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Continuous Mortality Investigation 
 

Working Paper 1 

An interim basis for adjusting the “92” Series mortality 
projections for cohort effects 

 
 
Introduction 
 

1. The rate of improvement in male pensioner mortality since the publication of the “92” 
Series tables has been significantly faster than anticipated in the projection factors 
that formed part of those tables.  Given this the CMI has further analysed the 
available data and this report describes a revised set of mortality projections, which 
can be applied to all the projected base tables contained in the CMI’s “92” Series.   

 
2. This report is designated as a “Working Paper”.  It reports on work in progress, which 

will not be published in a CMIR (a blue book) until that work is complete.  It is 
intended that the CMI will produce a series of Working Papers.  Their purpose will be 
to bring matters of importance to the attention of offices more quickly than could be 
done via a CMIR.  Such matters might be developments in the experiences monitored 
or, as in this case, in the work being done.  Working Papers may be produced before a 
project is complete in order to give offices up to date information and to provide them 
with details of possible future developments. 

 
3. The “92” Series improvement factors are described in C.M.I.R. 17, page 89.  The 

newly updated projections are based on work done in the first half of 2002.  This 
work is not yet complete.  The updated projections have been produced relatively 
quickly with the intention that offices could use the suggested adjustments in their 
2002 year-end valuations if they think it appropriate.  The longer-term aim of the 
CMI is to have a rather more considered and robust projection methodology available 
for the next set of tables which will probably be based on the 1999-2002 
quadrennium.  However, these tables will not be available until 2004 at the earliest 
and, in view of the developing mortality experience, it is felt necessary to suggest 
possible adjustments to the “92” Series tables now. 

 
4. This report has been prepared for the Mortality Sub-committee of the CMI by a 

working party consisting of Angus Macdonald, Richard Willets, Adrian Gallop, Tony 
Leandro and Rajeev Shah.  A draft of this report, which has been approved by the 
Mortality Sub-committee, was distributed to CMI contributing offices and to 
Appointed Actuaries prior to the Birmingham Life Convention held on 3-5 November 
2002.  At a session at that Convention the contents of this paper were presented, and 
discussed.  The technical points raised in that discussion and in several written 
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contributions received by the CMI are detailed in Working Paper 2, which is to be 
distributed at the same time as this report. 

 
5. The new projections described in this report are based on a new analysis of data that 

the CMI has collected over the past 50 years.  The examination of this data and 
corresponding UK population data, which is described below, shows clear evidence 
of cohort effects in past mortality improvements and that these effects are now 
becoming significant in the pensioner population.  That is, rates of improvement in 
mortality have been different for lives born in different past periods.  In particular, 
lives born in the few years either side of 1926 have experienced particularly rapid 
improvements since the early 1980s.  The revised projections presented in this report 
are based on the mortality improvements observed for this generation extending into 
future years.  Given the interim nature of the projections produced herein the impact 
of other cohorts has not been modelled since their financial impact will be limited 
during the period up to the publication of further results. 

 
6. In projecting such features there are obvious problems in choosing a suitable period 

over which they are assumed to continue (“the cohort period”) and therefore a range 
of projections has been prepared.  The “Short Cohort” projection extends the 1926 
cohort period to 2010 while the “Medium Cohort” and “Long Cohort” projections 
extend it to 2020 and 2040 respectively. 

 
7. The new projections apply to the “92” Series base tables.  Their derivation is 

described below.  Each set of projection factors can be applied to the appropriate base 
tables in the “92” Series.  At this stage, no distinction is made between males and 
females or between lives and amounts. 

 
8. The resulting two-way tables are used in the same way as the original “92” Series 

tables.  It is intended that the adjusted tables will use the “92” Series naming 
convention but have a suffix; “sc” will denote the Short Cohort projection, “mc” the 
Medium Cohort and “lc” the Long Cohort projections.  Thus PMA92(U=2003) 
becomes PMA92(U=2003)mc when the Medium Cohort projection factors have been 
applied. 

 
9. In addition to this report the CMI is issuing a spreadsheet of the three sets of updated 

mortality improvement factors and an update of the STP will be issued.  This last item 
will be free to current STP licence holders. 

