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MORTALITY OF GOVERNMENT LIFE ANNUITANTS.
[Return to an Order of the House of Commons dated 2 August 1912

(No. 298). Reprinted by permission of the Controller of His Majesty's
Stationery Office.]

COPY of Report of the Actuary of the National Debt Office, dated
the 12th day of October, 1910, on the Mortality of Government
Life Annuitants.

NATIONAL DEBT OFFICE,

12 October 1910.
SIR,

I have the honour to submit the following report respecting an
investigation which has been made into the Mortality Experience
of Government Life Annuitants.

The last investigation was made by Mr. A. J. Finlaison, and
his report thereon, under date of the 10 February 1883, was pub-
lished in House of Commons Paper No. 8 of 1884.

The observation on that occasion extended over the long period
of 67 years, from 1808 to 1875, and comprised the experience of the
nominees of all annuities which had been granted under the Acts
48 Geo. 3. c. 142. and 10 Geo. 4. c. 24.

If variations in rates of mortality were only of a temporary
character the inclusion of the experience of a further series of years
with that of the period 1808 to 1875 would be desirable in order to
obtain as many facts as possible from which the requisite average
deductions could be drawn. There may, however, be causes at
work in a later period of years, which were either absent or of less
force in an earlier one, tending to render these variations permanent.
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1913.] Mortality of Government Life Annuitants. 67

The conditions of life in this country are now somewhat different
from what they were in the earlier years of the nineteenth century.

Aknowledge of hygiene is more general, considerable improvements
in sanitary matters have been effected by legislation, and great
advances have been made in medical and surgical skill; all causes
which favour an increase of vitality. On the other hand there may
be causes tending to a contrary effect, for instance, a greater density
of population and the stress of modern life ; the latter cause probably
affecting male more than female lives. The duration of life in a
special class of lives like annuitants may not be influenced by all
the causes mentioned, but that some of them will have an effect
upon it seems to be more than probable. The object sought in
investigating the mortality experience of a past period is to obtain
data from which the probable rates of mortality in future may be
deduced. With the view, therefore, of obtaining the experience of
lives living under conditions more closely resembling those of the
present time it has been decided to commence the present investi-
gation with the experience of the year 1875, and to omit altogether
that of previous years. If any later year were taken as the com-
mencement of the observation it would hardly allow of the collection
of sufficient data.

The lives comprised in the present experience are accordingly—
(1) The nominees of annuities granted before 1875 who were

living in that year on the anniversary of the date of
purchase of the annuity.

(2) The nominees of annuities granted under the Acts 10 Geo.
4. c. 24 and 51 & 52 Vict. c. 15, between the 1 January
1875 and 31 December 1903.

Where two or more annuities have been granted on the same life
only the experience afforded by the one first granted has been
included.

The following table gives a summary of the data :—

There does not appear to be any material alteration as regards
the ages at which annuities were purchased in the periods before
and after 1875 respectively. In both periods about 5 per-cent of
the total number of lives were under 40 years of age at the time of
purchase and 65 per-cent between the ages of 50 and 70. The
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68 Mortality of Government Life Annuitants. [JAN.

following statement shows the number and ages of the lives on which
annuities were purchased during the period 1875 to 1903 :—

The number of lives included in the experience on which annuities
were purchased before 1875 is 7,727.

In order to deduce rates of mortality from the experience of
annuitants during the period 1808-1875 Mr. Finlaison arranged the
data so that the mortality could be traced through each year of
age. For the first year the lives were assumed to come under
observation, on the average, four months after their preceding
birthday, and the annual rate of mortality based on the experience
of the following eight months was taken as the rate for the whole
year. After the first year the mortality was traced through exact
years of age, that is, from birthday to birthday.

A different method has been followed in the present investigation,
viz., that adopted by the Joint Committee of the Institute of
Actuaries and the Faculty of Actuaries in the investigation into the
mortality experience of annuitants in British Life Offices during
the period 1863-1893. According to that method the lives are
assumed to come under observation at the age attained upon the
birthday nearest to the date of purchase, and the mortality is traced
through each year of the duration of the annuity. The accuracy
of this method is conditional upon no error of importance being
involved in the assumption that the exact age at date of purchase
is, on the average, equal to the nearest integral age. With the
object of measuring the extent of the error when the method is
applied to the case of the Government life annuitants an examination
has been made of all cases included in the experience where the
actual dates of birth are stated. It was found that the assumption
mentioned had the effect of understating the tabular ages at
purchase by about 20 days in the case of male lives and about 15
days in the case of female lives, and, in view of these slight differences,
the method was considered to be sufficiently exact for the purposes
of the present experience.

