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UNITED STATES LIFE TABLES AND ACTUARIAL
TABLES, 1939-1941

" PART I
INTRODUCTION

Plan and scope of this volﬁme

The life tables in this volume are based on the 1940
census of population and the deaths of the 3-year period
1939-1941. Separate life tables have been prepared for
each sex for each of three racial groups: white, Negro,
and other races. This is the first time official life tables
have been prepared for races other than whites and
Negroes in the United States. Life tables are also
included for the total population of each sex, for the
total population of each racial group without distinction
by sex, and for the entire population without distine-
tion by race or sex. Each of the 12 life tables is based
on data for the entire continental United States. Also
included are certain actuarial tables derived from the
life tables for white miales, white females, and total
whites, to be used in calculating premiums and values
for life annuities, life assurances, and other monetary
benefits contingent on death or survival. Other sections
give a brief synopsis of the elementary mathematical
theory of life contingencies, including those ifivolving
more than one life; instructions for using the actuarial
tables, with numerical examples; and a complete ac-
count of the methods and processes used in constructing
the life tables. Because of the increasing interest in the
preparation of life tables on the part of demographers,
public health workers, and other groups, an effort has
been made to render this statement of methods and
processes intelligible to readers having a reasonable
knowledge of mathematics and statistics, but without
specific actuarial training. For this reason, some of the

explanations will doubtless seem to the actuary un-.

«necessarily full, and even somewhat tedious. An ap-
pendix, mtended pmma.nly for actuaries, explains the'
special processes used in the construction of the actu-
arial tables, and certain other technical matters.

Accuracy of the tables

It is well known that.the statistics on which these
life- tables are -based are subject to various errors, the
magnitude of which is, in most cases, difficult to esti-

. mate with precision. These errors, whether found in
.statistics of populations, deaths, or births, fall into

two general classes: (1) incompleteness or underenu-
meration, and (2) incorrect reporting of some of the
pertinent information, such as age, race, or sex. Very
little specific information is available as to the extent

of incompleteness of reporting, except in the case of
birth statistics.! However, it is believed that the un-
reported cases constitute, in general, a small percentage
of the totals involved, except in the case of data for
very young children (including births). In the latter
case, a serious attempt has been made to introduce a
suitable correction in the process of constructing the

life tables.? It should be mentioned also that when

death statistics are related to the corresponding popu-
lation data, as in the computation of rates of mor-
tality, any incompleteness in the enumeration of the
population tends to offset whatever deficiency may
exist in the reporting of deaths. It is believed, there-
fore, that errors of incomplete reporting are not likely,
in general,.to be of sufficient magnitude to seriously
affect the life table valu®s for white persons. How-

ever, there is some indication that in the rural areas of

the South the reporting of Negro deaths may be appre-
ciably less complete than the enumeration of Negroes
in the census® Since 49 percent of the total Negro
population is found in the rural parts of the South, it is
possible that mortality rates for Negroes may be some-
what understated. There is a more serious possibility
of error in the case of the group of “other races’” which
includes Indians living on reservations, a class which
presents real difficulty from the standpoint of complete
reporting and enumeration.

Among the errors due to incorrect reporting, those
arising from incorrect statements of age are by far the
most important class, as regards the construction of
life tables. These errors in age fall into two general
types: (1) systematic errors, which arise from a pref-
erence for ages ending with certain digits, such as 0, 5,
and the even numbers generally, and (2) errors charac-
teristic of particular ages or periods of life. The sys-
tematic errors are believed to have been largely .elimi-
nated in the graduation of the data described in part
V. A typical example of an age error of the second
type would be that described by Wolfenden * as ““a
natural inclination to overstate the age until the attain-
ment of majority, and then to understate at adult ages,

1 See p. 102,

1 See pp. 106-108.

17, 8. Bureau of the Census, United States Abridged Life Tables, 1939, Urban and
Rural, by Regions, Color,and Ser, D. 5, June 1843,

{ Wolfenden, Hugh H., Population Statistics and Their Compilation (Aduarial Studies,
No. 8), p. 27, Actuarial Soclety of America, New York, 1925

1



2 UNITED'STATES LIFE TABLES AND ACTUARIAL TABLES

with some overstatement in advanced years.” Firors
of this sort are not easy to detect, especially if the same
type of error occurs in both population and death sta-
tistics. Only in one instance, in which the effect was
particularly noticeable, has any adjustment been made
for such errors in the construction of the life tables in
this volume. This point is fully discussed in part V.
Errors in the reporting of race probably are relatively
infrequent, except in the case of persons ,of mixed
white and Indian blood. There is no general agree-
ment as to what proportion of Indian blood entitles
one to be called an Indian, and it is likely that the infor-
mation furnished on death certificates may often fail
to be consistent in this respect with the definition
adopted ih the population census. Any error arising
from this source could scarcely be of sufficient magni-
tude to have any appreciable influence on mortality

rates for the white population, but could easily have a.

disturbing effect on those for “other races.” It is be-
lieved that any errors in the reporting of sex would not
be sufficiently numerous to seriously affect any of.the
life tables. .

In addition to errors resulting from actual inaccuracies
in the data, there are errors due to chance fluctuation
in the number of deaths: that is, what is known as
sampling error. This is of importance only in fairly
small classes, in which a small variation in the absolute
number of deaths in a given age group may make a
considerable difference in the rate of mortality. Table

A, showing the total enumerated population and the |

total ‘deaths in the 3-year period in each of the six sub-
divisions of the population for which separate life
tables were prepared, indicates the size of the exposure
underlying each life table. Sampling errors tend to be
largely corrected by the graduation process, in which
the mortality rates in each age group are adjusted so
18 to bring them into line with those in the neighboring
age groups. In any case, it i1s believed that the effect
of sampling error is negligible in the life tables for white
persons, and of minor importance in thosc for Negroes,
except at the very old ages. However, it may have
significantly affected the results for “other races.” 8

If allowance is made for all the possible sources of
error discussed above, the life tables for whites and
Negroes are believed to be sufficiently accurate and
reliable for all ordinary purposes. However, those for
“other races” can be regarded only as reasonable
approximations. For reasons explained in part V, this
is also true of the life table values for subdivisions of
the first year of life in all the tables.®

In connection with the accuracy of the tables, it
should be clearly understood that the values cannot
be considered reliable, in most cases, to anything like
the number of decimal places or significant figures
shown in the tables. The chief purpose of retaining

5 In connection with the distribution of ”o:.h’er races’’ deaths by subdivisionsof the
first year of life, a correction was applied for sampling error. See p. 109.
8 See p. 108,

TapLe A.—1940 ENUMERATED PorurLaTiONS, AND TOTAL
é)EATI—IS RerorTED IN 1939-1941, BY Rack aND Sex: UNITED
TATES -

1940 1939-1041
RACE AND SEX population| deaths
White:
Male. o e 59, 448, 548 2, 048, 620
Female. s 58, 766, 322 1, 603,192
Negro
6, 260, 038 282, 490
6, 506, 480 246. 407
344, 006 13,803
244, 881 8,211

additional figures beyond those which can be regarded
as dependable is to secure a reasonable degree of smooth-
ness in the results. This is always desirable, and in
many of the uses to which life tables are put excessive
roughness is a serious inconvenience. A further reason
exists in the case of the actuarial tables, because of the
mathematical relationships which hold between different
actuarial functions, such as the values of life annuities
and assurances. The actuary wishing to make use of
the tables is inconvenienced if, because of excessive
rounding, these relationships do not hold with a fair
degree of precision.

Comparisons based on the life tables

Variation by race and sex.—The most usual measure
of the comparative longevity of different populations
is the average duration of life, also called the expecta-
tion of life at birth. This is the average number of
years lived by the members of a specified cohort, or
closed group of persons, assumed to be subject through-
out life to the life table rates of mortality. A compaz-
ison on this basis is given in table B. This table indi-
cates that females live, on the average, longer than
males, white persons longer than Negroes, and Negroes
not quite so long as those of “other races.” There is,
however, some objection to the use of the average dura-
tion of life as a standard of comparison because the
method of calculating it gives great weight to the rela-
tively large number of deaths occurring in the first year
of life. This.influence may be entirely eliminated by
considering instead the average lifetime remaining to
those members of the cohort who survive to age 1.,
Tlis comparison is presented in table C, which shows,
in general, about the same relationships as table B.
However, the differences between the corresponding
values for Negroes and ‘“other races” are slightly
increased now that the effect of the high infant mortal-
ity among “other races” is no longer reflected in the
figures.

. TABLE B.—AVERAGE DURATION OoF LIFE IN YEARS, BY RACE

anp Sex: UNITED STATES, 1939-1941

RACE Both sexes Male Female
Allraces. ..o .. 63. 62 61.60 65. 89
White s 64.02 62.81 67.28
Negro. il 53,85 52.26 55. 56
Otherraces. _...._.ooocoooooii 54.35 53. 56 55. 84
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TaBLE C.—AVERAGE FUTURE LIFETIME 1IN YEARS AT AGE 1,
BY Race anD SEx: Unirep StaTes, 1939-1941

e

TaBLE F.—SuRrvivors To AGE 65 Our oF 100,000 Live BirTHs,
BY Race anp Sex: Unitep StaTES, 1939-1941

RACE Both sexes Male Female RACE Both sexes Male Female
Al r8COS. i 65.76 64. 00 67.73 60,366 || - 65,776 65, 523
White . oo 66. 84 64. 98 68.93 63, 201 58, 305 68, 701
Negro.._.._..... 57.15 55.93 58. 46 37,838 35,371 40, 504
Other races 58. 80 58.40 60. 14 46,130 44, 689 49, 303

Another possible standard for comparing the longev-
ity of different populations is provided by the median
length of life, or ‘“ probable lifetime,” which is the age
at which exactly half the original -members of the
cohort have died, and half are still alive. In other
words, it is the age to which an infant born alive has
just an even chance of surviving. The values of the
median length of life (shown in table D) are greater in
every case than those of the average length of life,” the
difference ranging from 3.81 years in the case of Negro
females to 8.70 years in the case of females of ‘“‘other
races.” The use of the probable lifetime as o measure
of longevity results in a somewhat more favorable
showing for ‘““other races,” as compared with Negroes,
than when the average duration of life was used. In
fact, the probable lifetime of males of “other races”
slightly exceeds- that of Negro females. The reverse
was true of the corresponding average durations of life.

TaBrLe D.—MgpiaN LENGTH OF LiFE IN YBARS, BY RACE AND
Sex: UniTep Srtates, 1939-1941

In considering the mortality and longevity of the
group of “other races,” it should be kept in mind that
this is a heterogeneous class made up of elements
which differ widely both in the general level of mortality
and in its incidence by age. The racial composition of
the group is shown in table G, and age-specific death
rates for the principal races separately appear in table
H, together with comparable figures for whites and
Negroes.

TaBLE G.—PoprULATION OF OTHER RACES,! BY SPECIFIED RACE
AND Sux: UNITED STATES, 1940

POPULATION PERCENT BY RACE
RACE -

Total Male- | Female | Total || Male |{Female
344, 006 | 244,881 100.0 100.0 100.0
171,427 | 162, 542 56.7 40.8 66. 4

57,388 | 20,115 13.2 16.7 8.
71,967 | 54,980 21.6 20.9 22.4
39,723 5, 840 77 1.6 2.4
3, 500 1,404 0.8 1.0 0.6

1 All except white and Negro

-

Tasre H—DeatH RaTes PER 1,000 ENUMERATED PoPUuLaTION,
BY AGE, Racg, aAxp SEX: UNITED STATES, 1939-1941

RACE Both sexes || = Male Female
60.85 67.68 72,22
70. 86 68. 67 73.19
57.86 56.42 50.37
62.67 61.89 64.54

Still another measure of comparative longevity is the
number of persons surviving to stated ages in a cohort
of, say, 100,000 live births. Such a comparison is
presented in table E for survivors to age 21, and in
table F for survivors to age 65. These ages have been
chosen as representing, respectively, the attainment of
manhood or womanhood, and the retirement age pre-
scribed by the Social Security Act. Table E shows
that relatively more Negroes reach age 21 than persons
of ““otherraces.” This reflects higher rates of mortality
in the ““other races” group over almost the entire age
period in question. However, between ages 21 and 65
the relationship is reversed, and the proportion sur-
viving to the latter age is greater among “other races”
than among Negroes. .

TasLe E—Survivors To AGE 21 Ovur or 100,000 Live BirTas,
BY RACE aND SEx: UNITED STATES, 1939-1941

RACE Both sexes Male Female
92, 234 91, 392 93,116
92, 951 92,008 93, 848
87,367 86, 404 88, 264
82, 8563 82,412 83, 302
s

" The explanation of this fact and a discussion of the relative merits of different
measures of longevity are given on p. 23.

SEX AND AGE ‘White Negro Indian | Chinese | Japanesc| Other
MALE
(1 S 13.2 22.8 35.8 13.7 12.1 12.7
5-9__. - 1.2 1.6 3.3 11.0 1.1 11.6
10-14____.____. - L1 1.7 2.8 1.6 1.3 12,1
15-19..__ 1.7 3.7 5.7 3.5 1.8 11.4
20-24. ... R 2.3 6.4 7.5 4.7 2.6 4.9
25-29___. 2.5 7.8 6.6 5.0 2.9 5.1
30-34.__.. 3.1 9.7 8.3 6.9 4.8 4.7
3530, d - 4.2 11.4 8.2 9.5 4.5 7.4
04 . 6.1 15.7 0.6 12.8 6.0 7.6
4549 ... - 9.1 20.8 13.0 17.1 9.4 12.9
50-54.. ... - 13.7 29.4 16.3 23.8 11.4 19.4
55~59. _ 20.7 36.1 24.1 38.3 17.6 27.5
60-64. _ 30.0 43.8 30.1 T 47,7 27.4 50.6
65-74_ ___ 53.1 4.5 48.4 80. 2 45.7 02.2
‘75 and over 135.0 119.8 109.9 192.1 110.0 103.7
FEMALE
10.4 18.1 32.1 13.7 9.4 10.7
.9 1.3 2.8 1.9 1.0 3.0
7y L5 3.0 15 .8 11.4
1.2 4.2 6.4 -2.8 L5 12.7
16 5.8 9.5 3.6 1.9 14.5
2.0 6.6 0.1 4.3 3.3 12,5
2.4 8.2 | 8.4 2.5 2.5 15.5
3.1 9.9 9.4 4.6 3.3 14,4
4.3 14.0 9.6 5.6 3.9 18.5
6.1 17.6 11.2 9.8 6.7 23.2
9.0 25.7 16.0 15.1 7.9 45.3
13.5 32.4 21.9 17.0 13.9 57,8
20.7 40.0 28.0 R 2 17.3 142.9
40.8 4.9 43.0 42.5 37.0 91.7
120.8 96. 5 103.7 93.8 49.0 1388.9

' Rate based on less than 10 deaths.

A more detailed comparison of life table values by
race and sex is offered by figures 1 to 6, in which are
plotted graphically the values at all ages of the rate
of mortality, the number of survivors out of 100,000
live births, and the average future lifetime for each of
the 12 life tables. These graphs bring out certain

. -
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FIGURE 1.—ANNUAL RATE OF MORTALITY PER 1,000, FOR EACH RACE BY SEX:' UNITED STATES, 1939-1941
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FIGURE 2.—ANNUAL RATE OF MORTALITY PER 1,000, BY RACE AND BY SEX: UNITED STATES, 1939-1941
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FIGURE 3.—NUMBER OF SURVIVORS OUT OF 100,000 BORNI ALIVE, FOR EACH RACE BY SEX: UNITED STATES, 1939-1941
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FiGURE 4.—NUMBER OF SuRvIivORs OuT OF 100,000 BORN ALIVE, BY RACE AND BY SEX: UNITED STATés, 1939-1941
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FIGURE 5.—AVERAGE FUTURE LIFETIME, FOR EACH RACE BY SEX: UNITED STATES, 1939-1941

N

100

T

Age in years

60

50
10
0

S a - 8

§Je34 Ul WA SUIUTBWII ITBIIAY

R o



FIGURE 6.—AVERAGE FUTURE LIFETIME, BY RACE AND BY SEX
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relationships which may, at first sight, appear some-
what surprising. For example, figure 2 shows that the
mortality rates for total females are lower than those
for total whites at all ages above 42, notwithstanding
the fact that Negro females show a much higher mor-
tality than white males during a large part of this age
interval. This secming inconsistency is due to the
fact that Negro and ‘“‘other races” females form a
much smaller group than white males, so that com-
bining them with white females ploduccs less change
in the mortality rate of the entire group (as compared
with that for white females before the addition) than
if the white males liad been added.

Because mortality rates for females are so consistently
lower, age by age, than the corresponding rates for
males, particular interest attaches to the few instances
in which exceptions to this general rule occur. The
cxceptions are found among Negroes at nges 14 to 19,
inclusive, and among ‘‘other races” at ages 12 to 34.
In the case of Negroes, further analysis by particular
causes of death shows that the phenomenon is primarily
due to the effect of higher mortality from tuberculosis
among females at younger ages. Deaths from puer-
peral causes appear to be a negligible factor at the ages
in question., In the case of ‘“other races,” examina-
tion of data showing a more detailed racial classification
makes it clear that the Indians are almost entirely
responsible for the higher female mortality, as the
Chinese show heavier mortality for males in all age
groups and the Japanese show a very slightly higher
mortality among females in the late twenties only.
In 1940, Indians constituted 66.4 percent of the total
female population excluding whites and Negroes, as
indicated in table G. Here again, an excess of deaths
from tuberculosis among females is the chief factor
involved, but in this case deaths from puerperal causecs
exert a significant, although sccondary influence.

The rates of mortality for “ other races’” show a further
peculiarity in that they decreasc with increasing age at
ages 24 to 26 for males and at ages 29 to 36 for females.
Both of the peculiarities mentioned—the higher mor-
tality of females at certain ages, and interruptions in
the steady increase of the mortality rate—are usually
prominent features of life tables for depressed countries
where the general level of mortality is high, such as
British India, Japan, and ‘Bulgaria, and they are com-
monly associated with a high tuberculosis death rate,
combined perhaps with a higher mortality from puerperal
causes. It is curious to observe, however, that both
peculiarities have been consistently noted. in the life
tables of Canada, a relatively prosperous country
having a level of mortality lower, in general, than that
of the United States. For example, in the Canadian
life table for 1930-1932 the mortality rate of females
exceeds that of males at ages 23 to 42, and the mortality
rate of males decreases with advancing age at ages 24
to 26. Analysis of deaths by cause indicates that the
higher mortality of Canadian females at certain ages

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

Las been primarily due, as.in other countries where this
occurs, to deaths from tuberculosis.  While the over-all
death rate for tubcrculosis was, in the period under
consideration, only slightly hlgher in Canada than in
the United St&tes the deaths from this cause in Canada
are found to be more heavily concentrated among
females and at the younger ages.

Comparison with earlier United States life tables.—
Table J presents a comparison of values based on the
life tables in this volume with those of earlier United
States life tables. In addition, rates of mortality for
white males and white females are plotted in figures 7
and 8 for five life tables covering the period 1900 to
1941. Although the life tables for periods prior to
1930 do not cover the entire United States, any possible
geographic variation in the mortality of white persons
could account for only a small part of the spectacular
improvement which the comparison shows. In the 40
years between 1900 and 1940 the average duration of
life increased by more than 14 years for white males and
more than 16 years for white females. The proportion
of persons surviving to age 65 has increased by one-

half, and the rate of infant mortality has declined to

little more than one-third of its value in 1900. Similar
improvement is shown throughout childhood and young
adulthood and, to a lesser degree, in middle age. The
mortality rate at age 40 has diminished to less than
half its former value. At older ages the improvement
becomes in proportion progressively less, but the recent
figures are slightly lower even at the oldest ages shown.
The improvement is more marked in the case of females,
and remains substantial in amount to a later age
than for males. '

In the case of Negroes, only the 1929-1931 and 1939-
1941 life table values are shown, since the life tables
for Negroes show 2 conmdemble geographic variation
(perhaps due as much to geographic differences in fhe
completencss of registration of Negro deaths as to

actual differences in mortality) which-makes it inad- .

visable to present any comparisons not involving
identical areas. However, even in the 10-year period
between 1930 -and 1940, the improvement is striking,
the average duration of lifc of Negroes having risen
during the decade nearly 5 years for males and more
than 6 years for females.

Figure 7 calls attention to one rather curious feature
which calls for special comment. This is the low level
of mortality above age 45 in the life table for white
males in 1919-1921 in the death-registration States of
1920. From age 52 to 69, the rates of mortality in

. this life table are actually lower than those of the

1939-1941 table for white males in the United States.
The ycars 1919 to 1921, coming immediately after the
influenza epidemic of 1918, were years of unusually
low mortality, probably because many persons who,
under ordinary circumstances, would have died in these
3 years actually died in 1918. These conditions, of
course, affected both sexes and a much broader range
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TaBLE J.—L1FE TasLe VALUES Fol SELECTED SPECIFIC AGES, BY SEX: DEATH-REGISTRATION STATES OF 1900 AND 1920, AND THI
UniTeEDp STATES, AT 10-YEAR INTERVALS, 1900-1941 ’

N [The abbreviation D. R. 8. stands for death-registration States]
WHITE
\ ~ Annuasl rate of mortality per 1,000 (1,000¢:) Number of survivors out of 100,000 live births (I;)
SEX AND AGE
. 1919-1921 1909-1911 1900-1902 1919-1921 1909-1911 1800-1802
19001 | 1921981 | D.R.8. | (D.R.5. [ (D. RS | MRN8 D RS | (D.RS | (D.RS.
g (U.8) 1 (U.5) } °5r1020) | of1900) | of1ec0) | €U-8- (U-59 | "or1920) | “of1800) | "of1900)
48.12 62.32 80.26 123.26 133.45 100, 000 100, 000 100, 000 100, 000 | - 100, 000
4,87 9,93 16.19 28.21 34.47 95,188 93, 768 91, 976 87,674 86, 65656
1.38 2 66 3.95 4.71 6.06 94,150 91,738 ‘88, 842 . 82,072 80, 864
1.00 1.47 2.11 2.38 2.74 43, 601 90, 810 87, 630 81, 519 79,100
1.43 2.13 2.91 2.83 3.34 93, 089 90, 074 86, 546 80, 549 78,037
2.12 3.18 4.27 4,89 5.94 92, 293 88, 904 84, 997 79,116 76, 376
2.43 3.7 5.04 5. 54 7.04 91, 241 87,371 83, 061 77,047 | * 73,907
2.79 " 413 5.73 .6.60 7.89 90, 092 85,707 80, 888 74,810 71,219
3.63 5.10 6.69 8.52 9.32 88,713 83,812 78, 441 72,108 68, 245
513 6.79 7.50 10,22 10.60 86, 880 81,457 75,733 68, 848 64, 954
7.68 0.29 9.26 12.64 12,63 84,285 78, 345 72, 696 65,115 61, 369
11. b5~ 12,78 11.74 15, 53 15.37 80, 521 74,288 69, 107 60, 741 57,274
17.37 18.19 16.53 ] * 21.50 21.18 75,156 68, 981 64, 574 7 55, 622 52, 491
25.48 26.44 24.62 30.76 28. 59 67, 787 61, 933 58,498 48, 987 46,452
36.85 38. 65 34.99 43.79 41.66 , 306 52,964 50, 663 40, 862 39, 245
54.54 57.96 5.63 62.14 58. 94 46,739 41, 880 40,873 31,5627 30, 640
83.13 85.26 81.91 |~ 92.53 88.43 33, 404 29,471 29, 205 21, 585 21,387
124.71 120.97 119.73 135.75 133. 53 19, 860 17,221 17, 655 12,160 12, 266
181. 04 184, 68 182,32 191,11 191.76 9,013 7572 - 815 5,145 5 252
248.94 245. 50 238.19 255.17 262.78 12,812 2, 356 2, 568 1,523 1,523
37.89 49, 63 63.92 102.26 110. 61 100, 000 100, 000 100, 000 100, 000 100, 000
4.32 ‘8.79 14. 59 25.83 31.15 96, 211 95, 037 93, 608 80,774 88, 939
1.10 2.20 . 3.49 4.47 5.89 95, 309 93, 216 90, 721 , 349 83,426
.70 1.13 1.79 2.06 2.46 04, 890 02,466 80, 564 83,979 81,723
.96 1.64 2.49 2.65 3.39 4, 534 01,804 88,712 , 003 )

1.46 com 4.33 4.20 5.54 03,984 90, 939 87,281 81,750 78,978

1.82 3.39 5.52 5.22 6.79 03,228 80, 524 85,1 79, 865 76, 58
2.20 3.74 6.03 6.03 1.72 192, 320 87,072 82, 740 77,676 73, 887
2.78 4,33 6.42 7.13 8.39 91,211 86, 248 80, 76,200 70,971
3.68 5.32 6.76 8.03 9.31 89, 805 84, 256 77,624 72,425 67, 935
523 . 7.02 8.14 9.91 10. 63 87,9020 81, 780 74,871 69, 341 64,677
7.62 9,50 10. 67 12.59 13.37 85, 267 78,572 n, 547 65, 620 61, 006
11.28 [ 13.76 14.63 17.93 18. 69 81, 520 74,321 67,323 61, 053 56, 509
17.14 20. 63 21.73 25.83 25. 06 76, 68, 462 61,704 , 50, 762
26.43 31.25 31.68 37.86 36. 41 68, 701 60, 469 54, 47,086 43, 806
42.33 48, 66 .50.23 56. 63 53. 69 58, 363 49, 032 44,638 37,482 35, 206
89 74.60 75.97 82.52 . 80.39 44,685 37,024 32,777 , 25, 362
108.19 117,42 113.41 125.79 121.15 28, 882 23,063 20,492 15, 929 15, 349
162. 94 170. 86 170. 44 178.32 174.60 14,487 10, 937 T9, 7,152 7,149
231.41 231. 51 230. 61 247. 59 245.32 , 061 3,719 3,372 2,291 2,322

. WHITE NEGRO )
. Annual rate of mor- | Number of survivors itati
Satiro § < future lifetime
Average future lifetime in years (§ tality per 1,000 (1,000 |  out of 100,000 live | AVerage
SEX AND AGE B . (&) S births () In years (&)
10301941 | 10291031 | (D80 (1]9)0";{"181 (1%001{9%2 1039-1041° | 19201031 | 1939-1941 | 1920-1931 | 1939-1941 | 1920-1931
(U.8.) (U.8.) '0{192‘0‘) : ol“lD()'O) . 0(‘190‘0) ‘ (U.8) (U.8) (U. 8. (U.8) (U.8) (U.8)
MALE
62. 81 59,12 56. 34 50. 23 48.23 82.28 87.32 100, 000 100, 000 52.26 47.55
64.98 62.04 . 60,24 56. 26 54. 61 9.37 16. 57 91,772 91, 268 55.93 51.08
61. 68 59.38 68. 31 - 55.37 54.43 1.86 2.05 90, 082. 88,412 52,956 48, 69
57.03 54,96 54.15 51.32 50. 69 1.38 2.11 89, 303 87,311 48.34 44, 27
52.33 50.39 49.74 46. 91 46.25 2.74 4.33 88,610 86, 152 43.74 39.83
47.76 46.02 45.60 42.71 42.19 b.44 8.58 86, 968 83, 621 30.52 35.95
43.28 41.78 41,60 -38.79 38. 52 7.33 10. 96 84, 227 79, 516 35.72 32.67
38.80 37.54 37.65 34.87 34.88 8.72 12.75 80,979 X 32.05 20.45
34.36 33.33 33.74 31.08 31.20 10.71 14.84 77,221 70, 049 28.48 26.39
30.03 29.32 20.86 27.43 27.74 13.62 18.13 72,780 64, 710 25. 06 23.36
25, 87 25.28 26. 00 23.86 24.21 18. 59 22. 40 67, 346 58,432 21.88 20. 59
21, 96 21. 51 22.22 20.39 20.76 25.36 27. 50 60, 495 b1, 748 + 19.06 17.92
18.34 7.97 18. 59 17.03 17.42 32.48 33.02 52,426 44,436 16.60 15. 46
15,056 14,72 15,25 13,98 14,35 30.10 41,40 43,833 36, 700 14.37 13.15
12,07 1.7 12.21 11.25 11.51 46.85 50.72 35,371 29, 314 12.21 10. 87
9.42 9.20 9. 51 8.83 9.03 57.69 70.18 27,236 21,741 10.11 8.78
7.17 7.02 7.30° 6.75 6.84 78.03 92.82 10,456 14,419 o 8.17 6.99
38 5.26 5.47 5.00 5.10 107. 30 120.91 12,186 3 6. 58 5.42
4,02 3.90 4,06 -~ 3.88 3.81 137.83 177.61 6,444 3, 5.34 4.30
3.06 3.03 3.18 2.99 2.85 174.17 220.32 2,836 1, 246 4.23 3.42
4

67.29 62.67 58. 53 83.62 51.08 65. 84 72.04 100, 000 100, 000 55. 56 49, 51
68,93 . 03 61, 51 58. 69 56. 39 7.96 14.37 93,416 92, 796 58.46 52.33
65. 57 62.17 59. 43 57.67 56.03 1.75 2.84 91, 906 90, 186 55,40 49, 81
60, 86 57.65 55.17 83. 57 52.15 1.04 1.61 91, 308 89, 201 50.75 45, 33
56. 07 53.00 50. 67 49,12 47.79 3.07 5.12 90, 504 *46.13 40,87
51.38 4852 486, 46 44.88 43.77 5.32 (* 8.82 88, 736 85,078 42.04 37.22
46,78 44.25 42. 55 40.88 40.05 6.27 10.34 80,198 81, 067 38.20 33.93
42,21 39.99 38.72 36. 96 36. 42 7.33 11.59 83,3%4 76, 816 34.40 30. 67
37.70 35.73 34. 86 33.09 32.82 9. 24 13.22 80, 092 72,192 30.71 27.47
33.25 | 31. 52 ~30.4 29. 26 20.17 1L.81 | 16.26 76, 084 67,271 27.19 24, 30
28.90 27.39 26. 08 25.45 25. 51 16.02 20.18 71,157 61,365 23.89 21.39
24,72, 23.41 23.12 21.74 21.89 21,87 26. 65 v 54,920 20.95 18. 60
20.73 19. 60 19,40 18.18 18.43 28, 58 34.99 57,314 47,074 18.38 16. 27
17.00 16. 05 15,93 14.92 15.23 34.72 42,20 48, 028 38, 761 16.10 14.22
13. 56 12.81 12,76 11,97 12.23 40.90 49,35 40, 504 30, 852 13.93 12.24
10. 50 9.98 9. 904 9.38 9.59 49,12 61.74 32,354 23,341 11,82 10. 38
7.92 7.56 7.62 7.20 7.33 62.94 73.41 24, 502 16, 576 9.81 8.62
5.88 5.63 5. 70 5.35 5. 50 81,27 97.84 17,039 10, 822 8.02 6. 90
4.34 4.2 4.2 4,06 4.10 105. 29 128.34 10, 622 6,033 6.41 5.48
3.24 3.17 3.16 3.00 3.02 | - 141.32 172.03 5,652 2,7714" 4.96 4.20




FIGURE 7.—ANNUAL RATE OF MORTALITY PER 1,000 FOR WHITE MALES: DEATH-REGISTRATION STATES OF 1900
AND 1920, AND THE UNITED STATES, AT 10-YEAR INTERVALS, 1900-1941
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FIGURE 8.—ANNUAL RATE OF MORTALITY PER 1,000 FOR WHITE FEMALES: DEATH-REGISTRATION STATES OF
1900 AND 1920, AND THE UNITED STATES, AT 10-YEAR INTERVALS, 1900-1941
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14 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

of ages than that indicated above. However, among
males at younger ages and among females at most ages,
there has been a steady improvement in mortality
since 1921, so that the low mark set in the post-epi-
demic years has since been surpassed. However, in
the case of males above age 55 there has been only a
slight decline in the mortality rate during the last 20
years, so ‘that the low level of 1919-1921 has not yet
been equaled.

Comparison with recent life tables for other countries.—
In tables K, L, and M, life table values for the United
States in 1929—1931 and 1939-1941 are compared with
the corresponding values for a number of other countrics.
‘The selection of these countries has been influenced,
to a considerable extent, by the availability of reliable
life tables covering recent periods. (Only those for
periods ending in or after 1930 have becn used.) It is
natural,- therefore, that the majority of the countries
selected are European. Figures' 9 and 10 exhibit
graphically the number of survivors to successive ages
for white males and white females in the United States
in 1929-1931 and 1939-1941, in comparison with sim-
ilar curves for England and Wales, British India, Italy,
Japan, Mexico, and New Zealand. These six countrics
were selected mainly in order to secure & wide range in

the general levels of mortahty represented. New®

Zealand and British India, in particular, have long been
regarded as representing, rcspectively, the lowest and
the highest general level of mortality among those
countries for which reliable life tables are available.
Values for the United States death-registration States
of 1900 in 1900-1902 have also been ploited, so that the
amount of improvement over the 40-year period can be
compared with the variation in present conditions as
between different parts of the world. These charts
show that survival rates in Mexico and British India
were still in 1930 far below the level which characterized
the United States in 1900, and- those of Japan had not
- quite reached that level. The English life tables of
1930-1932 exhibit lower survival rates up to about age
45 than the United States tables covering approximately
the same period. However, at subsequent ages the
cumulative cffcet of the lower adult mortality of Eng-
land and Wales (which began at age 20) results in a
larger number of survivors than in the United States.

Ten years later, in 1939-1941, the United States had
not attained the low mortality found in New Zealand
about 4 years carliecr. This indicates the possibility of
still further improvement; and the 1934-1938 life table
for New Zealand is by no means to be regarded as re-
fleeting the ultimate low level of mortality which is
never to be suipassed.

All the values cmployed in the preparation of tables
K L, and M and figures 9 and 10 have been obtained
from official government life tables except those for
Austria and Mexico and some of the values for Canada.
The Austrian life table was published by an association
of insurance companies, while the Mexican table ap-
peared in a signed article in a journal published by the
Department of Public Health. The official Canadian
life table commences not at birth but at age 5, so that
the numbers of survivors in the life table cohort are not
comparable with similar figures for other countries.
Accordingly, all these values, as well as the values of
the rate of mortality and the average future lifetime at
ages 0 and 1, have been taken from an unofficial life
table 8 covering the same period of years. For four
countries, it was not possible to secure the original
publications, and the figures were obtained from second-
ary sources. In the case of Denmark and Sweden, the
available sources were official yearbooks, while the
figures for Austria and Czechoslovakia were obtained
from a German Government publication.

The Mexican life table was not graduated, end the

rates of mortality were gencrally overstated at the ages

which are multiples of 5 (these being the ages for which
values are shown in table K), because of a decided
preference for such ages in the reporting of ages at
death. For this reason, it would have been unfair to
Mexico to use the published mortality rates in the
comparison. Accordingly, the values shown in table I
have been corrected for this error.?

8 Sce list of sources of foreign life table values on p. 20.

9 The correction was made by referring to a graduated life table for Mexiro, that of
J. B, Solérzano as adjusted by Giergio Mortara (published in Estedistica, Journal of
the Inter American Statistical Institute, vol. 11, No. 5, pp. 78-80, March 1944). For
each age 7 (except ages 0, 1, 5, and 10) for which the mortality rate is shown in table
K, a corrected value of the number of deaths at age z in the life table cohort was
obtamed by accepting as correct the total number of deaths at ages 7 to z+4, and
assuming the numher of deaths at age 2 to be the same fraction of the total deaths nt
ages z to 2-+4 as in the Solérzano-Mortara table. The latter table is for both sexes
combined and covers the period 1020-1933,
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TaBLE K.—ANNUAL RATE oF MortaLI1TY PER 1,000, FROM RECENT LivE TABLES FOR SELECTED COUNTRIES, BY SEX FOR SELECTED

SpECIFIC AGES

Australia Austria Belgium Dritish Canada Czccho-. Denmark England France Germany Italy
SEX AND AGE 1034 p > 1020 India, p slovakia, ' [and Wales, vy 01094 Y
# 1932-1934 1930-1933 | 1928-1932 1921-1930 1930-1932 1920-1932 1931-1935 1930-1932 1928-1933 | 1032-1934 1930-1932
115. 40 100. 75 248 7 99. 97 148. 69 81.47 71.86 90.18 85 35 115. 32
14.00 17.11 91 8 12.82 19. 32 9 01 15. 30 16. 90 0. 26 38.87
3.41 3.12 19.3 2.62 3.80 1.34 3.43 2.85 " 2.32 3.65
1.86 1.54 79 1. 60 1.99 1.13 1.46 1.63 1.33 1.99
2.03 2.30 9.8 2.07 2.39 1.47 1.97 2.49 1.57 2.38
3.4 4.34 12.7 3.08 4.29 2. 56 3.16 518 2. 83 4.14
4.26 3.98 15.3 3.40 4,55 2. 66 3.30 523 2.97 4,27
4.38 4.44 19.3 3.41 4.64 2.68 3.40 5.88 3.24 4.66
562 5.19 24 1 3.08 5. 52 3.24 4.21 7.07 3.94 5.30
7.03 6. 40 29.4 4.94 7.07 4.01 5 62 8. 90 4.82 6. 36
9. 51 8.35 34.9 6. 30 9.23 5. 84 7.99 11. 64 6. 58 7.94
12 99 11. 51 41.0 9.03 12.85 8.32 11 28 15.33 9.39 10. 63
18.93 16. 59 48.1 13.29 17.97 12 44 16. 14 20. 71 14.18 14. 68
26.72 24.77 57.9 19.38 25.79 18. 66 24.15 29.18 21.72 21.92
40.77 37.87 72.7 29.75 38, 96 30. 97 37.91 42.33 34.04 | _ 33.19
60. 33 58,71 97.6 46. 34 59 74 48 25 60. 35 64.28 54.01 53.23
95. 56 01. 52 142.7 74.03 03.93 78.37 95.19 101. 60 87.40 87.79
147.73 142. 20 218.0 115.27 143. 87 121.81 145.00 152. 56 136. 68 137.99
222,52 218. 41 360. 8 171. 67 212.11 189, 55 210 48 234.42 207. 69 206. 64
312.73 327. 51 577.0 247.11 289. 36 284. 52 286. 14 . 303.40 287.73 280, 32
5 02. 45 78. 55 232.3 83.58 124. 57 63 08 54. 55 71.62 68.39 102. 25
5 13.07 14.78 86 5 13.79 18. 57 7.18 13.45 15.13 8.23 39.05
. 3.43 2 68 16.5 2.32 3.76 1.32 2.98 2.79 2.15 - 3.66
. 1.75 1. 50 8.1 140 2.10 .78 1.34 1. 60 1.14 1.79
1.13 1.94 240 11.5 1. 95 2. 50 1.23 1.91 3.04 + 1.30 2. 64
1.83 3.26 3.79 17.6 2.95 3.85 2.24 2.68 4,82 2.27 3.88
2.43 3 62 3.81 21.6 3.67 4,37 2.78 2.98 5.00 2.70 4.46
2.79 3.96 4.06 25.1 3.08 4.48 3.05 3.19 4.78 3.01 4.39
3.41 4,42 4.48 29.3 4.48 5.02 3. 56 3.64 5. 14 3.48 4.81
4.02 5.14 5.22 34.5 5.12 5.69 4, 56 4.40 6.08 4.22 5.43
5.23 7.06 6. 49 390 6.15 6. 89 5.74 5.84 7.50 b. 46 6.20
7.44 9.40 8 69 43.1 8.04 9. 50 7.82 8.16 .77 7.91 8.20
10. 19 13. 15 12, 42 47.5 11.62 13. 49 11,82 11. 74 13. 38 11. 53 11. 36
14. 66 19.91 18.81 54.3 17. 14 20. 51 17. 59 17.70 19.26 17. 46 17. 47
23 65 32.39 29. 69 66. 6 26.03 33.08 27.70 27.55 29.86 28. 53 28, 40
38.02 51.22 48.12 88.8 40. 57 51.30 44,22 44, 51 48.13 47.61 48,53
62.20 85.97 78.97 130.1 67.35 84. 42 75. 87 74. 14 78.75 80.3 79. 61
101. 06 131 56 129 67 206. 6 107. 69 131.28 119. 78 118. 58 127.93 126. 51 127,02
158. 37 202.12 210. 38 347 6 160. 86 192. 59 187 34 179. 42 200. 02 193. 66 181. 19
233.91 279. 42 332.04 566. 7 228. 60 263.29 255. 64 250. 61 284,63 273. 64 267. 86
- . UNION OF SOUTH AFRICA UNITED STATES
SEX AND AGE apan, Mexico, I\?:;]gea- Scotland, | Sweden, bmg.éer-
' _ )
1926-1030 193 1934-1938 1930-1932 | 1931-1935 1933-1937 Whites, |Nonwhites,| Whites, ‘Whites, Neerces,
1935-1937 1935-1937 1939-1941 1929-1931 19391041
140.10 223. 69 36. 53 93.46 54. 86 '52. 42 66. 41 183. 65 48.12 62.32 82.28
43.12 105.89 4.71 22.31 7.65 7.77 14. 64 70.78 4.87 9.93 9.37
6,44 16. 86 1.72 3.36 1. 60 2.15 2.38 7.18 1.38 2. 66 1. 86
2. 63 6. 47 1.00 1.80 - 133 1.23 1. 54 3.64 |- 1. 00 1.47 1.38
5.02 5. 60 1.47 1.98 1.87 1.73 1.85 5. 41 1,43 2,13 2,74
9. 82 10. 00 2.18 3.26 3.90 3.26 3.46 8. 39 2.12 3.18 5,44
8. 61 10. 96 2,34 3,52 3. 55 3.47 3. 50 9. 36 2.43 3.71 7.33
7.39 12,17 2.32 3.83 3. 66 3.43 3.52 10, 43 2.79 4,13 8.72
7.70 13.72 3.03 5,04 4,07 4.33 4,72 12,70 3.63 5,10 10.71
9. 58 16, 14 4.41 6.76 4. 55 5. 50 8.00 15. 34 5.13 6.79 13.62
12. 69 18,97 5.84 8.96 6.43 \ 7.86 9,30 17. 88 7.66 9.29 18. 50
17. 50 22.32 8.43 11,51 8. 46 11,67 13. 08 21.36 11. 65 12.78 25, 36
24.95 27.16 12. 56 16. 56 11,87 17.47 18, 64 25. 14 17.37 18.19 32,48
36.71 36. 64 19. 51 25.18 17,68 26.11 25, 56 35,76 25, 48 26, 44 39.10
54.86 46. 14 30.17 39. 89 - 27.65 39.48 37.29 46. 30 36.85 38, 656 46.85
80.35 71.91 47. 89 62.95 44,89 59. 35 63. 87 60. 30 54, 54 57.96 57. 89
117. 53 91.69 75. 60 98.97 70.13 93.10 84,88 79. 55 83.13 85.26 78.03
170.20 138. 53 120.01 150, 98 116. 63 144,80 | ~ 120.95 114. 10 124,71 129. 87 107. 30
243. 20 185. 59 183. 86 211. 54 186, 33 210. 90 192. 20 175. 88 181. 04 184, 68 137.83
341.41 218. 64 263. 84 293, 88 286. 31 288, 00 300.71 276.70 248. 94 245, 50 174.17
124. 14 196.75 28.70 73.04 41.82 40.83 53.48 163. 00 37.89 49,63 65. 84
42.10 108.70 4.25 20. 65 6.74 6. 35 14.02 70. 62 4.32 8,79 7.96
7.09 17.12 1.40 3.16 1. 54 1,82 2.19 7.71 1.10 2.20 175
3.00 6. 46 .80 1.53 1.18 1.03 1.47 4.07 .70 1,13 1,04
7.32 5.24 .97 2.18 2.04 1.49 1, 1.43 6,980 .96 1,64 3.07
10. 59 0.24 1.62 2.93 3.37 2. 56 2.33 10, 50 1.45 2.77 5,32
9. 64 10. 12 2.10 3.33 3.47 3.08 2.87 12.13 1.82 3.30 6.27
8.94 11.34 2.44 3.92 3.34 3.16 3,17 11, 98 2.20 3.74 7.33
9.26 12, 40 2.73 4,64 3.87 3.45 4,18 12. 59 2.78 4,33 9.24
10. 05 13. 06 3.58 5.51 4.14 4,14 4.98 14. 80 3.68 5.32 11.81
10. 17 15. 28 4.94 7.06 5. 60 5.49 | 7 8.71 14.12 5.23 7.02 16.02
12. 62 19.72 6. 69 9.45 7.41 7.86 9.24 18. 62 7.62 9, 59 21.87
16. 86 24.27 9. 62 13. 58 10. 23. 11. 60 12, 49 22,35 11.28 13.75 28. 58
24, 16 37.49 14. 86 20. 21 15. 48 18. 04 17,98 32.16 17.14 20. 63 34,72
37.08 50. 20 23.94 30.15 24.30 29.78 28, 52 40. 54 26,43 31.25 40,90
67.67 79. 05 39.33 48. 66 39,14 48.79 42. 41 55.37 42:33 48, 66 49,12
88.92 97.00 64. 55 79.71 66, 92 79.43 67.25 .70. 51 68. 89 74,60 62. 94/
138, 54 144,72 107.95 125, 82 107. 88 126.30 108. 29 99, 20 108, 19 117.42 81,27
213.72 194,25 160. 60 190, 63 173. 66 193,70 167, 58 153, 49 162,04 170. 86 105, 29
322. 69 256. 61 234.75 265. 00 260. 74 268.°00 248. 43 243. 86 231.41 231, 51 141,32
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UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

TapLE L—NuMBER oF Survivors Our or 100,000 Live Birtns, FrRoM RECENT LiFE TABLES FOR SELECTED COUNTRIES, BY SEX
FOR SELECTED SPECIFIC AGES

4
Rritish Czecho- Enpgland
Australla, | Austria, | Belgium, Canada, Denmark, 5 France, | Germany, Ttaly,
BEX AND AGE - India, slovakia, = and Wales,
19321934 1930-1933 1928-1932 1921-1930 1930-1932 1020-1932 1931-1935 1930-1932 1928-1933 1932-1934 1930—1032

100, 000 100, 000 100, 100, 000 100, 000 100, 000 100, 000 100, 000 100, 000 100, 000 100, 000
95, 467 88, 460 89, 925 75,126 0, 003 85, 131 91,853 92,814 90, 982 91,465 88, 468
93, 887 85,933 87,004 60, 161 87, 681 81,934 90, 322 90, 069 88,164 89, 654 82, 846
03, 193 84,732 886, 090 50, 487 86, 931 80, 706 89, 758 89, 023 87, 200 88,793 81,738

, 608 84, 030 85, 395 54,112 86, 253 70, 085 89, 280 88, 360 86, 447 88, 244 BO 936
01,707 82, 847 84,077 | . 51,208 85, 144 78, 662 88, 423 87, 245 84, 900 87,208 79, 669
90,711 81,209 82,378 47,787 83,713 76,897 87,272 85,824 82, 601 86, 032 78,014
89, 566 79, 507 80, 682 43,931 82,308 75,203 86,119 84,418 80, 470 84,715 76,317
88, 248 77, 565 78,797 39, 461 80, 800 73,360 84,910 82,886 77,063 83, 234 74, 486
86, 539 75,247 76, 0604 34, 563 79,212 71,158 83,472 80,935 74, 988 81,481 . 308
84,276 72,273 73,920 29, 439 77,071 68, 400 81,613 78,357 71,348 79, 285 69, 944
81,061 68, 454 70,477 24, 348 74,229 64,877 78, 999 74,704 66, 861 76,322 06, 884
76, 504 62,337 65, 896 19,476 70, 221 60, 217 75, 191 70, 041 61,201 72,147 |- 62,042
69, 950 56, 757 59, 699 14,933 64,772 54, 227 69, 804 , 620 54, 391 66, 203 57,683
61, 202 48,275 51,300 10,773 57, 564 46,418 62,177 54, 899 45,800 58, 106 50, 606
50, 086 37,834 40,724 7,036 47,662 36, 605 51,610 43, 361 35, 436 47,069 41,176
36, 588 \ 28, 224 3,848 35, 125 25, 148 38, 135 20, 605 , 768 3,479 , 200

) 223 14,103 15, 745 1,514 21,512 13, 847 , 064 16,190 12,496 19, 122 16, 707

9, 752 5,406 6,181 316 9, 865 5,444 10, 346 , 377 4, 527 7,732 , 813

2,935 1,227 1,374 17 2,833 1,356 2,966 1, 609 985 1,966 1,732

100, 000 100, 0600 - 100, 100, 0600 100, 000 100, 000 100, 000 100, 100, 000 100, 600 *100,

96, 358 90,755 92, 145 76,766 91, 642 87, 543 03, 692 94, 545 92,838 93, 161 89,775

04, 903 88, 321 89,618 62,817 80,017 84, 400 02,419 02,024 90, 205 91, 5358 84,107

04, 424 87,148 88, 690 59 360 88, 220 83,126 91 913 91, 082 89, 245 00, 753 83,019

93,991 86, 452 87, 966 56, 757 87, 500 82,316 91,528 90, 420 88,416 90, 270 82,227

03,341 85,375 86, 635 © 52,833 86, 564 81,031 90, 741 89, 383 86, 727 80, 490 80, 908

92,364 83,918 84,991 47,932 85, 154 79, 383 89, 705 88, 133 84, 585 88, 390 79,223

91, 174 82,381 83,347 42,675 83, 542 77, 669 88, 405 86, 702 82, 545 87,139 77,478

80,823 80,738 81, 606 37, 266 81,840 75,873 87,003 85,353 80, 563 85, 754 75,754

88,175 78, 841 ) 684 31, 778 79,019 73,886 85,203 83, 690 78, 381 84,135 73, 860

86, 256 76, 620 77,445 26, 409 77,756 71,668 83,220 81,660 75,851 82,211 71,777

83, 680 73, 6564 74, 667 21,464 75, 127 68, 907 80, 837 78, 058 72,728 76, 620 69, 332

80,172 69,708 71,001 17,085 71,685 65,214 6, 08 75,260 68, 809 76, 038 66, 164

75, 565 64,471 65,933 13, 210 66, 840 60, 174 71,806 70, 204 63, 687 70, 984 61,803

69, 089 57,053 58,780 9 761 60, 304 53,023 64, 609 63, 046 56, 747 63,712 55 510

59, 620 46,620 48,857 8,627 51,382 43, 050 54,401 53, 144 47,104 53, 184 48,455

46,977 33, 309 36, 002 3,841 39, 697 30,671 40, 504 40, 040 34,821 39,132 34,323

31, 539 19,416 21, 570 1,631 25, 748 17,047 24,876 24, 869 20, 962 23,6500 20, 517

16, 425 8,114 9, 055 367 12,865 7,721 11, 283 11, 594 9,086 10,323 * 9,017

, 8 , 164 2,083 22 4,256 2,225 3,484 3,611 2,430 2, 2,579

New 7 cwlt UNION OF SOUTH AFRICA UNITED STATES —

. ew Zea- | ¢ w Switzer- -
e, | Megleo | “long | Soottnd, | Seedens | vt
R © 1934-1938 1933-1937 Whites, (Nonwhites,| Whites, Whites, Nregroes,
1035-1937 | 1935-1937 | 1939-1941 1926-1931 | 1939-1941
.

