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CONTINUOUS INVESTIGATION INTO THE
MORTALITY OF ASSURED LIVES

Enquiry into the desirability of constructing
a “Light ” table of mortality

INTRODUCTORY NOTE

The following note describes an investigation into the possibility
of constructing a “ Light ” table of mortality for assured lives, and of
publishing monetary functions based upon it, for the use of life offices
requiring a lighter mortality basis than the A1949-52 table. The con-
clusion was reached that the publication of such a table was un-
necessary as a satisfactory reproduction of the experience of the
lighter offices could be obtained from the A1949-52 table by making
an appropriate rating-down in age.

It will be recalled that the publication of the A1924-29 table of
assured lives’ mortality was later followed by two supplementary
tables known as the ““ A1924-29 Light ” and the ““ A1924-29 Heavy ”
These were based on the 1924-29 data for groups of offices showing
respectively lighter and heavier mortality than the all-offices average
and the tables were intended to serve the needs of offices whose
experience diverged substantially from the A1924-29 itself.

So far as is known, little use was made of the A1924-29 Heavy
table. The A1924-29 Light table, however, was not only used for its
intended purposes but also became extensively employed for premium
calculations when declining mortality rendered the A1924-29 table
increasingly out of date. Thus in the course of time, it came to serve
a somewhat different purpose from that for which it was conceived.

When the A1949-52 table was in process of construction, it was
again found that wide divergences existed among the mortality
experiences of different offices and it was at first thought that cor-
responding Light and Heavy tables would prove helpful. On reflection,
however, the need for a Heavy table appeared questionable. Rates
of mortality are still falling and it is probably only a matter of time
before the A1949-52 table will itself represent a heavy standard
relative to the experience of the offices as a whole. It has to be
remembered, moreover, that the period to which the basic data
related included the exceptionally heavy year 1951. For these
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reasons, therefore, it was considered unnecessary to pursue the
question of constructing a *“ Heavy ™ table.

On the other hand, the desirability of publishing a ¢ Light ” table
called for careful examination. Since the construction of the A1949-52
table, data for three more years had become available and it was
thought that it would be more useful to examine the latest available
information than to subdivide the original data for 1949-52. It was
accordingly decided to make a preliminary investigation on data for
the four years 1952-55, thus excluding the heavy year 1951. On
examining the experience for individual offices, it did not prove
feasible to segregate a small group of offices whose mortality experi-
ence was notably lighter than the remainder. It did, however, appear
that the general distribution of offices according to level of mortality
tended to fall naturally into a heavy section and a light section and
that a separation of the data into these two sections would be
practicable. The sections were approximately equal in the numbers
exposed to risk, although twenty offices fell into the “ heavy”
category and forty-one into the  light ” category.

The A1949-52 table was based upon the combined data of the
medically examined and non-medical sections. Since, however, the
medically examined section has for many years exhibited con-
sistently lighter mortality than the non-medical section, it was
decided that the data employed for exploring a basis for a “ Light ”
table should be confined to the medically examined section.

Table 1 shows in quinary age groups, exposed-to-risk, actual
deaths, expected deaths by the A1949-52 table and percentages of
actual to expected deaths for medically examined lives, durations
2 and over, during the period 1952-55. These data are subdivided
between forty-one light offices and twenty heavy offices, and are also
presented for the combined experience of all sixty-one offices. For
convenience, sub-totals are shown for three broad age-groups, i.e.
under 45}, 453-74% and 753 and over. The percentages of actunal to
expected deaths in three broad groups are reproduced below :—

t
41 light | 20 heavy | All offices

Age Group offices E offices combined
Under 45} 811 | 881 84-5
451741 86-0 | 97-4 5 91-9
75} and over | 941 } 99-0 l 962 |
Allages | 884 97-1 L

092-7
| :
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Two factors are reflected in the percentages in the final column
viz :—

(1) secular changes in mortality between the period 1949-52 and
the period 1952-565 (including the elimination of the heavy
year 1951) and

(i1) restriction of the data in the present investigation to
medically examined lives.

An examination of the experience in the important middle age-
group (i.e. 453-74%) has shown that the effect of these two factors is
about equal so that of the 8%, shortfall below the A1949-52 table 4%,
is due to secular changes and 49, to the restriction to medically
examined lives.

As the offices have been deliberately subdivided into light and
heavy groups, there is little that can be said about the significance of
the differences between them. The experience of the light group is
appreciably below the A1949-52 table and there would thus appear
to be a prima facie case for preparing a Light table. It was accord-
ingly decided to investigate the position further by devising a
mortality curve which would broadly correspond to the experience
of the light offices.