In all cases where only the date of baptism was available and
not the actual date of birth, it was assumed that birth preceded
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baptism by a period of 30 days. The average deviation between
the tabular and exact ages at purchase, when the birthday was
obtained on this assumption, was 18 days for male lives and 16 days
for female lives, or practically identical with that shown in the
cases where the exact date of birth was known.

The ages at date of purchase having been obtained in the manner
described, the elementary facts relating to males and females re-
spectively were tabulated under each age according to the duration
of the annuity.

The period each life was under observation began either from the
anniversary in 1875 of the date of purchase of the annuity or from
the actual date of purchase in the years 1875 to 1903, and continued
until the anniversary in 1904 of the date of purchase, or until previous
death. The numbers of the lives coming under observation at their
contract anniversaries in 1875 are stated in the column " Entered "
of the tables opposite the appropriate number of " Years elapsed
since purchase." The latter are the number of years between the
actual date of purchase and its anniversary in 1875. The lives on
which annuities were granted during the years 1875 to 1903 all come
under observation from the date of purchase, and the numbers are
stated on the first line opposite year " 0 " as there was no previous
duration of the annuities in these cases.

The column " Existing " refers to the lives who were living in
1904 on the anniversary of the date of purchase, and who passed out
of observation after their annuities had continued for the number
of years given in the column " Years elapsed since purchase," the
number between the date of purchase and its anniversary in 1904.

The duration in the case of the " died " was obtained by taking
the number of integral years between the date of purchase and the
date of death, and represents the number of contract years through
which the life had passed previous to the contract year in which
death occurred. In some instances the actual date of death was not
known, and death could only be presumed owing to the cessation
of the usual application for payment of the annuity. The assump-
tion made in these cases was that the nominee of any annuity of which
the instalment had remained unclaimed for three or more years
could be taken as having died in the middle of the period between
the date when the last paid instalment became due and the date of
the first unclaimed instalment becoming due.

A series of independent tables for each age at purchase showing
the variation in the rate of mortality with the duration since date of
purchase are known as Select or Analyzed Tables. A considerable
number of annuities are purchased at the National Debt Office under
wills, &c, where the nominees do not exercise any option in the
matter, but in most cases the nominees themselves are the purchasers.
It is unlikely that the latter would choose a mode of investment
which involves the risk of losing, in the event of premature death,
a considerable part of the money invested, unless they considered
themselves to be in a good state of health at the date of purchase.
The effect of this self-selection, which corresponds in some measure
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to that of the medical examination in the case of assurances against
death, is shown by the rates of mortality during the years imme-
diately following the grant of an annuity being lower than for lives
of the same age whose annuities have been longer in force. It is
usually found, however, that the duration, apart from the age,
ceases to have much effect upon the mortality after a few years have
elapsed from the date of purchase, and thereafter the rate of
mortality may be considered to be dependent upon the age only.
Tables constructed upon this basis and formed by grouping together
all lives of the same attained age irrespective of the time elapsed
since the annuities were purchased are known as " Aggregate
Tables." Such tables may be either a complete aggregate of the
Select Tables comprising all ages at purchase and all durations, or
they may consist of an amalgamation of the Select Tables after
excluding the experience relating to a certain number of years
immediately following the date of purchase. Tables of the latter
class are intended to represent the normal rate of mortality after the
effect of the selection which is exercised at purchase is more or
less exhausted. There are no means at present available of accur-
ately measuring the full effect of this selection, and no definite limit
can therefore be assigned to the period following purchase during
which the rate of mortality is affected by its influence. The extent,
however, to which the different tables are affected by the varying
degrees of selection present in the data upon which they are based
may be illustrated by a comparison of the expectations of life.
In the case of males the values of e[x] are given for age groups
50-54 to 70-74 only, owing to the paucity of the select data
relating to ages outside these limits. The table also serves to show
the considerable differences which exist between the expectations
of life of males and females for all the ages at which annuities are
usually purchased.
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Table showing the Mean Values of the Expectations of Life for various
Groups of Ages according to different Classifications of the Data.

