Age 40 
Percentage s.e. 
Age 50 
Percentage S.". 

Age 60 
Percentage s e .  
Age 70 
Percentage s.e. 
4ge  80 
Percentage s.e. 
Age 90 
Percentage s.e. 
4 g s  100 
Percentage s.e. 

Age 110 
Percentage s.e. 
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Table 4.8. Widows: ratios of values of q, in proposed tables: comparison of 
lives and amounts (1991-94); comparison of both lives and amounts with the 
projected rates for 1992, WL80C92 and WA80C92; and comparison of both 
lives and amounts with the graduated rates for female pensioners 1991-94. 

1991-94; 
U'LXOC92 

Lives 

1991-94; 1991-94 1991-94 
WA80C92 Widows/ Widows: 
Amounts Pensioners Pensioners 

Lives Amounts 

1.2405 2.0276 2.0837 
1.6538 2.7075 2.7537 
1.7995 3.5074 3.5576 
1.7048 4.0879 4.1939 

1.5734 4.0809 4.2382 
1 .A423 3.5187 3.6601 
1.3328 2.8010 2.8922 
1.2438 2.1815 2.2294 

11680 1.7203 1.7446 
1.0728 1.3969 1.4118 
0.9892 1.1763 1.1909 
0.9153 1.0303 1.0508 

0.8501 0.9400 0.9710 
0.7932 0.8936 0.9397 
0.7539 0.8846 0.9512 
0.8428 0.9097 1.0039 

0.9673 0.9672 1.0979 
1.0749 1.0542 1.2317 
1.1396 11624 1.3967 
1.2010 1.2739 1.5702 
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Fi$are 4.2 Rat& of wlus of q(x) for amounts asd hves tables for widows and 
pensirnets. 
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Figure 4.3. Ratios of values of q(x )  for widows 1991-94 to those for WL80C92 and 
WA80C92. 

on B 
10 w so 40 ad ep m eo so m tto mm 

8,' 
a01 

Figure4.4. Ratios of values ofq(x) for widows 19111-94 tq those fm female~mm. 



5. T E M P O K A R Y  ASSLRANCES. M A L E S  N D  F E M A L E S  

5.1 Introduction 
5.1.1 From 1971 to 1987 the Bureau carriedoutseparateiuvestigationsinto the 
mortality experience of level temporary and decreasing temporary assurances, 
but after the 1979-82 graduation these were combined into a single investigation 
for all temporary assurances. The investigation was originally only for male 
lives, and in 1979-82 the number of female lives included in the investigation 
was very small. The number of female lives is now significant and fully justifies 
a separate investigation. In  1979-82 the Committee aggregated the data for 
durations 1 to 4 (durations 1-4) and kept duration 0 and durations 5 and over 
(durations 5+) separate. The same has been done on this occasion. 
5.1.2 Table 5.1 shows, for 1991-94, the central exposed to risk and the number 
of deaths for all ages for males and females, for durations 0, 1-4 and 51 ,  and, 
for comparison, the corresponding numbers for males for 1979-82. For males 
the exposure at durations 0 and 1-4 has fallen. though it has risen at  durations 
S+. The net effect is an overall fall in the exposure, though the number of deaths 
has risen. It may be that this is a feature of the data supplied by the contributing 
offices: rather than of the term assurance market as a whole. The size of the 
experience for females has now grown to a substantial fraction of that for males. 
5.1 3 The data cover a wide range of adult ages, though with the peak exposure 
in the thirtiesand forties of age. For both sexes the normal data runsout a t  about 
age 90. However, for both sexes there are a few cases recorded, at all durations, 
from age 100 to 105. These may well be errors, and in any event they have been 
ignored in this graduation. The age range of the data (excluding the dala at ages 
over 99), the continuous age range within which the central exposed to risk is 
greater than or  equal to 100, and the continuous age range within which the 
number of deaths is greater than or  equal to 10 are shown in Table 5.2. There 
are also isolated ages where the number of deaths exceeds nine. These are not 
noted. 
5.1.4 As for other investigations, it seems as if the data at age 10 is faulty, and 
there is very little exposed to risk between ages 11 and 16; so the graduations 
have been started at age 17. Otherwise the full age ranges as shown in Table 
5.2 have been used. 

5.2 Comparison with TM80 and with u.tsured lives rutes 
5.2.1 The experience for males has been compared with the TM80 table (which 
was based on the experience for 1979-82, and has rates for durations 0, l 4  and 
S+), and the experience for both sexes has been compared with the graduated 
rates for permanent assurances for 1991-94 (comparing the experience for 
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durations 1--4 with the graduated rates for duration 1; and the experience for 
durations 5 t  with the graduated rates for durations 2+). The results are as 
shown in Table 5.3. 
5.2.2 It is clear that for males the mortality rates have reduced considerably 
since the 1979-82 experience, the period on the basis of which the TM80 
rates were constructed. Inspection of the comparisons with the graduated 
rates for permanent assurances for 1991-94 shows that: 

(i) whereas the rates for the ultimate durations (D2f for permanent assur- 
ances) might be considered as fitting the experience for temporary assur- 
ances (D5+) for both sexes (100A/E = 97 and 96), 

(ii) the experiences for duration 0 for temporary assurances, for both sexes, 
are distinctly lower than those for the permanent assurances, and 

(iii) the experience for durations 1-4 is conflicting, with 100A/E = 88 for 
males and =l20 for females, which may reflect more stringent underwrit- 
ing criteria. 

5.3 The experience fur males 
5.3.1 The experience for males, durations 5+, is considered first. The values of 
the log likelihood and X2 for selected GM(r;.y) graduations are shown in Table 
5.4. The results for all these formulae except GM(0,3) are fairly similar. The 
GM(2,3) formula has rather the best shape, but the value of a, is positive, so 
the values of q ,  do not decrease in the early twenties of age as one might 
expect. A decision about which formula to use was therefore postponed until 
the other durations had been considered. 
5.3.2 The values of the log likelihood and for selected GM(r,s) graduations 
for males, durations 1-4, are shown in Table 5.5. There is little to choose in 
terms of the log likelihood between the higher-order formulae, but GM(2,3) 
has the best overall shape. For example, although GM(0,4) has the 'best' 
values of the statistics shown, the values of q,  are quite unsuitable at higher 
ages, reaching a peak at too low a level of 0.042185 at age 87 and then falling 
sharply. 
5.3.3 The values of the log likelihood and for selected GM(r,s) graduations 
for males, duration 0, are shown in Table 5.6. Again, there is little to choose 
between the higher-order formulae, but for consistency with the other durations 
a GM(2,3) formula was considered further. 
5.3.4 When the graduated rates for the three durations. using the GM(2,3) 
formulae for each, are compared, one can see uncomfortable features. These 
are features of the graduation rather than the data. The values of q, cross 
over at extreme ages: the rates for durations 1-4 are higher than those for 
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durations 5+ below age 35; the rates for duration 0 are higher than those for 
durations 5+ below age 23 and higher than those for durations 1-4 above 
age 87. These are extreme ages, but there is no reason to suppose that these 
cross-overs represent reality any better than the assumption that the rates lie 
conformably with one another. 
5.3.5 The experience at young ages needs to be considered in detail. Table 5.7 
shows a summary of the experience for ages 17-24 and 25-29 at all three 
duration groups. One can see that, although for all ages combined the 
exposed to risk for durations 5+ is larger in total than that for durations 1-4 
(see Table 5.1), at young ages the experience for durations 5 1  is relatively 
small, so the experience for durations 0 and 1-4 is more 'credible'. For these 
lower durations the crude death rates for ages 25-29 are smaller than those 
for ages 17-24. This indicates that falling mortality rates in the early twenties 
of age, as are found in many other investigations. are more plausible than 
rising mortality rates. 
5.3.6 The graduation for durations 1-4 was therefore chosen as the 'datum', 
and those for durations 0 and S+ were 'arranged' around it, by choosing suit- 
able values of certain parameters, and then optimising for the others. The para- 
meters found before modification and after modification in this way are shown 
in Table 5.8. For both durations the values of 100u,, 100a2 and b3 were fixed, 
and the values of b,  and h: were optimised. This brought the values of q, at 
low ages and high ages for all three durations into conformity. The high 
value of ,y2 for durations 1-4 is unavoidable, since there are high values of r 
(=(A - E)/&) at ages 35 and 56 (negative) and 36, 63, 67 and 68 (positive), 
which no smooth graduation can get rid of. 
5.3.7 Details of the usual statistics for the three graduations are shown in 
Table 5.9 and values of q, at decennial ages are shown in Table 5.10. 

5.4 The experience for females 
5.4.1 We now consider the experience for females, looking first at durations 
S+. The values of the log likelihood and of x2 for various GM(r,.;) formulae 
are shown in Table 5.11. There is not a great deal of difference between the 
different formulae- but the GM(1,2) graduation provides a satisfactory shape, 
and satisfactory statistics. However, it produces rather low rates at low ages, 
as discussed below. 
5.4.2 The values of the log likelihood and of X 2  for various GM(r,s) formulae 
for durations 1-4 are shown in Table 5.12. Excluding GM(0.2), the remainder 
show rather similar statistics, and again GM(1,2) provides a satisfactory shape, 
although the rates at low ages are also rather low. The values of g, for this 
formula are generally around 90% of those for durations 2+, so this formula 
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gives a good starting point. However, the value of X' is rather high. This can be 
attributed to two ages. 50 and 65, for which the actual deaths are high relative to 
those expected, and also relative to the actual deaths at neighbouring ages. It is 
possible that these can be accounted for by the presence of duplicates, but this 
has not been investigated. 
5.4.3 The values of the log likelihood and of for various GM(r,s) formulae 
for duration 0 are shown in Table 5.13. There were only 86 deaths and all 
formulae from GM(0,2) upwards show similar results. This time the shape 
produced by a GM(1,2) formula is not satisfactory; the value of a ,  is negative, 
and this makes the values of g, unreasonably low at lower ages. The values of 
are remarkably low: although the sparse data fall into rather few cells, there are 
still usually 14 cells; however, typically none of the values of z exceeds 1; the 
experience conforms almost too closely with the graduation; this is unusual. 
5.4.4 Although the GM(1,2) graduations for durations 5+ and 1-4 would 
have seemed satisfactory if they had stood alone, the values or  q, at low ages 
were low relative to those for the males, the female permanent assurances, 
and ELT 15 females. Whilst this may be a genuine feature of the data, the 
number of deaths is small and it seemed more satisfactory to adjust the para- 
meters to increase the rates. This was done by choosing rdues of lOOa, as 
shown in Table 5.14, and then optimising the values of the other two para- 
meters. Duration 0 was treated similarly. 
5.4.5 Values of the parameters and selected statistics for the original and the 
modified graduations for the three durations for females are shown in Table 
5.14. 
5.4.6 The usual graduation statistics and specimen values of q, for all three 
durations are shown in Tables 5.15 and 5.16. 

5.5 Comparisons 
5.5.1 Comparisons of the values of y, in various ways are shown in Tables 
5.17 to 5.20 and Figures 5.1 to 5.4. 
5.5.2 Table 5.17 and Figure 5.1 show the ratios of the rates for successive 
durations. Note that the rates "conform" in the sense that the rates for duration 
0 are below those for durations 1-4, whichin turn are below those for durations 
5+, for both sexes. However_ the ratios are not constant. The relatively low level 
of duration 0 for females might suggest that selection is more effective for them 
than for males, but the data on which this observation is based are very few. It is 
also possible that this feature is a reflection of fewer suicides and accidental 
deaths or, perhaps, more mortgage related cases. 
5.5.3 Table 5.18 and Figure 5.2 show the ratios of the rates for females to 
those for males. Note that the rates for females duration 0 are noticeably low 
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compared with those for males. Note also that the rates for females are well 
below those for males at young ages. Had the rates for females not been 
increased, as described in 5.4.4, this effect would have been even more pro- 
nounced. 
5.5.4 Table 5.19 and Figure 5.3 show the ratios of the graduated rates for tem- 
porary assurances for 1991-94 to those for permanent assurances, as discussed 
in section l of this report (comparing durations 1-4 and 5+ for the former with 
durations 1 and 2+ for the latter). Note that, in general, the rates for temporary 
assurances are a little below those for permanent assurances, except at young 
ages (say below age 40) and at high ages (say above 70). However, the rates 
for temporary assurances females duration 0 are relatively low throughout. 
and those for females durations 1-4 are relatively high. 
5.5.5 Table 5.20 and Figure 5.4 show the ratios of the graduated rates for 
1991-94 for temporary assurances. for males only, to the rates in the TM80 
tables for temporary assurances based on the 1979-82 experience. Note that 
the rates for 1991-94 are higher than those based on the data for 1979-82 at 
younger ages (say below 35) and at higher ages (say above 65) ,  but are lower 
in between these ages. 

5.6 The proposed fables 
5.6.1 Values of g, for the proposed tables for temporary assurances are shown 
in Appendix A in Table A3 for males and in Table A4 for females. All six sets of 
rates are graphed in Figure 5.5. 
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Table 5.1. Temporary assurances, males and females: 
comparison of (central) exposed to risk and deaths for 

1991-94 and for 1979-82. durations 0_ 1-4 and 5+. 

Males 
Duration 0 

Central exposed 
Deaths 

Durations 1-4 
Centrill exposed 
Deaths 

Durations 5+ 
Cenual exposed 
Dcaths 

Females 
Duration 0 

Ccntral exposed 
Deaths 

Duralians 1-4 
Central cxposed 
Deaths 

Duratians 5+ 
Central exposed 
Dcaths 

Table 5.2. Temporary assurances, males and females: age ranges. 

Range of data Exposed 2 100 Deaths 2 10 

Males 
Duration O 10-85 17-72 46-57 
Durations 1 4 10-87 18 79 25 74 
Durations 5- 10-91 21-80 3 - 7 7  

Females 
Duration 0 10-95' 17-70 nonc 
Duration3 1 4  10-90 18-80 34-55 
Durations i+ I0 91 22 78 34 69 

'An isolated case at 95: thc rest of the data ceases at age 87. 
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Table 5.3. Temporary assurances: values of IOOAlE when 
expericnces are compared with mortahty tables shown. 

TM80 1991 94 graduated rates for permanent 
(for males only) assurances (males and females) fur 

durations 0, I and 2 1  respectively. 

Males 
Duration 0 86 87 
Durations 1 4 82 88 
Durations 5+ 70 97 

Females 
Duration 0 78 
Durations 1-4 120 
Duratians 5+ 96 

Table 5.4. Temporary assurances, males: values of log likelihood and of 
for graduation of experience for durations 5+. 

