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INTRODUCTION 

IN 1973 the Councils of the Institute and Faculty presented the first Number of 
Continuous Mortality Investigation Reports, which was prepared under the 
direction of the Joint Continuous Mortality Investigation Committee and 
published as a separate issue in place of the previous arrangement under which 
any such reports were published in both the Journal and the Transactions. The 
Councils now have pleasure in presenting this second number which includes 
the first reports prepared by the Permanent Health Insurance Sub-Committee 
of the Joint Committee, together with further reports on the experiences of 
immediate annuitants and of pensioners in the years 1967-70. Our special thanks 
are due to Mr J. Hamilton-Jones and his Sub-Committee for the preparation of 
the former, to  Mr A. D. Wilkie for his extensive work in the graduations of 
the latter, and to the contributing offices for their continued support. 

M. D. Thornton G. V. Bayley 
President President 
The Faculty of Actuaries The Institute of Actuaries 



INVESTIGATION O F  S I C K N E S S  STATISTICS  

INDIVIDUAL POLICIES 1972 AND 1973 

1. I N T R O D U C T I O N  A N D  GENERAL SURVEY OF THE COMMITTEE'S WORK 
TO DATE 

1.1. In 1970 the Life Offices' Association and the Associated Scottish Life 
Offices invited the Continuous Mortality Investigation Bureau to undertake an 
investigation into the sickness rates experienced under Permanent Health 
Insurance Policies. The Councils of the Institute and Faculty considered the 
question and on 12 June 1970 they appointed a Sub-Committee to examine the 
proposal. The constitution of the Bureau was amended so as to extend its 
activities to the collection of morbidity statistics and to the investigation of 
permanent health insurance. 

1.2. The first United Kingdom insurance company to provide sickness and 
accident cover commenced to issue policies in 1885 and two life offices have 
been transacting this type of business for over 85 years. But it was possible to 
obtain this kind of cover well over a hundred years before the life offices first 
started to offer it. It was the principal type of cover offered by the Friendly 
Societies which were part of a growing movement in those days. The State 
entered the business in 1911 in partnership with the Friendly Society movement 
but the partnership ended in 1946 with the passing of the National Insurance 
Act of that year. Since then several life offices have entered the market in wm- 
petition with the two old established ones. 

Throughout the nineteenth and twentieth centuries there has been a need to 
collect morbidity statistics to enable the various institutions to calculate rates of 
premium or contribution hut there has not been a great deal of pooling of data. 
The classic data pools in the United Kingdom were assembled by the Independ- 
ent Order of Oddfellows Manchester Unity Friendly Society for various investi- 
gations in thc nineteenth century, rewhing 3 climax in the cxpcricnce of 1893-97 
from which standard tables \\ere constructed. These stanhrrl tables are still in ~ ~~ ~ ~~ ~ 

use, amended if necessary to  reflect the experience of the institution using them. 
During the twentieth century data pools have been assembled under the United 
Kingdom National Insurance Scheme and there is a large quantity of Jaw from 
the United States and Canada. It  is albo beheved that wme of the larger institu- 
tions have made their own investigations hut the wnsensus of opinion is that 
none of the material available accurately represents the current morbidity 
experience of Permanent Health Insurance policyholders in the United Kingdom. - .  

1.3. Permanent Health Insurance contracts are issued as ordinary policies on 
individual lives, or under group policies arranged with the employer of the lives 
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concerned. The underwriting arrangements arc diffcrcnt for group business. 
Benefit; mav he in the form ofincome durine aualifvinr! disabilitv. lumo sums on 

U .  . .. * 

permanent disablement and waiver of premiums under life policies during 
disablement. Premiums may be level or varying annual premiums. In the case of 
group business the recurring single premium system ('current cost') method 
might be used. 

1.4. The Sub-Committee has analysed the experience of individual policies in 
1972 and 1973 and communicated the results to the contributing offices. Data 
for group business are being collected but results are not yet available. 

1.5. When it first met, in the presence of Mr J. M. Denholm, the Chairman of 
the main C.M.I. Committee, the Sub-Committee comprised Messrs J. Hamilton- 
Jones (Chairman), P. H. Bayliss, D. B. Biggs, D. J. Bond, R. D. Clarke (Secre- 
tary), F. W. Eschrich and R. E. White. Unfortunately Mr R. E. White died on 
11 February 1972; Mr D. B. Biggs retired from the Sub-Committee on 24 
February 1972 and Mr R. D. Clarke retired from his position as Secretary later 
in 1972. Mr J. A. Cairns succeeded Mr Biggs and Mr R. E. Hayward, Assistant 
Secretary of the C.M.I., took over the position ofsecretaryto the Sub-Committee. 

Five meetings were held between July 1970 and March 1971 to discuss the 
founding of the investigation. At the last of these meetings a draft Report was 
agreed and on 18 June it was submitted to the main C.M.I. Committee who dis- 
cussed it in detail. After some amendments had been made the Report was 
circulated to offices in September 1971 with a covering letter inviting offices to 
comment and to state their estimate of the volume of new business they would 
be able to submit in 1972. They were also asked to say whether or not they would 
be able to contribute data for entrants prior to 1972 and whether any data they 
were able to submit would be on cards or magnetic tape. 

The full text of this Report, as amended by subsequent instructions, is given in 
5 of this note. 
Draft cards for recording the data were enclosed with the Report and offices 

were asked to comment or to send a preliminary reply by 15 October 1971. The 
versions finally adopted are given in 2 of this note. 

The response was both prompt and encouraging. Seventeen offices offered to 
contribute data and a rough estimate was made that the total 'in-force' business 
at 1 January 1972 would be of the order of 120,000 individual policies and snbse- 
quent new business of about 42,000 policies per year. So the Sub-Committee 
met on 15 November 1971 to prepare and issue a circular dated December 1971 
which contained a revised version of the 'in-force' card. 

Further meetings were held on 24 February 1972 and 31 May 1972. Mr H. A. 
R. Barnett, a senior official of the C.M.I. Bureau, was present at the first of these 
meetings to present a memorandum on the coding of causes of sickness and this 
document was accepted as the basis for the instructions to offices which are also 
given in 5 2. Mr G. T. Humphrey, F.I.A., a specialist independent data proces- 
sing practitioner, was present at the second of these meetings and he presented a 
preliminary report on the computer system needed for processing the data 
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relating to individual policies. At this meeting a circular to be dated June 1972 
was prepared to inform offices of the final version of the 'claims' card. 

A meeting took place on 30 November 1972 and there were four meetings in 
1973. 

During the year 1973 the Sub-Committee was considering the computer 
systems which Mr Humphrey had submitted and a report outlining the problems 
of collecting data for group sickness schemes. Circulars were issued in March, 
July and October to amplify the instructions to offices and to give the instruc- 
tions for submitting group business data. The climax of the year was the meeting 
of 12 December 1973 a t  which Mr Humphrey reported that he had received 
data for individual policies from nine offices for in-force a t  31 December 1971 
and claims in 1972 and from ten offices for in-force at 31 December 1972, and it 
was decided to run the programs and calculate the experience of these policies in 
1972. 

Before this could be done it was necessary to settle the precise nature of the 
exposed to risk formula and a meeting was held on 15 February 1974 for this 
purpose. 

1.6. And so, on 3 July 1974, a draft Report on the experience of 1972 was 
presented. In its approved form it was circulated to all contributing offices in 
October 1974 and copies of their own results were sent to the offices which had 
contributed the data. 

During 1974 and 1975 the experience of individual policies in 1973 was cal- 
culated. summarized and distributed. Meanwhile work is being continued on the ~ ~ 

col~ectibn of group data and it is hoped to issue a report in due course. A full 
description of the group investigation will also be published and it will include an 
explanation of the additional problems relating to that type of business. 

2. METHOD OF COLLECTING THE D A T A  

2.1. It was decided to collect the data on 80 column punched cards or, by 
arrangement with the C.M.I. Bureau, on magnetic tapes with fields to match. A 
card was to be set up for each policy in force at the beginning of a record year 
and a card for each claim during the record year. 

2.2. The following are the layouts of the in-force and claims cards finally 
adopted for individual business, incorporating all amendments to date and 
containing such instructions as are deemed to be necessary. These are followed 
by the instructions for coding the causes of sickness and, in 3, by the report on 
the 1972 experience, in 4 by the 1973 experience, in 5 5 by an up-dated version 
of the original Report to Offices in 1971 giving the Plan for the Investigation and 
in 6 by a description of the computer system as it was when the processing of 
the data for record year 1973 was completed. It is appropriate to mention here 
that the matters under discussion in this report are developing as the investiga- 
tion goes on and as a result the Sub-Committee might change its views of the 
relative importance of those matters in later investigations. 
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2.3 Card layouts for individual business: 

(1) In-force Card 
Field Columns Description 

Block A 
1 1 Type of Record 

I = individual record 
(2 = group record) 

2 2 4  Contributor's 'ofice number' 

Block B 
7 16 

Record Year 
The last two digits of the calendar year to the end of which 
the record refers. 

Geographical Location 
1 = United Kingdom 
2 = Republic of Ireland 
3 = Isle of Man 
4 = Channel Islands 
(No other countries outside the British Isles have yet been 
specified by offices. The Committee will supply further 
codes on request.) 

Please leave blank or code '0' 
Age Definition 

Blank or zero if month and year of birth are given in field 
11, otherwise 1 = nearest birthday, 2 = next birthday at 
the date referred to in field 3. 

Sex 
l = Male 
2 = Female 

Occupational Rating 
0 = no rating 
I = rated 

Period of Deferment. Code in weeks thus: 
001 = 1 week, 052 = 52 weeks, etc., to nearest week, but 
use code 999 if the period of deferment is one Calendar 
month. 

Year of Entry 
The last two digits of the calendar year in which the policy 
first went on the books. Code 00 if not known. 

Note: 'Continuation' policiesthat is policies passing from 
group to individual under a continuation option- 
should not be included with the individual returns in 
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Field Columns Description 
cases where the disability started before the continu- 
ation policy was issued. In other cases the year of 
entry to be recorded is the year in which the continu- 
ation option was exercised. These policies should be 
coded 'l' in column 1 and '3' in column 36 

11 23-26 Month and Year of Birth or Office Year of Birth 
Contributors will have the option of showing the month 
of birth in columns 23-24 and the last two digits of the 
year of birth in columns 25-26, or of showing the office 
year of birth, which allows the calculation of the age next 
birthday or the nearest age at the date referred to in field 3, 
in columns 25-26 and zeros in columns 23-24. If possible, 
offices are requested to  adopt the former method, since it is 
more accurate 

12 27-28 Ceasing Year 
Last two digits of calendar year in which cover will cease. 

13 29 Period of Benefit Payment 
Specify payment period to which rate shown in columns 
30-34 relates: 
l = weekly 
2 = monthly 
3 = yearly 
4 = special 
If the amount of business to which code 4 applies is a large 
proportion of the whole, the office is requested to approach 
the Sub-Committee for a separate code to be allocated. 

14 3&34 Rate of Benefit 
Rate of benefit to the nearer E, gross of reinsurance. 
(Excluding waiver amount in every case if possible. Report 
00 if the only benefit is waiver of premium, e.g. attached to 
life policy.) 

Note l : Where code 2 or 3 applies in field 15, the initial rate 
of benefit should be shown. 

Note 2: If it is unnecessarily cumbersome to eliminate 
amounts of waiver of premium from office records, 
this need not be done. Please inform the Committee, 
however. 

Note 3: Reinsurances ceded to other offices are included in 
the ceding office's figures. Reinsurances accepted 
from other offices are not to be included in the 
investigation. 
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Field Columns Description 
15 35 Type of Benefit 

1 = level sickness benefit 
2 = increasing sickness benefit 
3 = decreasing sickness benefit 
5 = lump sum benefit 
9 = other type of benefit 

16 36 Medical Evidence 
1 = medical 
2 = non-medical (with or without P.M.A. report) 
3 = non-selection limit applies part or whole of benefit 
4 = unknown (for existing business at 1 January 1972 only) 

Note: Medically substandard lives (other than those subject 
only to a special exclusion clause) are not to be 
included in the investigation. 

17 37 Type of Premium 
l = level annual premium 
2 = recurrent single premium 
3 = increasing annual premium 
4 = any other type, but see note for code 4 in field 13 

18 38 Underwriting Impairment. (For cases dealt with by exclusions 
only. For occupational ratings see field 8. Other cases rated 
for health or dangerous pursuits, etc., should not be included 
in the investigation at all.) 
0 = no extra risk 
l = exclusion relating to hypertension and disease of 

cardiovascular system 
2 = exclusion relating to neurosis, psychoneuroses and 

psychosis (including anxiety state) 
7 = exclusion may or may not be present (for business 

existing at 1 January 1972 only) 
8 = exclusion present but related impairment not known 

(for business existing at 1 January 1972 only) 
9 = all other exclusions 

Note: Codes 3-6 are being reserved for possible future use. 

Block C 
19 71-80 Policy Number 

Note: This field is reserved for the policy number or any 
other means by which the particular record can be 
referred to in any communications between the C.M.I. 
Bureau and the contributing office for error indications, 
etc. 
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Further notes: 
1. Block A contains fields which can probably be gang-punched by the con- 

tributing offices. 
Block B contains information relating to the particular record, which will 

have to  be individually punched. 
Block C contains only an item of identification, requiring individual 

punching. 
2. Where data are submitted in the form of ~unched  cards. these will be returned 

by-% Bureau after the data have~been tiansferred to tape. It would therefore 
be possible for the contributing office to use some of the space on the card 
for its own purposes. Initially offices would be asked not to use columns other 
than 43-70 in this way and it would not be possible to transfer such data to 
the claims card because those columns are used for the details of the claim. 

(2) Claims Card 
Field Columns Description 

Block A 
1 1 Type of Record 

3 = claim under individual policy 
(4 = claim under group policy) 

2-6 2-9 As for In-force Card 
Block B 

7-18 16-38 As for In-force Card 
Offices are asked to ensure that the information shown in 
Blocks A and B is consistent with that recorded in the 
corresponding 'in-force' card. If fresh information should 
come to light when a claim arises, it should be ignored for 
the purpose of compiling the claims card. For example if 
code 4 is used in column 36 of the in-force card it should be 
repeated on the claims card and not amended in accordance 
with information discovered later. 

Block C 
19 44-49 Date of falling sick (i.e. beginning of deferred period). If 

present card relates to an interrupted claim (including a 
change from total to  partial disability) record date of first 
falling sick. Date to  be coded in three groups of two digits, 
day-month-year. 

20 50-53 Date payments commenced (in present record year) in 
benefit period to which present card relates (day and month 
only: 0000 if continuation from previous year). 

A new card should be prepared each time a claim is resumed 
after an interruption or a change in degree of disability. 
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Field Columns Description 
21 54 Mode of commencement of present Benefit 

0 = continuation from previous record year 
1 = new claim 
2 = new claim following interruption of sickness in the 

deferred period 
3 = revival of claim following interruption (whether the 

benefit rate is the same as before the interruption or 
different) 

4 = continuation of an existing claim but benefit rate 
changed from date recorded in field 20 

22 55-56 Percentage the benefit under the current claim bears to the 
full rate of benefit (for partial disability claim). Punch zeros if 
full rate is being paid. 

23 57-60 Date payments ceased in benefit period to which present card 
relates (day and month only: 9999 if claim in force at end of 
year). 

24 61 Mode of cessation 
1 = policy expired or void for reason other than death or 

lump sum payment 
2 = death 
3 = recovery 
4 = lump sum payment terminating contract (add ex- 

planatory note) 
5 = ex gratia commutation (add explanatory note) 
6 = benefit rate altered but claim continues (continuation 

reported on further card) 
Note: In the case of code 4 or 5 please give amount of pay- 

ment as well as circumstances, e.g. whether contract 
was withdrawn. If the ex gratia commutation is one 
month's payment or less punch an adjusted expiry 
date in field 23 which would give correct total claim. 
This will not be practicable if the adjusted expiry date 
is after the current year of claim and in such a case 
explain in relation to field 24 what has been done. 

25 62-65 Cause of disability for current claim. (Abbreviated 'List C' 
in the eighth revision of the Manual of the International 
Statistical Classification of Diseases. See separate instruc- 
tions.) 

26 71-80 Policy number or other identification. (See note to corres- 
ponding field 19 of in-force card.) 

2.4. Instructions for coding cause of sickness: 
(i) Always follow the latest available diagnosis. 
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(ii) If only one cause of sickness is shown, refer to the index in volume 2 of the 
Manual of the International Statistical Classification of Diseases (eighth 
revision). The coding selected from the index should then be confirmed in 
volume 1, in case there should be any notes modifying the coding. The 
coding selected should finally be converted to the appropriate number in 
the abbreviated 'List C' shown in pages 447-9 of volume 1, and where the 
sickness is due to injury the 'CE' wde should be chosen rather than the 
'CN' code. In time an experienced coder may in some cases come to know 
the codes and be able to go direct to 'List C', but this would he a dangerous 
practice until he is well experienced and, in any cases of doubt, reference 
should first be made to the main index and full tabular list. 

(iii) If more than one cause is shown, and certain of the causes would be likely 
to cause short-term sickness only, whereas others would be likely to cause 
long-term sickness, discard the short-term causes. 

(iv) If more than one cause is shown it is necessary to determine whether they 
are connected or unconnected; sometimes a connexion may be presumed 
from elementary medical knowledge (e.g. if both nephritis and nraemia 
are shown); sometimes a connexion can be detected from the linkage 
instructions on pages 427-32 of volume l.  In any case of connected causes 
the coding should be to the underlying cause or to the cause to which the 
linking instructions direct. 

(V) If more than one unconnected cause is shown, discard any which are ill- 
defined (e.g. pyrexia) and any which are trivial (e.g. coryza). 

(vi) If two diseases of the same site or of related sites are shown, one of which 
is a general term, the other a more specific one, prefer the specific one. 

(vii) If two causes are shown, either of which could have been due to the other, 
and one is known to have been of longer duration, then assume that cause 
to be the underlying one. 

(viii) If two or more unrelated causes are shown, or two or more ill-defined 
causes without any better-defined cause, or two or more trivial causes with- 
out any more serious cause, then in any of these cases prefer the first 
named. 

(ix) Prefer a trivial but well-defined cause to an ill-defined cause. 
(X) If there is any codic t  in the above rules, the earlier rule takes precedence; 

thus, Rule (iii) takes precedence over Rules (iv)-(ix). 

Notes 

(a) The instructions given on pages 417-36 of volume 1 should be studied, but 
always remembering that they are based on the form of death certificate 
which frequently states explicitly cause (a) due to cause (b) due to cause (c), 
whereas the sickness coding will not usually be based on records given in this 
form, and therefore the general rule for cause of death coding cannot apply 
to sickness coding. 
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(b) The application of Rule (iii) or Rule (vii) will not necessarily give the same 
coding as in the cause of death classification. 

(c) To ensure uniformity of practice, would offices treat the list which runs from 
C1 to C65 and from CE66 to CE70 as a series running from 0001 to 0070 and 
record the appropriate code in columns 62-65 of the claims card, omitting 
all reference to the prefixes 'C' or 'CE'. 

(d) 'Depression' is not to be coded as 0065 (other specified ill-health causes) but 
as 0027 (psychoses and non-psychotic mental disorders) unless there is 
evidence to show that it falls within 0031 (other diseases of the nervous 
system and sense organs). 

(e) The notes on pages 4 3 3 4  on interpretation of highly improbabIe relation- 
ships are very useful, but it must be realized that there are many other 
combinations of diseases which are unlikely to be related. If in doubt on this 
or on any other aspect, the C.M.I. Bureau will be glad to give assistance. 

3.0. INTRODUCTlON 

3.0.1. The Sub-Committee has now evaluated the data needed for measuring 
the experience of the calendar year 1972 and results, summarized in quinquen- 
nial age groups, are given in Tables 1-10 of this report. Each table shows the 
exposed to risk, actual number of weeks' claims paid, the actual claim rates and 
percentages of actual to expected sickness subdivided into the following sickness 
periods: the notation in brackets indicates how the period is subsequently 
described in this report. 

Over 1 week but not over 4 weeks (113) 
Over 4 weeks but not over 13 weeks (419) 
Over 13 weeks but not over 26 weeks (13113) 
Over 26 weeks but not over 52 weeks (26126) 
Over 52 weeks but not over 104 weeks (52152) 
Over 104 weeks (104/all). 

3.0.2. The tables are numbered according to the following scheme: 

Table number 
Deferred period (weeks) Males Females 

1 1 6 
4 2 7 

13 3 S 
26 4 9 
52 5 10 
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Some contributing offices make claim payments relating to the first week of 
sickness. Minor differences of interpretation of office practice in such cases 
would have led to difficulties in processing the data. To avoid this, claim pay- 
ments made within 1 week of falling sick were ignored, the policies concerned 
being effectively treated as giving l week deferred benefits. 

3.0.3. Before any attempt can be made to interpret these tables the Sub- 
committee must report how, and from what precise data, they were constructed; 
this is done in 3.1 of the report. Then, in 3.2 a comparison is made between 
the present experience and the Manchester Unity experience of 1893-97, in 3.3 
a first step is taken towards the determining of claim inception rates to which will 
eventually be applied disability annuity factors when the data for calculating 
them have been assembled. In 3.4 the numbers in force and the numbers of 
claims in the various subdivisions of the data are tabulated. 