 
10. Towards the end of the time allotted to do the work required to produce this report it 

emerged that some of the data contributing offices had discovered problems with data 
already submitted to the CMI and used in our work.  At that stage, this report would 
have been significantly delayed if we had had to repeat all the work previously done.  
We examined the experience of the revised data sets (i.e. with the problem offices 
adjusted) and concluded that the changes, whilst significant, were not large enough to 
invalidate the revised mortality projections then being considered.  Appendix A of 
this report contains tables that describe the experience we have observed.  With two 
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exceptions, each of the tables contained in that appendix relate to observed data that 
have been adjusted for these data problems.  The exceptions are Appendix A4.3, 
which shows the effect of the data changes, and Appendix A3.  Appendix B contains 
contour maps and graphs that, in part, describe pensioner graduations.  These 
graduations (see paragraph 15) were based on the data sets before these late 
adjustments were made. 

 
11. Appendix C contains sample annuity values calculated on the new projection bases 

and details of the financial effects of moving from a basis of 90% of the “92” Series 
projections to the cohort projection bases contained in this report. 

 
 
Background 
 

12. The development of the experience of various CMI investigations is shown in 
Appendix A1.  This shows how the 100A/Es, calculated on various tables and at 
various ages, have changed over time.  Appendices A1.1 and A1.2 show the level of 
improvement in mortality in the assured lives experience for males (by quadrennium 
from 1959 to 1998 and for each of 1998, 1999 and 2000) and for females (by 
quadrennium from 1975 to 1998 and for each of 1998, 1999 and 2000) respectively. 
Appendices A1.3 and A1.5 show similar information but for life office pensioners.  In 
this case the comparison basis is the appropriate pensioner base table from the “92” 
Series tables.  Similarly, Appendices A1.4 and A1.6 compare the actual pensioner 
mortality experience with the appropriate projected “92” Series tables.  Since we are 
looking at how underlying mortality has changed, only the ‘lives’ experience is used.  
As a general observation it is the case that the experience of female mortality has 
been in line with the projected “92” Series tables but male mortality has improved 
more rapidly than the improvement contained in those tables. It is also true that 
mortality measured by amounts has improved more quickly than mortality as 
measured by lives.  This is discussed in paragraph 45 below. 

 
13. After consideration of  

(a) these results,  
(b) the paper by Richard Willets (SIAS: Mortality in the Next Millennium) 

and 
(c) the various population projections produced by the GAD in recent years 

it was decided to look at the CMI data to see if cohort effects were present and if 
allowance should be made for these effects in any update to the mortality projections. 

 
14. The largest data set that the CMI has relates to assured lives.  This data, which relates 

to males aged from 10 to 100, has been collected annually since 1924 but for years 
earlier than 1947 is incomplete.  The data available is the number of deaths and the 
corresponding exposed to risk at each age for each calendar year.  The data relates to 
lives that were issued with endowment and/or whole of life policies.  Unlike other 
CMI investigations this class of business has not changed greatly since 1947.  
However, it should be noted that most endowments mature before age 65 and that the 
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business mix, in this data set, above and below that age may be quite different.  
Despite this, this data set is extensive and credible and was therefore used as a 
starting point for the investigation into cohort effects. 

 
15. The first task was to look for patterns in the data.  This required ‘random noise’ to be 

removed.  Various approaches were tried but the one that was settled upon was to 
graduate the two-dimensional surface in the three-dimensional space (the “surface 
graduation”) represented by the data i.e. graduate the crude mortality rates by age and 
calendar year.  This work was undertaken by a team led by Iain Currie of Heriot-Watt 
University.  The graduation method used fitted two-dimensional splines to the data.  
Besides producing a set of qx that are smooth both by age and year, this approach has 
the considerable advantage of imposing no preconceptions about ‘shape’ on the 
graduation.  Thus the results produced are entirely driven by the data.  A second 
advantage is that the method does not over-smooth the data and so does not remove 
features in the data that may interest us.  A consequence of this is that we may still, to 
some extent, be left with random noise in the graduation but this appears not to have 
been too much of a problem in the subsequent analysis. 

 
16. The graduation technique used by Iain Currie’s team is new and was developed 

specifically for this project.  It was used first to provide a surface graduation of the set 
of crude qx derived from the assured lives data.  A description of their method is 
given in the paper detailed in the References section at the end of this report. 