NOTE.—The expectations of life given in the above Table and elsewhere in
this Report are the " curtate " expectations (ex). If comparison is made with
the corresponding values of ex (the " complete" expectations), as given in
Mr. A. J. Finlaison's Report, ·5 should be deducted from the latter values at all
ages.

It will be of interest to compare some of the results brought out
by the present investigation with those shown by (1) the Government
annuity tables at present in force, based upon the experience of
annuitants during the period 1808-1875, and (2) the British Offices,
annuity tables, based Upon the combined experience in respect of
life annuities of 43 British Assurance companies during the period
1863-1893.
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It will be seen, in the case of male annuitants, that the total
number of deaths recorded in the five years was 618 as compared
with 632 expected deaths according to the previous Government
experience and 607 according to the British Offices experience.
On the whole, therefore, there is little indication of any important
change in the rate of mortality, although considerable divergencies
exist in respect of individual age groups. If the ages below 60 are
excluded the total deaths are practically identical in all three cases.
Owing to the paucity of the data, the deaths occurring in successive
years of duration exhibit various irregularities, but the light mortality
in the year following purchase, year " 0 " , is a noticeable feature of
the new experience at the older ages.

In the case of females it will be observed that the results lead to
more definite conclusions, the most significant feature being the
comparatively light mortality exhibited by the lives included in
the new experience. There are clear indications of a distinct
improvement in the mortality of Government female annuitants
during the period 1875-1904 as compared with the previous period,
the total number of deaths recorded being less than the expected
deaths for each year of duration—the aggregate difference for the
five years being approximately 10 per-cent.

The Government annuity tables at present in force are based
upon the assumption that the effect of selection may be neglected
after four years have elapsed from date of purchase. A table based
upon similar principles has been deduced from the present experience,
and a comparison is given below between the actual deaths
recorded at durations of four years and upwards and the cor-
responding number expected according to the experience of the
period 1808-1875.

[See Table on p. 75.]

The table tends to confirm the conclusions based upon the
relative rates of mortality in the first five years following purchase.
In both cases the results indicate that the improved vitality of
annuitants during the period under consideration, although to a
certain extent common to nominees of either sex, was much more
marked in the case of female lives.

The aggregate tables based upon the new experience, after
excluding the facts relating to the early years of duration, are more
in accord with the corresponding British Offices tables. This will
be apparent from the comparative statement [given on page 76]
representing the mortality according to the aggregate experience,
after the exclusion in each case of the first five years following
purchase.
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In deducing the expected deaths in the preceding tables the
unadjusted rates of mortality were employed.

The extent to which the lives of annuitants entering at different
ages were prolonged as a consequence of the lower rates of mortality
to which they were apparently subject during the period 1875–1904
may be measured by comparing the select expectations of life
according to the three diffrent experiences already mentioned. This
comparison is shown in the following table [p. 78], where the values
appearing opposite each group of ages represent the mean expecta-
tions of life for the five consecutive ages at purchase comprised in
the group. The values are deduced from the unadjusted rates of
mortality, with the exception of those representing the Government
Annuity Experience, 1808–1875, which are taken from the graduated
tables given in Mr. Finlaison's report.

In the case of males it will be seen from column (5) that, although
the expectations of life according to the new experience are through-
out in excess of those based upon the experience of the period
1808-1875, there is a close agreement between the values for the
important age groups 60–64 and 65–69. The corresponding differ-
ences for females are given in column (10), and it would appear from
these figures that a considerable increase has taken place in the
duration of life of female annuitants at all ages. The figures in
column (11) show that the expectations of life for females, according
to the new experience, are also at most ages in excess of those based
upon the British Offices experience, but in this case the differences
are smaller and vary in sign, superior vitality being exhibited by the
British Offices annuitants entering at ages 55–59 and 70–74. The
explanation of the comparatively low expectation of life for age group
55–59 according to the new experience is to be found in the low
values of the expectations for ages at purchase 55 and 56. For
some reason the female annuitants entering at those ages were
inferior lives, and the heavy mortality amongst them had the effect
of reducing the average expectation for the group to a lower level
than would have ruled if these nominees had maintained the normal
standard of vitality.