3.1. NATURE AND SCOPE OF THE DATA 

3.1.1. The exposed to risk was calculated from tabulations by age nearest 
birthday of the business in force on 1 January and 31 December 1972 derived 
from the returns of ten offices. The following points were taken into consideration 
for the exposed to risk calculation. 

3.1.2. With an investigation into mortality rates we are concerned with a 
happening which occurs only once for each insured life and where there is no 
element of duration of death. Death is instantaneous. 

Under this investigation the statistic being measured is the extent of dis- 
ability claim. Disability is a continuing feature-by this we mean that one spell 
of disability can continue over many years. This fundamental difference between 
an investigation into morbidity rates and into mortality rates implies that the 
normal census method used to calculate the exposed to risk in the Continuous 
Morwlitv In\.cstication mieht not be anwrowriate for thismorbiditvin\~estieation. 

.A A 

The ~;b-~om&ittee us& a method by which the claims for &h experience 
group would be set against the total exposed to risk for that group as accurately 
as possible. Accordingly the exposed to risk for each experience group was 
calculated using the calendar year method under which the experience of a group 
is followed from age x at the beginning of the calendar year under investigation 
to age (X+ 1) a t  the end of that calendar year. By this method, an insured con- 
tinuously disabled throughout the experience year did not have his claim 
apportioned to two experience groups as would have been the case if the census 
method had been employed. The total exposed to risk in each experience group 
is made up of a full year for those included in the beginning and the end of year 
data and half a year for those included only at the beginning of the year, but 
special exposures apply to new business in the current and the two previous 
years as described in 3.1.3 below. The individual records of claimants were 
compared with the individual exposed to risk records and any claims which 
were not matched by exposed to risk were investigated. 
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3.1.3. Special considerations apply to new business and, depending upon the 
period of sickness, to  business added in the previous year or the year before that. 
Obviously a new entrant in year y cannot claim in the 104/all period until year 
y+2. The Sub-Committee considered that offices would normally wish to take 
this into account in calculating their premium rates by adopting a formula for 
the net cost on the following lines: 

Net cost of unit of benefit per week commencing on incapacity, the insurance 
terminating at age M, entry age X, 

= %:M-! 

the notation being derived from that described in volume 1, chapter 17, of Life 
and Other Contingencies by Hooker and Longley-Cook. (Note: This formula is 
based on the principle that the insurance is included in the appropriate period of 
sickness to the extent that it is possible for a claim to become payable in that 
period assuming incapacity immediately following entry.) 

The Sub-Committee have therefore adjusted the exposed to risk so that it is 
consistent with this formula and the average period of exposure at each claim 
period is shown in Table 11. As with the net premium formula the insurance is 
included in the exposed to risk in the appropriate period of sickness to the 
extent that it is possible for a claim to become payable in that period. 

As an example of a calculation for Table 11, take the factor to apply to 1971 
entrants to derive the exposed to risk in the sickness period 13/13 in 1972. 
Assume an even flow of new business. Clearly, only policies with deferred 
periods of 13 weeks or less are considered. So any policy which has been in 
force for more than 13 weeks at 1 January 1972 can enter the 13/13 claim period 
at any moment in 1972, i.e. three-quarters of the entrants are exposed for the full 
year. The remainder, who entered during the last quarter of 1971, can enter the 
13/13 claim period in 1972 for at least 39 weeks, and at most (entrants at 1 
October) 52 weeks-on average, say 718 of a year. The overall factor is thus 

Having calculated the mean number of policies in force in 1972 for the years of 
entry shown in Table 11 for a group we are processing (e.g. males, deferred 
period 4 weeks, age X) the exposed to risk for the 13/13 period is: 

l X Mean in force, entry before 1970; + 1 X Mean in force, entry in 1970; 
+31/32x Mean in force, entry in 1971; +9/16 X Mean in force, entry in 1972 
(taken as half the new entrants in force at the end of 1972). 
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No adjustment has been made for policies with a period of deferment of less 
than 4 weeks. 

3.1.4. Those who are familiar with the details of the Manchester Unity investi- 
gation of 1893-97 will recollect that no adjustments of the kind just described 
were made at that time. The impact of recent entrants was very much less then. 
For example, the first Manchester Unity investigation covered the years 1846-48 
when the exposed to risk was 621,561 compared with 2,995,724 in 1893-97, an 
average annual increase of about 3$%, whereas in only one year, 1972, the data 
for the present investigation has risen by just under 14% from 137,831 at 1 
January 1972 to 157,098 at 31 December 1972. The result is that the business in 
the present investigation is rather heavily weighted with recently written business, 
as can be seen from any of the Tables 1-10 where exposed to risk at the older 
ages, where there is less new business, falls less rapidly with regard to  claim 
period than it does at the younger ages where new business is more prominent. 

Another indication of the rapid growth in this class of business is the pro- 
portion of the business in force which is of less than 3 years' duration. This 
varies according to the deferred period as follows: 

Percentage of 'in-force' 
which is of less than 

Deferred period (weeks) 3 years' duration 

1 22 
4 44 

13 47 

The method of deriving the exposed to risk leads to the central rates of claim 
at each age. The Sub-Committee can form no view at this stage of the mortality 
rates appropriate to lives insured under sickness policies included in the investi- 
gation. The central rate of claim, whose value is virtually unaffected by mortality, 
is therefore considered to be the most annro~riate for tabulation of the results. 
This follows the precedent of the ~ a G h e s i e r  Unity 1893-97 experience; the 
tabulated rates in that experience were central rates. 

3.1.5. The claims were classified according to age nearest birthday at the 
beginning of the calendar year in which they occurred and to periods of sickness 
passed through; sickness which terminated before the end of the deferred period 
was not recorded in the claims data. This means that the claims under policies 
with a 52-week deferred period are for relatively serious illnesses which have 
lasted for a year before they are recorded whilst claims under policies with a 
l-week deferred period may well contain a fair number of relatively trivial 
ailments which would never have been reported had the deferred period been 
longer. 
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3.1.6. The following table shows the numbers of policies in force and of claims 
during the year. 

Males Females Total 
Number of policies in force on 

1 January 1972 132,660 5,171 137,831 
Number of policies in force on 

31 December 1972 150,681 6,417 157,098 
Number of claims during 1972 4,967 249 5,216 

Most of the business was for level sickness benefits a t  level annual premiums, 
written in the United Kingdom or the Republic of Ireland. 

3.2. COMPARISON WITH M A N C H E S T E R  U N I T Y  SICKNESS R A T E S  

3.2.1. The expected number of weeks of claim were calculated on the basis of 
the Manchester Unity (1893-97) sickness rates for males in occupation group 
AHJ (the least hazardous occupations). The percentages of actual to expected 
claims shown in Tables 1-10 should be studied in the light of the following 
remarks. 

The percentages shown in the tables were calculated from figures which had 
been calculated by the computer to two places of decimals and so it may not 
always be possible to reproduce them exactly from those in the tables; this is also 
a feature of the actual claim rates in Tables 1-10. 

In order to deal with the comparison for the '4 weeks deferred' policies it was 
thought advisable to break down the shortest tabulated period of sickness (i.e. 
the first 3 months) of the M.U. table into 'first 4 weeks' and 'next 9 weeks' 
periods. There are so many reasons for hedging the expected rates with reserva- 
tions that refined methods were avoided. Moreover, no attempt was made to 
deal separately with the first week of sickness and the next 3 weeks. 

As a basis for subdividing the M.U. first 3 months' sickness, it was considered 
reasonable to derive ratios from current National Insurance statistics. The 
Government Actuary's Department kindly supplied figures relating to em- 
ployed and self-employed persons combined for the years (June-May) 1969-70 
and 197&71. The Sub-Committee applied rates for individual ages hased on the 
National Insurance figures given in Table 12. As there are no females in the 
M.U. experience, only male lives were considered. 

3.2.2. The Sub-Committee believes that it is helpful to present, in tabular and 
graphical form, aggregate rates which summarize the most important results so 
far. These are the claim rates for males (i) for all periods combined (first 4 weeks, 
next 9 weeks, etc.) for policies subject to 1 week's deferred period; and (ii) for all 
periods after 26 weeks combined, relating to all policies contributing to the 
males experience with a deferred period of 26 weeks or less. 

The graphs (Fig. 1) show the central claim rates for age groups 20-24,25-29, 
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etc., plotted for convenience as points at the mid-ages of the groups. For com- 
parison, they show the Manchester Unity rates, AHJ, for 'all sickness' and 'all 
sickness after 6 months' respectively, at the mid-ages. 

In a theoretical population where l& is the number living according to a mor- 
tality table, the central rate of sickness at age x i s  the number of weeks of sick- 
ness recorded between exact ages x and X +  l divided by the central population 

0 
(1, + 4 t  

The standard deviation of a rate of sickness may take the form 

J(expected weeks of sickness) X (a factor). 

A reference to the problem will be found in J.I.A. (1972), 98, 35 and J.I.A. (1949) 
75, 12. The 1949 reference is to a paper by L. E. Coward, who tabulated theo- 
retical values of the ratio of the standard deviation of sickness (in weeks) to the 
square root of expected sickness (in weeks) using the Manchester Unity sickness 
experience 1893-97 (Whole Society). These ratios ranged from 2.30 at age 20 to 
2.69 at age 70 for the first 3 months' sickness and from 2 4 4  at age 20 to 5.44 at 
age 70 for all periods of sickness. He demonstrated that the maximum value this 
ratio can possibly take is just over 7. 

The Sub-Committee believes that the Manchester Unity experience may not 
be suitable as a standard table for such calculations in the present investigation, 
but hopes the above remarks are helpful. 

3.2.3. The graphs have been plotted on a 3-cycle logarithmic scale for the 
rates and a unitary scale for the ages. The vertical gap between the Manchester 
Unity graph and the corresponding 'results' graph is thus log (M.U. rate)/(actual 
rate). 

It is hoped that the visual impression of the graphs adequately reflects the 
variation of the rates, and of the ratio of actual to expected rate, with age. 

3.2.4. In studying the rates for the different deferred periods it should be borne 
in mind that one cannot prejudge the effect of the deferred period on the 
experienced sickness. Few offices at present issue immediate benefit policies on a 
significant scale. If one compares the 'after 26 weeks' rates of sickness for such 
policies with the 'after 26 weeks' rates for 6-months deferred policies, it is not 
possible to attribute the differences to the effect of the deferred period. Subject to 
further evidence in the future, it seems more likely that the differences are 
largely due to other characteristics of the portfolios of contributing offices. For 
example, an office may contribute a high proportion of the data for policies with 
a short deferred period but a lower proportion of the data for longer deferred 
periods, because the data for longer deferred periods is submitted by a larger 
number of offices. Thus its claims experience would affect the overall rate of 
claim for short deferred periods more than the rate for long deferred periods. 

3.2.5. Due to the irregularity in the progression of rates, in age groups 4 M 4  
and 50-54 particularly, a special investigation of ages 40-44 was carried out. 
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The suspicious feature is illustrated in Table 1, where the 52/52 rate is much 
higher than would be reasonable in relation to the 26/26 or 104/ail figure. There 
are other examples of what would in a mature experience be impossible or, at 
best, freak resuits. 

Every claim for the l-week deferred class was, therefore, inspected for the 
test ages 40-44: the effect described was due to some multiole oolicies on 
indivi&al lives. At age 42, three policies on one life contributedi84hays to the 
52/52 period and 81 days to the 104/all period during 1972. 

This special investigation underlines the provisional nature of the results of a 
single year's experience. The Sub-Committee is convinced of its duty to present 
these results with strong warnings that they lead to no firm conclusions. 

3.2.6. It appears worthwhile to comment on one likely trend. Comparison of 
the results in the 52/52 and 104/all periods demonstrates that for the relation- 
ship between these two results to remain at the present level, approximately 
50% of the claims in the 52/52 period and 25% of the claims in the 104/all period 
must terminate within the following year. For the longer periods of claim one of 
the main causes of termination of claim is mortality, the rate of recovery varying 
inversely with the length of the period of incapacity. Except at the older ages 
where the claim terminates with the expiry of the insurance, it is not likely that 
these rates of recovery will be attained so that we may expect to see an overall 
increase in the 104/all claims rate in future years. 

3.2.7. The data for females are relatively scanty but Tables 1-10 give the 
genera1 impression that the females' experience is heavier than the males' 
experience. A rough measure was obtained by calculating for both sexes and all 
deferment types separately the overall claim rates for all ages and all dnrations 
combined, i.e. the sum of the rates for all sickness periods following the deferred 
period stated. The results are shown below: 

Overall claim rate 
Deferred period (weeks) Males Females 

(1) (2) (2)1(1)% 
1 1.03 1.88 183 
4 0.39 0.60 154 

13 0.22 0.48 218 
26 0.23 0.14 61 
52 0.07 0.37 529 

These overall claim rates include the data for lives over age 60, but in the case 
of females there were comparatively few such lives. 

3.3. CLAIM INCEPTION RATES 

3.3.1. Claim inception rates for males were calculated by dividing the numbers 
of new claims in 1972 by the appropriate exposed to risk, namely for 1 week 
deferred benefits, the exposed to risk for period 113, for 4 weeks deferred benefits. 
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the exposed to risk for period 419, for the 13 weeks deferred benefits, the exposed 
to risk for period 13/13, for the 26 weeks deferred benefits the exposed to risk for 
period 26/26, and for the 52 weeks deferred benefits, the exposed to risk for 
period 52/52. The male results are shown in Table 13 in quinquennial age 
groups and the female results are shown for all ages combined. 

3.3.2. There are three features which seem worthy of comment. First for 1 
week deferred benefits up to age group 55-59 the male claim inception rate is 
surprisingly constant. Secondly, there is a high inception rate for the age groups 
20-24 for almost all deferred periods. It is probably premature to investigate 
why this should be, but recent mortality investigations have shown a similar 
feature. Thirdly, the overall inception rate for females is higher than for males. 
In view of the small numbers of females involved any breakdown of this com- 
parison into age groups is probably superfluous this year. 

3.3.3. The Sub-Committee plans to  calculate disability annuities later on, but 
the data of several more years will be needed before a start can be made on this. 

3 .4.  OTHER TYPES OF S U B D I V I S I O N  AVAILABLE 

3.4.1. The three previous sections of this report have dealt with the primary 
subdivision of the data into male and female. The Sub-Committee has collected 
details to enable other subdivisions to be made and the following table gives 
details of what is available according to the various attributes: 

Attribute 
Sex 

Male 
Female 

Country 
United Kingdom 
Republic of Ireland 
Isle of Man 
Channel Islands 

Occupation Rating 
No  rating . 
Rated 

Type of Benefit . . 
Level 
Increasing 
Decreasing 
Waiver only 
Lump sum 

Medical Evidence 
Medical 

Number of Policies at 
l January 31 December 

1972 1972 
Number of 

Claims in 1972 

4,967 
249 

5,102 
114 

0 
0 

4,558 
658 

3,806 
45 

1,365 
0 
0 

154 
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Attribute 

Non-medical 
Non-selection limit applies 
Unknown 

Type of Premium 
Level Annual 
Recurring single 
Increasing annual 
Any other type 

Underwriting Impairment 
No extra risk 

Exclusion exists for hypertension 
or for cardiovascular reasons 
far neurosis 

Unknown whether exclusion 
exists 

Exclusion known to exist but 
condition unknown 

All other exclusions 

Number of Polices nt 
l January 31 December 

1972 1972 
Number of 

Claims in 1972 

3.4.2. These figures show that there is a large proportion of policies for which 
important attributes a t  the outset were unknown. Until the requirements of the 
present investigation were made known, the contributing offices were not re- 
cording data in the appropriate form. But from then onwards the offices did 
start to record the required data and it  would have been unreasonable to ask 
offices to reopen their old files, the more so as the business is growing rapidly 
and the old files will assume a lesser significance as time goes on. The above table 
shows how the 'unknown' class is tending to diminish in importance and it  may 
well be of only minor significance when the investigation is fully under way. The 
Sub-Committee considers that the crude claim rates, obtained by dividing the 
number of claims for each attribute by the mean in-force figures, are of little 
value because of the changing nature of the age and duration structure of the 
business and so no figures have been shown. 

3.4.3. The following figures describing the claims are interesting because they 
indicate areas of the data which might be explored from the point of view of the 
setting up or adjusting of office administration routines. 

3.4.4. I t  is clear that the claims fall into two main entry groups and that in the 
main they either recover or  continue as claims. But there are small pockets of 
complicated cases which must produce more than a proportionate share of 
administrative problems. From a purely statistical point of view it is tempting 
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Attribute Number of 
claims in 1972 

Mode of commencement 
Continuation from previous record year 992 
New claim 4,093 
New claim followine interruntion of sickness in deferred - 

period 
Revival of claim followinr interruotion - 
Continuation of claim but benefit rate changed 43 

Rate of benefit 
Full rate being paid 5,130 
Reduced rate beinn vaid 86 -. 

Mode of cessation 
No cessation by 31 December 1972 
Policy expired or void 
Death 
Recovery 
Lump sum paid 
Ex grolin wmmutation 
Benefit rate altered but claim continues 

This analysis does not include a small number of late claims submitted with the 1973 
dafa whereas Tables 1-10 and 13 do include these late claims. 

to concentrate upon the main causes of entry and exit, but if the Sub-Committee 
is to give a worthwhile service to the offices as opposed to providing a summary 
of the statistically significant data only, then it has a duty to pursue matters 
which, whilst relating to small numbers of policies, are important both to the 
offices and their claimants. It is hoped that offices will feel able to continue to 
supply statistics for the minority classes even though, as yet, the Sub-Committee 
is not able to interpret them fully. 

3.5. ACKNOWLEDGMENTS 

3.5.1. Having reached this stage the Sub-Committee must place on record its 
indebtedness to offices who have provided data for investigation and to the 
many individuals who have worked to establish it. A list of the offices covered by 
the 1972 investigation appears below. Thanks are also due to the Government 
Actuary's Department for supplying the information which enabled us to calcu- 
late expected claims in a suitable form. 

J. Hamilton-Jones 
Chairman 
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Offices which supplied data for 1972: 
Clerical, Medical & General 
Commercial Union 
Eagle Star 
Friends' Provident 
Guardian 
Legal & General 
Medical Sickness Group 
Norwich Union 
Yorkshire General 
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I N D I V I D U A L  PHI POLICIES  1972 E X P E R I E N C E  

Users of these tables should note that the experience is heavily weighted with 
recently written business. See paragraph 3.1.4 and 93.2. 

In Tables 1 and 6, expected weeks of sickness for period 113 were based on 
estimated M.U. sickness in the first 4 weeks. No attempt was made to treat the 
first week separately. See paragraph 3.2.1. 