100, 000 100, 000 100, 000 100, 000 100, 000 100, 000 100, 000 100, 000 *100, 000 100, 000 100, 000
85, 980 7,831 96, 347 90, 654 94, 514 X 93, 359 f1, 635 95, 1£8 93, 768 91,772
78,457 61,485 95, 212 87,038 93, 055 93,112 80, 765 72, 210 94,1850 91,738 90, 082
76, 786 58, 131 04, 576 85, 585 92,324 92,314 82, 870 70, 378 93, 601 90, 810 89,393
76,703 66,471 94, 069 85 162 91, 660 01,725 89, 180 08, 84 93, 089 90,074 88, 610
72, 845 54,413 03, 217 84, 069 €0, 477 90, 627 €8, 108 66, 702 92,203 88,904 86, 968
69, 4668 51, 660 02,156 82, 641 £8, 840 80, 082 86, 516 63, 764 01, 241 87,371 84,227
66, 721 48,774 01, 084 81, 1656 87,278 87, 686 85, 020 60, 723 90, 092 85, 707 80,979

y 45, 724 89, 954 79, 468 £5,718 85, 948 83, 382 57,387 88,713 83, 812 77,221
61, 693 42 472 88, 365 ‘ 77 216 83, 736 83, 936 hl 223 53, 549 86, 880 81,457 72,780
58, 460 38, 805 £6,174 74, 339 81, 802 81,202 78,369 49, 309 84, 285 78,345 67,346
54, 349 35,031 83, 328 70, 608 78,956 77,614 74, 226 44,759 80, 521 74,288 60, 405
49, 051 30, 940 79 243 66, 165 75,179 72,380 68, 780 39, 881 765, 156 68, 981 52,426
42, 283 26, 573 73 472 59, 877 70, 044 65, 213 61,763 34,471 67, 787 61,933 43,833
33,814 21, 560 65 232 51,322 62,975 55,710 53, 099 28, 086 58, 305 52, 964 35,371
24, 308 18, 615 54,184 40, 035 53,076 43,811 42, 516 21, 564 46, 739 41, 880 27,236
14, 813 10, 879 40, 151 26, 966 40, 346 30, 258 30, 402 15, 206 33,404 29, 471 19, 456

7,080 6, 362 24, 845 14, 343 25, £38 18, 666 18, 043 9, 396 19, 860 17, 221 12,186

2,352 2, 660" 11,393 5,467 11,846 , 548 8,216 4,518 9,013 7,572 , 444

454 800 3 395 1,366 3,477 1,647 2,177 1,365 2,812 2,356 2,836

100, 000 100,000 |- 100, 100, 000 100, 000 100, 000 100, 000 100, 000 100, 100, 000 100,

7, 580 80, 325 97,130 92, 606 95, 818 06, 917 94, 652 83, 760 96, 211 95, 037 03, 416
79, 866 03, 131 96, 227 89, 249 94, 505 04, 512 02, 210 73,801 95, 309 03, 218 , 906
78,053 59, 672 95, 700 .88, 217 93, 892 03, 82 01, 366 71, 798 94, 880 92, 408 91, 308
76, 623 58, 062 95 mn 87, 560 93, 265 03, 309 90, 722 70, 040 94 534 91, 894 90, 504
73,069 £6, 081 04, 740 86, 380 92, 069 02, 419 80, 930 67,153 03, 984 90, 939 88,736
60, 366 53, 459 93, 865 85, 054 90, 407 91,007 88, 778 63, 430 93,228 89, 524 86,108
66, 21 50, 702 92, 825 83, 561 88, 044 89, 708 87,456 59, 661 02, 320 87,072 , 384
63, 28 47,748 01, 637 81,814 87, 404 88, 256 85, 934 56,133 01, 211 86, 248 80,092
60, 312 44,679 60, 281 79, 802 85,715 86 640 84,005 52 479 89 805 , 256 76,084
57,345 41, 834 88, 437 77,418 83,702 84, 667 81, 600 48,714 87,920 81, 780 71,157
54, 285 38,303 85, 691 74, 384 81,108 82, 005 78, 606 45, 083 85, 267 78, 672 64, 885
50, 534 34, 351 82,718 70, 418 77,706 78,283 74, 577 40, 691 81, 520 74,321 57,314

-45,819 30,019 78,073 64, 951 73,117 72,691 60, 342 35, 734 76, 200 68, 462 48,928

39, 593 24, 260 71 253 57 583 G6, 647 65 237 8? 127 29,783 68 701 60, 499 40, 504
31, 544 18,178 61,362 47,782 57,326 54, 086 52,314 23, 565 58, 363 49,932 32,354
22,009 11, 280 47, 851 35, 058 44, 532 39,708 40,224 17,156 44, 685 37,024 24, 502
12, 538 6,314 31, 560 21, 066 28, 923 23, 861 26,193 11,281 28, 882 23,053 17,030

, 044 2,480 15, 754 9, 336 14, 099 10, 495 13,015 6,005 14, 487 10, 937 10, 622

1,169 665 5,605 2 684 4,375 2,045 4,311 2 139 5 061 3,719 5,652

.
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Years, FrRoM RECENT LiFE TABLEs FOR SELECTED COUNTRIES; BY SEX FOR SELECTED

Czecho-

England

- British
Australia, | Austrla, | Belgium Tndi Canada, : Denmark, France, { Germany, Italy,
. ) ia, slovakia, _ and Wales,

1032-1034 | 1930-1933° | 1928-1932 1621-1930 1930-1932 1920-1935 1931-1935 1030-1932 1028-1933 | 1032-1034 | 1930-1932
63.48 .5 56.02 26.91 58.46 - 51.92 62.0 58.74 | - 54.30 59.86 .53.76
65.49 60.5 61.25 34.68 63.96 59.90 86.5 62,25 58.63 64.43 59.71
62.57 68.3 59.21 38.96 62.30 58.19 63.6 60.11 56.47 6L 70 59.68
58.02 5.1 54. 88 36.38 57.96 b4, 59.0 55.70 52.06 57.28 55. 46
53,36 49.5 50.29 32.85 53.41 49. 52 54.3 |- 51,16 47.50 52.62 50. 08
48.81 45,2 46.04 29. 57 49.06 45. 49.8 48.81 43.30 48.16 46.75
44.37 41.0 41.95 26. 50 44.83 41.27 45.4 42. 54 39.40 43. 42,69
39.80 36.9 37.78 23.80 40. 55 37.15 41.0 38.21 35.42 80.47 38. 58
35,46 32.7 33.61 20.99 36.23 33.02 36.5 "33.87 31.47 85,13 34.47
311 28.7 29,48 18.60 31.98 28. 96 32.1 29.62 27.62 30. 30.39
26. 87 4.7 25, 47 16.40 27.79 25,02 27.8 25. 51 23.00 26. 61 26.37
22.83 21.0 21.61 14.31 23.72 21.24 23.6 21. 60 20.33 22. 54 22. 45
10.03 17.4 17. 04 12.27 10.88 17.68 19.7 17.8¢ 16.93 18.69 18.70
15. 57 14.2 14, 53 10. 25 16.29 14.36 16.0 14.43 13.76 15.11 16.16
12. 40 11.2 11.43 8.26 12.98 11.32 12.6 11.30 10.86 11.87 11.92

9.60 8.6 8.69 6.35 10.06 8.67 9.7 8.821}._ 8.29. 9.05 9.05
7.19 6.3 6.41 4.61 7.567 6.46 7.2 6.43 6.11 6.68 6.68
5.22 4.6 4.685 3.13 5.61 4.73 5.2 4,74 4.4 4.84 4,85
3.80 3.3 3.35 1.96 4.10 3.48 3.8 3.60 3.23 3.52 3.52
2.99 2.4 2.43 112 2.97 2.61 2.8 2.63 2.65 2.63 2.59
67. 14 58.6 59.79 26. 56 60.23 55.18 63.8 62.88 62.81 56. 00
68, 67 63.5 63.84 33.48 64,72 61.96 67.1 65. 48 06.41 61.32
65. 64 6.2 61.63 36.61 63.17 60.21 64.0 63.24 63. 56 61.37
61.02 | . 57.0 57.25 33.61 58.72 56. 10 59.4 58. 87 5908 57.16
56. 20 52.4 52.68 30.04 54.15 51.63 b54.6 54.28 54.39 52.67
51.67 48.0 48.43 27.08 49.76 47.40 50.0 49.88 49.84 48.49
47.19 43.8 44,33 24. 58 45. 54 43.33 - 45.6 45, 55 45.43 44.47
42.77 39.6 40.17 22.30 41.38 39.24 41,2 41,22 41.05 40.41
38.37 35.3 35.97 20.18 37.19 35.10 36.8 36,87 36.67 36.27
34.04 3.1 3L77 18.23 33.02 30.98 3256 32.66 32.33 32.14
20.74 27.0 27.62 16.43 28.87 26. 86 28.3 28.30 28.02 28.00
25, 58 22,9 23.55 14.65 24.70 ©22.83 24.1 24.18 23.85 23.89
21, 58 19.1 19.-64 12.79 20. 84 18.98 20.1 20.23 19. 85 19.91
17.74 15.4 15.93 10.81 17.15 15.35 ' 16.4 16. 50 16.07 16.13
14.15 12.1 12.57 8.76 13.72 12.06 12.9 13.07 12.60 12.66
10, 98 9.2 9.60 6.74 10.63 9.24 9.9 10.02 9.58 9.61
8.23 6.8 7.12 4.86 7.98 6.956 7.3 7.45 7.09 7.08
6.01 5.0 5.20 3.25 5.92 5.12 5.4 5.46 5.15 5.18
4.30 3.6 3.78 2.00 4.38 3.80 4.0 4.00 3.70 3.78
3.05 2.7 2.86 1.18 3.24 2.87 3.0 2.98 2.72 2.82

N : UNION OF SOUTH AFRICA UNITED STATES
50 | Vi Zealand Too01085 | 1951108 *fond, Whites, |Nonwhites,| Whit Whites, | N
1 1 : | 1930-1 1931~ 4 ites, onwhites, es, " egroes,
1634-1938 1033-1937 | 19351937 | 1935-1937 | 19301941 | 1020-1031 | 1936-1041

44.82 32.44 65. 46 56.0 63.22 60.7 58.95 40.18 62. 81 59.12 52. 26
51.07 40. 64 66. 92 60.7 65. 88 63.0 62.12 48.14 64.98 62. 04 55.93
b51. 85 46.97 63.70 59.2 62.89 60.1 59. 86 50. 27 61. 68 50.38 52.95
47.93 44. 57 59.11 54.9 58.37 55.6 55.43 46. 53 57.03 54.96 48, 34
43.58 40.80 b54. 42 50. 4 53.77 50.9 - 50.84 42, 44 52.33 50,39 43.74
40.18 37.25 49. 89 46.0 49, 44 46.5 46.43 38.78 47.76 46.02 39. 52
37.01 34.10 45. 43 41.7 45, 31 42.3 42.24 35. 45 43.28 41.78 35. 72
33.43 30.97 40. 94 37.4 41.07 38.0 37.93 32.10 38, 80 37.54 32.06
20. 61 27.88 36. 42 33.2 36.78 33.8 33.83 28.81 34.38 33.33 28.48
25.74 24.84 32.03 29.1 32, 50 20.4 29.45 25. 69 30.03 20.22 25.068
22.02 21.89 27.78 25.1 28.28 25.2 25.43 22.69 25. 87, 25.28 21.88
18.49 19. 05 23. 64 21.3 24.21 21.3 21.70 19. 74 21.96 21. 51 19. 06
15.21 16.23 19.72 | ° 17.5 20.20 17.7 18.21 16. 84 18.34 17.97 16. 60
12.23 13. 50 16. 06 14.1 16. 59 14.3 14.97 14. 08 15. 05 14.72 14,37
9.64 11.05 12.76 ‘110 . 1318 11.3 11.99 11.711 12.07 11.77 12.21
7.43 8.06 ) - 9.82 - 8.4 10.12 8.7 9.34 9. 49 9.42 . 9.20 10.11

. 5.61 6.90 7.36 | . 6.3 7.49 6.5 7.056 7.42 .17 7.02 8.17
4.15 5.17 5.35 4.6 5.37 4.7 5.20 - b5.60 5.38 5.28 6.58
3.02 3.98 3.86 3.5 3.76 3.5 3.67 3.84 4.02 3.9 8.3
2.17 3.69 2.79 25 2.60 2.6 2.40 2. 56 3.08 3.03 4.23
46. 54 34.07 68. 45 59.5 65.33 64.6 63. 06 40. 88 67.20 62. 67 55. 56
52.10 41.30 69. 46 63.1 67.17 86. 4 85. 60 47.74 68.93 64.93 58. 46
55. 48.19 66. 10 6l 5 64.09 63.3 . 63.30 49, 99 @5. 57 62.17 85. 40
49.18 45.87 61.45 57.2 59.49 58.8 58. 87 * 48.33 60.85. 57.65 50. 76
45.11 42,07 56. 69 627 54.87 5.1 54.27 42, 42 56. 07 53.00 46.13
42.12 38. 46 52.02 48.3 50..55 49.6 49. 72 39.13 51.38 48. 52 42.04
30.23 35.23 47.48 4.0 46.38 45.3 45.33 36.28 46.78 44.25 38. 20
35.98 32.01 42.98 39.8 42.16 40.9 40.98 33. 41 42,21 39.99 34. 40
32.53 28.84 38. 51 35.6 37.85 36.6 36.66 30.36 37.70 35.73 30.71
29.01 25. 66 34.05 3.4 33. 64 32.2 324 27.20 33.25 31. 52 27.19
2539 22 35 20.70 27.3 29, 29 27.9 28.20 24.21 28. 80 27.39 23.89
21. 67 19. 09 25. 47 23.3 25,14 23.7 24.30 20. 96 24.72 23.41 20.95
18.09 15.98 21,38 10. 4 21.13 19.7 20. 47 17.95 20.73 19.60 18.38
14.68 12.92 17.49 15.9 17.20 16.0 16.82 15.07 17.00 16.056 16.10
11. 58 10.38 13.91 12.6 13.71 12.5 13.46 12. 58 13.58 12.81 13.93
8.88 8.06 10.73 9.6 10. 51 9.6 10. 50 10.23 ~ 10. 50 9.98 11.82
6. 59 6.46 8.02 7.1 7.78 7.1 7.88 8.13 . 7.92 7.5 9,81
4.73 4.76 5.85 5.2 b 62 5.2 5.76 6.08 5.88 5.63 8.02
3.30 3.4 4.30 3.8 3.97 3.8 4.13 4.29 4.34 424 6.41
224 2.81 3.00 2.8 2.84 29 2.93 2.88 324 317 496
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FIGURE 10.—NUMBER OF SURVIVORS OuUT oF 100,000 L1vE BIRTHS, FROM RECENT LIFE TABLES FOR SELECTED COUNTRIES
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SOURCES OF LIFE TABLE VALUES FOR FOREIGN COUNTRIES '

Australia.—Commonwealth Bureau of Census and Statistics,
Census of the Commonwealth’ of Ausiralia, 30th June, 1933,
Australian Lifc Tables, 1932-1934, pp. 5-6, 65-66, Canberra,
1937.

Belgium.—Office Central de Statistique, Tables de Mortalité de
la Population Belge, 1928-1932, Recensement Général de la
Population, au 31 Décembre 1930, tome VII, pp. 51-54,
‘57-60, Bruxelles,

British India.—Census Commissioner for India, Census of India,
1931, vol. I-India, Part J Report, pp. 173-174, Manager of
Publications, Delhi, 1933.

Canada.—XKeyfitz, Nathan, Census Monograph No. 13, Canadian
Life Tables, 1931, pp. 36-39, Dominion Bureau of Statistics,
Ottawa, 1937. Grant, Milton D., Canadian Life Tables From
Census Relurns, Transactions, Actuarial Society of America,
vol. 35, Part 1, No. 91, pp. 28-29, May 1934.

Denmark.—Statistiske Department, Siatistisk Aarbog,
p. 27, Kghenhavn, 1940,

England and Wales.—Thke Regisirar-General's Decennial Supple-
ment, England and Wales, 1931, Part I, Life Tables, pp. 48—49,
H. M. Stationery Office, London 1936.

France.—Statistique Générale de la France, Tables de Mor!ahté
pour la Populalion de la France, 1928-1933, pp. 624-625.
Bulletin de la Statistique Générale de 1a France, tome XXV,
Fascicule 4, pp. 617-628, Juillet—Septembre, 1936.

Germany, Austria, and Czechoslovakia—Statistisches Reichsamt,

1940,

~

Allgemeine Deulsche Sterbetafel fiir die Jahre 1932 bis 1934,
Statistik des Deutschen Reichs, Band 495, Heft 1, pp. 78-89,
1938. '

Ttaly.—Galvani, Luigi, Tavole di Mortalitd della Popolazione
Iialiana 1930-1932, Annali di Statistica, Serie VII-vol. I,
pp. 62-63, Luglio 1937.

Japan.—Bureau of Statistics, Imperial Cabinet, The Life Table
of the Japanese: No. & (1926—1930), Tokyo, 1936.

Mexico.—Bustamante, Miguel E., and Aldama C., Alvaro,
Tablas de Vida de los Habitanles de los Estados Unidos Mexi-
canos, Revista del Instituto de Salubridad y Enfermedades
Tropieales, vol. I, Num. 2, pp. 131-150, Mayo de 1940.

New Zealand.—Census and Statistics Department, Dominion of
New Zealand, Population Census, 1936, Appendiz D, Life
Tables, pp. 7-8, Wellington, 1944,

Scotland.—Supplement lo the Seventy-eighth Annual Report of
the Regisirar-General for Scotland, Part I.—Life Tables,
pp. 35-40, H. M. Stationery Office, Edinburgh, 1934,

Sweden.—Statistiska Centralbyrén, Statistisk Arsbok for Sverige,
1941, p. 66, Stockholm, 1941,

Switzerland.—Eidgenéssisches Statistisches Amt, Neue Schwei-
zerische Sterbetafeln, Beitrige zur Schweizerischen Statistik,
Heft 10, pp. 41, 51, 54, Bern, 1942.

Union of South Africa. ——Census and Statistics Office, Sizth
Census of the Population of the Union of South Africa, Enu-
merated 5th May, 1936, vol. XI, South African Life Tables,
pp. 1-8, Pretoria, 1939.
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PART II

-LIFE TABLES

r
This part contains the principal life tables presented
in this volume. Life tables are given for whites,
Negroes, and other races, separately by sex, and for
both sexes combined, and also for the total population

and for total males and total females. This makes-

altogether 12 life tables. In addition, table 13 gives,
for -.the same 12 classes and combinations of classes,
life table values for certain subdivisions of the first
year of life. Al]l these tables are based on the 1940

census of population and the deaths of the 3-year.

period 1939-1941.

Explanation of the columns of the life table

Both the descriptive titles and the conventional
actuarial symbols appear at the head of the columns in
each of the tables. The description which follows gives
a more detailed explanation of each column of the life
table, and may be helpful to some readers.

Column 1—Year of age (z to 2+1).—The year of age,
shown in column 1, is the interval between two succes-
sive birthdays. For instance, “4-5" indicates the in-
terval between the fourth birthday and the fifth, in
other words, the fifth year of life.

Column 2—Mortality rate (1,000 g¢.).—This column
shows the number of deaths within 1 year after the
birthday indicated, among 1,000 persons alive on that
birthday. For example, the rate of mortality at age
45 for white males (table 5) is 7.66 per 1,000. In other
words, during 1939-1941, 7.66 out of every 1,000 white
males who were alive on their forty-fifth birthday

. died before reaching age 46. The rates of mortality

form the basis of the life table, all the other columns
being derived from them.
Column 8—Number living (I,).—This column shows

the number. of persons who would survive to each age .

out of a cohort of 100,000 live births, subject throughout
life to the rates of mortality shown in column 2. Thus,
table 5 shows that out of 100,000 white male babies
born alive, 95,188 will complete the first year of life
and enter the second; 94,724 will begin the third year;
92,098 will reach age 21; and 33,404 will live to age 75.

Column j—Number dying (d,).—This column shows
the number dying in each successive year of age out of
100,000 live births. Out of 100,000 white males born
alive (table 5), 4,812 die in the first year of life, 464 in
the second year, 195 in the twenty-first year, and 2,762
in the seventy-fifth year. Each figure in column 4 is the
difference between two successive figures in column 3.

Columns & and 6—Stationary population (L, and
T.).—Suppose that a group of 100,000 individuals like
that assumed in columns 3 and 4 is born every year, each
such group being subject throughout life to the rates of
mortality shown in column 2. If there were no migra-
tion and if the births were evenly distributed over the
calendar year, the survivors of these births would make
up what is called a stationary population because in
such a population the number of persons living in any
given age group would never change. When an indi-
vidual left the group, either by death or by growing older
and entering the next higher age group, his place would
immediately be taken by someone entering from the

_next lower age group. Thus, a census taken at any

time in such a-stationary community would always
show the same total population and the same numerical
distribution of that population among the various ages.
In such a stationary population, column 3 shows the
number of persons who, each year, reach the birthday
indicated in column 1 while column 4 shows the num-
ber who die each year in the indicated age-interval.

Column 5 shows the number of persons in the sta-
tionary population in the indicated age interval. For
example, the figure given for white males in the year of
life 45-46 is 83,962. This means that in a stationary
population of white males supported by 100,000 annual
births and subject always to the rates of mortality
shown in column 2, a census taken on any date would
show 83,962 persons between 45 and 46 years old.

Column 6 shows the total number of persons in the
stationary population (column 5) in the indicated age
interval and all subsequent age intervals. For example,
in the stationary population of white males referred to
in the last illustration, column 6 shows that there would
be at any given moment a total of 2,180,567 persons
who have passed their forty-fifth birthday. The popu-
lation at all ages 0 and above (in other words, the total
population of the stationary community) would be
6,281,188. ‘

Column 7—Average future lifetime (8;).—The average
future lifetime (also called the complete expectation of
life) at any age is the average number of years remain-
ing to be lived by those surviving to that age, on the
basis of a given set of mortality rates. The values in
column 5 can also.be interpreted in terms of a single life
table cohort, without introducing the concept of the
stationary population. From this point of view, each
figure in column 5 represents the total time (in years)
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lived between the indicated birthdays by those reaching
the earlier birthday among the survivors of a cohort of
100,000 live births. Thus, the figure 83,962 for white
males in the year of life 45-46 is the total number of
years that will be lived between the forty-fifth and
forty-sixth birthdays by the 84,285 (column 3) who
reach their forty-fifth birthday out of 100,000 white
males born alive. The corresponding figure in column
6 (2,180,567) 1s the total number of years that will be
lived after attaining age 45 by the 84,285 reaching that
age. This number of years divided by the number of
persons (2,180,567 divided by 84,285) gives 25.87 as the
average future lifetime of white males at age 45.

Care must be exercised in drawing conclusions from
the figures in column 7. Thus, observing that the ‘“ex-
pectation of life’’ at birth is always greater for white
persons than for Negroes, one should not conclude that
the oldest ages reached by white persons necessarily
exceed those attained by the most long-lived Negroes.
The difference in the average length of life is due to the
fact that a greater proportion of Negroes die before
teaching old age. For example, the number surviving
to age 65 out of 100,000 born alive is far greater among
whites than among Negroes; yet the average length of
life remaining at age 65 is practically the same for both
races. , .

Table 18—Subdivisions of the first year of life.—What
has been said about the various columns of the life table
applies also, with certain obvious modifications, to the
life table values for subdivisions of the first year of life,
given in table 13. The figures corresponding to age
2-3 weeks’ for white males may be taken as an illus-
tration. The age interval (column 1) is the period be-
ginning with the exact age 2 weeks and cxtending up to
the exact age 3 wecks: in other words, the third week of
life. The mortality rate of 1.64 in column 2 means that
out of every 1,000 white male infants alive exactly 2
weeks after birth during 1939-1941 this number, on the
average, died during the following week. The number
living (97,194 in column 3) signifies that this many
would still be alive exactly 2 wecks after birth out of the

life. table cohort of 100,000 live births, on the assump--

tion that the mortality rates shown in column 2 have
prevailed during the first 2 weeks of life. The number
dying (159 in column 4) mcans that out of the 97,194
alive exactly 2 weeks after birth this number would die
during the following week. The figure 1,861 in column
5 indicates that during the third week of life the sur-
vivors of the life table cohort of 100,000 white male
births have lived a total of 1,861 person-years of life.
_ Or, alternatively, this figure is the number of infants
aged 2-3 wecks in a stationary population of white
males supported by 100,000 annual births and subject
always to the mortality rates shown for white males in
column 2 of this table and of table 5. The figurc
6,277,446 in column 6 represents the total number of
person-years of life lived beyond the first 2 weeks of life

by all the 97,194 survivors to the age of exactly 2 weeks
In the life table cohort which started with 100,000 white
male births. Alternatively, it is the entire population
at all ages beyond 2 wecks in the stationary population
already referred to. Finally, the average future life-
time of 64.59 shown in column 7 is the average number
of years lived beyond the first 2 wecks of life by the
97,194 survivors to the age of exactly 2 weeks in the
life table cohort.

Use of life tables in estimating and forecasting popula-
tions .

One of the most important applications of life tables
in demographic research is their use in estimating the
age distribution of a population on a given postcensal
date. In particular cases, this may be either a past,
present, or future date. While an exhaustive discussion
of the subject would be beyond the scope of this vol-
ume,! an outline of the general procedure will be given.
Basically this consists, in the usual method of population
projection, in multiplying the number enumerated at
each age in the census by a survival rate derived from a
life table, in order to obtain the estimated number of
survivors on the given date. It is usually most appro-

priate to obtain the survival rates from the L, column’

of the life table (column 5 of the tables on pp. 26 to 49).
For example, suppose that in a certain group of white
males there were enumerated, in the 1940 census, 32,000
at age 47 on the last birthday, and that it is desired to
estimate the number of survivors just 6 years later
(that is, on April 1, 1946), on the supposition that the
mortality during the 6-year period will be approximately
the same as that indicated at the ages in question by
the 1939-1941 life table for white males. Now the
original group of 32,000 presumably included persons
at all ages between exact age 47 and exact age 48, and
was, therefore, similar in its age composition to the
group at age 47 on the last birthday in the stationary
life table population, which numbered 82,568. Now,

since the hypothetical life table population does not.

change with the passage of time either in its total
number or in its age composition, the survivors 6 years
later of this group of 82,568 would be merely the number
at age 53 in the life table population, which is 76,953.

Therefore, the survival rate to be applied to the group.

of 32,000 is 76,953 divided by 82,568, which is .93200;
and - the estimated, number of survivors is 32,000
multiplied by .93200, which gives 29,824. In algebraic
terms, the L,;, persons aged 246 in 1946 are the sur-
vivors of the L, persons aged z in 1940. Therefore, the
survival rate to be applied to the-population at age z
is Lz+8/ Lz-

If migration during the 6 years is thought to have
been a significant factor, it is of course necessary to

1 For a detailed discussion of the subject, see Estimates of Future Population of the
United States, 19,0-2000 (prepared by Warren 8, Thompson and P, K. Whelpton, and
issued by the National Resources Planning Board), Government Printing Office,
‘Washington, D, O,, 1943.

PR



PR ——

T

e

obtain some information or to make some assumption
as to the number and age composition of the net mi-
grants each year, and to adjust the number of survivors
accordingly.

Estimation of the populations at ages under 6 on
April 1, 1946, would require a knowledge of the number
of births during each of the 6 years. For example, sup-
pose 51,000 white males entered the group through
birth during the year April 1, 1943, to April 1, 1944,
On April 1, 1946, the survivors of these births would be
between exact ages 2 and 3. Now, in the life table
population, the number of births during any year is the
radix ? of the life table—in this case, 100,000—while the
number of survivors on a date just 2 years after the end
of the year in which the births occurred would be
merely the number at age 2 in the life table population
(or 94,592 in column 5). Therefore, the survival rate to
be applied to the 51,000 births is 94,592 divided by
100,000 which is .94592; and the estimated number of
survivors is 51,000 multiplied by .94592, which gives
48,242. In algebraic terms, the survival rate to be
applied to the births of the nth year preceding the date
of the estimate is L,_,/l,.

In the original example of the 32,000 enumerated at

-age 47, suppose it had been desired to estimate the

number of survivors 6 months later, on October 1, 1946.
These individuals would then be at ages ranging from
exact age 53} to exact age 54)4. Now the number of
persons between these ages in the life table population
is approximately I;, (column 3): that is, the number of
survivors to age 54 out of the life table cohort of 100,000
live births, as indicated in column 3. In this particular
case, the figure is 76,380. Therefore, the survival rate
to be applied is l;,/L,;, or 76,380 divided by 82,568,
which is .92506; and the estimated number of survivors
is 32,000 multiplied by .92506, which gives 29,602.

If the population data are given in 5-year age groups,
or can be combined into such groups, it is possible to
shorten the arithmetic with very little loss of accuracy
by using an average survival rate for each 5-year age
group as a whole. Thus, the survival rate over a 6-year
period for the age group z to z+4 would be
(Teps— Topri)+(T,— Teys).  Other situations which may
arise can be dealt with along similar lines.

The life ta.ble as g frequency distribution y

The a.ges at death in the hypothetical life table cohort
(as shown in column 4 of the life tables on PP. 26 to 49)
constitute a frequency distribution. In the following
discussion, the case of the life table for white males
(table 5) will be taken as an illustration, but the remarks
to be made will apply equally to all the.life tables, ex-
cept for some difference in the ages and numerical
values quoted. The frequency distribution based on
the white males life table is exhibited graphically in

1 The radiz of a life tuble is the number of births with which l.hc life table cohort |

begins, or, in algebraic terms, the value of .. In the tables on Dp. 26 to 49, this ls
shown in column 3 opposite the year of age 0-1, and is always 100,000.
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figure 11. Perhaps the most obvious characteristic of
this distribution is that it is bimodal: that is, it has two
modes or maxima, one in the year of age 0-1 and an-
other in the year of age 75-76. The mode at age 0-1
is the higher, more deaths occurring in this than in any
other single year of age. It is also clear that the fre-
quency distribution is decidedly skewed toward the
left: that is, the frequencies rise very gradually from the
“trough” at age 10 to the “peak’ at age 75, and then
drop off sharply above age 75. The arithmetic mean of
the distribution is the average age at death in the hypo-
thetical cohort, or in other words, the average duration
of life. Its value in this case is 62.81 years (column 7
of the life table).” It is clear that the value of the arith-
metic mean is very much influenced by the large num-
ber of deaths in the first year of life. If the deaths
occurring in the first year were excluded from the dis-
tribution, the average age at death of the remaining
95,188 individuals would be one plus the average future
lifetime at age 1: that is, 65.98 years. This represents a
difference of more than 3 years in the value.

The median of the distribution (that is, the value
which has the same number of elements on either side
of it) is the median length of life, or probable lifetime,
another possible measure of longevity to which refer-
ence was made in part 1.2 Since the distribution of
ages at death in a life table cohort is always character-
ized by a greater dispersion below the median value
than above it, the median always exceeds the arith-
metic mean. In the particular case under considera-
tion, the median is 68.67 years, which exceeds the mean
vulue by 2.69 years.

In part I the longevity of dlﬂ"erefnt subdivisions of
the population was compared also by means of a third
criterion, the number of persons surviving to specified
ages in the hypothetical cohort. Which of these is
the better measure of longevity is a question that
cannot be answered categorically. The answer per-
haps depends primarily on the purpose such a measure
is intended to serve. Certainly no one figure can con-
tain within itself all the information which is provided
by the complete frequency distribution.

In view of the pronounced skewness of the distribu-
tion, it may bejfelt that the arithmetic average is not
sufficiently rcpresentative. The layman, in inquiring
what is the “life expectancy’”’ of a newborn infant,
probably has in the back of his mind the idea of an
age to which the infant has a reasonably good chance
of surviving. If he is told that the infant’s ‘expecta-
tion of life” is 62.81 years, he may be surprised to be
told later that more than 62 percent of white male
infants alive at birth outlive their expectation of life
while less than 38 percent die before reaching that age.
The alternative statement that 68.67 years is the prob-
able lifetime, the age to which the infant has a fifty-fifty
chance of surviving, is probably a more satlsfa.ctory
answer to the la.yman 8 question.

1See p. 3.
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FIGURE 11.—FREQUENCY DISTRIBUTION OF AGES AT DEATH IN A COHORT STARTING WiTH 100,000 Live BIRTHS,
BASED ON THE MORTALITY OF WHITE MALES: UNITED STATES, 1939-1941
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On the other hand, the objection may be made that
the probable lifetime is not sufficiently sensitive to
changes in the ages at death of the members of the life
table cohort. In fact, its value is not affected by any
change in which the age at death of an individual is
not actually shifted from one side to the other of the
probable lifetime itself. If, for example, the deaths of
the 4,812 dying before age 1 in the white males life
table were equally spread over all the years of age
between birth and age 68, many of these individuals
would live much longer; yet the value of the probable
lifetime would be unchanged. However, the effect of
transferring deaths from one age to another in the
hypothetical life table cohort is not entirely relevant,
since the mortality rates in the life table were not ob-
tained by observing a single cohort over a period of
time, but rather by observing many cohorts simul-
taneously, a different one at each age. Therefore, the
important thing is the effect of a specified change in the
rate of mortality at a particular age, without reference
to any offsetting change clsewhere. Any change in
the mortality rate at any age less than the probable
lifetime (unaccompanied by other changes) will alter
the value of the probable lifetime. However, changes
in mortality rates at ages greater than the probable
lifetime will have no .effect whatever on its value.
Similar remarks apply to the third criterion suggested,
the number of survivors to & designated age. The
value of the average duration of life, on the contrary, is
affected in some measure by any change in the rate of
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mortality at any age, or in the ages at death in the life
table colort.

Use of the life table in studying there productive capac-
ity of populations

Another important application of life tables in demo-
graphic research is their use in conjunction with fer- -
tility rates in investigating the inherent capacity of a
population to reproduce itself. This is studied, for the
most part, by means of certain specific measures devised
for that purpose, the most important of which are the
gross and net reproduction rates * and the true rate of
natural increase® While life table survival rates are
an important component in the.calculation of these
measures, they involve other considerations of a highly
technical -nature, which are outside the scope of this
volume.

Mathematical notation employed

One of the mathematical symbols used in the head-
ings of table 13 represents a departure from the stand-
ard notation in use by actuaries. This is the symbol

1 5ce Robert R. Kuezynski, The Balance of Births and Deuths, 2 vols., The Mac-
millan Co., Ncw York, 1928; Fertility and Reproduction, Falcon Press, New York,
1932; The Measurement of Population Growth, Oxford University Press, New York,
1936; D. V. Qlass, -Populalion Policier and Movements in Europe (Appendix), Oxford
University Press, London, 1940.

8 Sce Louis 1. Dublin and Alfred J. Lotka, Length of Life, The Ronald Press Co.,
New York, 1936; On the True Rate of Natural Increase, Journal of the Americau Statis-
tieal Association, vol. 20, No, 151, pp. 305-339, September 1025; Alfred J. Lotka, The
Qeographic Distribution of Intringic Natural Increase in the Uniled Slalea, and an Exam-
ination of the Relation Belween Scveral Measures of Net Reproductipily, ibid., vol. 31,
No. 194, pp. 273-204, June 1936; Some Recent Resulls in Population Analysis, ibid.,
vol. 33, No, 201, pp. 164~178, March 1938. Sce also Qlass’ book cited in the preceding

footnoto.
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s, which appears in -the heading of column 2 and
which is used here to denote the probability that an
individual alive at exact age z will die within time ¢
thereafter, both z and ¢ being measured in years. The
standard actuarial symbol for this probability is |.g.
when £ is 1 year or less and |,{, when ¢ is greater than 1
year. The latter notation has been conceded by
actuaries to be awkward and unnecessary.! Moreover,
a subcommittee designated by the Permanent Com-
mittee of the International Congresses of Actuaries to
study the revision of the international actuarial nota-
tion has gone on record recommending -the replace-
ment of the two symbols just mentioned by the one
employed here.” The latter symbol has also been
widely used, even by actuaries, on the continent of
Europe,® and has also appeared in several publications
in this country.?

Consistency of the tables

Consistency requires that the rates of mortality in
the life tables for combinations of classes shall always
be intermediate between the rates at the same ages for
the component classes. This is true in every case,
notwithstandirig the fact that the interpolation ™ of
the rates of mortality for the combination tables was
carried out entirely independently of the corresponding
interpolation for the separate classes, except above age

¢ 8eo Notation Internationale, pamphlet issued by the Comlité Permanent des
Congrés Internationaux d’Actuaires, p. 5, Bruxelles, Février 1939.

10p. cit., p. 91.

8 Op. cil., p. 62,

? See, for oxample, American Journal of Hygiene, vol. 30, No. 2, p. 35 et seq., Sep-
tember 1939; Record, American Institute of Actuaries, vol, 32, Part I, No. 65, p, 28
et seq., June 1843. .

® For a detalled tzchnical description of the process of interpolation, see pp. 122-126,

25

92, where the rates of mortality for separate classes
were extrapolated from the data for earlier ages, and
those for the various combinations were obtained by a
special process in order to insure consistency.

Such consistency as regards the rates of mortality
does not, however, guarantee the same kind of con-
sistency in the values of the other life table functions.
This would follow if the rates of mortality were ob-
tained by observing a fixed cohort of persons from birth
until death, but does not hold when the persons under
observation at different ages belong to distinct cohorts,
sometimes differing greatly in their race and sex com-
position. Under these conditions, in fact, such appar-
ent inconsistencies are to be expected, and are not
properly regarded as inconsistencies at all. In the life
tables in this volume, such situations are few in num-
ber and are largely concentrated at the old ages and in
the life tables for ‘‘other races,”” and in all these cases
the numerical magnitude of the differences involved is
small. It may be remarked that such situations have
arisen in earlier life tables:. For example, in Glover’s
life table for total males in 1910, the mortality rate
is, at every age, intermediate between the correspond-
ing rates for white males and Negro males.!! Never-
theless, the values of I, at ages 96-98 and d, at age 55
for total males exceed the corresponding values for both
white males and Negro males.’?

11 U, 8, Bureau of the Census, United States Life Tables, 1890, 1901, 1810, and 1801-
16810, pp. 58-59, 68-69, 80-81, Government Printing Office, Washington, D. C., 1921.
~ 1 While it is true that the total males include a small number of males of ‘‘other
races,” this group constituted only 0.16 of 1 percent of the deaths of 1909-1911 at all
ages and only 0.17 of 1 percent of the total estimated population, so that this {s not
likely to be the explanation of the peculiarity noted.
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TaBLE 1.—LI1FE TABLE FOR THE ToTAL PoPULATION OF THE UNITED STATES: 1939-1941
Yim OF AGE MORTALITY OF 100,000 BORN ALIVE STATIONARY POPULATION AVERAGE FUTURE
Number dying Number livi Number dyi Average number
Period of lfe between two exact ages stated ﬁe{) elg'?ggi“n:;v& atubrggignil:gnogf gﬂinegl- ygul?g In year of age Ina‘fle?;tgn{ ';,%%l‘_‘;‘d lir%rr!éfggn%g
year of age - year of age of ago at beginning of
year of age
(6] ) [6)] (4) (5) ) (@)
ztoz+1 1,000g5 I ds Ls T: éz

1 S 47.10 100, 000 4,710 96,058.] 6, 362, 494 63. 62
1= e 5. 21 95, 290 496 94, 997 6, 266, 436 65. 76
28 e e e 2. 67 94, 794 254 94, 660 6, 171, 439 65. 10
b 2 U 1. 88 94, 540 177 94, 448 6, 076, 779 64, 28
45 o e ccmmmmmm————en 1. 51 94, 363 143 . 94, 288 5, 982, 331 63. 40
B e e e e e 1. 32 94, 220 125 94, 157 5, 888, 043 62. 49
R B 117 94,005 | 110 04, 041 5, 793, 886 61, 57
ot U SR 1. 05 93, 985 " 98 93, 936 5, 699, 845 60. 65
80 e ———————— .96 93, 887 91 93, 841 5, 605, 909 59. 71
910 e mmm i cm————— .9 93, 796 86 93, 754 5, 512, 068 58.7Z
T L T .90 93, 710 84 93,668 | . 5, 418 314 57. 82
11-12 e e e ———— .92 93, 626 86 93, 583 5, 324, 646 56. 87
)2413 ___________________________________ .97 93, 540 T 9l 93, 495 5, 231, 063 55. 92
18-14 . IIIIIIITIIITiTTT 1. 07 93, 449 100 93, 399 5 137, 568 54 08
14-15 e e o e 1, 22 - 93, 349 114 93, 292 5, 044, 169 54, 04
1516 oo e e———ae 1. 39 93, 235 130 93, 170 4, 950, 877 53. 10
1617 e e e e 1. 57 93, 105 146 93, 031 4,857,707 | 52. 17
1718 e ceeaam - 1. 73 92, 959 162 92, 878 4, 764, 676 51. 26
18-19 e e 1. 88 92, 797 174 92, 711 4, 671, 798 50. 34
19-20. o e 2. 03 92, 623 188 92, 529 4, 579, 087 49, 44
20-21 e m——n 2. 17 92, 435 201 92, 334 4,486, 558 48. 54
21-22 e 2. 30 92, 234 212 92, 128 4, 394, 224 47. 64
222 . e e 2.42 92, 022 223 91, 911 4, 302, 096 46. 75
2824 . e e 2. 50 91, 799 229 91, 684 4,210,185 45. 86
2425 e em———m 2. 56 91, 570 235 91, 452 4, 118, 501 44, 98
2526 e e e e 2. 62 91, 335 239 91, 216 4,027, 049 44. 09
26-27 e e 2. 67 91, 096 243 90, 974 3, 935, 833 43. 21
2728 e 2.75 90, 853 250 90, 728 3, 844, 859 42, 32
28-29 e 2. 85 90, 603 258 00, 473 3, 754, 131 41. 44
A | 2. 95 90, 345. 267 90, 212 3, 663, 658 40. 55
80-31 e e 3. 07 90, 078 276 89, 939 3, 573, 446 39. 67
31-82 g 3. 20 89, 802 288 , 89, 658 3, 483, 507 38. 79
32-83 o e e 3.35 89, 514 299 89, 365 3, 393, 849 37. 91
33-34 e qememmem— 3. 51 89, 215 313 89, 0568 3, 304, 484 37. 04
BT 1 T 3. 69 88, 902 329 88, 737 3,.215, 426 36. 17
B85-80 e 3. 90 ’ 88:573 345 88, 401 3, 126. 689 35. 30
B86-87 e e e e 4. 12 88, 228 363 88, 047 3, 038, 288 34. 44
8788 e e e mmem e 4. 36 87, 865 383 87, 674 2, 950, 241 33. 58
B88-89 e e 4, 62 87, 482 404 87, 279 2, 862, 567 32. 72
39-40 . o edecaaan 4. 91 87,078 428 86, 864 2,775, 288 31. 87
40-41____ . S 5. 24 86, 650 454 86, 423 2, 688, 424 31. 03
414 e 5. 59 86, 196 482 85, 955 2, 602, 001 30. 19
42-43 o emeeaa- 5. 99 85, 714 513 85, 458 2, 516, 046 29. 35
43-44 o eemmees 6. 43 85, 201 548 84, 927 2, 430, 588 28. 53
44-45 e - 6. 91 84, 653 584 84, 361 2, 345, 661 27. 71
45-46 . e 7. 44 84, 069 626 83, 756 2, 261, 300 .26. 90
48— o e e 8.01 83, 443 668 83, 109 2, 177, 544 26. 10
AT—48 e 8. 62 82,775 714 82, 418 2, 094, 435 25. 30
4840 e aammas 9. 28 82, 061 761 81, 680 2,012, 017 24, 52
49-50 . e e 9. 99 81, 300 813 80, 894 1, 930, 337 23. 74
B0-51 - o e e ee 10. 76 80, 487 866 80, 054 1, 849, 443 22. 98
515 e e e - 11. 59 79, 621 923 79,160 | 1,769, 389 22. 22
L5 S 12. 49 78, 698 082 78, 206 1, 690, 229 21. 48
S o SR 13. 46 77,716 1, 047 77,193 1, 612, 023 20. 74
B4 =05 o e 14. 51 1, 112 76, 113 1, 534, 830 20. 02

76, 669
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StaTES: 1939-1941—Continued

