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CONSTRUCTION OF MORTALITY TABLES FROM THE
RECORDE OF INEURED LIVES.

Crartir 1. INTRODUCTION.

A mortality table starts with a group of persons at a apecifed
age and shows the number of survivors at each subsequent age.
There is also generally get down the number dying in each year
of age. The radiz of the table, or the number living at the
voungest age shown, is arbitrariy selected. Then, from the
values of p, for each age, the valves of I, may be computed
successively for the higher ages by the relation, ILp, = I....*

As & general rule the construction of u mortality table based
on the records of insured lives is effected by mscertaining the
value of g, for each aze. This value is obtained by dividing
8; by E,, where ¢; rcpresents the deaths and E. the expored to
tisk of death for the year between apes x and = + 1 in the data
under observation.f

In practice some persons will be found who are under chserva-
tion for only a part of 2 given year of nge either beenuge they
enter the oxperience after the beginning of the year or because
they pass out of it for causes other than death before the end
of the year. In such cases each person s counted in computing
E; as a fraction equal to the proportion of the year uoder ob-
scrvation. The degree of accuracy with which sueh fractions are
computed vanes accordmg to the mothod used 1n tabulating the
data. A persaon who dies between sgee 2 and £ 4+ 1 must be
included in E, as exposed to nek for the full year and not a
fraction, beeanse g. represents the proportion of 1, perscas alive
at age » who will not be alive at age v 4 1.

* Boe Inatitute of Actuaries’ Taxt Book, Part II, Chapter L

t As will be szen in Chapter II1, 8, may be the number of deaths and E,
the number of liven exposed to risk of death, or they mny represent reapeatively
the number of policias terminated by death and the number exposed to risk
of termination by death; or lastly they may be the amoumt of insurance
terminuted by death and the amount exposed to risk. It is important to
nota, however, that both numerstor and denominstor in the fraction 8./E.
must always relate to the same kind of data.
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2 CONBTRUCTION OF MOETALITY TABLES

It should be remembered that theoretically the numerical
value of the radix selected and the resulting gise of the values of
I, and d, are of no significance, but that the relative values of
these functions are of vital importance. The-use of & large radix
is advisable, however, so thet when the ealculated values of
1. and d, are adjusted to the nearest integer the neeewsary error
introduced is insignificant. This will alsc have a bearing on the
limiting pge {w) since this wonld be the lowest age for which the

“unadijusted value of [, is leas than .5, unlesa fractions are shown.

‘When an applicant i accepted for insurance after being ex-
amined by the company’s physiciane, he ia a ‘““select™ life.
Among s number of auch lives after the lapse of a few years there
will be some whose health has besome impaired to s greater or
less degree, while others will remain aa healthy as when first
examined for insurance. The purvivors of a8 body of eelect lives
are therefore called *“mixed” lives.

It follows that the rate of mortality of insured persone of a
given attained mge, esy =z, will not be the pame among persons
just insured st age z a3 among persons ingured . years ago at
age  — n. [t has been found by experience that persone just
insured st age z are subject to a lower rate of mortality than
those also aged x, but ineured at age £ — 1. These latter, in
turn, usually show & lower rate of mortality than these aged =,
bist ingured at age z — 2. In general, for limited values of =,
which vary in different experiences and in different age sections
of a single experience, it is found that T < Qloaltn
where the portion of the suffix within the sgusre brackete in-
dicates the age at issue, and the other portion,-the duration sinee
entry, the totel being the present age, f.e., 7.

Asg n increases, the extent of the difference will be found to
decresse, so that if ¢rs—f4"ai = Qr-njts — 5o then as n in-
creages, 8, will approach the limit zero.

1If ¢ be the greatest value of » for which the relation =555
< Qra—s1+a holds, this fact is expressed hy saying that the effects
of selection last for ¢ years. Aecidental Auctuations in the data,
on which the mortality rates are besed, are alone sufficient to
prevent any exact determination of the value of & An approxi-
mate value ie all that can be expected. In practice, ! may have
& small value, aa, for instance, in the case of residents in the
tropies, where values as low ag 2 years or even 1 year may be
found; or it may have such a comparatively large value ag 10
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years or more, the latter figure applying in the case of the British
Offices’ Experience (1863-1893) under whole life participating
policies, eapecially at the younger ages. It may be questioned
whether the effects of selection ever entirely disappear or whether
they become ao merged with other influences, auch as changes in
panitary conditions and in the mortality of the general popula-
tion, that they are lost.®* As » practical matter, however, we
are watranted in sssuming that they eease after 4 vertain period.

Now, if a body of select lives sl of & given age be observed,
and the rate of mortality resulting during the first, second,
third, ete., years of insurance be set forth for each wear, the
result will be & select table of mortality for that particular age
at entry. If gimilar tables be prepared for each age at date of
seleetion, we cbialn a set of “eelect mordality tables.”