It seemed reasonable to expect that a satisfactory curve might be
found by adopting the same formula as was employed in constructing
the A1949-52 table with suitable variations in the values of some or
all of the parameters. The A1949-52 formula was:

¢z=A+Be?/(Ee2v+ 14 De?) where y=12—62-5

It was found that a curve corresponding fairly closely with the light
offices” experience could be developed by retaining the same value
of ¢ as in the A1949-52 table, keeping the origin at =625, and
deriving values of A, B, D and E in the following manner (the accented
symbols refer to the A1949-52 values) :—
(i) A=-84A'

(i) D+ E=D'+FE’

(i) A+B/(D+1+E)=-85(A"+B’/(D’'+1+LE"))

(iv) A+B/D=-95(A"+B'/D’)

The parameter A represents the minimum value of ¢, (which for

practical purposes is the value at ages below 25); the function
A+B/(D+1+E) is the value of ¢, at the origin (i.e. z=62-5); and
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the function A+ B/D is the maximum towards which ¢, approaches
agymptotically. It was felt that a series of simple equations between
the parameter values of the two curves would give a clearer statement
of the relation between the A1949-52 and the Light tables than
would be obtained if the parameters of the new curve had been
evaluated ab initio.

The values of the parameters which actually resulted are shown
below, with the A1949-52 values set alongside for comparison.

Light table A1949-52 table

Origin 62:5 62-5
¢ (1-0525)% (1-0525)2
A -00089 -00111
B -01866 -02186
b -02453 -02730
B 02123 01846

The resulting values of ¢, for the Light table are given in Table 2 and
a comparison of actual and expected deaths is given in Table 3.
Although the curve is in no sense a graduation of the crude values
of g, there is close agreement between actual and expected deaths at
ages below 70. At ages over 70 the expected deaths are rather less
than actual deaths, indicating that the values of ¢, are somewhat
lighter than in the original experience ; but this is not a disadvantage
in a table designed to exhibit light mortality and its effect on premium
rates at the usual entry ages is slight.

Specimen values of g, together with corresponding values from the
A1949-52 table are shown below :

AT952-55 | A1052.55 A1952.55
Age o ‘ 194952 | Age | A1 \ 949 52 l Lope” | Al949-52
x 9e x e
qz 9z } J 9
20 00089 | 00111 \ 50 | 00494 | -00599 | 80 | -09836 | 11369
30 | -00093 ‘ 00116 | 60 | -01459 | 01720 | 90 | 22176 | -25168
40 100149 4 00188 4 03891 | 04543 | 100 | -40588 | -44872
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From age 40 upwards there is a fairly close resemblance between
qz on the Light table and ¢z_o on the A1949-52 table. This is illus-
trated in the following table :

Al1952.55 . A1952.55 o | A1952.55
Age Light | | AL94952 | Age | ST | ALO4052 | Age T | A1949-52
r Dun x| Qa2 B o2
9 ! 9 | | 9
40 -00149 { -00158 ’ 60 | 01459 | -01408 | S0 -09836 | 09528
! !
45 -00265 f 00259 | 65 | -02396 © -02312 85 15071 ‘ 14681
50 00494 | 00474 l 70 | 03891 | -03753 | 90 | -22176 | -21785
55 00869 | -00837 r 75 ’ 06242 } 06028 | 95 > -30947 | -30730

Tt follows that a similar relationship may be expected in the
monetary values derived from the two tables. That this is in fact
so may be seen from the following table of premiums based upon
interest at 3%, :

255 A1952.55 952-

ago | AR A1a052 | Srignc” | Al9e9-52 Ao | Arog.s2
i D, P, Pz: 5 Pz2:15 Pz 30| Pyo:50]
20 | 00798 | -00799 | 05267 | -05278 | -02104 | -02116
30 | 0139 | -01132 | 05277 | -05286 | -02160 | -02165
40 | 01708 | -01684 | 05359 | -05357 | 02379 | 02369
50 | 02689 | -02643 | 05667 | 05640 | -02999 | -02965
60 | 04414 | -04332 | 06484 | -06438

70 | -07638 | -07483 | 08656 | -08531

In view of the close resemblance, revealed in the foregoing table,
between premiums based on the Light table and on the A1949-52 table
rated down two years it seems clear that the preparation and publica-
tion of monetary functions based on the A1952-55 Light table would
not be justifiable. Offices which feel that they need a lighter standard
than the A1949-52 should obtain it by a uniform rating down in age,
the precise extent of which will vary with the individual experiences
of the offices concerned.