JEAR OF AGE MORTALITY OF 100,000 BORN ALIVE STATIONARY' POPULATION AVF‘_R,};.’E';&F’:UBE
v : Average number
Number dying i :
Period of life between two exaet ages stated e 1,000 _alxvef :{ulﬂzlgfn;liggll})gf N;uxel%egr 33:? g In yearofage | 1@ I of age and lifgfrzfll;;?n%g
at egm]rlmg o year of age of age all later years at beginning of
year ol age year of age
1) )] @®) ) (5 (6) @
ztoz+1 1,000, I d- L. T, é
15. 64 75, 557 1,182 74, 966 1, 458, 717 19. 31
16, 84 74, 375 1,252 73, 750 1, 383, 751 18. 60
18. 12 73, 123 1,325, 72, 460 1, 310, 001 17. 92
10, 49 71, 798 -1, 400 71 098 1,237, 541 17. 24
20. 95 70, 398 1 474 69, 661 1. 166, 443 16. 57
22, 51 68, 924 1, 552 68, 148 1, 096, 782 15, 91
2419 67 372 1, 630 66, 557 1. 028, 634 15. 27
26. 01 65, 742 1,710 64, 887 962, 077 14. 63
27. 97 64, 032 1,791 63, 137 897, 190 14. 01
30. 12 62, 241 -1, 875 61, 304 ‘834, 053 13. 40
32. 48 60, 366 1, 960 50, 386 772, 749 12. 80
35. 09 58, 406 2, 050 57, 381 713, 363 12. 21
37.98 | 56, 356 2, 140 . 55, 286 655, 982 11. 64
41. 20 54, 216 2, 234 53, 099 600, 696 11. 08
44. 77 51, 982 2, 327 50,-818 . 547, 597 10. 53
48, 73 49,.655 2, 420 48, 445 496, 779 10. 00
53. 12 47, 235 2, 509 45, 981 448 334 9. 49
57. 98 44, 726 2, 593 43 430 402, 353 9. 00
63. 33 42, 133 2, 668 40, 799 358, 923 8.52
69. 18 39, 465 2, 730 38, 100 318, 124 8. 06
75. 54 36, 735 2,775 35, 347 280, 024 7. 62
82. 39 33, 960 2, 798 32, 561 244, 677 7.20
- 89. 75 31, 162 2,797 29, 763 212,116 6. 81
97. 61 28, 365 2’ 769 26, 981 182, 353 6. 43
105. 99 25, 596 2,713 24, 240 155, 372 . 6. 07
114. 91 22, 883 2, 629 21, 568 131, 132 5. 73
124, 38 20, 254 2, 519 - 18, 995 109, 564 5. 41
134. 44 17,735 2, 385 16, 542 90, 569 t 5. 11
145. 08 215, 350 2, 226 14, 237 74, 027 4. 82
156, 25 13, 124 2 051 12, 099 59, 790 4 56
. 167. 88 11, 073 1, 859 10, 143 47, 601 4. 31
179, 92 9, 214 1 658 8, 385 37, 548 4. 08
192, 29 7, 556 1,453 6, 830 20, 163 3. 86
204. 93 6,103 [. 1250 5, 478 22, 333 3. 66
217. 79 4, 853 1, 057 4 324 16, 855 3. 47
230. 81 3, 796 876 3, 358 12, 531 3. 30
243. 94 2, 920 713 2, 563 9,173 3. 14
257. 11 2, 207 567 1, 924 6, 610 < 299
270. 31 1, 640 443 1,418 4, 686 2. 86
283. 44 1, 197 340 - 1,027 3, 268 2.73
296. 46 857 254 730 2, 241 2. 61
309. 35 603 186 510 1, 511 2. 50
322. 10 417 135 350 1, 001 2. 40
334. 756 , 282 94 235 651 2,31
347. 36 188 65 155 416 2.21
360. 05 123 45 101 261 2.13
372. 98 78 29 64 160 2. 04
386. 34 49 |, 19 39 96 1. 96
400. 36 30 12 24 57 1. 88
415, 25 18 7 15 33 1. 80
431. 17 11 5 8 18 1. 72
448. 20 6 - 3 5 10 1. 64
466. 33 3 1 2 5 1. 56
485.-39 2 1 2 . 3 1. 48
505. 10 1 1 1 1 1. 41

Nore.—Rates of mortality at ages above 87 are not based on actual statistics at these ages, but have been obtained by mathematical extrapolation from mortality rates
at younger ages. Other life table functions at these ages are based on the extrapolated rales of mortality, and may not necessarily represent actual conditions.

s
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TABLE 2—LiFE TABLE FOR TOTAL MALES IN THE Um'rnn\s'runs: 1939-1941

YEAR OF AGE

MORTALITY

OF 100,000 BORN ALIVE

STATIONARY PGPULATION

AVERAGE FUTURE

RATE LIFETIME
Number dying Number livin Number dyln Av%rage number
Period of life between two exact ages stated al‘;egééim&?& at beginning ol% during yey;ar & In year of age I“a f"];tz: ;%‘i";?d lﬂefrz;?;slnol{m
year of sge year of age of age at beginning of
year of age

) ()] 3 “ (8) B ()} (g}

1 ds L, T, 2
100, 000 5, 238 95, 591 6, 160, 087 61. 60
94, 762 524 94, 453 6, 064, 496 64. 00
94, 238 273 94, 093 5, 970, 043 63. 35
93, 965 189 93, 867 5, 875, 950 62, 53
93, 776 152 93, 697 5, 782, 083 61. 66
93, 624 136 93, 556 5, 688, 386 60. 76
93, 488 121 93, 428 5, 594, 830 59. 85
93, 367 111 93, 312 5, 501, 402 58. 92
93, 256 103 93, 204 5, 408, 090 57. 99
93, 153 99 93, 103 5, 314, 886 57. 06
93, 054 98 93, 005 5, 221, 783 56. 12
92, 956 100 92, 906 5, 128, 778 55. 17
92, 856 105 92, 804 b, 035, 872 54, 23
92, 751 114 92, 694 4,943, 068 53. 29
92, 637 129 92, 572 4, 850, 374/ 52, 36
92, 508 146 92, 435 4,757, 802 51. 43
92, 362 163 92, 281 4, 665, 367 50. 51
92, 199 179 92, 110 4,573, 086 49. 60
92, 020 1 194 91, 923 4, 480, 976 48. 70
91, 826 209 91, 721 4, 389, 053 47. 80
91, 617 225 91, 504 4,297, 332 46. 91
91, 392 239 91, 273 4, 205, 828 46. 02
91, 153 250 91,028 4, 114, 555 45. 14
90, 903 257 90, 774 4, 023; 527 44, 26
90, 646 - 261 90, 516 3, 932, 753 43. 39
90, 385 264 10, 253 3, 842, 237 42. 51
90, 121 267 39, 988 3, 751, 984 41. 63
89, 854 273 89, 717 3, 661, 996 40. 75
89, 581 281. 89, 440 3, 572, 279 39. 88
89, 300 291 89, 155 3, 482, 839 39. 00
89, 009 300 88, 859 3, 393, 684 38. 13
88, 709 312 88, 553 3, 304, 825 37. 25
88, 397 326 88, 233 3, 216, 272 36. 38
88, 071 341 87, 900 3, 128, 039 35. 52
87, 730 359 87, 551 3, 040, 139 34. 65
87, 371 378 87, 182 2,952, 588 | 33. 79
86, 993 309 86, 793 2, 865, 406 32. 94
86, 594 423 86, 382 2, 778, 613 32. 09
86, 171 449 85, 946 2, 692, 231" 31.24
85, 722. 476 85, 484 2, 606, 285 30. 40
85, 246 507 84, 993 2, 520, 801 29. 57
84, 739 542 84, 467 2, 435, 808 28. 74
84, 197 578 83, 909 2, 351, 341 27. 93
83, 619 619 83, 309 2, 267, 432 27. 12
83, 000 664 82, 668 2, 184, 123 26. 31
82, 336 710 81, 981 2, 101, 455 25. 52
81, 626 761" 81, 245 2,019, 474 24, 74
80, 865 814 80, 458 1, 938, 229 23. 97
80, 051 869 | 79, 617 1, 857, 771 i 23.21
79, 182 928 78, 718 1,778, 154 22. 46
78, 254 989 77, 759 1, 699, 436 21. 72
77, 265 1, 054 76, 738 1, 621, 677 20. 99
76, 211 1,122 75, 650 1,544,939 | - 20, 27
75, 089 1,194 74, 492 1, 469, 289 19. 57
73, 895 1, 268 73, 261 1, 394, 797 18. 88
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YEAR OF AGE

MORTALITY
RATE

OF 100,000 BORN ALIVE

BTATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Number dying

Average number

Number livin Number dyin of years of
Period of life between two exact ages stated a%e{)gégﬁ::;v:r at beginning of during yeyar & In year of age ma,iﬁ;tg ';,%%:,‘;‘d life r{gnai_nlng
year of age of age at beginning of
year of age - year of age
(1) (2) 3) 4y (5} 6) @
z to 41 1,000, 1, ds Ly "l‘: é,

18. 50 72, G27 1, 344 71, 955 1, 321, 536 18. 20
19, 93 71, 283 1, 420 70, 573 1, 249, 581 17. 53
21. 44 69 863 1, 498 69, 114 1, 179, 008 16. 88
23. 02 68 365 1, 574 67, 579 1, 109, 894 16. 23
24, 69 66 791 1, 649 65, 966 1, 042, 315 15. 61
26. 47 65, 142 1,724 64, 280 976, 349 14. 99
28. 37 63, 418 1, 800 62, 518 912, 069 14. 38
30. 41 61, 618 £ 1, 873 60, 682 849, 551 13. 79
32. 60 59 745 1, 948 58, 771 788, 869 13. 20
34. 97 . 57,797 2 021 56, 787 730, 098 12, 63
37. 55. 55, 776 2, 094 54, 729 673, 311 12, 07
40. 37 53, 682 2,167 52, 599 618, 582 11. 52
43. 47 51, 515 2, 239 50, 395 565, 983 10. 99
46. 87 49 276 2,310 48, 121 515, 588 10. 46
50. 62 46 966 2 378 45, 777 467, 467 9. 95
54. 77 44, 588. 2, 442 43, 367 421, 690 9, 46
59, 36 42, 146 2, 502 40, 895 378, 323 8. 98
64, 44 39, 644 2, 5565 38, 367 337, 428 8. 51
70. 05 37 089 2, 598 35, 791 299, 061 8. 06
T 76.18 34 491 2 627 33,177 263, 270 7. 63
82, 84 31, 864 2, 640 30, 544 230, 093 7.22
90. 02 29 224 2, 631 27, 908 199, 549 6. 83
97. 70 26 593 2, 598 25, 295 171; 641 6. 45
105. 90 23 995 2 541 22, 724 146, 346 6. 10
114. 61 21 454 2 459 20, 225 123, 622 5. 76
123. 86 18, 995 2, 353 17, 818 103, 397 5. 44
=~ 133. 67 16, 642 2,224 15, 530 85, 579 5. 14
144. 04 14, 418 2,077 13, 380 70, 049 4. 86
154. 98 12, 341 1,912 11, 384 56, 669 4. 59
166. 43 10, 429 1, 736 9, 561 45, 285 4, 34
178. 31 8, 693 1, 550 7, 918 35, 724 4. 11
190. 55 7,143 * 1,361 6, 463 27, 806 3. 89
203. 08 5, 782 1,174 5, 194 21, 343 3. 69
215. 82 4, 608 995 4,111 16, 149 3. 50
- 228 71 3,613 826 3, 200 12, 038 3.33
241, 68 2, 787 674 2, 450 8, 838 . 3.17
254. 68 2,113 538 1, 844 6, 388 3. 02
267. 63 1, 575 421 1, 364 4, 544 2. 88
280. 66 1 154 324 992 3, 180 2.76
293. 62 830 244 708 2,188 2. 64
306. 49 586 179 496 1, 480 2. 52
319. 29 407 | . 130 342 984 2. 42
332. 09 277 92 231 642 2. 32
344. 97 185 64 . 1563 411 2,23
358. 06 121 43 99 258 2.13
371. 53 78 29 63 159 2.05
385. 67 49 19 40 96 1. 96
102-108 . ... 400. 33 30 12 24 56 1. 88
103-104 o __._ 415. 94 18 7 14 32 1.79
104-105_ el 432. 43 11 5 8 18 .71
105-106__._ _______ ... 449, 65 6 3 5 10 1. 64
106-107 .. 467. 23 3 1 T2 5 1. 57
107-108_ - .. 484, 46 2 1 2 3 1. 51
108-109_ s 500. 29 1 1 1 - 1 1. 46

Note.—Rates of mortality at ages above 92 are not based on actual statistics at these ages, but have been obtained by mathematical extrapolation from mortality rates
at younger ages. Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarfly represent actual conditions.
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TaABLE 3.—Li1FE TABLE FOoR ToTaL FEMALES IN THE UNITED STATES: 1939-1941

YEAR OF AGE

MORTALITY
RATE

OF 100,000 RORN ALIVE

STATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Iggrnibo%%yi‘;‘g Number living | Number dying In year of age and A‘fi’r"fﬁﬁ? :)x}ber
Perlod of life between two exact ages stated it beginning of M;%%’r’%’t"&% of dur(:;xgg year In‘year of age | all Iater years - J{‘%efg"n?.‘,’,‘,’g“ﬁf
year of age - year of age
(1) 2 3) ) ) (6) @)
z toz+1 1,000¢ « 1. dz Lz 7. é.

41. 52 100, 000 4, 152 96, 549 6, 588, 801 G5. 89

4. 89 95, 848 469 95, 571 6, 492, 252 67. 73

2. 44 95, 379 232 95, 256 6, 396, 681 67, 07
1.74 95, 147 166 95, 061 |, 6, 301, 425 66, 23

1. 40 94, 981 133 94, 912 6, 206, 364 65. 34

1. 20 94, 848 114 94, 791 6,111, 452 64. 43

1. 03 94, 734 97 94, 685 6, 016, 661 63. 51

.. 90 94, 637 86 94, 594 5, 921, 976 62. 58
.82 04, 551 77 94, 513 5, 827, 382 61. 63

.76 94, 474 72 94, 438 5, 732, 869 60. 68

.75 94, 402 70 94, 367 5, 638, 431 59. 73

.76 94, 332 72 94, 296 5, 544, 064 58. 77

.81 94, 260 76 94, 222 5, 449, 768 57. 82

. 90 94, 184 85 94, 141 5, 355, 546 56. 86
1.04 94, 099 99 04, 049 5, 261, 405 55. 91
1.21 94, 000 113 03, 944 5, 167, 356 54, 97

1. 38 93, 887 130 93, 822 5,073, 412 54. 04

1. 53 93, 757 143 93, 686 4, 979, 590 53. 11

1. 65 93, 614 1556 93, 536 4, 885, 904 52. 19
1.78 93, 459 166 93, 377 4,792, 368 51.28.

1. 90 93, 293 177 93, 204 4, (698, 991 50. 37
2,01 93,116 186 93, 024 4, 605, 787 49, 46
.21 92, 930 196 92, 831 4, 512, 763 48. 56
2.19 92, 734 203 02, 633 4, 419, 932 47. 66

2. 26 92, 531 209 92, 427 4, 327, 299 46. 77

2. 32 92, 322 214 92, 214 4,234, 872 45. 87
2.39 92, 108 221 91, 998 4, 142, 658 44, 98

2. 47 91, 887 227 91, 774 4, 050, 660 44. 08

2. 57 91, 660 235 91, 542 3, 958, 886 43.19

2. 66 91, 425 243 91, 304 3, 867, 344 42, 30
2.77 91, 182 253 91, 055 3, 776, 040 41. 41

2. 89 90, 929 262 90, 798 3, 684, 985 40. 53
3.01 90, 667 274 90, 530 3, 594, 187 39. 64
3.15 90, 393 285 90, 251 3, 503, 657 38. 76

3. .31 90, 108 208 89, 959 3, 413, 406 37. 88

* \

3. 47 89, 810 311 89, 655 3,323, 447 37. 01

3. 65 89, 499 327 89, 335 3, 233, 792 36. 13

3. 84 89, 172 342 89, 001 3, 144, 457 35. 26
4.05 88, 830 360 88, 650 3, 055, 456 34. 40
4.27 88, 470 378 88, 281 2, 966, 806 33. 53

4. 52 88, 092 398 87, 893 2, 878, 525 32. 68
4.79 87, 694 420 87,484 2, 790, 632 31. 82

5. 10 87,274 445 87, 052 2, 703, 148 30. 97

5. 43 86, 829 471 86, 593 2, 616, 096 30.13

5. 80 86, 358 502 86, 107 2, 529, 503 290. 29

6. 21 85, 856 533 85, 590 2, 443, 396 28. 46

6. 65 85, 323 567 85, 040 2, 357, 806 27. 63
7.12 84, 756 - 604 84, 454 2, 272, 766 26. 82

. 17.63 84, 152 641 83, 831 2,188, 312 26. 00
8 17 83, 511 683 83, 169 2, 104, 481 25. 20
8.76 82, 828 725 82, 466 2,021, 312 24. 40

9. 40 82, 103 772 81, 717 1, 938, 846 23. 61

10. 09 81, 331 820 80, 921 1, 857, 129 22. 83
10. 85 80, 511 874 80, 074 1,776, 208 22. 06
8455 e e e . 11. 67 79, 637 929 79,173 1, 696, 134 21. 30
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YEAR OF AGE

MORTALITY
RATE

OF 100,000 BORN ALIVE

BTATIONARY POPULATION
’

AVERAGE FUTURE
LIFETIME

Number dying

Number living

Number dying

Average number
of years of

. . per 1,000 alive beginni ar In year of age and Pt
Period of life between two exact ages stated at x&%}]t&% of aty &gr un alé% of dm;)i}]gg yeeag In y_e of age all later years Bl:r% gzﬁ:{lg{;gr
. year of age
¢)] @ ) ) (5) 6 .
z toz+1 1,000¢+ s ds L. T é,
12, 57 78, 708 989 78, 213 1, 616, 961 20. 54
13. 54 77,719 1, 052 77,193 1, 538, 748 19. 80
14. 60 76, 667 . 1,120 76, 107 1, 461, 555 19. 06
15. 75 75, 547 1,190 74, 952 1, 385, 448 18, 34
17. 00 74, 357 1, 264 73, 726 1, 310, 496 17. 62
18. 37 73,093 1, 342 72,421 1, 236, 770 16. 92
19. 85 71, 751 1, 425 71, 039 1, 164, 349 16. 23
21, 47 70, 326 1,510 69, 571 1, 093, 310 15. 55
23. 24 68, 816 1, 599 68, 016 1,023, 739 14, 88
25. 19 87, 217 1, 694 66, 370 " 955, 723 14. 22
27. 36 65, 523 1,792 64, 627 889, 353 13. 57
29, 78 63, 731 1, 899 62, 782 824, 726 12, 94
32. 50 61, 832 2, 009 60, 828 761, 944 12, 32
35. 54 59, 823 2,127 58, 7569 701, 116 11. 72
38.95 57, 696 2,2%7 56, 573 642, 357 11.13
42. 74 55, 449 2, 370 54, 264 585, 784 10. 56
46. 96 53, 079 2,493 51, 833 531, 520 10. 01
51. 63 50, 586 2, 612 49, 280 479, 687 9. 48
56. 79 47, 974 .2,724 46, 612 430, 407 8 97
62. 43 45, 250 2, 825 43, 838 383, 795 8 48
68. 56 42, 425 2, 909 40, 971 339, 957 8 01
75.19 39, 516 2,971 38, 031 208, 986 7. 57
82. 33 36, 545 3, 009 35, 041 260, 955 7.14
89. 97 33, 536 3,017 32,027 225, 914 6. 74
98. 14 30, 519 2, 995 29, 022 193, 887 6. 35
106. 87 27, 524 2, 942 26, 053 164, 865 5. 99
116. 18 24, 582 2, 856 23, 154 138, 812 5. 65
126. 09 21, 726 2, 739 20, 357 115, 658 5. 32
136. 62 18, 987 2,594 17, 690 95, 301 5. 02
147. 72 16, 393 2,421 15, 182 77, 611 4,73
159. 32 13, 972 2, 226 12, 859 62, 429 4,47
171. 38 11, 746 2,013 10, 739 49, 570 4. 22
183. 83 9, 733 1,790 8, 838 38, 831 3. 99
196. 61 7, 943 1, 561 7,163 . 29,993 3.78
209. 67 6, 382 1, 338 5,712 22, 830 3. 58
222, 96 5, 044 1,125 4,482 17,118 3. 39
236. 44 3, 9019 927 3, 456 12, 636 3. 22
250. 05 2, 992 748 2, 618 9; 180 3. 07
263. 53 2, 244 591 1,948 6, 562 2. 92
276. 92 1, 653 458 1, 424 4, 614 2.79
290. 19 1,195 347 1, 022 3, 190 2. 67
303. 27 848 257 720 2, 168 2. 56
316. 13 5901 187 497 1, 448 2 45
328. 79 404 133 338 951 2.35
341. 27 271 92 225 613 2. 26
353. 68 179 63 147 388 2.17
366. 19 116 43 94 241 2. 09
379. 03 73 28 60 147 2.00
392. 49 45 17 36 87 1. 92
406, 91 28 12 22 51 1. 83
422, 58 16 7 13 29 1.75
439. 78 9 4 8 16 1. 67
458. 69 5 2 4 8 1. 58
479. 41 3 2 2 4 1 49
501. 93 1 0 1 2 1. 41
526. 10 1 1 1 1 1. 33

Nore.—Rates of mortality at ages above 87 are not based on actusl statistics at these ages,
younger ages. Other life table functions at these ages are based on the extrapolated rates of mortality,

but have been obtained by mathematical extrapolation from mortality rates

and may not necessarily represent actual conditions,
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. YEAR OF AGE MOBTALITY OF 100,000 BORN ALIVE STATIONARY POPULATION A et L TE
Number dying | \myer living | Number dying Av%ﬂ“ﬁﬁﬁé’ﬂ}b"
- D 3 D n year o . reiy}
Period of life between two exact ages stated gte{)e]é?g(x)nieygvgf utﬁeﬁg}l;}% of dulg;lggyecur Inyearofage | 1 a)ﬁ l!l'.el{ ‘;,%i;‘sud gl;;r% é’;lr:lexrnlgxgr
year of age year of age
m (&) (&)} O] 6] (6 (7
ztoz-Hl, 1,000g £ i de Lz /P é,

O] e 43. 15 100, 000 4, 315 96, 354 6, 492, 419 4. 92
) SR 4. 60 95, 685 440 05, 425 6, 396, 065 66. 84
28 e 2: 43 05, 245 231 95, 123 6, 300, 640 G6. 15
O 1.76 05, 014 167 04, 927 6, 205, 517 65. 31
4-5_________. e e el 1. 41 94, 847 134 94, 777 6, 110, 590 64. 43
L 1.24 94, 713 118 94, 654 6, 015, 813 63. 52
(% S e “1. 10 94, 595 104 94, 543 5, 021, 159 62. 59
T8 e 1. 00 94, 491 94 94, 444 5, 826, 616 61. 66
S T .92 04, 397 87 94, 353 5, 732, 172 60. 72
010 o .. . 87 94, 310 82 94, 269 5, 637, 819 59. 78
10-1% . e .85 94, 228 81 04, 187 5, 543, 550 58. 83
11-12 . . 86 94, 147 81 94, 107 5, 449, 363 57. 88
12-18 . . 89 94, 066 83 94, 025 5, 355, 256 56. 93
1814 .. . 96 93, 983 01 03, 937 5, 261, 231 55. 98
14-15 e 1. 07 93, 892 100 03, 842 5, 167, 294 55. 03
1516 e e 1. 20 93, 792 113 03, 735 5, 073, 452 54, 00
16-17 e o 1.33 93, 679 124 93, 617 4,979, 717 53. 16
17-18 e e 1. 45 93, 555 136 93, 487 4, 886, 100 52. 23
18-19 e -1. 56 03, 419 146 93, 347 4,792, 613 51. 30
1920 e e 1. 67 93, 273 156 03, 195 4, 699, 266 50. 38
20-21 e e 1. 78 03, 117 166 03, 034 4, 606, 071 49, 47
21-22 o 1. 88 92, 951 175 42, 864 4, 513, 037 48. 55
2228 e e 1,97 92, 776 182 92, 685 4, 420, 173 47, 64
23-24 . 2. 03 92, 594 189 | # 02, 499 4, 327, 488 46. 74
2425 e 2. 08 92, 405 192 1+ 92,310 4, 234, 989 45, 83
2526 . T .. 2.12 92, 213 195 92, 115 4, 142, 679 44, 92
26—27 o e 2.16 092,018 199 91, 919 4, 050, 564 | 44, 02
Py A S S S 2.23 91, 819 204 91, 717 3, 058, €45 43. 11
2820 2. 30 01, 615 212 91, 509 3, 866, 928 4221
20-80 . _ e 2. 39 91, 403 218 91, 294 3, 775,419 41, 31
30-31 e 2.49 ¢ 01, 185 228 01, 071 3, 684, 125 40. 40
81-82 e 2. 60 90, 957 236 90, 839 3, 593, 054 39. 50
by 2.73 90, 721 248 90, 597 3, 502, 215 38. 60
83-84 e 2. 87 90,473 | ! 259 00, 343 3,411, 618 37. 71
B84-35 . e 3. 03 00, 214 273 090, 077 3, 321, 275 36. 82
3586 i 3.20 89, 041 288 89, 797 3, 231, 108 35. 03
B86—37 e 3. 40 89, 653 * 305 84, 500 3, 141, 401 35. 04
8788 el 3.61 89, 348 322 89, 187 3, 051, 901 34. 16
88-39 el 3. 85 89, 026 343° 88, 855 2, 962, 714 33. 28
83940 e 4,11 88, 683 365 88, 501 2, 873, 859 32. 41
40-41_ .. 4.41 88, 318 389 88, 123 2, 785, 358 31. 54
4142 . 4. 74 87, 929 416 87, 721 2, 697, 235 30. 68
N 5.11 87, 513 447 87, 289 2, 609, 514 || 290, 82
43-44 o 5. 52 87, 066 480 86, 826 2, 522, 225 28. 97
A4-45_ e 5. 97 86, 586 517 86, 327 2, 435, 399 28. 13
45-46_ oo 6. 46 86, 069 557 85, 791 2, 349, 072 27. 29
46-47 el 7.00 85, 512 598 85, 213 2, 203, 281 26. 47
47-48 . o . 7. 59 84, 914 645 84, 591 2, 178, 068 25. 65
48-49_ .. 8. 22 84, 269 693 83, 923 2, 093, 477 24. 84
49-50_ e 8. 90 83, 576 743 83, 204 2, 009, 554 24. 04
B50-51 . e 9. 64 82, 833 799 82, 434 1, 926, 350 23. 26
B1-B2 . .. 10. 45 82, 034 857 81, 605 1, 843, 916 22. 48
5258 e 11, 32 81, 177 919 . 80,717 1,762, 311 21. 71
B53-54 o ima_. 12. 28 80, 258 - 085 79, 766 1, 681, 594 20. 95
B4-55 e 13. 31 79, 273 1,055 78, 745 1, 601, 828 20. 21

ol
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YEAR OF AGE

MORTALITY
RATE

OF 160,000 BORN ALIVE

° STATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Number dying
per 1,000 alive

Number living

Number dying

In year of age and

i Average number

of years of

Period of life between two exact ages sta s at beginnin in| In yo li ini
ges stated at ;:;ﬁ";?;%ge of o agr ?)Irlag% of dm;) I g gyeear year of age _ all later years mr% égi‘ﬁ:ﬁ'ﬁ?ﬁ:
year of age
m 2 (&) “ %) 6) )
ztox+l 1,0009. 1, ds L. T, &,
55-566._ .. 14. 43 78, 218 1,129 77, 653 1, 523, 083 19. 47
5657 o .- e 15. 63 77, 089 1, 205 76, 487 1, 445, 430 18. 75
5758 e 16. 92 75, 884 1, 284 75, 242 1, 368, 943 18. 04
58-569_ . _._ . 18. 31 74, 600 1, 365 73, 918 1, 293, 701 17. 34
59-60__ oo 19. 79 73, 235 1, 450 72, 510 1, 219, 783 16. 66
60-61___ _____ __ L _.__ 21. 40 71, 785 1, 536 71, 017 1, 147, 273 15. 98
61-62_____ ___ . __ 23. 12 70, 249 1, 624 69, 437 1, 076, 256 15. 32
62-63_ . __ ... 24. 99 68, 625 1,715 67, 767 1, 006, 819 14. 67
6364 . . ____ .. 27. 01 66, 910 1, 807 66, 007 939, 052 14. 03
64-65_ . L 29. 22 65, 103 1, 902 64, 151 873, 045 13. 41
65—66._ . __ __ o _____. 31. 64 63, 201 2, 000 62, 201 808, 894 12. 80
6667 ___ . ... 34. 33 61, 201 - 2,101 60, 150 746, 693 12. 20
67-68_ . L __. 37. 31 59, 100 2, 206 57, 997 686, 543 11. 62
68-69_____ __ ... 40. 63 56, 894 2, 311 55, 739 628, 546 11. 05
69-70_____ _____ ... 44. 31 54, 583 2, 418 53, 374 572, 807 10. 49
(0 48. 39 52, 165 2, 524 50, 903 519, 433 9. 96
T1-72 o e 52. 90 49, 641 2, 626 48, 328 468, 530 9. 44
7273 e 57. 88 47,015 _ 2,721 45, 654 420, 202 8. 94
[ L A 63. 36 44, 294 2, 807 42, 890 - 374, 548 8. 46
7475 . 69. 34 41, 487 2, 877 40,7049 331, 658 7.99
7576 e 75. 83 38, 610 2, 927 37, 146 291, 609 7. 55
1677 e emeaee s 82. 82 35, 683 2, 955 34, 206 254, 463 7. 13
TT-T8 e 90. 31 32, 728 2, 956 31, 249 -220, 257 6. 73
T8O e 98. 32 29, 772 2, 927 28, 309 189, 008 6. 35
79-80._ . e 106. 87 26, 845 2, 869 25, 410 160, 699 5. 99
80-81._ ___ .. 115. 99 23, 976 2,781 22, 585 135, 289 5. 64
81-82_ el 125. 73 21, 195 2, 665 19, 863 112; 704 5. 32
82-83. o 136. 12 18, 530 2, 522 17, 268 92, 841 5. 01
83-84. s 147. 17 16, 008 2, 356 14, 830 75, 573 4.72
84-85 e 158, 85 13, 652 2, 169 12, 568 60, 743 4. 45
85-86_______ _____ . _.__ 171. 09 11, 483 1, 964 10, 500 48,175 4.20
8687 e 183. 84 9, 519 1, 750 8, 644 37, 675 3. 96
A S 197. 03 7,769 1, 531 7, 003 29, 031 3. 74
88-89. e 210..61 6, 238 1, 314 5, 581 22, 028 3. 53
89-90_ . iicaaa- 224, 53 4, 924 1, 105 4,372 16, 447 3. 34
90-91__ . __ .. 238. 74 3, 819 912 3, 363 12, 075 3. 16
91-92_ _ el -253. 20 2, 907 736 2, 539 8, 712 3. 00
92-98 . 267. 84 2,171 582 1, 880 6,173 2. 84
9394 ____ ... 282. 74 1, 589 449 1, 364 4, 293 2. 70
94-95_ ... 297. 77 1, 140 339 971 2, 929 2. 57
9596 ____ oL 312. 88 801 251 675 1 1, 958 2. 45,
96-97 . o 328. 03 550 | - 180 460 1, 283 2. 33
0798 __ .. 343. 18 370 127 306 823 2. 23
98-99_.___ .. 358. 27 243 87 199 517 2.13
99-100____ . _____ .. 373. 27 156 58 127 318 2.04
100-101 e 388. 11 98 38 79 191 1. 95
101-102____ _ o 402. 76 60 24 48 112 1. 88
102-103 e 417. 14 36| . 15 28 © 64 1.81
103-104 . e mean 431. 21 21 e - 9 16 36 1.74
104-105__ . ________ S e e 444. 89 12 5 9 20 1. 68
105-106___ oo 458. 10 7 3 5 11 1. 62
106-107 e 470. 78 4 2 - 3 6 1. 57
107-108_ e 482. 81 2 1 2 3 1,53
108-109 . e eacan 494, 08 1 1 1 1 1. 48

NoTe.—Rates of mortality at ages above 92 are not based on actual statistics at these ages, but bave been obtained by mathematical extrapolation from mortality ratcs
al younger ages. Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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TaBLE 5.—L1FE TaBLE FOR WHITE MALES IN THE UNITED STATES: 1939-1941
YEAR OF AGE MO OF 100,000 BORN ALIVE STATIONARY POPULATION AVERAG FUTURE
. ‘ Y her
Number dying |y hor Jiving | Number dying : . Ao Years of
Period of life between two exact ages stated s ;é?g;i':)]?gf al.l:li:-;grirs?lniél:)f (lllll;nl;)lll;ggzgﬂlp In year of age I":l'l“ ll‘n:t(t)lf- ';,‘;‘n:;'d nl:.f((;-.wr;:l;léiiri;;gf
year of age year of age
) ¢} 3 [¢)] (5) ) (@)
ztozH1 1,000¢s 1. dx Ls T: é,
S 48.12 100, 000 4,812 95, 913 6, 281, 188 62. 81
1= e 4,87 95, 188 © 464 64, 914 6, 185, 275 64. 98
2 e imme 2. 65 94, 724 250 94, 592 6, 090, 361 64. 30
34 IIIIIIIIIIIIIIIIIIIIIIIIIIN 1. 90 94, 474 179 94,381 | 5. 995, 769 63..46
e T SR AU 1. 53 94, 295 145 94, 219 5, 901, 388 62. 58
o S 1.38 94, 150 130 94, 085 5,807,160 | 6168
R 1. 24 94, 020 116 93, 962 5,713, 084 60. 76
7-8 “ 114 93, 904 108 93, 850 5 619 122 59, 84
1. 06 93, 796 99 903 747 5 525, 272 58. 91
1. 02 93, 697 96 | . 93 649 5 431 525 57, 97
1. 00 93, 601 93 93, 554 5, 337, 876 57. 03
1. 01 93, 508 95 93, 460 5, 244, 322 56. 08
1. 06 93, 413 99 93, 364 5, 150, 862 55. 14
- 1. 14 93, 314 106 93, 261 5, 057, 4908 54, 20
1. 27 93, 208 119 93, 148 4, 964, 237 53. 26
15-16 e 1. 43 93, 089 133 93, 023 4,871, 089 52. 33
1617 o el A 1. 58| 92, 956 147 92, 882 4, 778, 066 51, 40
1718 el 1.72 92, 809 160 92, 729 4, 685, 184 50. 48
1819 e 1. 86 92, 649 172 92, 563 -4, 592, 455 49, 57
10-20. e fenn 1. 99 02, 477 184 92, 385 4, 499, 892 48. 66
D021 e oo o . 2.12 92, 293 195 92,195 | 4,407, 507 47. 76
21-22 e 2.23 92, 098 205 91, 996° 4, 315, 312 46. 86
2223 oo 2. 32 91, 893 214 91, 785 4, 223, 316 45. 96
23-24 e 2. 38 91, 679 218 91, 571 4, 131, 531 45, 07
242 e 2. 41 © 91, 461 220 91, 351 4, 039, 960 44, 17
2526 mm e . S 2. 43 91,241 222 91, 130 3, 948, 609 43, 28
2. 45 91, 019 223 90, 908 3, 857, 479 42, 38
2. 51 90, 796 228 90, 682 3, 766, 571 41, 48
2. 59 90, 568 234 90, 451 3, 675, 889 40. 59
2. 68 90, 334 242 90, 212 3, 585, 438 39. 69
2.79 90, 092 251 89, 967 3, 495, 226 38. 80
2,91 89, 841 262 89, 709 3, 405, 259 37. 90
3. 06 89, 579 274 89, 443 3, 315, 550 37. 01
3. 23 89, 305 288 89, 161 3, 226, 107 36. 12
3 42 89, 017 304 88, 865 3, 136, 946 35. 24
3. 63 88, 713 322 88, 552 3, 048, 081 34. 36
3. 87 88, 391 342 88, 220 2, 959, 529 33. 48
4. 14 88, 049 364 87, 867 2, 871, 309 32. 61
4,43 87, 685 389 87, 490 2, 783, 442 3174
4. 76 87, 296 416 87, 088 2, 695, 952 |. 30. 88
5. 13 86, 880 446 86, 657 2, 608, 864 30. 03~
5. 54 86, 434 479 86, 195 2 522, 207 29. 18
6. 00 85, 955 515 85, 608 2, 436, 012 28, 34
6. 50 85, 440 . 555 85, 162 2, 350, 314 27. 51
7. 06 84, 885 600 84, 585 2, 265, 152 26. 69
7. 66 84, 285 646 83, 962 2, 180, 567 25. 87
8. 33 83, 639 696 83, 292 2, 096, 605 . 25,07
9. 04 82, 943 750 82, 568 2, 013, 313 24, 27
9. 81 82, 103 806 81, 790 1, 930, 745 23, 49
10. 64 81, 387 866 80, 954 1, 848, 955 22.72
11. 55 80, 521 930 80, 056 1, 768, 001 21. 96
12, 53 79, 591 997 79, 092 1, 687, 945 21. 21
13. 60 78, 594 1, 069 78, 059 1, 608, 853 20. 47
14. 76 77, 525 1,145 76, 953 1, 530, 704 19. 75
16. 02 76, 380 1, 224 75, 768 1,453 841. 19, 03
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YEAR OF AGE

MORTALITY
RATE

~

OF 100,000 BORN ALIVE

STATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Leriod of tife belween (wo exact ages staled

Number dying
per £,000 alive
at. heginning of

Number living
at heginning of
year of age

Number dying
during year
of age

. In year of age

In year of age and
all later years °

Average numher
of years of
life remaining
at beginning of

year of age year of age
m @ @ - (4) (%) (6) O]
zlo 41 1,0007, 1. ds Le T. éx
8656 o 17. 37 75, 156 1, 305 74, 504 1, 378,073 18. 34
5657 ____________TToTTTToTTT 18. 81 73, 851 1,390 73, 156 1, 303, 569 17. 65
57-58_ T 20. 34 72, 461 1,473 71, 724 1,230, 413 16. 98
58-59 . _________ 21. 95 70, 988 1, 558 70, 209 1, 158, 689 16. 32
L 23. 66 . 69, 430 1, 643 68, 609 1, 088, 480 15. 68
60-61. ol _.. 25. 48 67, 787 1,727 66, 923 1, 019, 871 15. 05
61-62_ T ITTTTTTTTTTTTITTTTT 27. 43 66, 060 1,813 65, 153 952, 048 14. 43
7 29. 52 64, 247 1, 896 63, 299 887, 795 13. 82
63-64_____ T TTTTToTTmTTTTTTTTTT 31. 77 62, 351 1, 981 61, 361 824, 496 13. 22
64-65__._______ e 34. 20 60, 370 2, 065 59, 337 763, 135 12. 64
65-66_ . . 36. 85 58, 305 2,148 57, 232 703, 798 12. 07
6667 ___ I 39. 75 56, 157 2, 232 55, 041 646, 566 11. 51
67-68_ . ITTTTTTTTTTTTTTTTT 42. 93 53, 925 2 315 52, 767 591, 525 10. 97
68-69 . . ___ o ____. 46. 43 51, 610 2, 396 50, 412 538, 758 10. 44
69-70_ o . 50. 28 49,214 2,475 47,976 488, 346 9. 92
T0=T1 ot 54, 54 46, 739 2, 549 45, 465 440, 370 9. 42
I 59, 24 44, 190 2, 618 42, 881 394, 905 8. 94
72-73 L TITITITTTTTTITTTTT 64. 43 41, 572 2 678 40, 233 352, 024 8 47
b e TN 70. 14 3R, 894 2, 728 37, 530 311, 791 8. 02
R 76. 37 36, 166 2, 762 34, 784 274, 261 7. 58
0 (T 83. 13 33, 404 2,777 32,016 239, 477 7.17
L 90. 40 30, 627 2, 769 29, 243 207, 461 6. 77
TT-18 LTI 98, 18 27, 858 2. 735 26, 490 178, 218 6. 40
7879 I ITIITTITTT 106. 47 25, 123 2. 675 23, 786 151, 728 6. 04
£ 115. 30 22 448 2, 588 21, 155 127, 942 5. 70
80-81_ . 124. 71 19, 860 2, 477 18, 621 106, 787 5. 38
81-82_ e cimee_ 134. 72 17, 383 2, 341 16, 213 88, 166 5. 07
82-83. e 145. 37 15, 042 2, 187 13, 948 71, 953 4.78
83-84_ . 156. 68 12, 855 2,014 11, 848 58, 005 4. 51
84-85. o ieiieo- 168. 59 10, 841 1, 828 9, 927 46, 157 4. 26
85-86_ .. . 181. 04 9,013 1, 631 8, 198 36, 230 4, 02
T 193, 95 7, 382 1, 432 6, 665 28, 032 3. 80
8788 . el 207. 27 5, 950 1, 233 5, 334 21, 367 3. 59
88-89 T TITTTTTormTTTITTTT 220, 91 4,717 1, 042 4,195 16, 033 3. 40
89-90. . __ el 234. 82 3, 675 863 3, 244 11, 838 3.22
90-91 e 248 .94 | 2, 812 700 2; 461 8, 594 3. 06
91-92_ . 263. 22 2,112 556 1, 834 6, 133 2. 90
92-93 o meee 277. 60 1, 556 432 1, 340 4, 299 2.76
93-94 e~ 292, 02 1,124 328 960 2,959 2. 63
04-95 e 306. 42 796 244 674 1, 999 2. 51
95-96. el 320. 76 552 177 464 1,325 2. 40
9607 _ oo 334. 96 375 | 126 312 861 2. 30
O7-98 e 348. 98 249 87 205 549 2. 20
O8-09 . e .362. 75 162 59 133 344 2.12
99-100_ e 376. 23 103 38 [ 84 211 2. 04
100-101 C e 389. 35 65 26 52 127 1. 96
101-102 . 402. 05 39 15 32 75 1. 90
102-103 e 414. 29 24 10 18 43 1. 84
103-104 e 425, 99 14 6 11 25 1. 78
104-105_ e 437. 12 8 4 6 14 1. 73
105106 - . o 447. 60 "4 . 2 4 8 1. 68
106-107 o o e 457. 38 2| 1 2 4 1. 64
107-108 e 466. 40 1 0 1 2 1. 61
108-109 . o 474, 62 1 1 1 1 1. 57

Norte.—Rates of mortality at ages above 92 are not based on actual statistics at these ages, but have been obtained by mathematical extrapolation from mortality rates

at younger ages

Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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TaBLE 6.—L1FE TaBLE ¥OR WHITE FEMALES IN THE UNITED STATES: 1039-1041

ER—

YEAR OF AGE Mo::::-;.wy OF 100,000 BORN ALIVE STATIONARY POPULATION “"E‘E:;&Ug URE
Number dying | Ny or livin Number dyin, Average nfxmber
Period of life between two exact ages stated 'Pte{)gg'(l}:gﬁ‘?g, at beginning of during year - | In year of age In“}l';:?;'tg:.;ge%:asnd lilg[rgg;iqn%g
- year of age year of age of age at beginning of
_year of ago
(1 2 3) ) (O] (6) (Y]
7 toz+1 1,000, . dx L. T: é.

37. 89 100, 000 3, 789 96, 822 6, 728, 965 67. 29
4. 32 96, 211 415 95, 966 6, 632, 143 68, 93
2.20 95, 796 211 95, 684 6, 536, 177 68. 23
1. 61 95, 585 154 95, 505 6, 440, 493 67. 38
1. 28 95, 431 122 95, 367 6, 344 988 66..49
1.10 95, 309 106 . 95, 256 6, 249, 621 65, 57

.96 95, 203 91 95, 158 6, 154, 365 64, 64

.85 95, 112 80 95, 072 6, 059, 207 63. 71

.77 95, 032 74 94, 995 5, 964, 135 62. 76

.72 94, 958 68 94, 924 5, 869, 140 61. 81

.70 94, 890 66 94, 857 5, 774, 216 60. 85

.70 94, 824 66 94, 791 5, 679, 359 59. 89

.72 94, 758 69 94, 723 5, 584, 568 58. 94

77 94, 689 73 94, 653 5, 489, 845 57. 98

. 86 94, 616 82 94, 575 5, 395, 192 57. 02

.90 094, 534 01 04, 489 5, 300, 617 56. 07
1. 07 04, 443 101 94, 392 5, 206, 128 55, 12
117 04, 342 1 094’ 287 5 111, 736 54, 18
1. 26 94, 231 119 94, 172 5,017, 449 53. 25
1. 36 a9, 112 128 94, 048 4, 923, 277 52. 3L
1. 45 93, 084 136 93, 916 4, 829, 229 51. 38
1.'54 03, 848 145 93, 776 4,735, 313 50. 46
1. 62 93, 703 152 93, 627 4, 641, 537 49, 53
1.70 93, 551 159 93, 472 4, 547, 010 48. 61
1.76 93, 392 164 93, 310 4, 454, 438 47.70
1. 82 93, 228 169 93, 144 4,361, 128 46, 78
1. 88 93, 059 175 92, 972 4 267 084 45. 86
1. 95 92, 884 181 92, 793 4,175,012 44, 95
2.03 92, 703 188 92, 610 4, 082, 219 44, 04
2. 11 92, 515 195 92,417 3, 989, 609 43. 12
2. 20 92,320 | * 204 92, 218 3, 897, 192 42, 21
2. 30 092,116 212 92, 010 3. 804, 974 41. 31
2. 40 91, 904 220 91, 794 3, 712, 964 40. 40
2. 52 01, 684 231 91, 568 3,621, 170 39. 50
2. 64 91, 453 242 91,332 |~ 3 529 602 38, 59
2.78 01, 211 253 91, 085 3, 438, 270 37.70
2. 92 90, 958 266 90, 825 3,347, 185 36. 80
3.09 - 90, 692 280 90, 552 3, 256,360 | ~ 35. 91
3. 26 00, 412 295 90, 265 3, 165, R08 35. 02
3. 46 90, 117 312 80,9061, - 3,075, 543 34. 13
3. 68 89, 805 330 89, 640 2, 985, 582 33. 25
3.93 | 89, 475 352 89, 209 2, 895, 042 32. 37
4. 20 89, 123 374 88, 936 2, 806, 643 31. 49
4, 51 88, 749 400 88, 549 2,717,707 30. 62
4. 85 88, 349 429 88,134 2, 629, 158 29, 76
5. 23 87, 920 460 87, 690 2, 541, 024 28. 90

. 5. 64 87, 460 493 87, 214 2, 453, 334 28. 05
6. 08 86, 967 528 86, 703 2, 366, 120 27. 21
6. 55 86, 439 H66 86, 156 2,279, 417 20. 37
7. 06 85, 873 606 85, 570 2, 193, 261 25. 54
7. 62 85, 267 - G50 R4, 942 2, 107, 691 24. 72
8 22 84 617 695 84, 260 2, 022 749 23, 90
8. 88 83, 922 746 | 83, H49 1, 938, 480 23. 10
9. 61 83,176 799 82, 777 1, 854, 931 22. 30

10. 40 82, 377 857 81, 948 1,772, 154 21. 51

e jeml:
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YEAR OF AGE MORTALITY OF 100,000 BORN ALIVE STATIONARY POPULATION A i URE
Number dying L y Average number
Poriod of life between two exaet ages stated &e{)ég'?gg i’;‘g"(‘)’[ ﬂ%’?gﬁfé’ﬁ Ntllllﬁil;ne; 33:11;1 ¢ In yea. of age I“ﬁff‘flg{, “%‘f‘fs"d nr?:,'r’éﬁ?ﬁn‘}flg
your of aem year of age of age ¥ at beginning of
year of age
[¢)] [¢)] 3) O] (%) (A) @
zloz+l 1,0000, L ds A T, é
55-56__ o el-- 11. 28 81, 520 919 81, 060 1, 690, 206 20. 73
5657 - o e 12. 24 80, 601 987 80, 108 1, 609, 146 19. 96
5T-58 . 13. 30 79, 614 1, 059 79, 084 1, 529, 038 19. 21
- 14, 46 78, 555 1,136 77, 987 1, 449, 954 18, 46
L 15. 74 77, 419 1 219 76, 809 1, 371, 967 17. 72
061 - . 17. 14 76, 200 1, 306 75, 547 1, 295, 158 17. 00
S 18, 67 74, 804 1. 399 74, 195 1,219, 611 16. 28
62-63. .. o ___-__ 20. 35 73, 495 1, 495 72, 748 1, 145, 416 15. 58
6364 .. o oooo- 22. 17 72, 000 1, 596 71, 202 1, 072, 668 14. 90
6465 .. 24.19 70, 404 1, 703 69, 552 1, 001, 466 14. 22
65-66__ . _ L ao_..- 26, 43 68, 701 1, 816 67, 793 931, 914 13. 56
6667 IIIIITTITIIIIIIITIIIIT 28, 93 66, 885 1,935 65, 918 864, 121 12, 92
67-68. .. . L IIIIIIIIIIIITIIIUI 31, 74 64, 950 2, 061 63, 920 708, 203 12 29
I 34, 89 62, 889 2, 194 61, 791 734, 283 11. 68
69-70______ ool 38. 41 60, 695 2, 332 59,529 672, 492 11. 08
TO=T1 . oo 42,33 58, 363 2,470 57,128 612, 963 10. 50
7172, I TITIITIIIIITIIIIIIIIITTT 46. 69 55, 893 2, 610 54, 588 555, 835 9. 94
7973, T 51, 50 53, 283 2 744 51, 911 501, 247 9. 41
7374 T TITITITTTTTTTTT 56. 80 50, 539 2, 870 49, 104 149, 336 8. 89
7475, I IITIIIIIIIITIITIITITI 62. 59 47, 669 2, 984 46,177 100, 232 8. 40
T5T6 oot 68. 89 44, 685 3,078 43, 146 354, 055 7. 02
=TT . 75. 69 41, 607 3, 149 40, 032 310, 909 7. 47
~ 778 . e 83. 00 38, 458 3,192 36, 862 270, 877 7. 04
T80 . e 90. 83 35, 266 3, 203 33, 664 234, 015 6. 64
79-80. . oo 09. 21 32, 063 3, 181 30, 472 200, 351 6. 25
80-81 . e 108. 19 28, 882 3, 125 27, 320 169, 879" 5. 88
B1-82 . 117, 80- 25, 757 3,034 I 24, 240 142, 559 5. 53
B2-83 . o e 128. 09 22, 723 2,911 21, 267 118, 319 5. 21
83-84 . 139. 06 19, 812 2, 755 18, 435 97, 052 4, 90
84-85 . e 150. 70 17, 057 2, 570 15, 772 78, 617 4, 61
8586 . 162. 94 14, 487 2, 361 13, 306 62,845 | ° 4.34
86-87_ . 1753. 73 12,126 2, 131 11, 061 49, 539 4. 09
L N 189, 02 9, 995 1, 889 9, 051 38, 478 3. 85
88-80___IIIITIIITIIIIIIITIIIIIIIN 202. 76 8, 106 1, 644 7, 284 29, 427 3. 63
8090 ol o oo 216. 90 6, 462 1, 401 5, 762 22, 143 3. 43
90-91 . 231. 41 5, 061 1,171 4,475 16, 381 3. 24
S - 246, 24 3. 890 058 3, 411 11, 906 3. 06
92-93 [ TITITTTTTTTTTITTTTTTIITI 261. 36 2, 932 766 2, 548 8, 495 2. 90
03-94 . 276. 71 2,166 | 600 1, 866 5, 947 2.75
9495 e 202. 26 1, 566 457 1, 338 4, 081 2. 61
95-96_ .. 307. 96 1, 109 342 938 2, 743 2. 47
9697 o 323. 79 767 - 248 643 -1, 805 2.35 -
097-98 e 339. 68 519 176 430 1, 162 2.24
98-00 . e . - 355, 61 343 122 282 732 2. 14
99-100._ . 371. 52 221 82 180 450 2. 04
100-101 . s 387. 39 139 - 54 111 270 1. 95
101-102 __ o eea—o_ 403. 16 85 34 68 159 1. 87
102-103_ _ o e_ 418, 80 51 22 40 91 179
103104 . e e 434, 27 29 12 24 ~ 5l 1.72
104-105_ .. o eiaea-. 449, 51 17 8 12 27 1. 65
105-106_ . e~ 464. 50 49 4 7 15 1. 59
106107 _ .. .. o_. 479. 19 5 2 4 8 1. 53
107-108 . 493. 53 - 3 2 2 1 1. 47
108-109 . .. el 507. 50 1 0 1 2 1. 42
109-1100 2711 521 04 1 1 1 1 137

NoTE.— Rates of mortalit y at ages above 02 arc not based on actus) statistics at. these ages, but. have heen cobtained by mathematical extrapolation from mortality rates

al. younger ages.