It would involve much labor, however, to base ealeulations on
guch a set of eelect tables. A trial ig therefore made to sscertain
the effcetive period of selection beyond which the rate of mor-
tality appears to depend only upon the aftained age and may
consequently be formed into one ‘‘ultimate™ table. This may
be done by & direct compsarieon of the values found for gr—aiis.
for different values of # as indicated above. Buch a eompariron
msy be confusing, however, becanse of tho large number of
values to be observed and the fluctvations in them, and it will
usually be more satisiactory to determine by ohservation ap-
proximately where the line of division lics and then apply a
different Gnal test.

In describing the construction of the American qu Tabler, it
was stated that “the erude death rutes were deduced for each
of the first five insurance years, for the sixth and succeeding
years combined, and for the eleventh and suceeeding years
combined. The expected deaths for each of the first ten in-
surance years were then caleulated by graded rates of mortality
based upon the data for the gixth and succeeding insurance years
in order that the number of years for which medical selection
lasted could be determined. It was seen that the matersal for
the sixth and succeeding insuranes years could be safely com-
bined according to attained age.”

A different method was used in compiling the O™ teble. The
expectations of life were employed, as they would not be subject

*Bea T. A. 8. 4., Vol XTTI, pags 211, for a discussion of the effect on select
tables of a variation in mortality during the period of investigation.
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to fluctuations to the pame degree as would the mortality rates
for individual agea. On page 148 of " Account of Principles and
Methods™ of that experience are shown, for quinquennial groups
of ages, the values of the expectations i, €ro—s1+5s Es—10)410, e,
to epzgy4rs.  There are also giventhe values of &!*! and e,0*%,
the expactations of life found by combining the data for the same
attained age, but excluding the data for the firet five and firat
ten years of duration respectively, If selection were still effect~
tive in the (n + 1)th year, e;,_a4a Would be greater than el
It was decided for practical advantages to consider that the sffect
of selection had disappeared in ten years, although this did not
appesar to be true for all ages at entry.

A select and ultimate table may be eet forth conveniently as
shown by the following section of the QY] table.

Yeonra Fiapeed Since Dats of Inmnranse.
Age at Age At
1] 1
z. Fral- LEI. z 45
20 | 100,000 | 8,580 a5 -
21 26
o o)
a3 25
o4 28
25 a0
o8 aL
o7 az
28 a
o0 M
20 35
21 36
az a7
33 35

When the rates of mortality are ebteined, the first line of the
table may be started with the desired radix and the values suc-
cesgively computed across the first line and then down the last
column. The second and subsequent lines may be ealculated
by werking back from the ultimate eolumn by mesns of the
equality 10g Uaysn-t = 108 lain — 10 Prasa—n

If the data entering into both the select and ultimete sections
of the table be combined, or, in other words, if & mortality table
be formed according to age onmly, irrespective- of the year of
insurance, the result will be an “pggregate table.”
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While it may be known that the effects of eelection last for
several years, it may be thought desirable for practical purposes
to construct & table of mortality excluding the experience of,
say, the first two years only, without constructing the select
tables corresponding to those first two years. Such a table is
known as a “truncated” table. Every ultimate table is in a
semse a truncated table, but the pname “uliimate” is usually
applied only to a table which forms the continuation of the
select section of a mortality table. In the select section the
rate of mortality is shown for the ape attained, but modified
according to the length of time elapsed after initial selection.
In an aggregate or an ultimate table the rate of mortality ix
shown for each age attained, without modifieation.

it is desirable to consider the effects of the duration of in-
surance ofithe date chtering into an aggregste table. It will
be understood that the following remurks will apply generally
but in a modified degree to a truncated table. By first obtaining
& clear ides of the nature of these different forms of mortality
tables, the student will be in a befter position to grasp the sig-
nificance of tho various niethods of investigating and collecting
tho data. "

For the pake of illustration, let it be first assumed that at all
ages the effects of selection will lagt for ten years only. Then,
if an aggregate table be formed from the cxpericnce of a eompany
that has been in buginess for only ten years, the regulting table
will be composed only of lives which have not reached the ultimeate
rates of mortality. The rates of mortality ahown will obviously
be much tess than will be the case when the table is based upen
the total experience of an cld company which has been many
years in bueinesa; for in the latter case, the higher ultimate
rates of mortality of the old business will be included, raising
the aggregate rates for any given ape above the lower mortality
of the newer businesa for the same age. Again, if there be two
companies of the same age, the aggregate tables formed from the
experience of the respective companies will differ consziderably
if one company has recently been writing & much larger business
in relation to its size than the other. The compuny having the
larger proportion of select businese in ite aggregate data will,
other conditions being the same, show the lower mortality ex-
perience. In making this statement it is assumed that the age
distribution is similar and that the companies are subject to