Table 5.5. Temporary assurances, males: values of log likelihood and of 
for graduation of experience for durations 1-4. 
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Table 5.6. Temporary assurances, males: values of log likelihood and of 
for graduation of experience for duration 0. 

Table 5.7. Temporary assurances, males: basic data for ages 17-29> 
durations O1 1-4 and S+. 

Duration 0 Durations 1-4 Durations 5 1  

Ages 17-24 
Exposed 10 risk 20.281 29.095.9 2,624.1 
Deaths 10 20 0 
Crude p, 0.000493 0.000687 0.0 

Ages 25-29 
Exposed to risk 43.703 103,941.7 29,974.1 
Deaths l5  61 16 
Crude p,  0.000343 0.000587 0.000534 
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Table 5.8. Temporary assurances, males: values of parameters for 
graduations using GM(2,3) formulae before and after modification, 

durations 0, 1-4 and S+. 

Duration 0 Durationr 1 4 Durations 5- 

Before modification 
1000, 
100a2 

h, 
b2 
h3 
L o g  likelihood 

y2 

After modification 
l oou, 
100a2 

h, 
h2 

h, 
L o g  likelihood 
xi 

unchanged -0.10 
-0.17 



Standard Tuhles uf Mortulity hascd m the 1991-94 Experiences 77 

Table 5.9. Temporary assurances, males. durations 0, 1-4 and 5+: statistics 
for graduations of p, = GM(2,3). 

Duration: 0 1-4 5+ 

Ages used 17-85 

Values of parameters at optimum point: 
100u, -0.12 
7-mtio 
100n2 -017 
R a t i o  
61 -4.41 5430 
T-ratio -48.00 
4 4.486721 
T-ratio 20.83 

h, -0.12 
T-ratio 

Sign test: p(pos) 0.6170 
Runs test: p(runs) 0.6209 
K-S test: p(KSI 0.8322 

Serial correlation lest: 
T-ratio 1 0.18 
T-ratio 2 1.14 
T-ratio 3 -0.86 
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Table 5.10. Temporary assurances, males, durations 0, 1-4 and 
5+: specimen values of g, and percentage standard errors for 

graduations of p, = GM(2.3). 

Duration: 0 1-4 5+ 

Age 20 0.000610 0.000707 0.000770 
Percentage s.e. 1.85 473.33 0.25 
Age 30 0.000482 0.000587 0.000624 
Percentage s.e. 6.27 246.14 1.01 
Age 40 0.000691 0.000861 0.00089fi 
Percentage s.e. 11.45 92.57 2.23 
Age 50 0.001 746 0.002175 0.002430 
Percentage s e .  11.64 22.68 2.55 
Age 60 0.004874 0.006181 0.007754 
Percentage s.e. 10.49 6.08 2.43 
Age 70 0.012959 0.016962 0.023992 
Percentage s.e. 9.68 5.34 2.31 
Age 80 0.032517 0.044179 0.070274 
Percentage s.c. 9.18 16.99 2.20 
Age 90 0.077367 0.108844 0190948 
Percentage s.e. 8.76 45.01 2.03 
Age 100 0.173276 0.248635 0.451695 
Percentage s.e. 8 1 7  76.38 I 6 4  
Age 110 0.355042 0.499781 0.811264 
Percentage s e .  7.12 66.09 0.87 

Table 5.1 1. Temporary assurances, females: values of log likelihood and of 
for graduation of experience for durations 5+. 

-Log likelihood 9,464.9 9,464.8 9,464.7 9,4620 9.462.4 9,463.4 

x2 51.9 52.1 52.7 47.6 48.5 50.1 
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Table 5.12. Temporary assurances, females: values of log likelihood and of X 2  

for graduation of experience for durations 1-4. 

Table 5.13. Temporary assurances, females: values of log likelihood and of x2 

for graduation of experience for duration 0. 

L o g  likelihood 709.1 709.1 709.1 709.1 709.1 709.1 

X? 4.1 4.1 4.2 4.2 4.2 4.1 

Table 5.14. Temporary assurances, females: values of parameters for 
graduations using GM(1,2) formulae before and after modification. 

durations 0, 1-4 and 5+. 

Before modification 
1000, 

h, 
b: 
-Log likelihood 
x2 

After modification 
10(lo, 

h, 
h, 
L o g  likelihood 

x2 

Duration 0 
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Table 5.15. Temporary assurances. females, durations 0, 1--4 and 5+: 
statistics for graduations of b,  = GM(I,?). 

Duration: 0 1-4 5+ 

Ages used 17-95 

Values of parameters at optimum point: 
100ol 0.008 
T-ratio 

h, -5.082158 
T-ratio -23.6 

h2 5.493452 
T-ratio 10.9 

Sign test: p(pos) 
Runs test: p(runs) 
K-S test: p(KS) 

Serial correlation test: 
T-ratio 1 1.61 
T-ratio 2 -0.91 
T-ratio 3 -1.46 

X' 
Degrees of freedom 

p(a2 1 
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Table 5.16. Temporary assurances, females, durations 0, 1-4 and 
5t: specimen values of q, and percentage standard errors for 

graduations of 0, = GM(1~2).  

Duration: 

Age 20 
Percentage be .  

Apc 30 
Pcrcentagc s.e. 
4ge 40 
Prrccntage s.c. 
Age 50 
Percentage s r .  

Age 60 
Percenvage i .e.  

Agc 70 
Percentage s.e. 
Age X0 
Pcrccntage 3.c. 

Aye 90 
Percenlage r e .  
Agc 100 
Percentage s.e. 
Age 110 
Percentasc s.e. 
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Table 5.17. Temporary assurances: ratios of values of q,  in proposed tables: 
comparison of durations. 

Males Females 

A s  Duration 0: Durations 1-41 Duration 01 Durations 1-41 
Durations 1-4 Durations S+ Durations 1-4 Durations 5+ 
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Table 5.18. Temporary assurances: ratios of values of q ,  in proposed tables: 
comparison of sexes. 

Duration 0 Duratians 1 4 Durillions 5 1  
Fcmales/Males Females/Males Females:Males 
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Table 5.19. Ratios of values of q ,  in proposed tables for temporary 
assurances to those in corresponding tables for 

permanent assurances for 199194. 

Males Females 

Age Duration 0 Durations 1-4: Durations S+: Durat~on 0 Durarians 1-4: Durations 5-1 
Duration 1 Durations 2- Duration I Durstions 2+ 
- 
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Table 5.20. Ratios of values of q, in proposed tables for 
temporary assurances 1991-94, for males, to those in the 

TM80 tables. 

Age Males 

Duration 0 Durations 1-4 Durations 5+ 



6 Standard Tables of Mortality based on the 1991-94 Experiences 

F i p  5.1. Ratios Cmnpdn& whm of qg, bg duration8 

Figure 5.2. Ratios comparing values of qx for females and males. 



Figure 5.4. Ratios comparing values of qx for temporary assurances, males, 1991-94 with 
TM80. 
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Figu~; 5.9. Temporary ~smuances, 199144, value d q ,  Far rnaIes and femalesemales dun%- 
tions 0,14 and S+. 



6. P R O J E C T I O N  F A C T O R S  F O R  M O R T A L I T Y  I M P R O V E M E N T  

6.1 Introduction 
6.1.1 In C.M.I.R. 16: 127-129 (1998). the Committee published details of its 
proposed new tables for life office pensioners. These tables are based on the 
experiences of normal retirals (i.e. persons who retired at or after the normal 
retirement age for their scheme) during the 1991-94 quadrennium. For each 
sex there are separate tables based on the experiences of lives and of amounts. 
For each of the lives tables the value of y, applies on average to a life attaining 
age X in the middle of 1992 and gives the probability of death before the 
attainment of age X + 1 in the middle of 1993. The 'base' year for these tables 
is thus 1992. Accordingly. the tables for male lives and female lives are 
denoted by PML92Base and PFL92Base respectively. The corresponding 
tables based on the amounts experiences are denoted by PMA92Base and 
PFA92Base. 
6.1.2 When publishing the "80" Series of tables, based on the experiences 
of the 1979-82 quadrennium. the Committee was of the view that it u~ould 
be imprudent not to incorporate into the new tables for pensioners. annuitants, 
and widows an allowance for projected improvements in mortality with 
the passage of time. Analysis of recent trends in the mortality of pensioners 
confirms that such an allowance is again essential for most practical 
purposes. 

6.2 Ohserued irnprovemenls in the morru/ity of /fi o@ce pensionem 
6.2.1 It is of interest to consider the trends in pensioners' mortality since the 
setting up by the Bureau of the relevant investigations. For the lives investiga- 
tions the first quadrennium for which data are available is 1955-58: for 
amounts it is 1959-62. Tables 6.4. 6.5, 6.6, and 6.7 show the values of the 
IOOA/E ratios (i.e. actual deaths as a percentage of those expected), where 
for each sex a single comparison is used throughout a 40-year period (1955- 
1994). For males (both lives and amounts) the comparison basis is the 
PMA8OClO table. For females (both lives and amounts) it is the PFA80C10 
table. Over the years, of course, different comparison bases have been used 
by the Committee. When, however, a comparison basis was changed, for at 
least one quadrennium the values of 100A/E were always given both on the 
previous basis and on the new basis. These two sets of ratios relating to a 
single quadrennium permit the calculation of 'bridging factors' which in 
turn allow all the earlier comparisons to be revised to the most recent basis. 
(Although an element of approximation is necessarily inherent in the use of 
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bridging factors, any errors are likely to be very small and of little practical 
consequence.) 
6.2.2 For the first two quadrennia of the pensioners' investigations the data 
were insufficient to permit meaningful analyses over the age range 91 to 9j,  
even for males alone. In addition, the initial smallness of the relevant experi- 
ences meant that for females analyses above age 85 were feasible only for the 
1975-78 and subsequent quadrennia. 
6.2.3 The existence of a single comparison basis for each experience enables 
the crude rates of mortality (for each quinary age group) in the 1967-70 and 
subsequent quadrennia to be expressed as a percentage of the corresponding 
rate in the 1963-66 quadrennium. The results of these calculations are shown 
inTables6.8,6.9, 6.10and6.11. 
6.2.4 From these tables we may derive the values shown in Table 6.1. Thus, for 
example, we see that for the 61-65 age group in the male lives experience the 
crude mortality rate in the 1975-78 quadrennium was 79% of the correspond- 
ing rate in the 1959-62 quadrennium. Similarly, for the same age group the 
crude rate for the 1991-94 quadrennium was 65% of that for the period 16 
years previously. By combining these figures we see that for the age group 
61-65 the crude Iate of mortality over the period 1991-94 was 51% of the 
corresponding crude rate for the period 1959-62. 
6.2.5 Table 6.2 shows the corresponding ratios for the female investigations. 
6.2.6 For males a clear pattern emerges from these figures. Within each age 
group a more rapid rate of improvement in mortality has occurred in recent 
years than in the more distant past. Improvements in mortality for amounts 
are significantly greater than for lives. For both lives and amounts the rate of 
mortality improvement decreases as age increases. 
6.2.7 For females, in contrast, no clear pattern can be seen. In general, for 
both lives and amounts, a slower rate of improvement in mortality has occurred 
in recent years. but this is not true at all ages. Some age groups show a more 
rapid mortality improvement for amounts than for lives, but for other age 
groups the opposite is true. 
6.2.8 Figure 6.1 illustrates the reductions in overall mortality for each of the 
four experiences since the 1963-66 quadrennium. (For male amounts, for 
example, the total number of deaths in 1963-66 was 162% of the number 
expected and in 1991-94 it was 98% of the number expected (on the same 
basis - see Table 6.5). Thus, the overall rate of mortality in 1991-94 was in 
some sense 60.5% of its value 28 years previously.) This comparison is, of 
course, influenced by differences in the age distributions of the two experiences. 
Accordingly, it is desirable to consider the trends in mortality improvement for 
specific age groups. Figure 6.2 illustrates the position for the male amounts 
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experience. It shows, for example. that over the 28 year period the mortality rate 
for the 66-70 age group fell by more than 50%, while for the 76-80 age group it 
fell by more than 30%. 
6.2.9 Figure 6.3 illustrates the corresponding reductions in mortality for the 
female amounts experience. 
6.2.10 For males the improvements in mortality in recent years have been 
greater than those implied by the reduction factors recommended by the 
Committee in conjunction with the "80" Series of tables. That this is so is 
demonstrated by Figure 6.4, which for each year of the period 1983-94 
expresses the actual number of deaths as a percentage of the number expected 
using the "80" Series projected mortality rates. For the female experiences, in 
contrast, significant "swings" occur from year to year and there is no clear 
pattern. This suggests that the female experiences are in some way unusual. 
6.2.1 1 The experiences for the six most recent years for which data are avail- 
able are illustrated in Table 6.13. Although not as marked as in previous years, 
this experience illustrates the fluctuating nature of the female experience. 