Other life table functions at these ages are based on the extrapolated rates of mortality, and may not neccssarily represent actual conditions.
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TABLE 7.—LIFE TABLE FOR ToTAL NEGROES IN 1HE UNITED StaTEs: 1939-1941 [
YEAR OF AGE MOREALITY OF 100,000 BORN ALIVE STATIONARY POPULATION A“Rﬁ:;”‘;?g URE ‘
Number ﬂy.ilvlg Number livi Number dyi . Avclinge nuu;ber .
Period of life he(ween two exact apes stated *‘l;‘;{:\":%_%;‘ i:';l;é‘ :;f a 'l‘]h:\%:“i‘:?i{g:s :I'I;%F‘E‘g%x;\g In year of age 'I"n‘lylo?t:tg{' t;ygﬁ‘ ;ls“d ﬂ,:.r%e %ﬁéﬁiﬁ?ﬁr . |
i year of ape . ‘
. m . @ )] o (5) ® ™ "
z tor+1 . 1,000, I d, . L: T, 1 é:
O o e e 74. 16 100, 000 7,416 93, 960 5, 385, 044 53. 85
8. 67 92, 584 803 92, 110 5, 291, 084 57. 15 ,
4, 02 91, 781 368 91, 586 5, 198, 974 56. 65
2. 58 91, 413 237 91,290 { 5,107, 388 55, 87 |
2.12 91,176 | . 193 91, 076 5, 016, 098 . 55.02 “
1. 80 90, 983 164 90, 901 i 4, 925, 022 . 54, 13 !
1. 55 90, 819 140 90, 749 4, 834, 121 53. 23 ]
1.35 |. 90, 679 123 90, 617 4, 743, 372 52. 31 {
1. 22 90, 556 111 90, 501 4, 652, 755 51, 38 : ,
117 90, 445 10§ 90, 392 4, 562, 254 50, 44 "
1. 20 90, 339 109 00,284 | 4,471, 862 49. 50 |
1. 32 90, 230 119 90, 171 4, 381, 578 48, 56 i
1. 54 90, 111 139 90, 041 4, 201, 407 47. 62 !
1. 88 89, 972 169 89, 888 4, 201, 366 46. 70 l
2. 36 89, 803 212 89, 696 4,111, 478 45. 78 : i
. {
2.91 89, 591 261 89, 461 4, 021, 782 -44, 89
3. 47 89, 330 310 89, 175 3, 932, 321 44, 02 i
3. 97 89, 020 | 354 88, 843 3, 843, 146 43. 17 !
4. 44 88, 666 ‘303 88, 470 3, 754, 303 42. 34 f
4. 91 88, 273 434 88, 055 3, 665, 833 41. 53 ‘\
5. 37 87, 839 472 87,603 3, 577, 778 40. 73 i
5. 78 87, 367 505 87,115 3, 490, 175 39. 95 ;
22-23 e eeeem o 6. 14 86, 862 533 86, 595 3, 403, 060 39. 18 I i
23-24 el __ 6. 40 86, 329 . 553 © 86, 052 3, 316, 465 | 38. 42
24-25_ oo 6. 60 85, 776 566 85, 403 3,230, 413 37. 66
2526 e 6. 76 85, 210 576 ) 84, 922 3, 144, 920 36. 91 B
26-27 e 6. 93 84, 634 ! 586 84, 341 3, 059, 998 36. 16 |
2728 el 7. 14 84, 048 600 83, 747 2,975, 657 | - 35. 40 |
28-29 el 7. 40 83, 448 618 83, 139 2, 891, 910 34. 66 |
20-30. e 7. 68 82, 830 636 82, 512 2,808 771 | . 33.91 1
B0-81 e 7.97 82,194 |’ 655 81, 867 2, 726, 259 33. 17 .
B1-82 e 8. 30 81, 539 677 81, 201 2, 644, 392 32. 43 j
B2-88 e 8. 66 80, 862 700 80, 512 2, 563, 191 - 3170 i
33-84 . 9. 05 80, 162 725 70, 799 2, 482, 679 30. 97 A
34-85 el 9. 48 79, 437 754 79, 060 2, 402, 880 30. 25
35-86_ . 9. 94 78, 683 781 78, 293 2, 323, 820 290, 53
S36-87 - e 10. 42 77,902 812 . 77, 496 2, 245, 527 28. 83
3788 e 10. 93 77, 090 842 76, 669 2, 168, 031 28. 12
38-39_ 11. 46 76, 248 874 75, 810 2, 091, 362 27. 43
39-40_ . __ - 12, 04 75,374 908 74, 920 2, 015, 552 26. 74
40-41 e . 12. 68 74, 466 944 73, 994 1, 940-632 26. 06 , j
41-42__ . : 13. 40 73, 522 985 73, 029 1, 866, 638 25.30 -
42-48 e 14. 21 72, 537 1, 031 72, 022 1, 793, 609 24. 73 .
43-44_ i 15. 15 71, 506 1, 083 70, 964 1, 721, 587 24.-08
44-45__ e __ 16. 18 70, 423 1,139 69, 853 1, 650, 623 23. 44 j
1
4546 e 17. 30 69, 284 1, 199 (8, 685 1, 580, 770 22, 82 '
4647 e 18. 49 ( 68, 085 1, 259 67, 456 1, 512, 085 - 22 21
4748 e . 19.73 66, 826 1, 318 66,167 | - 1,414, 629 21. 62
48-49. e 21. 00 65, 508 1, 376 64, 820 1, 378, 462 21,04
49-50_ e 22. 31 64, 132 1, 430 63, 117 1, 313, 642 2(). 48
50-81 e eeeaas 23. 65 T 62,702 1, 483 61, 960 1, 250, 225 ' 19. 94
515 e 25. 01 61, 219 1, 532 60, 453 1, 188, 265 19. 41
5258 a2 26. 40 59, 687 1, 575 58, 900 1, 127, 812 18. 90
L St P . 27. 80 58, 112 1, 616 57, 304 1, 068, 912 18. 39
54-88 e 29. 21 56, 496 1, 650 55, 670 1,011, 608 17. 91
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YEAR OF AGE MORTANTY OF 100,000 BORN ALIVE STATIONARY POPULATION AVEI;"I‘:E%;U;U“
Number dying |, nor iving | Number dying Av&:,)l}a;g,gar:gg}bcr
I'etiod of life between two exaet ages stated er LO00 alive |4 oo ning of uring year In year of age | ID Yearofageand | ini
5 nl..‘tw:“grn(l)rrlg:;% of yﬂfrl of ngi, a o ggic ? K all later years n:‘%ggg:igg‘gr
year of age
Q)] (2) @ . 4 * (6) ]
z toz-+1 1,000¢ - 1 ds L. T és

5556 e . 30. 60 54, 846 1, 679 54, 007 955, 938 17. 43
5657 il ool 31. 96 53, 167 1, 699 52, 318 | 901, 931 16. 96
BT=B8 . et eeea- 33. 28 51, 468 1,713 50, 611 849, 613 16. 51
58-89 . 34. 54 49, 755 1,718 48, 896 799, 002 16. 06
59-60 " oo 35. 77 48, 037 1, 719 47,178 750, 106 15. 62
60-61._ - 37. 00, 46, 318 1,714 45, 461 702, 928 15. 18
61-62._ L _ - 38. 25 44, 604 1, 706 ' 43,751 657, 467 14. 74
62-63._ . 39. 56 42, 898 1, 697 42, 050 613, 716 14. 31
63-64. o iea. 40. 95 41, 201 1, 687 40, 358 571, 666 13. 87
6465, e 42,43 39, 514 1, 676 38, 675 531,308 | < 13. 45
6566 e eeas 44. 00 37, 838 1, 665 37, 006 492, 633 13. 02
6667 . 45. 67 36,173 1, 652 35, 347 455, 627 12. 60
67-68. oo 47. 44 34, 521 1, 638 33, 702 420, 280 12. 17
6869 _ e an 49, 34 32, 883 1, 622 32, 072 386, 578 11. 76
69-70. el 51. 41 31, 261 1, 607 30, 457 354, 506 11. 34
T0-7) el 53. 71 29, 654 1, 593 28, 858 324, 049 10. 93
172 e 56. 32 28, 061 1, 580 27, 271 295, 191 10. 52
0 T 59. 29 26, 481 1, 570 25, 695 267, 920 10. 12
T3~T4 . il 62, 68 24, 911 1, 562 24, 130 242, 225 9. 72
L S T 66. 43 23, 349 1, 551 22, 574 218, 095 9. 34
T~ e eeaal 70. 49 21, 798 -1, 536 21, 030 195, 521 8. 97
T o e o 74. 81 20, 262 1, 516 19, 504 174, 491 8. 61
a4 T 79. 31 18, 746 1, 487 18, 002 154, 987 8. 27
T8-T e 83. 95 17, 259 1, 449 16, 535 136, 985 7. 94
T9~80 e 88. 72 15, 810 1, 402 15, 109 120, 450 7. 62
80-81 . e 93. 61 14, 408 1,349 13, 733 105, 341 , 7. 31
81-82 o emeeo. 98. 61 13, 059 1, 288 12, 415 91, 608 7.01
8283 . i 103. 71 11,771 1,221 11, 161 79,193 6. 73
83-84. . 108. 93 10, 550 1, 149 9, 976 68, 032 6. 45
8485 e 114, 34 9, 401 1,075 8, 864 58, 056 6. 18
8686 - i aea. 120. 01 8, 326 099 7, 826 49, 192 5.91
8687 . el 126. 03 7, 327 023 6, 865 41, 366 5. 65
8788, . 132. 48 6, 404 849 5, 980 34, 501 5. 39
88-89. . 139. 51 5, 555 775 5, 167 28, 521 5.13
89~90. .. 147. 12 4, 780 703 4, 429 23, 354 4. 89
90-91. .. 155. 38 4,077 634 3, 760 18, 925 4. 64
9192 et - 164. 37 3, 443 566 3,161 15,165 4. 40
02-98. . 174. 14 2, 877 501 2, 627 12, 004 4.17
93~94 o eeee-- 184. 70 2, 376 439 2, 156 9, 377 3. 95
9405, . 196. 19 1, 937 380 1, 748 7, 221 3.73
95-96. . 208. 68 1, 557 325 1, 395 5,473 3. 51
096~97_ - 222. 22 1, 232 273 1, 095 4,078 .3.31
9798 . . 236. 85 959 *228 845 2, 983 3. 11
9809 . e 252, 63 731 184 639 2, 138 2. 92
09-100_ - .. 269. 58 547 148 473 1,499 2. 74
100-1010 oo . ____.. 287. 75 399 115 342 1, 026 2. 57
101-102 .. . o _.._ 307. 15 284 87 241 684 2. 40
102-103 _ . . 327.79 197 65 165 443 2. 25
103104 .. ... 349. 68 132 46 109 278 2. 10
104--106_ .. 372. 80 86 32 70 169 1. 96
105106 _ .. 397. 13 54 21 43 99 1. 83
106-107 . . 422. 63 33 14 26 56 1.71
107-108_ e 449, 24 19 9 15 30 1. 59
108-109 ol 476. 94 10 5 8 15 1. 49
109-110_ o ... 505. 68 5 2 4 7 1. 38
1mo-111 o o-_ H35. 48 3 2 2 3 1. 29
111-112. . _. T R H66. 42 1 0 0 1 1. 20
2118 o 598. 66 1 , 1 1 ] 1. 10

Nore.—Rates of morial}ty at ages above 87 arc Jlot based on actual statis-ti_cs at these ages, but have been obtained by mathematical extrapolation from mortality rates

8t younger ages. Otbher lifc table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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TapLe 8.—LIFE TABLE roR NEGRO MaLEs IN THE UNITED STATEs: 1939-1041
YEAR OF AGE “01}::;;‘" OF 100,000 BORN ALIVE STATIONARY POPULATION AY E“L?:EETSIE URE
’ Number dying | nymper living | Number dying Avt:)l}a‘g'garll.y‘r"r}ber
. . ,000 al PR = N 5 . In yi ! d PPy by
Period of lifc between two exact ages stated &‘\{;(}gm? i‘;g& Bt;‘fsﬁ?)?;]ng’é of dmolfnl;]zgseronr In year of age na‘llCanlgr ;icagn ;;r(;‘gém:ilg:]g!
year of 880 year of age
m ) ’ (3 “) (% (6) )
zto1+1 1,0007. 1 ds L. T, s

[ U 82. 28 100, 000 8, 228 93, 282 5, 225, 657 52. 26
122 e 9.37 91, 772 860 91, 265 5,132, 375 55. 93
2 e 4. 32 90, 912 392 90, 704 5,041, 110 55. 45
B NI amom- 2. 69 90, 520 244 90, 393 4, 950, 406 . 54.69
R TN 2.16 90, 276 194 90, 175 4, 860, 013 53. 83
5B - o o e 1. 86 90, 082 168 89, 998 4, 769, 838 52. 95
67 e 1. 63 89, 914 147 89, 841 4, 679, 840 52. 05
2 S TS 1. 47 89, 767 132 89, 701 4, 589, 999 51. 13
80 oo 1. 37 89, 635 123 89, 573 4, 500, 298 50. 21
010 . meieeeoooo- 1. 34 89, 512 119 89, 453 4, 410, 725 49, 28
10-11 . e eeeeeeo__llo 1. 38 89, 393 123 89, 331 4, 321, 272 48. 34
1112 e 1. 49 89, 270 133 89, 204 4, 231, 941 47. 41
1218 e e 1. 67 89, 137 149 89, 062 4, 142, 737 46, 48
18-14. . 1. 94 88, 988 173 88, 902 4,053, 675 45. 55
1415 e oo 2. 31 88, 815 205 88,713 3,964,773 44. 64,
1516 e 2.74 88, 610 242 ]R8, 489 3, 876, 060 43. 74
16-17 s 3. 20 88, 368 283 88, 226 3, 787, 571 42. 86
17=18 o e e 3. 69 88, 085 325 87, 922 3, 699, 345 42. 00
1810 o o e 4. 22 87, 760 371 R7, 575 3,611,423 41, 15
19-20 . o o e 4. 83 87, 389 4121 87, 179 3, 523, 848 10, 32
20-21 oo e e e 5. 44 86, 968 474 86, 731 3, 436, 669 39, 52
2122 e 6. 02 86, 494 520 86, 234 3, 349, 938 38. 73
22-23 L e 6. 50 85, 974 558 85, 695 3, 263, 704 37. 96
23-24 e emea—io-. 6. 85 85, 416 585 85, 123 3, 178, 009 37. 21
24-25 e 7.11 84, 831 604 84, 529 3, 092, 886 36. 46
1 S 7.33 84, 227 617 83, 919 3, 008, 357 35.72
2627 e 7. 54 83, 610 631 83, 294 2, 924, 438 34. 98
D S 7. 80 82, 979 647 82, 656 2, 841, 144 34. 24
28-29__________ Y e 8. 10 82, 332 667 81, 999 2, 758, 488 33. 50
2980 e 8. 40 81, 665 686 81, 322 2, 676, 489 32. 77
8081 e 8. 72 80, 979 706 80, 625 2, 595, 167 32.05
8182 e 9. 06 80, 273 728 79, 910 2, 514, 542 31. 32
82-83 e 9. 43 79, 545 749 79, 170 2, 434, 632 30. 61
33-84 oo 9. 83 78, 796 775 78, 408 2, 355, 462 20. 89
B34-35 e 10. 25 78, 021 800 77, 622 2, 277, 054 29. 19
3586 e 10. 71 77, 221 827 76, 807. 2, 199, 432 28. 48
B36-37 e e 11. 21 76, 394 856 75, 966 2, 122, 625 27.79
8788 e e 11. 74 75, 538 887 75, 095 2, 046, 659 27. 09
3830 e meeemeo. 12. 30 74, 651 918 74, 191 1, 971, 564 26. 41
B39-40._ s 12. 93 73, 733 953 73, 256 1, 897, 373 25. 73
40-41 . e eooao_._. 13. 62 72,780 992 72, 284 1, 824, 117 25. 06
41-42_ e 14. 40 71,788 1,033 71, 272 1,751, 833 24. 40
42-43 e 15. 28 70, 755 1, 082 70, 214 1, 680, 561 23.75
43-44_ ... 16. 29 69, 673 1,135 69, 106 1, 610, 347 23. 11
44-45_ . e eeoolool 17. 40 68, 538 1, 192 67, 942 1, 541, 241 22. 49
e | T 18. 59 67, 346 1, 252 66, 721 1, 473, 299 21. 88
4647 e 19. 86 66, 094 1,313 65, 437 1, 406, 578 21. 28
4748 e 21.18 64, 781 1, 372 64, 096 1, 341, 141 20. 70
48-49 e 22. 55 63, 409 1,430 62, 604 1, 277, 045 20. 14
L 23. 94 61,979 1, 4184 61, 237 1,214, 351 10. 59
5051 25, 36 60, 495 1, 534 59, 728 1,158, 114 19, 06
) S 26, 79 58, 961 1, 579 58, 172 1,093, 386 18. 54
5288 e e eaee 28. 23 57, 382 1, 620 56, 571 1,035, 214 18. 04
53-54 ey 29. {6 55, 762 1, 654 54, 935 ‘978, 643 17. 55
D485 e e 1 31.08 54, 108 1, 682 53, 267 923, 708 17. 07

% e e

{
!
{
{
i
!
!
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YEAR OF AGE "ng‘fré‘" * OF 100,000 BORN ALIVE STATIONARY POPULATION A"Ef:ﬂ?g URE
Number dying . : Average number -
Teriod of life between two exact ages stated ﬁabelémmlgvgr g"b'ﬂé’iﬁrn]ﬁfﬁgr Ntl]llf:il;:egr %13 g In year of age ma le?;tg{- g%g;nd m‘é‘%ﬁﬁn‘};g
year of age year of age of age at beginning of
year of age
m 2) 3 [C)] (5) (©) [¢]
zloz+1 1,000 i d: L. 7 éx
85-06. . e 32. 48 52, 426 1, 703 51, 575 870, 441 16. 60
L 33, 86 50, 723 1717 49, 865 818, 866 16. 14
S7-68 ... 35. 20 49, 006 1, 725 48, 143 769, 001 15. 69
58-5Y . 36. 50 47, 281 1, 726 46, 417 720, 858 15. 25
59-60_ . lIITTTTTTTTTT 37.79 45, 555 1 722 44, 694 674, 441 14. 81
60-61___ o _____ 39. 10 43, 833 1,714 42, 976 629, 747 14. 37
81-62_ T TTTTTTTTTTTTmn 40, 45 42,119 C 1704 | 41,268 .586, 771 .13, 93
62-63___ L. . __ 41. 89 40, 415 1, 693 39, 569 545, 503 13. 50
63-64 _ ___ o ___.. 43. 43 38, 722 1, 681 37, 881 505, 934 13, 07
64-65__ . ... 45. 08 37, 041 1, 670 36, 206 468, 053 12. 64
65-66____ . o ___ 46. 85 35,371 1, 657 34, 543 431, 847 12. 21
i 48.75 33, 714 L 644 32, 892 397 304 1178
R R Lo 50. 77 32, 070 L 628 31, 256 364, 412 11. 36
6869 __ - 52. 94 30, 442 1, 611 29, 636 333, 156 10. 94
69-70. .. Il 55. 32 28, 831 1,505 | 28 033 303, 520 10. 53
70-71_____ I S 57. 99 27, 236 1, 580 26, 446 275, 487 10. 11
7172 I 61, 04 25, 656 1. 566 24, 874 249, 041 9. 71
72-73 o e_._. 64. 55 24, 090 1, 555 23, 312 224, 167 9. 31
7874 ... 68. 57 22, 535 1, 545 21, 763 200, 855 8 91
7475 .. e e 73.09 20, 990 1, 534 20, 223 179, 092 8. 53
7576 o _l_._. 78. 03 19, 456 1, 518 18, 696 158, 869 8 17
16T .. 83. 36 17, 938 1, 496 17,190 140, 173 7. 81
1778 el 89. 02 16, 442 1,463 15, 711 122, 983 7. 48
7879 . 94, 95 14, 979 1, 423 14, 267 107, 272 7.16
79-80_ . ... 101. 07 13, 556 1,370 12, 871 93, 005 6. 86
80-81_ .. 107. 30 12, 186 1, 307 11, 533 80, 134 6. 58
81-82 . 113. 53 10, 879 1, 235 10, 261 68, 601 6. 31
8283 . 119. 69 9, 644 1, 155 9, 067 58, 340 6. 05
83-84 .l .. _. 125.73 8, 489 1, 067 7, 955 49, 273 5. 80
84-85_ __ .. e e 131. 73 7, 422 978 6, 933 41, 318 - 5. 57
85-86_ . .. 137, 83 6, 444 888 6, 001 34, 385 5. 34
86-87_ . .. 144. 15 5, 556 801 5, 155 28, 384 5 11
8788 . 150, 83 4,755 717 4,397 | - 23, 229 4. 89
88-80_ . 157. 99 4, 038 638 3,719 18, 832 4. 66
8990 . . 165. 74 3, 400 564 3,118 15, 113 4. 45
90-91_ .. 174. 17 2, 836 ° 494 2, 5689 11, 995 4. 23
91-92 . 183. 40 2, 342 429 2,128 ’ 9, 406 4. 02
9293 . 193. 52 1,913 370 1,728 7,278 3. 80
93-94 e __ 204. 63 1, 543 316 1, 384 5, 550 3. 60
M-95 . 216. 85 1, 227 266 1, 094 4, 166 3. 39
95-96._ ol l___.. 230. 27 961 221 851 3, 072 3. 20
96-97. .. 245. 00 740 182 649 2, 221 3. 00
97-98_ ____: e e e e 261. 13 558 145 485 1, 572 2. 82
O98-99_ _ . 278. 77 413 115 355 1, 087 2. 63
99-100_ . e_-._ 298. 02 298 89 254 732 2. 46
100-100 ol ... 319. 00 209 67 175 . 478 2 29
101-102 . . . 341. 78 142 48 118 303 —~ 2.13
102-108 . . 366. 49 94 |, 35 77 185 1. 97
103-104 _ . o t_. 393. 22 59 23 47 108 1. 83
104-105_ . 422, 08 36 15 29 61 1. 69
\

105-106__ . _ .. 453. 17 21 10 16 32 1. 56
106-107 . _ o _.__ 486. 58 11 5 8 16 1. 43
107-108__. . 522. 44 6 3 5 8 1. 31
108-109_ .. 560. 82 3 2 2 3 1. 20
109-110___ . _ . 601. 85 1 1 1 1 1. 10

Nore.—Rates of mortality at ages above 92 are not based on actual statistics at these ages, but nave been obtained by mathematical extrapolation from mortality rates
at younger ages. Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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RS

YEAR OF AGE , MORTALITY OF 100,000 RORN ALIVE STATIONARY POPULATION ‘V“l:f:_"g’;““
- Number dying Jumber livi cumber dyin Average number
Period of lifc between two exact ages stated pte{) 1,000 _n]lvef 3:1 begbiglrnil:;:)gl I\élurineg yg'ar € Inyearofage | 1B ‘]'ﬁ“to’ age and lilgfrzgna;?n%g
! a egmxfung o year of age of age - all later years at beginning of
year of age year of age
m . R [¢2] 3) “ (5) (6) m
ztoz41 1,0000: L. d: L, - T: é,
65. 84 100,000 6, 584 94, 657 5, 556, 051 55. 56
7. 96 93, 416 |, 744 92, 977 5, 461, 394 58. 46
3. 72 92, 672 345 92, 489 5,368, 417 |\ 57. 93
2.48 92, 327 228 92, 208 5; 275, 928 57. 14
2. 09 92, 099 193 91, 999 5, 183, 720 56. 28
1.75 91, 906 160 .91, 826 5,091, 721 55. 40
1. 46 - 91, 746 134 91, 679 4, 999, 895 54. 50
1. 23 91, 612 113 91, 556 4, 908, 216 53. 58
1. 08 91, 499 99 91, 450 4, 816, 660 52, 64
1. 01 91, 400 92 91, 354 4, 725, 210 51. 70
1. 04 91, 308 95 91, 260 4, 633, 856 50. 75
1. 16 91, 213 106 91, 160 4, 542, 596 49, 80
1. 40 91, 107 128 91, 042 4, 451, 436 48. 86
1. 82 90, 979 166 | = 90, 896 4, 360, 394 47. 93
2. 41 90, 813 219 90, 704 4, 269, 498 47. 01
3.07 90, 594 278 90, 456 4, 178, 794 46, 13
3.71 90, 316 335 90, 149 4, 088, 338 45, 27
4, 24 89, 981 * 381 89, 790 3, 998, 189 44, 43
4. 65 89, 600 417 89, 391 3, 908, 399 43. 62
5. 01 89, 183 447 88, 959 3, 819, 008 _ 42. 82
5. 32 88, 736 472 88, 500 3, 730, 049 42. 04
~ 5. 59 88, 264 494 88, 017 3, 641, 549 41. 26
5. 83 87,770 512 87, 515 3, 553, 532 40. 49
6. 03 87, 258 525 86, 995 3, 466, 017 39. 72
6. 16 86, 733 535 86, 465 3, 379, 022 38. 96
6. 27 86, 198 540 85, 928 3, 292, 557 38. 20
6. 40 85, 658 548 85, 384 3, 206, 629 37. 44
6. 57 85,110 559 84, 831' 3,121, 245 36. 67
6. 80 84, 551 575 84, 263 3, 036, 414 | 35. 91
7. 05 83, 976 592 83, 680 2, 952, 151 35. 15
B0-31 e eeeeeal 7.33 83, 384 611 83, 079 2, 868, 471 34. 40
31-32 e 7. 64 82, 773 632 82, 457 2, 785, 392 33. 65
32-88 et 7. 99 82, 141 656, 81, 813 2, 702, 935 32. 91
83-84 e 8 37 81,485 682 81, 144 2, 621, 122 32.17
3485 e e 8. 80 80, 803 711 80, 447 2, 539, 978 31.43
3536 e 9. 24 80, 092 740 79, 722 2,459, 531 30. 71
B6-37 o e em—m s 9. 71 79, 352 771 78, 966 2, 379, 809 29, 99
By . 1 S 10. 20 78, 581 801 78, 181 2, 300, 843 29. 28
38-39. e e 10. 70 77,780 832 77, 363 2, 222, 662 28. 58
B9—40_ e e———————e 11. 23 76, 948 864 76, 516 2, 145, 299 27. 88
40-41 e 11. 81 76, 084 ' 898 75, 635 2, 068, 783 27. 19
41-42 e eeee 12. 46 75, 186 937 74, 717 1, 993, 148 26. 51
42-48 e 13. 20 74, 249 980 73, 759 1,918, 431 25. 84
A3-44_ oo 14. 05 73,269 |’ 1, 029 72,754 1, 844, 672 25. 18
44-45_ e meems 14. 99 72, 240 1, 083 71, 698 1,771, 918 24, 53
45-46_ e 16. 02 71, 157 1, 140 70, 587 1, 700, 220 23. 89
4647 e 17. 11 70,017 1,198 69, 418 1, 629, 633 23. 27
AT-48 oo 18 24 68, 819 ‘1,255 68, 191 1, 560, 215 22. 67
48-49__ __ . e e 19, 42 67, 564 1, 312 66, 908 1,492, 024 22. 08
49-50 . e 20. 62 66, 252 1, 367 65, 568 1, 425, 116 21. 51
5051 e mmm—————— 21. 87 64, 885 1, 419 64, 176 1, 359, 548 20. 95
B51=5 e ememem e 23.15 63, 466 1, 469 62, 732 1, 295, 372 20. 41
52-58 e ————— 24. 47 61, 997 1, 517 61, 238 1, 232, 640 19. 88
B53=54 e e ———— 25. 83 60, 480 1, 563 59, 699 1,171, 402 19. 37
5455 e 27. 21 58, 917 1, 603 58,115 1,111, 703 18. 87
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YEAR OF AGE ”ogmg" OF 100,000 BORN ALIVE STATIONARY POPULATION AVEIE;;;HZUJURE
Average number
Number dying | Nymper living | Number dying rof age and | .0l yearsof
Period of life between two exact ages stated . lﬁe{]gg'?gon;’}?& atxgré?g:;% of dm;)l?&g)éenr In year of age ma’l,ﬁater y%ars n]{r% é;ﬁﬂ}ﬂ?gr
year of age yearofage
1) 2 (3) “) (5) ()] (U]
71041 1,0002 1 d. L. T: A~

B5-50 L . . 28. 58 57, 314 1, 638 56, 495 1, 053, 588 18. 38
56-57_ o __ - e - 29. 92 55, 676 1, 666 54, 843 997, 093 17. 91
8758 o e 31.21 54, 010 1, 686 53, 168 942 250 17. 45
58-5Y o2 32. 42 52, 324 1, 696 51,476 889, 082 16. 99
5960 T 33. 58 50, 628 1,700 49,778 837, 606 16. 54
60-61 ___ e _t_o__ 34. 72 48, 928 1, 699 48, 078 787, 828 16. 10
61-62_ . e e____ 35. 86 47, 229 1, 694 46, 382 739, 750 ’ 15. 66
62-63_ e 37.03 45, 535 1, 686 44, 692 693, 368 15, 23
63—-64__ - 38. 25 43, 849 1,678 43, 010 648, 676 14. 79
64—65. . TTTTTTTTTTees 39, 54 42171 1, 667 41338 605, 666 14. 36
65-66____ . 40. 90 40, 504 1, 656 39, 675 ' 564, 328 13. 93
6667 _ oo 42, 33 38, 848 1, 645 38, 026 . 524, 653 13. 51
6768 . _ola_ 43. 84 37, 203 1, 630 36, 388 486, 627 13. 08
68-69_ .. Tt 45, 44 35, 573 1617 34, 764 450, 239 12. 66
69-70__ . 47. 18 33, 956 1, 602 33, 155 415, 475 12. 24
70-71 e 49, 12 32, 354 1, 589 31, 560 382, 320 11. 82
T1-72 . 51. 29 30, 765 1, 578 29, 975 350, 760 11,40
7278 o e 53. 76 29, 187 1, 569 28, 403 320, 785 10. 99
7374 IIlIIITTTITTTTomTTTT 56. 55 27 618 1, 562 26, 837 292, 382 10. 59
7475 . 59. 63 26, 056 1, 554 25, 279 265, 545 10. 1Y
7576 e 62. 94 24, 502 1, 542 23, 731 230, 266 9. 81
7677 el 66. 41 22, 960 1, 525 22, 198 216, 535 9. 43
1778 e 69. 98" 21, 435 1, 500 20, 685 194, 337 9, 07
T8-79 e _____._ 73. 62 .19, 935 1, 468 19, 201 173, 652 871
7980 o il_.. 77. 37 18, 467 1,428 17, 753 154, 451 8. 36
80-81 . 81. 27 17, 039 1, 385 16, 347 136, 698 8. 02
S 85. 40 15, 654 1,337 14, 985 120, 351 7. 69
8283 T 89. 81 14,317 1, 286 13, 674 105, 366 7. 36
83-84 [ IIIITTTTTTToTTTTTTTTTTT 94. 57 13, 031 1,232 12, 415 01,692 7. 04
8485 o _. 99. 71 11,799 1,177 11,211 79, 277 6. 72
8586 . - e 105. 29 10, 622 1,118 10, 063 68, 066 6. 41
8687 o ____. 111. 35 9, 504 1, 058 8, 975 58, 003 6. 10
8788 . _._ 117. 93 8, 446 996 7, 948 49, 028 5. 81
8889 . o __ LA 125. 09 7, 450 932 6, 983 41, 080 5. 51
89900 o ______ 132. 87 6, 518 866 6, 085 34, 097 5. 23
00-91 ... 141. 32 5, 652 799 5, 252 28, 012 4. 96
91-92__ e _ 150. 48 4, 853 730 4, 488 22, 760 4. 69
O 160. 40 4123 662 3 792 18, 272 443
03-94 .. 171. 12 3, 461 592 3, 166 14, 480 418
94-95__ o __ 182. 70 2, 869 524 2, 607 11, 314 3. 94
95-96 . e ___ en 195. 17 2, 345 458 2,116 8, 707 3.71
96-97 el 208. 58 1, 887 393 1, 690 6, 591 3. 49
Q798 e 222. 99 1, 494 333 1, 327 4, 901 3. 28"
98-99_ . 238. 43 1, 161 277 1, 022 3, 574 3. 08
99-100____ .. 254. 96 884 225 772 2, 552 2. 89
100-100 . . 272. 61 659 | - 180 568 1, 780 2.70
101-102. o ... - 291. 43 479 140 410 1, 212 2. 53
102-108 . 311. 48 339 105 286 802 2. 36
103-104 . . 332. 80 234 78 195 516 2. 21
104-105_ . . _______ 355. 43 156 56 128 321 2. 06
105-106_ ___ e 379. 41 100 38 82 193 1. 92
106-107 . o ______ 404. 81 62 25 49 111 1. 79
107-108 - o o el __ 431. 65 37 16 29 62 1. 66
t08-109_____ ____ . ____ 460. 00 21 10 17 33 1. 54
109-110__ o o___ 489. 88 11 5 8 16 1. 43
WO-111 . 521. 36 6 3 5 8| - 133
11-112 o ____ 554. 48 -3 2 2 3 1. 23
112-108 e 589. 28 1 0 0 1 1. 13
113-114 - 625. 81 1 1 1 1 1. 04

NoTe.—Rates of mortality at ages above 87 are not based on nciual statissics at these ages, but have been obtained by matheinaticsl extrapolation from mortality rates
it younger ages. Other life table functions at these nges e based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

TaBLE 10.—LiFE TaBLE ror Toran OTrHER Racks! IN THE UNITED STATES: 1939-1641

YEAR OF AGE

MORTALITY
RATE

OF 100,000 BORN ALIVE

STATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Number dying

Average number

. f Number liviug | Number dying | . of years of
. per 1,000 alive inning o . o In year of age and : 30
Period of life between two cxact ages stated F" ;):Bgrh:)?langi of at&e;zr n ag% f dur(:;lgg)éear In year of age a!l later years Ji'ﬁ;ﬂ;ﬁg’gr
year of age
m @ )l @ ® © ")
2 o z41 1,0000. A ds L. T é,

93. 03 100, 000 9, 303 93, 110 5, 435, 389 54. 35
20. 37 90, 697 |, 847 89, 607 5, 342, 279 H8. 90
9. 73 88, 850 864 88, 392 - 5, 252, 672 549,12
5. 31 87, 986 467 87, 743 5, 164, 280 58. 69
3. 91 87, 519 342 87; 340 5, 076, 537 58. 01
»
3.20 87, 177 279 87, 038 4, 989, 197 57. 23
2. 67 86, 898 233 -86, 781 4, 902, 159 56, 41
2.30 86, 665 199 86, 566 4, 815, 378 55. 56
2.08 86, 466 180 86, 376 4, 728, 812 54. 69
1. 97 . 86, 286 170 86, 200 4, 642, 436 53. 80
1. 98 86, 116 171 86, 031 4; 556, 236 52. 91
2.08 85,945 | - 178 = 85, 856 4, 470,-205 52. 01
2. 24 85, 767 193 - 85,670 4, 384, 349 51. 12
2. 52 85, 574 215 85, 467 4, 298, 679 50. 23
2. 92 85, 359 B 249 85, 234 ~ 4,213, 212 49, 36
3. 38 85, 110 288 84, 966 4,127,978 48. 50
3. 86 84, 822 328 84, 658 4,043, 012 47. 66
4 28 84,494 362 84, 313 3, 958, 354 46.-85
4. 69 84, 132 394 83, 935 3, 874, 041 . 46. 05
510 83, 738 427 83, 525 3, 790, 106 45. 26
5. 50 83, 311 458 83, 082 3, 706, 581 44, 49
5. 83 82, 853 483" 82, 611 3, 623, 499 43.73
6. 07 82, 370 501 ' 82,120 3, 540, 888 42, 99
6. 19 81, 869 506 81, 616 3, 458, 768 42, 25
6. 19 81, 363 504 81, 111 3, 377, 152 41. 51
6. 15 80, 859 497 80, 610 3, 296, 041 40. 76
6. 10 80, 362 491 80, 117 3, 215, 431 40. 01
6. 12 79, 871 488 79, 627 3, 135, 314 39. 25
6. 18 79, 383 491 79, 137 3, 055, 687 38. 49
6. 28 78, 892 495 78, 644 2, 976, 550 37.73
6. 38 78, 397 501 78, 147 2,897, 906 36. 06
6. 50 77, 896 506 77, 643 2, 819, 759 36. 20
6. 63 77, 390 513 77,133 2, 742,116 35. 43
6. 75- 76, 877 520 76, 617 2, 664, 983 34. 67
6. 89 76, 357 526 76, 0924 2, 588, 366 33. 90
7. 04 75, 831 534 75, 565 2, 512, 272 33.13
7. 21 75, 297 543 75, 026 2, 436, 707 32. 36
7. 42 74, 754 554 74, 476 2, 361, 681 31. 59
7. 65 74, 200 568 73,916 2, 287, 205 30. 82
7.93 73, 632 584 73, 340 2, 213, 289 30. 06
8. 23 73, 048 601 72, 748 2, 139, 949 29, 30
8. 58 72, 447 622 72, 136 2, 067, 201 28. 53
8 96 71, 825. 643 71, 504 1,.995, 065 27.78
9. 38 71,182 667 70, 848 1, 923, 561 27. 02
9. 84 70, 515 694 70, 168 1, 852, 713 26. 27
10. 37 69, 821 724 69, 459 1, 782, 545 © 25, 53
10. 96 69, 097 757 68, 718 ~ 1, 713, 086 24.79
11, 64 68, 340 796 67, 942 1, 644, 368 24. 06
12, 40 67, 544 837 67, 126 1, 576, 426 23. 34
13. 24 66, 707 883 66, 265 1, 509, 300 22. 63
14.16 65, 824 Y932 65, 358 1, 443, 035 21. 92
15. 14 64, 892 983 64, 400 1, 377, 677 21. 23
16. 17 63, 909 1, 033 63,392 1, 313, 277 20. 55
17. 25 62, 876 1, 085 62, 334 1, 249, 885 19. 88
18. 61, 791 1,137 |. 61, 222 1, 187, 551 19. 22

All excepl? whitd and Negro.
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StaTEs: 1939-1941— Continued

YEAR OF AGE io:’::.'i’" OF 100,000 BORN ALIVE STATIONARY POPULATION ‘"'Ef:n’:’;“ RE
i Average number
. Number dying .
Period of life between two exact ages stated . l:e{,el’mof‘ ive' g“lggxell;l]lgg“:)gl Nm; 35;:1 & Inyearofage | 10 {le'l“tgt age and li((c)atr{fnn;sin.i::g
: a yeagru:rnalaio year of age of age all later years at beginning of
year of age
m (2) @) 4) (5) 6) @
ztoz+l 1,000¢- L. ds L, T, é.
19, 63 60, 654 1,191 60, 058 1, 126, 329 18. 57
20. 96 59, 463 1, 246 58, 840 1, 066, 271- 17. 93
22. 41 58, 217 1, 305 57, 565 1, 007, 431 17. 30
24. 00 56, 912 1, 366 56, 229 949, 866 16. 69
25,71 55, 546 1, 428 b4, 832 893, 637 16. 09
27. 52 54, 118 1, 489 53,374 838, 805 15. 50
29, 41 52, 629 1, 548 51, 854 785, 431 14, 92
31. 37 51, 081 1, 603 50, 280 733, 577 14, 36
33. 38 49, 478 1, 651 48, 653 683, 297 13. 81
35. 48 47, 827 1, 697 46, 978 634, 644 18. 27
37.71 46, 130_ 1,739 45, 261 587, 866 12. 74
40. 12 44, 391 1, 781 43, 500 542, 405 12, 22
42.76 42,610 1, 822 41, 699 498, 905 11. 71
45. 67 40, 788 1, 863 39, 857 457,206 11. 21
48. 91 38, 925 1, 903 37,973 417, 349 10. 72
52. 52 37,022 1, 945 36, 049 379, 376 10. 25
56. 56 35, 077 1, 984 34, 086 343, 327 9. 79
61. 08 33, 093 2, 021 32, 083 309, 241 9, 34
66. 09 31, 072 2, 0563 30, 045 277, 158 8 92
71. 47 29, 019 2, 074 27, 982 247, 113 8. 52
77. 02 26, 945 2,076 25, 907 219, 131 8. 13
82. 59 24,-869 2, 054 23, 842 193, 224 7.7
88. 00 22, 815 2, 007 21, 811 169, 382 7. 42
93. 13 20, 808 1, 938 19, 839 147, 571 7.09
98. 13 18, 870 1, 852 17, 944 127, 732 6. 77
103. 20 17,018 1, 756 16, 140 109, 788 6. 45
108. 54 15, 262 1, 657 14, 433 - 93, 648 6. 14
114. 36 13, 605 1, 556 12, 828 79, 215 5. 82
120. 86 12, 049 1,456 11, 321 66, 387 5. 51
128, 22 10, 593 1, 358 9,914 55, 066 5. 20
136. 62 9, 235 1, 262 8, 604 45, 152 4,89
146. 24 7,973 1, 166 7, 390 36, 548 4, 58
157. 26 6, 807 1, 070 6, 272 29, 158 4, 28
R 169. 86 5, 737 975 5, 249 22, 886 3. 99
184 22 4, 762 877 4,323 17, 637 3.70
200. 51 3, 885 779 3, 496 13, 314 3. 43
218. 92 3, 106 680 2, 766 9, 818 3. 16
239. 61 2, 426 581 2,135 7,052 2.91
‘262, 54 1, 845 485 1, 603 4,917 2, 67
288. 19 1, 360 392 1,164 3,314 2. 44
316. 71 968 306 815 2, 150 2. 22
348. 25 662 231 546 1, 335 2. 02
382. 96 431 165 349 789 1. 83
420. 90 266 112 - Y210 440 - 1.65
462, 08 154 71 119 230 1. 49
506. 41 83 42 62 111 1. 34
553. 64 41 23 29 49 1. 21
603. 27 18 11 13 |- 20 1. 09
654. 47 7 4 5 7 .98
705. 98 3 2 1 2 . 88
105-106 . . . o e oo ee—as 756. 23 1 1 1 1 . 80

1 All except white and Negro.,

NoTe—Rates of mortality at ages above 87 are not based on actusl statistics at these ages, but have been obtained by mathematical extrapolation from mortality rates
at younger ages. Other life table functions at these ages are based on tbe extrapolated rates of mortality, and may not necessarily represent actual conditions.