Table 1 .  Males-Deferred period 1 week (1972 experience) 

Actual weeks of 
nickneasiemcctcd (A) 

Expancd to rink Actual wccks of sickness Actual claim rate 131 261 521 1041 
Age 113 419 13/13 26/26 52/52 104/rlI 113 419 13/13 26/26 52/52 104/ali 113 419 13/13 26/26 52/52 104/all 113 419 13 26 52 all 

Total 21,593 21,456 21,186 20,789 20,012 18,509 4,917 4,197 1,863 1,686 2,577 5,429 40 56 39 39 64 47 



Table 2. Males-Deferredperiod 4 weeks (1972 experience) 9 =1 
3.2 

Exposed to risk Actual reeks of nicknesl Actual claim rate Actual weeks sicknenn/exoccttd?L) 5 
Apc 419 13113 26/26 52/52 104/alI 419 13/13 26/26 52/52 1041all 419 13113 26/26 52/52 104/rll 419 13/13 26/26 52/52 lM/ i lU  3 

18-19 51 44 35 20 3 - - - - - - - - - - - - -  
20-24 1,570 1.421 1,208 823 325 131 41 35 - - -083 ,029 ,029 - - 56 37 59 - - 
25-29 4843 4591 4222 3 518 2339 305 134 28 - - ,063 -029 -W7 - - 37 34 11 - - 
30-34 4'934 4'739 4'453 3'903 2'971 418 152 78 64 16 ,085 ,032 ,018 ,016 -W5 44 33 25 31 6 

Z1 
35-39 51164 5:017 4:799 4:376 3:612 533 186 42 85 15 ,103 ,037 ,009 ,019 ,004 46 30 10 28 3 '' 
4 M 4  4 628 4 535 4 394 4 113 3 603 648 346 304 130 304 ,140 ,076 ,069 ,032 ,084 50 48 56 32 33 
45-49 3:399 3'552 3'280 3'129 2'837 731 385 214 255 377 215 -115 ,065 ,081 ,133 63 57 40 59 31 
50-54 1,925 1:906 1:876 1:815 1:699 415 245 232 253 434 ,216 ,129 ,124 ,139 -256 49 46 51 65 36 2 
55-59 936 931 924 909 876 241 153 172 233 503 ,257 -164 ,186 ,256 ,574 46 41 46 65 45 
60-64 276 276 275 273 266 129 86 74 79 285 ,469 ,313 ,271 .2891.070 66 54 42 39 47 5 



Age 
18-19 
20-2A 
25-29 
30-34 
35-39 
40-44 
4549 
50-54 
55-59 
60-64 

Total 

Table 3. Males-Deferredperiod 13 weeks (1972 experience) 

Exposed to risk Actual weeks of sickness 
13/13 26/26 52/52 104/all 13/13 26/26 52/52 104/all 

25 21 12 2 - - - -  
9M) 769 529 U11 19 26 7 - 

3,915 3,553 2,845 1,652 55 20 83 19 
4,760 4,477 3,914 2,881 42 42 44 - 
5,560 5,312 4,801 3,845 132 57 - 52 
5,278 5,096 4,724 4,000 130 123 121 401 
4,036 3,935 3,733 3,313 91 71 74 349 
2,296 2,260 2,181 2,014 221 200 124 376 
1,361 1,350 1,325 1,277 249 356 152 601 

502 501 500 497 80 95 283 454 

28,633 27,274 24,564 19,682 1,019 990 888 2,252 

Actual claim rate 
13/13 26/26 52/52 104Iall 

- - 
.021 ,034 ,013 - 
.014 .M6 ,029 ,011 
,009 .W9 -011 -- 
,024 ,011 - ,013 
.025 ,024 ,025 ,100 
,023 ,018 ,019 .l05 
,096 ,089 ,056 ,186 
.l83 ,264 ,114 .470 
.l60 .l89 ,565 ,913 

Actual weeks 2 
sickness/expected (A) g, 

13/13 26/26 52/52 104/alI 2 
- - - 3 

3 
27 69 45 - 
16 9 73 22 % 
9 13 21 - 9 

20 12 - 9 F 
15 20 26 39 2 
I1 11 14 26 * 
34 37 27 26 k? 
46 66 29 37 8. 
28 29 78 41 %. 
22 26 30 30 



Age 
18-19 
2&24 
25-29 
30-34 
35-39 
4c-M 
45-49 
5&54 
55-59 
60-M 

Total 

Table 4.  Males- 

Exposed to risk 
26/26 52/52 104/all 

-Deferredperiod 26 weeks (1972 experience) 

Actual weeks of sickness 
26/26 52/52 104/all 

Actual claim 
26/26 52/52 
- - 

.020 .001 
,006 ,005 
.010 ,019 
,016 .015 
.Q17 ,018 
,040 '043 
,061 .070 
,134 ,177 
,191 .310 

rate 
104/all 

Actual weeks sick- 2 
nesslexpected ( X )  g 
26/26 52/52 1041all 

- -  
3 
g 

41 4 - 
11 14 24 
15 36 1 g? 
18 22 - ?F 

14 19 11 2 
24 32 14 t: 
25 33 52 01 
34 45 41 P 
29 43 48 fi' 
23 33 33 

* 



Table 5. Males-Deferredperiod 52 weeks (1972 experience) 

Actual weeks 
Actual weeks of Sickness expected 

Exposed to risk Sickness Actual claim rate P m  
~ g e  52i52 

18-19 8 
20-24 152 
25-29 890 
30-34 1,511 
35-39 2,141 
40-44 2,475 
4 5 4 9  1,949 
50-54 1,117 
55-59 551 
60-64 126 

Total 10,920 



Table 6 .  FemalesDeferredperiod 1 week (1972 experience) 
Ex~ored to risk Actual wockn of sicknens ~ c f u r l  claim r a a  Actual weeks rhknesr/erpected (A) 

Age 113 419 13/13 26/26 52/52 1041rll 113 419 13/13 26/26 52152 104Iall 113 419 13/13 26/26 52/52 104/all 113 419 13/13 26/26 52/52 1MIall 
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Table 7 .  Females-Deferred period 4 weeks (1972 experience) 2 
2. 

Exposed to risk Actual weeks of r ickne~s A"t"d claim rats Actual wccks sickneas/er~ccted 3 
M )  Age 419 13/13 26/26 52/52 1041all 419 13/13 26126 52/52 1041all 419 13/13 26126 52152 1041all 419 13/13 26/26 52/52 104/all 5' 

18-19 2 2 1 - - p - - - - - - - 
2 0 ~ 2 4  103 91 75 48 19 4 - - -  ,191 ,048 - - - 1 3 0 6 3 - - -  Q 
25-29 244 233 218 188 137 23 I 9  - - ,134 497 -086 - - 79 115 144 - - 
30-34 196 188 177 158 I29 49 3 - - - ,249 ,018 - - - 129 19 - - - K? 
35-39 198 192 184 167 131 30 9 - 4 - -152 0 - ,025 - 69 36 - 37 - % 
4 W 4  194 190 184 171 146 28 l 3  13 37 35 ,145 ,068 ,072 ,216 .239 52 43 59 219 92 2 
45-49 146 l43 139 131 117 45 l 5  18 8 96 ,306 ,102 ,125 ,061 ,818 89 50 76 45 204 
50-54 78 76 75 72 67 26 9 26 22 - ,328,116 -345 -296 - 
55-59 32 32 31 31 29 23 I 2  - - 75 42 144 139 - 2 
6- 9 9 9 9 9 - - - - -  696 ,376 - - - 124 95 - - - 

- - - - -  
Total 1.202 1,156 1,093 975 784 254 88 76 71 131 84 53 59 73 58 

2. 
U 5' 



Age 
18-19 
2W24 
25-29 
30-34 
35-39 
4 w  
4 5 4 9  
5&54 
55-59 
6 M 4  

Total 

Table 8. Females-Deferredperiod 13 weeks (1972 experience) 

Exposed to risk 
13/13 26/26 52/52 104/all 

3 2 1 - 
56 46 30 13 

166 150 124 80 
161 164 137 94 
228 218 197 154 
260 248 224 182 
2AO 231 216 187 
130 127 122 110 
52 51 50 48 
18 18 18 17 

1,314 1,255 1,119 885 

Actual weeks of sickness 
13/13 26/26 52/52 104/all 
- - - -  
- - p - 

8 26 16 - 
10 26 16 - 
18 12 - - 
33 4 - 52 
25 - - 139 
17 26 2 - 
4 - -  52 
- .- - 14 

115 94 34 257 

Actual claim rate 
13/13 26/26 52/52 1041all 

- - 
- - 

G45 ,173 ,126 - 
.056 .l58 ,114 - 
477 ,056 - - 
.l28 ,014 - ,284 
,106 - - ,742 
.l29 .203 ,018 - 
,070 - - 1-069 
- - - .772 

Actual weeks 
sickness/enpected ( X )  

13\13 26/26 52/52 104/all 3 
- - - -  
- - - - g 
53 288 - - % 
59 224 216 - 5 
64 62 - - 
81 11 - 8- 
53 - - ;:; 2 
46 83 9 - Gl 

18 - - 84 3. 
- - - 31 g. 
52 53 24 75 

so 



Table 9 .  Fernales-Deferredperiod 26 weeks (1972 experience) 
Actual weeks 

Actual weeks of sickness/cxpected 
Exposed to risk sickness Actual claim rate (%) 

Age 26/26 52/52 1041a11 26/26 52/52 104/a11 26/26 52/52 1M/a11 26/26 52/52 104/all 
18-19 2 1 - - - - - - 
2l.LZ.4 43 27 11 - - - - - - - - - 
25-29 103 71 34 - - - - - - - - - 
30-34 193 156 104 - - - - - - - - - 

35-39 283 235 168 36 8 - .l25 ,035 - 137 51 - 
4 M  378 339 265 25 - - ,064 - - 52 1 - 
4549  291 267 225 8 - - ,026 - - 16 - - 

50-54 162 152 134 - - - - - - - - - 

55-59 93 91 87 - 48 57 - 322 .649 - 140 53 
60-64 14 14 13 - - - - - - - - - 

Total 1,562 1,353 1,041 69 56 57 30 32 13 



Age 
18-19 
20-24 
25-29 
30-34 
35-39 
4&44 
4 5 4 9  
5&54 
55-59 
M)-@ 

Total 

Table 10. Females-Deferredperiod 52 weeks (1972 experience) 

Actual weeks 
Actual weeks of sicknesslexpected 

Exnosed to risk sickness Actual claim rate p% ) 
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Table 11. Factors to apply to the mean in-force, 1972, to correct for recent entry 
(1972 experience) 

Factor (fraction of a year) for sickness period 
Year of entry 113 419 13/13 26/26 52/52 lM/all 

Before 1970 1 1 1 1 1 1 
1970 1 1 1 1 I 
1971 1 %E 31 - 

S 8 8  ,S 
- 

1972 1 12, -~ 1 8  L.+ 
- - 

Table 12. Proportion offirst 3 months'sickness (Manchester Unity) falling infirst 4 
weeks (see assumptions in 3.2.1) (1972 experience) 

Age Proportion Age Proportion 

18 .82 52 3 8  
22 .78 57 3 5  
27 ,73 62 .52 
32 .71 67 .50 
37 .69 
42 .65 
47 .62 

Values for other ages were interpolated. 

Table 13. Claim inception rates per thousand exposed to risk (1972 experience) 

Deferred Period 
Age l week 4 weeks 13 weeks 26 weeks 52 weeks 

M  F M F  M F  M F  M F  

20-24 
25-29 
30-34 
35-39 
40-44 
4549 
50-54 
55-59 
M)-64 

Total 
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MANCHESTER UNITY AHJ All Sickness - 
1972 experience rales (males) 
1 week deferred policies All periods combined ------ 
MANCHESTER UNITY AHJ All sickness aflet 26 weeks - 
1972 experience rates (males) 
1 to26 weeks deferred pdicies 
combined 

22 27 32 37 42 47 52 51 62 

AGE 

Figure 1. M.U. Sickness rates and C.M.I. 1972 claim rates 
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4. E X P E R I E N C E  OF I N D I V I D U A L  POLICIES  1973 

4.1. The data for 1973 comprised the following numbers of policies and claims: 

Males Females Total 
Number of policies in force on 

1 January 1973 150,681 6,417 157,098 
Number of policies in force on 

31 December 1973 156,754 6,445 163,199 
Number of claims during 1973 4,992 242 5,234 

As in the previous year, the majority of the policies were on male lives issued 
in the United Kingdom for level benefits at level annual premiums. An analysis 
of the experience is given in the following tables. 
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I N D I V I D U A L  P H I  POLICIES  1973 E X P E R I E N C E  

Users of these tables should note that the experience is heavily weighted with 
recently written business. See paragraph 3.1.4 and 5 3.2 of the 1972 Report. 

In Tables 1 and 6, expected weeks of sickness for period 113 were based on 
estimated M.U. sickness in the first 4 weeks. No attempt was made to treat the 
first week separately. See paragraph 3.2.1. 

The following tables are not strictly comparable with those for 1972. Late 
notified claims are not included in 1973 whereas they were included in 1972. 



Table l .  Males-Deferredperiod 1 week (1973 experience) 
Actual woeks 

rick"~.alerpsstsd (A) 
Exposed to risk Actual w c c b  of sickncrs Actual claim rate 131 261 521 I M /  

Age 113 419 13113 26/26 52/52 1M/al l  113 419 13113 26126 52/52 104/all 113 419 13113 26/26 52/52 104/aII 113 419 13 26 52 all 
18-19 - - - - - - - - - - - 
20-24 375 352 309 253 164 66 69 25 - - - - ,185 ,072 - - - 38 48 - 
25-29 2 517 2 470 2 376 2 233 1937 1340 309 120 25 - 52 - -123 -049 ,010 - .027 - 26 28 12 - 68 - 
3-34 2'581 2'561 2'519 2'453 2(313 2'023 445 193 36 25 - - -172 076 014 -010 - - 37 39 15 15 - - 
35-39 2:792 2:778 2:749 2:706 2:616 2:437 495 270 88 39 51 131 ,117 ,097 ,032 ,015 ,019 ,054 36 44 26 16 28 36 
4 M 4  3.099 3089 3067 3031 2947 2775 679 422 147 247 278 488 ,219 ,137 ,048 ,082 ,494 ,116 42 49 40 65 95 67 
45-49 3520 3'514 3'500 3'479 3'432 3'322 773 673 379 265 220 551 ,220 ,191 ,108 ,076 ,064 ,166 39 55 53 46 46 41 
3-54 2'835 2'832 2:825 i s 1 4  2'789 2'738 724 556 151 199 239 988 -256 -197 054 -071 -086 -361 42 45 19 29 39 50 
55-59 2:519 21517 2.514 2:509 2:499 2:480 731 858 508 548 659 1,882 ,290 ,341 ,202 ,218 264 ,159 42 60 49 53 65 58 
6064 1,624 1,624 1.624 1,623 1.621 1,615 691 911 584 616 764 2,297 ,425 ,561 ,360 ,379 ,471 1422 54 78 61 57 63 61 
Total  21,862 21,737 21,483 21.101 20.318 18.796 4.916 4.028 1.918 1.939 2.263 6,337 40 55 41 47 60 58 



~ ~ 

Total 29.339 

Table 2. 
3 

Males-Deferredperiod 4 weeks (1973 experience) 6- 3 
Actual weeks of sickness 

419 13113 26126 52152 104jrll 419 



Table 3.  MalesDeferredperiod 13 weeks (1973 experience) 

Exposed to risk 
Age 13/13 26/26 52/52 104/all 

18-19 20 16 10 4 
20-24 767 666 491 230 
25-29 4,107 3,770 3,110 1,922 
30-34 5,292 5,006 4,443 3,345 
35-39 5,811 5,595 5,150 4,223 
40-44 5,574 5,419 5,084 4,384 
4 5 4 9  4,423 4,340 4,149 3,735 
50-54 2,582 2,551 2,479 2,311 
55-59 1,453 1,445 1,426 1,374 
60-64 565 565 563 559 

Total 30,594 29,373 26,905 22,087 

Actual weeks of sickness 
13/13 26/26 52/52 104/n11 

- 
23 --- p - 
49 49 15 67 
96 34 80 27 

138 155 101 52 
135 118 129 158 
323 198 21 635 
192 213 256 436 
130 190 385 599 
116 152 333 910 

1,202 1,109 1,320 2,884 

Actual claim rate 
13/13 26/26 52/52 104/all 
- - - -  

,029 - - - 
,012 .013 ,005 .035 
,018 ,007 ,018 ,008 
,024 ,028 ,020 ,012 
,024 ,022 ,025 .036 
,073 ,046 ,005 ,170 
,074 .084 .l03 ,189 
,090 ,131 ,270 ,436 
,205 ,268 .591 1-627 

Actual weeks 
sickness/expccted (%) 

13/13 26/26 52/52 l04/all 
- - - -  
3 8 - - -  
14 21 12 67 
19 10 34 9 
19 30 29 8 
15 17 26 14 
36 28 4 43 
26 34 48 26 



Age 
18-19 
20-24 
25-29 
30-34 
35-39 
40.44 
45-49 
5c-54 
55-59 
6&64 

Total 

Table 4.  Males-Deferredperiod 26 weeks (1973 experience) 
Actual weeks 

Exposed to risk Actual wceks of sickness Actual claim rate sickness/expected p/.) 
26/26 52/52 104/all 26/26 52/52 104/all 26/26 52/52 104/all 26/26 52/52 104/all 

25 16 6 - - - - - - - -  
2,562 1.956 777 26 50 2 .010 ,026 ,002 20 84 8 
8,626 7,266 4,133 26 - 52 ,003 - ,013 5 - 25 
8,074 7,145 4,963 90 48 109 ,011 ,007 .022 16 13 26 
7,908 7,234 5,658 139 182 99 ,018 .025 -018 19 37 12 
7,483 7,012 5,905 176 132 213 ,024 ,019 ,036 19 19 14 
6,138 5,894 5,269 229 382 409 ,037 ,065 ,078 23 47 19 
4,394 4,279 3,984 356 452 1,334 .OX1 ,106 -335 33 48 46 
2,660 2,633 2,567 247 349 1,581 -093 ,133 ,616 23 33 48 
1,138 1,136 1,131 192 336 1,368 ,168 ,296 1.209 26 41 54 

49,008 44,571 34,393 1,481 1,931 5,167 22 35 37 



Table 5.  Males-Deferredperiod 52 weeks (1973 experience) 

Actual weeks 
Exposed to Actual weeks Actual claim sickness expected 

Age risk of sickness rate W) 
52/52 104/all 52/52 104/all 52/52 104/all 52/52 104/all 

18-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
6 W  

Total 



Table 6. 

Exposed to risk 
113 419 13/13 26126 52/52 1041all 113 

Females-Deferredperiod 1 week (1973 experience) 
Actual weeks of sickness 
419 13113 26/26 52/52 104/all 

~ c t u d  claim rate 
419 13/13 26/26 52/52 1041all 



Total 1,281 

Table 7 .  Females-Deferredperiod 4 weeks (1973 experience) 

Ex~osed to risk Actual weeks of sickness 
13/13 26126 52/52 IMIa l l  4/9 13/13 26/26 52/52 IM/all 419 

Actual weeks rickn~~~jexpccted 
TA) 

13/13 26/26 52/52 1041all 



Age 
18-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

Total 

Table 8. Females-Deferredperiod 13 weeks (1973 experience) 
Actual weeks 2 

Exposed to  risk Actual wceks of sickness Actual claim rate sickners/expected (%) g 
13/13 26/26 52/52 104/all 13/13 26/26 52/52 104jall 13/13 26/26 52/52 104/zall 13/13 26/26 52/52 104/all 3 

- - - -  ... 1 1 - - - - -  p A - - a. 
62 53 35 12 13 15 - - -208 ,273 - - - - - -  a 

173 158 131 83 6 4 - -  ,037 ,026 - - 43 44 - - 
234 219 183 123 6 4 18 8 ,027 ,019 ,099 -064 28 27 188 78 2 
230 219 201 165 13 17 18 8 ,056 ,077 .C90 ,048 46 83 131 31 F 
252 243 224 187 36 48 5 - -141 .l98 ,022 - 89 160 23 - l0 

264 258 244 216 - - -  156 - - ,722 - - - 183 % 
149 146 141 131 31 61 64 - ,210 ,413 ,454 - 75 171 212 - 5 
65 64 62 57 17 7 - 52 ,268 -115 - ,911 68 29 - 72 g. 
20 20 19 19 y -. - ,419 - - - 7 1 - - -  $. 

1,450 1,381 1,240 993 131 156 l05 224 54 80 69 58 * 



Age 
18-19 
2&24 
25-29 
3&34 
35-39 
40-44 
45-49 
5&54 
55-59 
6&64 

Total 

Table 9 .  Females- 

Exposed to risk 
26/26 52/52 1M/all 

1 1 - 
57 43 20 

146 109 48 
244 201 129 
355 302 203 
415 377 300 
337 317 271 
213 201 177 
95 94 91 
16 16 16 

1,879 1,661 1,255 

Deferredperiod 26 weeks (1973 experience) 
Actual weeks of Actual weeks 

sickness Actual claim rate sickness/expected (A) 
26/26 52/52 IM/all 25/26 52/52 104/all 26/26 52/52 1M/aII 



Table 10. Females-Deferredperiod 52 weeks (1973 experience) 

Actual weeks 
Exnosed to Actual weeks Actual claim sicknesslenpected 

Age risk of sickness rate (%) 
52/52 104/aII 52/52 1041alI 52/52 104/all 52/52 104lall 

18-19 
20-24 
25-29 
30-34 
35-39 
W 
4 5 4 9  
50-54 
55-59 
60-64 

Total 
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5.1. The following is the text of the Circular and Report prepared in September 
1971 amended where necessary to conform with instructions contained in later 
circulars. 

5.2. CircuIar dated September 1971. 
The Life Offices' Association and the Asociated Scott~sh Life Offices have in- 

vited theContinuous Mortalit) Investigation Bureautoundertakean in\e>tigation 
into sickness rates experienced under Permanent Health Insurance policies. 

The Councils of the Institute and Faculty have considered the question, and 
have amended the Bureau's constitution so as to extend its activities to the col- 
lection of morbidity statistics, and to the investigation of health insurance. An 
Advisorv Committee has been set uu and has now ureuared its first revort. 

A 

The report is enclosed. Most of the contents particularly concern the offices 
now transacting health insurance. It will however, be seen that all offices con- 
tributing to the finances of the Bureau are concerned because it is recommended 
that the cost of the investigation should be apportioned in the same manner as 
the cost of other investigations. 

Offices are invited to comment on the report, but those intending or hoping 
to contribute data are requested to write to the Secretary, Institute of Actuaries, 
indicating: 

(i) The estimated number of cases they would submit for new business arising 
in 1972. 

(ii) Whether it seems possible to contribute data relating to 1971 new business 
or earlier years, and if so approximately what volume (data deficient in 
some minor respect(s) may well be acceptable; offices should indicate in 
suitable cases what the deficiencies would be). 

(iii) Whether the information will be submitted on punched cards or magnetic 
tape. 

(iv) Any comments they wish to make on the report or the draft cards. 

It is hoped that offices will be able to send at least a preliminary reply by 15 
October 1971 so that the work of the Sub-Committee can proceed. 

5.3. Report of the Advisory Sub-Committee for the Investigation of Sickness 
Statistics. (Condensed version.) 
Scope of the Investigation 
If a sufficient number of offices is able to contribute data in the form required, 
the investigation will cover the following classes of business: 

(i) Individual policies (including disability income and lump sum benefits 
attached to Life policies). 