6.3 Allowancefbr inzproving morlulity 
6.3.1 In the light of the above observations, the Committee considers it 
essential when publishing its new tables for pensioners, immediate annuitants, 
retirement annuitants, and widows also to publish projection factors to allow 
for improvements in mortality with the passage of time. As far as possible. 
the factors should reflect recent trends. In practice the rates at which mortality 
is improving vary from one experience to another. The Committee has given 
some thought as to the extent to which this feature should be reflected in its 
proposed projection factors. On the one hand it is desirable to reflect as far 
as possible the likely trends in the observed experiences. On the other hand it 
is desirable to adopt a relatively simple model which avoids obvious anomalies. 
(For example, it is questionable whether one could justify a mortality improve- 
ment model which leads at some future time to lower rates of mortality for 
males than for females or for lives than for amounts.) Taking all factors into 
consideration, the Committee is now of the view that for practical purposes 
the same set of projection factors should be used in conjunction with each of 
the new tables for pensioners, immediate annuitants, retirement annuitants, 
and widows. 
6.3.2 The Committee's initial thoughts on this matter were presented to the 
profession at a seminar in London in December 1998. Some speakers agreed 
with the Committee's proposals while others pointed to the experience 
of recent years and suggested that more rapid improvements in mortality 
should be assumed. Having considered both these comments and subsequently 
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available data relating to the period 1992-97. the Committee has decided to 
issue revised projection factors. which incorporate more rapid improvement 
in the early years than was previously envisaged. The revised factors are 
based on the experiences of the five most recent quadrennia (i.e. 1975-78 to 
1991-94). In recommending that a single set of improvement factors be used 
for all experiences (and. in each case, for males and females, lives and amounts_ 
where relevant) the Committee recognises that it may possibly be overstating 
the future improvement in female mortality. Given, however, that the female 
experience has such unusual features, that it is difficult to know how much 
weight to give to it, and that one should probably err on the side of caution: 
the Committee feels that the recommended projection factors are reasonable 
for most practical purposes. 
6.3.3 The model adopted to allow for mortality improvement is essentially the 
same as that described in $4.3 of C.M.I.R. 10 (1990). At each age the rate of 
mortality is assumed to decrease exponentially to a limiting value. With the 
new factors, however, the speed of convergence to the limit depends on age 
(in contrast to the projection factors adopted for the "80" Series). 
6.3.4 Measure time in years from 1992, and for l = 0, 1, 2, . . . for each experi- 
ence let q,,, denote the rate of mortality (i.e. "q,") for a life attaining age s i n  
calendar year 1992 + t. (Similarly for the immediate annuitants let ql,:., be the 
select rate of mortality (i.e. "qIr1") for a life newly selected at exact age x in 
year 1992 +I.) For each experience q,." is the value of g, in the relevant new 
'base' table while qlxl;o isthe value of q .I in the new annuitants table. 
6.3.5 It is assumed that 

Y X . ~  = q , . o - W . ~  1) 

where 

g.<., RF(x: 1 )  = - 
Y.x.0 

is the "reduction factor" for age x and time I. 
For immediate annuitants the select rate of mortality in calendar year 

1992 + t is 

YI+ = q.,:.oJWx: t )  

6.3.6 The reduction factor RF(x, I) is defined in terms of two subsidiary 
functions, m(x) and J(s). It is assumed that q,,, the long-term rate of mortality 
at age X, will be a(s) times the base rate (i.e. the rate in 1992). In addition, it 
is assumed that a fractionj'(x) of the total fall in the rate of mortality at age 
x (i.e. q X . ~  - q.;.,) will occur in the first 20 years. 
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6.3.7 Both njx)  and f (X) are linear functions of age for 60 5 s 5 110. For 
x < 60 and for X > 110 each function is constant, taking the appropriate 
values to ensure continuity. 
6.38 Somewhat arbitrarily the value of n(110) is taken as I. (The fimncial 
consequences of this choice are of very little significance.) Subject to this 
single constraint the linear functions a (x)  and f ( X )  were determined to provide 
a clearly-defined 'best fit' to the observed mortality improvements over the 
20-year period 1975-94. A further technical adjustment was made so that the 
finally-adopted projection factors have 1992 as their base year. 
6.3.9 The reduction factor recommended for all experiences is 

RF(x, t )  = a(x)  + [ l  - n(x)i.[l -f(x)lh 

with 

(x -  110) 
50 

6 0 < x < 1 1 0  

X >  110 

and 

( h  X < 60 

where c = 0.13, h = 0.55, and k = 0.29. 
These values of c, h; and k are derived from the adjusted 'best fit' procedure 

described in outline above. 
6.3.10 Specimen reduction factors are given in Table 6.12. 
6.3.1 1 One simple measure of the effect of improving mortality is obtained by 
considering how the expectation of life at a given age increases with the passage 
of time. Table 6.3 shows the values of g, (for x = 60, 70,80) on the PMA92Base 
and PFAY2Base tables and at various future times on both a 'true' and a calen- 
dar year basis. 
6.3.12 It is important to appreciate that the expectations of life reflected in 
Table 6.3 apply to no one individual, but simply reflect 1992 levels of mortality. 
For the amounts tables, Figures 6.5 and 6.6 show how; when allowance 1s made 
for improving mortality, the 'true' expectation of life at any age increases as the 
time of attainment of that age moves into the future. Thus. for example, for the 
male amounts table the 'true' value of e,, for a life attaining age 60 in 1992 is 
around 1.8 years more than the value of 21.2 derived from the base table 
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while for a life attaining age 60 in the year 2000 (i.e. time t = 8) the value of is 
nearly 2.5 years more than the corresponding base table value. These simple 
observations are not without financial significance! 

Table 6.1. Life office pensioners, males: ratios of crude mortality 
rates in two sets of quadrennia, each 16 years apart. 

Age group Lives Amounts Lives Amounts 

All ages .94 9 2  7 3  6 5  

Note: The ratios for 'all ages' relatc to the age range 51-100. At the oldest ages ratios 
are not available for the 1975-78 / 1959-62 comparison. 

Table 6.2. Life office pensioners, females: ratios of crude mortality 
rates in two sets of quadrennia, each 16 years apart. 

Age group Lives Amounts Lives Amount3 

All ages .81 7 8  .81 .77 

Note: The ratios far 'all ages' relate to the age range 51 100. At the oldest ages ratios 
are not available for the 1975-78 / 1959-62 comparison. 
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Table 6 3 .  Expectation of life (Q, males: calendar year bases. 

Age .v PMA92Base PMAY2C2010 PMAY2C2030 

60 21.2 23.5 25.2 
70 13.2 14.9 16.2 
80 7.4 8.4 9.1 

Table 6.3b. Expectation of life (h,), females: calendar year bases. 

Aee x PFAYZBase PFAY2C20IO PFAY2C2030 

Table 6 .3~ .  Expectation of life (hx) ,  males: 'true' (i.e. year of use) bases. 

Age r PMAY2U 1992 PMAY2U2000 PMA92U2010 

Table 6.3d. Expectation of l~ fe  (hx), females: 'true' ( i .e.  year of use) bases 

Age n PFA92UlYY2 PFA92U20DO PFAY2U2010 



Table 6.4. Life office pensioners, male lives, rclirements at or  after nonnal pension age: 
3 
& 

100 A/E ratios where Tor each quadrcnnium the comparison basis is PMA80CIO. Q 
k 

Quadrcnniurn 
2 
% 
2 

Agegroup 1955-58 1959-62 1963-66 1967-70 1 9 7 1 7 4  1975 78 1 9 7 9 8 2  1983-86 1987-90 1991-94 <, 
51-55 289' 333 203 2 
56-60 226 197 l" E 
61L65 350 271 289 257 235 213 206 175 166 138 G 
66 70 24 1 222 217 21 1 202 1'16 176 156 140 127 
71-75 196 183 181 183 181 181 165 145 138 124 
76-80 I 65 Ihl 161 153 157 159 151 137 129 120 
81 8 5  147 135 143 139 137 130 122 I16 
86-90 139 124 128 132 126 123 1 14 111 - 

114 126 124 115 I 15 l12 1 09 91-95 l06 ni 

96-1 00 109 96 88 2 
All ages 1 84 172 168 162 162 161 151 138 127 118 2 

'a 
Total death? I l , i20i 18,'Ml 30.969' 45,863' 63.481' 76.907' 85.426' 84.267 74.842 63,558 4 

h 

NO~CS:  g- 
' dcnotes an agc group with fewer than 10 actual deaths. 2 2' 

indicates that thc total deaths and thc M l  ngcs" 100 AIE ratios include a small number of cases outwith the 51 100 age group. 
D 

2 



-. 
Table 6.5. Life office pensioners, male amounts, retirements at or after normal pension age: g 

100 A/E ratios where ror each quadrennium the comparison basis is PMA80C10. 3 
& 

Quadremimm 
2 
3. 
2 
L, 

Age group 1959-62 196366 1967-70 1971-74 1975-78 1979-82 1983-86 1987-90 1 9 9 1 9 4 <  

51-55 210 207 
% 

80 2 
56-60 259 66 101 Q 

61-65 233 250 227 218 190 159 153 117 94 5 

76-80 145 139 117 141 141 127 117 106 97 g 
81-85 140 129 133 136 127 119 103 l00 2 
86 90 139 119 I20 125 125 116 110 I18 
91-95 114 122 229 111 114 117 105 106 m 
96-100 114 104 89 
All ages 164 162 155 154 151 135 121 108 98 : 

I 

Total deaths 1,809~ 3,382' 5,758' 9,094~ 13,595' 20.021' 28,672 37,372 46,096 2 
h 

Notes: g 
The total deaths arc shown in units off  1,000. 2 

E' ' indicates that thc  total deaths and Lhe "all ages" 100 A/E ratios include a small number of cases outwith thc 51-100 age group. 3 
0 

2 



01 
Table 6.6. Life office pensioners, female lives, retirements at or after normal pension age: 2 

100 A/E ratios where for each quadrennium the comparison basis is PFA80C10. & 
Y 

Quadrennium k 
2 
h 

Agegroup 1955 58 1959-62 1963-66 3967-70 1971 74 1975-78 1979-82 3983-86 1987-90 1991-94 

51-55 357" 267' 
% 

321' % 
56-60 356 224 194 278 313 278 269 177 201 218 g 
61-65 270 253 23 1 207 205 193 189 191 179 162 5 
66-70 199 21 1 203 205 185 185 175 164 168 158 
l 1  75 185 216 184 181 170 l b8 156 143 152 141 
76-80 163 147 157 144 139 130 128 124 
81-85 139 135 137 141 137 122 117 117 2 
86-90 134 132 118 115 108 
91-95 138 134 134 120 117 % 
96-100 120 127 121 2 
All ages 187 191 169 162 157 154 148 136 132 124 2 

& 
Total deaths 588 1.324' 2,322' 3,828' 5,791' 8.086~ 111.536' 12,266 13.124 13,246 * 
Notes. 

? 
h 

denotes a n  age group with fewer Lhan 10 actual dcaths. 2 
C' ' indicates that the total deaths and the "all ages" 100 A/E ratios include a small number of cases outwith rhc 51-100 age group. 2 
2 



Table 6.7. Life office pensioners, female amounts, retirements at or after normal pension age: S 

100 A/E ratios where fur each quadrennium the comparison basis is PFASOCI 0. 3 z 
Quadrcnnium 

2 
SZ 
E 

Age &group 1959-62 1963-66 1967-70 3971-74 1975-78 1979-82 3983-86 1987-90 1991-94% 

51-55 22 1 926 306 
% 

56 60 199 163 288 260 288 224 132 130 
2 

123 K 
61 6 5  273 194 180 199 158 168 171 166 143 3 
66-70 199 188 189 173 173 148 135 l32 123 
71-75 179 180 153 178 151 140 127 123 114 
76-80 151 153 148 141 126 114 121 99 8. 
81 8 5  147 142 149 139 126 103 110 104 9 
86-90 153 133 119 113 101 - 
91-95 144 124 138 130 117 g 
96-100 142 128 129 2 
All ages 193 162 159 162 151 140 127 127 117 5 

Total deillhs 67' 130' 255' 490' 840' 1,446' 2.470 4,177 5,598 2 

N O ~ C S :  
P 
2 

Thc total deaths are shown in units of £1,000. 2. 
indiciilrs that the total death5 and the "all ngcs" 100 A,'E ratios include a small number of cases outwith thc 51-100 age group. S 

2 



$ 
3 
c, 
Q 
L 

2 z 
Table 6.8. Life ofice pensioners, male lives: mortality rates as a percentage of values 2 

in the quadrennium 1963-66. 9 
% 

Qusdrennium 
e 

Age group 1463-66 1967-70 1971-74 1975-78 1979-82 1983-86 1987-90 1991-94 

61 65 100 X9 81 74 7 1 61 57 48 & 
66-10 100 97 93 90 RI 72 65 59 0 

7 1 7 5  100 101 100 100 91 80 76 69 
76 80 100 95 98 99 94 85 R0 75 
81-85 100 92 98 95 93 89 83 79 2 
86-90 100 90 92 95 91 89 82 80 2 
91-95 100 111 108 101 101 98 '16 93 $ 

Q 

h 

2 5. 



9' 
0 

Table 6.9. Life office pensioners, male amounts: mortality rates as a percentage of values E 
in the quadrennium 1963- 66. 

Quadiennirun 5 g 
Age group 1963-66 1967- 70 1971-74 1975-78 1979-82 1983-86 1987 90 1991-94 5 

9 i 

61-65 1 00 91 88 76 64 6 1 47 38 g 
66-70 100 91 88 84 72 63 54 47 2 
71-75 100 101 100 97 88 74 70 61 
76-80 100 48 101 101 91 84 76 S 70 m 



h 
Table 6.10. Life office pensioners, female lives: mortality rates as a percentage of values 

in the quadrennium 1963-66. % r. - 
Quadrennlurn 2 =: 

t" 
Age group 1963-66 1967-70 1971-74 1975-78 1979-82 1983-86 1987-90 1991-94 5 

E 
61-65 100 90 89 83 82 83 78 70 $ 
66-70 100 101 92 92 87 8 1 83 78 3 

71-75 100 98 93 92 85 78 83 77 2 
76 80 100 91 96 89 86 80 79 76 b 

81-85 100 98 99 102 99 88 84 84 g . 



i 

Table 6.11. Life office pensioners, remale amounts: mortality rates as a percentage of values in the 
quadrennium 1963-66. % 

U 

Quadrrnnrum 2 
G 

Age group 1963 66 1967-70 3971-74 1975-78 1979-82 1981-86 1987-90 1991-94 0 e 
61-65 100 93 103 81 87 88 86 74 g 
66 70 100 101 92 92 79 72 70 66 
71-75 100 85 99 84 78 71 68 74 g 
76-80 100 102 99 94 84 76 80 a k 

81-85 100 97 101 95 86 70 75 71 Q 2 
l 
2 
h 



h 
2 

Table 6.12. Reduction factors xlOOO with 1992 as the base year: rnalcs and females, lives and amounts. 0' 
2 

Time r in yrilrs, rnrasurrd from 1992 5 
Age i 4 8 12 I 6  20 24 28 32 36 40 

-. 
60 872 762 669 589 522 464 414 372 337 306 a 

G 
65 892 799 719 649 590 538 494 456 423 394 E 
70 910 832 764 705 653 608 569 535 505 479 g 
75 927 863 806 756 713 674 640 610 584 561 g 
80 942 890 844 803 767 735 706 68 1 658 638 
85 955 915 879 84h 817 791 768 747 728 711 
90 967 937 910 885 863 843 825 808 793 780 2 
95 977 956 937 920 904 889 876 864 853 843 2 

100 986 973 461 950 940 931 923 915 908 901 $ 
A 



& 
2. 
2 
0 

5- 
Table 6.13. Life office pensioners, all ages: values of 100 A/E for calendar years 1992 to 1997 using the base 

mortality tables published in C.M.I.R. 16, projected to the relevant year using the reduction factors described in 
6.3.6, as the comparison basis. 5 

Y car Male Amounts Mdo Lives Female Arnaunls Fcrnalc Iires '3 
c7 

1992 101 101 I09  e 
107 & 

1093 YY 102 93 05 0 
1994 97 98 100 3 

1995 104 98 94 100 S 
95 - 

0 
1996 98 95 96 96 i 

1997 96 93 03 99 Y) 
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f10 

Figure 6.1. Life office pensioners, all ages: I WAB as a petcentage of the value for 1963- 
66: comparison basu PMA80C10 for males, PFA80C10 for females: compare with 
Tables 6 4, 6 5, 6.6 and 6.7. 

l Figure 6.2. Life o& pension~rs, malc amounts: IOOA/B as apmntage of thedue for 
1963-66: cmnpsEEsmb&sis PMA8DCIO. 