The rates of mortality deduced from the crude facts of the
experience require to be subjected to a process of adjustment, in
order to remove irregularities due to limitation of the data, and to
obtain a smooth series of values which will serve as a basis for the
construction of monetary tables. The graduated table must be in
a convenient form for practical use, and produce results which do
not materially differ from those given by the ungraduated table.
When it may be assumed that the factor of selection is of no practical
importance after a few years have elapsed from the date of purchase,
such a table may be constructed on the basis of a combination of
rates of mortality varying with the age and duration during a
limited number of years, and subsequent rates varying only with
the age. The present Government annuity tables are based on the
assumption that the effect of selection is practically exhausted
after the expiration of four years, and consequently after that time
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the select rates of mortality are merged into an aggregate table.
In the case of the British Offices annuity experience the effect of
selection was found to extend over a longer period, and the results
of the present investigation lead to a similar conclusion. The new
tables based upon the present experience have been constructed in
such a manner that when rates of mortality varying with the age
and duration during the first five years are merged into those of an
aggregate table varying only with the age, the expectations of life
deduced therefrom will approximate closely to the true values at the
date of purchase and at the expiration of five years thereafter.

In the graduation of mortality tables considerable use has been
made in recent years of methods involving the assumption of a law
of mortality, more especially the law known as " Makeham's first
Modification of Gompertz's Law." According to the law of human
mortality, as originally propounded by Gompertz, the function
known as the " force of mortality " increases with the age in geo-
metrical progression. This theory was further developed by
Makeham, who introduced an important modification resting on the
hypothesis that the force of mortality is composed of two parts,
one of which is constant and the other a geometrical series. The
law thus modified has been found to represent with great accuracy
the rates of mortality of adult lives, as shown by many important
tables. Expressed algebraically Makeham's formula for the law
of mortality is µx = A + Bcx, where µx represents the force of
mortality at age x and A, B, and c are constants, the values of which
are to be derived from the facts. Tables graduated by this formula
present a perfectly smooth series of values, and, moreover, embody
an important principle known as the " Law of Uniform Seniority",
which enables the value of an annuity upon two or more joint
lives of different ages to be deduced from that of an annuity upon
the same number of joint lives of equal ages. Makeham's
formula, therefore, possesses many advantages as an instrument of
graduation if it can be applied without any material distortion of the
facts. A graduation by this formula of the aggregate tables based
upon the present experience was found to yield satisfactory results,
and the method has accordingly been adopted.

The degree to which the features of the original experience are
reproduced in the graduated tables constructed to represent the
experience after the exclusion of the first five years following purchase
may be judged from a comparison of the ungraduated and graduated
expectations of life as shown in the two following tables.
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MALES.

Comparison of Ungraduated and Graduated Expectations of Life.

FEMALES.

Comparison of Ungraduated and Graduated Expectations of Life.
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The expectations of life for males commence with age group
55–59 owing to the paucity of the original data at the younger ages.
It will be seen from the differences in columns (5) and (6) that for
ages 70–79 in the case of males and ages 65–84 in the case of females,
the graduated expectations of life are considerably in excess of those
based upon the aggregate experience as shown in column (3), but
agree approximately with the select expectations given in column (2).
These ages comprise the sections of the tables where it was found
necessary to modify the values based upon the aggregate experience
as shown in column (3), which did not adequately represent the true
expectations of life five years after purchase. The abnormally low
vitality of the female entrants at ages 55–59, which is reflected in the
reduced values of the select expectations of life both at date of
purchase and five years afterwards, has already been referred to,
but this feature has not been retained in the graduation, and it will
be observed that the graduated value for age group 60–64, corres-
ponding to ages 55–59 at date of purchase, is considerably higher
than either of the ungraduated values for this group. The mean
of the graduated expectations of life for each group of ages of both
males and females lies either between the corresponding values of

and or is in excess of both.
Makeham's formula, as originally expressed, is not suitable for

the graduation of rates of mortality which vary both with the age
and with the duration, but Mr. G. F. Hardy, recently President of the
Institute of Actuaries, has shown that the formula may be adapted
to this purpose, and demonstrated its practical application in the
graduation of the British Offices tables. A similar course has been
followed on the present occasion and advantage has been taken of
the methods indicated by Mr. Hardy in his memorandum on the
subject. It will not be necessary to reproduce here the various
mathematical expressions employed to establish the requisite
relations between the select and ultimate sections of the tables in
order to preserve the law of uniform seniority.