746605 O - 47 - 4
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TABLE 11.—LirE TABLE FOR OTHER RacCEs, ! MaALEs IN THE UNrTEp StATES: 1939-1941
YEAR OF AGE ”O:::f;" OF 100,000 BORN ALIVE STATIONARY POPULATION A"Rﬁf:n‘:’; URE
- Number 47108 | Nuzabor livi Number dvi Average number
Period of life between two exact ages stated &ef)elg'?ggu“;?& ntut:]elgi‘;:nh‘nrgli)gf 331:?5 yga;l N In year of age In&)l'le?:tg: ;ge%ra;xd l{[(t‘:(rz‘:!‘:;&i;n(irng
) year of age year of age of age at beginning of
yesr of age
. -
1) @, 3) (CY] () 6) @
ztoz+1 1,000, 1 ds Ls T é
[ s USSR 98, 63 100, 000 9, 864 92, 589 5, 356, 374 53. 56
1-2 e ccmmec-o 20. 36 90, 136 1, 835 89, 054 5, 263, 785 58. 40
28 e ecemc—eee 9. 59 88, 302 848 87, 852 5,174, 731 58. 60
84 e 5. 16 87, 454 451 87, 220 5, 086, 879 58 17
R 3. 89 87, 003 338 86, 827 4, 999, 659 57. 47
e | TN NP U 3.30 86, 665 286 86, 522 4, 912, 832 56. 69
67 - e e oo 2.84 - 86,379 246 86, 257 4, 826, 310 55. 87
- 2. 49 86, 133 214 86, 026 4, 740, 053 55. 03
I 2.25 85, 919 194 85, 822 4, 654, 027 54 17
O30 e 212 83, 725 181 85, 634 4, 568, 205 53. 29
1011 oo oot 2.07| -85 544 178 85,455 |7 4, 482, 571 52. 40
1112 e 2.12 85, 366 180 85, 276 4,397,116 51. 51
12-18 oo 2.24 85, 186 191 85, 091 4, 311, 840 50, 62
13-14 el 2. 48 84; 995 211 84, 889 4, 226, 749 49, 73
14-15_ e 2.85 84, 784 242 84, 663 4, 141, 860 48, 85
1516 o o 3.29 84, 542 278 84, 403 4,057,197 47. 99
1617 e 3.72 84, 264 . 314 84, 107 3, 972, 794 47. 15
17-18 e eeeman 4.11 83, 950 344 83,778 3, 888, 687 46, 32
18-19 el 4. 45 83, 606 372 83, 420 3, 804, 909 45. 51
19-20. - o 4.79 83, 234 399 83, 034 3, 721, 489 44. 71
20-21 . o eao-. . o1l 82, 835 423 82, 624 3, 638, 455 43. 92
2122 e mamiecacmecaas 5. 37 82, 412 443 82, 190 3, 555, 831 43. 15
22-23 - 5. 556 81, 969 455 81, 742 3,473, 641, 42. 38
23-24 . e ee_eC 5. 60 81, 514 456 81, 286 3, 391, 899 41, 61
2425 o icmeo_. 5. 54 81, 058 446 80, 833 3, 310, 613 40. 84
P55 o PR 5. 43 80, 609 . 438 80, 391 3, 229, 780 40. 07
2627 el 5. 35 80, 171 429 79, 956 3, 149, 389 39, 28
Py O SO 5. 37 79, 742 428 79, 529 3, 069, 433 38. 49
2829 . 5, 48 79, 314 434 79, 097 2, 989, 904 37. 70
2030 oL 5. 66 78, 880 447 78, 656 2, 910, 807 36. 90
80-31_ e . 5. 88 78, 433 462 78, 202 2, 832, 151 36. 11
31-82. e 6. 13 77,971 477 77,733 2, 753, 949 35. 32
82-83_ - e 6. 37 77, 494 494 77, 247 2, 676, 216 34. 53
8334 . 6. 60 77, 000 ., 508 76, 746 2, 508, 969 33.75
L . S 6.83 76, 492 522 76, 231 2, 522, 223 32. 97
3586 o e 7.08 75, 970 538 75, 701 2, 445, 992 32, 20
R (U I 7.34 75, 432 554 75, 156 2, 370, 291 31. 42
37-38. e a_- 7. 63 74, 878 571 74, 592 2, 295, 135 30. 65
88-89_ _ e mmas 7. 96 74, 307 592 74, 011 2, 220, 543 20. 88
8940 oo 8 32 73,715 613 73, 409 2, 146, 532 29. 12
4041 - 872 73, 102 637 72, 784 22,073,123 28. 36 .
41-42 o dieeeas 9.16 72, 465 664 72,133 2, 000, 339 27. 60
42-48 el .. 9.63 71, 801 692 71, 455 1, 928, 206 26. 85
344 .. 10. 15 71,109 722 70, 748 1, 856, 751 26. 11
4445 e 10. 72 70, 387 754 70, 010 1, 786, 003 25. 37
4546 e meaeen 11. 35 69, 633 790 - 69, 238 1, 715, 993 24. 64
46-47 e 12.03 68, 843 829 68, 429 1, 646, 755 23, 92
4748 e 12.78 68, 014 869 67, 579 1, 578, 326 23. 21
A8-49_ . .. 13. 61 67, 145 914 66, 689 1, 510, 747 22. 50
4950 - e eeeoooo 14. 50 66, 231 960 65, 751 1, 444, 058 21. 80
11 3 15. 44 65, 271 1, 008 64, 767 1, 378, 307 21,12
B1=52 o e e 16. 43 64, 263 1, 056 63, 734 1, 313, 540 . 20,44
5258 e 17. 45 63, 207 1,103 62, 656 1, 249, 806 19, 77
B354 e e 18. 49 62, 104 1, 148 61, 530 1, 187, 150 19, 12
5455 _ ool 19. 60 60, 956 1, 195 60, 358 1, 125, 620 18. 47
VAll exeept white and N_egro.
?
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TaBLE 11.—LiFE TABLE ForR OTHER RAcr;s;l Maies IN THE UNITED STATES: 1939-1941—Continued

47

YEAR OF AGE

MORTALITY
RATE

OF 100,000 BORN ALIVE

STATIONARY POPULATION

AVERAGE FUTURE
LIFETIME

Number dying

Average number

~ h Number living | Number dying of years of
Period of life betwecn'two exaet age per 1,000 alive ning o uri In year of age and i inin
bet: t t ages stated at ‘,"éﬁ‘,";}'ﬂ‘ge°' at;:g_h;’ ag% f d oFgg ﬁear In year of age all later ?'ears Ji’% ggeil:]lglmg g{
. year of age
(1) 2) @) @ (8) (6) Y]

z to z+1 1,000¢= 1. ds L. Ts ¢,
___________________________________ 20. 79 59, 761 1, 243 59, 140 1, 065, 262 17. 83
_________________________________ 22.12 58, 518 1 294 57, 871 1, 006, 122 17. 19
___________________________________ 23. 61 57 224 1, 351 56, 548 948, 251 16. 57
__________________________________ 25. 29 55, 873 1 414 55, 166 8901, 703 15. 96
__________________________________ 27.15 54, 459 1, 478 53, 721 836, 537 15. 36
__________________________________ 20. 14 52, 081 1, 544 52, 209 782, 816 14. 78
__________________________________ 31. 23 51, 437 1, 606 - 50, 634 .730, 607 14. 20
__________________________________ 33. 40 49, 831 1, 664 -48, 999 679, 973 13. 65
__________________________________ 35. 62 48, 167 1, 716 47, 310 830, 974 13. 10
e e e e e 37.94 46, 451 1, 762 45, 570 583, 664 12. 57
U 40. 43 44, 689 1, 807 43, 786 538, 094 12, 04
__________________________________ 43. 14 42, 882 1, 849 41, 957 494, 308 11. 53
__________________________________ 46. 14 41,033 1, 894 40, 086 452, 351 11. 02
__________________________________ 49. 49 39, 139 1, 937 38,171 412, 265 10. 53
__________________________________ 53. 22 37, 202 1 979 36, 212 374, 094 10. 06
__________________________________ 57. 36 35, 223 2, 021 34, 213 337, 882 9. 59
__________________________________ 61. 96 33, 202 |}. 2, 057 32,173 303, 669 9 15
__________________________________ 67. 04 31, 145 2, 088 30,101 271, 4906 8 72
__________________________________ 72. 6O 29, 057 2 110 28, 002 241, 395 8 31
__________________________________ 78. 54 26, 947 2 116 25, 890 213, 393 7. 92
__________________________________ 84. 70 24, 831 2,103 23, 779 187, 503 7. 55
e m e e e e T mmmm—an 90, 93 22, 728 2, 067 21, 695 163, 724 7. 20

,97. 09 20, 661 2, 006 19, 658 142, 029 6. 87
103. 09 18, 655 1, 923 17, 693 122, 371 6. 56
109. 04 16, 732 1, 824 15, 820 104, 678 | 6. 26
__________________________________ 115. 11 14, 908 1, 716 14, 050 88, 858 5. 96
__________________________________ 121. 47 13,192 - 1, 603 12, 390 74, 808 5. 67
__________________________________ 128. 28 11, 589 1, 486 10, 846 62 418 5. 39
___________________________________ 135. 72 10,103 | . 1,372 9,417 51 572 5. 10
__________________________________ 143. 92 8,731. 1, 256 8,103 42 155 4. 83
_______________________________ 153. 01 7,475 1,144 6, 903 34, 052 4. 56
__________________________________ 163. 12 6, 331 1 033 5, 815 27, 149 4. 29
__________________________________ 174. 38 5, 298 924 4, 837 21, 334 4. 03
__________________________________ 186. 94 4, 374 817 3, 965 16, 497 3.77
__________________________________ 200. 11 3, 557 715 3, 200 12, 532 3 52
__________________________________ 216. 43 2, 842 - 615 2, 5634 9, 332 . 3.
___________________________________ 233. 63 2 227 520 1, 967 6, 708 3. 05
__________________________________ 252. 64 1, 707 431 1, 491 4, 831 2. 83
__________________________________ 273. 60 1, 276 349 1,101 3, 340 2. 62
__________________________________ 296. 64 927 275 789 2, 239 2. 42
__________________________________ 321, 89 652 210 547 1, 450 222
_________________________________ 349. 48 442, 155 365 + 903 2. 04
__________________________________ 379. 54 - 287 109 233 538 1. 87
__________________________________ -412. 21 178 73 141 305 L7
__________________________________ 447. 61 105 47 82 164 1. 56
________________________________ 485. 88 58 28 44 82 1. 42
________________________________ 527. 15 30 16 \ 22 38 1.29
________________________________ © 571. 55 14 8 10§ - 16 1. 16
________________________________ 619.21 6 4 4 6 1. 05
________________________________ 670. 28 2 b 1 2 .94
________________________________ 724. 86 1 1 1 1 .84

1 All except white and Negro.

Norte.—Rates of mortality at ages above 87 are not based on actual statistics at these ages, but have been obtained by mathematleal extrapolation [rom mortality rates
at younger ages. Other life table functlons at these ages are based on the extmpo‘nted rates of mortality, and may not necessarily represent nctual conditions,
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48 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES
TaBLE 12.~LirE TABLE ForR OTHER RAcCEs, ! FEMALES IN THE UNiTED STaTES: 1939-1941
—_— ’
YRAR OF AGE MORTALTY OF 100,000 BO.RN ALIVE STATIONARY POPULATION AVERAGR FUTURE
) Number dying Number livin Number dvi Average number
Perlod of life between two exact ages stated .ﬁeﬁéé?ggmévgr atublgglnrmnvg ogr t‘llg;lnegr ygm-ng In year of age Inn{f?;tgxf- I;.%:;J:ld ]lr?e‘riglasn%g
year of age year of age of age at beginning of
year of age
o 2) @) ) 6) , —(5) (6]
ztoz+l 1,000g, I ds L. T: é

01 e 87.17 100, 000 8, 717 93, 654 5, 583, 750 55. 84
1-2 e 20. 38 91, 283 1, 861 90, 185 5, 490, 096 60. 14
28 e e 9. 86 89, 422 882 88, 955 5, 399, 911 60. 39
. S 5. 46 88, 540 483 88, 289 5, 310, 956 59, 98
= e o e e em——————— 3.93 88, 057 346 87, 876 5, 222, 667 .59, 31
L T s 3.10 87, 711 272 87, 575 5, 134, 791 58. 54
[ P 2. 51 87, 439 219 87, 329 5, 047, 216 57. 72
2 - S 2. 12 87, 220 185 87, 128 4, 959, 887 56. 87
B0 . e e 1. 90 87, 035 165 86, 952 4, 872, 759 55. 99
010 e 1. 83 86, 870 160 86, 790 4, 785, 807 55. 09
10-1T oo e 1. 89 86, 710 163 | 86,629 4, 699, 017 54.19
11-12 o e 2. 03 86, 547 176 86, 459 4,612, 388 53. 29
12-18 e 2. 25 86, 371 194 86, 274 4, 525, 929 52. 40
18-14. T 2. 56 86, 177 221 86, 066 4, 439, 655 51 52
1415 e e 2. 99 85, 956 257 85, 828 4, 353, 589 50. 65
15-16. e mee—mania 3. 49 85, 699 298 85, 550 4,267, 761 49. 80
1617 e e 4. 00 85, 401 342 85, 230 4, 182, 211 48. 97
17—18 e 4. 48 85, 059 ¢ 381 84, 868 4, 096, 981 48 17
18-19 e 4. 95 84, 678 420 84, 468 4,012,113 47. 38
19-20 . o e 5. 45 84, 258 459 84, 028 3,927,645 | - 46. 61
202 e emem e 5. 93 83, 799 497 83, 551 3, 843, 617 45, 87
21-22 o memmeme- 6. 36 83, 302 529 - 83,038 3, 760, 066 45. 14
2228 e 6. 70 82, 773 554 82, 496 - 3,677,028 44. 42
2324 s 6. 93 82, 219 571 81, 933 3, 594, 532 43. 72
2425 e 7.09 81, 648 579 81, 359 .3, 512, 599 43. 02
2526 e 7.20 81, 069 583 80, 778 3, 431, 240 42. 32
20— 27 e 7.26 80, 486 585 80, 193 3, 350, 462 41, 63
2728 o e mm—eme 7.31 79, 901 584 79, 609 3, 270, 269 40. 93
2829 s 7.33 79, 317 581 79, 027 3, 190, 660 40. 23
2030 e 7. 30 78, 736 575 78, 449 3,111, 633 39. 52
3031 e 7.25 78, 161 567 77,877 | . 3,033,184 38. 81
31-32 e 7.19 77, 594 558 77, 316 2, 955, 307 38. 09
32-83 o e 7.12 77,036 549 76, 761 2, 877; 991 37. 36
33-34 o ieed e 7. 06 76, 487 540 76, 218 | 2, 801, 230 36. 62
3435 I 7. 01 75, 947 532 75, 681 2, 725, 012 35. 88
8586 e ©6.97 75, 415 526 75, 152 2, 649, 331 35. 13
36-37_ .. T . 6,96 74, 889 521 74, 629- 2 574, 179 34. 37
BT-88 e 6. 99 74, 368 520 74, 108 2, 499, 550 33. 61
38-39 e 7. 06 73, 848 521 73, 587 2, 425, 442 32. 84
83940 e 7.17 73, 327 526 73, 064 2, 351, 855 32. 07
4041 _ i 7. 32 72, 801 533 72, 535 2, 278, 791 31. 30
4142 e 7. 51 72, 268 543 71, 997 2, 206, 256 30. 53
42—43 e 7.73 71,725 554 71, 448 2, 134, 259 29. 76
43-44_ e 7.99 71,171 569 70, 886 2, 062, 811 28. 98
44-45_ ot e 8. 28 70, 602 585 70, 310 1, 991, 925 28. 21
4546 s 8. 64 70, 017 605 69, 714 1, 921, 615 27. 44
46-47 e 9. 07 69, 412 629 69, 098 1, 851, 901 26. 68
4748 e 9. 59 68, 783 . 660 68, 453 1, 782, 803 25. 92
©10. 20 68,123 694 67, 776 1, 714, 350 25. 17
10. 91 67, 429 736 67, 061 1, 646, 574 24. 42
11. 71 66, 693 781 66, 302 1, 579, 513 23. 68
12. 60 65, 912 830 | 65,497 1. 513, 211 292, 96
13. 58 65, 082 884 64, 640 1, 447, 714 22. 24
14. 64 64, 198 940 63 728 1,383, 074 21. 54
15. 77 63, 258 997 62, 760 1, 319, 346 20. 86

1 All except white and Negro, ™
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TABLE 12.—L1FE TABLE FOorR OTHER RACESs,! FEMALEsS IN THE UNITED StATES: 1939-1941—Continued

YEAR OF AGE MORTALITY OF 100,000 BORN ALIVE STATIONARY POPULATION ‘VE""I:;’E"#: URE
. i Number dying : . Average number
Period of life belween two exact ages stated nl;e{,el '?00 ia]'“, gub%lgelfnllg;:g Ngﬁf}):é geyal;lg Inyesrofsge | 1M {ﬁ’rtgr age and ll!g‘rz:::?n?;g
. yefr I;?;go year of age of age all later years at beginning of
. year of age
) 2) &) @ 5) (6) @)
ztoz+l ) ] 1,000¢5 S X d, L, T, éx
16. 96 62, 261 - 1,056 61, 734 1, 256, 586 20. 18
18. 19 61, 205 1,113 60, 648 1, 194, 852 . 19, 52
19. 47 60, 092 1,170 59, 507 1, 134, 204 18, 87
20. 78 58, 922 1, 225 58, 310 1, 074, 697 ©18.24
22.13 57, 697 1, 276 57, 059 1, 016, 387 R YA 62_
23. 53 56, 421 1, 328 55, 757 959, 328 17. 00
24. 99 55, 003 1,376 54, 405 903, 571 16. 40
26. 52 53, 717 1,425 53, 004 849, 166 15. 81
28. 14 52 292 1,472 51, 556 796, 162 15. 23
29. 87 . 50, 820 1, 517 50, 061 744, 606 - 14. 65
31.71 49, 303 1, 564 48, 521 694, 545 14. 09
33.70 47,739 - 1,609 46, 935 646, 024- 13. 53
35. 85 46, 130 1,654 | ° 45, 303 599, 089 12. 99
38. 20 44, 476 1, 699 43, 627 5563, 786 12. 45
40. 80 42,777 1,745 41, 904 510, 159 11. 93
43. 73 41, 032 1, 794 40, 135 468, 255 11. 41
47. 08 39, 238 1, 847 38, 315 428, 120 10. 91
50. 92 37,391 1, 904 36, 438 389, 805 10. 43
55, 27 35, 487 1, 962 34, 506 . 353, 367 9. 96
59. 98 33, 525 2,011 32, 520 318, 861 9, 51
64. 85 31, 514 2,043 30, 493 286, 341 9. 09
69. 66 29,471 2, 053 28, 444 255, 848 |- 8. 68
74. 21 27, 418 T 2,035 26, 401 227, 404 8. 29
78. 37 25, 383 1, 989 24, 388 201, 003 7.92
82. 32 23, 394 1, 926 22, 431 176, 615 7.55
86. 33 21,468 1, 853 ) 20, 541 154, 184 7.18
90. 66 19, 615 1,778 18, 726 133, 643 6. 81
95. 56 17, 837 1, 705 16, 984 114, 917 6. 44
101. 31 16, 132 1, 634 15, 315 97, 033 6. 07
108. 10 14, 498 1, 567 13,714 82, 618 5.70
116. 15 12, 931 1,502 12,180 68, 904 5.33
125. 67 11, 429 1, 437 10, 711 56, 724 4. 96
136. 86 9, 992 1, 367 9, 308 46, 013 4, 60
149. 93 8, 625 1,203 | 7,979 36, 705 . 4, 26
165. 08 7, 332 1,211 6, 726 28, 726 . 3.92
182. 53 6, 121 1, 117 5, 563 22, 000 3. 59
202. 49 5, 004 1,013 4,497 16, 437 3. 28
225. 15 3, 991 . 899 3, 542 11, 940 2.99
250. 73 3, 092 775 2, 705 ) 8, 398 2.72
279. 43 2, 317 647 1, 993 5, 693 2. 46
311. 46 1,870 © 520 1, 409 3, 700 2.22
347. 03 1, 150 399 950 2, 291 1. 99
386. 35 751 290 606 1, 341 1.79
429, 62° 461 | - 198 362 735 1. 60
477. 05 263 126 200 373 1. 42
528. 84 137 72 101 173 1. 26
585. 21 65 38 46 ) 72 1. 11
646. 37 27 18 18 26 .98
712, 51 9 6 6 8 . 86
783. 85 3 2 . 2 2 .75
860. 59 ) 1 1 0+ o} - .64 .

t Al except white and Negro.

NoTE.—Rates of mortality at ages above 87 are not based on actual statlstics at these ages, but have been obtained by math tical extrapolation from mortality
rates at younger ages. Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions.
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TABLE 13.—L1FE TABLE FUNCTIONS FOR THE FIRsT YEAR OF LiFE, 1N THE UNITED STATES: 1939-1941
AVERAGE
AGE INTERVAL MORTALITY RATE OF 100,000 BORN ALIVE BTATIONARY POPULATION FUTURE
LIFETIME
Number dylng | v per alive | Number dying . In this and all trvex&:sngrm er
Perlod of life between two exact ages stated p:'; gég?gn?ﬂ; ® | “at beginning during age I'}ngsfv:]ge subsequent age remaining at
~ of ago interval of age interval interval intervals hegi}l;)ti;% :lf age
¢V} 2 6] O] ) ()] @
z to =+t s A L—Tzet Te—Tete T. é:
TOTAL POPULATION
0-1 dBY oo e 13. 97 100, 000 1, 397 271 6, 362, 494 63. 62
1-2day8S. - oo oo os ——————— 3. 67 98, 603 362 269 6, 362, 223 64. 52
2-8dayS._ - o 2. 32 98, 241 228 269 6, 361, 954 64. 76
3daystolweek . ____________________.__ 3.7 98, 013 364 1,071 6, 361, 685 64. 91
1-2 weekS._ o e e 2. 60 97, 649 254 1, 869 6, 360, 614 65. 14
2-3 weeks. . e 1.70 97, 395 166 1, 865 6, 358, 745 65. 29 -
3weeksto lmonth._____________._______ 1. 46 97, 229 142 2,512 6, 356, 880 65. 38
O-lmonth_ ____________________________ 29. 13 100, 000 2,913 8, 126 6, 362, 494 63. 62
1-2months__ L ____._ 3. 64 97, 087 353 8, 076 6,.354, 368 65, 45
2-3months__ .o 2 90 96, 734 281 8, 049 6, 346, 292 65. 61
3-4months_________ . ______ . __. 2. 41 96, 453 232 8, 028 6, 338, 243 65. 71
4-5months_ . oo eeeeee 1. 956 96, 221 188 8,011 6, 330, 215 65. 79
5-6 months. . 1. 65 96, 033 158 7, 996 6, 322, 204 65, 83
67 months._ 1. 42 95, 875 136 7, 984 6, 314, 208 65. 86
7-8 months__ 1. 20 95, 739 115 7,973 6, 306, 224 65. 87
89 months_.._.._ 1. 06 95, 624 101 7,964 6, 298, 251 65. 86
9-10 months - .92 95, 523 88 7, 957 6, 290, 287 65. 85
10-11months_ . _o.l_ .78 95, 435 74 7, 950 6, 282, 330 65. 83
11-12months. . ool .. .74 95, 361 71. 7, 944 6, 274, 380 65. 80
TOTAL MALES
01 dBY oo e e 15.71 100, 000 1, 571 271 6, 160, 087 61.60°
1-2daY8. o oo e 419 98, 429 412 269 6, 159, 816 62. 58
2-3days. - o_. 2,75 98, 017 270 268 6, 159, 547 62. 84
3daystolweek . ________.__.__ 4, 27 97, 747 417 1, 068 6, 159, 279 63. 01
1-2 weeks__ . . ______.: e cmcmm—————m 2. 85 97, 330 277 1, 862 6, 158, 211° 63. 27
23 weeks. o oo e eeceeaa 1. 85 97, 053 180 1, 858 6, 156, 349 63. 43
3weekstolmonth ____________________ 1. 62 96, 873 -157 2, 502 6, 154, 491 63. 53
O-lmonth. ________________ . ___._. 32. 84 100, 000 3, 284 8, 098 6, 160, 087 61. 60
1-2months___ .. ... 4. 06 96, 716 393 8, 043 6, 151, 989 63. 61
2-3 months_ ... 3.19 96, 323 307 8, 014 6, 143, 946 '63. 78
34months_______.___._________________ 2. 61 96, 016 251 7, 991 6, 135, 932 63. 91
4-5months_ _____ .. 2.12 95, 765 203 7, 972 6, 127, 941 63. 09
5-6months __.____.________s_ _______.__ 1.79 95, 562 171 7, 956 6, 119, 969 64. 04
6-7months.__ . _________ [, 1. 51 95, 391 144 7,943 6,112, 013 64. 07
7-8months__ . oo eeo. 1. 32 95, 247 -126 7, 932 6, 104, 070 64. 09
8-9months_ ool meoo 1.16 - 95,121 110 7, 922 6, 096, 138 64, 09
9-10 months____ . ..._. .98 95, 011 93 7,914 6, 088, 216 64. 08
10-11 months___ .85 94, 918 81 7, 906 6, 080, 302 64. 06
11-12months. . . .. _ .79 94, 837 75 7, 900 6, 072, 396 64. 03
TOTAL FEMALES .
0-1day. .. 12. 14 100, 000 1, 214 272 6, 588, 801 65. 89 -
1-2 dBYS oo cecmemeo 3. 14 98, 786 310. 270 6, 588, 529 66.°69 ~
2-3d8Y8 o oo 1. 88 98, 476 185 269 6, 588, 259 66. 90
3daystol week. ... 3.13 98, 291 308 1,075 6, 587, 990 67, 03
1-2 weeks_ _ - . 2 34 97, 983 229 1, 875 6, 586, 915 67. 23
2-3 weeks. o eee. 1. 53 97, 754 150 1, 872 6, 585, 040 67. 36
3weekstolmonth_ ___________.________ 1.28 97, 604 125 2, 522 6, 583, 168 67. 45
O-lmonth__________ . ______ 25. 21 100, 000 2, 521 8, 155 6, 588, 801 65, 89
1-2months____ _ ... - 3.18 97, 479 310 8,110 6, 580, 646 67. 51
2-3months____.____ L ..._ .2.60 97, 169 253 8, 087 6, 572, 536 67. 64
3-4months. . _ o 2.20 96, 916 213 8, 067 6, 564, 449 67. 73
4-5months___________________IITTTTTTC 179 96, 703 173 8, 051 6, 556, 382 67. 80
56months_________________.__ L ____ 1. 49 96, 530 144 8, 038 6, 548, 331 67. 84
67 months_._.. __________. e ——————— 1. 32 96, 386 127 8, 027 6, 540, 293 67. 86
7-8 months______ . ____ 1. 08 96, 259 104 8, 017 6, 532, 266 67. 86
89 months - - oo o _____. .95 96, 155 91 8, 009 6, 524, 249 67. 85
9-10months__ ... . 85 96, 064 82 8, 002 6, 516, 240 . 67. 83
10-11months. ..o a .70 95, 982 67 7, 996 6, 508, 238 67. 81
11-12 months. o cceame . t——— .70 95, 9156 67 7, 990 + 6, 500, 242 67. 77
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TaBLE 13.—L1FE TABLE FuNcTIONS FOR THE FIRST YEAR OF LIFE, IN THE UN1TED STaTES: 1939-1941—Continued
AVERAGE
AGE INTERVAL MORTALITY RATE OF 100,000 BORN ALIVE STATIONARY POPULATION FUTURE
e LIFETIME

Average number

. Number dying .
Period of life between two exact ages stated p:; l'}egi]gnl:lllig e 'I;I'l.‘ f)l:ag(i};glllilvge N‘:lll?rl;fll;; ggem & Il;naev:lge Isgbtsl;:;“:gél agt]al oieﬁmu?é gltre .
. of age interval of age interval val intervals ghl]lllltiglgv :]r age
W @ @ @ ® } © ™
z to 74t Qs s | A Tae=Tets T és
TOTAL WHITES
0-1day .. 13. 67 100, 000 1, 367 271 6, 492, 419 64. 92
1-2days__ .. 3. 52 98, 633 | 347 270 6, 492, 148 65. 82
2-3days_ . 2. 18 08, 286 214 - 269 6, 491, 878 66. 05
3 daysto 1 week._____ S 3.35 98, 072 329 1,072 6, 491, 609 66. 19
. 1-2weeks__ . ___._ . ._ 2. 26 97, 743 221 1, 871 6, 490, 537 66. 40
1. 50 97, 522 146 1, 867 6, 488, 666 66. 54
1. 28 97, 376 125 2 516 6, 486, 799 66. 62
27. 49 100, 000 2, 749 8, 136 6, 492, 419 64. 92
3.18 97, 251 309 8,091 6, 484, 283 66. 68
2. 56 96, 942 248 8, 068 6, 476, 192 66. 80
2.09 96, 694 202 . 8,049 6 468 124 66. 89
1. 67 96, 492 161 8, 034 6 460 075 66. 95
1. 42 96, 331 137 8, 022 6 452 041 66. 98
1. 20 96, 194 115 8,011 6, 444, 019 66. 99
1. 04 96, 079 100 - 8,002 6, 436, 008 66. 99
.92 95, 979 88 7, 995 6, 428, 006 66. 97
. 80 95, 891 77 7, 988 6, 420, 011 66. 95
69 95, 814 66 7, 982 6, 412, 023 66. 92
66 95, 748 . 63 7 976 6, 404, 041 66. 88
15. 38 100, 000 1, 538 271 6, 281, 188 62. 81
4. 03 98, 462 397 269 6, 280,.917 63. 79
2. 57 98, 065 252 268 6, 280, 648 64. 05
3. 84 97, 813 376 1,069 ] - 6,280, 380 64. 21
1-2 weeks_ o ____ 2. 49 97, 437 243 1, 865 6, 279, 311 64. 44
1. 64 97,194 159 1 861 6, 277, 446 64. 59
1. 44 97, 035 140 2 507 6, 275, 585 . 64,67
31. 05 100, 000 3, 105 « 8,110 6, 281, 188 62. 81
3. 59 96, 895 348 8 060 6 273 078 64 74
2.-83 96, 547 273 8 034 6 265 018 64. 89
2. 27 96, 274 219 8, 014 6, 256, 984 64. 99
1. 81 96, 055 174 7,997 6, 248, 970 65. 06
1. 54 95, 881 148 7, 984 6, 240, 973 65. 09
1. 26 95, 733 121 7,973~ 6, 232, 989 65. 11
1. 14 95, 612 109 7, 963 6, 225, 016 65. 11
89 months____ . _________ L L._.__ .99 95, 503 95 7, 955 6, 217, 053 65. 10
9-10 months_________________.______.___ .85 95, 408 81 7, 947 6, 209, 098 65. 08
10-11 months_ . _ . _. .76 95, 327 72 7,941 6, 201, 151 65. 05
11-12 months__ . _______________.___ .70 95, 255 67 7 935 6, 193 210 65. 02
11. 87 100, 000 1, 187 272 6, 728, 965 67. 29
2. 98 98, 813 294 270 6, 728, 693 68. 10
1. 76 98, 519 173 269 6, 728, 423 68 30
2. 85 98, 346 280 1,075 6, 728, 154 68. 41
2. 02 98, 066 198 1, 877 6, 727, 079 68. 60
1.35 97, 868 132 1, 874 6, 725, 202 " 68. 72
1.11 97, 736 108 2 525 6, 723, 328 68 79
23. 72 100, 000 2, 372 8, 162 6, 728, 965 67. 29
2.75 97, 628 268 8 125 6, 720, 803 68. 84
2. 28 97, 360 . 222 8, 104 6,712,678 68. 95
1 89 97,138 . 184 8, 087 6, 704, 574 69. 02
1. 53 96, 954 148 8,073 6, 696, 487 69, 07
1. 28 96, 806 124 8, 062 6, 688, 414 |- 69. 09
1. 12 96, 682 108 8, 052. 6, 680, 352 69. 10
.94 96, 574 91 8 044 6, 672, 300 69. 09
89 months______ .. _______ ... . 84 96, 483 81 8 037 6, 664, 256 69. 07
9-10 months_ . . .74 96, 402 71 8, 031 6, 656, 219 69. 05
10-11 months__. .. __ . .. . 62 96, 331 60 8,025 6, 648, 188 69. 01
11-12 months___._____________________._ . 62 96, 271 60 8 020 6, 640, 163 68. 97
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TaABLE 13.—Lire TABLE FUNCTIONS FOR THE FIRST YEAR OF LirE, IN THE UNI1TED STATES: 1939-1941—Continued

AGE INTERVAL

MORTALITY RATE

OF 100,000 BORN ALIVE

STATIONARY POPULATION

AVERAGE
PUTURE
LIPETIME

Number dying

Number alive

Number dying

In this and all

Average number

per 1,000 alive In the age A of years of life
Period o! life between two exact ages stated o?tnb egihmmi] o?tnggglf&i . d:l’ﬁxelrgv:lge interval sub’sliege "e");fsnge ber;xg:;g;ng{a:gc
go interv interval .
(¢V] 2 @) 4) ®) (6) Q)]
z to z+t s L =l e T: és
TOTAL NEGROES
0-lday oo oo 17. 06 100, 000 1, 706 271 5, 385, 044 53. 85
1-2dayB. oo ccceecas 5.01 98, 294 492 268 5, 384, 773 54. 78
2-3days. e 3. 49 97, 802 341 267 5, 384, 505 55. 06
3daystolweek________________________ 6. 19 97, 461 603 1, 064 5, 384, 238 55. 25
1-2 WeekS- o o oo oo 4,89 36, 858 474 " 1, 851 . 5,383, 174 55. 58
2-3 weekS. __ oo 3.09 96, 384 298 1,844 5, 381, 323 55. 83
3weekstolmonth_____________________ 2. 67 96, 086 257 2, 481 5, 379, 479 55. 99
O-lmonth_____________________________ 41. 71 100, 000 4,171 8, 046 5, 385, 044 53. 85
1-2months_____ . ___ 6. 65 95, 829 637 7, 959 5, 376, 998 56. 11
2-3months_____________________________ 5. 14 95, 192 489 7,912 5, 369, 039 56. 40
3-4months____._____________ . ____ 4. 47 94, 703 423 7, 874 5, 361, 127 56. 61
4-5months_______ . _____ -3. 80 94, 280 358, 7, 842 5, 353, 253 56. 78
5-6months________________________.____ 3. 06 93, 922 287 7, 815 5, 345, 411 56, 91 -
6-7months____________________________ 2. 83 93, 635 265 7,792 5, 337, 596 57. 00
7-8 months. .. 2,23 93, 370 208 7,772 5, 320, 804 57. 08
8-9 months__ 1. 94 93, 162 181 7, 756 5, 322, 032 57.13
9-10 months__ i 1. 68 92, 981 156 7, 742 5, 314, 276 57. 15
10-11 months_ . _ . 1. 30 92, 825 121 7, 730 5, 306, 534 57.17
11-12months_ .. 1. 29 92, 704 120 7, 720 5, 298, 804 57.16
NEGRO MALES

0-1d8Y.n e eeeae 19. 21 100, 00Q 1,921 271 5, 225, 657 52. 26
1-2day8a e e e e 5. 54 98, 079 | 543 . 268 5, 225, 386 53. 28
2-83dayS_ e 4. 17 97, 536 407 266 5, 225, 118 53. 57
3daystolweek____ . __..._____. , 7. 26 97, 129 705 1, 060 5, 224, 852 53.79
1-2 weeks__ _ o __ 5. 29 96, 424 510 1, 843 5, 223, 792 54. 18
3. 36 95, 914 322 1, 835 5, 221, 949 54. 44

2. 89 95, 592 276 2, 468 5, 220, 114 54. 61

46,84 100, 000 4, 684 8, 011 5, 225, 657 52. 26

7.33 95, 316 699 7,914 5, 217, 646 54. 74

5. 60 94, 617 530 7, 863 5, 209, 732 55. 06

4. 80 94, 087 452 7, 822 5, 201, 869 55. 29

418 93, 635 391 7, 7187 5, 194, 047 55. 47

3. 34 93, 244 311 7, 757 5, 186, 260 55. 62

3. 14 92, 933 292 7, 732 5, 178, 503 55. 72

2. 50 92, 641 232 7, 710 5, 170, 771 55.82 °

2,24 92, 409 207 7, 692 5, 163, 061 55. 87

1. 80 92, 202 166 7, 677 5, 155, 369 55. 91

1. 47 92, 036 135 7, 664 5, 147, 692 55. 93

1. 40 91, 901 129 7, 6563 5, 140, 028 55. 93

14. 86 100, 000 1, 486 271 5, 556, 051 55. 56

4. 48 98, 514 441 269 5, 555, 780 56. 40

y . 2.77 98, 073 272 268 5, 555, 511 56. 65
3daystolweek_____ . _____________.__._ 5. 10 97, 801 499 1, 068 5, 555, 243 56. 80
1-2 weeks_ _ __ .. 4. 50 97, 302 438 1, 860 5, 554, 175 57.08
2 82 96, 864 273 1, 853 5, 552, 315 57. 32

2. 45 96, 591 237 2,494 5, 550, 462 57. 46

36. 46 100, 000 3, 646 8, 083 5, 556, 061 56. 56

5. 96 96, 354 574 8, 006 5, 547, 968 57, 58

4. 68 95, 780 448 7, 963 5, 539, 962 57. 84

4.12 95, 332 393 7, 928 5, 531, 999 58. 03

3. 41 94, 939 324 7, 898 5, 524, 071 58.19

2.76 94, 615 261 7, 874 5, 516, 173 58. 30

2. 52 94, 354 238 7, 853 5, 508, 299 58, 38

1.94 94, 116 183 7, 835 5, 500, 446 58. 44

“1. 64 93, 933 154 7, 821 5, 492, 611 58. 47

1. 56 93, 779 146 7, 809 5, 484, 790 58. 49

1.13 93, 633 106 7,.798 5, 476, 981 58. 49

1. 19 93, 527 111 5, 469, 183 58. 48 -

7, 789
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TanLE 13.—L1FE TABLE FUuNcTIONS FOR THE F1rsT YEAR OoF LirE,1N THE UN1TED STATEs: 1939-1941— Continued
Vs AVERAGE
AGE INTERVAL MORTALITY RATE OF 100,000 BORN ALIVE STATIONARY POPULATION FUTURE
LIFETIME

Average number

Number dying i ing |- In this all rs of, li
Period of life between two exact ages stated pes t:ég?gn?ggv © ITI{II:l g‘elg;gi];‘: Nl:il!.ll‘gflrg ggoug I';ntgfv:fe sltllbsequglllll‘:i ago o{'eﬁ:i;i;gt ;::re
of age interval of age Interval -interval - intervals beguilnntlélr% :l( age
¢V} @ 3) (O] ®) ©) @
T to zHt s 1 Le—lets TemTets T: éy
TOTAL OTHER RACE8! 3 -
O0-1day oo 14. 09 100, 000 1, 409 271 5, 435, 389 54. 35
1-2 days. o e 3. 37 08, 591 332 ~ 269 5,435,118 " 55.18
2-83 daYS. e e 3. 10 98, 259 305 269 5, 434, 849 55. 31
3daystolweek ____ . __________.._.___ 6. 75 97, 954 661 1, 069 5, 434, 580 55. 48
1-2 weeks__ .o 5. 24 97, 293 510 1, 859 5,433, 511 55. 85
2-3weeks_.. .. ______. 3. 35 96, 783 324 1, 851 5, 431, 652 56. 12
3 weeksto lmonth___________ [ORPRP 3. 40 96, 459 328 2, 489 5, 429, 801 56. 29
O-1month. oo 38. 69 100, 000 3, 869 8,077 5, 435, 389 54. 35
1-2months____ - _____ L ____._._ 9. 20 96, 131 884 7,974 5, 427, 312 56. 46
2-3months__._____ . _______.__ 818 95, 247 779 7,905 5, 419, 338 56. 90
34months______________ L _______ 7. 26 94, 468 686 7, 844 5, 411, 433 57. 28
4-5months___________________._________ 6. 39 93, 782 599 7,790 5, 403, 589 57. 62
S56months__________________________.__ 5. 59 93, 183 521 7,744 5, 395, 799 57. 91
6-7months_.__.__-__________._______.____ 4. 87 92, 662 451 7, 703 5, 388, 0565 58. 15
7-8 months__. ______________ ... _____ 4, 23 92, 211 390 7, 668 5, 380, 352 58. 35
89 months__ ____ . __________________.__ 3. 69 91, 821 339 7, 638 5, 372, 684 58. 51
9-10months_________________ ... ________ 3.21 91, 482 . 294 7, 611 5, 365, 046 58. 65
10-11 months. __________ . _____ . ______ 2. 84 91, 188 , 259 7, 588 5, 357, 435 58. 75
11-12months___ .. ______. _______.____.__ 2. 55 90, 929 232 7, 568 5, 349, 847 - 58 84
OTHER RACES,!) MALES .
0-1daY. . 15. 41 100, 000 1, 541 271 5, 356, 374 53. 56
1-2 days. - e e 3. 46 98, 459 341 269 5, 356, 103 54. 40
2-3dayS. el 3. 22 98,118 316 268 5, 355, 834 54. 59
3 days-1 week 8. 18 97, 802 800 1, 066 5, 355, 566 54, 76
1-2 weeks 6. 01 97, 002 583 1, 853 5, 354, 500 55. 20
2-3 weeks 3.76 96, 419 363 1, 844 5, 352, 647 55. 51
3 weeks-1 month 3.94 96, 056 378 2, 478 5, 350, 803 55. 71
O-1month_________ L ________ 43. 22 100, 000 4, 322 8, 049 5, 356, 374 53. 56
1-2 months. oo e ____ 9. 35 95, 678 895 . 7,936 5, 348, 325 585. 90
2-3months_____________ L ____.___ 8. 40 94, 783 796 7, 865 5, 340, 389 » 56. 34
34 months_____.__________ . _____.__ 7. 50 93, 987 705 7, 803 5, 332, 524 56. 74
4-5months_ . ___ L _____ LI 6. 65 93, 282 620 7,748 5, 324, 721 57. 08
56months__.__________________________ 5. 86 92, 662 543 7, 699 5, 316, 973 57. 38
6-7months______________________ PO 5. 10 92,119 470 | . 7, 657 5, 309, 274 57. 63
7-8months____.___ . _____._>_ 4. 41 91, 649 404 7, 621 5, 301, 617 57. 85
89months._..________________________. 3. 82 01, 245 349 7, 589 5, 293, 996 58. 02
9-10months._________.________________. 3. 27 90, 896 297 7, 562 5, 286, 407 58. 16
10-11months. ... __________ . _____ 2.76 | 90, 599 250 7, 540 5, 278, 845 58. 27
11-12months_____ . __ . ________________ 2. 36 90, 349 213 7, 520 5, 271, 305 58 34
OTHER RACES, ! FEMALES . -

0-1 daY e oo e e 12. 70 100, 000 1,270 271 5, 583, 750 5. 84
1-2 days. oo e e 3. 25 98, 730 | 321 270 5, 583, 479 56, 55
2-83day8. e 3.00 98, 409 295 269 5, 583, 209 56. 73
3 days to 1 week 5. 27 98, 114 517 1, 071 5, 582, 940 56. 90
1-2 weeks 4. 43 97,597 | | 432 1, 866 5, 581, 869 57.19
2-3 weeks 2. 91 97, 165 283 1, 859 5, 580, 003 57. 43
3 weeks to 1 month 2. 85 96, 882 276 2, 501 5,578, 144 57. b8
O-lmonth__._.________ . _________._ 33. 94 100, 000 3,394 8, 107 5, 583, 750 55. 84
1-2months___._____ . ___._._ 9, 03 96, 606 872 8,014 5, 575, 643 57.72
2-3months_______ ... _.__ 7. 96 - 95, 734 762 7, 946 5, 567, 629 ©_ 58 16
34months.._______________________._l__ 7. 01 04, 972 666 7, 887 5, 569, 683 58. 54
4-5months___________ . ... ._ 6. 13 94, 306" 578 7, 835 5, 551, 796 - §8. 87
S6months_____________________________ 5. 30 93, 728 497 7, 790 5, 543, 961 59. 15
6~7months.____________________________ 4. 63 93, 231 432 7,751 5, 536, 171 59. 38
7-8months_____________________________ - 404 92, 799 375 7,718 5, 528, 420 | 59. 57
89 months______________ o __.____ 3. 56 92, 424 329 7, 688 5, 520, 702 59, 73
9-10months________________________.___ 3. 16 92, 095 291 7, 662 5, 513, 014 59, 86
10-11months._._____________________.___ 2. 92 91, 804 268 7, 639 5, 505, 352 59, 97
11-12months.____________________.___. 2.76 91, 536 253 7,617 5, 497, 713 60. 06

_ ¥ All except white and Negro.
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: PART III
ACTUARIAL TABLES

Scope of the actuarial tables

The actuarial functions included m this volume are
based on the 1939-1941 life tables for white males and

.white females in the United States, and on a Makeham

graduation of the life table for total whites, which was
prepared in order to facilitate the calculation of values
of annuities and other benefits involving two or more
joint lives. In addition to the elementary life table
values, the functions tabulated on the basis of the
whitec males and white females tables are the usual
commutation columns (C, D, M, N, R, and S), whole
life immediate annuity values, and both single and
annual premiums for whole life assurances. These are
given at five.interest rates: 2, 2%, 3, 3%, and 4 percent.

The functions tabulated for the makehamized mor-
tality table! are the elementary values including the
force of mortality, single whole life immediate annuities,
and equal age whole life immediate annuities for two,
three, and four joint lives. The annuity values are
shown for four interest rates: 2, 2%, 3, and 4 percent.
A table of the Makeham constants and their common
logarithms, and a table of uniform seniority for two
lives are also included. This mortality table follows

. Makeham’s law at ages 17 and over. An auxiliary

table, to facilitate the approximate computation of
joint life annuity values when one or more of the lives
are under age 17, is given on page 96.

Comparison with mortality tables based on the experi-
ence of insured lives

It is interesting to compare the life tables for which
actuarial functions are tabulated here with those based
on recent life insurance experience.

"Among such tables, the greatest interest attaches to
the Commissioners 1941 Standard Ordinary Mortality
table > which has now (August 1945) been recognized
by law in 25 States ® including the 23 which have en-
acted the Standard Non-Forfeiture and Valuation
Laws * recommended by the National Association of

1 The term “‘mortality table,” which is the name customarily applied hy actuaries,
is a more appropriate one to describe the makehamized table, since this table does not
Include values of the average future lifetime or of the fanctions relating to the sta-
tionary population.

1 National Association of Insurance Commissioners, Report of the Committee To
Study Non-Forfeiture Benefits and Related Matters, p. 186, 1941,

# Callfornia, Colorado, Connecticut, Delaware, Illinoils, Indiana, Kentucky, Maine,
Maryland, Massachusetts, Michigan, Missour!, Mantana, Nebrasks, New Hamp-
shire, New Jersey, New Mexico, North Carolina, Oregor, Pennsylvania, Tennessee,
Vermont, Virginia, West Virginia, and Wisconsin. Colorado and Connecticut have
recognized the new table but have not enacted the standard Jaws.

¢ National Association of Insurance Commissioners, Report of the Committee of Com-

issloners Appointed To Consider and To Make Recommendations on the Report of the
Committee To Study Non-Forjeiture Benefits and Related Matiers, Exhibits A and B,
1942.

Insurance Commissioners in December 1942. How-
ever, this table cannot be regarded as reflecting current
life insurance experience, since the rates of mortality
include adjustments which are considered sufficient to
provide “reasonable margins for adverse fluctuations in
mortality and for contingencies,” together with an ad-
ditional factor of conservatism in the calculation of pre-
miums.! However, the underlying experience table,
excluding these margins, which is known as the 1930-
1940 Experience table, is also available.® In table N,
the rates of mortality for.-white males in the United
States, both in 1929-1931 and in 1939-1941, are com-
pared with those of both the Commissioners 1941
Standard Ordinary Mortality table and the 1930-1940
Experience table. The corresponding values from the
makehamized mortality table for total whites (table 38 of
this volume) are also shown. The 1930-1940 Experience
table is based primarily on the experience during the
decade of 16 life insurance companies (15 United States
companies and 1 Canadian company) which include the
13 largest companies in the United States and Canada.”
TaBLE N.—ANNUAL RATE oF MorTALITY PER 1,000 AT SELECTED

Ages FroM CErTaIN UNITED STATEs LIFE TABLEsS FOR

1929-1931 aAND 1939-1941, -aANpD FroM MorrALITY TABLES

BasEp oN RECENT LiFE INSURANCE EXPERIENCE IN THE
UNITED STATES AND CANADA

s United States] Commis-
United States) United States) y;q] whites, | sioners 1041 |1930-1940 Ex-
AGE white males, | white males, 1930-1041, Standard perience
1926-1631 19391041 makebamized| Ordinsry
62. 32 48.12 43.16 122,58 121.82
9.93 4.87 4.60 5.77 5.01
2. 66 1.38 124 2.76 1.96
1.47 1.00 .88 .97 L1
213 L.43 1,30 218 1.30
3.18 2.12 1.68 s 2.43 tLer
3n 2,43 1.98 2.88 2.01
4.13 2.79 2.49 3.56 2.22
5.10 3.63 3.20 4.59 |, 2.79
8.79 5.13 4.53 6.18 4.06
9.29 | 7.68 8.48 8.6t 6.24
- 12.78 11. 56 9.46 12.32 9.76
18.19 17.37 14.08 17.98 15. 40
- 26.44 25.48 21.25 26. 59 23. 69
38. 65 36.85 |- 32.30 39.64 36.13
57.96 54.54 49. 26 58.30 54.25
85,26 83.13 75.08 88.64 81,05
120,97 124.71 113.82 131. 85 121. 08
184. 68 181.04 170.94 194.13 178.98
245. 50 248.94 252.61 280. 99 285, 23

1 Extension to age 0 by Malvin E, Davis. (See Transactions, Actuarial SBoclety of
Ameriea, vol. 43, Part 1, No. 107, p. 103, May 1942.) These rates include a relatively
!l;lrlm]i]ll proportion of experience in the first week of life, where the mortality rate is

gh.

$ Thompson, John 8., The Commissioners 1941 Standard Ordinary Mortalily Table,
Transactions, Actuarial Soclety of America, vol. 42, Part 2, No. 108, pp. 314-340,
September 1941.

¢ Thompson, op. cit., p. 326, This article gives a complete account of the method of
construction of both tables, .

! Report of Joint Committeeon Moriality, Transactions, Actuarial Society of America,
vol. 35, Part 2, No. 92, pp. 383-3566, October 1934, and vol. 42, Part 1, Na. 105, pp.
140149, May 1941.

. 55
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It can therefore be considered representative of recent
life insurance cxperience in the two countries.