S t M  Tables afM&ality basd  an Pke 1991-94 Experiences 16 

I 
lsaMB 1967.70 Ilm-74 197.5-78 197942 1983.84 1W7-W 1991-94 

auadnnnlum 

Figure 6.3 Life omce pensioders, female amounts: 100A/E as a percentage of the valur: 
for 1963-66: comparison basis PFA80C10 

Figure 6.4. Life office pensioners, all ages: actual deaths as a percentage of expected 
deaths using the "80" Series projected mortality rates. 
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0 , . .  I 
0 5 10 15 20 25 30 35 10 

nrne In v a n  (horn 1892) 

Figw6.5. Life ofice pensioners,male amounts: increase in 'true' (i.e. year of use) expec- 
tation of life over 'base' value (see Table 6.3) with the passing of time. 

Figure 6.6. Life office pensioners, female amounts: increase in 'true' (i.e. year of use) 
expectation of life over 'base' value (see Table 6.3) with the passing of time. 



7. S P E C I M E N  M O N E T A R Y  V A L U E S  A N D  C O M P R I S O N S  M'ITH 

O T H E R  T A B L E S  

7.1 Introduction 
7.1.1 The tables which follow show specimen monetary functions derived 
from the new tables and compare these with the corresponding functions 
from the equivalent "80" Series tables (or with the 'least different' "80" Series 
table where a direct equivalent does not exist). The layouts of the tables 
follow the layouts of the tables in Section 5 of C.M.Z.R. 10, 59-85 where the 
"80" Series tables were compared with earlier tables. 

7.2 Assurunces 
7.2.1 Tables 7.1 and 7.2 cover permanent (whole life and endowment) assur- 
ances and Tables 7.3 and 7.4 cover temporary assurances. For female temporary 
assurances there is no direct equivalent table in the " 8 0  Series. so the AF80 
table has been used as the comparison basis. A range of premium rates and 
policy values are shown. 

7.3 Pensioners 
7.3.1 Tables 7.5 to 7.8 show annuity values on the three projection bases 
(calendar year_ year of birth and year of use) for a variety of years. These are 
then compared with the annuity values calculated using the corresponding 
" 8 0  Series table. All "92" Series tables are projected using the factors described 
in Section 6 of this report; all '%ON Series tables are projected using the factors 
described in Section 4 of C.M.Z.R. 10, 44-58. 
7.3.2 The section headed Year of Use gives specimen annuity values for 
cohorts reaching the designated ages in 2000 and 2010. Those values can be 
picked out from the Year of Birth section where the values appropriate for 
the year 2010 are highlighted in bold. 

7.4 Immediate annuitants 
7.4.1 Tables 7.9 to 7.16 show specimen annuity values for the new immediate 
annuitant tables. The format is similar to that used for pensioners. For the new 
tables based on amounts, the comparison basis is the immediate annuitants "80" 
Series table (based on lives) for males or females and select duration as appropriate. 

7.5 Retirement annuitants 
7.5.1 Tables 7.17 and 7.18 show specimen annuity values for the new vested 
retirement annuitant tables. The format is similar to that used for pensioners. 
The comparison basis is the pensioner. lives (males and females respectively) 
from the "80"  Series since no exact equivalent was previously produced. 
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7.6 Widows 
7.6.1 Tables 7.19 and 7.20 show specimen annuity values for the new widows 
tables. The format is similar to that used for pensioners. 

Table 7.1. Comparison of monetary values on AM92 and AM80: 
rate of interest 4% 

Sample AM92 monetoryfunclions 

Premium rates per f 1.000 sum assured Policy values 

l i v25 r v45 l < v25:m 

5 0.0304 0.0732 5 01296 
10 0.0673 0.1567 10 0.2875 
I5 01116 0.2491 15 0.4798 
20 01642 0.3478 20 0.7139 
25 0.2254 0.4488 
30 0.2951 0.5471 
35 0.3724 0.6378 I , v45 ?7 
40 0.4549 07167 
45 0.5393 5 0.1349 
50 0.6215 10 0.2948 
55 0.6972 15 0.4844 
60 0.7632 20 0.7126 

Premium rates per f 1,000 sum assured Policy values 

X P ~ r ~  I :  Plrlm t 8 v25 r tJ4s I rvxm 
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Table 7.2. Comparison of monetary values on AF92 and AFSO: 
rate of interest 4%. 

Sample Am2 monpluryfuncrion.\ 

Premium rates per £1,000 sum assured Policy values 

X 1 P(, m 1 l a 1 2 , Ih, I ,6,25 m t 1% m 

Premium rates per £1,000 sum assured Policy values 

PW P P / , I , ~  P;1:2i 1 r Vzr l 6'45 1 m ,&a 
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Table 7.3. Comparison of monetary values on TM92 and TM80: 
rate of interest 4%. 

Premium r a m  per f 1,000 s u m  assured Policy values 

X P,I P :  l P :  iV25 0 :  1 5 r ~ h  
r l "=hi 

5 0.0300 0.0084 5 0.0012 0.0223 
20 4.87 0.62 0.69 1.52 10 0.0666 0.0182 10 0.0028 0.0428 
25 5.92 0.58 0.82 1.75 l 5  0.1109 0.0284 l 5  00041 0.0555 
30 7.30 0.63 1.17 2.09 20 0.1534 0.0372 20 0.0039 0.0490 
35 9.09 0.82 1.89 2.57 25 0.2246 0.0411 
40 11.45 1.27 3.22 3.22 30 0.2945 0.0332 
45 14.56 2.15 5.57 4.10 35 0.3721 1 1000,&iT r & m l  

50 18.68 3.74 9.49 5.22 40 0.4557 
55 24.17 6.50 15.71 6.50 45 0.5420 2 -0.0441 0.0018 
60 31.55 1118 24.97 7.03 50 0.6273 4 -0.0427 0.0029 
65 41.48 18.91 37.62 55 0.7070 6 -0.0156 0.0033 

60 0.7772 X 0.0109 0.0025 

Premlum rates per f 1.000 sum assured Policy values 

X P,] P , :  ~;"~."1 1 2 3  v .  I ,vLm ,v;m 
.A "=S5 
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Table 7.4. Comparison of monetary values on TF92 and AFXO: 
rate of interest 4%. 

Premium rates per f 1.000 sum assured Policy values 
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Rate of Age Cillendilr yrilr Year of birth Ycar of use 
interest "h 01 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 8 
0 55 104 107 110 113 l12 115 112 I15 % 

65 104 I08 112 115 112 116 119 112 116 2 
75 104 108 112 116 110 114 118 121 110 114 
85 104 106 110 113 111 114 117 120 107 I l l  01 

5 55 103 104 106 108 107 109 107 109 % 
65 103 106 108 111 108 111 113 108 111 3 
75 104 106 110 113 108 111 114 116 108 111 5 
85 103 105 108 111 109 112 115 117 100 109 g 

10 55 102 103 104 105 104 105 104 105 
Q 

65 102 104 106 108 106 1 08 109 106 108 8 
75 103 105 108 110 106 109 111 113 106 109 g 
85 103 105 107 110 1 U8 111 113 115 106 108 Q 

% 



q 
Table 7.6. Pensioners, Males, Amounts, PMA92. % : 

Sample mnui1y valua uriny d8fferm iypm ofproiecrcd rabic E 
17. < 

Rate of Age Calendar year Year or birth Year of use 
interest % 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 4 

2 
0 55 25.233 26.452 27.717 28.722 28.512 29.395 28.512 29.395 

65 16.443 17.438 18.485 19.332 18.566 19.434 20110 18.566 19.434 
75 9.459 10.100 10.789 11.359 10.547 11.176 11.685 12.089 10.547 11,176 2 
85 4941 5.254 5.592 5.876 5.700 5.969 6.189 6.367 5.376 5.700 

l 
5 55 13.514 13.894 14.272 14.561 14.417 14.684 14.417 14.684 2 

65 10.325 10.764 11.212 11.563 11.175 11.548 11.832 11.175 11.548 h 
75 6.841 7.213 7.603 7.919 7.432 7.789 8.073 8.296 7.432 7.789 X 
85 3.982 4.202 4.438 4.633 4.503 4.689 4.839 4.960 4.278 4.503:. % 

Cr 
10 S5 8.644 8792 8.934 9.040 8.956 9.060 8.956 9.060 3 



Rak uC Agr Cillsndilr ycilr Year of hirth Year of use 
interest % 3 

I'JY2 2000 2010 2020 1925 l935 1945 1955 2000 2010 2 
Q. 

0 55 107 109 111 113 113 115 113 I15 % 
65 107 109 113 115 113 116 119 113 116 2 
75 106 109 112 116 I l l  1 15 118 121 I l l  115 0. 

85 105 108 111 114 112 l15 118 121 109 2 112 U. 

108 
I09 I l l  
L 12 114 
113 116 

105 
106 108 
109 111 
111 113 



Table 7.7. Pensioners, Females, Lives, PFL92. % 
Sample omuiiy value usinp drfferrent types ofprojected inhle 

S 
,- rL 

Rate of Age Calendar year Year of birth Year of use m 
interest % a 

1992 2000 2010 2020 1925 1935 1945 1955 2000 
2 

2010 4 
0 
3 

0 55 26.968 28.224 29.513 30.528 30.338 31.221 30.338 31.221 
65 18.264 19.275 20.330 21.174 20.467 21.320 21.979 20.467 21.320 
75 11.124 11.785 12.486 13.060 12.288 12.916 13.419 13.816 12.288 12.916.0 
85 6.114 6.446 6.802 7.098 6.931 7.208 7.432 7.614 6.595 6.931 2 

l 
5 55 13.918 14.292 14.660 14.939 14.797 15.055 14.797 15.055 2 

65 11.013 11.434 11.859 12.190 11.839 12.188 12.451 11.839 12.188 h 
75 7.735 8.095 8.470 8.771 8.327 8.664 8.930 9.137 8.327 8 .6644  
85 4.778 5.000 5.237 5.431 5.312 5.494 5.641 5.759 5.088 5.312 2 

S. 
10 55 8.756 8.899 9.036 9.136 9.052 9.152 9.052 9.152 2 

65 7.539 7.747 7.952 8.108 7.910 8.081 8.208 7.910 8.081 2 
75 5.793 6.01 1 6.234 6.41 1 6130 6.332 6.490 6.611 6.130 6.332 
85 3.885 4.044 4.210 4.346 4.257 4.385 4.488 4.569 4.098 4.257 



kale  of Age Calendar year Year of hirth Year of nse 
interest % 3 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 5 
P. 

0 55 100 102 105 107 107 109 107 l09 S. 
65 YY 102 105 108 106 108 111 106 108 Y 
75 102 104 108 111 107 l l0  113 115 107 110 g 
85 108 l l0  113 115 114 117 119 121 111 114 5 

5 55 100 101 103 104 103 104 103 104 
h5 LIY 101 103 105 103 105 106 103 l05 3 
75 101 103 105 108 104 107 109 111 104 107 
85 106 108 l10 113 111 114 116 118 109 I l l  g 

10 55 100 101 102 102 102 102 102 
i" 

102 o. 
h5 99 100 102 103 102 103 104 102 103 
75 100 102 104 106 103 105 106 108 103 l08 g 
85 105 107 109 I l l  110 112 113 115 107 l10 2 



Table 7.8. Pensioners, Females, Amounts, PFA92. % 
Sanq~le nnnuit .~ valups using different t)pe.? ofprojecter1 inhie 

2 
E? 
G 

Rate of Age Calendar year Year of hirlh Year of use o. 
intereh1 "/n E 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 E. 
0 
3 

0 55 28.227 29.456 30.714 31.703 31.589 32.431 31.589 32.431 
65 19.386 20.393 21.440 22.276 21.628 22.461 23103 21.628 22.461 
75 12.055 12.729 13.442 14.024 13.270 13.901 14.405 14.802 13.270 13.90Lu, 
85 6.847 7.195 7.567 7.876 7.712 7.998 8.230 8.417 7.363 7 . 7 1 2 2  

l 
5 55 14.243 14.591 14.934 15.193 15.077 15.313 15.077 15.313 2 

65 11.425 11.827 12.233 12.547 12.229 12.556 12.804 12.229 12.556 h 
75 8.195 8.550 8.917 9.211 8.788 9.116 9.373 9.574 8.788 9.116% 
85 5.237 5.463 5.702 5.898 5.782 5.965 6.112 6.230 5.558 5.782 

10 55 R868 8.997 9.120 9.210 9140 9.228 9140 9.228 2. 
65 7.725 7.918 8.108 X251 8.074 8.231 8.347 8.074 8.231 2 
75 6.052 6.261 6.474 6.642 6.380 6.571 6.720 6.835 6.380 6.571 
85 4.194 4.351 4.516 4.649 4.565 4.690 4.790 4.869 4.409 4.565 



Sumpie a,siuilj, rulues expressed rrr o peroetfiage of PFASO 

Rate of AS Calendar year Yrar of birlh Year of use 
interest % 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 X 
il 
f 



n7 z 
2 
.a -+ 

Table 7.9. Immediate Annuitants, Males, Lives, IML92 Ultimate. % 5 

Srrn!plr annuity valuer rmng dr/lrrenr ~ p e s  o/'prujecrud irrhlr 

G 
Kate of AS Calendar year Year of birth Year of usc m 
interest % !? 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 % 
0 
3 

0 55 25.002 26.332 27.701 28.781 28.431 29.407 28.431 29.407 
65 16.640 17.667 18.743 19,608 18.797 19.689 20.381 18.797 19.689 
75 9.879 10.520 11.205 11.768 10.Y71 11.593 12094 12.491 10.971 11.593 L= 

85 5.185 5.493 5.825 6.103 5.933 6.195 6.409 6.581 Y, 5.616 5.933 4 
I 

5 55 13.342 13.770 14.192 14.512 14.309 14.616 14.309 14.616 2 
65 10.361 10.815 11.276 11.63h 11.224 11.610 11.903 11.224 11.610 h 
75 7.078 7.446 7.831 8.141 7.666 8.016 8.294 8.512 7.666 8 . 0 1 6 4  
85 4.166 4.382 4.613 4.803 4.679 4.859 5.005 5.122 4.459 4.679 2 

L3 
10 55 8.534 8.708 8.875 8.996 8.882 9.007 8.882 9.007 2 

65 7.225 7.459 7.692 7.868 7.632 7.829 7.976 7.632 7.829 2 
75 5.406 5.637 5.875 6.063 5.755 5.973 6.143 6.275 5.755 5.973 
85 3.456 3.616 3.784 3.922 3.827 3.958 4.063 4.147 3.666 3.827 



Sample annuit) volucs expressed uv a percentage UJ'IMXO 

Rate of A s  Calendar year Year of birth Ycar of use 
interest "h h 

1992 2000 2010 2020 1925 1935 1945 1955 2000 
6 2010 21 

0 51 105 107 110 112 l12 1 14 112 
f? 