 
17. The next problem was how to identify salient features in the graduated surface.  The 

method finally settled upon is to define an improvement factor as 
1,

,1
−

−
tx

tx

q
q

, where t is 

the calendar year, and to plot the changes in this value on a contour map, as shown in 
Appendix B1.1.  This plots calendar year on the x-axis, age on the y-axis and, in the 
ranges shown, highlights cells with similar improvement rates in the same colour.  
Diagonals in this appendix, bottom left to top right, show cells for succeeding ages 
for the same year of birth.  The strong diagonal features, seen as diagonal bands of 
same colour contours, are clear evidence of cohort (i.e. year of birth) related effects in 
the improvement rates.  In particular, the cohort centred on births in 1926 is the most 
pronounced, especially after 1980.  Work carried out by the GAD on the general 
population shows similar cohort effects and their contour map is shown in Appendix 
B2.  Different techniques were used to produce the underlying improvement factors 
and they are not directly comparable.  However, it is clear that they are showing 
much the same picture.   

 
18. In order to better see the ‘ridge’ features at the centre of the cohorts revealed in 

Appendix B1.1, certain local peaks in the improvement rates were identified.  These 
peaks are cells where the values plotted are greater than in vertically adjacent cells; 
are greater than 1.5%; and where there is an associated peak in an adjacent age and 
calendar year.  These peaks are denoted by “▲” symbols. 
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The pensioner investigation 
 

19. The CMI’s largest data set (i.e. covering the most lives) relating to pensioner or 
annuitant mortality is that of the life office pensioner investigation.  This dates back 
to 1948.  Before 1958, this was based on ‘lives’ only.  Since that date ‘amounts’ data 
have also been collected.  Unfortunately, we have not been able to locate the basic 
annual data prior to 1983.  Data before that date are available in respect of some years 
but mostly these data have been aggregated into quadrennia, which are not suitable 
for the cohort analysis.   

 
20. The data are collected in respect of current pensioners of schemes written under a 

group contract providing deferred annuities for employees; and in respect of pensions 
purchased from life offices by trustees of managed funds or deposit administration 
schemes, even if they were purchased from offices other than those writing contracts 
or giving investment services during the period of deferment.  Pensions guaranteed 
for a certain period are included (but drop out of the investigation on death) and joint 
life (i.e. last survivor) pensions are included until the death of the pensioner.  Data are 
split into lives that retire at or after normal retirement age and those that retire before 
that age.  A summary of the data collected for the period 1992 to 1999 for these 
investigations is given in Appendix A2.1. 

 
The work described in the report only relates to data in respect of normal retirements. 

 
21. The mortality improvement factors derived from the surface graduation, as described 

in paragraph 15, of male assured lives were applied to the PML92 base table to see if 
this provided a better fit for the normal retirement pensioner mortality experience 
over the 1992-1999 period.  These 100A/Es are shown in Appendix A3.  This shows 
that the fit is not much better than using the “92” Series projections.  Appendix A3 
does, however, show that the pensioners’ experience has been improving faster than 
the assured lives experience.   

 
22. It was decided to look at the data for the period 1992 to 1999 more closely.  During 

this period a number of offices entered and left the investigation and some changed, 
significantly, the nature of the data they provided.  Since we were looking at trends it 
was felt that these discontinuities might mask the changes that we were trying to 
identify.  For this reason a set of ‘Loyal Offices’ was identified.  These offices 
contributed data throughout the period.  Details of this data set are given in Appendix 
A2.2.  For identification purposes, the whole data set is referred to as ‘All Office’ in 
this report.  

 
23. Iain Currie was then asked to carry out a surface graduation of the 1983-1999 

pensioner ‘lives’ experience, for pensioners who retired at or after normal retirement 
age, using his spline fitting method.  He did this for both the All Office and Loyal 
Office experiences.   
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24. Appendices B1.2 and B1.3 show how these two pensioner surface graduations fit with 
the assured lives graduation shown in Appendix B1.1.  The pensioner part of these 
appendices shows rather different cohort effects in the All Office and Loyal Office 
experiences although the peak improvements occur in the same cohort.  
Improvements in excess of 4.2% p.a. are only seen from 1994, even for the 1926 
generation.   