(ii) Group policies. 
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(iii) Waiver of premium benefits attached to life policies. 
It is intended to process the data by computer; the computer would not, of 

course, be under the control of any individual life insurance office. 
Basically the data will be required, for each class, on 80 column punched cards 

or on tape with the corresponding number of fields covered. For each individual 
policy or, in group schemes, each life, an 'in-force' card or tape record is needed. 
In addition, for each life concerned in a claim, a separate claim card or  tape 
record will be set up. In view of the comparatively large number of subdivisions 
into which the data will be classified for initial study, the committee proposes 
to set up a program for summarizing the data centrally. The offices will, it is 
proposed, submit data for individual cases. An additional advantage of this 
procedure is the control which can be applied to ensure that valid data are sub- 
mitted. Although it is intended that each year's experience should be compiled 
and analysed by itself, both for offices separately and in combination, it is 
realized that, to  provide a sufficient volume of data to enable clear results to 
emerge, it will be necessary to build up a cumulative experience. It follows that a 
'data bank' will have to be set up as a store of accumulated information. This 
will be used in the early years to provide reports on the cumulative experience 
by Manchester Unity type methods and, at a later stage, for an investigation on a 
'Disability Annuity' basis. It should be noted that disability annuities have to be 
derived from 'select'data with a very long period of selection (1 5 years was used 
in the USA.)  and a number of years' experience must be amalgamated to pro- 
duce results which are statistically reliable. Offices will appreciate that if they 
contribute data for existing business as well as new business, results will be 
achieved earlier. It is, of course, recognized that some offices might be able to 
contribute data in respect of new business only. 

The data submitted by each office will be treated as confidential, and each 
office will receive summary reports on its own business which are confidential 
and not revealed to any other office. The reports on the combined investigation, 
possibly more detailed than the individual offices' reports, will be made available 
to all contributors. 

Method 
The census method will be used and initially there is not expected to be enough 
information to produce a graduated table of rates. The first results to be pub- 
lished will, therefore, be a comparison of actual and expected weeks of sickness 
using Manchester Unity AHJ rates for the expected. It has been noted that the 
investigation of sickness on the basis of amounts of benefit is liable to distort the 
experience. If the data provide adequate evidence, an early opportunity will be 
taken to investigate the effect; nevertheless it is not expected that results on an 
'amounts' basis will be published for some time. 

The census date will be 1 January in each year for individual business but the 
scheme revision date may be used for group business by o5ces which find it 
more convenient to do so. 
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Results on a 'Disability Annuity' basis 
It has already been noted that a long period of investigation is required before 
reliable values of disability annuities can be established. The basis of calculation 
of these annuities is a combined termination rate for sickness terminating by 
recovery or death at each age. Reverse selection applies for some years after the 
commencement of the attack. 

However, the investigation of the exposed lives (including those claiming 
benefit) will produce observed 'rates of starting a claim at age X' separately for 
each waiting period and this information is useful for international comparison 
as well as to enable trends to be followed from an early stage. It is thereforepro- 
posed to publish crude rates in this form at the same time as the 'Manchester 
Unity' type results. 

Sub-divisions of data 
Besides age and sex, rates of sickness depend on the waiting period (deferment 
period) to an important extent. For each class of business investigated (indi- 
vidual, group and possibly waiver of premium) it will, therefore, be necessary 
to publish a separate experience for each of the most common waiting periods, 
probably in quinquennial age groups. If there is enough information, some 
indication of the experience for females may also be published at an early stage. 
Group schemes involving a non-selection limit may exhibit special features and 
it is hoped to investigate the experience separately if certain technical difficulties 
can be overcome. 

A complete analysis of occupations is not practicable and simple methods of 
classification would involve a priori decisions on the degree of extra risk in- 
volved, if any. The Sub-Committee could not put forward an authoritative 
opinion on the way underwriting of the occupational risk should be done. It is, 
therefore, recommended that offices submit cases, whether rated for occupation 
or not. They would be classified in two groups only, namely, (1) accepted at 
ordinary rates and (2) accepted with an extra premium for occupational risk. 
Medically substandard risks will, of course, be excluded, except under group 
business or where an individual life is rated solely by means of a special exclusion 
rather than an extra premium. 

The underlying cause of sickness for claims should also be reported. The 
Sub-Committee decided to adopt abbreviated 'List C' of the eighth revision of 
the Manual of the international Statistical Classifcation of Diseases for this 
purpose. The rules for applying these codes are clearly set out in two volumes 
published by H.M.S.O. and detailed instructions would be supplied to offices. 
For classification of sickness due to injury, where the list offers two alternative 
sets of codes, the 'CE' set, based on the cause of injury rather than its clinical 
symptoms, would be adopted. 

The cost of collecting this additional information about occupation and 
claims is not identifiable but it is obviously small and will eventually, it is hoped, 
yield helpful results. 



Investigation of Sickness Statistics 49 

The Sub-Committee considers that some offices which issue policies outside 
the U.K. (e.g. in the Republic of Ireland) may consider that the data would be 
appropriate for comparison (and possibly amalgamation) with U.K. data and 
would be worth recording. It would not be suitable to include business written 
against a completely different market background. Individual offices are asked 
to comment on their own situation in this respect, and to estimate how much 
data they would submit relating to business outside the U.K. 

Apportionment of cost 
The Sub-Committee was asked for its recommendations on apportionment of 
cost. First the question of initial costs of setting up the investigation was con- 
sidered. It was pointed out that the offices with the largest amounts of business 
had least to gain from the information to be derived from the investigation, while 
small offices, or those newly venturing into the field of permanent health in- 
surance, had most to gain. The possibility of a flat charge per contributing office 
was suggested but, in view of the potential usefulness of the investigation to 
other offices, this solution is not free from difficulty. As the initial impetus for 
the investigation came from the Life Offices' Association and the Associated 
Scottish Life Offices, it seemed more appropriate that these bodies should 
contribute to the cost of setting up the investigation. 

The offices contributing to the main finances of the C.M.I. Bureau are largely 
the same as the members of the L.O.A. and A.S.L.O. The Sub-Committee 
therefore recommends that C.M.I. funds be employed for the initial expenses of 
the investigation. 

It is also recommended that the subsequent running costs should be met by an 
appropriate addition to the normal contributions of all offices contributing to 
the C.M.I. Bureau. 

6 .  DBSCRIPTION OF COMPUTER SYSTEM 

The investigation falls into two distinct parts having different levels of priority. 
The first is an analysis along Manchester Unity lines and the second is an 
investigation into claim inception and termination rates leading to the calcula- 
tion of disability annuities. It will not be possible to obtain useful results from 
the second part of the investigation for a number of years and this means that it 
has a lower level of priority than the first. 

The computer system used for the experience under individual policies in 
1972 and 1973 was concerned mainly with the Manchester Unity type investiga- 
tion but it was designed so as not to prejudice the sewnd part of the investi- 
gation. 

Data is accepted on punched cards or  on IBM nine-track magnetic tape or in 
other forms with the agreement of the Sub-Committee. 

If an office were supplying data as at 31 October instead of 31 December then 
for this office an event which occurs on 1 December 1972, for example, would be 
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coded and treated as a 1973 event, the only inaccuracy being a slight dis- 
crepancy in the year of experience as compared with other offices. 

Detailed descriptions of card layouts have been given in paragraph 2.3. 
The variables by which the data can be analysed separately are: 

Contributing office 
Age 
Sex 
Year of experience 
Country 
Whether or not rated for occupation 
Deferred period 
Benefit rate 
Benefit type 
Medical evidence type 
Premium type 
Medical exclusion type 

and additionally for claims: 

Whether full rate or reduced for partial disability 
Commencement mode 
Cessation mode 
Cause of disability 
Number of days of sickness in any period 

The main reports required by the system are: (I) analysis of the data for all 
offices combined subdivided by age, sex and other variables, singly or in com- 
bination, which may affect the level of sickness claims; and (2) analysis for 
individual offices to compare with the results for all offices combined. The 
individual office figures will be analysed in less detail than the all office data. 

The number of subdivisions is far too large for an analysis by all variables 
simultaneously so the computer system is designed to allow the Sub-Committee 
to change the combinations of variables as necessary when results are obtained. 
The exceptions to this general rule are concerned with age, where a fixed range 
will be used for all analyses; deferment period, where standard periods of 1, 4, 
13, 26 and 52 weeks will be analysed separately and any other deferment period 
will be taken as the next higher period and any claims up to the deemed deferment 
period will be ignored; periods of sickness, where standard periods of sickness 
113, 419, 13/13, 26/26, 52/52, 104/all (measured in weeks) will be used; and 
benefit rate, where it has been agreed that for lump sum benefits and special 
periods of benefit payments the rate of benefit will not be used but will be held 
in the system as zero. In other cases the amount to the next higher multiple of 
El00 per annum will be held in the system. 

Since the requirements of a disability annuity investigation have not yet been 
specified, it is essential that none of the information supplied to the C.M.I. is 
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lost. It is impracticable to keep copies of all input tapes submitted, so consoli- 
dated tapes for each end year's in force for all offices combined and for each 
year's claims will be held indefinitely. 

Apart from the analyses to be performed there are other areas where generality 
is desirable. They are: 

(i) Years to be analysed. The system is written so that the data for any number 
of years, which need not be consecutive, may be combined. 

(ii) Comparison to be made. Initially all sickness rates will be compared with 
Manchester Unity AHJ. Later the basis of wmparison may well be with a 
standard table derived from C.M.I. data, so the standard rates are read in as 
data. 

(iii) Printing. Results may be required by individual ages, by individual ages 
with quinquennial sub-totals, or by quinquennial sub-totals only. Also the 
quinquennial groupings must be capable of variation. It must be possible to 
suppress the printing of A/E if E is less than a certain amount and this 
amount should be variable. So all these facilities are controlled by para- 
meters read by the print program. 

The following is a list of programs included in the system: 

A Input Edit 
B In-Force Extract Create 
C Claims Extract Create 
D In-Force Extract Sort 
E Claims Extract Sort 
F Aggregation 
G Summaries Create 
H Summaries Extraction 
J Results Print 
K Statistical Summary 
L Extract File Sort 
M Results Extraction 
N Claims Extract Print 
P Claims Rewrds Sort 
Q Claims Rewrds Analysis 
R Delete Office 

Data enter the system as card or tape files containing in-force or claim records 
for one or more offices. The files are read by the Input Edit program which 
checks each record for obvious errors and makes a list of any it finds. Records 
not in error are copied on to a tape called the 'brought forward' tape containing 
the records which have passed through previous input edit runs. Error records 
are corrected and submitted in card form to a later edit run. If an input file con- 
tains a large number of errors, the output file is scrapped and the data are re- 
turned to the office concerned for correction. 
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When all input edit runs for 1 year have been completed there will be two 
tapes holding in-force and claims for all offices combined. These tapes are the 
basic data of the investigation and will be held indefinitely. 

These individual records are converted into a form suitable for later processing 
by the In-Force Extract Create and the Claims Extract Create programs. For 
example, dates of birth are converted to age nearest birthday, benefit rates are 
converted to annual amounts, non-standard deferred periods are converted to 
standard ones and so on. This puts all records into a standard form regardless 
of what the office year is or how ages are defined. Any records over age 65 or 
under age 15 are Listed and are not passed on to the next stage of the work. 
Records for ages 15-17 are replaced by similar records at deemed age 18. The 
Claims Extract Create program also notes whether any claim ranks as a new 
claim for the calculation of the Claim Inception Rate. 

The output tapes from this process are sorted by the In-Force Extract Sort 
and the Claims Extract Sort programs by the values of the several variables and 
these extracts will be retained indefinitely. 

The extracts for which all variables have the same value are combined by the 
Aggregation program which takes 1 year's claims extracts and the in-force 
extracts for the beginning and end of the year and calculates the exposed to risk 
on the assumption that new policies were issued in the middle of the year of entry 
and allowing for the fact that no claims could arise before the end of the defer- 
ment period. It producesan AggregatesTapeconsistingof theexposed to risk and 
claims subdivided into sickness periods 113,419, 13113,26126, 52/52 and 104/all. 

Up to this stage no material information has been discarded and programs 
(except for input data) will normally be run once per year as an automatic 
process. From this stage onwards programs will be run at the request of the 
Sub-Committee to carry out any analyses that seem to be necessary and para- 
meters must be specified for each run. 

The next stage is to compress the aggregates into summaries by combining 
all records with variables other than age that are not required in a particular 
analysis. This is done by the Summaries Create program and the process is 
governed by Data Combination Cards which are coded as follows to add a 
record from the Aggregates Tape into a summary according to whether a 
particular variable (1) has a given value, (2) does not have a given value, (3) is 
not less than a given value, (4) is not greater than a given value. 

The variables which can be referred to in this way by Data Combination Cards 
are as follows: 

Reference 
No. Values 
01 Office 000 to 999 
02 Sex l = male, 2 = female 
03 Country 1 = U.K., 2 = Republic of Ireland, 3 = Isle 

of Man, 4 = Channel Islands 
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Reference 
No. 

04 
05 

06 

07 

08 

09 

10 

11 

12 

13 

Occupation 
Deferment Period 

Curtate period 

Payment type of 
benefit 

Medical evidence 

Premium type 

Medical exclusions 

Level of benefit 

Full rate code 
(claims only) 

Disability code 
(claims only) 

Values 
1 = Occupation rated, else 0 
l = l week, 2 = 4 weeks, 3 = 13 weeks, 

4 = 26 weeks, 5 = 52 weeks 
Curtate duration at end of year of experience 

(maximum = 8,99 = unknown) 
I = level, 2 = increasing, 3 = decreasing, 

5 = lump sum, 9 = other types 
l = medical, 2 = non-medical, 3 = non- 

selection limit applies, 4 = unknown 
I = level annual, 2 = recurrent single, 3 = 

increasing annual, 4 = other 
0 = no exclusions, 1, 2, 9 = specific types; 

7 = exclusion may or may not be present; 
8 = exclusion present, but reason unknown 

00 to 99 (in ElOOs taken to the nearest higher 
multiple of E100 per annum) 

0 = benefit reduced; 1 = benefit not reduced 

01-70 (classification code omitting C or CE) 

No Data Combination Card is required if all values of a given variable are to 
be included. Any number of sets of Data Combination Cards can be handled in 
one run leading to separate summaries. A maximum of fifteen Data Combination 
Cards may be used in any one set. 

The first card in each set is a header card, giving the set number and the 
number of Data Combination Cards that will follow it. Each card in the set gives 
the set number, the reference number of the variable to  be tested, the code for the 
test required and up to seven values for which the test is to  be applied. If the test 
is (3) or (4), only one value can be given. 

As an example of how the Summaries Create program works, suppose that the 
Sub-Committee wish to analyse the experience of all offices combined, males 
only, deferred 1 week, durations 5 and over (but excluding 'unknown'), excluding 
recurrent single premium cases and including only those that are known to have 
medical exclusions and disability codes 2C-27. This operation would need one 
header card and eight Data Combination Cards. The header card would be 
punched as follows: 

Column Data punched Description 
1 4  0123, say Set number 
5-6 000 Type of card 
7-8 08 Number of Data Combination 

Cards in set 
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The next card in the set would be as follows: 

Column Data punched Description 
1-4 0123 Set number 
5-6 02 Number of variable to be tested 
7 1 Selection code 
8-19 001 Value of field to be tested 

This card selects aggregates which are wded 001 in field 2, i.e. males. 
The second card tests variable 5 for value equal to 001 and so selects deferred 

period of 1 week from the aggregates selected by the previous card. The third 
card tests variable 6 for value not less than 005 and so selects duration 5 and 
over from the aggregates selected by the previous cards. The fourth card also 
operates on variable 6 to select, by code 2, those aggregates whose field value is 
not 099 and so selects only known durations. The fifth card selects aggregates 
which are not coded 002 in valiable 9, i.e recurrent single premium. The sixth 
card operates on variable 10 to select aggregates with values 001, 002, 008 or 
009, i.e. those with specific types of exclusion. The seventh card selects aggregates 
with not less than code 20 in variable 13 and the final card selects those not 
greater than 27 in variable 13, thereby separating the sickness causes required. 

Thus the data to be analysed are separated from the whole body of data and 
the summary derived from the set of Data Combination Cards is referred to by 
its yearlset number-thus set 0123 of 1972 data is designated 720123. The 
output from the Summaries Create Program is a Summaries Tape. Each sum- 
mary on the tape contains a copy of the Data Combination Cards that were 
used to create it. 

When results are required from the system, any required summaries are 
extracted by the Summaries Extraction program; similar summaries for different 
years being added together if required and written into a Summaries Extracted 
File. This is achieved by means ot results parameter cards which are laid out in 
the following form: 

Column Description 
1 4  Results set number 
5-6 Card number in set 
7-10 Data combination set number 

11-30 Marker for years 1972-1991: 
for each year 1 = required 

0 = not required 

The program also checks that the details of the Data Combination Cards are the 
same on each summary to be combined. A warning is printed if they are not. 

The following Results Print program calculates expected claims on a basis to 
be defined, ratios of actual to expected claims and, optionally, actual rates of 
sickness for the six sickness periods referred to earlier and prints the results. The 



Investigation of Sickness Statistics 55 

sickness rates for the calculation of the expected claims are read in from a set 
of Basis Cards and the rates actually used so far are Manchester Unity AHJ 
Rates 1893-97. The details of the printing of the results are defined by a Print 
Parameter Card which allows the following choices to be made: 

Printing of individual ages andjor quinquennnial sub-totals 
Choice of quinquennial groupings 
Minimum value of expected sickness below which AjE is suppressed 
Whether actual sickness rates are to he calculated and printed. 

All tapes used by the system are retained until the end of the year's running, 
except results tapes which are discarded immediately. When each year's running 
is complete all tapes are discarded except for: 

In-force records (all offices combined) 
Claims records (all offices combined) 
Aggregates 
Summaries. 

The in-force and claims tapes contain all data submitted, so that no basic 
information is ever lost. The aggregate tape contains all the information that the 
present system is designed to use and it will only be necessary to go back to the 
in-force and claims records in the event of a major modification of the system. 
The claims records will eventually be needed for the disability annuity investiga- 
tion. 

The summaries tape contains information relating to all years and is updated 
annually, so that the current tape includes all past information. 

There is always the possibility that a magnetic tape will become unreadable 
if it is stored for any long period of time, and so the procedure adopted (except 
for the summaries tape, which is never more than a year old) is to copy each 
tape at the end of a year's running and to keep both copies. Once a year there- 
after each copy is again copied and the copy made 2 years previously is discarded. 
Thus two copies of each tape are always held, one created within the last year 
and one a year earlier. 

The last three generations of the summaries tape are held and a copy of this 
tape is taken at the end of each year. 

This description of the computer system is a condensed version of a full report 
prepared by Mr G. T. Humphrey. It omits the description of some facilities 
built into the system for such special purposes as correction of data errors, 
control prints, etc. The Sub-Committee wishes to acknowledge the valuable 
work done by Mr Humphrey and Pensions and Insurance Computer Services. 



T H E  GRADUATION O F  PENSIONERS' AND O F  
ANNUITANTS' MORTALITY EXPERIENCE, 

1967-70 

1. lNTRODUCTION 

1.1. In the paper 'Considerations Affecting the Preparation of Standard 
Tables of Mortality' (J.I.A. 101, 133 and T.F.A. 34, 135), the Committee pre- 
sented a new graduated table for assured lives, 'A1967-70'. In the same paper, 
and in a report 'Mortality of Immediate Annuitants' (C.M.I.R. 1, 29), the 
Committee explained why they did not at that time think that it was appropriate 
to prepare a new standard table for the annuitants. Also in the paper the Com- 
mittee examined the pensioners' experience and recommended 'that two 
graduated tables of mortality be constructed, one for males and the other for 
females to exhibit faithfully the experience in 1967-70 of "lives" who retired at 
or after the normal age'. Nothing was said in the discussions at the Institute and 
the Faculty to encourage the Committee to change its mind about the pensioners' 
experience but the Committee nevertheless feels that it should explore the 
possibility of giving further guidance to the profession and this matter is 
referred to again in paragraph 3.16. On the other hand the Committee gained 
the impression that new graduated tables of the experience of male and female 
annuitants who have purchased annuities since 1956 might be welcomed even 
though the experience to date for this apparently new class of lives is heavily 
weighted with the shorter durations. This paper presents new graduated tables 
of mortality rates for male and female pensioners and for male and female 
annuitants derived directly from the experience of the years 1967-70. In none 
of the cases does the graduated table make any explicit allowance for future 
improvements in mortality. 

2. THE CHOICE OF A FORMULA 

2.1. In the Institute discussion on the A1967-70 graduation, Professor R. E. 
Beard had criticized the formula used on the grounds that it did not readily allow 
comparison of its parameters with those of other tables at different times (such 
as A1949-52) or in other countries. For the same reasons the Committee felt too 
that the use of an ad hoc formula for each graduation, however well it fitted the 
experience, was not wholly satisfactory. The formulae that had been used for 
various recent graduations included Beard's variation of Perks' formula (for 
A1949-52) : 
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Barnett's variation of Makeham's formula (for A1967-70): 
qJpX = A + B . c X - H . x  

Logistic plus Normal (for ELT11 and 12): 
b 

m, = u + ~ + ~ - ~ .  ('-X,) + c .  e-8  . (X-.$ 

It can be shown that each of these is a variation of a straightforward logistic 
curve : 

1 
(m, or)q, = A +B . 

l +exp (-C-Dx) 
and it was thought that a more powerful variation would be to allow the 
exponential term to contain, not just a linear function of X, but a polynomial of 
whatever degree was required. First experiments with the pensioners' experience 
showed that in fact satisfactory results could be obtained with A = 0.0 and 
B = 1.0, so the formula could be rearranged yet again to give: 

e w  ( F W  
= I +exp (~(x))  

1 
= 1 + exp ( ~ ( x j )  

or log (qJpJ  = F(x) where F(x) is a polynomial in x of whatever degree is 
appropriate for the data. The item log (qJpJ can also be termed the log of the 
odds of dying. 

