Society of Actuaries’ Textbook
LIFE
CONTINGENCIES

BY

CHESTER WALLACE JORDAN, Jr.

Fellow of the Soctely of Acluaries
Professor of Mathematics
Williams College

SeconDp Epition

Publishedby
THE SOCIETY OF ACTUARIES

1991



24
THE MEASUREMENT OF MORTALITY

the parameters are usually confined to the ranges shown below -

001 < A < 003,
10 < B < 107
1.08 <¢ < 1.12.

8. Select mortality tables \
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This feature of the mortality among insured lives js one that
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n be recognized in the construction of mortality tables.
wortality tables, which show the mortality variation both by
duration, are therefore prepared.
gompletely select table would consist of a set of mortality
, one for each age at issue. It is not usually necessary to pre-
tables in this extensive form, however, since it is generally
ible to assume a uniform select period for all ages at issue,
condense the table into a select and ultimate form. If it can be
ed, for example, that the effects of selection disappear in 3
, the table can be shown in the select and ultimate form illus-
ted in Table 3. The first column, headed I, represents the
mumber of lives insured at age z, the symbol {z] denoting a life
gewly insured at age z. The second column, i1, represents the
number of survivors at age z + 1 of the I, lives insured at age z.
The columns headed lg42 and l4; represent the corresponding
numbers of survivors of the original I, lives at the two succeeding
years of age. The select symbol [z] is not used in the I,,; column,
" since the effects of selection do not carry over into the fourth year,
and l.4; is therefore equally representative of the number of sur-
vivors of the i lives insured 3 years previously, the I;._j; lives in-
sured 4 years previously, and so on, and this column constitutes an
ultimate mortality table. The value of [,44 is found directly below
Iz43 in the ultimate column. The complete set of values for age at
issue z is thus obtained by reading the select values horizontally
starting with [;;; and the ultimate values vertically from .5 . At
age 21, for example, there are 944,710 lives insured. The number of
survivors at age 23 is found by reading Iy = 941,916 from the
third column of the select portion of the table; and the number of
survivors at age 25 is found by reading s = 938,359 from the
ultimate column. Note that this same value for Iz also represents
the number of survivors at age 25 of the ;5 lives insured at age 20
and of the ;5 lives insured at age 22.

In order to construct a select table in this form, it is first neces-
sary to have values of ¢, gui41, and g4 for each age at issue
for the select portion, and a complete set of values of g.,; for the
ultimate section (assuming a 3-year select period). Suppose that
the earliest age at issue is 20. A convenient radix is then assumed
for {129, and the complete mortality table for this age at issue is
constructed using the values of qpo , qroj+1, Gro+2, G, ge, etc.
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lem. 1
| ; TABLE 3
ECTION oF SELECT AND ULTIMATE TABLE
[z] l(z} I
- )42

943,671
941,916
940,108
938,265
936,379
934,460
932, 507
930, 520
928,491
926,421
924,200

1,670
1,714
1,749
1,783
1,807
1,832
1,856
1,889
1,931
1,992
2,070

gtz)42

00177
.00182
.00186
- 00190
.00193
-00196
00199
-00203
-00208
00215
00224
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gwoduces the entire ultimate column. The select values for
8 ¥ssue over 20 must now be filled in so that the ultimate

g already obtained represent the correct number of survivors
th age at issue. This is done by working backwards from the
te values. To fill in the select values for age at issue 21, we

l24

te pay4e and then obtain {ppi. = Similarly,

P42

Liay4e Liany 41
= —— and l[zl] = .

Prnn Pra

When the complete I, table has been constructed in this way.

d. table is formed from the relations,

dizt = Uiy — bz s
diaitt = i — Lz,
digj4e = lz42 — Lga,
and in the ultimate column
Aivn = bogn — lognir, n > 2.

Table 3 is based on the actual experience of a group of insured
lives. The degree of selection inherent in this table can be seen by
inspection. At age 25, for example, the select g5 is seen to be
just 70 % of the ultimate rate gos . Similarly, qos41 is 84 % of ¢us
and qs) 12 is 94 % of gor , and these ratios illustrate the way in which
the influence of initial selection diminishes.

In evaluating probabilities of death or survival involving select
lives, care should be taken to relate all select functions to the cor-
rect age at entry. Note the following examples based on the data
of Table 3:

2142 _ 940,108
ley 042,044
_ b _ 938359
Pon = T 046,304
_ laase _ 936,379
Poah = g 037,064
s 1910
e = e 939,835

2P(22] =




Although the above d:
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then invyo] . approximate ,, inee i
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22) could be useq in this case. € analogue of for-

' A mc'>rtality table which s constructe
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s International Actuarial Notation

International Congress of Actuaries adopted in 1898 a sys-

notation for actuarial literature. In addition to prescribing

jite symbols for the common actuarial functions, this code
ates the notational principles to be followed in adopting sym-
for new functions that may be needed. In this way, it provides
the development of a consistent actuarial notation that will
sdways be intelligible to anyone familiar with the code.

“At the end of each chapter the notational ideas first introduced
# that chapter will be summarized. These summaries will consist
‘of three parts: (1) the fundamental principles, (2) the application
- of these principles to the specific types of function discussed in the
- guirrent chapter, (3) consideration of any exceptional points.

- Fundamental notational principles used in Chapter 1

A. Actuarial functions are represented by a principal symbol
with associated prefizes and suffizes which may be either subscripts
or superscripts. The principal symbol expresses the general nature
of the function. The prefixes and suffixes each limit some phase of
the generalization, so that the completed symbol constitutes a pre-
cise definition of the function.

B. A suffized subscript (appearing at the lower right-hand corner
of the principal symbol) indicates the conditions relative to ages
and the ofder of succession of the events.

C. A prefized subscript (appearing at the lower left-hand corner)
indicates the conditions relative to the duration of the operations

and to their position with regard to time.
D. A vertical bar with a prefixed subscript indicates a period of

deferment.

Application to mortality table functions

1. The following principal symbols are used in this chapter:
I, a number living;
d, a number dying;
P, a probability of living;
¢, a probability of dying;
1, a force of mortality.
2. With the above principal symbols, a suffixed subscript indi-
cates the age of the life involved (Principle B); e.g., I, . If the sub-