 
25. By 1999 the All Office graduation illustrated in Appendix B1.2 shows the 1926 

cohort effect applying to almost every age, while the Loyal Office graduation 
(Appendix B1.3) seems to apply to a more reasonable range of ages.  Looking at 
these illustrations of the data it is felt that the All Office experience may not be 
usable, with the cohort effect being too wide by 1999.  It is felt that this may be a 
result of the lack of homogeneity in the All Office experience.  As a result, the new 
projections described in this report have been based on the Loyal Office experience. 

 
26. It is instructive to see how the pensioner experience unfolded during the period 1992 

to 1999.  Appendix B3 shows a series of contour maps tracing past mortality 
improvements from 1967 to 1992 that were used to produce the “92” Series 
projections, and the actual and projected experience thereafter.  These maps relate to 
‘lives’ retiring at or after normal retirement age, from the All Office data set. 
 

27. Appendix B3.1 shows the All Office annualised improvement factors derived from 
quadrennial experience from 1967 to 1986 and annual experience from 1987 to 1992.  
From 1993 onwards, the improvements according to the “92” Series projection basis 
are shown. 
 

28. Appendix B3.2 replaces the crude mortality improvement rates for 1984 to 1992 with 
improvement rates derived from Iain Currie’s graduated mortality rates for All 
Offices for those years.  Even though the data is being examined in this new way, this 
appendix shows that the “92” Series projections do not necessarily look out of line 
with the data available to 1992.  The 1926 cohort effect is hardly visible but it can be 
seen creeping into the picture at ages below 65 between 1985 and 1992. 
 

29. In Appendix B3.3 these improvement factors are replaced with those derived from the 
Loyal Office graduation and extended from 1992 to 1999.  Improvement factors 
derived from the original “92” Series projections are shown for years after 1999.  
This appendix shows that the 1926 cohort effect has ‘grown’ significantly and is now 
clearly visible in the experience to 1999.  It is also clear that the “92” Series 
projections are out of line with actual improvements seen to 1999. 

 
30. Looking at the assured lives contour maps (Appendices B1.1 to B1.3), it can be seen 

(although not conclusively) that the cohort effect observed in the pensioner data had 
probably been working its way through younger ages (i.e. below age 60) in calendar 
years prior to 1992.  Thus this effect had not been clearly seen in previous CMI 
pensioner experiences for normal retirements, which related mainly to ages above 60 
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and, consequently, this feature was not reflected in previous CMI mortality 
projections.   
 

31. Appendix B3.4 replaces the improvement factors for 2000 onwards with the Medium 
Cohort projection described in the next section.  Appendices B3.5 and B3.6 are 
similar but use the Long Cohort and Short Cohort projections from 2000 onwards. 

 
 
How the new projections were produced 
 

32. The “92” Series projections have been used as the starting point and further mortality 
improvements, designed to reflect the cohort effect, were superimposed onto them.  
All of this has been done by adjusting the annual improvement rates (see para. 17 
above), which are then converted to cumulative improvement factors starting in 1992.  
These improvement factors are then applied to the base “92” Series tables.    It should 
be noted that all the contour maps contained in the appendices show annual 
improvement rates, whereas the line graphs shown in Appendices B7.1 to B7.4 are, in 
effect, showing cumulative improvement rates from 1992 to the date shown. 

 
33. Only the effects of the cohort centred on births in 1926 (the cohort peak) have been 

modelled.  The “width” (see paragraph 34)  of this generation is based on the Loyal 
Office surface graduation but improvements from 1993 to 1999 are based on the All 
Office surface graduation.  Improvements after 1999 are based on the 1999 
observations and do not allow for any acceleration in the improvement rates from the 
1999 level.  From 2001, the improvement rates reduce linearly to the end of the 
cohort period where they equal those derived from the original “92” Series 
projections. 

 
34. Between 1992 and 2000 the cohort includes births between 1910 and 1942 but after 

2000 the ‘width’ of the cohort effect is reduced so that by the end of the cohort period 
it includes only one year, which relates to lives born in 1926.  Therefore, the cohort 
starts off (from 1992 to 2000) as a band 33 years wide (i.e. for lives born between 
1910 and 1942) but reduces to the 1926 generation by the end of the cohort period. 

 
35. For the Medium Cohort projection the cohort period extends to 2020 while for the 

Short Cohort and Long Cohort projections the cohort period extends to 2010 and 
2040 respectively.  These projections, which run from 1992, are illustrated in 
Appendices B4.1, B4.2 and B4.3 respectively. 