In comparing this table with those based on the
experience of the general population, several points
should be kept in mind. In the first place, although
the insurance experience included insurance on the lives
of women as well as men, policies on the lives of men
are far more numerous. In addition, tabulation was
on the basis of amounts of insurance rather than lives,
so that the dcath of an individual having $10,000 of
insurance has the same effect as 10 deaths of persons
with $1,000 policies. As men, in general, carry much
larger amounts of insurance than women, it is clear
that the total expertence reflects the mortality of males
to a much greater extent than that of females. - In the
second place, all group and industrial insurance were
excluded from the expericnce, which in view of the
tabulation by amounts rather than lives insured, sug-
gests that a very substantial proportion of the total
insurance represented was held by persons in the
higher income levels. In the third place, the ex-
perience was limited to persons who had undergone a
medical examination at the time of issuance of the policy,
and also (with some exceptions at the oldest and the
youngest ages) to those policies issued in 1925 or later,
while at the same time all experience during the first
5 years of thc existence of a particular policy was
excluded.®! This means that the experience consisted,
for the most part, of persons who had been medically
examined between 5 and 15 years prior to the time of
exposure.

-

8 Thompson, op. cit., pp. 316, 322-327,

Table N shows that mortality rates under the 1930~

of white males in the United States in 1939-1941. This
is probably due primarily to the influence of the greater
weight given, in the insurance expericnce, to persons
in the higher income brackets, and to the inclusion of
a number of female lives, and only slightly due, if at
all, to the medical examination,- the effect of which
would be cxpected to have largely worn off after 5 to

than the figures indicate, since the insurance experience
covers a somewhat earlicr period. The mortality rates

betwcen those for white males in 1929-1931 and 1939-
1941 to about age 60, after which they are hjgher than
cither. When the mortality rates of the 1930-1940
Experience table are compared with those of the make-
hamized mortality table for total whites in 1939-1941,
it is found that the insurance table shows lower rates
at ages 13 to 19 and 26 to 47 and higher rates else-
where. At ages above 47 .the difference incrcases
rapidly. However, if comparison is made with the
unmakehamized mortality rates for total whites in

the life insurance mortality is lower are 18 to 48.
Table O gives & similar comparison of net values of

net premiums for whole life insurance at 3 percent
interest.— In this case, the life table for white males
i the United States in 1929-1931 is not included in
the comparison, as commutation columns on this basis
are not available. These premiums and values are
‘based -on interest and mortality only, and include no

TaBLE O.—IMMEDIATE WHOLE LIFE ANNUITY VALUES AND SINGLE AND ANNUAL NET PREMIUMS ! AT 3 PERCENT INTEREST, DERIVED
FroM CERTAIN UNITED STATES LIFE TABLES FOR 1939-1941 AND FrROM MoRTALITY TABLES BASED ON RECENT LIFE INSURANCE

EXPERIENCE IN THE UNITED STATES AND CANADA

VALUE OF IMMEDIATE WHOLE LIFE ANNUITY OF | NET SINGLE PREMIUM FOR WHOLE LIFE INSURANCE | NET ANNUAL PREMIUM FOR WHOLE LIFE INSUR-
ONE PER ANNUM OF ONE UNIT ‘ ANCE OF ONE UNIT
: United United United
AGE g?l:ed, Sttatteis Commis- g:ﬂ:ed Stta'g’,ls Commis- Ié{]ltt::d Stat:ls Commis-
ates otal sioners ates 0 sioners States tot, sioners
white | whites, 19a1 | 05000 | Gnite | whites, | 1oq1 [ 9503840 )G | whites, 1941 | 29301640
males, | 1939-1941, | Standard pe males, | 1939-1941, | Standard b males, | 1030-1041, | Standard | “XPerience
1939-1941 make- Ordinary . 1930-1941 | - make- Ordinary 19391941 make- Ordinary
hamized bamized hamized
26. 2661 26. 7047 1 26. 3093 127.1180 0. 20584 0.19307 10.20196 10.18100 0. 00755 0. 00697 10.00737 10.00644
27.4216 27. 7461 26.8105 27. 5557 .17218 .16274 18972 .16828 . 00606 . 00566 . 00682 . 00589
27. 0080 27. 3545 26.4770 27. 2268 . 18423 17415 . 19970 17787 . 00658 . 00614 . 00727 . 00630
26.1725 28. 5553 25, 7301 26. 4962 . 20857 19742 .22119 . 10014 . 00768 . 00716 . 00827 . 00724
25,1862 25. 6216 24. 8033 25. 5628 . 23730 . 22462 . 24845 . 22632 .00806 | - .00844 . 00063 . 00852
24.1201 24, 5066 23.7453 24. 5249 . 26835 . 25447 . 27928 . 25656 . 01068 . 00004 .01129 . 01005
22. 9480 23. 4392 22. 5489 23. 3816 . 30246 . 28818 . 31411 . 20044 . 01263 .01179 . (1334 . 01192
21. 6056 22.1352 21, 2078 22,0339 . 34158 32816 35317 32011 01511 01410 . 01580 01429
20.0917 20. 6798 19. 7207 20. 5160 . 38568 36855 39649 37332 .01829 01760 . 01913 01735
18.4247 19.0744 18.0928 18. 8243 . 43422 41531 44390 42259 . 02235 02069 . 02325 , 02132
16. 6360 17. 3295 16.3303 16. 9013 .48634 46613 40407 47608 .02758 02543 02855 02646
14. 7687 15. 4660 14. 4864 15. 0544 . 54074 52041 54804 53239 .03420 03161 03545 03316
12.8673 13.5186 12. 5730 13. 0686 .59612 57713 60467 04200 03975 04455 04195
10.9775 11. 5350 10. 6494 11. 0026 . . 65112 63491 66070 @779 . 05436 056065 05672 05357
9.1155 9. 5745 8.7742 9.1781 . 70538 69201 71531 70355 06973 08544 07318 06912
7.3134 7.7029 7.0081 7.3785 . 15787 74652 . 76673 76697 . 00116 . 08578 . 09573 09023
5. 6634 5. 0845 5. 4104 5.7324 . 80592 79657 81320 803901 . 12095 11405 12687 11841
4. 2681 4. 4730 4.0210 4. 2787 . 84855 84059 85376 84026 . 16069 16359 17004 16031
3.1562 3. 2028 2.86833 3. 0444 . 87806 87760 88748 88221 21148 . 20882 22072 21813
2. 3350 2.1840 1. 9290 1.9084 . 90285 90726 91469 91529 21072 « 28404 31228 31470

1 These premiums and vdlues are based on’interest and mortality only, and include no allowance for operating expenses, taxes, or contingencies. They are not to be

compared with the gross premium rates actually charged by life insurance companies.
1 Based on Davls extension. 8ee footnote to table N.
-

1940 Experience table arc lower at most ages than those

15 years. The difference is actually somewhat greater -

in the Commissioners table are, in gencral, intermediate -

1939-1941 (table 4 in this volume), the ages at which

immediate whole life annuities and single and annual
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allowance for operating expenses, taxes, or contin-
gencics. They are not to be compared with the gross
premium rates actually charged by life insurance
companies. .

Uses of the actuarial tables

The actuarial tables based on the 1939-1941 United
States life tables for white males and white females
" can be used in making valuations and cost estimates
for pension schemes and collective plans for providing
benefits to dependent survivors, when the covered
group can be considered representative of the general
population of the Nation. This implies, in the case
of death benefits, that the members of the group have
not been selected primarily on the basis of physical
fitness, economic status, or any .other characteristic
which would materially affect their mortality prospects;
and, in the case of annuities, that there has not been a
strong element of self-selection, such as is commonly
exercised by annuitants ‘of life insurance companies.
An example would be a social insurance coverage which
applies on a compulsory basis to all persons engaged in
specified occupations. Of course, groups in particular
occupations involving a special hazard could not be
considered representative of the general population.

The actuarial tables can also be used in courts of law
in damage suits involving loss of income through death
or disablement, and in all other cases in which a lump
sum payment is to replace a series of periodic payments
during the life of an individual, and vice versa. Sim-
ilar, but frequently more complicated, problems arise
in the valuation of estates, particularly when two or
more different heirs have an immediate or contingent
interest in the same property. The tables might also
be used, in some cases, in determining the value of life
annuities payable under workmen’s compensation laws.

It would be outside the scope of this volume to enter
into any discussion of the technicalities of these various
uses. However, they all involve the calculation of
present values of life annuities or net premiums for
life insurance benefits. The basic mathematical theory

underlying these calculations is presented from an ele-

mentary standpoint on pages 85 to 92 of part IV; and
specific instructions in the use of the actuarial tables in
this volume, together with numerical examples, are
given on pages 92 to 99. For the reader who is already
conversant with the general theory, but wishes to
acquaint himself with the particular arrangement of

tables adopted in this volume, the following summary
may be helpful.

Auxiliary tables intended for use in connection with
the actuarial tables )

Subject Table Page
Reference lists of formulas: '
For single life annuities__________________ P - 87
For single life assurance benefits__________ - Q 88
For annuities and assurance benefits involv-
ing two or more joint lives_____.________ R 91
Auxiliary tables for use in special calculations:
In computing values of joint life annuities .

involving ages under 17:
Present value of one due in 1 to 17
- years at 2, 2%, 3, and 4 percent in-
terest L _ .. S 95
Adjustment factor r.for approximating
values of joint life annuities involv-
ing agesunder 17__ _______________ -U 96
In computing assurance premiums involv-
ing two or more joint lives:
Values of the rate ‘of discount for var-
ious rates of interest__ ____________ Y 97
In estimating joint life annuity values based
on the separate life tables for white males
and white females: :
Adjusted ages for use in the rougher
method of approximation_________. zZ 98

Mathematical notation employed in the actuarial tables

The symbols used in the headings of the actuarial
tables conform to standard actuarial practice except-that
the simpler forms N, and S, are employed instead of
N; and S,. The special open-face symbols have never
served any real need except in England,’ and their use
seems to have been almost wholly.confined to English-
speaking countries. The usage adopted in this volume,
besides conforming to general practice outside the
English-speaking world, has been recommended for
adoption by a subcommittee designated by the Per-
manent Committee of the International Congresses of
Actuaries to study the revision of the international
actuarial notation.® In order to avoid any possible
confusion, the definitions of the symbols N, and S. as
used in this volume are given at the bottom of each
page of tables in which they appear. -

¢ See Notation Internationale, pamphlet issued by the Comité Permanent des Con-
grés Internationaux d’Actuaires, p. 4, Bruxelles, Février 1939; also E, F. Spurgeon,
Life Contingencies, third edition, pp. 35, 36, 69, Cambridge University Press, London,
lgfosi\ramlan Internationale (previously cited), p. 10z. The fact tha‘t the change was

actually proposed by the Britisb actuarial bodies shows that there s general agreement
as to its desirability. /
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TaBLE 14 ~—URITED STATES WHITE MALEs: 1939-194]1—ELEMENTARY VALUES’
In the interest of internal consistency wlthin the actuarial tables, certain of these values have been altered very slightly from those appearing in table 5, p. 3¢. For
explanation, see text, p. 137]
OF 100,000 BORN ALIVE OF 100,000 BORN ALIVE
- PROBABILITY | PROBABILITY| PROBABILITY | PROBABILITY
FORCE OF FORCE OF
OF SURVIVING| OF DYING IN OF SURVIVING| OF DYING IN
AGE Number l(;Iumbﬁ:' I YEAR AT | EACH YEAR 50:10‘;“:‘83 AGE Number dN;‘h;"gbf; 1 YEAR AT | EACH YEAR ‘,:‘;““K’g“
surviving eszglgenr EACH AGE OF AGE surviving | (TN L | EACH AGE | OF AGE AT EACH
to each age of age to each age of age
z ls ds : Qs Hs z ls ds Ds [ B2
[ (R 100, 000 4,812 ' 0. 05188 0.04812 10.20757 {| 85 ... __ 75,156 1,305 0.01738 0.01682
locccan 95, 188 464 . 90513 . 00487 . .00813 {| 6. .. __ 73, 851 1,380 . 98118 . 01882 .01824
a1 4, 724 250 . 00738 . 00264 . [ S 72, 461 1,473 . 97067 .02033 .01075
3. 04, 474 170 . 90811 .00189 L00212 || 88 _.______ 0, 088 1, 558 . 97805 . 02195 . 02136
4o 04, 205 145 . . 00154 00167 || 69_—..___. 69,430 1,643 . 97634 . 02366 . 02305
84, 150 130 . 90862 .00138 .00144 |} 60_._______ 67, 787 1,727 97452 . 02548 . 02486
94,020 116 . 90877 .00123 L00131 || 81_________ , 080 1,813 . 97256 . 02744 . 02670
03, 904 108 . . 00116 . .00110 || 62_._______ - 64, 247 1,808 . 97049 . 02051 . 02887
03,796 9 . 90804 00108 | . L00110 {| 63____.____ 62,351 1,081 . 96823 .03177 . 03100
03, 697 96 . 99808 .00102 00104 {| 64__.______ “60, 370 2,065 . 96670 . 03421 . 03350
93, 601 93 . 99001 . 00099 .00100 | 65_._.____ 58, 305 2,148 . 963168 . 03684 03613
93, 508 25 . 99808 . 00102 .00100 || 66 _____ 58, 167 2,232 . . 03976 . 03000
03,413 9 . 90864 .00106 .00103 |{ 87______.__ 53,025 2,315 . 95707 . 04203 04217
93, 314 108 . 90886 00114 .00100 j[ 68_.__.____ 51, 610 2,306 . 95357 . 04613 04585
93, 208 110- . 90872 .00128 .00120 || 69 _._____ 49, 214 2,475 . 94971 . 05029 . 04950
18 . 93, 089 133 . 99857 . 00143 . 00135 || 70 _.__ 46,730 2,549 . 945648 . 05454 . 05376
18- .. 92, 956 147 . 90842 00158 L00161 || Moo . ... 44,100 2,618 . 94076 . 05024 . 05840
17 92, 809 160 . 90828 . 00172 00188 || 73 ... 41,572 2,678 93558 . 08442 .06374
18 ... 92, 649 172 . 90814 . 00186 00179 || 73. .. , 804 2,728 . . 07014 . 06956
19 oeee 92,477 184 . 99801 .00199 00192 ([ 74 ... 36,166 2,762 . 92363 . 07637 07598
92, 203 195 . 90789 00211 L0020 || 75 ... 33,404 2,717 . 01687 .08313 . 08301
92,008 205 R 00223 00218 || 76— 30, 627 2,769 . 80858 . 00041 . 00088
01,893 214 . 00767 00233 00228 || 7. - 27,858 2,735 . 90182 . 09818 . 08804
91, 679 218 . 90762 00238 00236 || 78 25, 2,875 . 80353 . 10648 . 10785
91, 461 220 . 99750 00241 00240 || T9-ooooeee , 2, 588 . 88471 11529 11742
_ 91,241 222 99757 . 00243 00242 || 80- oo 19, 860 2,471 187528 12472 12173
91,019 223 . 09755 00246 L00244 | 81____ ... 8 2,341 . 86533 . 13487 .1
, 706 228 . 90749 . 00251 .00248 || 82._... -] 15043 2,187 . 85461 . 14539 . 15074
, 568 24 90742 . 00258 .00255 | 83 .. - 12, 856 2,014 84333 . 15667 . 16350
90, 334 242 . 90732 . 00268 .00264 || 84 __._ 10, 841 1,828 .83138 . 16862 17737
90, 092 251 99721 00279 00273 || 85_ ... 9,013 1,631 . 81004 . 18008 . 19203
80, 841 262 . 00202 00285 || 86---—_—_.. 7,383 1,432 . 80601 . 19300 . 20754
89, 579 274 . 99694 003068 00209 || 87..._._... 5,950 1,233 . 79217 . 20723 . 22382
9, 3056 288 . 90678 00322 .00314 || 88._.__.___ 4,717 1,042 . 77010 - 22000 . 24084
89, 017 304 . 90658 .00332 || 80 3,676 863 . 76517 . 23483 . 25854
-~ 88,713 322 . 99637 . 00363 .00352 {f 80___...._. 2,812 700 . 75107 . 24893 27687
88, 391 342 . 90613 . 00387 .00375 1] 91 _.... 2,112 556 . 73674 . 26326
, 040 384 . 99587 . 00413 1| 92._... 1,556 432 . 72237 . 21763 .31528
87,685 380 | . 90566 . 00444 1,124 328.2 . 70801 20199 . 33521
87,208 416 . 80523 . 00477 705.8 243.9 . 69352 . 30648 . 35658
86, 880 448 . 90487 00513 551.0 171.0 . 67920 . 32071 . 37631
86,434 419 99446 . 00554 374.9 125.8 . 66408 . 33502 . 39732
85, 956 515 . 99401 . 00599 2493 87.0 . 85102 . 34808 41853
, 440 855 . 99350 . o123 88.9 . 63709 . 36291 43985
84, 885 600 . 99203 . 00707 103.4 38.88 . 62308 37602 46120
84,285 646 . 00766 684,52 25,12 61068 . 38034 L4825
83, 639 696 . 99168 . 00832 30,40 15.84 . 69797 . . 50351
82,043 750 . 90096 . 00904 23. 56 9.76 . 58574 . 41428 . 52428
82,103 806 . 90019 . 00981 13.80 5.880 . 57301 . 42600 . 54453
81, 387 868 . 08938 . 01064 7.920 3.462 56288 .43712 . 56422
80, 521 - 930 . . 01185 4.458 1.095 . 55249 . 44751 . 58317
79, 501 07| - .08147 . 01253 2. 463 1127 . . 45757 , 60122
, 504 1,060 . 98640 .01360 1:336 6229 . 53376 . 46624 61822
77,525 1,145 . 98623 . 01477 .731 L7131 . 1.00000 §- oo,
76, 380 1,224 . 98397 .01603 ' N
A
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TaBLE 15.—UN1TED STATES WHITE MALES: 1939-1941—COMMUTATION CoLuMNB AT 2 PERCENT INTEREST

z D, N, Ss C: M, R, z Ds N, S, Ce M, R
0 100, 000 3, 458, 807 94, 230,706 |4,717.8 32,180.2 | 1,611,142.8 55 125, 200 385, 621 4, 252, 408 430. 53 17,729.07 302, 239, 59
1 93,322 3, 358, 807 00,771,980 | 445,98 27,462, 56 | 1,578,962, 58 || 56 [24,364 360, 331 3, 868, 877 449, 58 17, 208. 64 284, 510, 52
2 91,048 3, 265, 485 87,413,182 | 235.58 27,016.58 | 1,551, 500.02 || 657 |23, 437 335, 967 3, 506, 546 467, 08. 16,848.96 - [267,211.98
3 89, 025 3,174, 439 84, 147, 607 185. 37 26,781.00 | 1,524,483, 44 || 58 22, 510 312, 530 3,170,670 | 484, 36 16, 381. 88 250, 363, 02
4 87,114 3,085,414 80,973, 258 131.33 26,615.63 | 1,407,702.44 || 59 21, 584 200, 020 2, 858, 049 500. 76 15,897, 83 233, 981, 14
5 88,275 2, 998, 300 77,887,844 § 115,44 26,484,30 | 1,471,086.81 || 60 (20,660 268, 436 2,.668, 029 516. 04 18, 396. 77 218, 083. 61
] 83, 487 2,913,025 74, 880, 544 100. 88 26, 368.86 | 1,444, 602.51 || 61 19, 739 247, 776 2, 209, 593 531. 11 14, 880. 73 , 686, 84
7 81, 749 2, 829, 538 71,976, 519 92.177 | 26,267.88 | 1 418, 233.65 || 62 18, 821 228, 037 2,051, 817 544, 54 14, 349. 62 187,8086. 11
8 80, 054 2,747,780 69, 146, 981 82.839 | 26,175.70 | 1,301,965.77 || 63 17,907 209, 216 1,823, 780 557. 79 13, 805. 08 173, 466, 48
] 78, 401 2,667,735 66, 399, 192 78.753 ( 26,092.86 | 1,365, 790,07 || 64 18, 998 191, 309 1, 614, 564 570.04 13,247.20 159. 651. 41
76,785 2, 589, 334 63, 732, 457 74.796 | 26,014.11 | 1,330, 607.21 || 65 16, 095 174,311 1,423, 255 581. 33 12, 677. 25 148, 404.12
75, 205 2, 512, 549 61,142,123 74.907 | 25,939.32 | 1,313,683.10 || 66 15,188 168, 216 1, 248, 844 592, 22 12, 005, 82 133, 726. 87
73,656 2,437,344 58, 629, 574 76.530 | 25,864.41 | 1,287,743.78 || 67 14, 308 143,018 1,080, 728 602, 20 11, 503. 70 121, 630. 98
72,135 2, 363, 688 56, 192, 230 80.335 | 25,787.88 | 1,261,879.37 || 68 13, 425 128,710 047,710 611. 05 10, 801. 50 110, 127. 25
70, 640 2, 201, 553 53, 828, 542 88.419 | 25,707.54 | 1,236,091.49 || 69 12, 551 115, 285 819, 000 618. 82 10, 200, 45 09, 225,75
69,166 | 2,220,013 81, 536, 989 06.883 | 25,619.12 | 1,210, 383.95 || 70 11, 686 * 1102, 734 703,715 624. 82 9, 671.83 88, 935, 30
67,713 2, 151, 747 49, 316, 076 104. 08 25,522.24 | 1,184,764.83 || 71 [10,832 91,048 600, 981 629, 15 9, 046. 81 79, 263. 67
66, 281 2,084,034 47, 164, 329 112.03 25,417.26 | 1,159,242.59 [ 72 | 9,900.5 80,216.8 * .| 500,933.3 630. 95 8,417,668 70, 216. 88
64, 869 2,017,753 45, 080, 295 118. 07 25,305.23 | 1,133,825.33 || 73 | 9,163.7 70,225.3 429, 717.5 830. 13 7,786.71 61,709, 20
63,479 1, 952, 884 43,062,642 | 123.83 25,187.16 | 1,108, 520.10 || 74 | 8,353.9 61,061.6 359, 402, 2 625, 48 7,156. 58 54,012, 40
62,111 1, 889, 405 41, 109, 658 128. 66 25,063,33 | 1,083,332.04 || 75 | 7,564.6 62,707.7 208, 430. 8 616. 54 8, 631. 10 46, 8565. 01
5 1,827,204 39,220,253 | 132.60 24,034,67 | 1,058, 269,61 || 76 | 6,799.7 45,143.1 245,722.9 602, 71 5,014, 56 40, 324. 81
59, 440 1, 766, 530 37,392,950 | 135.71 24,802.07 | 1,033,334.94 (|-77 | 6,063.7 38,343.4 200, 579. 8 583, 64 5,311.85 34, 410. 25
58, 139 1,707,000 35,626,420 | 135.54 24,666.36 | 1,008, 532.87 {| 78 5,361, 2 32,279.7 162, 236. 4 550, 64 4,728.21 20, 008, 40
56, 863 1,648, 951 33,019,338 | 134.10 24, 530. 82 083,866.51 | 70 | 4,606.4 26, 918.5 129, 966. 7 530. 82 4,168. 57 24,370.10
b5, 614 1, 502, 088 32,270,388 | 132,66 24, 396, 72 059,335.69 |} 80| 4,073.5 22,222.1 103, 038. 2 498. 09 3,637.75 20, 201. 62
54, 391 1, 536, 474 30, 678,300 | 130.65 24, 264. 08 034, 938.97 {| 81 | 3,4905.5 18,148.6 80, 816. 1 461. 52 3,139.66 16, 563. 87
53,194 1,482,083 20,141,826 | 130.96 24,133 41 910,674.91 [ 82 | 2,065.5 14, 653.1 62, 667. 5 422, 70 2,678.14 13, 424, 21
52, 020 1,428,889 27,650, 743 131.77 24, 002. 45 886,541.50 || 83 | 2 484.6 11,687.6 48,014. 4 381. 63 2,255, 44 10, 746. 07
50,868 { . 1,376,860 26,230,854 | 133.60 23, 870. 68 862, 539.05 || 84 | 2,054.3 9,203.0 36, 326.8 339. 60 1,873.81 8, 480. 63
49, 737 1, 326, 001 24,853,085 | 135.85 23,737, 08 838,668.37 || 85 | 1,674.4 7,148. 7~ 27,123.8 297. 06 1,534.21 " | 6,616,82
48, 626 1, 276, 264 23, 527, 984 139.03 23, 601. 23 814,031.20 | 86 ' 1,344.5 5,474.3 19, 975. 1 256. 70 1,237.16 5,082. 61
47, 534 1,227,638 22,251,720 | 142.54 23, 462, 20 701,330.06 || 87 | 1,062.4 4,120.8 14, 500. 8 215. 85 081. 45 3,845, 46
46, 459 1,180, 104 21,024,082 | 146.89 23,319. 66 767,807.86 || 88 825,75 3,067. 39 10,371.01 178.83 765. 60 2, 864. 01
45, 401 1,133,645 10,843,078 | 152.01 23,172,717 744,548.20 || 89 630.73 2, 241. 64 7, 303. 62 145.21 588.77 2,008. 41
44, 359 1,088, 244 18, 710, 333 167.85 23,020. 76 721,375.43 || 90 473,15 1,810.91 5,061.98 115. 47 441, 56 1,511.64
43, 331 1,043, 885 17, 622, 089 164.37 22, 862. 91 698, 354. 67 || 91 348. 40 1,137.76 3, 461. 07 89, 921 326.091 1, 070. 080
42,317 1, 000, 554 16, 578, 204 171, 51 22, 808, 54 675,491.76 || 92 251. 65 789. 36 2,313.31 68, 406 236.170 743. 989
41,316 958, 237 15, 577, 650 179.70 22, 527.03 652,793.22 || 93 178.22 537.71 1, 523. 95 51.018 167. 6874 507,819
40,326 916, 921 14,619,413 | 188.40 22,347.33 630, 266. 19 || 94 123.71 359. 49 986. 24 37.170 118. 656 340.145 .
39,347 876, 505 13,702,492 | 198.03 22, 158,93 607,018.86 || 95 84,109 235. 779 626. 748 26. 446 79. 486 223. 489
38,378 837, 248 12,825,807 | 208,51 21, 960. 90 585, 759.93 || 96 56,014 . 151.670 390. 960 18. 398 53. 040 144, 003
37,417 798, 870 11,088,649 | 219.79 21,752, 39 563, 790.03 {{ 97 36. 518 95. 656 239, 209 12. 494 34.642 90. 983
36, 463 761, 453 11,189,779 | 232.21 21, 532. 60 542, 046. 64 || 98 23. 308 59. 138 143. 643 8. 2927 22. 1481 56. 3212
35, 516 724, 990 10,428,326 | 246.12 21, 300.39 520, 514.04 || 99 14. 558 35.830 84. 505 5. 3667 13. 8554 34.1731
34,573 |- 688, 474 9,703,336 | 250.79 21,054. 27 499, 213. 65 ||100 8. 9059 21. 2724 48, 6749 3. 3004 8. 48‘7 20.3177
33, 636 654, 901 0,013,862 | 274.41 20,794. 48 478, 159. 38 [[101 5. 3318 12. 3666 27. 4025 2.10156 5. 0893 11. 8200
32,702 « 621, 265 8,358,061 | 2890.00 20, 520. 07 457, 364. 00 {/102 3.1258 7.0346 15. 03680 1. 2605 2. 9878 8. 7397
31,771 588, 563 7,737,696 | 305.44 .20, 230, 17 436, 844,83 /103 1. 7850 3. 6088 8. 0014 . 74082 1.71836 3.75188
30, 842 556, 792 7,149,133 | 321.74 19,024.73 416, 614. 66 |{104 1. 0100 2.1138 4.0026 . 43282 . 06853 2.03353
29,918 525, 950 6, 592, 341 338.75 19, 602, 99 396, 689. 93 |/105 . 55734 1.10378 1. 97878 . 24453 . 53571 |, 1. 06500
28, 990 496, 034 6,066,391 | 356.03 19, 264, 24 377,086, 94 |{106 . 30189 . 54644 . 87500 . 13543 . 20118 . 52029
28, 066 467, 044 5,870,357 | 374.26 18, 008, 21 357,822.70 [[107 . 16054 . 24455 . 32856 . 073384 . 166747 . 238110
27,141 438,978 5,103,313 | 393, 00 18, 533. 95 338,914. 49 |{108 . 084010 . 084010 .084010| . 082363 . 082363 . 082363
26, 216 411, 837 4,064,335 | 411.88 18,140. 95 320, 380. 54
N:wDyt-Denrt o u s S;=Net+Nest+ . . o
.
r -
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TABLE 16.—UNiTED STATEES WHITE MaALES: 1939-1941—CoMMUTATION COLUMNS AT 2% PERCENT INTEREST

Ds N. Sa Cs M, R, z D, N, Ss Cs M, R,

0 100, 0600 3, 056, 502 77,493,609 | 4094.6 25,451.3 1,166,413.7 55 (19, 326 280, 794 3,012,161 327.40 12,477.85 207, 325.11

1 92, 868 2, 956, 502 74,437,167 441, 64 20, 756. 69 | 1, 140, 862. 43 50 18, 528 201,468 - 2, 731, 367 340, 22 12, 150. 45 104, 847,26

2 90, 160 2, 863, 636 71, 480, 665 232.15 20,315.05 | 1,120, 205. 74 57 117,736 242, 940 2, 460, 890 351, 74 11,810.23 182, 606, 81

3 87,729 2,773,476 68,617,029 162.17 20, 082.90 | 1,099, 890. 69 58 |16, 951 225, 204 2, 226, 959 362. 96 11, 458. 49 170, 836. 58

4 85,427 2, 685, 747 65, 843, 553 128.16 19,920, 73 | 1,079,807. 78 59 (16,175 208, 253 2, 001, 755 373.43 11, 085. 53 159, 428, 09

5 83,215 2, 600, 320 63, 157, 806 112.10 19, 792. 57 | 1,059, 887.06 60 {15,407 192,078 1, 703, 502 382. 95 10, 722. 10 148, 332. 56

6 81,073 2, 517, 105 00, 557, 486 97. 687 19, 680. 47 | 1,040, 094.49 61 |14, 648 176, 671 1,601, 424 392, 21 10, 339. 15 137, 610. 46

7 78, 998 2, 436, 032 58, 040, 381 88, 641 10, 582.88 | 1,020, 414.02 62 {13, 899 162, 023 1,424,753 400. 16 9, 846. 84 127,271, 31

8 70, 983 2,357,034 85, 604, 349 79.272 19,494, 24 | 1,000,831, 14 63 |13, 160 148,124 1, 262, 730 407. 80 9, 546. 78 117,324.37

9 75,026 2, 280, 051 53, 247,315 74. 095 19, 414. 07 981, 336. 60 64 (12,431 134, 964 1, 114, 606 414, 83 9, 138.88 107, 777. 59
73,121 2, 208, 025 50, 967, 264 70.879 19, 339. 97 061, 921. 93 65 111,713 122, 533 079, 642 420. 98 8,724.05 08, 638. 71
71,267 2,131,904 48, 762, 239 70. 638 18, 269. 10 042, 581, 08 66 {11, 008 110, 820 867,100 426.77 8, 303. 07 86, 914, 66
69, 458 2,060, 637 46, 630, 335 71,817 19, 198, 46 023, 312. 80 67 110, 311 99, 814 746, 289 431, 85 7,876.30 81,611, 59
67,692 1,991,176 44, 569, 698 75.019 19, 126. 64 004, 114. 40 68t 9,827. 4 89, 502.9 646, 474.6 436. 05 7,444.45 73,735.29.
85, 1,923, 487 42, 578, 519 82,165 19, 051. 62 884, 087.76 69 | 8,956.6 79, 875.5 556, 971.7 430. 46 7,008. 40 66, 200, 84
64,275 1,857, 521 40, 855, 032 89. 592 18, 969. 46 865, 936. 14 70 1 8,208.7 70,918.9 477,086.2 441, 55 6, 568. 95 50, 282. 44
62, 617 1,703, 246 38, 707, 511 96.608 { .18,879.86 846, 966. 68 71| 7,654.7 62, 620. 2 406,177.3 442. 44 6,127, 40 52,713.49
60, 904 1,730, 620 37, 004, 265 102. 59 18, 783. 26 828, 086. 82 72| 7,025.6 54, 065. 5 343, 567.1 441, 54 5, 684, 06 46, 586. 09
59, 403 1, 669, 638 . 35,273,636 107. 69 18, 680. 67 809, 303. 56 73] 6,412.7 47,939.9 288, 591. 6 438, 81 5, 243, 42 40,601, 13
57,847 1,610, 232 33, 604, 001 112.29 18, 573. 08 790, 622. 89 74 5,817.5 41,527.2 240,651.7 433. 44 4, R04, 61 85,667, 71
56,324 1, 852, 385 _31,993, 769 116. 10 18, 460. 79 772, 049.81 75| 5,242.1 35,708. 7 199,124.5 425,17 4,371.17 30,853.10
54, 834 1, 496, 001 30, 441, 384 119.08 18, 344. 69 753, 589. 02 76 | 4,680.1 30,467.6 163,414. 8 413. 60 3,946.00 26, 481. 93
53,377 1,441,227 28,045,323 | 121,27 18, 225. 61 735, 244. 33 77| 4,101.1 25,778.5 132, 047.2 308. 56 3, 632. 40 22, 535. 93
51, 954 1,387, 850 27, 504, 096 120. 53 18, 104. 34 717,018, 72 78 | 3,661.1 21,617.4 107,168, 7 380. 31 3,133.84 19, 003. 53
50, 567 1, 335, 896 26, 116, 246 118.67 17, 983.81 698, 914. 38 791 3,181 5 17,956.3 85,551.3 358. 97 2,753. 53 15, 869. 69
49, 215 1, 285,329 24, 780, 350 116. 82 17, 865. 14 680, 930. 57 80 | 2,754.7 14,764.8 67, 696. 0 335. 19 2, 304. 66 13, 116.18
47,897 1,236,114 23, 495, 021 114.49 17,748.32 663, 005, 43 811} 2,352.3 12,010.1 52,830, 2 309. 06 2,050, 37 10, 721. 60 N,
46, 615 1,188,217 22, 258, 907 114. 20 17,633.83 645,317.11 82§ 1,085.9 0,657.8 40, 820,1 281. 69 1,750. 31 8,662.23
45,363 1, 141,602 21, 070, 680 114. 35 17, 519,63 627, 683. 28 831 1,655.7 7,671.9 31,162.3 253, 08 1, 468, 02 6, 011,92
44,143 1, 0086, 239 18, 929, 088 115.37 17,405. 28 610, 163. 65 84 11,362.3 6,016.2 23,4600.4 224,10 1,215. 54 5, 443. 30
42, 951 1, 052, 096 18, 832, 849 116. 74 17,289, 91 592, 758, 37 85| 1,104.9 4,653.9 17,474.2 195, 07 091,44 4,227.76 -
41,786 1,009, 145 17,780, 753 118. 89 17,173.17 575, 468. 40 86 882. 62 3, 549.01 12,820.29 167.10 796. 37 3,236.32
40, 848, 967, 359 16, 771, 608 121. 30 17,054. 28 558, 205. 20 87 0604. 20 2, 666, 09 9,271.28 140. 37 629,27 2, 439. 95
39, 536 926,711 15, 804, 249 124,39 16, §32. 98 541, 241. 01 88 536. 00 1,971.80 6, 805. 19 115.73 488. 90 1,810.68
38, 447 887,176 14,877, 638 128.10 16, 808. 59 524, 308. 03 89 408. 16 1,434.81 4,633.39 93. 511 373.167 1,321.785
37,381 848, 728 13, 890, 363 132,37 16, 680. 48 507, 409. 44 80 304.70 1,028. 65 3,108. 58 73. 999 2790, 856 948. 618

. 36,337 811,347 13, 141,635 137.16 16, 548. 12 490, 818, 95 91 223.27 721.95 2,171,93 57.343 205. 857 668. 962
35,314 775,010 12, 330, 288 142.43 16, 410. 96 474, 270.83 92 160. 48 498, 68 1,449.98 43. 467 148. 314 463. 305
34,310 739, 696 11, 555, 278 148. 50 16, 268. 53 457,850, 87 93 113.10 338. 20 951,30 32.218 104. 847 314. 991
33,324 705, 386 10, 815, 582 154, 93 16, 120. 03 441, 5901. 34 94 78.120 225,009 613.104 23.358 72.620 210, 144
32,357 672, 062 10, 110, 196 162. 05 15, 965. 10 425,471,31 85 52, 856 146. 979 388.005 16. 538 49, 271 137. 515
31, 406 639, 705 9,438,134 169. 80 15, 803, 05 409, 506. 21 26 35.029 94.123 241,026 11. 449 32.733 88. 244
30,470 608, 200 8, 708, 429 178.11 15, 633. 25 393, 703. 16 97 22,725 59. 094 146, 603 7.7371 21, 2830 55.5110
29, 548 577,820 8, 190, 130 187. 26 15, 455, 14 378, 068. 01 o8 14, 434 36. 369 - 87.809 5.1104 13, 5468 34. 2271
28, 641 548, 281 7, 612,301 197. 50 15, 267. 88 362, 614. 77 99 8.9714 21, 9348 51. 4404 3.2011 8. 4364 20. 6803
27,744 519, 840 7,064,020 | 207.48 15, 070. 38 347,346, 89 || 100 5. 4614 12,9634 29. 5056 2. 0745 5.1453 12, 2439
20, 860 401, 806 8, 544,380 | 218.07 14, 862. 62 332, 276. 51 {| 101 3. 2538 7. 5020 16. 56422 1. 2762 3.0708 7. 0988
25, 987 465, 036 8, 052, 484 229. 25 14, 644. 85 317,413.59 || 102 1, 8982 4. 2482 9. 0402 L76717 1, 79458 4.02777
25,124 430, 040 5, 587, 448 240. 36 14, 415, 60 302, 768.74 {| 103 1. 0847 2. 3500 4.7920 . 45002 1. 02741 2, 23319
24,271 413,925 5,148,399 | 251,96 14,175.24 288,353. 14 || 104 . 60736 1. 26535 2. 44202 . 25001 . 57649 1.20578 R
23,427 380, 654 4,734,474 263. 98 13,923.28 274,177.90 || 105 .33363 | . . 65799 1, 17667 . 14562 . 31748 . 62929
22, 592 366, 227 4,344,820 276.08 13, 659. 30 260, 254. 62 || 106 . 17878 . 32446 . 51868 . 080255 .171864 . 311807
21,764 343, 635 3,078,503 | 288.81 13, 383. 21 246, 506.32 || 107 . 095138 . 144680 .104222| . 043275 . 001609 . 130943
20, 945 321,871 3,634, 958 301.80 13, 004. 40 233,212.11 || 108 © . 048542 . 049542 . 049642 . 048334 . 048334 . 048334
20, 132 300, 926 3,313,087 | 314.75 12, 792. 60 220,117.71
N:=Dsd-Dinrt . o Ss= N, 4+Neti . . .
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TaBLE 17.—UN1TED STATES WHITE MALES: 1939-1941—CoOMMUTATION COLUMNS AT 3 PERCENT INTEREST

61

z Ds Ny S C: M. R: z D N, S Cy M. R,

0 100, 000 2,726, 608 64,373,119 [4,671.8 20, 584. 1 851, 664. 1 55 |14, 788 205, 069 2, 140, 522 249. 30 8,815.38 (142, 724.00

1 92,416 2, 626, 608 61,646,511 | 437.36 | 15012.27 | 831,080.01 || 56 |14,108 190, 281 1,035, 453 257. 81 8,566.08 133, 908. 71

2 89, 286 2,534,192 59,019,903 | 228.79 | 15,474.91 | 815167.74 || 57 (13, 439 176,173 . [1,745,172 265. 24 8,308.27 (125, 342.63

3 86, 457 2, 444, 906 56,485,711 | 150.04 | 15,246.12 | 709, 692.83 || 58 (12,783 162, 734 1, 568, 999 272, 38 8,043.03 [117,034.36

4 83, 780 2,358, 449 54,040,805 | 125.08 | 15,087.08 | 784;446.71 || 59 12,138 149, 951 1, 408, 265 278.87 7,770.65 108, 991. 33

5 81,215 2, 274, 660 51,682,356 | 108.87 | 14,962.00 | 769,359.63 || 60 [11,506 137,813 1,256, 314 284, 50 7,401.78 101, 220. 68

6 78, 740 2,193, 454 49,407,687 | 94.319 | 14,853.13 | 754,307.63 || 61 |10,886 126, 307 1,118, 501 200. 7,207.19 | 93,728.90

7 76,353 2,114,714 47,214,233 | 85.256 | 14,758.81 [ 730,544.50 || 62 |10, 279 115, 421 992, 104 204, 51 6,017.13 | 86,521.71

8 74,043 2,038, 361 45,009,519 | 75.875 | 14,673.56 | 724,785.60 || 63 | 0,685 0 105,141. 5 876, 773. 4 208, 75 6,622.62 | 79, 604. 58

" 71,811 1,964,318 43,061,158 | 71.433 | 14,507.68 | 710,112.13 || 64/ 9, 104.1 95, 456. 5 771,631.9 302. 34 6,323.87 | 72,081.96
10 69, 648 1,892, 507 41,006,840 | 67.185 | 14,526.25 | 695,514.45 || 65/ 8, 536 6 86, 352. 4 676, 175. 4 305. 34 6,021, 53 | 66,658.09

1 67, 552 1, 822, 859 39, 204, 333 66.631 | 14, 459.06 680,988.20 1| 66 | 7,982.6 77,815 8 589,823.0 308, 04 5716.19 | 60, 636. 56
12 65, 518 1,755, 307 37,381,474 | 67.414 | 14,302.43 | 666,520.14 || 67 |7 442.1 69, 833. 2 512, 007. 2 310, 18 5,408.15 | 54,920, 37
13 63, 542 1,689, 789 35,626,167 | 70.078 | 14,325.02 | 652,136.71 | 68 | 6,915.2 62,391. 1 442,174.0 311, 69 5,097.97 | 49,512 22
14 61, 621 1,626, 247 33,036,378 | 76.382 | 14,254.94 | 637,811.69 || 69 | 6,402.1 55,475.9 379,782.9 312, 59 4,786.28 | 44,414.25

15 59, 750 1, 564, 626 32, 310, 131 82.881 [ 14,178. 56 623, 556.75 | 70 | 5,903.0 49,073.8 324, 307.0 312, 56 4,473.60 | 39,627.97
16 57,927 1, 504, 876 30, 745, 505 88,937 14, 085. 68 609,378.19 f| 71| 5,418.5 43,170.8 275,233. 2 311.67 | 4,161.13 35,154. 28
17 56, 151 1, 446, 949 29,240,629 | 93.983 | 14,006.74 | 595,282.51 || 72| 4, 9490 37,752.3 232, 062. 4 309. 52 3,840.46 | 30,993.15
18 422 1, 390, 798 27,793,680 |  68.080 [ 13,912.76 | 581,275.77 i| 73! 4,495.4 82,803.3 194, 310.1 308. 12 3,530.94 | 27,143.60
18 52,738 1, 336, 376 26,402,882 | 101.87 | 13,814.67 | 567,363.01 || 74| 4,058.3 28, 307.9 161, 508..8 300. 91 3,233.82 [.23,603.75
2 51,100 1, 283, 638 25,068, 506 | 104.82 13,712. 80 553,548.34 || 75| 3,639.2 24,249. 6 133,198.9 203. 73 -2,932.01 20, 369. 93

21 49, 507 1,232, 538 23,782,868 | 106.99 | 13,607.98 | 539,835.54 || 76| 3,230.5 20, 610. 4 108, 949. 3 284. 35 2,630.18 | 17,437.02
22 47, 958 1,183, 031 22,550,330 | 108.43 | 13,500,99 | 526,227.56 || 77 | 2 860.8 17,370.9 88,338.9  [272.68 2,354.83 | 14,797.84
23 46, 453 1,135,073 21,367,209 | 107.24 | 1330256 | 512,726.57 || 73 2,504.8 14,510.1 70, 968. 0 258. 93 2,082.15 | 12,443.01
24 44, 993 1,088, 620 20,232,226 | 105.07 | 13,285.32 | 490,334.01 || 79 2,172.9 12,005. 3 56,457.9 243.21 1,823.22 | 10, 360.86
25 43, 577 1,043, 627 19,143,606 | 102.94 | 13,180.25 [ 486,048.60 || g0 | 1,866. 4 9,832. 4 44,452, 6 226. 00 1, 580. 01 8, 537. 64
26 42, 205 1, 000, 050 18,000,978 | 100,39 13,077, 31 472,868.44 |[ 81 | 1/ 586.0 7,966.0 34, 620, 2 207. 37 1,354.01 6,057, 63
27 40,875 957,845 17,099,029 | 99.653 | 12,076.02 | 459,791.13 || 82| {'332.5 8, 380, 0 26, 654, 2 188, 09 1, 146. 64 5, 603. 62
2 39, 585 016, 970 16,142,084 | 00.297 | 12,877.27 | 446,814.21 || g3 |1 105.6 5 047.5 20,274. 2 168. 18 958. 55 4,456. 98
29 38,333 877, 385 15,225,114 | 99,701 | 12,777.97 | 433,936.04 84 | ' 905.20 3,941,902 15,226.75  |148.19 760.39 3,498.43
30 37,117 839, 052 14,347,729 | 100.40 | 12,678.27 | 421,158,097 . 64 3,036, 72 11,284.83  [128.37 642. 20 2,708, 04
31 35,035 801, 935 13,508,677 | 10174 | 12577.87 | 408, 480.70 33 Zg?.oo 2, 306. 08 824811 (100,42 513.83 2,065.84
32 34, 787 3 12,706, 742 [ 103.31 12,476.13 |  395,002.83 |} g7 | 454.65 1, 725. 08 5,942, 03 91. 472 404,407 | 1,552.013
3 33, 670 731,213 11,040,742 | 105.42 | 12,372.82 [ 383,426.70 |l gg| 340,04 1, 270. 43 4,216.95 75.051 312,935 | 1,147.606
34 32, 584 697, 543 11,200,529 | 108.04 | 12,267.40 | 371,083.88 || gg| 264 69 920. 49 2, 946, 52 60,348 237. 884 834,671
35 31,527 664, 059 10,511,986 | 111.10 | 12,159.36 | 358,786.48 196. 64 855.80 2,026. 03 47.524 177. 530 596. 787
36| 30408 633432 |  0,847020| 11456 | 15,0825 | 34662712 || 99| 1o 30 450,16 T302 |36 | lmoi2 | 4l 281
37 20, 405 602, 934 9,213,595 | 118.38 | 11,9033.70 | 334,578.86 || 92| 102 56 315,77 911.07 27.645 93. 364 289. 239
38 28, 517 573, 439 8,610,661 | 122,83 11,815.32 |  322,645.16 || g3 71.929 213, 213 595.206 | 20,30l 65. 719 185.875
39 f 544,922 8,037,222 | 127.53 11,682.49 | 310,829.84 || o4 49. 443 141, 284 382,083 | 14.712 45.328 130. 156
40 26, 634 517,358 7,492,300 [ 132.74 | 11,564.98 | 200,137.35 || 95 33. 201 901,841 240.799 | 10.366 30. 616 84. 828
41 25, 725 490, 724 6,074,042 | 138.41 11, 432. 22 287,572.39 || 96 21. 955 58. 550 148. 958 7.1413 20. 2500 54,2117
42 24,837 484, 009 6,484,218 | 144.48 | 11,203.81 [ 276,140.17 || g7 14,175 36, 505 90, 408 4.8025 13. 1087 33.9617
43 23,970 440, 162 6,019,219 | 151,17 11,149. 33 264,846.36 1| g8 8,0592 22. 4204 53.8130 | 3.1567 8. 3062 20, 8530
44 23,120 416, 192 5,579,057 | 158.66 | 10,008.16 | 253,607.03 || g9 5. 5418 13,4612 31,3926 | 2.0230 5.1495 12, 5468
45 22, 288 393, 072 5,162,865 | 165.85 10, 839. 50 242, 608.87 |( 100 3.3572 7.9106 17.9314 1. 2690 3.1265 7.3973
46 21, 473 370, 784 4,769,703 | 173.48 | 10,673.65 | 231,859.37 [} 101 1.9904 4, 5624 10. 0118 77689 1. 85751 4, 27084
47 2, 674 349, 311 4,390,009 | 181.50 | 10,500.17 | 221,185.72 ||-102 1.1555 2,5720 5.4404 46475 1. 08062 2, 41333
48 19, 801 328, 637 4,049,608 | 180.37 | 10,318.67 | 210,685.55 {| 103 . 65712 1. 41650 2.87735 27184 . 61587, 1.33271
49 19,122 308, 746 3,721,061 | 107.54 | 10,129.30 | 200,366.88 {| 104 . 36615 75038 1. 46085 15539 . 34403 . 71684
50 18, 367 289, 624 3,412,315 | 205.96 9,931.76 |  100,237.58 || 105 . 20009 39323 . 70147 086935 ! . 372807
51 17,628 271, 257 3,122,601 | 214,37 9,725.80 |  180,305.82 || 106 .10733 19314 . 30824 047681 101705 . 184167
52 16, 899 253, 631 2,851,434 | 223,15 0,511.43 | 170, §80.02 || 107 . 056523 . 085814| * 115105 025586 054024 . 082462
53 16,183 236, 732 2,597,803 | 232.06 9,288.28 | 161,068, 50 || 108 . 029201 . 029291 020201 .028438 028438 . 028438
54 15,480 220, 540 2,361,071 | 240,84 9,056.22 | 151, 780,31
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TABLE *18.—UNITED STATES WHITE MALEs: 1939-1941—ComMMUTATION COLUMNS AT 3% PERCENT INTEREST
z D: N, S: C: M. R z D. N. S; C: M. R.
-~