The above form, namely: 
n 

log ( q h 3  = F(x) = C a$ 
r - 0  

has therefore been used for all the graduations, with the degree of the polynomial, 
n, being adjusted appropriately. It can be seen that, since the range of log (q,/pJ 
is potentially from -m to + m, the function can be appropriately represented 
by a polynomial function of X, which is less appropriate for the representation 
of q,, whose maximum range is from 0 to 1. 

2.2. The method used to determine the parameters, {a,], for any value of n 
for each set of data was the same as for the A1967-70 data, namely the method 
of maximum likelihood. The parameters are chosen so as to maximize the log 
likelihood function: 

L' = C {A, . log q,+(ER,-AJ . log (P,)} 
X 

where A, is the number of actual deaths at age x and ER, is the exposed to risk 
at that age. The function L' is described by Edwards (in Likelihood, Cambridge, 
1972) as the 'support function' and he shows that a difference of 2.0 in this 
function is equivalent to a deviation of two standard deviations about the mean, 
roughly implying significance at the 5% level. This observation can be used in 
determining the order of the polynomial to be used. If an additional term 
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improves the level of support by 2.0 or more then it shows a significant improve- 
ment in the fit of the curve, and the extra term should be included. However, if 
the improvement in the level of support is less than 2.0 then the extra term does 
not add significantly to the fit of the curve, and it should be rejected. 

2.3. An incidental convenience of the form of curve and the method used is 
that the maximum value of the support function is found when 

3 {A,-ER, q,} = 0 for r = 0 to n* 
.X 

so that at the maximum value the totals of actual and expected deaths are equal, 
and so are the moments of actual and expected deaths up to as many moments 
as there are terms in the polynomial. The method, therefore, produces the same 
results as the method of moments for the logistic form of curve though not 
necessarily for other formulae for q,. However, this fact cannot be used to 
facilitate the calculation of the values. 

2.4. In addition to the level of support test mentioned above the same tests of 
a satisfactory graduation as were described in the previous paper have been used 
again for these graduations, namely: a runs test, t(r), and a serial correlation 
coefficient test, t(p), to test whether the graduation goes satisfactorily down the 
middle of the data; and a ,yZ test, t(,y2), to test whether the fit of the data to the 
binomial model is satisfactoly. For 'amounts' data in the pensioners' experience 
an assumption of independence for each pound of annuity is of course quite 
inappropriate, so that values of and of the level of support are unsuitable; 
how this was dealt with is explained in paragraph 3.6. 

3.1. The basic statistics for the pensioners' experience were published in the 
paper 'Considerations . . .'. Tables in that paper showed exposed to risk and 
actual deaths for individual ages for eight groups of data, classified in pairs: 

Males Retirements at or after normal retiring age 
Females)by{ Retirements before the normal age }b{.?~nnts 
*This can be shown as follows. The log likelihood function L' is at a maximum when 

aL'lan. = 0 for all a.. But L' 
= Z{A,. log g,+ (ER=-A3 . log P,} 

X 

= ,X{&. log (~,IPJ-ER,. log (IlpJ} 
X 

= ,X(A,. F(x)-ER, .log (I +exp(F(x)))) 
X 

since log (q,/pJ = F(x) and lip, = l+exp(F(x)). But 

aL' -- - ,X{X'(A,-ER~.~J} r =  Oton. 
an, 
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The statistics for ages up to nearest age 50 and for ages from 101 onwards are 
not available for single years of age, and they have therefore been ignored. This 
involves the loss of 40 actual deaths and 936 exposed to risk in the Males, Early, 
Lives data and 9 actual deaths and 2725 exposed to risk in the Females, Early, 
Lives data. The statistics for each single year up to age 107 will be collected from 
offices from 1975 onwards. The statistics for single years of age from 51 to 60 
were available to the Committee and have been used for the graduations, 
although they were shown grouped in the earlier paper. 

3.2. In the eight sets of data, by far the largest exposures are those for Males, 
Normal, as  can be seen from the following table: 

Lives Amounts (E) 
Exposed Actual Exposed Actual 
to risk deaths to risk deaths 

Males, Normal 833,442 45,860 125,639,566 5,754,895 
Males, Early 162,856.5 8,784 28,640,701 1,165,059 
Females, Normal 170,2003 3,829 13,794,287 255,435 
Females, Early 30,368.5 638 2,286,171 37,945 

The bulk of the exposure for normal retirements is in the years after 65 for males 
and 60 for females; for early retirements there is a reasonable volume for both 
sexes down to age 55. However, the exposure is very scanty for both Males and 
Females, Normal, below age 59 and above about age 94 and for Males and 
Females, Early, above about age 88. This restricts the range of validity of the 
tables, especially in the lower direction. 

3.3. The restricted lower age range is no disadvantage if the tables are used 
only for the mortality of pensioners retiring at or after a normal retirement age 
of 60 or more. Of importance for early retircmcntr is that thc statisticr 
show that almost ccrtainlv mortalitv in the vcws irnmediatelv follonine enrlv 
retirement is high, and that, in aggregate, it hec~ines with advancing a&. ~h;s 
feature wuld be caused either by the mortality of those retiring at a certain age 
actually falling in the years subsequent to retirement, or by the high mortality 
of those who retire early a t  an early age (and therefore presumably because of 
severe ill-health) being diluted by the addition to the experience of others 
retiring only shortly before their normal age (and not being, on average, in such 
poor health). Which is the case cannot be determined without having the data 
subdivided by duration since retirement, and offices are contributing data in this 
form from 1976 onwards. But whichever is the case, a table based on such aggre- 
gate data is quite inappropriate for calculating annuity values for a person 
retiring at any specific age. 

3.4. The discrepancy between the experience by lives and the experience by 
amounts was fully discussed in the earlier paper, and the wnclusion there was 
that there was probably a genuine difference between the mortality by lives and 
by amounts, but that the statistics available possibly exaggerated the difference 
because of various 'time-trends' in the size of annuities being paid. 
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3.5. In spite of the arguments against using the amounts data and the early 
retirements data for standard tables, the Committee felt that it was useful to 
prepare graduations of each of the eight sets of data, purely for the purpose of 
comparing the levels of mortality one with another. The formula discussed above 
was used, namely: 

1% (q,lpJ = 

using a quadratic function for F(x). In fact, by a transformation of scale of x 
and the use of Chebyshev polynomials the formula for F(x) used was: 

A + B . t f C . ( 2 t Z - l ) ,  

where t = (X-70)/50, so that t = -1, 0, + l  at X = 20, 70, 120 respectively. 
The advantages of using a formula expressed in Chebyshev polynomials in this 
way are that the values of A ,  B and C are a convenient order of size, are easily 
comparable from one graduation to another, change only to a moderate extent 
when the second-degree term is omitted or when a third-degree term, D .  (4t3 - 
3t), is added, and can be thought of as representing a level, a slope, and a second- 
degree adjustment respectively, all centred on age 70. 

3.6. In order that the amounts data might be of the same scale as the lives 
data, the numbers of exposed to risk and of actual deaths were divided by a 
factor, the same for all ages, but different for each set of data, so that the total 
number of exposed to risk was the same for amounts as for lives. The factors 
and the adjusted total data are shown in the table below: 

Factor (average 
pension per 
life exposed 

to risk) Exposed to risk Actual deaths 
(S) (£1 (Units) ( E )  (Units) 

Males, 
Normal 150.74782 125,639,566 833,442 5,754,895 38,175.6 

Males, 
Early 175.86465 28,640,701 162,856.5 1,165,059 6,624.7 

Females, 
Normal 8 1.04728 13.794.287 170.200.5 255.435 3.151.7 . . 

Females, 
Early 75.28100 2,286,171 30,368.5 37,945 504.0 

This allowed values of xZ and of the support function for amounts data to be of 
the right order of size. 

3.7. The results of the graduations using a quadratic function (three para- 
meters) for F(x) are summarized in Table 1. The values of Z (A-E) and E (A-E) 
are near zero in each case, confirming that the repeated approximation method 
has produced a result very close to the exact maximum. The results of the tests 
can be summarized: 
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(a) Runs test: the number of runs is always just below the number expected, 
i.e. t (r)  is positive in every case, but not substantially so except in one case, 
that of Females, Normal, Amounts, where t ( r )  at 1.77 exceeds the desired 
value of 1.65 (but not by much). 

(h) Serial correlation test: t (p )  is no greater than 0.88 a t  the maximum, which is 
quite satisfactory. 

(c) 2'-test: for lives, the values of X', grouped to eliminate cases where the 
expected deaths are less than 5, are quite satisfactory in three cases out of 
four. In the fourth case, Males, Normal, Lives, the values are too big. A 
study of the individual ages shows that this high value derives substantially 
from the ages from 64 nearest to 66 nearest, which contribute 20.74 to a 
grouped 70.25. The crude values of q,- + in this area are: 

X qx-+  

63 0.02792 
64 0.03366 
65 0.03322 
66 0.03177 
67 0.03595 

It is clear that no satisfactorily smooth curve for q, will be anything else 
than low for age 64 and high for age 66 as compared with these crude values. 
It is not clear what the reasons might be for this irregularity in the experience. 
It is possible that some 'normal' retirements at age 63 or 64 in fact take place 
because of some degree of ill-health, though perhaps after a full 40 years 
service. While, if actual retirements are not evenly spread across the calendar 
year, the census method of calculating the exposed to risk, which assumes an 
average exposure of half a year for new entrants, will not satisfactorily 
represent the true exposure; however, there is no reason to suppose that 
such an irregular distribution of retirements in fact occurs, except to the 
extent that retirements may occur on the first of a month, so that the average 
exposure in the first year is 6+ months rather than exactly 6. 

3.8. Each of the normal retirement graduated curves slopes upwards with 
age, and the parameters are comparable in size: A is between -3.1 and -3.4; 
B is between +4.3 and +54 ;  and C is fairly small, being less than 0.53 in 
absolute value. But for the males, both lives and amounts, C is small and 
negative, whereas for the females C is positive. A negative C implies that F(x), 
and hence q,, has a maximum value at some high age, and a positive C implies 
correspondingly a minimum value at some low age; but in these four cases the 
turning points are well outside the age range in question. However, the female 
rates do exceed the male rates at high ages, overlapping at age 98 for normal 
and age 88 for early retirements, whereas otherwise the female rates are lower 
than the males. In both cases these crossing points are outside the range where 
there is any substantial amount of data. 
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The early retirement curves show a quite different set of shapes. In each case 
C is positive and quite large, ranging from + 1.6 to +4,9, indicating a strong 
second-degree effect. In fact all four curves have a minimum within the useful 
age-range-at 56 for Males, Early, Lives; 46 for Males, Early, Amounts; 58 for 
Females, Early, Lives; and 60 for Females, Early, Amounts. For Males, Early, 
Lives this minimumis amply justified by the dataas the following table of Actual/ 
Exposed to risk shows: 

Nearest ages Actual deaths Actual/Exposed to risk 
51-55 108 ,05512 
56-60 819 ,04438 
61-65 3,077 ,04741 

For females the quantity of exposure is less, hut the same feature clearly exists to 
Some extent: 

Nearest ages Actual deaths Actual/Exposed to risk 
51-55 25 ,01575 
56-60 118 ,01642 
61-65 164 ,01613 
66-70 127 .01886 

3.9. The value of ,y2 for amounts data do not have the same use as for lives 
data, but the calculated values are of some interest. If all lives had the same 
amount of pension, then the amounts experience would he identical with the 
lives experience. If all lives had the same probability of death, but differing 
amounts, then the average mortality rates experienced in the amounts investiga- 
tion would be the same as for lives, hut the divergences from that average at 
individual ages would be expected to be greater, and hence the values of zXZ at 
individual ages, and also x2 would also be greater, the amount of the increase 
depending on the distribution of amounts. If the lives at any one age do not 
have the same probabilities of death, then the variances (the 2,') of the data for 
individual ages will also be increased-both for lives data and amounts data. 
The increase in for the amounts data over the x2 for lives data, therefore, 
gives some indication of the distribution of amounts per life and of the lack of 
homogeneity in the probabilities of death. The table below shows the values of 
xZ  for the different graduations (using ungrouped data): 

Lives ,yZ Amounts ,y2 Ratio AIL 
Males, Normal 77.51 223.14 2.88 
Males, Early 55.09 86.28 1.57 
Females, Normal 47.94 83.75 1.75 
Females, Early 35.43 39.89 1.13 

The implication of the figures in the final column is that the variation in size of 
amount is greater for males than for females, and greater for normal retirements 
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than for early retirements. One has to take into account also the 'time-trend' of 
average amounts, but these implications are not unreasonable, although they 
would require solider evidence from more complete data before being accepted 
as fact. 

3.10. Although the quadratic function for F(x) seemed to  provide satisfactory 
results, it was appropriate to investigate whether a polynomia: of different degree 
would be more satisfactory. Accordingly, a cubic function for F(x) was tried: 

A + B .  t+C . (2 t2 - l )+  D.(4t3-3t) 
and the results of this were compared with the three-parameter graduations. In 
five cases out of the eight there was no substantial increase in the value of the 
support function, and no substantial reduction in the value of yZ. The values of 
D were generally small (less than 0.5 in absolute magnitude). However, in three 
cases, the improvement was significant. These were: Males, Early, Lives; 
Males, Early, Amounts; Females, Normal, Amounts. But in every case the 
improvement was gained by having a substantial negative D, which resulted in 
the curve of q, rising to a rather low maximum between 95 and 100 and then 
falling away sharply. 

3.11. In the other direction, trials were then made with a simpler, linear, 
function for F(x): 

AI-B.  t, 
and the results again compared with the three-parameter graduations. As might 
be expected, the graduations of the Early retirement data were all very much 
poorer with only two parameters. The second-degree term is essential to repre- 
sent the real decline in the curve in the 50s. But for each of the sets of Normal 
data the two-parameter graduations produced results not significantly worse 
than the three-parameter ones. Indeed, in the case of Males, Normal, Lives, 
the value of t(,y2), being based on more degrees of freedom, was slightly reduced. 
The values of A and B were not substantially changed from the three-parameter 
graduations, and the shapes of the curves of q, were quite satisfactory. The 
results of the graduations for all sets of data are summarized in Table 2, and 
shown in detail for Males, Normal, Lives; Males, Normal, Amounts; Females, 
Normal, Lives; and Females, Normal, Amounts in Tables 3-6 and in Figures 
1 4 .  

3.12. Table 7 shows the ratios (as percentages) of the graduated qs for each 
quinquennial age for each of the possible paired comparisons of corresponding 
data, using the two-parameter graduations for Normal and the three-parameter 
graduations for Early. First are shown qs for Amounts as a percentage of Lives 
for four combinations; then Early as a percentage of Normal; then Females as 
a percentage of Males. The results of course confirm the general tendencies 
evident in the crude data. Amounts rates are lower than Lives rates, but the 
rates converge at higher ages, and for Females the Amounts rates from age 95 
(Normal) or 85 (Early) are higher. Early rates at the young ages are much higher 
than Normal, but the differences reduce up to 75-80, and then widen again; 
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indeed for Females, Early, rates are below Normal at ages 7C75 (Lives) or 80 
(Amounts). The sharp rise in the ratio at the highest ages results from the 
quadratic term in the formula that is needed to fit the lower ages and is not 
justified by the data. Female rates are substantially lower than Males except at 
the highest ages (Early), where again the exposure is scanty. 

3.13. The Committee felt that there was no justification in using a more com- 
plicated formula than was necessary to fit the data for the published tables and 
therefore suggest that the two-parameter formulae should form the basis of 
graduation of the data for Males and Females, Normal, using both lives and 
amounts. The tables can be referred to for convenience as Peg 1967-70 (mL), 
(mA), (fL) and (fA) respectively, i.e. 'Pensioners'experience graduated. . . males 
Lives, etc.' Values of q, for these tables for ages from 50 to 114 inclusive are 
shown in Table 8, and depicted in Figure 5. 

3.14. The values of q, for the graduated experience tables for pensioners are 
compared with corresponding values for some other tables (including the new 
annuitants experience graduated--aeg 1967-76see 4) in Tables 9 and 10. 
For males, Peg 1967-70 (mL) is seen to be substantially higher than a(55) 
ultimate at ages up to 85, and higher than A1967-7Gthe 1967-70 assured lives 
table-at ages up to 90. It is higher even than ELT 12 (Males) below age 60, 
but rather lower thereafter except at the highest ages. The result is to show 
pensioners' mortality beyond the common retirement ages as being intermediate 
between assured lives' and population mortality, and below the common retire- 
ment ages as being noticeably high. The Amounts rates, Peg 1967-70 (mA), are 
lower than the Lives, but show the same sort of features. For females, pensioners' 
mortality is relatively better. Peg 1967-70 (fL) is below ELT 12 (Females) at all 
ages, but it is above a(55) ultimate at ages above 55. No female assured lives 
table is available for comparison. 

Female Amounts rates, Peg 1967-70 (fA), are better, being lower than a(55) 
up to age 75, and substantially lower than ELT 12 (Females) except at age 100. 
The results are consistent with female pensioners being a rather more select 
group than male pensioners, possibly including proportionately more women 
from professional and clerical occupations. 

3.15. Tables 11 and 12 show selected annuity values using Peg 1967-70 
mortality and also a(55) ultimate (and aeg 1967-70) for males and females, at 
rates of interest of 0%, S%, 10% and 15%. From this it can be seen that the 
Peg 1967-70 (mL) and (fL) Lives annuity values are generally lower than those 
for a(55) ultimate, except for males above about age 85. For males at age 65 the 
Peg 1967-70 (mL) values are 9&95% of the a(55) values, depending on the rate 
of interest used, while for females at the same age the values are closer, Peg 
1967-70 values being some 97-99% of the a(55) values. The Amounts annuity 
values are closer to a(55) for both sexes. For males, the (mA) values exceed a(55) 
above about age 75, and at age 65 the values are 97-98% of a(55). For females, 
the (fA) values are very close to  a(55), the values in the table being between 
97.6% and 100.6% of a(55) throughout. The use of the new Lives tables by life 
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offices for calculation of premiums and reserves woulcl result in a reduction of 
premium rates and a weakening of reserves as compared with 455); the use of 
the Amounts tables would have less effect, but on balance the change would 
also be towards weakening the basis. 

3.16. In paragraph 5.15 of the paper 'Considerations . . .', the Committee 
suggested that offices might be willing to use monetary functions derived from 
the experience tables and to adjust them in the light of the comparison of their 
own experience with that of the experience of all offices in 1967-70. The Com- 
mittee now feels, however, that for a number of reasons the production of 
monetary functions based on the graduated tables derived from that experience 
might itself lead offices to believe that they had an authority which is not 
justified. The Committee has decided, therefore, to publish the rates set out in 
this report but to undertake further investigations to see whether it is possible 
in the reasonably near future to offer for consideration by the profession some 
better set of tables for use by offices than is available at the present time. The 
difficulties which will need to be solved include questions relating to  allowance 
for future improvements in mortality, doubts about the appropriateness of using 
either the lives table, which is relatively heavily weighted with the lower amounts 
with which are presumably associated heavier mortality, or the amounts table, 
which contains a number of confusing features to which reference was made in 
the earlier paper. The Committee cannot stress too strongly that the present 
tablcs t>f Fridu3ted rates ha\e been produced solely 3% 3. stanJard ofcompariwn 
for ofices. They do not purport to projide 3 iui t~ble tool for the calculation of 
premiums or reserves without adjustment being made for one or more of a 
number of possible reasons. It would, in the opinion of the Committee, be quite 
inappropriate for an office which is currently using lighter mortality than appears 
in the present tables to change to a heavier basis for calculation of premiums or 
reserves. 

4. THE A N N U I T A N T S  EXPERIENCE 

4.1. The note 'Mortality of Immediate Annuitants' (C.M.I.R. 1,29) describes 
the mortality experience of immediate annuitants in the period 1967-70, and 
compares it with that of the earlier periods 1959-62 and 1963-66. Comparisons 
of annuitants' mortality in recent years have been confused by the break in the 
class of person effecting annuities after the Finance Act, 1956. All the pre-1957 
contracts were at least 10 years old by the beginning of 1967; the post-1956 
contracts are no more than 14 years old by the end of 1970. Statistics were 
collected by individual years of complete duration from 0 to 4 and for '5 and 
over' split into pre-1957 and post-1956 data, for males and females separately. 
We therefore have 14 sets of data: 

""les } by { Durations 0, 1, 2, 3, 4, 5 and over (post-1956), 
Females 5 and over (pre-1957) 
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I t  was decided to use only the post-1956 data for the construction of standard 
tables. The pre-1957 5 and over experience was also graduated but the results are 
used only for comparison with the post-1956 data. 

4.2. Statistics are available by single ages for nearest ages 51-100 inclusive. 
For ages below 51 or above 100 the returns from offices were grouped; these 
groups contain very little exposure, except for the pre-1957 females where 81 
deaths occur in the over 100 group, and they have not been used in the gradua- 
tions. 

4.3. The same general methods were used for annuitants as for pensioners. 
The problems that required solving were: 

(a) What select period to use? A select period of only 1 year had been found 
convenient for the 455) tables. 

(h) What order of polynomial to  use in the logistic formula? Would only two 
parameters be sufficient, as for the pensioners? 