 
 
The resulting mortality rates 
 

36. The mortality experience of contributing CMI offices over 1992-1999 is compared to 
the current “92” Series projection basis as well as to the cohort projections in 
Appendix A4.1.  During this period all three cohort projections show the same 
100A/Es.  The Appendix shows comparisons for both the All Office and the Loyal 
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Office experiences and, as expected, for the male experiences shows that the cohort 
projections give a better fit than the “92” Series projections.     

 
37. Appendix A4.2 shows the fit of the 100A/Es by age bands over the period 1996-1999 

for the Loyal Offices using the revised data.  As expected, the table shows that the 
cohort projection basis gives a much better fit to the mortality experience at all ages.  
This is particularly true for ages between 60 and 80 where the cohort centred on the 
1926 generation passes through the data during this period. 

 
38. Paragraph 10 described data problems experienced during the production of this 

report. Appendix A4.3 shows the 100A/Es for the original and the revised data sets, 
both for the All Office and the Loyal Office experiences.  The original “92” Series 
projection basis was used to calculate these 100A/Es.  As the data revisions increase 
the 100A/E by only two percentage points for 1998 and 1999, the surface graduations 
based on the original data set would be little affected and can still be used. 

 
39. Appendices B5.1 and B5.2 show survival probabilities from age 60 for lives born in 

1932 and 1972 respectively.  The three cohort projection bases are shown as are the 
PML92(B=1932) survival probabilities for the 1932 case.  Similarly, 
PML92(B=1972) is used for the 1972 case.  These graphs show how, from 2000 on, 
the three cohort projection bases affect the survival probabilities. 

 
40. Appendix B6 shows, for the Medium Cohort projection, survival probabilities for 

differing years of birth.  The ‘rectangularisation’ of the curve is clearly seen. 
 

41. Appendix B7.1 shows the ratios of qx in different calendar years to those in 1992.  
The 1992 values are shown as a straight line across the page at 100%.  Values for 
other years are shown as a proportion of the 1992 values.  The table is PML92 to 
which the original “92” Series projection factors have been applied.  The kink at age 
60 is the junction of the curve of improvement factors assumed to be applicable above 
that age with the constant improvement factor assumed to be applicable at lower ages.  
Appendix B7.2 shows the same type of ratios but with the Short Cohort projection 
applied to the PML92 table.  In this case, the dip in the curve caused by the cohort 
adjustment can be clearly seen.  The kink is also still visible.  Appendices B7.3 and 
B7.4 show the same information for the Medium Cohort and Long Cohort 
projections.  In each case the dip gets deeper but also the main upward curve, from 
age 60 to 110, shifts to the right as the cohort adjustment works its way into higher 
ages.  This is particularly so for the Long Cohort projection where the curve now 
merges with the PML92 base table beyond age 110. 

 
 
The economic effect of the new projection factors  
 

42. The 1999 annual All Office returns produced by the CMI show that male pensioner 
mortality is better than the original “92” Series projections by some 10%  (see 
Appendix A4.1).  For this reason we have used 90% of the projected “92” Series 



 

10 

pensioner tables as a proxy for the current mortality bases of an average UK life 
office.  Appendices C1 to C3 show male annuity rates based on this assumption (i.e. 
90% of PML92 using the “92” Series projection) and also those calculated using the 
revised mortality rates derived from the various cohort projections already described.  
Appendices C1 to C3 are based on interest rates of 0%, 3% and 5% respectively.  
Appendices C4 to C6 show the ‘cohort basis’ annuities as a percentage of the annuity 
values calculated using the 90% of PML92 basis with the “92” Series projection. 

 
43. Care needs to be taken with Appendices C1 to C6 when looking at older ages for 

years where the percentage in Appendices C4 to C6 is less than 100.  In these cases, 
the cohort adjustment has not affected the ‘new basis’ annuity values and the 
comparison is between 100% of PML92 and 90% of the same table.  It can be seen 
that these results tend to 90%. 

 
44. The percentage increases in annuity rates compared to the 90% of PML92 basis for 

year of use 2000 indicate the increased reserves needed if an office using that basis 
were to switch to the new projection basis.  For example, if the average age of an 
office’s portfolio was 70 and reserves were currently calculated using 90% of PML92 
and interest at 3%, then the increase in reserves would be 8% for the Medium Cohort 
projection and 13% and 5% respectively for the Long Cohort and Short Cohort 
projections.    