114 & 
65 104 107 110 113 110 113 116 110 113 2 
7.1 101 104 107 111 106 110 113 115 I 06  I10 
85 99 102 105 108 I06 109 111 114 103 106 o, 

S 55 103 105 106 108 I07 108 107 l08 
65 103 105 107 109 107 109 111 107 109 % 
75 101 103 106 109 105 108 110 112 105 108 g 
85 99 101 104 107 105 107 110 112 102 105 

,- 
10 55 102 103 104 105 l 04  105 104 l05 ", 

65 103 104 106 107 105 107 108 1 OS 107 5 
75 101 103 105 107 104 106 108 110 104 106 g 
85 99 101 104 106 104 106 108 110 102 104 g 

% 
m 



q 
Table 7.10. Immediate Annuitants, Males, Lives, IML92 Select. 5 

Rate of Age Calendar year Year of birth Year of use 
intcrcst % 

1992 2000 2010 2020 1925 1935 1945 1955 2000 
g 

20lO z 
0 
3 

0 55 25.031 26355 27.719 28.795 28.457 29.426 28.457 29.426 
65 16.703 17.720 18.786 19.644 18.853 19.735 20.419 18.853 19.735 m 
75 9.991 10.622 11.297 11.852 11.078 11.689 12.181 12.571 11.078 11.689z 
85 5.347 5.648 5.973 6.245 6.084 6.339 6.548 6.716 5.775 6 . 0 8 4 2  

1 
5 55 13.357 13.782 14.202 14.519 14.322 14.626 14.322 14.626 2 

65 10.400 10.847 11.302 11.658 11.258 11.637 ll.925 11.258 11.637 h 
75 7.159 7.518 7.895 8 . M  7.740 8.082 8.354 8.566 7.740 8 . 0 8 2 8  
85 4.296 4.506 4.730 4.915 4.798 4.972 5.114 5.227 4.585 4 . 7 9 8 2 ,  

m 
10 55 8.544 8.716 8.880 9.001 8.890 9.013 8.890 9.013 2 

65 7.252 7.482 7.709 7.883 7.655 7.847 7.991 7.655 7.847 2 
75 5.467 5.692 5.923 6.107 5.811 6.022 6.187 6.315 5.811 6.022 
85 3.564 3.718 3.880 4.013 3.924 4.050 4.151 4.232 3.769 3.924 



Sample annuity vahes expresred or a pcrcrnrage oJ [M80 

Katc of A S  Calendar year Yrilr of hirth Year of use 
interest 44 h 

1992 2000 2010 2020 1925 1935 1945 1955 2000 a" 

0 55 105 1 07 110 112 112 114 112 
2010 
114 

65 104 107 110 113 110 113 116 110 113 Y 
75 101 104 107 110 l 06 110 113 115 106 l10 
85 99 101 104 1 07 105 108 It1 113 102 l05 E 

5 55 103 105 106 108 1 07 108 107 108 
65 104 105 108 109 108 110 111 108 l10 5 
75 101 103 1 06 108 105 108 l10 112 105 108 -8 

85 99 101 103 106 104 107 109 111 L02 104 g 
10 55 103 103 104 105 104 105 104 105 

9 

65 103 104 106 107 106 107 108 100 107 
75 l01 103 1 05 107 104 106 108 110 104 106 g 
85 99 101 103 1 05 104 106 108 109 101 104 2 

... 



ii 
Q a 
S 
01 

Table 7.1 1. lmmediate Annuitants, Males, Amounts, IMA92 Ultimate. % c 
Snmple unnuity vnlucs using different l y p a  ofprojected !able 2 > 

I?. -. 
Rate of Age Calendar year Year of birth Year of use 
interest % a" 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 g 
c a 

0 55 25.409 26.729 28.086 29.155 28.831 29.791 28.831 29.791 
65 17.000 18.024 19.095 19.956 19.166 20.049 20.734 19.166 20.049 
75 10.163 10.807 11.494 12.058 11.269 11.891 12.390 12.786 11.269 1 1 . 8 9 1 k  
85 5.379 5.691 6.027 6.308 6.139 6.403 6.619 6.792 5.820 6 . 1 3 9 2  

l 
5 55 13.459 13.878 14.291 14.604 14.411 14.709 14.411 14.709 2 

65 10.508 10.955 11.409 11.763 11.363 11.741 12.028 11.363 11.741 
75 7.234 7.599 7.981 8.289 7.821 8.168 8.443 8.658 7.821 8.168 8 
85 4.299 4.516 4.747 4.938 4.815 4.996 5.141 5.258 4.595 4.815 2 

;E;' 
10 55 8.577 8.746 8.907 9.025 8.916 9.036 8.916 9.036 $ 

65 7.296 7.525 7.751 7.923 7.696 7.887 8.030 7.696 7.887 2 
75 5.500 5.728 5.962 6.147 5.846 6.060 6.227 6.356 5.846 6.060 
85 3.552 3.71 1 3.879 4.016 3.922 4.052 4.157 4.240 3.762 3.922 



Sample annuity vuiues vxprmed as n pcreenrayr "f ,/M80 

Rate of Age Calendar year Year of birth Year of use 
interest % 5 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 8 

0 55 106 109 111 113 113 115 113 
5- 

115 =L 

65 106 109 112 115 112 115 118 112 
75 104 107 110 113 109 113 116 118 109 
85 103 105 108 111 109 112 115 117 106 l09 E' 



Y 
E 
2 
< 

Table 7.12. Immediate Annuitants, Males, Amounts, IMAY2 Select. 5 -+ -. 
Snnrple annrrily vu1ue.s urinp differmr rypa o/projecled lahlc E? 

,P < 
Rale of Age Calendar year Year of birth Year of use o. 
interm % 2 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 % 
0 
3 

0 55 25.429 26.745 28.098 29.164 28.848 29.803 28.848 29.803 
65 17.042 18.059 19.124 19.980 19.204 20.080 20.759 19.204 20.080 m 
75 10.239 10.877 11.557 12116 11.341 11.955 12.449 12.840 11.341 1 1 . 9 5 5 2  
85 5.490 5.797 6.128 6.405 6.242 6.502 6.713 6.884 5.928 6 . 2 4 2 2  

l 
5 55 13.469 13.886 14.297 14.608 14.410 14.715 14.419 14.715 2 

h5 10.534 10.977 11.427 11.777 11.386 11.759 12.043 11.386 11.759 h 
75 7.288 7.648 8.025 8.328 7.872 8.213 8.483 8.694 7.872 8 . 2 1 3 4  
85 4.387 4.600 4.827 5.014 4.896 5.072 5.215 5.329 4.680 4.8% 2 

K 
10 55 8.584 8.752 8.911 9.028 8.921 9.040 8.921 9.040 2 

65 7.315 7.540 7.763 7.933 7.711 7.899 8.039 7.711 7.899 E 
75 5.541 5.765 5.995 6.176 5.884 6.093 6.256 6.383 5.884 6.093 
85 3.625 3.780 3.944 4.078 3.988 4.115 4.216 4.297 3.832 3.988 



Somple annuity volucs pxprerred as a percentage of /M80 

Ratc of Age Calendar year Ycar of hirlh Ycar of use 
interest % 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 & 
0 55 106 109 111 113 113 115 113 I15 2 



01 [ 
Y e" = 
.r= 

Table 7.13. Immediate Annuitants, Females, Lives, 1FL92 Ultimate. 5 
7 .. 

Samplr unnuiry vnluer wing different r y p s  "fppr~jeeted tobir ... 
G 

Rale of Age Calendar year Year of birth Year of use m 
interest % 8 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 % 
3 
S 

0 55 28.981 30.042 31.124 31.972 31.944 32.649 31.944 32.649 
65 19.859 20.747 21.667 22.399 21.875 22.594 23.148 21.875 22.594 m 
75 12.009 12.620 13.264 13.789 13.115 13.683 14.136 14.492 13.115 1 3 . 6 8 3 2  
85 6.251 6.566 6.902 7181 7.026 7.287 7.498 7.668 6.710 7 . 0 2 6 2  

l 
5 55 14.546 14.841 15.130 15.349 15.272 15.466 15.272 15.466 2 

65 11.723 12.076 12.431 12.705 12.446 12.728 12.941 12.446 12.728 h 
75 8.267 8.593 8.931 9.201 8.819 9.119 9355 9.538 8.819 9.119 X 

85 4.903 5.116 5.340 5.525 5.413 5.586 5.725 5.836 5.201 2 5.413 :, 

m 
10 55 9.000 9.106 9.207 9.280 9.229 9.300 9.229 9.300 2 

65 7.903 8.069 8.233 8.356 8.213 8.346 8.444 8.213 8.346 2 
75 6.136 6.330 6.527 6.682 6.444 6.620 6.757 6.863 6.444 6.620 
85 3.993 4.144 4.303 4.432 4.349 4.470 4.567 4.645 4,198 4.349 



Rate of Age Calendar year Year of birth Year of use 
interest % 

1992 2000 2010 2020 1925 1935 1945 1955 2000 
2 2010 3 
4. 

0 55 103 105 107 108 108 110 108 l 0  
65 103 105 107 109 108 l l0 112 108 110 2 
75 102 104 107 109 106 109 I l l  113 106 l09 
85 101 103 106 108 107 109 111 113 104 107 2 1 

5 55 102 103 104 105 105 I05 105 l05 
65 102 103 105 106 105 107 108 105 107 % 
75 102 103 105 107 105 107 108 110 l 05 107 2 
85 101 103 105 107 l06 108 110 111 104 106 

10 55 102 102 103 103 103 103 103 
G 

103 , 
65 102 103 104 105 104 105 105 104 105 a 
75 101 103 104 106 104 105 106 108 104 105 
85 101 103 104 106 105 107 109 110 103 105 g 

S 
m 



< 
Table 7.14. Immediate Annuitants, Fcmales, Lives, IFL92 Select. % 

2 
i 

Srrmple unnuily values using drfferent types ofprolecred table 

.- < 
Ratc of Age Calendar year Year ol birth Year of use c,. 
interest % 8 

1992 2000 2010 2020 1'125 1935 1945 1955 2000 2010 % 
0 
3 

0 55 28.997 30.055 31.133 31.979 31.957 32.659 31.957 32.659 
h5 19.899 20.781 21694 22.421 21.910 22.622 23.171 21.910 22.622 g 
75 12.098 12.700 13.336 13.854 13.199 13.757 14.202 14.554 13.199 1 3 . 7 5 7 2  
85 6.404 6.711 7.040 7.313 7.167 7.420 7.626 7.792 6.858 7 . 1 6 7 T  



Raw of Age Calendar year Year of birth Ycar of usc 
interest % 0, 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 S 
W 

0 55 103 105 107 108 1 08 l l0 108 I10 % 
65 103 105 107 109 108 110 112 108 110 2 
75 102 104 107 109 106 109 111 113 106 10s 
85 102 104 106 I09 107 110 112 114 1 05 107 2 

5 55 102 103 104 105 105 105 105 l05 
65 102 103 105 106 105 106 108 105 106 % 
75 102 103 105 107 105 107 108 110 105 107 9 
85 102 103 105 107 106 108 110 112 104 106 g 

10 55 102 102 102 103 103 103 103 103 
65 102 103 104 104 104 104 105 104 104 g 
75 101 103 104 106 104 105 1 06 10X 1114 I05 & 
X5 102 103 105 107 106 107 109 110 104 106 2 

5 
m 



% 
Table 7.15. Immediate Annuitants, Females, Amounts, IFA92 Ultimate. 5 

Sample annuity valuer usinx different typer ofprojected tnhle 
zz 
i: 

Rate of Age Calendar year Year of birth Year of use 
interest % E 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 

9 
0 55 30.029 30.942 31.876 32.611 32.700 33.284 322.00 33.2U4 

65 20.589 21.390 22.218 22.879 22.474 23.108 23.597 22.474 23.108 g 
75 12.256 12.838 13.452 13.951 13.327 13.865 14.293 14.630 13.327 13.8655 
85 6.146 6.454 6.784 7.058 6.905 7.160 7.368 7.535 6.595 6 . 9 0 5 h  

l 
5 55 14.901 15.140 15.375 15.555 15.523 15.674 15.523 15.674 2 

65 12.076 12.384 12.694 12.935 12.734 12.975 13.157 12.734 12.975 
75 8.438 8.747 9.066 9.322 8.969 9.251 9.472 9.644 8.969 9.251 
85 4.844 5.053 5.274 5.456 5.346 5.517 5.654 5.764 5.137 5.346% 

E' 
10 55 9.146 9.227 9.303 9.360 9.331 9.382 9.331 9.382 g 

65 8.094 8.235 8.373 8.477 8.367 8.477 8.558 8.367 8.477 
75 6.257 6.439 6.623 6.769 6.551 6.715 6.842 6.941 6.551 6.715 
85 3.958 4.107 4.264 4.392 4.310 4.430 4.526 4.603 4.161 4.310 



Rate of &C Calendar yeilr Year of hirth Year of use 
interest "h 5 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 2 

0 55 107 108 109 110 111 112 111 112 4. 
e 

65 107 108 110 111 111 112 114 111 112 Y 
75 104 106 108 110 108 110 112 114 108 l10 g 
85 100 101 104 106 105 107 110 111 102 l05 2 

5 55 105 105 106 106 106 107 106 107 
65 105 106 107 108 108 109 109 108 109 % 
75 104 105 107 108 106 108 110 111 106 108 5 
85 100 102 1 04 106 105 107 108 110 102 l05 

10 55 103 103 104 104 104 104 104 
G? 

104 
65 104 105 105 106 106 1 Oh 107 106 l06 ,a 
75 103 104 106 107 105 107 108 109 1 05 107 
85 100 102 104 105 104 106 108 109 102 104 Q 

2 



% 
Table 7.16. Immediate Annuitants, Females, Amounts, IFAY2 Select. % 

S 
Sumple annuity valum u s i g  diffcrrnr ryprs qfprojecled ruble 2 

=r .- < 
Rate of Age Calendar ycar Year of birth Year of use 
interest oh $ 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 a. 
? 



Rate of 
interest % 

Age Calcndar year Year of birlh Year of use 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2 
2010 3 

il. 