(c) What to do about ages below 50, where there is no experience, or even 
between 50 and 60 where there is very little exposure? The a(S5) tables were 
extended down to age 20 on the basis of current assured lives mortality, and 
rates for ages as low as this are in fact used by life offices for the calculation 
of, for example, reversionary annuities. 

4.4. The female exposure is considerably larger than the male. The exposed 
to risk and actual deaths for each experience are shown in the following table. 

Male Female 
Exposed Actual Exposed Actual 

Duration to risk deaths to risk deaths 

0 8,231 256 16,273 348 
l 8,036 339 16,518 483 
2 7,338.5 368 16,001 S16 
3 6,586.0 315 15,496.5 583 
4 6,065.5 331 15,145.5 618 
5 and over (post-1956) 26,472 1,985 71,704.5 3,473 
5 and over (pre-1957) 11,568 1,464 75,969.5 7,133 

With such numbers we find that the 'gates' (to use the terminology of the paper 
'Considerations . . .') are rather wide, so it is not difficult to find a curve which 
fits the data; but the confidence limits one can place on the curve are also rather 
wide, so that any one of quite a number of curves would fit. 

4.5. Females. The females wereconsideredfirst. Apreliminary graduation witha 
quadratic function for F(x), i.e. three parameters, gave satisfactory graduations 
at all durations. The graduated rates for 5 and over (post-1956) were then used 
as a basis for comparing actual and expected deaths for the other durations. 
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The following table shows the percentage ratios of actual to expected on this 
basis: 

Duration 0 1 2 3 4 5 and over 5 and over 

It was clear from this that durations 3 and 4 should certainly be amalgamated 
with the 5 and over (post-1956) data. The graduated rates for durations 1 and 2 
overlapped, and there was therefore no justification for separating them. The 
value of for the data for durations 1 and 2 combined, as compared with the 
5 and over (post-1956) data, showed that mortality at these durations was 
significantly lower, but not exceptionally so. It therefore seemed reasonable to 
amalgamate all durations from 1 upwards (excluding the pre-1957 data) and to 
prepare tables on the basis of 1 year's selection. 

4.6. Alternative graduations were then carried out using only two parameters, 
i.e. a linear form for F(x). For duration 0 the value of the support function was 
only slightly smaller than with three parameters, and the other tests were satis- 
factory. For durations 1 and over the support function increased by 2.3, which 
is more than the acceptable 2.0. 

4.7. Then, in the other direction, the number of parameters was increased to 
four, giving a cubic form for F(x). For duration 0 there was an improvement of 
1.3 in the support function, at the expense of a curiously shaped curve immedi- 
ately outside the main age-range. There was no advantage here. However, for 
durations 1 and over the value of the support function improved by 2.8, t(x2) 
reduced from 2.45 to 1.93 for the grouped data, and the shape of the curve was 
not unreasonable within the age-range 55-1 15. But q, reached a minimum at 
age 49 (rising below this age) and a maximum at age 115 (falling above this age). 
The drop at high ages is of no significance and can be eliminated by taking q, 
as constant above age 115. At the lower end it is clear that the graduated values 
for ages 50-54 or so are unreasonably high in comparison with other tables, and 
need adjustment. But overall the fit is sufficiently improved to prefer this fonr- 
parameter graduation to the three-parameter one. 

4.8. Increasing the number of parameters yet further for the data for durations 
1 and over, i.e. to five parameters, giving a quartic form for F(x) produced no 
significant improvement in the support function. It therefore seemed best to use 
the two-parameter graduation for duration 0 and the four-parameter one for 
durations 1 and over; the ratios of select g[,, to ultimate q, on these bases were 
for the most part reasonable, except at the extreme ages. 

4.9. The data and the graduation results are shown in Tables 13-17. Table 13 
shows the graduation parameters and test results for the graduations using two, 
three and four parameters for duration 0 and for durations 1 and over. Tables 
14 and 15 show the details of exposed to risk and actual and expected deaths 
for the duration 0 two-parameter graduation and the duration 1 and over four- 
parameter graduation respectively which are shown graphically in Figures 6 
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and 7. Tables 16 and 17 give the basic data of exposed to risk and actual deaths 
for all the other separate durations, namely: 1, 2, 3, 4, 5 and over (post-1956) 
and 5 and over (pri-1957). 

4.10. Males. Before describing how the female tables were completed it is 
convenient to discuss the graduations of the male data. The first maduations 
showed exceptionally highUvalues of for both sets of 5 and ove;data. This 
was accounted for by values of z, (= (A,- E,)/ JEX at age 94 nearest of 5.9 
and 6.0 in the two sets of data. A closer Iook at the original data showed the 
following numbers of deaths in each calendar year: 

Male annuitants: durations 5 and over (post-1956) 
Age (nearest) (1967) (1968) (1969) (1970) 

92 6 10 12 7 
93 5 11 13 14 
94 2 4 6 47 
95 4 6 9 2 
96 0 2 0 1 

Durations 5 and over (pre-1957) 
(1967) (1968) (1969) (1970) 

It was clear that some unusual feature was present at age 94 in the year 1970, 
and it was not accounted for by errors of transcription of the data. Offices who 
had contributed to these deaths were asked if they could identify the annuitants 
by name. Many offices could do so, and it transpired that of 54 identified deaths 
in the combined pre-1957 and post-1956 data some 41 were of a Mr A and 3 of 
a Mr B, so there were only 12 separate lives for the 54 policies. The Committee 
previously imagined that duplicate lives in the annuitants investigation were 
insignificantly few in numbers. This investigation showed that on certain occa- 
sions they were not. It was decided to reduce the number of deaths recorded at 
age 94 by 30 for each of the sets of 5 and over data, and to reduce the exposed to 
risk by 15 at age 90, and by 30 at each age from 91 to 94 inclusive, on the 
assumption that all these policies must have been in force for the whole period 
of the investigation. The adjusted statistics were used thereafter, and are quoted 
in all the ti~bles that follow. 

4.11. As for the females, the first graduations used a quadratic function for 
F(x), i.e. three parameters. The graduated rates for 5 and over (post-1956) were 
again used as a basis for comparing actual and expected deaths for the other 
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durations. The followmg table shows the percentage ratios of actual to expected 
on this basis: 

5 and over 5 and over 
Duration 0 1 2 3 4 (post-1956) (pre-1957) 
100 A/E 62.8 80.5 89.7 80.1 85.4 100.0 115.6 

Although there was less sign of the select rates running quickly into the 5 and 
over rates than was the case with the females, the number of deaths in each case 
was sufficiently small and the values were also sufficiently low for it to be 
difficult to justify using a different select period for males than for females. The 
statistics for durations 1 and over (post-1956) were therefore amalgamated. 

4.12. The initial three-parameter graduation showed satisfactory results with 
only one exception: the number of runs for the duration 0 data was uncom- 
fortably low, giving t(r) = 3.25 (only 13 runs over 50 ages). However, inspection 
of the data (shown graphically in Figure 8) indicated that a much higher order 
of polynomial would be needed to provide a satisfactory fit, and the gates were 
so wide that a very simple curve would readily pass between them. Alternative 
graduations withonly two parameters were therefore tried, and these gave results 
very similar to the three-parameter ones, with only a small increase in the value 
of the support function in each case. The two-parameter graduations seemed, 
therefore, to  he satisfactory and no further trials were made. 

4.13. The data and the graduation results for males are shown in Tables 18-22, 
corresponding to Tables 13-17 for the females. The graduation parameters and 
test results are shown in Table 18 only for the two-parameter and three-para- 
meter graduations, and Tables 19 and 20 show details of exposed to risk and 
actual and expected deaths for durations 0 and 1 and over for the two-parameter 
graduations, also shown graphically in Figures 8 and 9. 

4.14. Extensions to young and old ages. There is insufficient exposure for either 
sex below about age 60 to construct any satisfactory mortality rates based on 
the actual experience. Nevertheless it is convenient, if only for a comparison of 
future experience (e.g. of pensioners' widows) with some standard, for the 
published mortality rates to extend down to younger ages. Experience with the 
existing tables has also shown that it is inconsistent to have annuitant mortality 
rates at the younger ages at a higher level than the rates shown in the assured 
lives table relating to similar years of investigation, as is the case with a(55) and 
A1949-52. For this reason it is felt that the A1967-70 tables provide the most 
suitable basis for extension to the younger ages of annuitants. They do, of course, 
relate only to male lives and can therefore only be used as they are to extend 
the male annuitants table. A comparison of the graduated rates for durations 2 
and over from A1967-70 with those for durations 1 and over for male annuitants 
showed that the curves crossed between ages 65 and 66, the annuitants rates 
being higher below this age and the assured lives' higher above it. 

A smooth blend between the two curves was obtained by using a quintic 
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blending function over the ages 5&65, thus taking gradually increasing account 
of the annuitant data as the exposure increases. The function used was: 

k,  (annuitants g,) + (l - k 3  (A1967-70 qJ 

where 
k,  = (8+ 15t- 10t3+3t5)/16 and I = (x-57.917.5 

The graduated rates for male annuitants for duration 0 are so far above the 
A1967-70 rates for either duration 0 or duration 1 that the assured lives rates 
gave no useful guidance. The graduated male annuitants duration 0 rate at age 
65 was 70.7% of the duration 1 and over rate, and the same ratio was used for 
all lower ages to obtain artificial duration 0 rates for the male annuitants. 

4.15. For the females there are as yet no assured lives rates, so an artificial 
table was constructed by using population rates from 'English Life Table No. 
I2-Males and Females', and by reducing the A1967-70 proportionately, i.e. 

These artificial rates crossed the female annuitants rates between ages 66 and 67 
in a similar manner as for the males, so the same system of blending was used, 
again between ages 50 and 65. The female duration 0 rates at age 65 were 
49.7% of the duration 1 and over rates, and the same ratio was used for all lower 
ages to obtain artificial duration 0 rates for the female annuitants. 

4.16. At the highest ages the graduated male rates were quite well behaved 
and no adjustments were necessary. But for the females, first, the graduated 
duration 1 and over rates reached a maximum around age 115 and declined 
thereafter, and, secondly, the duration 0 rates rose above the male duration 0 
rates at age 91 and even above the female duration 1 and over rates at age 99. 
The necessary adjustments were, in the first place, to make q, = g,,, for all 
X 2 115, and in the second, to make g[,, = 0.75 g, for all X 2 86. The conse- 
quences of these adjustments are not material. 

4.17. The final tables, so graduated, extended and adjusted are shown in 
Table 23 and in Figure 10, for both sexes, both select and ultimate. They can be 
denoted the aeg 1967-70 males and aeg 1967-70 females tables-i.e. annuitants' 
experience graduated 1967-70. It should be noted that the graduated rates are 
quoted to eight decimal places, whereas any rates based on arbitrary adjustments 
are quoted to only six decimal places. In neither case are more than about the 
first three figures of any significance. Select rates, ql,, are not quoted above age 
100. The extended and adjusted rates are also shown on each of Figures 6-9, 
from which it can be seen that in no case do the adjustments seriously disagree 
with the actual experience. 

4.18. Cunpdri.wo.s. Table 24 shous various comparisons bctn em the mortality 
mtes of the UCP 1967-70 tnblcs: select rate, as a ncrccntxc of the ultimate for 

U 

each sex, and the female rates as a percentage of the male rates for each duration. 
Tables 9 and 10 show comparisons between the aeg 1967-70 tables and various 
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other tables. in parhcular the 455) tables. For males the aeg 1967-70 ultimate 
rates are higher than those of 455) from ages 55 to 65, and the select rates are 
higher from ages 50 to 75. This is not inconsistent with changes in population 
mortality, where the improvement has been least at these middling male ages. 
For females the aeg 1967-70 tahles are lower than a(55) throughout. 

4.19. Tables 11 and 12 show selected annuity values for aeg 1967-70 select 
and ultimate in comparison with a(55) and Peg 1967-70 values. The new tahles 
show rather higher annuity values than 455) at most ages, the increase being 
greatest for males at high ages (1 1-15% up at age 85, &9% up at age 75) and 
then for females at high ages (7-1 1% up at age 85, &9% up at age 75). For males 
at age 55 there is a small decline in the annuity value a t  higher rates of interest. 
It is clearly not possible to approximate to aeg 1967-70 mortality by a constant 
age adjustment to the 455) tahles, because the relative changes at different ages 
have been so different. 

4.20. The Committee considers that it should pursue with urgency its search 
for a suitable way to prepare standard tables with full monetary functions broadly 
corresponding to the present a(55) tables, particularly since there is no simple 
way of making use of the existing tables while allowing for changes in mortality 
since they were produced. As soon as the Committee has some proposals to put 
to the profession they will be exposed to scmtiny. The Committee is also aware 
of the particular responsibility for producing justifiable mortality rates for 
annuitants since they are required for a variety of purposes including the statu- 
tory calculation of capital content factors for immediate annuities. Meanwhile, 
the Committee feels that it is right for the graduated rates to he published so 
that they can be used as a standard of comparison by life offices and they will 
be so used by the Committee in reporting on annuitants' experience starting 
with the combined 4-year experience of 1971-74. Nevertheless, the Committee 
must repeat its warning that the tahles are not necessarily appropriate for the 
calculation of premiums or reserves since they make no explicit allowance for 
possible future improvements in mortality. 
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INDEX TO TABLES 

1. Pensioners 1967-70: test statistics, etc. for three-parameter graduations. 

2. Pensioners 1967-70: test statistics, etc. for two-parameter graduations. 

3. Pensioners 1967-70: Males, Normal, Lives: details of graduation. 

4. Pensioners 1967-70: Males, Normal, Amounts: details of graduation. 

5. Pensioners 1967-70: Females, Normal, Lives: details of graduation. 

6. Pensioners 1967-70: Females, Normal, Amounts: details of graduation. 

7. Pensioners 1967-70: Comparison of experiences. 

8. Peg 1967-70: mortality rates. 

9. Comparison of mortality rates, males. 

10. Comparison of mortality rates, females. 

11. Comparison of annuity values, males. 

12. Comparison of annuity values, females 

13. Female annuitants 1967-70: test statistics, etc. 

14. Female annuitants 1967-70: duration 0: details of graduation. 

15. Female annuitants 1967-70: durations 1 and over: details of graduation. 

16. Female annuitants 1967-70: durations 1,2 and 3: basic data. 

17. Female annuitants 1967-70: durations 4, and 5 and over (post-l 956 and pre- 
1957) : basic data. 

18. Male annuitants 1967-70: test statistics, etc. 

19. Male annuitants 1967-70: duration 0: details of graduation. 

20. Male annuitants 1967-70: durations 1 and over: details of graduation. 

21. Male annuitants 1967-70: durations 1 ,2  and 3: basic data. 

22. Male annuitants 1967-70: durations 4, and 5 and over (post-1956 and pre- 
1957): basic data. 

23. aeg 1967-70: mortality rates. 

24. aeg 1967-70: comparison of rates. 
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Table I .  Pensioners 1967-70: graduation parameVers, lerf sralislics and ralues of qs for preliminary three-parameter 
gruduations 

Formula: log(q,/p,) = A + B ~ + c ( ~ I " ~  where t = (X-70)/50 

Experience 

Ages uwd ("wrest) 
Parameters 

A 
B 
C 

Actual deaths 
Z(A-E) 
E(A-E) 
-L' 

Using single ages: 
Runs, r 

I(P) 
Using grouped ages: 

4 ,. 
Degrees of freedom 

Kx2) . ~~ ~ ~~ 

Values of y' and ,(X') based on (scaled) amounts data are shown in italics. 

Io'x*': 
Ag= 

50 86~7 157 4,668 2.518 
55 1,353 1,070 4,398 2,738 
60 2,101 1,720 4,509 3,176 
65 3,224 2,729 5,031 3,926 
70 4,883 4,261 6,097 5,163 
75 7,280 6,533 8,WZ 7,195 
80 10,649 9.801 11,294 10,560 
85 15,223 14,327 16,919 16,124 
90 21,168 20,304 26,251 25,075 
95 28,497 27.757 40.471 38.382 

l00 36.993 36.452 58,659 55.350 

Males, 
Normal, 

Lives 

51.100 

-3.1569 
+4-2865 
-0.1875 
45,8b9 
0-03 
1-04 

172,675-9 

25 
0.27 
0.88 

702 
39 

3.08 

Males, 
Normal, 
Amounts 

51-100 

-3.3655 
+4.5M7 
-0.2533 
- 

0 0 5  
0-57 

150.547.6 

25 
0.11 

-1.48 

214-2 
40 

11.81 

Males. 
Early, 

Amounts 

51-97 

-1-2381 
+3-2021 
+ 1-6726 

-0.08 
-2.76 
27,431 2 

20 
1.20 
0.29 

82-9 
37 

4.33 

Females, 
Normal, 

Liver 

51-99 

-33911 
+5.1817 
+W2849 

3,829 
0 0 0  

-0-28 
17,477.6 

23 
0.59 
0.02 

40-9 
33 

098  

348 
560 
91 1 

1,494 
2,470 
4,101 
6.806 

11,202 
18,062 
28,035 
41,051 

Fcmalen, 
Normal. 
Amounts 

51-99 

-3.2483 
+5.3487 
f0.5229 
- 

-002 
-065 
14.980.5 

19 
1.77 
022  

69.5 
33 

3.73 

319 
506 
817 

1,345 
2,251 
3,820 
6,540 

11,180 
18.780 
30,251 
45,376 

Fcmales, 
Early, 
Lives 

51-93 

+0.4177 
1-3.8937 
+41242 

638 
0-00 

-0.08 
3,033.3 

21 
0.46 
0-02 

31.5 
34 

-025 

1,900 
1,579 
1.544 
1,775 
2,397 
3,788 
6,928 

14.233 
30,379 
57,504 
83,190 

Females. 
Early, 

Amounts 

5 1 4 3  

+ 1.0220 
+4.0570 
+4.8896 

0.00 
-0.12 

2317.4 

17 
1-56 
0.84 

35.2 
28 

0-98 

1.935 
1.471 
1,355 
1,514 
2,MR 
3,344 
6.507 

14,550 
33,624 
64,696 
88,965 

Valuer of g, which nrs in h reglon where actual deaths at each a ~ e  are generally less than 5 w e  shown in italics. 



Table 2. Pensioners 1967-70: fraduarion parameters, test .stati.rtic.v and uolues of 4. for fwo-prrramefer graduarions . 
Formula: log (qx/px) = A+& where t = (X-70)lSO 

Males, Males, Millss, Males. 
Normal, Normal, Early, Early, 

Experience Lives Amounts Lives Amounts 

Ages used (nearest) 51-100 51-103 51-97 51-97 
Parameters 

A 
B 

Actual deaths 
T(A-E) 
=(A-E) 
-L' 

Using single ages: 
Runs, r 25 21 20 22 

r ( r )  0.27 1.08 0.86 0.22 
f @ )  0-96 -1.43 2-84 1.09 

Using grouped ages: 
XI 72.7 213-6 129-8 107-5 

Degrees of freedom 41 41 37 35 
I(X1) 3.06 11.67 7.57 6.36 

Values of y' and r(yz) based on (scaled) amounts data arc shown in italics. 

losxq,: 
Ages 
50 940 733 2,739 1,687 
55 1,426 1,143 3,405 2.2W 
M) 2,157 1,777 4,227 3,023 
65 3.251 2,753 5,236 4,033 
70 4.871 4.244 6,469 5,362 
75 7,240 6,487 7,969 7,096 
80 10,631 9,794 9.779 9.316 
85 15,348 14,526 11,948 12,189 
W 21,650 21,011 14,521 15,764 
95 29.635 29,396 17,537 20,145 

103 39,095 39,456 21,OZS 25,378 

Females, 
Normal, 

Liver 

51-99 

-36666 
+5.2448 

3,829 
0.00 

-003 
17,4780 

23 
0.66 
0.12 

42.4 
34 

1.02 

313 
S27 
888 

1,490 
2,493 
4,140 
6,801 

10,977 
17,241 
26,035 
37,293 

Females, 
Normal. 
Amounts 

51-99 

- 3.7520 
+S4434 
- 

0.02 
0.40 

14,981.5 

19 
1.82 
0.32 

72.9 
34 

3.89 

265 
456 
784 

1,343 
2,293 
3.888 
6.517 

10,726 
17,155 
26,301 
38,083 

Fcmales, 
Early, 
Liver 

51-93 

-3-5034 
f3.5383 

638 
0.03 

-0.24 
3,023.0 

16 
1.98 
3.06 

75.3 
30 

459 

726 
1,030 
1,461 
2,069 
2,922 
4,111 
5,756 
8,Wl 

11,026 
/S,Uo4 
20,094 

Valuer ofq. which arc in a region where actual deaths at each age are generally less than 5 are shown in italics. 