 
Amounts and Females 
 

45. Most of the work described in this report relates to lives data.  In particular, the 
surface graduations described in paragraph 15 were produced for lives data only.  In 
the time available, detailed consideration of amounts data was not possible.  It is clear 
from a comparison between Tables PEN 1.4a and PEN 1.4b and between Tables PEN 
2.4a and PEN 2.4b of C.M.I.R. 19 that improvements in mortality when measured by 
amounts has been faster than improvements measured by lives.  This was known 
when the “92” Series tables were produced but, at that time, it was agreed that it 
would be uncomfortable to publish different improvement factors for lives and 
amounts.  It is generally accepted that lives with a higher income enjoy better 
mortality than the general population and for this reason amounts mortality is better 
than lives mortality.  However, it is not clear why mortality measured by amounts 
should improve more quickly than mortality measured by lives.  It may be that the 
difference between the income spread amongst the pensioner population has widened 
and that this is having an effect; it may be that the composition of various pensioner 
classes of lives are changing over time; or it may be due to other reasons. 

 
46. Appendix A4.1 shows the all age 100A/Es for each year from 1992 to 1999 for both 

lives and amounts from both the All Office and Loyal Office experiences.  The 
comparison basis is the appropriate base table from the “92” Series with both the 
original “92” Series and the new cohort projection factors applied to give a set of 
projected qx for each year. 
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47. At this stage it is felt that the projection rates described in this report are applicable to 
both lives and amounts.   

 
48. It is also the case that most of the cohort work has been done with male data.  It has 

been the case that the “92” Series mortality projections have worked better for 
females than for males.  This is true of both the amounts and the lives experiences 
although these are quite volatile.  Male mortality has been improving more quickly 
than female mortality.  Again, this was observed at the time the “92” Series tables 
were produced but it was felt that this feature should not be reflected in separate 
mortality projections for males and females.  Appendix A4.1 shows the results, for 
females, of comparing the actual experience against tables derived from applying 
both the “92” Series and the new cohort projection factors to the base “92” Series 
tables.   It is not clear that the cohort adjusted projection factors improve the sequence 
of 100A/Es when compared with the original “92” Series projection.  Therefore it 
would seem appropriate for offices to continue to use the “92” series improvement 
factors, without adjustment, for females should they wish to do so. 

 
 
Future work 
 

49. As was explained in the introduction, this report represents “work in progress”.  
Much has yet to be done before the next set of tables are produced.  Various avenues 
of research are yet to be explored.  These might include a close examination of the 
mortality experience of other countries, statistical projection techniques, seeking the 
views of a panel of medical experts and looking more closely at the work of 
demographers in this area. 

 
50. It is also intended to hold two meetings (possibly at Staple Inn) during 2003, one to 

discuss the work contained in this report and a second to discuss the technical aspects 
of mortality projections in particular.  It is hoped to have contributors from various 
related fields to help inform the second meeting.   

 
 
A final word 
 

51. The projections described in this report are an expression of opinion based upon the 
work done and judgements made by the authors.  It is accepted that other judgements 
can be made.  In a period of rapidly improving mortality rates almost all UK mortality 
projections made in the past 50 years have understated subsequent improvements.  
The Mortality sub-committee feels that the work contained in this report should be 
considered by actuaries when making allowance for future improvements in the 
mortality of UK life office pensioners. 

 
52. It is clear that the mortality experiences of CMI contributing offices vary and that 

each must apply their own judgement to the allowance they make for future mortality 
improvements in order to reflect their own experience.   
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B6  – Graph of survival probabilities for lives born in 1932, 1952, 1972, 1992, 2002 & 2010 for 

the Medium Cohort projection 
B7.1 – Ratio of qx, various calendar years, PML92c92 , “92” Series projections  
B7.2 – Ratio of qx, various calendar years, PML92c92 , Short Cohort projection  
B7.3 – Ratio of qx, various calendar years, PML92c92 , Medium Cohort projection  
B7.4 – Ratio of qx, various calendar years, PML92c92 , Long Cohort projection  
 
C1 to C6  – Annuity rates and percentage changes, old basis to new 
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