55 107 108 109 l10 111 112 111 I12 % 
h5 106 108 l10 111 111 112 114 111 112 2 
75 104 1 05 108 110 108 l l0 112 114 108 I10 
85 99 101 104 106 105 107 109 I l l  l02 l05 2 
55 105 105 106 106 1 06 107 106 107 
65 105 106 107 108 107 108 109 107 l08 5 
75 103 105 107 108 106 108 109 111 106 108 Z 
8 1 M) 101 103 l05 104 106 108 109 102 104 

55 103 103 104 104 104 104 104 
.= 

104 , 
65 104 105 1 05 106 105 106 107 105 106 a 
75 103 104 106 107 105 106 108 109 105 2 106 
85 100 101 103 105 104 106 107 108 102 104 g 

S- 
m 



Y 
E 
2 

Table 7.17. Retirement Annuitants, Males, Vested, RMV92. 5 
Sample nnnuity values usinl: different typer ofprojected table 2 

2 

Rate oC Age Calendar year Year of hirth Year of use 
G 

interest % e 
1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 

S 
0 55 23.328 25.082 26.877 28.277 27.303 28.695 27.303 28.695 

65 16.962 18.059 19.206 20.126 19.237 20.192 20.931 19.237 20.192 "' 
75 10.528 11.195 11.905 12.488 11.681 12.322 12.837 13.244 11.681 12.322 
85 5.818 6.144 6.495 6.788 6.618 6.892 7.115 7.295 6.286 6 . 6 1 8 2  

l 
5 55 12.429 13.058 13.673 14.132 13.646 14.137 13.646 14.137 2 

65 10.403 10.885 11.372 11.751 11.300 11.711 12.021 11300 11.711 tr] 
75 7.403 7.775 8.163 8.474 8.003 8.355 8.633 8.849 8.003 8 . 3 5 5 s  
85 4.582 4.805 5.041 5.235 5.113 5.296 5.444 5.563 4.889 5 . 1 1 3 2 ,  

"i 
10 55 7.991 8.282 8.557 8.756 8.484 8.711 8.484 8.711 2 

65 7.203 7.452 7.698 7.885 7.625 7.836 7.992 7.625 7.836 2 
75 5.588 5.817 6.052 6.238 5.936 6.151 6.318 6447 5.936 6.151 
85 3.748 3.908 4.076 4.213 4.121 4.251 4.355 4.438 3.961 4.121 



Rale of Age Calendar year Year uT birth 
interest Y/U 

1992 2000 2010 2020 1925 1935 1945 1955 

0 55 105 109 114 118 115 119 
65 118 121 125 128 125 129 131 
75 126 129 132 135 131 135 138 141 
R5 128 130 133 136 135 138 140 143 

5 55 100 103 l06 108 106 108 
65 112 114 116 118 116 118 120 
75 120 122 124 127 124 126 128 130 
85 124 126 128 130 129 131 134 136 

Year of use 
5 

2000 2010 % 
83. 

115 119 2 
125 129 7 
131 135 0 
131 135 2 
106 108 
116 118 % 
124 126 2 
127 129 g .- 



F 

Table 7.18. Retirement Annuitants, Females, Vested, RFV92. 5 
Sample unnuiry vnlurs using rliffeerenl lypcs of projecled iuhle 

2 

Rate of Age Calendar ycar Yrar of birth Year of use 
G 

interest % i, 9 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 g 
0 
9 

0 55 27.977 20357 30.742 31.808 31.350 32.338 31.350 32.338 5 
65 20.213 21154 22.122 22.889 22.295 23.057 23.642 22.295 23.057 m 
75 12.689 13.305 13.951 14.474 13.811 14.377 14.826 15178 13.811 1 4 . 3 7 7 z  
85 6.817 7132 7.468 7.745 7.598 7.855 8.063 8.230 7.284 7 . 5 9 8 2  

l 
5 55 13.072 14.408 14.827 15.137 14.877 15.191 14.877 15.191 2 

65 11.769 12.145 12.520 12.809 12.515 12.817 13.043 12.515 12.817 h 
75 8.596 8.918 9.251 9.516 9.144 9.438 9.668 9.846 9144 9 . 4 3 8 4  
85 5.281 5.490 5.711 5.891 5.786 5.954 6.089 6.196 5.579 5 . 7 8 6 2  

% 
10 55 8.662 8.845 9.016 9.138 8.989 9.124 8.989 9.124 2 

65 7.881 8.061 8.237 8.369 8.204 8.349 8.455 8.204 8.349 2 
75 6.312 6.501 6.692 6.842 6.613 6.784 6.916 7.017 6.613 6.784 
85 4.259 4.406 4.560 4.684 4.606 4.722 4.815 4.889 4.461 4 . W  



Rate of Age 
iutercst % 

Calendar ycirr Year of birth 

1992 2000 2010 2020 1925 1935 1945 1955 

103 106 109 111 110 I13 
110 112 114 117 115 117 119 
116 118 120 123 120 122 124 120 
l20 121 124 126 125 127 129 131 

Year of use 
01 

2000 2010 2 
n. 

110 l13 % 
115 117 2 
120 122 0 
122 125 2 



Y 
C, 

S? 
2 
% 

Table 7.19. Widows, Lives, WL92. % e 
Sample nnnuity values u.sinx dflrrent typper ofprojcclrd table 2 

3 
G 

Rate of Age Calendar year Year of birth Year of use 
interest % E 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 & 
S 

0 55 25.968 27.477 29.019 30.223 29.733 30.841 29.733 30.841 
65 18.159 19.264 20.412 21.328 20.486 21.426 22.151 20.486 21.426 
75 11.622 12.302 13.020 13.606 12.819 1 3 . M  13.971 14.375 12.819 1 3 . 4 6 0 ~  
85 6.664 6.999 7.357 7.653 7.492 7.768 7.991 8170 7.156 7.492 2 

l 
5 55 13.422 13.902 14.371 14.724 14.459 14.806 14.459 14.806 2 

65 10.853 11.318 11.788 12.151 11.733 12.123 12.417 11.733 12.123 h 
75 7.960 8.326 8.705 9.007 8.559 8.899 9.167 9.375 8.559 8 . 8 9 9 4  
85 5.140 5.362 5.596 5.787 5.673 5.852 5.996 6.111 5.453 5.673 S, 

10 55 8.490 8.688 8.877 9.013 8.866 9.011 8.866 9.011 2 
65 7.408 7643 7.873 8.048 7.811 8.006 8.151 7.81 1 8.006 2 
75 5.905 6124 6.348 6.524 6.242 6.445 6.602 6.723 6.242 6.445 
85 4.139 4.294 4.456 4.588 4.504 4.628 4.727 4.805 4.350 4.504 



Sample rmnuity values expressed as npercmrugr qf WW'U 

Ratc of Age Calendar year Year uT birth Year of use 
interest % 5 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 S 
Ei. 

0 55 103 106 110 112 112 114 112 114 % 
65 106 109 112 115 112 1 16 118 112 116 ;? 
75 110 113 116 119 115 118 121 124 115 118 
85 I20 122 125 127 126 129 131 133 123 126 2 

5 55 101 103 105 107 105 107 105 107 
65 103 I05 107 109 107 109 111 107 109 5 
75 107 109 111 114 110 113 115 117 110 113 2 
85 117 118 120 123 121 124 125 127 1 19 121 g 

104 103 104 103 
G 

10 55 1 00 102 103 104 , 
65 102 103 105 106 104 106 107 104 106 ,9 
75 105 106 108 110 107 109 111 112 107 109 
X5 114 115 117 119 118 120 121 123 116 118 2 

S 
b.. 

5 l 

V, 
Q 

h 
$ 
2. 
3 
0 

2 



Table 7.20. Widows, Amounts, WA92. % 
2 * 

Sample mnui ty  vdlurs usinp different types qt prujrcied rubk a 
2 
G 

Rate of AS Calendar year Year of birth Year of use C,. 

interest D/o 5 
1992 2000 2010 2020 1925 1V35 1945 1955 2000 2010 & 

D 
X 

0 55 27.040 28.484 29.952 31.096 30.698 31.733 30.698 31.733 
65 19.006 20.080 21.193 22.077 21.305 22.204 22.895 21.305 22.204 
75 12.208 12.881 13.590 14166 13.410 14.037 14.536 14.929 13.410 14.037% 
85 7.000 7.336 7.694 7.991 7.834 8.109 8.331 8.509 7.499 7.834 5 

l 
5 55 13.746 14190 14.624 14.948 14.721 15.036 14.721 15.036 2 

65 ll.196 11.638 12.081 12.424 12.043 12.408 12.682 12.043 1 2 . 4 0 8 h  
75 8.268 8.623 8.990 9.283 8.858 9.185 9.442 9.641 8.858 9.185% 
85 5.359 5.579 5.810 5.999 5.889 6.065 6.207 6.320 5.672 5 . 8 8 9 %  

S' 
10 55 8.619 8.798 8.968 9.091 8.963 9.092 8.963 9.092 2 

65 7.576 7.794 8.1108 8.169 7.955 8.134 8.267 7.955 8.134 2 
75 6.086 6.296 6.510 6.677 6.413 6.605 6.754 6.869 6.413 6.605 
8 4.290 4.443 4.602 4.732 4.650 4.771 4.868 4.944 4.500 4.650 



Sample annuity v r d u ~ ~  expmssed or a prrccnlaze of WAX0 

Rate of Age Calendar year Year of birth Year of u e  
interest "h 

1992 2000 2010 2020 1925 1935 1945 1955 2000 2010 



8. P U B L I C A T I O N  O F  T H E  N E W  T A B L E S  

8.1 Introduction 
8.1.1 Prior to the "80" Series, new tables had traditionally been published by 
means of a number of printed volumes containing commutation and monetary 
functions over a wide range of interest rates, in addition to mortality functions. 
8.1.2 When the "80" Series of tables was published the Committee, supported 
by comments received from members of the profession, broke with tradition 
and decided that due to the wrdespread use of personal computers the puhlica- 
tion of printed volumes of commutatron and monetary functions was no longer 
necessary. Instead, it was decided that a computer package should be made 
available which would allow the user to generate the basic mortality functions 
and a wide range of commutation and monetary functions, at any reasonable 
rate of interest, for any of the new standard tables or, in the case of joint-life 
functions, a combination of any two of the new standard tables. This computer 
package is known as the Standard Tables Program. 

8.2 The "92" Series 
8.2.1 Following the favourable reception of the Standard Tables Program and 
bearing in mind the other information needs of the profession, the Committee is 
of the view that the new tahles should be published by means of: 

(a) a single printed volume that contains the basic mortality functions (q, fl, 
and I) for each of the new standard tahles for assurances and the base tahles 
for pensioners, immediate annuitants, retirement annuitants and widows, 
together with corresponding values of q for selected projected tables, as well 
as examples of monetary functions at only one or two rates of interest for 
each of the tahles; 
(h) an updated Windows version of the Standard Tables Program, Version 3.0, 
containing the new "92" Series tables (as well as the " 8 0  Series and earlier 
tables); and 
(c) placing the word-processing files that comprise this edition of C.M.I.R. onto 
the Faculty of Actuaries and Institute of Actuaries web site 
(www.actuaries.org.uk). 

8.2.2 It is the intention of the Committee that future publications will also be 
put onto the web site so that information can he quickly made available to the 
profession and other interested parties. 
8.2.3 The reader unfamiliar with the Standard Tables Program is referred to 
C.M.I.R. 10, 86 where a full description of its capabilities is given. 

146 
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8.3 Publication date 
8.3.1 The official launch date of the new standard tables was 30 June 1999 
when the values of q were put onto the web site. The printed volume, entitled 
"Standard Tables of Mortality - The "92" Series", and Version 3.0 of the 
Standard Tables Program were available for purchase from July 1999. 
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Table Al .  Permanent assurances, males - AM92 two years select: 
values of q , - ,, , , 

Age x 

17 
18 
19 

20 
21 
22 
23 
24 

25 
26 

Duration 0 

0.000427 
0.000426 
0.000425 

0.000425 
0.000425 
0.000427 
0.000429 
0000431 

0.000435 
OW0440 
0.000447 
0.000455 
0.000465 

0.000476 
0.000490 
0.000507 
0.000527 
0.000550 

0.000577 
0.000608 
0.000644 
0000685 
0.000733 

0.000788 
0.000851 
0.000922 
0.001003 
0.001096 

0.001201 
0.001320 
0.001455 
0.001607 
0.001778 

0.001971 
0.002189 
0.002433 
0.002707 
0.003014 

Duration 1 

0.000552 
0.000548 
0.000544 

0.000541 
0.000538 
0.000535 
0.000534 
0.000533 

0.000533 
0.000535 
0.000538 
0.000542 
0.000549 

0.000558 
0000569 
0.000584 
0.000602 
0.000624 

0.000651 
0.000683 
0.000722 
0.000768 
0.000823 

0.000887 
0.000962 
0.001049 
0.001 150 
0,001267 

0.001402 
0.001557 
0.001735 
0.001938 
0.002170 

0.002434 
0.002732 
0.003070 
0.003452 
0.003881 

Durations 2+ 

0.000600 
0.000594 
0.000587 

0.000582 
0.000577 
0.000572 
0.000569 
0.000567 

0.000566 
0.000567 
0.000570 
0.000574 
0.000580 

0.000590 
0.000602 
0.000617 
0.000636 
0.000660 

0.000689 
0.000724 
0.000765 
0.000813 
0.000870 

0.000937 
0.001014 
0.001104 
0.001208 
0.001327 

0.001465 
0.001622 
0.001802 
0.002008 
0.002241 

0.002508 
0.002809 
0.003152 
0.003539 
0.003976 
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Table A l .  (Continued), 

Age r Duration 0 Duration I Durations 2+ 
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Table A l .  (Continued) 

Age .X Duration 0 Duration I Durations 21 
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Table A2. Permanent assurances, females - AF92 two years select: 
values of ql,-,]+, 

Age X Duration 0 Duration I Durations 2~ 
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Table A2. (Continued). 

Age A Duration 0 Duration I Durations 2+ 
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Table A2. (Continued). 