0 100,000 | 2,453,468 | 53,097,179 |4,649.3 17,032.6 627,477.7 || 55 {11,330 150, 201 1, 525, 974 190. 09 6,251 12 98, 507, 08

1 91,060 | 2,353,468 | 51,543,711 | 433.15 | 12,383.32 | 610,445.09 || 56 (10,757 138, 871 1,375, 773 195.62 6,061. 03 92, 346, 86

2 88,426 [ 2,261,490 | 40,100,243 | 225.49 | 11,050.17 | 508,06L.77 || 57 [10,198 128,114 1,236, 902 . 20 5,865. 41 86, 285, 83

3 85210 [ 2,173,073 | 46,928,744 | 155.00 | 11,724.68 | 586, 111.60 || 58 | 9,652:6 117,915.7 1,108, 788.0 204. 69 5, 665. 12 80, 420. 42

4 82,173 | 2,087,863 | 44,755,671 | 122.09 | 11,508,690 | 574,386.92 || 59 |9, 121.5 108, 263. 1 960,872.3 208. 65 5, 460, 43 74,755.30

5 79,272 | 2,005,690 | 42,667,808 | 105.78 | 11,446.60 | 562,818.23 || G0 | 8,604.5 09, 141.6 882, 609. 2 211.80 5,251. 88 60, 204, 87

] 76,485 | 1,026,418 | 40,662,118 | 91.175 | 11,340.84 | 551,371.63 || 61| 8,101.7 90, 537. 1 783, 467. 6 214.83 5, 040. 08 84, 042, 99

7 73,808 | 1,849,033 | 38,735,700 | 82.016 | 11,249.66 | 540,030.79 || 62| 7,612.9 82,435.4 692,930. 5 217. 07 4,825. 25 59,002,901

8 71,230 | 1,776,125 | 36,885,767 | 72.639 | 11,167.65 | 528,781.13 || 63 | 7.138.4 74,822, 5 610, 495, 1 219,13 4,608. 18 54,177, 66

9 68,748 | 1,704,805 | 35108,642 | 68,056 | 11,095.01 | 517,613.48 || 64 | 6,677.9 67,684, 1 535, 672. 6 220, 70 4,380.05 49, 560, 48
10 66,356 | 1,636,147 | 33,404,747 | 63,700 | 11,026.95 | 506,518.47 || 65| 6,231.4 61,008. 2 467,988.5 221. 80 4,168.35 45,180. 43
11 64,048 [ 1,560,701 | 31,768,600 | 62.869 | 10,963.25 | 495491.52 || 66 | 5,708.8 54,774.8 | 406,982.3 292, 68 3,946, 55 41,012, 08
12 61,819 [ 1,505 743 | 30,198,809 | 63.301 | 10,900.38 | 484,528.27 || 67 | 5,380 1 48,976.0 - 352,207.5 223. 16 3,723, 87 37, 065. 53
13 50,665 [ 1,443,024 | 28,693,060 | 65.485 | 10,837.08 | 473,627.89 || 68 | 4,975.0 43,595.9 303, 231. 5 223, 15 3, 500. 71 33,341, 66
14 57,582 | 1,384,250 | 27.249,142 | 71.030 | 10,771.60 | 462,790.81 || 69 | 4 583.6 38,620.9 259,635.6  |222.72 3,277.56 29,840, 95
15 55,564 | 1,326,677 | 25,864,883 | 76.702 | 10,700.57 | 452,019.21 || 70 | 4,205.9 34,0373 221,014.7 221, 62 3,054.84 26, 563, 39
16 53,608 | 1,271,113 | 24,538,206 | 81.900 | 10,623.86 | 441,318.64 || 71 | 3.842,0 29,831, 4 186, 977. 4 219.92 2,833.22 23, 508, 55
17 51,714 | 1,217,505 | 23,267,003 | 86,138 | 10,541.06 | 430,604.78 || 72| 3 4022 25,989, 4 157, 146. 0 217. 35 2,613. 30 20, 675, 33
18 49,870 | 1,165,791 | 22,049,588 | 80.467 | 10,455.82 | 420,152.82 || 73| 3.156.7 22,497. 2 131, 156. 6 213.92 2,395, 95 18, 062. 03
19 48,102 | 1,115012 | 20,883,797 | 92.472 | 10,386.35 | 409,697.00 || 74 | 2,836.1 19,340. 5 108, 659. 4 209.27 2, 182,03 15, 666. 08
20 46,383 | 1,067,810 | 10,767,885 | 94.686 | 10,273.88 | 300,330.65 || 75 | 2,530.9 16, 504. 4 89,318.9 203. 20 1,072.76 13, 484. 05
21 44,720 | 1,021,427 18,700,075 | 96.176 | 10,179.10 | 389,056 77 || 76 | 2,242.0 13,973.5 72,814.5 195.85 1, 769. 47 11,511.29
22 43,112 976,707 | 17,678,648 | 97.003 | 10,083.02 | 378,877.58 || 77! 1,970.3 11,731. 5 58,841.0 186. 90 1, 573. 62 9,741, 82
2 41,557 033,505 | 16,701,041 | 95475 | 9,086.01 | 368,704.56 || 78| 1.716.8 9,761, 2 47,109.5 176.62 1,386, 72 8, 168, 20
24 40, 056 802,038 15,768,346 | ©93.092 | ©,890.54 | 358,808.55 | 70 | 1,482.1 8,044.4 37,348.3 165. 10 1,210. 10 6,781.48
25 38, 608 851,082 | 14,876,308 | ©0.762 | 9,797.45 | 348,018.0! || 80| 1,266.9 6,562.3 29,303.9 152, 67 1,045, 00 5,571, 38
26 37,212 813,374 | 14,024,326 | 88.088 | ©0,706.68 | 339,120.56 || 81 | 1,071.4 5, 295. 4 22,741.8 139. 41 892, 33 4, 526,38
27 35,868 "776,162 | 13,210,952 | 87.017 | 9,618.60 | 320,413.88 || 82 | 89577 4,224.03 17,446.10  [125.83 752,92 3,634, 05
28 34, 566 740,206 | 12,434,700 | 86.287 | 9,531.58 | 319,705.28 | 83 | 739,64 3,328. 26 13,222.16  [111.96 627.00 2,881.13
29 33,310 705:730 | 11,694,494 | 86.219 | ©9,445.20 | 310,203.70 || 84 | 602,67 2, 588. 62 9,893. 90 98.185 515.133 2, 254. 036
30 32,008 672,420 | 10,088,764 | 86.402 | 9,350.07 | 300,818.41 || 85| 484.11 1,985.95 7,305. 28 84.642 416.948 1,738,903
31 30,926 640,322 | 10,316,344 | 87.139 | ©,272.67 | 201,459.34 || 86 | 383.00 1, 501. 84 5,319.33 71,801 332,308 1,321,955
32 29,793 609, 396 9,676,022 | 88.048 | 9,185.53 | 282,186.67 || 87 | 208.34 1,118.75 3,817.49 59.733 260, 505 989. 649
33 28, 698 579, 603 9,066,626 | 89.417 | 0,007.48 | 273,001 14 || 88| 208,52 820.41 2, 608. 74 48,773 200. 772 729. 144
34 27,638 550, 905 8,487,023 | 91.193 | 0,008.07 | 263,003.66 || 89 | 172.01 501,89 1,878.33 30.028 151. 999 528, 372
35 26, 612 523, 267 7,036,118 | 93.326 | 8,916.87 | 254,895.50 || 00'| 127.17 419,88 1,286, 44 30. 586 112,971 376,373
36 25, 619 496, 655 7,412,851 | 95,771 | 8,823 55 | 245,978.72 || 01 92, 283 292.707 866.562 | 23.473 82.385 263. 402
37 24, 657 471,038 6,016,196 | 98.485 | 8,727.78 | 237,155.17 || 02 85. 640 200. 424 573.855 | 17.621 58.912 181.017
38 23,724 446,379 |  '6,445,160 | 101.69 8,620.20 | 228, 427.39 || 93 45.847 134,734 373.431 | 12.034 41,201 122.105
39 22,820 422, 655 5,098,781 [ 105 07 8,527.60 | 219,798.10 || 94 31.363 88,887 238. 697 9. 2871 28, 3567 80.8144
40 21,043 399, 835 5,576,126 | 108.84 8,422.53 | 211,270.50 || 95 21.015 57.524 149.810 6.5118 19. 0696 52.4577
41 21,003 377,892 5,176,201 | 112.04 8,313.69 | 202,847.97 || 96 13.792 36. 509 92. 286 4, 4645 12,5578 33,3881
42 20, 266 356, 799 4,798,399 | 117.32 8,200.75 | 104,534.28 || 97 8.8615 22.7165 55.7771 | 2.0879 8.0933 20. 8303
43 10, 464 336, 533 4,441,600 | 122.16 8,083.43 [ 186,333.53 || 98 5.5740 13.8550 33.0608 | 1.9544 5. 1054 12.7370
44 18, 683 317,069 4,105,067 | 127.60 7,961.27 | 178,250.10 || 99 3.4310 8. 2810 19.2056 | 1.2465 3.1510 7.8316
45 17,92 298, 386 3,787,908 | 132.73 7,833 67 | 170,288.83 || 100 2. 0685 4.8500 10.9248 . 77812 1.90451 4. 48057
48 17,1 280, 462 3,480,612 | 13817 7,700.94 | 162, 455.16 | 101 1. 2205 2.7815 6.0748 . 47407 1. 12639 2. 57608
47 16,4 263, 277 3,208,150 | 143.85 7,562.77 | 154,754.22 || 102 70511 1. 56103 3.20307 | .28222 .85232 1. 44967
48 15,765 246, 811 2,045,873 | 149.37 7,418.02 | 147,191.45 || 103 39005 .85592 1.73204 | 16428 -37010 . 79735
40 15,083 231,046 2,609,062 | 155.06 7,260.55 | 139,772.53 || 104 22127 . 45687 .87612 | 003452 . 205823 .427250
50 14,418 215, 063 2,468,016 | 160,89 7,114.49 | 132,502.98 || 105 12034 . 23560 .41925 | 052031 . 112371 . 211427
51 13, 769 201, 545 2,252,053 | 166.65 6,053.60 | 125,388.49 || 108 .084237 . 115265 183655 . 028390 - 060340 . 108056
52 13,137 187, 776 2,050,508 | 172.64 6,780.95 |  118,434.89 || 107 . 033666 .051028 .088300| . 015166 . 031941 .048718
53 12, 520 174,639 1,862,732 | 178.66 6.614,31 | 111,647.94 || 108 . 017362 . 017362 .017362) . 016775 -016775 . 016775
54 11,018 162, 119 1,688,093 | 184.53 6,435.65 |  105,033.63

N:=D:+Dinit . . . S;=N.+Nut+ ...
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ACTUARIAL TABLES

TaBLE 19.—UnNrTED STATES WHITE MALES: 1939-1941—CoOMMUTATION COLUMNS AT 4 PERCENT INTEREST

63

z Dy N, S, C: M, R, z D, Ns S, Cr M. R,

0| 100,000 2,225,161 45,718,970 [4,626.9 14,416.8 466,737.7 55| 8,692, 2 110,323.8 - [1,001, 275.9 14513 = [4,448.97 68, 351. 50

1 01, 527 2,125,161 43, 493, 809 428,99 9,789, 85 452, 320. 88 56 | 8,212.8 101, 631. 6 080, 952. 1 148.63 4, 303. 84 63, 902. 53

2 87,578 2,033, 634 41, 368, 648 222.25 9, 360. 86 44?2, 531. 03 57 17,748.3 93,418.8 879,320. 5 151. 45 4,155. 21 59, 508. 69

3 83,987 1,946, 056 39, 335, 014 153, 01 9,138.61 433,170.17 58 | 7,208.8 85,670.5 785,901. 7 154.03 4,003, 78 55, 443. 48

4 80, 604 1,862,069 , | 37,388,958 119.18 8, 985. 60 424,031.56 | 59 | 6,864.0 78,371.7 700, 231. 2 156,18 3,849, 73 51, 439.72

5 77,384 1,781,465 35, 526, 889 102. 74 8,886. 42 415,045.96 || 60 | 6,443.9 71,507.7 621, 859. 5 157.86 3, 603. 55 47, 589. 89

6 74, 305 1,704,081 33,745,424 88, 150 8,763. 68 406,179.54 || 61 | 6,038, 2 85, 063. 8 550, 351. 8 159, 34 3, 535, 69 43, 896. 44

7 71,359 1,620,776 32,041,343 78.915 8,675, 53 397, 415.86 62| 5,646.6 59,025. 6 485, 288. 0 160. 23 3,376.35 40, 360. 75

8 68, 536 1,558,417 30, 411, 567 60. 556 8, 596, 62 388, 740. 33 63 | 5,269.2 53,379.0 426, 262. 4 160. 97 3,216. 12 36, 084. 40

9 65, 830 1,489, 881 28, 853, 150 64. 854 8, 527. 06 380, 143.71 64 | 4,905 5 48,109 8 372,883.4 161. 34 3,055. 15 33, 768. 28
1 63, 233 1,424, 051 27, 363, 269 60. 411 8,462, 21 371,616.85 || 65 | 4,555.5 43,204 3 324,773.8 161. 37 2,803, 81 30,713. 13
11 60, 741 1,360,818 25,939, 218 50,337 8, 401. 80 363,154.44 | 66 | 4,218.9 38, 648. 8 281, 569.3 161.24 2,732. 44 27, 819. 32
12 58, 345 1, 300, 077 24, 578, 400 59, 457 8,342. 46 354,752, 64 67 | 3,805.4 34,429.9 242,920.5 160. 80 2,571, 20 25, 086. 88

13 56, 042 1,241,732 23,278,323 61. 212 §, 283, 00 346,410. 18 68 | 3,584.8 30,534. 5 208, 490. 6 160. 02 2,410. 40 22, 515. 68
14 53,825 1, 185, 690 22,0386, 501 66. 076 8,221.79 338,127.18 || 69 | 3,286.9 26,049.7 177, 956. 1 158. 94 2,250. 38 20, 105, 28
15 51, 680 1,131,865 20, 850, 901 71. 010 8,155.72 320, 905. 39 70 | 3,001 6. 23, 662. 8 151, 008. 4 157. 40 2,001. 44 17,854. 90
16 49, 630 1,080,176 19, 719, 036 75. 468 8,084.71 321, 749. 67 71 2,728.7 20, 661. 2 127,343.6 155. 44 1,934. 04 15, 763. 46
17 47, 646 1, 030, 546 18, 638, 860 78. 980 8,009. 24 313,664.96 || 72| 2,468.3 17,932. 5 106, 682. 4 152.89 1,778. 60 13,829, 42
18 45,734 982, 900 17, 608, 314 8]. 638 7,930. 26 305, 656. 72 73| 2,220.5 15,464. 2 88,740.9 149,75 1,625 71 12, 050. 82
18 43,804 937,166 16, 625, 414 83.975 7,848, 62 207,725, 46 74| 1,085.3 13,243.7 73,285.7 145.79 1,475.96 - [10,425.11
20 42,121 893, 272 15, 688, 248 85. 6573 7,764. 65 289, 876. 84 75| 1,763.2 11,258. 4 60, 042.0 140. 94 1,330.17 8,049/15
21 40, 416 851, 151 14,704, 976 86. 501 7,679.07 282,112, 19 76 1 1,5M.4 ,495. 2 48,783.6 135.13 1,188.23 7,618.98
22 38,775 810,735 13, 943, 825 86, 826 7,592. 57 274,433.12 77 1 1,350.5 7,940.8 39, 288.4 128.34 1,054, 10 6,420.75
23 37,197 771,960 13, 133, 090 85, 046 7,505.75 266, 840. 55 78 1 1,178.9 6,581.3 31,347.6 120.70 925. 76 5, 375. 65
24 35, 681 734,763 12, 361, 130 82. 526 7,420.70 259, 334. 80 70 | 1,012.8 5,402. 4 24,766.3 112.28 805. 06 4,449.89
25 34,226 609, 082 11, 626, 367 80.073 7,338.18 251,914.10 || 80 861. 61 4,389. 59 19, 363. 88 103. 33 692.78 3,644.83
26 32,830 664, 856 10,927, 285 77, 340 7,258, 10 244,575.92 ¢ 81 725,14 3,527.08 14,974.20 93. 900 589. 451 2,952,
27 31,489 632, 026 10, 262, 420 76.033 7,180.76 237,317.82 || 82 603. 35 2,802. 84 11, 446. 31 84.340 495. 551 2, 362. 597
28 30, 202 , 537 9, 630, 403 75.032 7,14.73 230,137.06 || 83 495.80 2,199.49 8,643.47 74. 689 411. 202 1, 867. 046
2 28, 966 570,335 9, 029, 866 74. 613 7,0290.70 223,032.33 84 402.04 1,703. 69 6, 443. 98 65. 184 336. 513 1,455. 844
30 27,717 541, 369 8, 459, 531 74. 412 6, 955, 08 216,002.63 || 85 321.39 1,301. 65 4,740.29 56.923 271.320 1,116, 331
31 26, 634 513, 592 7,918, 162 74. 685 6, 880. 67 209,047.55 |[ 86 253.11 980. 26 3,438. 64 47.211 215, 406 848. 002
32 25, 535 486, 958 7,404, 570 75.102 6, 805. 99 202,168.88 || 87 106.16 727.15 2,458. 38 39, 087 168.195 632, 506
33 24, 478 461,423 6,917, 612 75, 903 6, 730. 89 105,360.89 || 88 149. 53 530. 99 1,731,23 31, 761 129. 108 464. 401
34 23, 461 436, 945 6, 456, 189 77.038 6, 654. 98 188, 630. 00 89 112.02 381. 46 1, 200. 24 25. 284 07,347 335. 203
35 22,481 413, 484 6,019, 244 78. 461 6, 577.94 181, 975, 02 90 82.417 269, 438 818,77 19.727 72.053 237. 946
36 21, 538 391, 003 5, 605, 760 80. 130 6, 409. 48 175,397.08 [{ 91 59, 520 187. 021 549. 339 15. 066 52.326 166. 893
37 20, 630 369, 465 5,214, 757 82, 004 6,419.35 168,897.60 || 92 42, 164 127. 501 362.318 11,258 37, 260 113. 567
38 19,754 , 835 4, 845,202 84. 265 6,337.35 162,478.25 || 93 29. 286 85, 337 234. 817 8.2225 260042 76. 3066
39 18,910 320, 081 4, 406, 457 86. 648 6, 253. 08 156, 140.90 || 94 19,937 56. 051 149. 480 5. 8755 17, 7817 50. 3024
40 18,096 310,171 4,167,376 80. 324 6, 166. 44 149,887.82 || 95 13. 295 36.114 93. 429 4.0999 11. 9062 32. 5207
41 17,311 202,075 3,867,205 92.243 6,077.11 143,721.38 [{ 96 8. 6839 22,8188 57.3150 2,7974 7.8063 20. 6145
42 16, 553 274,764 3, 585, 130 95, 362 5,984. 87 137,644.27 || 97 5. 5525 14. 1349 34. 4962 1:8632 5. 0089 12. 8082
43 15, 821 258, 211 3, 290, 366 08. 816 5, 889. 51 131,659.40 {; 98 3. 4758 8. 5824 20,3613 1.2120 3. 1457 7.7993
44 15,113 242, 390 3,032,155 102. 72 5, 790. 69 125,769.89 || 99 2. 1202 5. 1066 11,7789 76983 1. 93282 @4, 65359
45 14,429 227,277 2,789, 7656 106. 34 5, 687.97 119,979. 20 || 100 1.2776 2.9774 6. 6723 47825 1. 162909 2.72077
46 13,768 212,848 2, 562, 488 110.16 5, 581. 63 114,201. 23 (¢ 101 . 75012 1. 60989 3. 69490 28007 68474 1. 55778
47 13,128 199, 080 2,349, 640 114.15 5,471. 47 108, 709. 60 {} 102 43130 04977- 1. 99501 . 17180 30477 87304
48 12, 509 185, 952 2, 150, 560 117.95 5,357. 32 103,238.13 || 103 .24201 51847 1. 04524 . 099520 222069 478266
49 11,910 173,443 1, 964, 608 121.86 5,239. 37 97,880.81 H 104 13405 27556 . 52677 . 056342 123449 255297
50 11,330 161, 533 1,791, 165 125.83 5,117, 51 92,641. 44 || 1056 . 072550 . 141511 .251208; .031218 . 067107 . 131848
51 10, 769 150,203 1,629, 632 120.71 4,901. 68 87,523.03 |} 108 . 038542 . 068961 . 109697} . 016957 . 035889 . 084741
52 10, 225 139, 434 1,479, 420 133.72 4,861.97 82,532.25 || 107 . 020102 . 030419 -040736|  .0090119 . 0189320 » 0288521
53 9,697.8 120,208.7 | 1,339,905 5 ( 137,72 4,728.25 77,670.28 || 108 . 010317 . 010317 .010317|  .0099201 0099201 « 0099201

9,187.1 119,510.9 | 1,210,786.8 | 141.56 4, 590. 53 72,042.03

N:=D:+Dsuit . . .
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64 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

TasLe 20.—UNiTED STATES WHITE MALES!:

1939-1941—IMMEDIATE WHOLE L1FE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS
AT 2 PERCENT INTEREST

{Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurance of one unit, and the annual
payment of an equivalent whole life annuity-due)

AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
N LIFE ANNUITY| PREMIUM PREMIUM LIFE ANNUITY| PREMIUM PREMIUM
z as Ay P, z as A, P,

33. 5881 0. 32180 14. 2480 0.70103 0. (4598
34. 9916 . 20428 13. 7895 . 71000 . (4801
34. 8663 . 20074 13,3349 . 71890 . 05015
34. 6578 . 30083 12.8841 . 72776 05242
34. 4181 . 30554 12. 4368 . 73654 . 05482
34. 1604 .31068 . 00883 11. 8930 74525 . 05736
33. 8920 . 31584 00005 115628 | © . 75387- . 06006
33. 6125 . 32132 00928 11.1161 . 76243 . 06203
33. 3242 . 32608 . 00953 10. 6835 . 77003 . 06598
33. 0268 . 33281 . 00978 10. 2548 . 77934 . 069025
32,7219 . 33879 . 01005 9. 8301 . 78765 07273
32,4083 . 34491 . 01032 9.4103 . 79589 . 07645
32. 0509 . 35116 . 01061 8. 9957 . 80400 . 08044
31. 7676 . 35749 . 01091 8. 5873 . 81203 . 08470
31. 4399 . 38392 .01122 8. 1853 81989 08926
31. 1099 37040 .01154 7.79012 .82783 . 09414
30.7775 . 37692 . 01186 7.4054 83519 . 00936
30. 4424 38348 01220 7. 0202 84257 . 10404
30. 1050 . 39010 . 01254 6. 6634 . 84073 11088
29. 7643 39678 . 01200 6. 3004 . 85668 11720
29. 4198 . 40352 - .01327 5.9677 . 86338 . 12391
29. 0720 41035 . 01365 5. 6390 . 86083 . 13102
28. 7195 41726 . 01404 5.3234 . 87601 . 13853
28. 3622 42427 . 01445 5. 0210 . 88183 . 14648
27. 9986 43140 . 01488 4,7317 . 88761 . 15486
27. 6275 43868 .01532 4. 4553 . 89303 . 10370
27. 2487 44610 01579 4.1920 . 80820 ", 17300
26. 8618 45369 . 01628 3.0412 . 90310 . 18277
26. 4681 46141 . 01680 3. 7040 . 00777 . 19208
26. 0675 16927 01734 3.4799 91214 . 20361
25. 6603 . 47725 01790 3. 2694 . 91627 . 21461
25. 2465 48536 01849 3.0716 . 92016 . 22509
24, 8265 49359 01911 2. 8872 . 92380 . 23765
24.4010 50194 L 01976 | 2.7147 . 92716 . 24059
23. 9696 51040 L 02044 2. 5540 . 93030 . 26176
23. 5327 51896 .02115 2. 4046 93323 . 27411
23. 0910 52763 02190 2. 2057 . 93587 . 28661
22. 6443 53639 . 02269 2. 1367 . 93849 . 20019
22, 1929 54524 . (12351 2.0171 94083 .31183
21.7377 . 556417 . 02437 1. 9059 04208 .‘32450
21. 2786 6317 . 02528 1. 8033 . 33712
20. 8158 57223 02623 17077 94691 . 34971
20. 3505 58135 . 02723 1. 6194 04863 . 36215
19. 8829 50053 . 02828 1.5372 . 95024 . 37452
19, 4131 . 50974 . 02938 1.4612 95174 . 38670
18. 9426 . 60898 . 03054 1.3886 . 95315 . 30905
18. 4702 61822 .03175
17.9978 62749 . 03303
17,5252 | . 63675 . 03437
17.0530 64603 . 03578
16. 5809 65527 L 08727
16. 1105 66451 03884
15. 6400 67371 . 04048
15. 1740 68288 . 04222
14. 704 60198 04405

[ J
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ACTUARIAL TABLES . 65

TaBLE 21.—UnN1TED STATES WHITE MALES: 1939-1941—IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS
AT 2% PERCENT INTEREST

[Present value at each age of a life annuity of one per annum, first payment to be mrade at the erd of 1 vesr; present value of a whole life assurance of one unit, and the annual
payment of an equivalent whole life mmulty-due]

L]
AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
LIFE ANNUITY| PREMIUM PREMIUM T LIFE ANNUITY| PREMIUM PREMIUM
r az A Py z a. Az P,

29. 5650 0. 25451 13. 5293 0. 64585 0.04444
30. 8362 . 22351 13.1120 . 855679 . 04647

- 30 7617 . 22532 12. 6976 . b6589 . 04861
30 6141 . 22802 12, 2856 . 67508 . 05088
30 4501 . 23319 11. 8750 . 68597 .05328
30, 2482 . 23785 11. 4669 . 69502 . 05582
30. 1474 . 24275 11. 0611 . 70584 . 05852
249, 8366 . 24789 10. 6572 . 71566 . 06139
29. 6176 . 256323 10. 2556 { . 72644 . 06445
29. 3901 . 25878 9. 8571 . 73617 .06771
29. 1558 . 26449 9. 4613 . 74482 . 07120
28.9143 - .27038 - 9. 0691 . 75441 . 07492
28. 6674 . 27640 8. 6803 . 76387 . 07801
28. 4153 . 28255 8. 2067 . 77328 . . 08318
28. 1588 . 28881 7.9181 . 78248 . 08774
27. 8996 . 29513 7. 5458 79156 09263
27. 6383 . 30151 7. 1806 80048 00785
27.3738 . 30795 6. 8236 . 80918 10343
27. 1069 . 31447 6.4758 . 81766 <10937
26. 8361 .32107 6. 1383 . 82589 . 11570
26. 5617 . 32776 5. 8121 83386 12241
26. 2835 . 33455 5. 4975 84153 12951
26. 0009 . 34145 5. 1951 84891 13703
25,7131 . 34847 4. 9046 85508 14497
25. 4183 .. 35564 4.6263 86277 . 15335
25,1166 . 36300 4. 3599 86926 16218
24, 8078 . 37055 4. 1057 . 87547 17147
24, 4900 . 37829 3. 8632 . 88137 18123
24. 1659 . 38621 3. 6336 . 88701 19143
23 8338 . 30420 3.4162 89227 20204
23. 49563 . 40255 3.2121 80731 21303
23. 1503 . 41008 3.0196 00197 22439
22..7084 . 21656 2. 8400 90635 23603
22. 4397 . 42820 2.6719 91045 24795
22. 0753 . 43719 2.5153 01427 26008
21. 7048 . 44623 2. 3694 91781 . 27240
21. 3284 . 45541 92111 . 28486
20.9463 |, . 46472 21074 . 92416 ~29741
20. 5592 .47416 1. 8903 . 92703 . 31001
20. 1675 . 48374 1. 8815 .92071 . 32265
19.7702 49340 1.7807 .93217 . 33522
19. 3689 . 50319 1. 6870 . 03445 L 34777
18. 9639 51307 1. 6004 . 93659 . 36017
18. 5556 52305 1. 5197 . 93853 . 37248
18. 1432 . 53308 1. 4450 . 94037 . 38461
17. 7208 . 54319 1.3736 . 94212 . 30601
17. 3133 . 55335
16. 8946 . 56355
16. 4753 . 57378
16. 0543 . 58404
15. 6327 . 50433
15. 2105 . 60461
14. 7891 . 61492
14 3674 . 62518
13. 9476 1. 63544




66 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

“TABLE 22.—UNITED STATEs WHITE MALEs: 1939-1941—IMMEDIATE WHOLE [LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS
. ) AT 3 PERCENT INTEREST

{Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of 8 whole life assurance of one unit; and the annual

payment of an equivalent whole life annuity-due]

3

AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
LIFE ANNUITY PREMIUM PREMIUM LIFE ANNUITY PREMIUM PREMIUM
z as Az P. z. a, A r.

12.8673 0. 59612 0. 04299

12.4875 .60718 04502

12.1091 . 61822 04716

11. 7305 . 62020 04942

11. 3538 84018 - 05182

10.9775 .65112 . 05436

10. 6027 . 66206 05706

10. 2288 . 87294 05993

9. 8561 . 68380 . 08299

0. 4850 . 69462 . 06625

0.1155 70538 . 06973

8.7482 . 71608 07346

8.3835 . 72670 . 07744

8.0223 . 73721 . 08171

7.6653 . 74761 . 08628

7.3134 . 75787 . 09116

6.9673 . 76795 . 08639

6.6283 77783 . 10107

6. 2971 . 78746 .10791

5.9753 . 79684 11424

5. 6634 . 80592 . 12095

5.3622 81469 . 12805

5.0720 82314 13556

4.7929 83126 . 14350

4. 5250 7 . 15187

4. 2681 . R4655 . 16069

4.0227 . 85373 . 16997

3.7880 . 86052 . 17972

3. 5454 - 86700 . 1890t

3.3548 87317 . 20051

3. 1562 . 87896 . 21148

2. 9692 . 88430 . 20282

2.7943 . 88949 . 23443

2.6304 89425 . 24632

2.4776 . 80873 . 25843

2.3350 . 00285 . 21072

2. 2022 . 00670 . 28315

2.0789 91034 29587

1. 9642 . 01366 . 30823

18.7693 1.8575 . 91677 . 32083

18,4247 .43422 . 02235 1.7587 . 91965 . 33338

18.0758 . 44440 02330 1. 6668 . 92234 . 34686

17.7220 . 45472 . 02420 1. 5817 . 02478 . 35821

17. 3630 . 46514 .02533 1. 5025 . 92711 37048

17.0014 . 47570 . 02643 1. 4291 . 92024 38254

16. 6360 . 48634 . 02758 1. 3590 .03128 39478
16. 2675 . 49707 . 02879
15. 8961 . 50788 . 03006
15. 5219 . 51876 . 03140
15. 1461 . 52072 ©.03281
14.7687 . 54074 - 03420
14,3806 . 55179 . 03585
14, 0086 - 56284 . 03750
13.6284 . 57395 . 03024

13.2474 . 58603 - 04106




-

TABLE 23.—UNI1TED STATES WHITE MALES:

ACTUARIAL TABLES

1939-1941—IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS

AT 3% PERCENT INTEREST

67

[Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurance of one unit,and the annual
payment of an equivalent whole life annuity-due]

AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
LIFE ANNUITY | PREMIUM PREMIUM LIFE ANNUITY | PREMIUM PREMIUM
z as A, P, z a; A, P,
23, 5347 0.17033 12. 2569 0 55173 0. 04162
24. 5898 , 13465 11,9098 . 56345 . 04365
24. 5750 T13514 11. 5626 . 57515 . 04578
24, 5026 . 13760 11. 2160 58600 . 04804
24. 4081 . 14078 10. 8690 50863 . 05044
24 3014 . 14440 L0057 (] 80 .. 10. 5221 61036 . 05297
24. 1860 . 14828 . 00580 10.1751 62210 . 05567
24. 0641 . 15242 . 00608 9. 8284 63383 . 05853
23. 9351 . 15678 . 00629 9.4817 64555 . 06159
23,7992 . 16139 00651 9.1355 65725 . 06485
23, 6571 . 16618 . 00674 8.7001 66803 06833
23. 5096 17117 . 00698 8.4459 68058 07205
23.3573 17633 . 00724 8.1032 60216 07603
23. 2005 18163 . 00751 7.7630 70366 08030
23. 0398 18707 ; 00778 7. 4250 71506 08486
22. 8766 . 19258 00807 7.0928 72632 08975
22.7113 . 10818 00836 6.7645 73743 00497
22 5430 . 20385 00866 6. 4421 74832 . 10055
22 3724 . 20062 00897 6. 1268 75900 . 10850
22. 1989 . 21551 00929 5. 8194 76938 11282
22. 0216 . 22150 . 00962 5. 5212 77947 11953
21. 8405 . 22762 . 00997 5.2326 78924 12663
21. 8551 . 23388 01032 4.9542 . 79867 13414
21. 4654 . 24030 01070 4. 6857 . 80774 . 14208
21. 2608 24662 01109 4. 4277 . 81648 . 15043
21. 0675 25377 01150 4.1798 . 82485 15924
20. 8578 26085 01193 3.9425 . 83286 16851
20. 8406 26818 01239 3.7155 . 84053 17825
20. 4169 27575 01288 3.4998 . 84783 18841
20. 1867 28356 01338 3.2053 . 85475 19900
19. 9490 . 29158 01392 3.1023 L 86127 20995
19. 7050 . 20083 01448 2.9203 . 86744 22127
19. 4543 . 30831 01507 2. 7499 87318 23285
19. 1966 31701 01570 2. 5901 . R7858 24472
18.9320 32593 01635 2. 4410 . BR366 25680
] s

18. 6628 . 33507 01704 2.3017 . 88835 . 26006
18. 3862 34441 01777 21718 | . .89274 . 28146
18. 1035 . 35397 01853 2 0511 . 80682 . 20394
17.8155 . 36374 01933 1.9388 . 90063 . 30646
17.5213 | | 37360 . 02018 1.8341 . 90415 . 31902
17. 2215 38384 02107 1.7373 . 00743 . 33151
16. 9155 39414 02200 1.6471 . 91051 . 34306
16. 8058 40466 02298 1. 5635 .91331 . 35627
16 2900 41530 02402 1. 4856 . 91593 . 36849
15.9710 42612 02511 1. 4136 . 91839 . 38051
156473 | °  .43705 02625 1.3447 . 92072 . 30268
15. 3202 44812 . 02746

14. 9891 45930 02873

14. 6556 47059 . 03006

14.3183 48197 03146

13.9787 49344 03204

13. 6376 50502 03450

13. 2937 . 51663 03614 .

12. 9488 . 52830 03787

12. 6029 53699 03970




TaBLE 24.—UNITED STATES WHITE MALES: 1939-1941—IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PrREMIUMS
AT 4 PERCENT INTEREST
|Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurancs of one unit, and the annual
. payment of an equivalent whole life annuity-due] .
AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
LIFE ANNUITY| PREMIUM PREMIUM LIFE .ANNUITY| PREMIUM PREMIUM
z ae As P, F4 as As P,

21, 2616 0.1441% 0. 00648 11. 6923 0. 51183 0.04033
22 2190 . 10698 . 00401 11,3748 . 52404 . 04230
22, 2208 . 10888 . 004680 11,0567 . .53627 . 04448
22.1709 . 10881 . 00470 10. 7376 . h4855 . 04873
22,1014 . 11148 . 00483 10,4178 . 56086 L 04012
22.0211 . 11458 00408 10.0970 . 57319 . 05165
21,9336 . 11794 . 00514 9.7764 . 58555 . 05434
21.8391 . 12158 . 00532 9. 4633 . 59704 05720
21,7387 . 12643 . 00552 9.1304 . 61036 . 06025
21. 6322 . 12853 . 00572 8.8073 . 62280 . 06350
21. 5207 .13383 8. 4840 . 63523 . 06698
21. 40368 13832 8.1609 . 64767 . 07070
21, 2826 14209 7.8386 . 66006 . 07468
21.1672 14780 7.5178 . 67239 . 07894
21.0286 15275 7.1901 . 68485 . 08350
20.8976 16778 6. 8834 . 69678 . 08839
20. 7646 16200 6.5718 | - . 70878 .09361°
20. 6292 . 16810 6. 2651 . 72058 . 09918
20.4917 17340 5. 9643 . 73214 . 10513
20. 3507 17881 5. 6709 . 74344 . 11145
20,2073 18434 5. 3852 . 75441 . 11815
20.0598 19000 5.1088 . 76507 . 12525
19. 9087 . 18581 4.8410 . 77536 . 13274
19,7533 L 20178 4. 5826 . 78627 . 14087
19. 5026 . 20797 4.3341 . 79489 . 14902
19. 4255 . 21440 4.0046 . 80405 . 15782
19, 2515 . 22108 3. 8652 . 81288 . 16708
10.0713 . 22804 3. 6455 .R2133 . 17680
18. 8840 . 23524 3. 4362 . B2037 . 18695
18. 6808 . 24269 3.2370 . 83701 . 19762
18. 4808 . 25030 . 3.0501 . 84424 . 20845
18. 2833 . 25834 2 8720 . 85104 . 21974
18. 0702 . 26654 2. 7060 . 85744 .23131
17. 8505 . 27498 2. 5511 . BA343 . 24315
17. 6243 . 28360 2.4053 . 86801 . 25520
17.3026 . 20260 2, 2692 87425 . 26742
17.1541 . 30177 2.1422 .87013 . 27979
16. 9001 31117 2.0239 . 88369 . 20223
18. 8590 32081 1. 9139 . 88704 . 30472
16. 4025 33068 1.8114 . 89189 . 31724
16. 1403 . 34076 1.7183 . 80554 . 32068
15. 8722 . 351056 1.6277 . 89894 . 34210
15, 5980 . 368156 1. 5457 . 90210 . 35436
15. 3208 . 37226 1. 4692 . 90503 . 306653
15.0385 . 38316 1. 3984 90777 . 37849
14, 7514 . 39420 1. 3306 . 91036 . 30061
14. 45968 40541
14,1645 41678
13. 8655 42828
13. 5628 43091
13. 2571 . 45168 .
12.9477 . 48352 . 03323
12. 6365 . 47550 . 03487
12. 3235 . 48756 . 03659
12.0086 49967 . 03841




ACTUARIAL TABLES

TaBLE 25.—UNITED STATEs WHITE FEMALES: 1939-1941—ELEMENTARY VALUES

69

[In the interest of internal consistency within the actuarial tables, certain of these values have been altered very slightly from those appearing in table 6, p. 36. For explanation,

see text, p. 137]

OP 100,000 BORN ALIVE

OF 100,000 BORN ALIVE

PROBABILITY | PROBARILITY PROBABILITY | PROBABILITY .
M e | Number | NG L YEAR | I EAom | moRTALMY || AGE | mo | it | NG L YEAR| IN EAGH |- MORTALTE
surviving to |dying in each "A‘:‘;‘ECH YE:QREOP AT EACH AGE ’ surviving to |dying in each ATAEQCH YE:S'EOP AT EACH AGE
each age year of age each age year of age
z s ds P> q= us z s ds Pz 9= Bz

[| R, 100, 000 3,789 0. 96211 0. 03789 81, 520 919 0.98873 0.01127 0. 01089
) SR 96, 211 415 . #9569 . 00431 80, 601 87 ¢+ .98775 01225 . 01181
2 s 95, 796 211 . 99780 . 00220 79,614 1, 058 . 98670 01330 . 01284
K SR 95, 585 154 . 99839 . 00181 78, 555 1,136 . 98554 01446 . 01396
4. . 95, 431 122 . 99872 . 00128 77,419 1,219 . 98425 01575 . 01520
95, 309 106 . 99889 .00111_ 76, 200 1, 306 . 98286 01714 . 01656

95, 203 91 . 99804 . 00096 74,894 1,309 98132 . (1868 . 01805

95,112 80 . 99916 . 00084 73,495 1,495 97966 . 02034 . 01068

95, 032 74 . 90922 . 00078 72,000 1, 596 97783 .02217 . 02146

94,958 68 . 66928 . 00072 70, 404 1,703 97581 02419 . 02342

94, 890 66 . 99930 . 00070 68, 701 1,818 97357 . 02643 . 02559

94, 824 66 . 90930 . 00070 66, 885 1,935 . 97107 . 02893 . 02802

94, 758 69 . 99927 . 00073 64, 950 2,061 96827 03173 . 03076

94, 689 73 . 99923 . 00077 62, 889 2,194 96511 03489 . 03382

94, 616 82 . 99913 . 00087 60, 695 2, 332 96158 03842 .03727

04, 534 91 . 99904 . 00096 58, 363 2,470 95768 04232 . 04114

04; 443 101 99803 . 00107 55, 893 2,610 . 95330 04670 . 04545

04, 342 11 90882 00118 53, 283 2, 744 94850 05150 . 05026

94, 231 119 00874 00126 50, 539 2, 870 . 94321 . 05679 . 05558

94,112 128 . 99864 00136 47, 669 2,984 . 93740 06260 . 06146

03, 984 136 . 99855 00145 44, 685 3,078 . 93112 . 03888 . 06791

03, 848 145 99845 00155 41, 607 3, 149 . 92432 . 07568 . 07494

93,703 152 90838 00162 38,458 3,192 . 91700 08300 . 08257

’ 93, 551 159 99830 00170 35, 268 3,203 90918 09082 . 09082

93, 392 164 . 99824 00176 32,063 3,181 . 90079 00921 . 09973

93, 228 160 99819 00181 28, 882 3,125 89180 10820 . 10936

03, 059 175 90812 00188 25,757 3,034 88221 11779 . 11978

02,884 181 99805 00195 22,723 2,911 . 87189 12811 . 13105

92,703 188 90707 00203 10,812 2,755 . . 86004 . 13908 . 14324

92, 515 195 99789 00211 17,057 2, 570 84933 . 15067 . 15638

92,320 09779 00221 14,487 2,361 . 83703 . 16297 . 17044
92,116 212 99770 00230 12,126 2,131 . 82426 . 17574 . 18541°

91, 904 220 99761 00239 90, 905 1,880 81101 . 18899 . 20124

01, 684 231 99748 00252 8, 106 1, 644 79719 . 20281 . 21792

91,453 242 99735 00265 6, 462 1,401 78319 . 21681 . 23542

91,211 253 09723 . 00277 5,061 1,171 76862 23138 . 25373

80, 958 266 09708 . 00292 3, 890 958 75373 24627 . 27283

90, 692 280 09691 . 00309 2,032 766 73874 26126 - 20271

90, 412 295 90673 00327 2,166 600 72299 27701 31334

90,117 312 99654 . 00346 1, 566 457 70817 29183 33472

80, 805 330 09633 . 00367 1,109 341. 8 . 69179 . 30821 . 35681

89,475 352 99607 . 00393 767.2 T 248.4 . 67623 . 32377 37960

89,123 374 99580 . 00420 518.8 176. 2 . 66037 330663 40305

88, 749 400 99549 . 00451 342.6 121.9 . 64419 35581 .42714

88, 349 429 09514 . 00486 220.7 82.0 . 62845 37155 45182

87,920 460 90477 . 00523 138.7 53.71 61276 38724 47708

87, 460 493 09436 . 00564 84.99 34.27 59678 40322 . 50281

86, 967 528 99393 . 00607 50,72 21. 24 58123 41877 . 52902

86, 439 566 00345 . 00655 20.48 12.80 . 56581 43419 . 55562

85,873 606 . 99294 . 00706 16. 68 7.499 . 55042 44958 . 58254

85, 267 850 . 09238 . 00762 9.181 4. 265 . 53546 . 46455 . 60970

84,617 695 . 99179 . 00821 4,916 2.355 . 52005 . 47905 . . 63702

83, 922 746 . 99111 . 00889 2. 5681 1. 264 . 50644 . 49356 . 66440

83,176 799 . 98039 . 00961 1.207 . 6583 . 40244 . 50756 69171

82,377 857 . 98960 . 01040 . 6387 6387 . 00000 100000 [-coccoenaoans




UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

TABLE 26.—UNITED STATES WHITE FEMALES: 1939-1941—CoMMUTATION CoLUMNS AT 2 PERCENT INTEREST

z| D 2 s c M, R o | M ’ S c M, R

01| 100,000 | 3605671 | 101,003,354 (3,714.7 | 20,300.6 | 1,607,561.7 || 55 |27,432 463, 398 5,485, 065 303.18  [18,345.56  (355,847.47

1 94,325 | 3,505,671 | 98,207,683 | 398.80 | 25.580.85 | 1,578,261.13 || 56 |26, 501 435, 966 5,021, 667 319.23  [18,042.38  |337,501.01

2 92,076 | 3,411,346 | 904,702,012 | 108.83 | 25186.96 | 1,552, 675.28 || 57 |25,750 409, 375 4, 685, 701 335.80  [17,723.15  [319, 459. 53

3 90,072 | 3,310,270 | 91,380,606 | 142.27 | 24,088.13 | 1,527,488.32 || 58 24,009 383, 625 4,176, 326 353 16 (17,387.35  [301,736.38

4 88,163 | 3,220,108 | 88,061,396 | 110.50 | 24,845.86 | 1,502,500.19 || +59 |24,008 358,716 3,762,701 37153 [17,034.19  |284, 340.03
5 86,324 | 3,141,035 | 84,832,198 | 94.125 | 24,735.36 | 1,477,654.33 || 60 |23, 204 334, 648 3,433,985 390.24  [16,662.66 (267, 314.84

8 84,538 | 3,054,711 | 81,691,163 | 70 221 [ 24,641.24 | 1,452,918.07 || 01 [22,370 311,424 3,009, 337 400.83  |16,272.42 (250, 652. 18

7 82,801 | 2.970,173 | 78,636,452 | 68.270 | 24,%62.02 | 1,428, 277.73 || 62 (21,530 280, 045 2,787,913 420.37 11586250  [234,370.76

8 81,109 2,887,372 | 75 666,279 | 61.920 | 24,403.74 | 1,403, 715.71 || 63 (20,679 267, 515 2,408, 868 440.39  15433.22 218 517.17

9 79,457 | 2,806,263 | 72,778,907 | 55.784 | 24,431.82 | 1,379,221 07 || 64 (19,824 246, 836 2, 231, 353 470.11  |14,983.83  |203,083.95