Females, 
Early, 

Amounl~ 

51-93 
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Table 3. Pensioners 1967-70: Males, Normal, Lives: exposed to risk and com- 
parison of actual deaths with those expected according to the graduated table, 

namely: 
log (qJpJ = -2.9718602+4.2142613 (x-70)/50 

Exposed 
to risk 
ER, 

35 
40 
48 
72 

100.5 

165 
235.5 
270.5 
316 
939.5 

2,070 
2,570.5 
3,080 
3,6835 

41,232.5 

90,159 
91,679 
85,674.5 
76,582.5 
67,050.5 

57,747 
49,322 
42,466 
36,716 
31,940 

27,836 
23,907 
20,3043 
16,926 
13,790 

11,263 
8,995 
6,9663 
5,376 
4,0075 

Graduated 
9r 

.009801 
,010654 
.011580 
,012585 
,013677 

,014862 
.016148 
,017543 
,019056 
,020697 

,022476 
,024404 
,026494 
,028756 
,031206 

,033858 
.036726 
,039827 
443178 
446797 

,050704 
,054918 
.OS9460 
,064353 
,069618 

,075279 
,081360 
,087886 
,094882 
,102371 

.l10380 
,118932 
,128052 
,137761 
,148082 

Actual 
deaths 

A, 
0 
1 
0 
1 
2 

0 
3 
2 
9 

21 

48 
55 
86 

124 
1,370 

2,864 
3,296 
3,355 
3,378 
3,206 

2,971 
2,701 
2,575 
2,414 
2,330 

2,044 
1,917 
1,762 
1,607 
1,422 

1,191 
1,092 

870 
742 
583 

Expected 
deaths 
E, 

0.34 
0.43 
0.56 
0.91 
1.37 

2.45 
3.80 
4.75 
6.02 

19.44 

46.53 
62.73 
81.60 

105.92 
1,286.72 

3,052.58 
3,366.98 
3,412.14 
3,306.67 
3,137.78 

2,928Ol 
2,708.66 
2,525.04 
2,362.77 
2,22349 

2,095.46 
1,945.08 
1,784.49 
1,M15.97 
1,411.70 

1,243.21 
1,069.80 

892.07 
740.60 
59344 

Zr = 

Deviation 
&-Ex d M 1  -gx) 

-0.34 1 
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Table 3 (continued). 

Exposed Actual Expected 2, = 

to risk Graduated deaths deaths Deviation 
ER, PS A, E, A,-E, JEAI -9,) 

3,004 ,159033 433 477.74 -44.74 -2.23 
2,165 ,170632 362 369.42 -7.42 -0.42 
1,528 .l82893 286 279.46 f6.54 f0.43 
1,067.5 ,195827 231 209.05 f21.95 f1.69 

731 ,209441 149 153.10 -4.10 -0.37 

523 ,223738 136 117.02 C18.98 f1.99 
327.5 ,238717 81 78.18 +2.82 C0.37 
219.5 ,254369 61 5543 +5.17 f0.80 
130 ,270684 40 35.19 +441  f0.95 
79 ,287640 22 22.72 -0.72 -0.18 

47.5 ,305215 8 14.50 - 650 -2.05 
23.5 ,323376 4 7.60 -3.60 -1.59 
16 ,342085 1 5.47 -4.47 -2.36 

833,442 45,860 45,860.00 0.00 
xZ  = Total r,' = 72.74 

Table 4. Pensioners 1967-70: Males, Normal, Amounts: exposed to risk and 
comparison of actual deaths with those expected according to the graduated table, 

namely: 
log (qJp,) = -3.1 163671 +4.4802968 (x-70)/50 

(Exposed to risk and deaths are measured in units of £150.75) 

Exposed Actual Expected Zs = 

Axe 
A -E to risk Graduated deaths deaths Deviation A~ge 

X ER, 4s A, E, A,-E, E )  x 



991 
Total 

The Graduation of Pensioners' and of 

Table 4 (continued). 
Actual Expected 

Graduated deaths deaths Deviation 
41 A, E, A,-% 

,018567 91.38 108.70 -17.32 
,020272 114.23 139.83 -25.60 
,022131 165.48 168.22 -2.75 
,024155 117.92 196.10 -78.19 
,026360 1,469.48 1,235.94 +233.54 
,028760 2,73643 2,812.30 -75.47 
,031371 3,081.20 3,024.32 C56.87 
,034212 2,918.74 3,010-85 -92.12 
,037299 2,851-06 2,852.27 -1.21 
,040653 2,52330 2,645.67 - 122.17 
,044296 2,487.42 2.460.49 +26,93 

-52.10 
+133.14 
+46.86 

+119.11 
+ 19.45 
-36.16 
+40.59 

-107.41 
-2.94 

-42.63 
- 68.54 
+ 26.8 1 
+537  

+43.29 
- 34.87 
+ l 5 5 5  

+0.38 
+ 15.22 
- 11.42 
+ 13.20 
+8.78 
- 1.96 

+ 14.44 
-6.38 

-11.31 
-6.21 

-0.35 
-0.52 
+0.02 

= Total z,' = 
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Table 5. Pensioners 1967-70: Females, Normal, Lives: exposed to risk and 
comparison of actual deaths with those expected according to the gradiated table, 

namely: 
log ( q J p 3  = -3.6665812+ 5.2448241 (X-70)/50 

Exposed 
Age to risk 

X ER, 

50) 14.5 
511, 10 
521, 21 
531 23 
546 89.5 

5% 165 
564 211.5 
579 277.5 
58t 385.5 
59g 4,9265 

601 11,535 
61+ 12,416.5 
626 12,772.5 
63$ 12,835 
646 13,102.5 

656 13,110 
669 12,206 
674 11,072 
689 9,7845 
69+ 8,658 

709 7,607.5 
71t 6,718 
726 5,887 
73t 5,1303 
741 4,403 

754 3,687.5 
769 3,022 
774 2,403 
786 1,879.5 
794 1,410.5 

806 1,090 
81t 825 
W 649.5 
83+ 513.5 
841 390 

Graduated 
41 

,003295 
GO3658 
.004061 
.004508 
.005004 

m5554 
G136165 
,006842 
,007593 
.008426 

,009349 
,010372 
.011506 
,012762 
,014154 

,015695 
~017400 
.019288 
,021375 
,023683 

,026234 
,029051 
.032160 
.035590 
,039371 

443536 
,048119 
.053158 
,058692 
,064763 

,071414 
.078691 
.OX6639 
,095308 
,104745 

Actual 
deaths 

A, 
0 
0 
0 
0 
0 

0 
3 
2 
3 

54 

115 
131 
129 
145 
200 

195 
234 
197 
209 
229 

200 
195 
194 
186 
163 

131 
147 
115 
117 
99 

76 
58 
53 
54 
46 

Expected 
deaths 

E, 
0.05 
0.04 
0.09 
0.10 
0.45 

0.92 
1.30 
1.90 
2.93 

41.51 

107.84 
128.79 
146.96 
163.81 
185.45 

205.76 
212.39 
213.55 
209.14 
205.05 

19937 
195.16 
189.33 
182.60 
173.35 

16054 
145.42 
127.74 
110.31 
91.35 

77.84 
64.92 
56.27 
48.94 
40.85 

Deviation 
A,-Ex 
- 0.05 

-0.09 
-0.10 1 
-0.45 

-0.92 
+ 1.70 
+O.IO 
+ 0.07 

+ 12.49 

+7.16 
+2.21 
- 17.96 
-18.81 
+ 14.55 

- 10.76 
+21.61 
- 16.55 
-0.14 

+23.95 

f0.43 
-0.16 
+ 4.67 
+ 3.40 

-10-35 

-29.54 
+ 1.58 
- 12.74 
+ 6.69 
+ 7.65 

- 1.84 
-6.92 
-3.27 
+506  
+515  



Exposed 
to risk 

ER, 
297.5 
203 
151 
114 
76 
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Table 5 (continued). 

Actual Expected 2, = 

Graduated deaths deaths Deviation 
9s A, E, A,-E. J E ~ I - ~ , )  

,114997 47 34.21 + 12.79 t2.32 
.l26111 21 25.60 -4.60 -0.97 
,138132 21 20.86 +@l4  +0.03 
.1511N 22 17.23 +4.77 +1.25 
,165053 12 12.54 -0.54 -0.17 

.l80021 11 9-09 +1,91 +@70 
,196028 5 5.59 -0.59 -0.28 
,213088 6 3.20 t2.80 + 
.23 1206 2 2.20 -0.20 
,250374 0 2.13 -2.13 

.270572 2 2.16 -0.16 

.291766 0 0.88 -0.88 I -2,OI 
,313905 0 0.78 0 . 7 8  
,336924 0 0.34 -0.34 

3,829 3,829-M) 0.00 - 
X' = Total 2,' = 42.36 

Table 6. Pensioners 1967-70: Females, Normal, Amounts: exposed to risk and 
comparison of actual deaths with these expected according to the graduated table, 

namely: 
log (qJp,) = -3.7520391 +F4433637 (X-70)/50 

(Exposed to risk and deaths are measured in units of £81.05) 

Exposed Actual Expected 2, = 

Age to risk Graduated deaths deaths Deviation A,-Ex ___ Age 
X ER, 4. A, E, J E A - ~ , )  X 

50: 38.67 .M)2801 0.00 0.11 -0.11 50h 
519 16.58 ,W3122 0.W 0.05 -0.05 514 
524 28.24 W3480 0.00 0.10 -0.10 5 2  
53* 48.27 ,003879 0.00 0.19 -0.19 +@S2 531 
54: 163.93 ,004323 0.00 0.71 -0.71 546 

55t 336.96 .CO4818 0.00 1.62 -1.62 551 
561 504.79 .CO5369 7.40 2.71 +4.69 561 
579 586.20 .W5983 3.01 3.51 -0.50 

- 0.67 57t 
586 773.50 906666 3.70 5.16 -1.45 58h 
591 6,501.51 %Q7427 77.39 48.29 t29.10 +4.20 591 



Exposed 
Age to risk 

X ER, 

60* 14,289.36 
616 14,618.49 
621 14,333.02 
639 14,095.97 
641 14,136.59 

65g 13,879.74 
661 12,409.19 
676 10,806.83 
683 9,066.77 
694 7,620.12 

7 M  6,32937 
711 5,43645 
721 4,706.98 
731 4,04337 
74+ 3,36132 

75t 2,696.72 
761 2,206.32 
77+ 1,658.66 
781 1,36747 
799 997.00 

801 799.20 
81t 605.87 
821 470.49 
839 352.16 
841 261.30 

851 197.74 
86t 149.99 
871 94.23 
881 76.1 5 
899 46.66 

90: 30.35 
919 15.20 
921 7.01 
931 5.02 
94t 8.50 

95t 9.97 
961 2.21 
971 6.01 
989 2.94 
Total 170,200.51 

Annuitants' Mortality Experience, 1967-70 

Table 6 (continued). 
Actual Expected z, = 

Graduated deaths deaths Deviation A,-E, 

4s A, Ex Ax-Es JE,(I-q,) 

+0.96 
-0.65 
- 1.92 
-1.01 

+0.02 
X' = Total 2,' 



Table 7 .  Pensioners 1967-70. Ratios (as o percentage) of graduated rates, using two-parameter graduations for 
Normal, three-parameter graduations for Early, for each comparison of corresponding pairs of data Y 

Amounts as per cent of Lives Early as per cent of Normal Females as per cent of Males S- 
Males, Males, Females, Females, Males, Males, Females, Females, Normal, Normal, Early, Earlv. 9 

Age Normal Early Normal Early Lives Amounts Livm Amounts Lives Amounts Lives . 
50 78.0 53.9 
55 80-2 62.3 
60 82.4 70.4 
65 84.7 78.0 
70 87-1 84.7 
75 89.6 89.9 
80 92.1 93.5 
85 94.6 95.3 
90 97-0 95-5 
95 99.2 94.8 

100 IW.9 94.4 

Ratios based on rates in the 

84.7 
86.5 
88.3 
90.1 
92.0 
93.9 
95.8 
97.7 
99.5 
101.0 
102.1 

regions 

101.8 496.6 
93.2 308.4 
87.8 209.0 
85.3 1544 
85.4 125.2 
88.3 110.5 
93.9 106.2 

102.2 110.2 
110.7 121.3 
112.5 136.6 
106.9 150.0 

where actual deaths a1 

343.5 6074 730.2 
239.5 299.6 322.6 
178.7 173.9 172.8 
142.6 119.1 112.7 
135.8 96.1 89.3 
110.9 91.5 86.0 
107-8 101.9 99.8 
111.0 129.7 135.7 
119.3 176.2 196.0 
130.6 220.9 246.0 
140.3 223.1 233.6 

each age are generally less 

33.3 
37.0 
41-2 
45.8 
51.2 
57.2 
64.0 
71.5 
79.6 
87.9 
95.4 

; than 5 are 

36.2 
39.9 
44.1 
48.8 
54.0 
59.9 
66.5 
73.8 
81.6 
89.5 
96.5 

shown in 

40.7 
35.9 
34.2 
35.3 
39.3 
47.3 
61.3 
84.1 
115.7 
142.1 
141.8 

italics. 

. . 
Amounts ~ g e  g 
76.8 50 3 

F' 53.7 55 
42.7 60 
38.6 65 ' 
39.7 70 3 
61.6 80 
90.2 85 9 *" 
134.1 90 
6 8  95 8 
160.7 100 q 
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Males, Lives 
(mL) 

.XI940034 

.01021855 
~01110718 
.01207214 
.01311983 

.01425713 
,01549146 
,01683084 
,01828387 
.01985981 

,02156859 
.02342089 
.02542813 
.02760254 
.02995717 

,03250594 
,03526368 
,03824614 
.M147000 
,04495290 

44871345 
.05277120 
,05714666 
4f5186121 
,06693709 

.07239733 

.07826560 

.OS456618 

.09132371 
,09856309 

.l0630920 
,11458670 
.l2341970 
,13283145 
,14284397 

Males, Amounts 
( m 4  

,00732954 
.00801113 
.00875554 
,00956846 
.01045606 

.01142505 
,01248270 
,01363691 
,01489624 
,01626994 

,01776803 
~01940135 
.02118157 
.02312129 
.OX23406 

,02753445 
.03003808 
.03276169 
.03572317 
,03894156 

44243715 
44623143 
.05034711 
,0548081 3 
,05963960 

,06486775 
,07051983 
,07662404 
.OS320933 
.09030523 

.09794161 
,10614838 
.l1495519 
.l2439098 
,13448360 

Females, Lives 
(f L) 

.W312712 
,00347177 
.W385425 
,00427869 
,00474964 

.00527216 
40585183 
40649481 
.00720793 
.00799872 

.00887550 
,00984742 
.01092460 
.01211818 
.01344038 

,01490467 
,01652582 
.01832003 
.02030500 
.02250012 

,02492650 
,02760716 
.03056706 
.03383327 
.03743501 

,04140374 
04577321 
,05057948 
,05586087 
,06165792 

.06801323 
,07497127 
.OS257806 
W088084 
.09992750 

Table 8. Peg 1967-70: values of q, 
Formula: log (q,/p,) = A + B  (X-70)/50 

Males, Lives (mL)  A = -2.9718602 B = f4.2142613 
Males, Amounts (mA) A = -3.1 163671 B = +4,4802968 
Females, Lives ( f L )  A = -3.6665812 B = +5.2448241 
Females, Amounts (fA) A = -3.7520391 B = +5,4433637 

l Females, Amounts Age 



Males, Lives 
(m 

,15347762 
,16475073 
.l7667903 
,18927527 
,20254861 

.21650421 
,23114263 
24645947 
,26244482 
,27908299 

,29635215 
.31422412 
,33266435 
,35163185 
,37107947 

.39095410 

.41119725 

.43174552 

.45253144 

.47348426 

,49453089 
.S1559691 
.S3660766 
,55748922 
,57816952 

39857925 
,61865282 
,63832909 
.65755210 
,67627156 
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Table 8 (continued). 
Males, Amounts 

(mA) 
.l4525925 
,15674195 
,16895294 
~18191000 
,19562683 

21011234 
22536992 
,24139684 
,25818364 
.27571351 

.29396196 
,31289643 
,3324761 8 
.35265231 
,37336798 

.39455885 
,41615369 
,43807526 
.46024130 
,48256574 

,50495999 
32733437 
,54959946 
,57166766 
,59345442 

.61487956 
,63586839 
,65635263 
.67627121 
.69557075 

Females, Lives Females, Amounts Age 



Table 10. Values of 10Sq, and 105qI,, by warions tables: Females 
105u7 (ultimate) I 10Su,.,(select) 
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Table 9. Values of 105q, and 1O5qIX1 by various tables: Males 

. .. . . . . . 
Age Peg 1967-70 aeg Age 

X W) (fA) 5 5  ELT 12 1 9 i ~ 7 0  1 455) 1967-70 X 

1OJq, (ultimate) 
Age Peg 1967-70 A aeg 
x (mL) (mA) 455) 1967-70 ELT 12 1967-70 

20 118 89 119 89 
25 128 69 99 69 
30 139 65 115 65 
35 168 86 155 86 
40 230 144 235 144 
45 349 264 399 264 
50 940 733 547 479 728 479 

10sq~q,,, (select) 
A aeg Age 

a(55) 1967-701967-70 x 

71 66 63 20 
77 47 49 25 
83 44 46 30 

101 60 60 35 
138 102 102 40 
209 174 186 45 
328 286 338 50 
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Table 1 1 .  Comparison of annuity ualues (a,) by various tables: Males 

Rate of Age 
interest x 

0% 55 
65 
75 
85 

Peg 1967-70 
(mL) ( m 4  
19.158 20.420 
12.555 13.391 
7307 7.944 
4.078 4.228 

oeg 
1967-70 
(select) 

21.742 
14.455 
8.811 
4.907 

12.180 
9.336 
6.462 
3.990 

8.022 
6.673 
5.021 
3.342 

5.859 
5.114 
4.070 
2.864 

~ ( 5 5 )  
(select) 

21.445 
13.936 
8.098 
4.241 

Table 12. Comparison of annuity values (a,) by various tables: Females 

Rate of Age 
interest x 

0% 55 
65 
75 
85 

5% 55 
65 
75 
85 

10% 55 
65 

Peg 1967-70 
(fL) (fA) 

W443 25.417 
16.653 17.053 
9.927 10.126 
5.133 5.169 

13.263 13.464 

455) 
(select) 

25,349 

(select) 

26.538 
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Table 13. Female annuitants 1967-70: graduation parameters, test statistics, and 
values of q,  for graduafions of data for dzirations 0 and 1 and ouer (post-1956) using 

using two, three and four parameters 
Formula: Iog(q,/p,) = A +B!+ C (2tZ - I )  + D(4t3 - 3t )  where t = ( X -  70)/50 

Experience Duration 0 Durations 1 and over 

Graduation 2-pars 3-pars 4-pars 2-pars 3-pars 4-pars 
Ages used (nearest) 51-100 51-100 51-100 51-100 51-1W 51-100 
Parameters 

A -4.4521 -34484 -6.4936 -3.8814 - 3 4 5 4  -2.4116 
B +6.1370 t5.7613 + 14.8741 +52600 +4.9226 + 1.7242 
C - +0.6071 -2,1301 - +0.4688 + 1.4950 
D - +3.0390 - - 1.0501 

Actual deaths 348 348 348 5673 5673 5673 
Z(A-E) 0.00 0.00 -0.01 -0.02 0.01 0.04 
XZ(A-E) 0.01 0.00 -0.12 -0.92 0.27 0.25 
-L' 1506.2 1506.0 1504.7 21625.6 21623.3 21620.6 

Using single ages: 
Runs, r 22 22 22 28 24 24 

t(r) 1.10 1.10 1.10 -0.58 0.57 0.57 
0) -0.31 -0.33 -0.75 0.68 0.34 -0.06 

Using grouped ages: 
X' 28.9 28.2 26.1 70.5 66.8 59.7 

Degrees of freedom 29 28 28 42 42 41 
W )  0.05 0.09 -0.20 2.77 2-35 1.93 

105 xq,: Ages 
50 100 14I 30 251 336 600 
55 185 230 111 424 514 678 
60 340 384 307 715 799 876 
65 627 656 673 1,204 1,265 1,262 
70 1,152 1,148 1,257 2,020 2,035 1,971 
75 2,107 2,049 2,149 3,372 3,317 3,250 
80 3,825 3,716 3,608 5,576 5,457 5,490 
85 6,844 6,800 6,347 9,084 9,005 9,207 
90 11,949 12,382 12,300 14.462 14.741 14.839 

Values of q, which are in a region whereactual deaths at each agearegenerally less than 5 are 
shown in italics. 
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Table 14. Female annuitants 1967-70: duration 0 :  exposed to risk and comparison 
of actual deaths with those expecfed according to the graduated table, namely: 

log (qJp,) = -4,4520890 + 6.1370401 (x-70)/50 

Age to risk 
x ER, 

504 34.5 
511 39 
526 48.5 
53f 65 
54h 101 

554 142.5 
561 118.5 
574 175 
586 197 
596 491 

601 646.5 
616 452.5 
62f 504.5 
634 527 
644 717 

656 817 
661 681 
67& 640.5 
681 663.5 
699 710.5 

70h 741.5 
716 668 
72f 651 
7 3  6723 
74i 601 

756 6245 
761 557.5 
771 519 
786 448 
794 454.5 

SO& 415 
Sl& 375.5 
82t 301 
83t 294.5 
844 272 

Graduated 
41 

W1063 
.001202 
W1358 
,001536 
,001736 

.W1962 
,002218 
G32507 
,002833 
,003202 

,003618 
W4089 
404620 
.W5221 
035898 

.006664 
,007527 
,008502 
039601 
.010842 

.012240 

.013817 
,015593 
,017593 
,019845 

.022379 

.025227 
,028428 
,032022 
,036053 

440570 
445626 
.051279 
.057590 
,064625 

deaths 
A, 

0 
0 
0 
0 
0 

1 
0 
0 
3 
2 

0 
3 
1 
2 
2 

4 
3 
8 

11 
7 

8 
16 
9 

13 
17 

14 
11 
14 
13 
13 

15 
14 
16 
19 
18 

Actual Expected A,-E, 
deaths Deviation z, = Age 

E, A,-E. 4Ex(1 -4,) 