Durations 0 and 1

The experiments so far described relate to the data at durations 2
and over. Variations in the relationships between the rates of
mortality at durations O and 1 and the ultimate (or “ 2 and over )
rates cannot affect the conclusions to any appreciable extent. Never-
theless, for the sake of completeness, the data for durations 0 and 1
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have been examined. Owing to the small number of deaths at these
early durations, it has been necessary to combine the data in three
broad age-groups. The results are given in Table 4.

As the data for the ©“ Light ” experience were restricted to medically
examined lives, it was to be expected that a greater degree of selection
would be exhibited than in the A1949-52 table, which was based on
medical and non-medical data combined. That this is in fact the
case can be seen from Table 4. In the oldest of the three age-groups,
however, non-medical data at durations O and 1 are relatively sparse
and it might be expected that the two experiences would resemble
each other more closely in the degree of selection revealed. As the
reverse appears to be true it would seem possible that the offices
included in the “ Light” experience may have a more stringent
standard of selection than the offices as a whole.

One result of this more pronounced selection is that the actual
deaths are less than the deaths expected by the A1949-52 table with
a two-years’ rating down in age. But the financial effect of this
difference is small and not sufficient to alter the main conclusion of
this enquiry.

Conclusion

A Tight table of mortality has been constructed and it is found
that monetary functions based upon it correspond fairly closely to
similar functions derived from the A1949-52 table with a rating down
in age of two years.

The constructed ‘ Light ”* table shows lower mortality than the
actual experience at ages over 70 and the approximation of rating
down two years in age in using the A1949-52 table itself gives
values somewhat less than by the constructed table. Thus the rating
down in age in using the A1949-52 table to represent the ° light ”
experience should be a little less than two years. However, offices
must, in any event, have regard to their own experience in deciding
upon a choice of table and it has been decided not to proceed with
the preparation of monetary functions based upon the “Light”
table but to recommend that offices which may require a lighter
standard than the A1949-52 table should use that table with an age
adjustment appropriate to their particular circumstances.
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Light Offices 1952-55 : Values of qz at durations 2 and over

Mortality of Assured Lives

TABLE 2

Age s Age 9 Age %
20 -00089 | 50 -00494 | 80 -09836
1 -00089 1 -00556 1 -10740
2 -00089 2 -00624 2 11714
3 -00089 3 -00699 3 12758
4 -00090 4 -00780 4 -13877
25 00090 | 55 -00869 | 85 -15071
6 -00090 6 -00967 6 -16341
7 -00091 7 01074 7 -17687
8 -00091 8 -01191 8 19110
9 -00092 9 -01319 9 -20607
30 00093 | 60 01459 90 -22176
1 -00094 1 -01613 1 23814
2 -00096 2 -01783 2 -25514
3 -00098 3 01968 3 -27277
4 -00101 4 02172 4 -29090
35 -00105 | 65 02396 | 95 -30947
6 -00110 6 -02643 6 -32841
7 00117 7 -02913 7 -34762
8 -00125 8 -03209 8 -36700
9 00136 9 -03534 9 -38645
40 00149 | 70 -03891 | 100 -40588
1 00165 1 -04281 1 -42518
2 -00184 2 -04709 2 -44425
3 -00207 3 -05176 3 -46301
4 -00234 4 -05686 4 48135
45 -00265 | 75 -06242 | 105 -49921
6 -00301 6 -06848
7 00342 7 -07507
8 00387 8 -08223
9 00438 9 -08998
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TasLE 3

Light Offices 1952-55 (durations 2 and over): Comparison of actual
deaths with deaths expected by graduated values of ¢y

Age-group | Actual deaths | Expected deaths | 100 A/E
204244 42 34 123-5
254294 98 117 83-8
304-34% 244 240 101-7
354-39% 463 442 104-8
403-44% 992 976 101-6
453-49% 1,830 1,847 99-1
505541 2,790 2,668 104-6
554-59% 3,046 3,036 100-3
604641 2,832 2,854 99-2
654691 2,701 2,652 101-8
704-74% 3,523 3,388 104-0
754793 4,200 3,867 108-6
803841 3,379 3,074 109-9
853-89% 1,812 1,695 106-9
90494 636 612 103-9
953993 98 100 98-0

28,686 27,602 103-9
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