Age x Duration 0 Duration 1 Duratians 2+ 
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Table A3. Temporary assurances, males - TM92 five years select: 
values of ql , -~+,  

Age x Duration 0 Durations 1-4 Duration3 5+ 

17 0.000679 0.000778 0.000846 
18 0.000655 0.000753 0.000820 
19 0.000632 0.000729 0.000794 

20 0000610 0.000707 0.000770 
21 0.000589 0.000686 0.000747 
22 0.000570 0.000667 0.000725 
23 0.000552 0.000649 0.000705 
24 0.000535 0.000633 0.000687 

35 0.000521 0.000619 0.000670 
26 0.000508 0.000607 0.000656 
27 0.000498 0.000598 0.000644 
28 0.000490 0.000591 0.000634 
29 0.000484 0.000588 0.000628 

30 0.000482 0000587 0.000625 
31 0.000483 0.000590 0.000626 
32 0.000487 0.000598 0.000630 
33 0.000494 00006lO 0.000640 
34 0.000507 0.000626 0.000655 

35 0.000523 0000648 0.000676 
36 0.000545 0.000676 0.000703 
37 0.000572 0.00071 1 0.000738 
38 0.000605 0.000753 0.000781 
39 0.000645 0.000802 0.000833 

40 0.000691 0.000861 0.000896 
41 0.000746 0.000929 0.000970 
42 0.000810 0.001008 0.001057 
43 0.000883 0.001098 0.001 158 
44 0.000966 0.001202 0.001275 

45 0001061 0.001319 0.001410 
46 0.001 168 0.001453 0.001565 
47 0.001289 0.001603 0.001743 
48 0.001425 0.001772 0.001945 
49 0.001577 0.001962 0.002175 

50 0.001746 0.002175 0.002436 
51 0.001936 0.002413 0.002731 
52 0.002146 0.002679 0.003064 
53 0.002380 0.002975 0.003441 
54 0.002639 0.003304 0.003864 
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Table A3. (Continued) 

Age X Duration 0 
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Table A3. (Continued) 

Age X Duration 0 Durations 1-4 Durations 5+ 
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Tabl e A4. Temporary assurances. females - TF92 five years select: 
values of q , ,  ,l -, 

Age X Duration 0 Durations 1-4 Durations 5+ 
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Table A4. (Continued). 

Age x Duration 0 Durations 1-4 Durations 51 
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Table A4. (Continued) 

Age X Duration 0 Durations 1-4 Durations 5+ 
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Table AS. Pensioners - PML92Base, PMAYZBase, PFL92Base 
and PFA92Base values of q, 

Males Females 

Agc x Lives Amounts Lives 
PML92Base PMA92Base PFL92Base 

Amounts 
PFA92Base 
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Table A5. (Continued) 

Males Females 

Age x Lives Amounts Lives Amounts 
PML92Base PMA92Base PFL92Base PFA92Base 



Appendix A 

Table A5. (Continued) 

Males Females 

Age x Libses Amounts Lives 
PML92Base PMA92Base PFL92Base 

Amounts 
PFA92Base 
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Table Ab. Immediate annuitants, males - IML92Base and 
IMA92Base one year select: values of q,,-,,+, 

Lives Amounts 

Age x Duration 0 Duratmns I +  Duration 0 Durations I +  
- 
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Table A6. (Continued) 

Lives 

- 
Age X Duration 0 

Amounts 

Duration 0 

0.003484 
0.003917 
0.004405 
0.004953 
0.005569 

0.006259 
0.007031 
0.007895 
0.008859 
0.009935 

0.011132 
0.012464 
0.013943 
0.015584 
0.017402 

Durations 1 + 

0.004258 
0.004787 
0.005383 
0.006053 
0.006805 

0.007647 
0.008590 
0.009645 
0.010822 
0.012134 

0.013595 
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Table A6. (Continued) 

Age X 

95 
96 
97 
98 
99 

IW 
101 
L02 
103 
104 

105 
106 
107 
108 
109 

110 
111 

Lives 

Duration 0 Durations I+  

Amounts 

Duration 0 Durations L +  
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Table A7. Immediate annuitants, females - IFL92Base and 
1FA92Base one year select: values of y.,-,l+, 

Lives Amounts 

Age x Duration 0 Durations I t  
- 

Duration 0 Durations 1~ 
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Table A7. (Continued) 

Lives Amounts 

Age X Duration 0 Durations I +  Duration 0 Durations l+ 
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Table A7. (Continued). 

Lives Amounts 

Age r Duration 0 Durations I +  Duration 0 Duration* l+  
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Table AS. Retirement annuitants - RMV92Base and 
RFV9ZBase values of q ,  

Age X Males F w a l e s  
RMV92Base RFVY2Base 
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Table A8. (Continued). 

Age x Males 
RMV92Base 

Females 
RFV92Base 

0.009742 
0.009361 
0.009049 
0.008814 
0.008662 

0.008601 
0.008640 
0.008786 
0.009049 
0.009438 

0.009962 
0.010633 
0.011460 
0.012455 
0.013628 

0.014990 
0.016554 
0.018330 
0.020330 
0.022565 

0.025064 
0.027855 
0.030953 
0.034391 
0.038206 

0.042436 
0.047125 
0.052319 
0.058070 
0.064432 

0.071467 
0.079238 
0.057816 
0.097273 
0107689 

0.1 19146 
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Table A8. (Continued). 

Age x Males 
RMV92Base 

0.212671 
0.227764 
0.243539 
0.259986 
0.277089 

0.294827 
0.313175 
0.332100 
0.351567 
0.371532 

0.391947 
0.412761 
0.433916 
0.455349 
0.476996 

0.498787 
0.520651 
0.542516 
0.564306 
0.585948 

0.607369 
0.628496 
0.649259 
0.669594 
0.689438 

l .OO0000 

Females 
RFV92Base 

0.195171 
0.214760 
0.236014 
0.259005 
0.283793 

0.310422 
0.338912 
0.369254 
0.401405 
0.435283 

0.470757 
0.507643 
0545701 
0.584630 
0.624066 

0.663591 
0.702735 
0.740987 
0.777821 
0.812707 

0.845149 
0.874707 
0.901033 
0.923893 
0.943192 

1.000000 
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Table A9. Widows - WL92Base and WA92Base values of q, 

Age X Lives 
WL92Base 

Amounts 
WA92Base 
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Table A9. (Continued). 

Age r Lives 
WL92Base 

0.006621 
0.007197 
0.007824 
0.008507 
0.009252 

0.010062 
0.010945 
0.01 1906 
0.012953 
0.014093 

0.015334 
0.016685 
0.018155 
0.019755 
0.021496 

0.023390 
0.025450 
0.027691 
0.030128 
0.032777 

0.035657 
0.038786 
0.042184 
0.045875 
0.049882 

0.054231 
0.058948 
0.064063 
0.069606 
0.07561 1 

0.082112 
0.089147 
0.096753 
0.104971 
0113844 

0.123415 
0133730 
0144835 
0.156777 
0.369605 

Amounts 
WA92Base 

0.005627 
0.006132 
0.W6683 
0.007286 
0.007944 

0.008662 
0.009447 
0.010304 
0.011240 
0.012262 

0.013378 
0.014596 
0.015925 
0.017376 
0.018959 
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Table A9. (Continued). 

Age x Lives 
U'L92Base 

Amounts 
WA92Base 

0174195 
0.188744 
0.204352 
0.221067 
0.238935 

0.257996 
0.278283 
0.299821 
0.322627 
0.346705 

0.372042 
0.398613 
0.426369 
0.455242 
0.485139 

0.515942 
0.547505 
0.579652 
0.612181 
0.644862 

0.677439 
0.709637 
0.741163 
0.771718 
0.801003 

1.000000 
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Table A10. Pensioners - PML92, PMA92: PFL92 and PFA92 
(C = 2020) values of q, for calendar year 2020 

Males Females 

Age x Llres Amount? Lwes Amount? 
PML92C20 PMA92C20 PFL92C20 PFA92C20 
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Table A10. (Continued). 

Males Females 

Age X Lives Amounrs Live3 Amounts 
PML92C20 PMA92C20 PFL92C20 PFA92C20 
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Table A10. (Continued) 

Males 

Age X Lives 
PML92C20 

0.154580 
0.167078 
0.180110 
0.193650 
0.207667 

0.222124 
0.236984 

Amounts 
PMA92C20 

0348151 
01610X8 
0.374581 
0.188589 
0.203065 

0.217957 
0.233205 

Females 

Lives Amounts 
PFL92C20 PFA92CZO 

0.115043 0100165 
0. 125947 0.109431 
0.137554 0.119266 
0.149868 0.129650 
0. 162894 0.14058? 

0.176626 0.152053 
0.191057 0.164051 
0.206174 0.176555 
0.221955 0.189545 
0.238377 0.202991 

0.255408 0.216863 
0.27301 1 0.231125 
0.291144 0.245737 
0.309759 0.260654 
0.328806 0.275830 

0.3482?7 0.291217 
0.367961 0.306760 
0.387946 0.322407 
0.408114 0.338100 
0.428398 0.353785 

0448729 0.36943 
0.466001 0.382406 
0.483064 0.395150 
0.499869 0.407594 
0.516366 0.419700 

0.532508 0.431431 
0.548254 0.442752 
0.563564 0.453630 
0.578402 0.464038 
0.592739 0.473947 

l .000000 1.000000 



Appendix A 

Table AI l .  Immediate annuitants, males - IML92 and IMA92 
(C = 2020) one year select: values of yl,_,l+, for calendar year 2020 

Lives - IML92C20 Amounts - lMA92C20 

Age r Duration 0 Durations l +  Duration 0 Durations I +  
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Table AI l .  (Continued). 

Lives - IML92C20 Amounts - IMA92C20 

Age X Duration 0 Durations l +  Duration 0 Durations I +  
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Table A1 l .  (Continued). 

Lives - 1ML92C20 Amounts - IMA92C20 

Age x Duration 0 Durations l+  Duration 0 Durations I +  
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Table A12. Immediate annuitants. females - IFL92 and IFA92 
(C = 2020) one year select: values of q , , , , + ,  for calendar year 2020 

Age s 

Lwes - IFL92C20 Amounts - IFA92C20 

Duration 0 Durations I +  Duration 0 Durations I +  



Appendix A 

Table A12. (Continued) 
- 

Age r Duration 0 

0.000557 
0.000635 
0.000724 
0.000828 
0.000947 

0.001083 
0.001288 
0.001530 
0.001814 
0.002146 

0.002534 
0.002986 
0.003512 
0.004122 
0.004829 

0.005645 
0.006585 
(1.007665 
0.008905 
0.010322 

0.011940 
0,013782 
0.015876 
0.018247 
0.020929 

0.023952 
0.027354 
0.031 171 
0.035444 
0.040215 

0.045528 
0.051429 
0.057966 
0.065188 
0.073144 

0.081884 
0.091458 
0101914 
0.1 13297 
0.125654 

Lives - TFL92C20 
- 

- 
Durations I + 

0.000776 
0.000884 
0.001009 
0001153 
0.001319 

0.001509 
0.001795 
0.002131 
0.002527 
0.002989 

0.003529 
0.0041 58 
0.004890 
0.005739 
0.006721 

0.007855 
0.009160 
0.010660 
0.012379 
0.014344 

0.016586 
0.019136 
0.022030 
0.025306 
0.029005 

Amounts - IFA92C20 

Duration 0 

0.000375 
0.000426 
0.000488 
0.000561 
00WM9 

0.000752 
0.000909 
0.001 100 
0.001330 
0.001608 

0.001942 
0.002342 
0.002820 
0.003389 
0.004064 

0.004863 
0.005805 
0.00691 1 
0.008206 
0.009717 

0.011474 
0.013510 
0.01 5860 
0.018564 
0021663 

0.025202 
0.029229 
0.033794 
0.038948 
0.044747 

0.051244 
0.058495 
0.066554 
0.075474 
0.085306 

0.096099 
0.107893 
0.120725 
0134623 
0.149607 
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Table A12. (Continued) 

Lives - TFL92C20 

Duration 0 Durations I +  

Amounts - IFA92CZO 

Duration 0 Durations l +  
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Table A13. Retirement annuitants - RMV92 and RFV92 
(C = 2020) values of q, for calendar year 2020 

Age r Males 
RMT792C20 

Females 
RFVYX20 



Age X 

Appendix A 

Table A 13. (Continued). 

Males 
RMV92C20 

Females 
RFV92C20 

0.004038 
0.003880 
0.003750 
0.003653 
0.003590 

0.003565 
0.003721 
0.003925 
0.004187 
0.004515 

0.004921 
0.005416 
0.00601 2 
0.006721 
0.007557 

0.008532 
0.009663 
0.010963 
0.012447 
0.014131 

0.016042 
0.018208 
0.020650 
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Table A13. (Continued). 

Age X Males Females 
RMV92C20 RFV92C2O 
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Table A14. Widows - WL92 and WA92 (C = 2020) 
values of q, for calendar year 2020 

Age x Lives 
WL92C20 

Amounts 
WA92C2O 
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Table A14. (Continued). 

Age x Lives 
WL92C20 

Amounts 
WA92C20 
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Table A14. (Continued). 

Age X Lives 
WL92C20 

Amounts 
WA92C20 
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Table A15. Pensioners - PML92, PMA92, PFL92 and PFA92 
(B = 1945) values of g, for year of birth 1945 

Age s 

Males Females 

Liws Amounts Lives Amounts 
PML92B45 PMA92B45 PFL92945 PFA92B45 
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Table A15. (Continued). 

Males Females 

Age X Lives 
PML92B45 

Amounts 
PMA92B45 

0.086875 
0.095896 
0105561 
0,115875 
0.126837 

0.138440 

Lives Amounts 
PFL92B45 PFA92B45 
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Table A16. Immediate annuitants, males - IML92 and JMA92 
(B = 1945) one year select: values of q,,-,l+, for year of birth 1945 

Lives - 1ML92B45 Amounts - IMA92B45 

Age x Duration 0 Duratians I +  Duration 0 Duration3 I +  
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Table A16. (Continued). 

Lives - IML92B45 Amounts - IMA92B45 

Age x Duration 0 Duratlons l +  Duration 0 Durations l+  
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Table A17. Immediate annuitants, females - IFL92 and IFA92 
(B = 1945) one year select: values of q,,-il+l for year of birth 1945 

Age x 
- 

47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 
67 
68 
h9 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

Lives JFL92B45 Amounts - IFA92B45 

Duration 0 Durations I+ Duralion 0 
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Table A17. (Continued). 

Lives - IFL92B45 Amounts - IFA92B45 

Age X Duration 0 Durations I +  Duration 0 Duratians I t  
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Table AlS. Retirement annuitants - RMV92 and RFV92 
(B = 1945) values of q, for year of birth 1945 

Age x Males 
RMV92B45 

Females 
RFV92B45 
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Table A1 8. (Continued). 