Exposed 
Age to risk Graduated 
x ER, 4r 

859 U 8  ,072453 
866 174 .081147 
879 125.5 ,090782 
889 125 ,101435 
891 684 .l13182 

904 48.5 ,326099 
916 44.5 .l40256 
921 40 ,155720 
931 23 ,172547 
941 12 ,190782 

951 7.5 ,210453 
96+ 3 .231572 
974 3.5 .254128 
989 1.5 ,278086 
99t 1 ,303384 

Total 16,273 - 
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Table 14 (continued). 
Actual Expected &-E, 
deaths deaths Deviation z, = - -4% 

A, E, A,-& J ~ ~ ( 1 - q ~ )  
17 16.52 +0.48 +0.12 859 
9 14.12 -5.12 - 1.42 86+ 

11 11.39 -0.39 -0.12 879 
14 1268 +1.32 +0.39 88* 
8 7.75 i-0.25 f0.09 as+ 
5 6.12 -1.12 - 0.48 909 
9 6.24 +2.76 f l .19 914 
2 6.23 -4.23 -1.84 92+ 
5 3.97 +1.03 

i 
931 

3 2.29 f0.71 949 

5 1.58 f3.42 959 
1 0.69 +0,31 +2.05 969 
0 0.89 -0.89 976 
1 0.42 +038 981 
1 0.30 +W70 996 

348 348.00 0.00 
x1 = Total 2,' = 28.87 

Table 15. Female annuitants 1967-70: durations 1 andouer (post-1956): exposed 
to risk and comparison of actual deaths with those expected according to the 

graduated table, namely: 
log(q,/pJ = -2.41 15886+ 1.7242068t + 1.4950480(2t" l )  - l.OjOOj34(4t -3 t )  

where t = (X-70)/50 
Exposed Actual Expected A,-Es 

Age to risk Graduated deaths deaths Deviation z, = Age 
X ER, qx A, E, A,-& d ~ ~ ( 1 - q ~  

50+ 111 ,006038 1 0.67 +0.33 

1 
50* 

514 166.5 .006132 0 1.02 - 1.02 519 
52t 224 ,006266 3 1.40 + 1.60 + 1.27 526 
539 290.5 .006441 3 1.87 +] . l3 534 
546 386 .W6658 4 2.57 +1.43 544 

55g 513.5 ,006921 2 3.55 -1.55 5% 
566 676.5 407231 4 4.89 -0.89) -0'84 561 
57+ 8W.5 ,007594 6 6.23 -0.23 -0.09 576 
586 984 .XI8014 8 7.89 f0.11 +O.M 5% 
59a 1,246 ,008497 15 1059 +441 + 1.36 599 

60+ 1,813 .GO9049 8 16.41 -8.41 -2.08 6M 
616 2,497.5 ,009677 16 24.17 -8.17 -1.67 614 
626 2,9483 .010391 28 30.64 -2.64 -0.48 62+ 
634 3,3613 .011200 40 37.65 +235 + 0.39 631 
646 3,758 .012116 42 45.53 -3.53 -0.53 646 

G 
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Table 15 (continued). 
Exposed 

Age to risk Graduated 
x ER, qx 

6% 4,2325 .013151 
669 4,770 .014319 
671 5,082 ,015637 
68h 5,314 .017123 
699 5,611 ,018797 

951 173 ,231449 
969 108 ,248128 
97t 714 .265019 
98% 43.5 ,281989 
991 30.5 -298900 

Total 134,8653 

Actual 
deaths 

A, 
71 
79 
78 
89 

124 

112 
98 

147 
159 
204 

208 
217 
234 
241 
269 

280 
284 
268 
278 
269 

297 
258 
255 
186 
168 

167 
111 
110 
67 
S6 

42 
27 
21 
15 
4 

5,673 

Expected A,-E. 
deaths Deviation r, = 

JEAI-9,)  

X'= Total zX2 = 59.74 
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Table 16. Female annuitants 1967-70: exposed to risk and actual deaths 

Duration 1 
ER, 
24 
40.5 
47 
49 
75 

113 
153.5 
126 
180 
214 

5233 
675.5 
482 
521 
557.5 

727.5 
828 
710.5 
659.5 
660.5 

730.5 
731.5 
698 
663 
682 

586.5 
620.5 
539.5 
532 
473.5 

473.5 
410 
382.5 
303 
293 

241 
210.5 
166.5 
105 
105.5 

Duration 2 Duration 3 
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Age 
X 

906 
919 
924 
934 
94& 

9% 
96t 
97t 
986 
99t 

Total 

Table 16 (continued). 
Duration l Duration 2 Duration 3 
ER. A, ER, A, ER. A, 
61 13 90.5 14 79.5 16 
50 4 54.5 11 67.5 5 
31.5 9 48 12 43 8 
31.5 2 19 5 28 7 
12.5 4 17.5 4 17.5 5 

7 2 10.5 3 8 3 
4.5 1 5.5 1 4 0 
0.5 0 2.5 1 5 1 
4.5 0 1 1 3 1 

1.5 0 2.5 0 

16,518 483 16,001 516 15,496.5 583 

Table 17. Female annuitants 1967-70: exposed to risk and actual deaths 

Duration 4 
ER, A, 
13.5 0 
18.5 0 
23.5 0 
48.5 1 
64 1 

54.5 0 
58 1 
89 0 

157 2 
187.5 1 

184.5 0 
205.5 1 
261.5 3 
531.5 6 
696 12 

488 6 
513.5 12 
519 10 
680 9 
743 22 

672 8 
649.5 16 
634 12 
631.5 20 
680 20 

Durations 5 and 
over (post-1956) 

ER, A, 
42.5 1 
57 0 
66.5 0 
90 0 

145 2 

215.5 2 
256.5 2 
303 3 
350 4 
506.5 9 

693.5 3 
847 6 
996 9 

1,135.5 16 
1,4953 14 

1,957 38 
2.200.5 36 

Durations 5 and 
over (pre-1957) 

ER, A, 
273 1 
38.5 0 
48.5 0 
67 0 
84.5 0 

96 1 
122.5 0 
149 1 
204.5 3 
245 3 

286 0 
356.5 3 
415 5 
495 4 
580 13 

665.5 19 
757.5 6 
893.5 17 

1,040.5 25 
1,183 29 

1,334.5 30 
1,559.5 47 
1,828.5 78 
2,1324 77 
2,426.5 107 
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Table 17 (continued). 

Duration 4 

Total 15,1453 618 

Durations 5 and 
over (post-1956) 

ER, A, 
3,230 133 
3,142.5 117 
3,074.5 139 
3,018.5 159 
2,946 162 

2,891 168 
2,751.5 180 
2,534.5 178 
2,256.5 175 
2,040 168 

1,820.5 197 
1,507.5 157 
1,255 171 

995.5 121 
771.5 111 

6135 113 
468 79 
361 69 
279 48 
198 38 

133.5 29 
88 22 
€05 18 
29.5 12 
23.5 4 

71,704.5 3,473 

Durations 5 and 
over (pre-1957) 

ER, A, 
2,707 131 
2,971.5 170 
3,194 175 
3,4274 196 
3,663 276 

3,7473 256 
3,8273 297 
3,885 356 
3,860.5 354 
3,825 397 

3,682 481 
3,419 393 
3,196 486 
2,787 426 
2,373 397 

2,OM) 367 
1,643.5 340 
1,314.5 287 
1,055.5 262 

769 204 

574.5 141 
404 92 
284 78 
197.5 72 
124.5 30 

75,9693 7,133 
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Table 18. Male annuitants 1967-70: graduation parameters, test statistics and 
values of q, for graduations of data for durations 0 and 1 and over (post-1956) 

using two and three parameters 
Formula: log (q,/p,) = A+ B t f  C(2t2- 1 )  where t = (x-70)/50 
Experience 

Graduation 
Ages used (nearest) 
Parameters 

A 

Actual deaths 
Z(A-E) 
=(A-E) 

-L' 
Using single ages: 
Runs, r 

t ( r )  
I (P )  

Using grouped ages: 
v2 - 

Degrees of freedom 

Duration 0 Durations 1 and over 

Values ofq, which are in a region where actual deaths at each age are generally less than 
5 are shown in italics. 
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Table 19. Male annuitants 1967-70: duration 0: exposed to risk and comparison 
of actual deaths with those expected according to the graduated table, namely: 

log (q,/pJ = -3,6388848+4,1782890 (x-70)/50 

Exposed Actual Expected 7.1 = 

A X - L  Age to risk Graduated deaths deaths Deviation - Age 
E, A,-E, 1 -  X X ER, 



951 
Total 
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Table 19 (continued). 
Exposed Actual Expected Zx = 

to risk Graduated deaths deaths Deviation 
ER, 4~ A, E, A,-E, 4 ~ ~ 1 - g 3  
73 .OS7575 8 6.39 C1.61 + 0.67 
59 ,094486 6 537  +@43 C0.19 
53.5 .l01882 7 5.45 11.55 +0.70 
31.5 ,109787 4 3.46 C0.54 
28 .l18225 4 3.31 +0.69) +".50 

24 ,127218 1 3.05 -2.05 
14.5 ,136789 1 1.98 -0.98 
12.5 .I46959 1 1.84 -0.84 
10 ,157747 3 1.58 +1.42 1 -0.97 

6 ,169170 1 1.02 -0.02 

2 .l81242 0 0.36 -0.36 
8,231 256 25600 0.00 - 

r2 = Total l,' = 29.46 

Table 20. Male annuitants 1967-70: durations 1 and over (post-1956) exposed to 
risk and comparison of actual deaths with those expected according to the gradu- 

ated table, namely: 
log (qJp,) = - 3.2525555 +4.4976687 (X-70)/50 

Exposed Actual Expected Zx = 

Age to risk Graduated deaths deaths Deviation Age 
X ER, 91 A, E, A,-E, VEX(]-4,) x 

5% 50 036649 1 501 
531 72 037270 3 0.52 0'33 C2.48 7 51& 
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Table 20 (continued). 
Exposed Actual Expected Zx  = 

A x e  to risk Graduated deaths deaths Deviation A& 
JEAI -G) X ER, 

653 2,081.5 
664 2,574 
67i 2,576 
681 2,573.5 
698 2,566 

709 2,509 
714 2,507 
721 2,487.5 
734 2,384 
746 2,351.5 

759 2,2775 
766 2,161 
774 2,019.5 
786 1,938.5 
799 1,823 

804 1,7243 
8lg 1,601.5 
821 1,435 
839 1,271 
84t 1,091 

85: 9673 
86t 839.5 
874 682 
881 553.5 
895 457.5 

909 342.5 
911 275.5 
921 211.5 
931 118 
949 75 

959 42.5 
963 23.5 
974 11.5 
983 6 
9% 2 

Total 54,498 

X' = Total z,= = 64.21 
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Table 21. Male annuitants 1967-70: exposed to risk and acfual deaths 
Age Duration 1 

x ER, 

50t 8 
5 l t  9 
524 15.5 
531 24.5 
54t 24.5 

551 45.5 
56t 53.5 
571 59.5 
58* 81 
591 125.5 

606 236 
61f 362 
62f 252 
63t 232 
641 334.5 

65t 623.5 
661 735 
671 396.5 
68f 365 
694 313 

7W 319 
71t 332.5 
721 274 
73t 275.5 
741 236.5 

751 222.5 
764 252.5 
774 249,5 
78t  259.5 
79t 214 

804 211 
811 159.5 
821 156,5 
834 120 
841 104 

853 84 
861 70 
871 52 
88t 44.5 
891 28 

Duration 2 
ER, A, 

5.5 0 
11 0 
11.5 0 
19-5 0 
27.5 0 

24 0 
42.5 2 
58 0 
60.5 1 
83.5 2 

123.5 0 
226 2 
326 13 
243 8 
229 5 

313 3 
538.5 23 
618.5 13 
376 11 
328.5 12 

273 6 
285 11 
322 19 
242 13 
266 10 

213 14 
205 11 
230.5 12 
238.5 25 
23 1 15 

194 17 
197.5 13 
150.5 14 
143 17 
96.5 13 

92 17 
70.5 12 
68.5 10 
43 8 
37.5 3 

Duration 3 Age 
ER, A, X 

8 0 501 
5 2 51a 

11.5 I 524 
16 0 53t 
21.5 0 544 

27 1 55g 
24.5 0 56t 
39.5 1 571 
65 1 581 
63 1 591 

92 0 601 
113.5 0 61t 
212.5 3 621 
287 4 63t 
222.5 5 64h 

223.5 15 659 
275 5 664 
464 24 67t 
537 24 681 
344.5 12 694 

275 7 701 
255.5 8 711 
2533 11 724 
283 l 0  731 
221 9 741 

248.5 14 759 
190 8 766 
190.5 12 779 
209.5 17 786 
207 11 79t 

192 11 801 
162.5 11 811 
175.5 16 826 
131 11 83t 
117 3 841 

86 12 854 
84.5 9 861 
58.5 10 87f 
51 3 884 
39.5 5 89+ 
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Table 21 (continued). 
Age Duration 1 Duration 2 Duration 3 

X ER, A= ER, Ax ER, A, 
904 19 2 21.5 1 42.5 2 
914 22.5 4 19 2 23 6 

Total 8,036 339 7,338.5 368 6,586 315 

Table 22. Male annuitants 1967-70: exposed to risk and actual deaths 

Duration 4 
Durations 5 and 
over (post-1956) 

ER, A, 
22.5 1 
36.5 1 
41 0 
41 0 
42.5 1 

5 L 0 
75 1 
94 0 

118 1 
163.5 5 

226 3 
274.5 9 
331 6 
367.5 7 
510 7 

71 1 14 
817.5 23 
863 19 
907.5 38 

1,090.5 46 

1,327 68 
1,377.5 53 
1,3963 73 
1,343.5 75 
1,369.5 92 

Durations 5 and 
over (ore-1957) 



Age 
X 

751 
761 
77a 
781 
791 

801 
811 
821 
836 
841 

85h 
861 
871 
881 
891 

901 
911 
926 
93* 
941 

951 
961 
976 
981 
99t 

Totals 
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Table 22 (continued). 

Duration 4 
ER, A, 
211 11 
228.5 18 
186 13 
193 13 
185.5 15 

180.5 13 
174 13 
130 11 
151 19 
121.5 21 

106.5 11 
77 17 
75.5 10 
44.5 6 
52.5 4 

39.5 3 
43 6 
22 6 
6.5 2 
8 2 

4.5 1 
0.5 0 
1.5 0 
0.5 0 

6,065.5 331 

Durations 5 and 
over (post-1956) 
ER, A, 

1,382.5 85 
1,285 94 
1,163 84 
1,038 63 

985.5 97 

947 90 
908 74 
822.5 100 
726 100 
652 83 

599 87 
537.5 99 
427.5 83 
370.5 57 
300 60 

220 43 
168 35 
143.5 43 
81 29 
53 21 

29 3 
19 4 
9.5 3 
5.5 3 
2 2 

26,472 1,985 

Durations 5 and 
over (pre-1957) 
ER, A, 
400.5 30 
461 45 
518 42 
5645 49 
601.5 M) 

615.5 75 
619 68 
653.5 92 
627 95 
600.5 79 

570.5 96 
482 104 
426 69 
355.5 78 
278 57 

234 55 
186 34 
168 61 
111.5 44 
94.5 33 

56 16 
35.5 10 
24 4 
18 6 
9.5 4 

11,568 1,464 
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Table 23. aep 1967-70: values of g[,, andq, 
Females  ale; 

Durations 
Duration 0 1 and over 

Durations 
Duration 0 1 and over 

Y1=1 41 

~000163 030328 
400160 .000323 
,000163 WO328 
400171 ,000343 
.000180 ,000363 

GC€l188 ,000378 
.MX)194 ,000390 
400198 ,000398 
.000199 ~W0401 
.000204 ~000410 

.000212 ,000426 

.000223 W.?448 

.000238 ,000478 

.OOZ57 ,000517 

.000281 ,000566 

.000311 ,000626 
030346 fWl697 
.000388 OXl780 
,000135 9CO875 
.000489 ,000984 

an549 ~001105 
WO615 ,001238 
.000687 .W1382 
.000764 .001537 
033846 .W1703 

mm933 ~W1877 
.001024 .002060 
.CO1119 ,002253 
.001219 ,002454 
.W1325 ,002666 

401436 ,002891 
.0015M) .W3139 
.001711 4333443 
.001901 .003826 
,002133 ,004294 

,002406 ,001842 
.002713 ,005461 
033049 W6137 
033406 ,006855 
,003777 4337602 
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Table 23 (continued). 

Males 
Durations 

Duration 0 1 and over 
4b1 S= 

,010788 ,015266 
.011880 .016810 
.013032 .018442 
,014260 ,020179 
.015580 .OU046 

.01701140 .OX07240 
,01846668 ,02627863 
,02004392 ,028681 12 
,02175288 .03129620 
,02360403 .03414133 

,02560860 .03723517 
,02777856 .W59758 
.03012671 424424967 
,03266668 ,04821379 
,03541298 ,05251352 

~03838100 ,05717367 
.M158704 ,06222021 
,04504835 ,06768022 
44878308 ,07358177 
.05281032 ,07995378 

.05715004 ,08682589 
4618231 1 ,09422816 
G5685120 .l0219088 
.07225673 ,11074423 
.07806277 ,11991786 

,08429296 ,12974053 
49097132 ,14023958 
49812210 .l5144041 
,10576956 ,16336584 
,11393775 ,17603556 

,12265022 ,18946534 
,13192971 ,20366643 
,14179780 ,21864482 
,15227453 ,23440052 
,16337797 ,25092698 

,17512378 .26821043 
,18752477 .28622946 
,20059035 ,30495457 
,21432613 ,32434803 
.22873336 ,34436375 

Females 
Durations 

Duration 0 1 and over 
4Id 41 

,004156 ,008365 
,004542 %C9141 
,004936 ,009933 
,005345 .010758 
035784 ,011641 

40626935 .01261751 
40708228 ,01371712 
,00799976 ,01495816 
~00903502 ,01635778 
.01020288 ,01793516 

.01151994 ,01971166 
~01300478 .02171098 
,01467816 ,02395933 
,01656326 ,02648544 
,01868586 ,02932074 

.02107464 ,03249925 
,02376141 ,03605763 
,02678134 .M003492 
,03017322 44447237 
,03397969 ,04941296 

,03824742 .05490085 
,04302729 ,06098067 
44837447 ,06769657 
,05434842 ,07509107 
.06101282 ,08320371 

,06843529 49206954 
,076288 .l0171744 
,084126 ,11216829 
.092575 ,12343316 
.l01634 ,13551151 

,111292 ,14838957 
,121529 ,16203894 
,132312 ,17641559 
,143595 ,19145935 
,155320 ,20709392 

,167421 ,22322755 
.l79816 ,23975422 
,192417 ,25655555 
,205127 ,27350301 
,217846 ,29046072 
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Table 23 (continued). 
Males 

Durations 
Duration 0 1 and over 

4[6 41 

.B380853 ,36494748 
,38603713 
40756336 
,42945033 
,45161668 

Females 
Durations 

Duration 0 l and over Age 
Poll 9s X 

,230466 ,30728820 100 
,32384339 101 
,33998542 102 
.35557708 103 
.37048698 104 

Table 24. aeg 1967-70 tables for annuitants: comparison of rates 
Select as percentage of Females as percentage 

Ultimate of Males 
Age Males Females Select Ultimate Age 
20 70.7 49.7 25.9 36.8 20 
25 70.7 49.7 38.2 54.4 25 
30 70.7 49.7 45.8 65.1 30 
35 70.7 49.7 51.4 73.1 35 
40 70.7 49.7 53.8 76.6 40 
45 70.7 49.7 50.0 71.2 45 
50 70.7 49.7 42.4 60.4 50 
55 70.7 49.7 38.9 55.3 55 
M) 70.7 49.7 38.5 54.8 60 
65 70.7 49.7 36.9 52.4 65 
70 68.8 58.4 45.0 52.9 70 
75 67.1 64.8 54.9 56.8 75 
80 65.8 69.7 66.9 63.2 80 
85 65.0 74.3 81.2 71.0 85 
90 64.7 75.0 90.7 78.3 90 
95 63.3 75.0 95.6 83.2 95 
100 66.8 75.0 94.5 84.2 100 



Figure 1. Pensioners 1967-70: Males, Normal Lives: ql, = A yn, = . qlr, = V Graduated q ,  = -- <,l, = qa, = zero = o l 
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Figure 4. Pensioners 1967-70: Females, Normal, 
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Amounts: ql, = A qo,  = qh, = V Cradualed q, = - ql, = yo, = zero = 3 
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Figure 5. Pensioners Peg 1967-70: Male and F ale, Lives and Amounts: q ,  on graduated hasis 6 
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Figure h. Female annuitant3 1967-70: Durat' n 0.  ql, = A qa, = . qh, = A Graduated q, = - ql, = qo, = zero = o Adjusted q, = - - - - - P 
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Figure 9. Male annuitants 1967-70: Durations : 
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d aver: yl, = A qa, = . qh, = V Graduatcdq, = - ql, = qo, = zero = o Adjusted q, = - - - - - 



Figure 10. Annuitants rrez 1967-70: Male and Fcmale: Select q ~ , ,  and ult ate y, on graduated and adjusied basis t 