The graduated rates of mortality for each of the first five years
after purchase and for five years and upwards after purchase,
together with the values of the functions px, ex, and ax, at 3 per-cent
interest, as deduced therefrom, are given in the tables appended to
this report.

The following table gives a comparison between the values of
annuities at 3 per-cent interest, as deduced from the graduated
experience, and the corresponding values based upon the original
data. For ages under 65 in the case of males, and under 60 in the
case of females, where the select expectations of life five years
after purchase were found on the average to be in close agreement
with those based on the corresponding aggregate experience, the
values appearing in columns (2) and (6) have been obtained by using
the select rates of mortality for the first five years following purchase
in combination with the five years and upwards aggregate table.
For ages above 65 in the case of males, and above 60 in the case of
females, the ungraduated values are based entirely upon the select
tables.
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Comparison of Ungraduated and Graduated Annuity Values
at 3 per-cent Interest.

The larger deviations at the older ages are mainly due to the
irregularities which arise from the scarcity of the select data upon
which the ungraduated values at those ages are based.

In the following table a comparison is shown of the values of
annuities according to the new tables with the corresponding values
of the annuity tables published in 1903, which were based upon the
British Offices graduated experience.

Comparison of Annuity Values at 3 per-cent Interest according to the
new Graduated Tables and according to the British Offices Annuity
Tables.
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It will be seen from the differences in column (4) that the annuity
values on male lives are in close agreement for ages above 55. At
the younger ages the British Offices male life values were made to
correspond approximately with those deduced from the experience
of assured lives, and they are slightly higher at these ages than the
values given by the new tables.

In the case of female lives the new values are throughout in
excess of those based upon the British Offices graduated experience,
the largest differences occurring at the beginning and near the end
of the table.

The results of the present investigation point to the conclusion
that the mortality tables on which the cost of Government life
annuities is now based underestimate the vitality of annuitants, and,
consequently, that these annuities are granted on too favourable
terms to the persons who purchase them.

The following tables show the effect which the adoption of the
new tables would have upon the cost of Government life annuities
when the rate of interest is taken at 3 per-cent per annum.

Cost of an Annuity of £100 payable in Quarterly Instalments with an
additional Payment of one-fourth part of the Annuity after Death ;
the Interest of Money being 3 per-cent per annum.

Male Lives.

Female Lives.
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These tables show that the cost of annuities should be in-
creased at all ages for both male and female lives. In the case of
males the most noticeable feature is the large increase in the cost
at the younger ages. Comparatively few annuities are purchased
at ages under 50, and the present experience, in common with other
annuity experiences, suffers from a scarcity of data at the younger
ages. The new values at these ages, however, would be still somewhat
lower than the corresponding values according to the British Offices
annuity tables. In the case of females the new values, when com-
pared with those at present in force, show a considerable increase at
all ages, the additional cost being approximately equal to half a
year's purchase of the annuities throughout the greater part of the
table. The average increase in the cost would be 2·2 per-cent for
male lives and 4·5 per-cent for female lives at the ages at which
annuities are usually purchased, viz., 50 to 75.

I have to acknowledge the valuable assistance rendered by
Mr. W. R. Jarman of this Department during the course of the
investigation, especially as regards the graduation of the tables.

I am, Sir,
Your obedient servant,

J. BLAKEY,

Actuary to the National Debt Commissioners.
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MALE LIFE ANNUITANTS.

The Value of an Annuity of 1, at 3 per-cent Interest, for the Year in
which Life Annuities are purchased, for each of the Four subsequent
Years, and for Five Years and upwards from Purchase.
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FEMALE LIFE ANNUITANTS.
The Value of an Annuity of 1, at 3 per-cent Interest, for the Year in

which Life Annuities are purchased, for each of the Four subsequent
Years, and for Five Years and upwards from Purchase.
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