Age a Males Females 
RMV92B45 RFV92B45 

85 0.070963 0.051422 
86 0.078172 0.057788 
87 0.086008 0.064922 
88 0.094508 0.072908 
89 0.103709 0.081838 

90 0.113649 0.091808 
91 0.124363 0.102925 
92 0.135885 0.1 15299 
93 0.148248 0.129049 
94 0.161483 0.144296 

95 0.175617 0.161166 
96 0.190673 0.179787 
97 0.206672 0.200286 
98 0.223628 0.222784 
99 0.241 552 0.247396 

100 0.260448 0.274224 
l01 0.280313 0.303350 
102 0.301139 0.334829 
103 0.322910 0.368686 
104 0.345602 0.404903 

105 0.369182 0.443415 
106 0.393614 0.484095 
107 0.418850 0.526753 
108 0.444833 0.571128 
109 0.471502 0.616878 

110 0.498787 0.663591 
111 0.520651 0.702735 
112 0.542516 0.740987 
113 0.564306 0.777821 
1 14 0.585948 0.812707 

115 0.607369 0.845149 
116 0.628496 0.874707 
117 0.649259 0.901033 
118 0.669594 0.923893 
119 0.689438 0.943 192 

120 1.000000 1.00WW 
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Table A19. Widows - WL92 and WA92 (B = 1945) 
values of q ,  for year of birth 1945 

Age I- Lives 
WL92B45 

Amounts 
WA92B45 
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Table A19. (Continued). 

Age X Lives 
WL92B45 

Amounts 
WA92B45 
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Table A20. Pensioners - PML92, PMA92, PFL92 and PFA92 
(B = 1972) values of q, for year of birth 1972 

Males Female* 

Age x Lives Amounts 
PML92B72 PMA92B72 

Lives Amounts 
PFL92B72 PFA92B72 



Appendix A 

Table A20. (Continued) 

Males Females 

Age x Lives 
PML92B72 

Amounts Lives 
PMA92B72 PFL92B72 

Amounts 
PFA92B72 

0.000871 
0.000974 
0.001090 
0.001219 
0.001362 

OW1520 
0.001798 
0.002122 
0.002501 
0.002942 

0.003453 
0.004044 
0.004726 
0.00551 1 
0.006410 

0.007439 
0.008613 
0.009947 
0011460 
0.013171 

0015099 
0.017266 
0.019695 
0.022409 
0.025433 

0.028791 
0.032511 
0.036618 
0.041 138 
0.046099 

0.051527 
0.057447 
0.063884 
0.070862 
0.078401 
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Table A20. (Continued). 

Males Females 

Age X Lives Amoums Livcs Amounts 
PML92B72 PMA92B72 PFL92872 PFA92872 



206 Appendix A 

Table A21. Immediate annuitants, males - IML92 and IMA92 
(B = 1972) one year select: values of q , , , , ,  for year of birth 1972 

Lives - TML92B72 Amounts - IMA92B72 
- 

Age I Duration 0 Durations I+ Duration 0 Durations l+  

0.000546 
0.000525 
0.000504 
0.000486 
0.000469 

0.000453 
0.000440 
0.000429 
0.000418 
0.000410 

0.000404 
0.000399 
0.000397 
0.000397 
0.000399 

0.000404 
0.00041 1 
0.000421 
0000434 
0.000450 

0.000470 
0.000493 
0.000521 
0.000553 
0.000589 

0.000632 
0.000679 
0.000734 
0.000795 
0.000863 

0.000939 
0.001024 
0.001119 
0.001224 
0.001340 
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Table A21. (Continued) 

Lives - TML92B72 Amounts - IMA92B72 

4ge x Duration 0 Durations l +  Duration 0 Durations l+  
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Table A2 1.  (Continued) 

Lives - IML92B72 Amounts - 1MA92B72 

Age x Duration 0 Durations l + Duration 0 Durations I +  
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Table A22. Immediate annuitants, females - 1FL92 and IFA92 
(B = 1972) one year select: values of q , , ,  +, for year of birth 1972 

Lives - 1FL92B72 Amounts IFA92B72 

Age s Duration 0 Durations l+  Duration 0 
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Table A22. (Continued) 

Age X Duration 0 
- 

Durations 14 

0.000646 
0.000718 
0.000800 
0.000893 
0.000997 

0.001115 
0.001322 
0.001568 
0.001858 
0.002200 

0.002603 
0.003076 
0.003629 
0.004277 
0.005031 

0.005910 
0.006929 
0.0081 10 
0.009475 
0.011048 

0.012857 
0.014933 
0.017308 
0.020020 
0.023108 

0.026615 
0.030589 
0.035079 
0.040140 
0.045827 

0.052202 
0.059326 
0.067265 
0.076085 
0.085857 

Amounts IFA92B72 

Duration 0 Duratians 1- 
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Table A22. (Continued) 

Lives - 1FL92B72 Amounts TFA92B72 

Age x Duration 0 Duations I +  Duration 0 Durationv l+ 



Table A23. Retirement annuitants - RMV92 and RFV92 
( B  = 1972) values of q, for year of birth 1972 

Age r 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
3 l 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

Males 
RMV92B72 

0.048530 
0.045960 
0.043516 
0.041192 
0.038983 

0.036883 
0.034887 
0.032989 
0.031185 
0.029472 

0.027843 
0.026296 
0.024826 
0.023431 
0.022105 

0.020846 
0.019652 
0.018518 
0.017443 
0.016424 

0.015459 
0.014544 
0.013680 
0.012862 
0.012090 

0.011362 
0.010677 
0.010034 
00OY430 
0.008866 

0.008341 
0007854 
0.007404 
0.006991 
000661b 

Females 
RFV92B72 

0.039297 
0.037034 
0.034888 
0.032850 
0.030915 
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Table A23. (Continued) 

Age X Females 
RFV92B72 
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Table A23. (Continued). 

Age x Males Females 
RMV92B72 RFV92B72 

95 0.1 67096 0.153346 
96 0.182290 0.171882 
97 0.198476 0.192344 
98 0.215673 0.214859 
99 0.233893 0.239552 

100 0.253144 0.266534 
l01 0.273427 0.295897 
102 0.294734 0.327708 
103 0.317055 0.362000 
104 0.340365 0.398768 

105 0.364636 0.437954 
106 0.389830 0.479440 
107 0.415901 0.523045 
108 0.442793 0.568510 
109 0.470446 0.615496 

110 0.498787 0.663591 
I l l  0.520651 0.702735 
112 0.542516 0.740987 
113 0.564306 0.777821 
114 0.585948 0.812707 

115 0.607369 0.845149 
I16 0.628496 0.874707 
117 0.649259 0.901033 
118 0.669594 0.923893 
119 0.689438 0.943192 

120 1.000000 1.000000 



Table A24. Widows - WL92 and WA92 ( B  = 1972) 
values of g, for year of birth 1972 

Age r Lives Amounts 
WL92B72 WA92B72 
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Table A24. (Continued) 

Age x Lives 
WL92B72 

Amounts 
WA92B72 



Table A24. (Continued) 

Age x Lives 
WL92B72 

Amounts 
WA92B72 
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Table B1. Retirement annuitants, males - RMD92 and RMC92 
values of q, 

Age x Deferred 
RMD92 

0.000393 
0.000392 
0.000392 

0.000392 
0.000394 
0.000396 
0.000400 
0.000404 

0.00041 1 
0.000419 
0.000429 
0.000442 
0.000457 

0.000475 
0.000497 
0.000523 
0.000553 
0.000589 

0.000630 
0.000679 
0.000734 
0.000799 
0.000872 

0.000957 
0.001053 
0.001162 
0.001285 
0.001425 

0.001583 
0.001760 
0.001959 
0.002181 
0.002429 

0.002705 
0.00301 1 
0.003351 
0.003725 
0.004138 
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Table E l .  (Continued) 

Age n Deferred 
RMD92 

Combined 
RMC92 



IZZ 
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Table B2. Retirement annuitants, females - RFD92 and RFC92 
values of q, 

Age X Deferred 
RFD92 

Combined 
RFC92 

0.000189 
0000195 
0.000201 

0.000208 
0.000216 
0.000224 
0.000234 
0.000245 

0,000256 
0.000270 
0.000284 
0000301 
0.000319 

0.000339 
0.000362 
0.000381 
0.000415 
0.000447 

0W048Z 
0.000520 
0.000563 
0.000612 
0.000665 

0.000725 
0.000791 
0.000865 
0.000947 
0 001039 

0.001141 
0.001255 
0.001381 
0.001522 
0.003679 

0.001853 
0.002048 
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Table B2. (Continued) 

Age r Deferred 
RFD92 

Combined 
RFC92 
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Table B2. (Continued). 

Age x Deferred 
RFD92 

Combined 
RFC92 



A P P E N D I X  C 

F O R M U L A E  F O R  T H E  N E W  S T A N D A R D  T A B L E S  

In this appendix the parameters used for the calculation of the adjusted values 
of p, are described. The formulae apply over all ages of the standard tables 
apart from the self employed retirement annuitants, males and females, where 
separate formulae are applied up to age 74 and 75 and over, as shown. 

It should be noted that the formulae described in this appendix are used to 
calculate values of p, for the various experiences into which the data are classi- 
fied. Using a numerical integration technique, these values of p, can then be 
used to calculate the values of q,, . . ql+,, qx etc, shown in Appendices A and 
B. The values of qlXl, qr.cl+l. qx etc, rounded to six decimal places, are then 
used to calculate values of pIXI. p,.;, . l -  etc as described in section 2.6 of 
C.M.I.R. 10. 
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Table Cl .  Graduation formulae and their parameter values. 

Parameters 

Prrmonenr assurances. moles 

Duration 0 GM(2.3) 0.02 -0.02 
Duration 1 GM(2.3) 0.02296 -0.03 
Durations 2+ GM(2.3) 0.005887 -0.049883 

Permanent ossurances..~emales 

Duration 0 GM(1.2) 0.008 - 

Duration 1 GM(1.2) 0.008 - 

Durations 2+ GM(1.2) 0.01 1189 - 

T ~ m p o r a r . ~  assrrrancer. mulev 

Duration 0 GM(2.3) 0 . 1 2  -0.17 
Durations 1-4 GM(2,3) -0.113910 0.173839 
Durations S+ GM(2,3) -0.10 -0.17 

Temporary ossurancrs,/emales 

Duration 0 GM(I.2) 0.008 
Durations 1-4 GM(1,2) 0.012 - 

Durations 5+ GM(1,Z) 0.018 - 

Pensioners, males 

Lives GM(2.3) -0.0081 -0.07 
Amounts GM(2.3) 0.023 -0.01 1 

Penrioners, females 

Lives GM(2.3) 0.0108 -0.014 
Amounts GM(2,3) 0.01 19 -0.008 

Immediate annuitants. maks 

Lives Duration 0 GM(2.3) 0.010649 -0.029980 
Durations l+  GM(2,3) 0.014429 -0.040629 

Amounts Duration 0 GM(2.3) 0.011251 -0.031682 
Durations l+  GM(2,3) 0.013757 -0.038737 

Immediate onnuitanrs,fimdrs 

Lives Duration 0 GM(1.3) 0.021517 - 

Durations l +  GM(1,3) 0.03 - 

Amounts Duration 0 GM(1.3) 0.03289 - 

Durations l +  GM(I.3) 0.04 
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Table Cl. (Continued). 

Parameters 

Widoulr 

Lives GM(1.2) 0.02 - -3.795522 4.308854 - 

Amounts GM(1,2) 0.018 - -3.921243 4.444249 - 

Reriremmt annuitanis, males 

Vested Pre age 75 GM(2,3) 0.023761 -5.0 -4.713208 6.0 -1.0 
Vested Post age 74 GM(2,3) 0.01647 -0.02022 -4.38933 5.21998 -0.63741 

Retirement armuitanrs, femolrs 

Vested Pre age 75 GM(2.3) -0.943368 -5.0 -4.737523 5.0 -1.0 
Vested Post age 74 GM(1.2) 0.014 - -4.27128 5.378175 - 



A N  I N V E S T I G A T I O N  I N T O  T H E  D I S T R I B U T I O N  O F  
P O L I C I E S  P E R  L I F E  A S S U R E D  I N  T H E  C A U S E  O F  

D E A T H  I N V E S T I G A T I O N  1 9 9 1 - 9 4  

The continuous investigation into the mortality of assured lives is based on 
policies and not lives. Consequently the death of a policyholder carrying n poli- 
cies appears as n deaths in the data. In order to estimate the standard deviations 
needed to test differences between actual and expected deaths, information is 
required about the distribution of policies per life assured. This information 
is not contained in the data submitted to the main assured lives investigations 
but is included in the data for deaths in the cause of death investigation. This 
data has been used as a proxy for direct information about the distribution of 
duplicates in the assured lives investigations; for the purpose of the graduations 
described elsewhere in this edition of C.M.I.R. 

The last report by the C.M.I. Committee into the distribution of duplicates 
amongst deaths in the cause of death investigation was contained in C.M.I.R. 
8: 49-58 (1986). The work described in that report to analyse the cause of 
death experience was repeated for the 1991-94 experience. Table 1 shows for 
U.K. males, at durations 2 and over, the 'variance ratios' in quinary age 
groups and at all ages combined. This is the ratio of the variance of a distribu- 
tion where there are duplicates to that of a straightforward binomial variance. 
As previously reported, this can be approximated by ml/nz2 where ml and mz 
are the first and second moments about zero of the duplicates' distribution. 

Table 2 shows the number of deaths with n policies contained in the data. The 
values of m ,  and m2 shown in Table 1 can be calculated directly from this table. 

The total number of policies held by lives who died in the period, as reported 
in Table 1, is 49;353. This compares with 68,963 deaths in the assured lives 
investigation in the same period. The difference is represented by offices who 
did not contribute data to the cause of death investigation and by offices who 
were not able to provide death certificates for all deaths. 

Table 1 shows values that are, in all cases except the two indicated, lower than 
those reported in C.M.I.R. S for the investigation period 1981-82. The reason 
for the decline in the number of duplicate policies per life is not clear. It does 
not seem to accord with the perception that the insured population takes out 
more policies as inflation erodes the value of their existing contracts. The 
number of lives in both the cause of death and assured lives investigation has 
been declining and it is not known how this has affected the results shown in 
Table 2. 
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Table 1. First and second moments about zero together with the variance 
ratios of the distribution of duplicates in the cause of death investigation: 

assured lives (whole-life and endowment), males. U.K.. durations 2 and over, 
1991-94. 

Age group mt m2 ml/rn2 Number of lives Number of policies 

Under 25 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 

90 and over 

All ages 

Values marked with ' are bigger than the equivalent calculated from the 1981-82 data 
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Table 2. Numbers of deaths with n policies in the 1991-94 cause of death 
investigation: assured lives (whole-life and endowment), males, U.K.. 

durations 2 and over. 

Number of policies per life (E) 

Under 25 
25-29 
30 34 
35-39 
4 -44  
45-45. 
50-54 
55-59 
60 64 
65-69 
70-74 
75-79 
80-84 
85-89 

90 and over 

All ages 35.736 4,350 982 261 80 34 18 8 7 7 