N

10 77,843 | 2,726,806 | 69,972.644 | 53.081 | 24,376.03 | 1,354,780.15 || 65 |18,965 227,012 1,984, 517 491.48  [14,513.72 |18, 100.12
11 76,263 | 2,648,063 | 67,245,838 | 52 041 | 24.322.95 | 1,330,414.12 || 66 |18, 102 208, 047 1,757, 504 513.42 (14,022 24 {173, 586.40
12 74,716 | 2,572,700 | 64,596,875 | 53 339 | 24.270.91 | 1,306,001.17 || 67 |17, 233 189, 045 1,540, 458 536.13  |13,508.82  |150, 564.16
13 73,198 | 2,407,984 | 62,024,175 | 55.325 | 24.217.57 | 1,281,820 26 || 68 |16,350 172,712 1, 350, 513 550.53  [12,072.69  |146,055.34
14 71,707 | 2,424,786 | 59.526,191 |  60.927 | 24,162.25 | 1,257,002.69 || 69 [15,479 156, 353 1, 186, 801 583.06  [12,413.16 {133,082 65
15 70,240 | 2,353,079 | 57,101,405 | 66.280 | 24,101.32 | 1,233,440.44 || 70 |14, 542 140, 874 1,030,448 605.48  |11,830.10 {120, 669.49
16 68,797 | 2,282,830 | 54,748,326 | 72.130 | 24,035.03 | 1,200,339.12 || 71 {13 701 126, 282 889, 574 627.23  |11,224.64 108,830, 39
17 67,376 | 2,214,042 | 52,465,487 | 77.718 | 23,962.90 | 1,185,304.09 || 72 {12,805 112, 581 763, 202 646.50 |10, 597. 41 97,614.75
18 65,977 | 2,146,666 | 50,251,445 [ 81.685 | 23.885.18 | 1,161,341.19 || 73 {11,907 99,776 650,711 662.93 | 9,950.01 | 87,017.34
19 ,601 | 2,080,689 | 48,104,779 | 86.140 | 23,803.50 | 1,137,456.01 || 74 {11,011 87, 869 550, 935 675.75 | 9,287.08 | 77,060.43
20 63,240 | 2,016,088 | 46,024,000 | 89.730 | 23,717.36 | 1,113,652.51 || 75 (10,119 76,858 463, 066 683.37 | §,612.23 | 67,778.45
21 61,919 | 1,952,839 | 44,008.002 [ ©3.792 | 23,027.63 | 1,089,935.15 || 76 | 9,237.5 -66, 739. 0 386,208.2  [685.42 | 7,028.86 | 50, 166.22
22 60,611 | 1,800,920 | 42,055,163 | 06.302 | 23,533.84 | 1,066,307.52 || 77 | 8 370.9 57,501. 5 319,460.2  [681.16 | 7,243.44 | 51,237.36
23 59,326 | 1,830,309 | 40,164,243 | 08.854 | 23,437.44 | 1,042,773.68 || 78| 7,525.6 49,130. 6 261,967.7  |670.11 6,562.28 | 43,493 62
24 58,064 | 1,770,983 | 38,333,934 | ©99.963 | 23,338.59 | 1,019,336.24 || 79 | 6,708.0 41,605.0 212,837.1 652.45 | 5.802.17 | 37,431.04
25 56,825 | 1,712,910 | 36,502,051 | 100,99 | 23,238.63 | ©05,097.65 || 80 ] 5,924.0 34,897.0 171, 232.1 628.40 | 5239.72 | 31,539.47
26 55,610 | 165,004 | 34,840,032 | 102.53 1 23.137.64 | 972,759.02 || 81 | 5179.4 28,6730 138, 335. 1 598.14 | 4,611.32 | 26,209 75
27 54,417 | 1,600,484 | 33,193,938 [ -103.96 | 23,036.11 | 940,621.38 || 82 | 4,470.7 23,793.6 107,362.1  |562.64 | 4,013.18 | 21,088.43
28 53,246 | 1,546,067 | 31,593,454.1 105.87 | 22,931.15 | 926,586.27 || 83 | 3,829.3 19, 313. 83,568.5  [522.04 | 3,450.54 | 17,675.25
29 52,006 | 1,402,821 | 30,047,387 | 107.65 | 22,825.28 | 003,655.12 || 841 3,232.1 15,484.6 642546 (47744 [ 2,028.50 | 14,3471
30 50,067 | 1,440,725 | 28,551,566 | 110.41 | 22,717.63 | 880,820.84 || 85| 2,601.3 12,252.5 48,770 0 [430.01 2,451.06 | 11,296.21
31 49,857 | 1,389,758 | 27,113,841 | 112.49 | 22,607.22 | 858.112.21 || 86| 2, 208.5 9,561. 2 36,5175 (380,51 2,021.05 8,845.15
32 48,767 | 1,339,001 | 25,724,083 | 114.45 | 22.494.73 [ 835504.99 || 87 [ 1,784.7 7,352.7 26,956.3 (330 60 | 1,640.54 6,824. 10
33 47,697 | 1,201,134 | 24,384,182 | 117.82 | 22.380.28 | 813,010.20 || 88 | 1,419.0 5, 568.0 10,603 6 282 15 | 1,309.85 5,183.56

3 46,644 | 1,243,437 | 23,093,048 | 12101 | 22,262 46 | 790,620.08 || 89 | 1,100 ) 4.149.0 14,0356 [235.73 | 1,027.70 3.873.71
35 45,608 | 1,196,793 | 21,849,611 | 124.03 | 22,141.45{ 768,367.52 || w0 | 851.47 3,039.85 0,886.58  |193.17 701.97 2,846.01
36 44,590 | 1,151,185 | 20,652,818 | 127.84 | 22,017.42| 746,226.07 | 61| 641.70 2,188.28 6,846.73  [154.94 508, 80 2,050.04
37 43,588 | 1,106,505 | 19,501,633 | 131.93 | 21,880.58 | 724,208.65 || 02| 474.19 1, 546, 58 4,658.45 (12145 443.86 1,455, 24
38 42,601 | 1,063,007 | 18,395,038 | 136.27 | 21,757.65 | 702,319.07 || u3 | 34343 | 1,072 39 3,111.87 | 03 269 322.408 | 1,011.385
39 41,620 | 1,020,406 | 17,332,031 | 141.30 | 21,621.38 | 680,561.42 || 04 | 243.43 728.96 2,030.48 | 69,647 229,139 688. 077
40 40, 672 078,777 | 16,311,625 | 146.52 | 21,480.08 | 658,940.04 || 95| 169.01 485. 53 1,310 52 | 51 060 159 492 450.838
11 39,728 938,105 | 15,332,848 | 153.23 | 21.333.56 | 637,450.96 || 96| 114.63 316. 52 824.90 | 36 386 108 423 300. 348
42 38,708 808,377 | 14,394,743 | 150.61 | 21,180.33 | 616,126.40 || 47| 75.995 201.890 508.466 | 25.304 72,037 101,923
43 37,875 859,581 | 13,496,366 | 167.36 | 21,020.72 | 594,946.07 || 98|  49.201 125. 805 306.576 | 17.163 46.733 119. 886
44 36,965 821,706 | 12,636,785 | 175.97 | 20,853.36 | 573,625.35| 99| 31073 76. 694 180.681 | 11.319 2 570 73.153
45 36,065 784,741 [ 11,815,079 | 184.89 | 20,677.39 | 553,071.99 || 100  18.145 45.621 103.087 | 7.2684 18. 2506 43. 5829
46 35,172 748,676 | 11,030,338 | 194.37 | 20,492.40 | 532,304.60 || 101  11.501 26.476 - 58.366 | 4 5467 10. 9822 25 3323
47 , 713,504 [ 10,281,662 | 204.00 ,208.03 | 511,902.20 {| 102 6.7202 14 9755 31 8898 | 2.7627 6.4355 14. 3501
48 33,412 679,216 | 9,568,158 | 214.49 | 20,093.94 | 491,604.17 || 103 3.8345 8 2463 16 0143 | 1.6323 3.6728 7.9146
49 32,542 645,804 | 8,888,942 | 225.15 | 10,870.45 | 471,510.23 || 104 2.1271 4 4118 8.0680 | .03753 2.04055 4 24178
50 31, 670 613,262 | 8,243,138 | 236.76 | 19,654.30 | 451,630.78 || 105 1.1478 2 2847 42562 | 52276 1.10302 2. 20123
51 30, 821 581,583 { 7,629,876 | 248,19 | 19,417.54 | 431,676.48 || 106 80255 1.13687 197153 | 28209 - 58026 1.09821
52 29,969 550,762 |  7.048,203 | 261.17 | 19,164.35 | 412,558.94 || 107 30775 . 53432 .83466 | . 14801 . 29727 .51795
53 29,120 520,793 | 6,497,531 | 274.24 | 18,908 18 | 393,380.59 || 108 < 15280 . 22057 .30034 | 076034 . 148357 . 220680
54 28,275 401,673 | 5,076,738 | 288,38 | 18,633.94 | 374,481.41 || 10 .078770) - 073770 .073770| 072323 .072323 .072323

Ne=SDt-Dasi+ o

Se=Net-Nevit v

B




TanLe 27.—UN1TED STATES WHITE FEMALES: 1939-1941—ComMUuTATION COLUMNS AT 2% PERCENT INTEREST

z D, N: 8. C. M. R: z D, N, S: C: M- R.

0 100,000 | 3,171,676 | 83,187,057 |3,696.6 22,644.5 1,142,624.3 || 55 |20,963 336,119 3,866, 678 230.56 12,764 89 {241,800.78

1 93,864 | 3,071,576 | 80,015,481 | 305.00 | 18,947.00 [1,119,070.77 [| 56 |20,221 315, 156 3, 530, 550 241.58  [12,524.33  |220, 044.89

2 91,180 | 2,977,712 76,043,005 | 196.93 | 18,552.90 |1,101,031.87 || 57 |19, 486 204, 935 3, 215,403 252.88  (12,202.75  [218, 510.56

3 88,760 | 2,826,532 | 73,066,193 | 130.52 | 18,356.97 {1,082,478.97 || 58 18,758 275, 449 2, 920, 468 264.65  [12,039.87  [204,217.81

1 86,45 | 2,797,772 | 71,079,661 | 107.83 | 18,217.45 |1,064, 122 50 |18, 036 256, 691 2, 645,019 277.08  [11,775.22  [192,177.94

5 84,239 | 2,711,316 | 68,281,889 | 91.403 | 18,100.62 |1,045,904.55 || 60 (17,319 238, 655 2,388, 328 280.50  |11,498 16 {180,402 72

6 82,003 | 2,627,077 | 65,570,673 | 76.555 | 18,018 21 1,027,794.93 || 61 |16, 607 221, 336 2, 149, 673 302.65  J11,208.57  [168, 904. 56

7 80,014 | 2,544,984 | 02,043,496 | 65.660 | 17.041.66 [1,000,776.72 || 62 {15,890 204, 720 1,928, 337 315.53 - [10.606.92  |157.605.99

8 77,997 | 2,464,970 [ 60,398,512 | 50.254 | 17,876.00 | 991,835.06 || 63 [15 186 188, 830 1,723, 608 328.63 _ [10,500.39  |146,790.07

9 76,036 | 2,386,073 | 57,933,542 | 53.121 | 17,816.75 | 073,950.06 || 64 |14, 497 173, 634 1, 534, 778 342.11 ~ 10,261.76 {136, 199.68
10 74,128 | 2,310,037 | 55,546,560 | 50.302 | 17,763.62 | 956,142.31 || 65 |13,801 159, 137 1,361, 144 355. 91 9,010.65  [125,037. 92

1 72,270 | 2,236,809 | 53,235632 | 49.075 | 17,713 32 | 938,378.69 || 66 [13,109 145, 336 1,202, 007 369. 98 9,563.74  [116,018.27
12 70,458 | 2,164 539 | 50,098,823 | 50.054 | 17,664.25 | 020,665.37 || 67 12,419 . 132,227 1, 056, 671 384. 46 9,193.76 106, 454. 53

13 ,680 | 2,004,081 | 48,834,284 | 51664 | 17,614.19 | 903,000.12 || 68 [11,731 119, 808 024, 444 300.29 | 8,800.30 97, 260.77

14 66,062 | 2,025,302 | 46,740,203 | 56.618 | 17,562 53 | 885,386.83 || 60 {11,046 108, 077 804, 636 414. 05 8, 410. 01 88, 451. 47

15 65272 | 1,058,430 | 44,714,811 | 61.300 | 17,505.91 | 867,824.40 || 70 [10,363 97,031 696, 559 427. 86 7,995.96 80, 041. 46

16 63,619 | 1,893,158 | 42,756,381 | 66.377 | 17,444.61 | 850,318.49 || 71 | 6,682.0 86, 668. 2 509, 528, 2 441. 08 7, 568. 10 72, 045. 50

17 62,001 | 1,829,530 | 40,863,223 | 71.160 | 17,378.23 | 832,873.88 || 72| 0,004.7 76, 986. 2 512, 860.0 452. 42 7,127.02 64,477.40

18 60,418 | 1,767.538 | 39,033,684 | 74.438 | 17,307.07 | 815,4985.65 || 73 | 8,332.7 67,081. 5 435,873.8 461. 65 6, 674. 60 57, 350. 38

19 58,870 | 1,707,120 { 37,266,146 | 78.115 | 17,23263 { 798,188.58 || 74 | 7,667.8 50,648.8 367,892.3 468. 28 6,212.95 50, 675.78
2 57,356 | 1,648,250 | 35,560,026 | 80.073 | 17,154.51 | 780,055.95 | 75| 7,012.5 51,981.0 308, 243. 5 471.25 5,744. 67 44,462.83

21 55,876 | 1,500,804 | 33,010,776 | 84.225 | 17,073.54 | 763,801.44 {| 76 | 6,370.2 44,968. 5 , 262. 5 470.37 5, 273.42 38, 718.16
22 54,420 | 1,535,018 | 32,319,882 | 86.138 |' 16,980.31 | 746,727.90 || 77 | 5,744.5 38,508.3 | 211,204.0 465. 16 4,803. 05 33,444.74
23 53,015 | 1,480,580 | 30,784,864 | 87.007 | 16,003.18 | 729,738.58 (| 78 | 5,139.2 32,863.8 172,605.7 455. 38 4,337.89 28, 641.60

24 51,634 | 1,427,574 | 29,304,275 | 88.460 | 16,816.27 | 712,835.41 || 79 | 4,658.5 27,714.6 139, 841. 9 441. 22 3,882.51 24,303.80
25 50,286 | 1,375,040 | 27,876,701 | 88.934 | 16,726.81 [ 696,020.14 || 80 | 4,006.1 23,156.1 112,127.3 422.88 3,441.29 20,421.29
26 48,971 | 1,325,654 | 26,500,761 | 89.845 | 16,637.88 | 679,203.33 [| 81 | 3,485.5 19,150.0 88,971.2 400. 55 3,018. 41 16, 980. 00
Pt 47,687 | 1,276,683 | 25175, 90.650 | 16,548.03 | 662,655.45 || 82| 2,000.0 15,664. 5 69,821, 2 374. 94 2, 617. 86 13, 961. 50
28 46,433 | 1,228,996 | 23,808,424 | 01.868 | 16,457.37 | 646,107.42 || 83 | 2,551.8 12, 664. 6 ,156.7 346.10 2,242.92 11,343.73
20 45,208 | 1,182.563 | 22,660,428 | ©02.065 | 16,365.50 | 620,650.05 || 84 | 21434 10,112.8 41,492.1 315.07 1,806.73 9,100.81

30 44,013 | 1,137,355 | 21,486,865 | 94.883 | 16,272.54 | 613,284.55 || 85| 1,776.0 7,969.4 31,379.3 282. 30 1, 581. 66 7,204.08

31 42,845 | 1,003,342 | 20,349,510 | 06.109 { 16,177.66 | 597,012.01 || 86 | 1,450.3 6,193.4 , 400. 248. 66 1,290. 27 5,622.42

32 41,703 | 1,050,497 | 19,256,168 | ©07.395 | 16,081.46 | 580,834.35 || 87 | 1,166.3 4,743.1 17,216.5 215.05 1, 050. 61 4,323.15
33 40,580 | 1,008,704 | 18,205,671 | 00.770 | 15984.06 | 564,752.89 || 88| 022.80 3, 576.78 12,473.35  [182.50 835. 56 3,272. 54

£ 39, 499 ,205 [ 17,196,877 | 101.07 | 15884.29 | 548,768.83 || 89| 717.70 2, 653. 98 8,896.57  [151.81 652 97 2, 436.98
35 38,434 028,706 | 16,228,672 | 104.01 | 15782.32 | 532,884.54 || 90| 548.39 1,036. 28 6.242.50 .J123.70 501. 16 1,784.01

36 7,392 800,272 | 15,290,966 | 106.68 | 15678.31 | 517,102.22 || 91 | 411.22 1, 387.89 4,306.31 9. 803 377.372 1, 282. 853
37 36,374 852,880 | 14,400,604 | 100.56 | 15571.63 | 501,423.01 || 92{ 30230 476. 67 2,018.42 77.074 278 569 905. 481
38 35,377 816,506 | 13,556,814 | 112.61 | 15462.07 | 485,852.23 || 03| 217.04 674. 28 1,041.75 58.800 201. 495 626.912
39 34,401 781,120 | 12,740,308 | 116.20 | 15,349.46 | 470,390.21 || 04| 153.73 456.34 1,267. 47 43.767 142. 596 426.417
40 33,446 746,728 | 11,050,179 | 119.90 | 15,233.26 | 455,040.75 || 05| 106.2L 302.61 811.13 31.936 08.829 282.821
11 32,510 713,282 | 11,212,451 | 124.78 | 15,113.36 | 430,807.40 || 96 71.683 196. 396 508,521 | 22.643° 66.893 183. 992
42 31, 503 680,772 | 10,400,160 | 120.34 | 14,088.58 | 424,684.13 || 97 47.202 124.713 312125 | 15670 44, 250 117. 099
43 , 603 649,179 9,818,397 | 134.96- | 14.850.24 | 409,705.55 || 98 30. 468 77. 421 187.412 | 10.576 28. 580 72.849
44 29,809 618, 486 9,169,218 | 141.22 | 14,724.28 | 394,846.31 || 90 19.149 46.953 109. 991 6.8411 18.0035 44,2604
45 28,041 588, 677 8,550,732 | 147.73 | 14,583.06 | 380,122.03 || 100 11.741 27.804 63.038 4.4355 11.0624 26. 2650
46 28, 087 659, 736 7,962,055 | 154.46 | 14,435.33 | 365,538.97 |{ 101 7.0187 16. 0629 35.2340 | 2.7611 6.6260 15.2035
47 27,248 531, 640 7,402,319 | 161.39 | 14,280.87 | 351,103.64 || 102 4.0864 9. 0442 19.1711 | 1.6695 3.8658 8. 5766
48 26,422 504, 401 6,870,670 | 168.79 | 14,119.48 | 336,822 77 {| 103 23172 4.9578 10. 1269 . 98150 2.19631 4.71084
9 25, 609 477,979 6,366,260 | 176.31 | 13,050.60 | 322,703.29 {| 104 1.2701 2. 6406 5.1691 . 56104 1. 21472 2 51453
50 24, 808 452,370 5,888,200 | 184.50 | 13,774.38 | 308,752.60 || 105 . 68680 1. 36148 252853 | .31131 . 65368 1. 29981
51 24,018 427, 562 5,435,920 | 19246 | 13,580.88 | 204,078.22 || 108 .35882 . 67450 1. 16705 16770 L3437 . 64613
52 23,240 403, 544 5,008,358 | 201.55 | 13,397.42 | 281,388.34 || 107 .18237 . 31677 .49246 | .087815) - 174669 . 303758
53 22,472 380, 304 4,604,814 | 210.60 | 13,195.87 | 267,990.92 || 108 . 090108 . 133309 .176690| . 044619 . 086854 - 129089
54 21,713 357,832 4,224,510 | 220.38 | 12,685.27 | 254,795.05 || 109 . 043201 . 043201 .043201( . 042235 . 042235 .042235
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UNITED STATES LIFE TABLES AND ACTUARIAL TABLES ° -

" TABLE 28.—UNITED STaTEs WHITE FeEMaALEs: 1939-1941—CommuTAaTION COLUMNS AT 3 PER(;‘ENT INTEREST

A N, S: C: M, R, z D: A . 8: C: M, R .
0] 100,000| 2818139 68,639,305 |3,678.8 17,918.1 818,932.5 (I 55 [16,040 {244, 568 2, 735,022 175. 56 8,017.00  [164,907.31
1 400 | 2,718,139 | 65,821,166 | 391.18 | 14,219.53 | 801,014.30 || 56 [15.308 298, 508 2, 400, 454 183.06 8.741.53  |155,990.22
2| 00,207 2624730 | 63,103,027 | 193.09 | 13.848.35 | 786,774.86 || 57 [14,766 213,130 2. 261, 926 190. 69 8.558.47  |147,248.60
3 87, 2,534,433 | 60,478,207 | 136.83 | 13.655.26 | 772.926.51 || 58 (14, 145 198, 364 2, 048, 796 198. 60 8,367.78 (138,600, 22
4 84,780 | 2,446,050 | 57,943,864 | 105.24 | 13,518.43 | 750,271.25 || 59 [13535 184, 210 1, 850, 432 206, 90 8,169.18 (130,322, 44
5| 82,214 2362170 55496805 | 88.773| 13,413.19 | 745752.82 || 60 |12, 934 170, 684 1, 666, 213 215.21 7.062.28  |122,153.26
6 70,731 | 2,270,056 | 53,134,735 | 73.001 | 13,324.42 | 732.330.63 || 61 12,342 157, 750 1, 495, 529 293, 83 7,747.07 114,100, 08
7 77335 | 2,200,225 | 50,854,779 | 63.153 | 13,250.43 | 719,015.21 {| 62 [11,758 145, 408 1,337,770 232, 22 7,523.24  |106, 443. 91
8 75,010 | 2,122,800 | 48,654,554 | 56,715 | 13,187.27 | 705,764.78 || 63 [11,184 133, 650 1,192,371 240, 60 7.291.02 | 08,020.67
9 72777 | 2,047,871 | 46,531,664 | 50.598 | 13,130.56 | 692,577.51 || 64 [10,617 122, 466 1,058, 721 249, 34 7,050.33 | 91,629.65
70,607 | 1,075,094 | 44,483,793 | 47.680 | 13,079.96 | 679,446.95 || 65 |10,050 111, 849 936, 255 258, 14 6,800.99 | 84, 579,32
68,503 | 1,004,487 | 42,508,690 | 46.291 | 13,032.28 | 666,366.99 {| 66 | 0.507.6 101,760. 2 824, 405. 7 267. 05 6 542.85 | 77,778.33
66,461 | 1835084 | 40,604,212 | 46.086 | 12,985.00 | 653,334.71 || 67 | 8,063.7 92, 282.6 722,615.5  [276.15 6,275.80 | 71,235.48
64479 | 1,760,523 | 38,768,228 | 48.262 | 12,930.00 | 640,348.72 || 68 | 8, 426.4 83, 318.9 630,332.9 285. 41 5090.65 | 64,050.68
62552 | .1,705,044 | 36,998,705 | 52.633 | 12,800.74 | 627,409.72 || 60 | 7,895.6 | 74,8025 547,014.0 204, 53 5,714.24 58, 960, 03
60,678 | 1,642,402 | 35,203,661 | 56,708 | 12,838.11 | 614,518.98 || 70| 7,371 66, 996.9 472,121.5  [302.87 5,419.71 53, 245, 70
58,854 | 1,581,814 | 33,651,160 | 61.107 | 12,781.40 | 601,680.87 || 71| 6,853.5 50, 625. 8 405,124.6  [310.71 5,116, 84 47,826.08
57,078 | 1,522,060 | 32,069,355 | 65201 12,720.20 | 588,800.47 || 72| 6,343.2 52,772.3 345,408.8  [317.15 4,806.13 42,700, 24
55351 | 1465882 | 30,546,305 | 67.864 | 12,665.09 | 576,170.18 || 73| 58413 46,420, 1 202,726.5 322,05 4,488.08 | 37,803.11
53,671 | 1,410,531 | 29,080,513 | 70.870 | 12,587.23 | 563,524.09 || 74 | 5340.1 40, 587. 8 246, 207. 4 325. 08 4, 166. 93 33,414.13
52,037 | 1,356,860 | 27,069,982 | 73.107 | 12,516.36 | 550,836.86 || 75| 4,868.2 352387 _ | 205,700.6  [325.57 3,841.84 | 29,247.20
1,304,823 | 26,313,122 | 75.674 | 12,443.25 | 538,420.50 || 76 | 4,400.9 30, 370. 5 170, 470.9 323,37 3,516.27 | 25,405.36
48,003 | 1,254,375 | 25,008,200 | 77.007 | 12,367.58 | 525,977.25 || 77 3,049.3 25, 969, 6 140, 100, 4 318. 24 3,102.00 | 21,889.09
47,402 | 1205472 | 23,753,824 | 78.217 | 12,290.56 | 513,600.67 || 78 | 3,516.0 22,020, 3 114,130.8 310. 04 2,874, 66 18, 696. 19
45043 | 1,158,070 | 22,548,452 | 78.327 | 12,212.34 | 501,310.11 || 79 | 3,103.6 18, 504.3 92,110.5  [208.94 2, 564. 62 15,821. 53
44,526 | 1,112,127 | 21,380,382 | 78.364 | 12,134.02 | 480,108.77 {| s0 | 2,714.2 15,400.7 73,6062  |285.12 2, 265. 68 13, 256. 91
43151 | 1,067,601 | 20,278,255 | 78.783 | 12,055.65 | 476,972.75 || 81 | 2,350.1 12, 686.5 58,205.5  [268.76 1,080, 56 10,991. 23
41815{ 1024450 | 19,210,654 | 79.111 | 11,076.87 | 464,017.10 || 82| 2,012.8 10, 336. 4 45,519.0 250, 35 1,711.80 9,010, 67
40, 518 982,635 | 18,186,204 | 79.777 | 11,807.76 | 452,040.23 || 83 | 1,703.9 8,323.6 35, 182.6 230, 04 1,461. 45 7, 208, 87
39, 258 942,117 | 17,203,560 | 80.337 | 11,817.08 | 441,042.47 || 84 | 1,424.2 6,610.7 26, 850. 0 208, 34 1,231.41 5,837. 42
38,035 002,850 | 16,261,452 | 81507 | 11,737.65 | 429,224.49 || 85| 1,174.4 5,195.5 20, 239.3 185.82 1,023.07 4,606.01
36, 845 864,824 | 15,358,503 | 82327 | 11,656.05 | 417,486.84 || 86| ©054.37 4,021.10 15043.76  [162.83 837.25 3,582.04
35, 690 827,979 | 14,403,760 | 82.946 | 11,573.72 | 405,830.79 || 87| 763.74 3, 066. 73 11,022.66  {140.14 74,42 2,745. 69
34, 567 702,280 | 13,665,790 | B4.556 | 11,400.78 | 394,257.07{| 88| 601.35 2,302, 99 7,055.03  |us.41 534,28 2,071.27
33,476 757,722 | 12,873,501 | 86.003 | 11,406.22 | 382,766.29 || 80 | 465,43 1, 701. 64 5, 652,04 97. 960 415.866 | 1,536,991
32,415 794,246 | 12,115,779 | 87283 | 11,320.22 [ 371,360.07 || 90| 353.00 1,236.21 3,051.30 79. 500 317.807 1,121. 125
31,383 601,831 | 11,391,533 | =®o.105 | 11,232.02 | 360,039.85 || 01| " 264.10 882.31 2715.00 | 63.145 238. 367 803. 228
30,380 660,448 | 10,680,702 | 91.063 | 11,143.82 | 348.806.93 || 02| 193.26 618.21 1,832.78 49.019 175. 252 564. 831
29, 404 630,068 | 10,039,254 | 93.147 [ .11,052.76 | 337,663.11 || 93| 138.61 424,95 1,214, 57 37.278 126, 233 389, 579
, 455 600,664 | 9,400,186 | 95646 | 10,959.61 | 326,610.35|f 94| 97205 |  286.344 789.622 | 27.566 8. 955 263. 346
530 | 572,209 | 8,808,522 98.217 ] 10,863.96 | 315650.74 || 95| 66.808 189. 049 503.218 | 20.017 61.389 174.391
26, 630 544,679 | 8236313 ] 10171 | 10,765 75 | 30478678 || 96| 44.930 122154 314.229 | 14128 41,372 113. 002
25,753 518,40 | 7,601,634 | 104.92 | 10,664 04 | 204,021.03 || 07| 29.498 71.224 182.075 | 9.7265 27. 2485 71. 6298
24, 808 402,206 | 7,173,585 | 108.95 | 10,550.12 | 283.356.99 || o8 18.912 47.726 114,851 | 6.5331 17. 5220 44,3813
24, 084 467,308 | 6,081,280 | 113.44 | 10,450.17 | 272,707.87 || 990 11.828 28. 814 67.125 | 4.2667 10. 9889 26, 8503
23, 240 443,334 | 6,213,891 | 118.10 | 10,336.73 | 262,347.70 |} 100 7.2170 16. 9864 38.3106 | 27133 6.7222 15. 8704
24 420,085 | 5,770,557 | 122.88 | 10,218.63 | 252,010.97 || 101 4.2035 9.7604 21,3242 | 1.6808 4.0080 9. 1482
21, 677 397, 631 5,350,472 | 127.78 | 10,085.75 | 241,792.34 || 102 2. 4876 5. 4750 11,5548 | 1.0114 23281 5 1393
20,918 375, 054 4,952,841 | 132,08 | 9,967.07 | 231,696.59 || 103 1.4038 2.0883 6.0780 | 59175 1.31671 2.81119
20, 176 355036 | 4,576,887 | 138.23 | 9,834.00 | 221,728.62 || 104 JTm2 1. 58452 3.00056 | .33658 . T2496 1. 49448
19, 450 334,860 | 4,221,851 | 143.95 | 9,608.76 | 211,893.63 || 105 . 41208 . 81340 1.50604 | .18585 .38838 . 76052
18,740 315410 | 3,886,001 | 140.43 | 9,552.81 | 202,196.87 || 106 S21422 -40132 .69264 | . 009634 - 202534 -381144
18, 044 206,670 | 3,571,581 | 155.73 | 0,403.38 | 192,644.06 || 107 - 10835 L18710 .20132 | .051919 ~102900 1178610
17,363 278,626 | 3,274,911 | 161.93 | 9,247.65 | 183,240.08 || 108 -053275 - 078746 104217 026252 - 050981 -075710
16, 695 261,263 | - 2,096,285 | 108.63 | 9,085.72 | 173,003.03 || 100 -025471 -025471 .025471 024729 . 024729) .024729
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ACTUARIAL TABLES 73
TABLE 29.—UNITED STATES WHITE FEMALES: 1939-1941—CoMMUTATION COLUMNS AT 3% PERCENT INTEREST

z D, N, S C: M, R. z D, N.: S: C: M, R,
0| 100,000 2,527,377 57,226, 448 |3, 660.9 14,533.2 | 502,184.4 || 55 {12,200° 178, 600 1,041,011 133.86  [6,253.56  [112,862.73
1 92,957 2,427,377 | 51,608,071 | 387.41 7| 10,872.35 | 577,651.23 || 56 (11,740 166, 210 1,762, 511 138.90  (6,119.70 {106, 609,17
2 , 427 2,334, 420 52,271,694 | 190.31' | 10,484.94 | 566,778.88 || 57 {1,204 . [154,470 1, 506, 301 144.00 [5,080.80  [100, 489,47
3 86,212 | 2,244,093 | 49,037,274 { 134.20 | 10,204.63 | 556,293.84 || 58 {10,682 143, 266 1, 441, 831 149.24  |5836.80 | 94,508.67
4 83,163 2,158, 781 47,602,281 | 10272 | 10,160.43 | -545,909.31 || 59 {10,171 132, 584 1, 208, 565 154.73  [5,687.56 | 88,671.87
5 ,248 | 2,075,618 | 45,533,500 | 86.231 | 10,057.71 | 535,838.88 || 60 | 9,672.4 122,413.3 1,165,981.5 - [160.17 |5, 532.83 82, 084. 31
6 77, 448 1,995, 370 43,457,882 | 71.525 | 9,071.48 | 52578117 || 61 | 9,185.1 112, 740. 9 1,043, 568. 2 165.77  |5,372.66 77,451. 48
7 74,757 1,017,022 | 41,462,512 | 60.753 | 0,800.95 | 515,800.69 ||- 62 | 8,708.8 103, 555. 8 930, 827. 3 171.16  [5,208.80 | 72,078.82
8 72,168 1,843,165 | 29,544,500 | 54.206 | 9,830.20 | 505,000.74 || 63 | 8,243.1 94,847.0 827,271 5 176.54  |5,035.73 66,871.93
9 69, 674 1,770,997 | 37.701,425 | 48.206 [ 9,784.90 | 496,070.54 || 64 | 7,787.8 86, 603.9 732, 424. 5 182.01  |4,859.10 | 61,836.20
10 67, 260 1,701,323 35,030,428 | 45.206 | 9,736.70 | 486,285.64 || 65 | 7,342.4 78,816.1 645,820. 6 187.62  [4,677.18 56,977, 01
11 64, 949 1,634, 054 34,220,105 | 43.678 | 9,601.49 | 476,548.94 || 66 | 6,908.6 71,473.7 567, 004. 5 193.06 |4, 480.68 209,83
12 62, 709 1,569,105 | 32,505,051 | 44.119 | 9,647.81 | 466,857.45 || 67 | 6,480.0 64, 567.1 495, 530.8 198.67 (4, 2906, 61 47,810, 17
13 60, 545 1,506,396 | 31,025,946 | 45008 | ©,603.60 | 457,200.64 || 68 | 6,062 2 58,087. 1 430,963.7 204.34  [4,007.04 43, 513. 56
14 58, 452 1, 445, 851 20,519,550 | 48.945 | 9,558.50 | 447,605.95 || 69 | 5,652.9 52,024.9 372,876.6 200.85  [3,803.60 | 39,415.62
15 56, 426 1,387,399 | 28,073,600 | 52.480 | 9,500.65 | 438,047.36 || 70 | 525L9 46,372.0 320,85L.7 214.75  |3,683.75 36, 522. 02
16 54, 466 1,330,073 26,686,300 | 56.278 | 9,457.17 | 428,537.71 || 71 | 4,860.5 41,120.1 274,479, 7 219.25  |3,460.00 | 31,838.27
17 52, 568 1,276,507 | 25,355,327 | 50.758 | 9,400.80 | 419,080.54 || 72 | 4,475.9 36, 260.6 233,359, 6 222,71  13,240.76 | 28,360.27
18 50, 730 1,223,939 24,078,820 | 61890 | 9,341.13 | 400,670.65 || 73 | 4,100 31,784.7 197,099.0 295.06  [3,027.04 | 25,110,562
19 48,953 1,173,209 | 22.854,881 | 64.328 | 9,279.23 | 400,338.52 || 74 | 3,738.1 27,682.8 165,314.3 226.09 |2, 801. 98 22,002 48
m | 47,233 1,124,256 21,681,672 | 66.038 | 9,214.91 | 301,059.29 || 75| 3,385.6 23,9447 137,631 5 295.32 |2, 575.89 19, 200, 50
21 45, 570 1,077,023 20,557,416 | 68.027 | 9,148.87 | 381,844.38 || 76 | 3,045.8 20, 569. 1 113, 686.8 222.72 |2, 350. 67 16, 714. 61
22 43,961 1,031, 453 10,480,393 | 68.890 | 9,080.84 | 372,695.51 1| 77 | 2,720.1 17,513.3 93,127.7 218.13  |2,127.86 14, 364. 04
23 42,405 087,492 | 18,448,040 | 69.635| 0,011.04 | 363,614.67 || 78 | 2,410.0 14,793.2 75,614. 4 211.48  [1,900.72 | 12,236.19
2 , 902 945, 087 17,461,448 | 60.396 | 8942.31 | 354,602.73 || 79 | 2,117.0 12, 383%2 60,821, 2 202.03  [1,698.24 10, 328. 47
25 39, 449 904, 185 16,516,361 | 69.004 | 8,872.91 | 345,660.42 || 80 | 1,842.5 10,266.2 48,438.0 192.61  [1,496.31 28, 23
26 38, 046 864, 736 15,612,176 | 60.127 | 8,803.82 | 336,787.51 || 81 | 1,587.5 ,423.7 a8,171.8 180.68 |1, 302. 70 7,132.02
b7y 36, 690 826, 600 14,747,440 | 69.070 | 8,734.60 | 327,083.60 || 82 | 1,353.2 6,836, 2 20, 748. 1 167.490  |1,122.02 5,830.22
28 35, 381 790, 000 13,020,750 | 69.325 | 8,665.61 | 319,249.00 || 83 | 1,130.0 5,483.0 22,011.9 163.18 954, 53 4,708
20 34,115 754, 619 13,130,750 | 69.474 | 8,506.20 | 310,583.30 || 84 | 048.23 4,343.06 17,428.88  [138.04 801. 37 3,753. 67
30 32,802 720,504 | . 12,376,131 | 70.223 | 8,526.81 | 301,087.10 || 85| 778.12 3,394.82 13,085.83  [122.53 663.33 2,052, 30
31 31,709 687, 612 11,655,627 | 70.500 | 8,456.59 | 293,460.29 || 86 | 629.29 2,616.70 9,691.01 (106,85 540, 80 2, 288, 97
32 30, 566 655, 903 10,968,015 | 70.605 | 8,386.08 | "286,003.70 || 87 | 501 16 1,987. 41 7,074. 31 91. 513 433,948 | 1,748.166
33 29, 462 625, 337 10,312,112 | 71.720 | 8,315.30 | 276,617.62 || 83 | 392.70 1, 486, 25 5,086, 90 76. 950 342,435 | 1,314.218
34 , 394 505,875 9,686,775 | 72504 | 8,243.67 , 302 80 | 30247 1, 003. 56 3, 600. 65 63.350 265. 485 971.783
35 27,361 567, 481 9,000,900 | 73.328 | 8,17L.07 | 260,058. 00| 228.88 701.08 2, 507. 10 51.168 202. 126 706. 208
36 26, 363 540, 120 8,523,419 | 74.488 | R007.74 | 251,887.49 || 01 | 169.97 562. 20 1,716.02 | 40.444 150. 950 504,172
37 , 807 513, 757 7,983,209 | 75.757| 8.023.26 | -243,789.75 || 02 | 123.78 302,23 1,153.82 31245 110. 516 353, 212
38 24,462 , 360 7,469,542 | 77.117| 7,947.50 | 235,766.49 || 93 88. 350 268, 452 761.590 | 23.646 79. 271 242, 696
39 463, 898 6,981,182 | 78.803 | 7,870.38 | 227,818.99 || 04 61.716 180. 102 493.138 | 17.401 55. 625 163,425
40 22, 682 440, 340 6,517,284 | 80.530 | 7,791.58 | 219,848.61 || 05 42,228 118, 386 313.036 | 12.575 38.224 107. 800
11 21,835 417,658 6,076,944 | 82.004 | 7,711.05 | 212,157.03 || 06 28,235 76, 158 194.650 | B8.8295 26. 6495 69, 5756
42 21,013 305,823 5,659,286 | 86.100 | 7.628.05 | 204,445.98 [| 07 18. 441 47.033 118.402 | 6.0513 16. 8200 -43. 9261
43 20,218 374,810 5.263,463 | 88,041 | 7.542.86 | 106,817.93 || 98 f  11.768 20,492 70.559 | 4.0449 10, 7687 27.1061
44 19, 446 354, 502 4,888,663 | 01.231 | 7,454.81 | 180,275.07 || 90 7.3233 17. 41.0670 | 2.6280 6.7238 16.8374
45 18, 697 335, 146 4,534,061 | 94.515 | 7,363.58 | 181,820.26 || 100 4. 4467 10. 4020 23.3408 | 1.6637 4,0040 9.6136
46 17,970 316, 440 4,198,915 | 97.870 | 7,260.07 | 174,456.68 || 101 26326 5. 9562 12.9370 | 1.0256 2.4312 5.5187
47 17, 265 208, 479 3,882,460 | 101.27 7,171.20 | 167,187.61 |} 102 1. 5180 3.3236 6. 9817 .61418 1. 40558 3. 08754
48 16, 580 281, 214 3,583,087 | 10480 | 7.069.93 | 160,016.41 || 103 . 85245 1. 80564 3.65812 | .35761 . 79140 1. 68196
49 15,014 264, 634 3,302,773 | 108.51 6,965.04 | 152,048.48 || 104 . 46601 . 05319 1.85248 | 20243 . 43370 . 89056
50 15,267 248,720 3,038,130 | 112.46 | 6,856.53 | 14508F. 44 || 105 . 24783 .48718 80020 | .11124 . 23136 . 45677
51 14,630 233,453 2,789,419 | 116.17 6,744.08 | 139,124.01 || 106 12821 .23936 41211 | - 050344 . 120120 . 226414
52 14,027 218, 814 2,555,966 | 120.48 | 6,627.91 | 132,380.83 || 107 535 L 111137 172763 . 030774 . 060776 -105204
53 13,433 , 2,337,162 | 124.67 | 6,607.43 | 12575292 || 108 031578 . 046602 061626 . 015486 - 030002 . 044518
54 12,854 191, 354 2,132,365 | 120.20 | 6,382.76 | 119,245.49 || 109 - 015024 . 015024 .015024| . 014516 . 014516 .014518

N:=D;4+Dsu1t . .

S;=N+Nzu+4 ...



TaBLE 30.—UN1TED STATES WHITE FEMALES: 1939-1941—CoMMUTATION COLUMNS AT 4 PERCENT INTEREST
T N, Ss Ce M, Rz z D, N, S: C: M. R.
0 2,285,754 | 48,180,353 | 3,643,3 | 12,086.5 | 432,318.5 || 58'(9,428.2 130, 668. 6 1,382, 001. 3 102. 20 4, 402. 53 77, 514. 99
1 - 2,185,754 | 45,903, 590 383.60 | 8,443.15 | 420,231.99 || 56 |8, 963 4 121, 240. 4 1,251,332.7 105. b4 4, 300. 33 73, 112. 46
2 2,003,243 | 43,717,845 187.58 | 8,059.46 | 411,788.84 || 57 |8, 513.1 112,277.0 1,130, 082. 3 108. 88 4, 194, 70 68, 812.13 °
3 2,004,674 | 41,624, 602 131.64 | 7,871.88 | 403,720.38 {| 58 |8, 076.8 103, 763.8 1,017,815, 3 112.31 4, 085. 91 64, 617. 34
4 1,910,690 | 39,619,028 100.28 | 7,740.24 | 305,857.50 || 50 {7,653.9 95, 687, 1 914, 051. 4 115,88 3,973. 60 60, 531. 43
5 1,838,124 | 37,700,220 83.773 | 7,630.06 | 388,117.26 |{ 60 |7,243.6 88, 033. 2 818,364.3 119.37 3,857.72 - |56,557.83
6 1,750,787 | 35,862, 105 69.163 | 7,556.19 | 380,477.30 || 61 |6, 845.6 80, 789. 6 730,331, 1 122,96 3,738. 35 52,700, 11
7 1,684,547 | 34,102,318 58.455 | 7,487.04 | 372,021.11 || 62 |6, 450. 4 73,044.0 649, 541. 5 126. 34 3, 615. 39 48, 981. 76
8 1,612,270 | 32,417,771 51.991 | 7,428.58 | 365,434.07 || 63 |6,084.6 67, 484.6 575, 507. 5 129. 60 3. 480. 05 45, 346, 37
9 1,542,831 | 30,805, 501 45.938 | 7,376.50 | 358,005.49 || 64 |5,720.9 61, 400.0 508, 112. 9 133.06 3,359, 36 41,857.32
1,476,115 | 20,262,670 42.872 | 7,330.65 | 350,628.90 || 85 |5,367.8 55, 679. 1 446,712.9 136. 43 3, 226. 30 38, 497. 46
1,412,011 | 27,786, 555 41,223 | 7,287.78 | 343,208.25 || 66 |5,024.9 50,311, 3 391,033. 8 130.78 3, 089. 87 35, 271. 66
1,350,415 | 26,374, 544 41.440 | 7,246.56 | 338,010.47 |{ 67 |4,691.0 45, 286, 4 340,722, 5 143. 16 2, 950. 09 32, 181. 79
1,201,220 | 25,024,120 42.156 | 7,205.12 | 328,763.91 || 68 |4, 368.3 40, 504. 5 295, 436. 1 146.53 2, 806. 63 20, 231. 70
1,234,361 | 23,732,900 45,532 | 7,162.06 | 321,568.70 || 60 (4,053.7 | 36,226.2 254, 841. 6 149.76 - [2,660.40 26, 424. 77
1,179,723 | 22,468, 530 48.586 | 7,117.43 | 314,305.83 |[ 70 [3,748.0 32,172.5 218, 615, 4 152. 52 2, 510. 64 3, 764. 37
1,127,232 | 21,318,816 51.851 | 7,068.84 | 307,278.40 || 71 3, 451.4 28,424.5 186, 442. 9 154.97 2, 358. 12 21, 253. 73
1,076,808 | 20101, 584 54,703 | 7,016.90 | 300,200.56 || 72 |3, 163.6 2,973.1 158, 018. 4 156. 66 2, 203. 15 18, 895. 61
1,028,375 | 19,114,776 56.482 | 6,062.20 | 203,102.57 || 73 (2,885.3 21, 809 5 133,045. 3 157. 56 2, 046. 49 16, 692. 46
981,860 | 18,086, 401 58.418 | 6,005.72 | 286,230.37 || 74 |2, 616.8 18,924. 2 111,235.8 157.51 1,883, 94 14,645, 97
937,180 | 17,104,541 59.681 | 6,847.30 | 279,324.65 | 75 |2,358.6 16,307. 4 92,311.6 156.22 - |1,731.43 12, 757. 03
804, 20 16, 167, 351 61.183 | 6,787.62 | 272,477.36 || 76 |2, 111.7 13, 048.8 76, 004. 2 153.68 1,575.21 11, 025. 60
853,113 | 15,273,054 61.670 | 6,726.44 | 265,689.73 || 77 |1, 876.8 11,837.1 62, 055. 4 149, 78 1,421, 53 9, 450, 39
813,575 | 14, 410,941 62.020 | 6,664.77 | 258,063.20 |{ 78 |1,654.8 9, 960. 3 50, 218. 3 144, 52 1,271.75 8, 028. 86
775,619 | 13,608, 61510 | 6,602.74 | 252,208.52 || 70 (1 446.7 8,305.5 40, 258.0 138.01 1,127.23 6,767.11
739,185 | 12,830,747 60.956 | 6,541.22 | 245,605.78 || 80 |1,253.0 6,868.8 31,952.5 130. 36 089, 22 5,620.88
704,214 | 12,001, 562 60.603 | 6,480.26 | 239,154.56 || 81 |1, 074.5 5,605.8 25,093.7 °  [121.70 858. 86 4, 640,66
670,640 | 11,387, 348 60.350 | 6,419.57 | 232,674.30 || 82 | 9011.45 4,531.33 19, 487. 89 112. 27 737.16 3,781.80
638,435 | 10,716,609 60.282 | 6,359.21 { 226,254.73 [| 83 | 764.12 3,610.88 14, 956. 56 102.17 624.80 3,044, 64
607,521 | 10,078, 264 60.122 | 6,208.03 | 219,805.52 ({84 | 63256 2,856. 76 11, 336. 68 1. 643 522.725 2,419, 748
577, 856 9,470, 743 60.478 | 6,238.81 | 213,506.50 || 85 | 516,569 9,223, 20 8, 480. 02 80. 952 431. 082 1,807.023
549, 302 8, 892, 887 60.432 | 6,178.33 | 207,357.78 || 86 | 415.77 1, 706. 61 6, 257. 72 70. 256 350. 130 1, 485. 941
522,083 8,343, 495 60.301 | 6,117.90 | 201,179.45 || 87 | 320.52 1, 200. 84 4,551, 11 59.882 279, 874 1,115.811
495, 885 7,821, 412 60.881 | 6,057.50 | 195,061.55 || 88 | 256,00 961. 32 3, 260. 27 50.111 - | 219.992 835,937
470,755 7,325, 527 61.327 | 5,996.71 | 189,003.96 || 80 | 196.07 704. 36 2,298 05 41,062 169, 881 615,945
448, 652 6,854, 772 61.648 | 5035.39 | 183,007.25 || 00 | 148,33 - 507.39 1, 504. 59 33.001 128.819 446, 064
423, 638 6, 408, 120 62.323 | 5873.74 | 177,071.86 |( 91 | 109.63 350. 06 1,087. 20 25. 960 95.818 317. 245
401, 374 5,984, 582 63.080 | 5811.42 | 171,198.12 || 62 | 79.451- 249. 431 728.138 19.950 60. 858 221,427
380, 125 8, 583, 208 63.903 | 5,748.34 | 165386.70 || 03 | 56.436 169. 980 478,707 15.032 49, 899 151. 569
359, 756 5, 203, 083 64.986 | 5,684.43 | 159,638.36 || 04 | 39.234 113, 544 308. 727 11. 009 34. 867 101.670
340, 235 4,843,327 60.002 | 5619.45 | 153,053.03 [| 95 | 26.716 74.310 105. 183 7.9172 23. 8576 66, 8030
321, 530 4, 503, 002 67.786 | 5,553.35 | 148,334.48 [| 06 | 17.771 47,594 120. 873 5.5325 15. 9404 42,9454
303, 610 4,181, 562 69.253 | 5,485.57 | 142,781.13 {| 87 | 11.555 20.823 73.279 3.7734 10. 4079 27.0050
286, 447 3,877, 952 71.219 | 5,416.32 | 137,205.56 || 08 7.3370 18. 2683 43. 4557 2. 5102 6.6345 16. 5971
270, 014 3, 591, 506 73.444 | 5,345.10 | 131,879.24 || 99 41,5447 10.9313 - 25.1874 1.6236 4.1243 9. 9626
264, 284 3,321,491 75.722 | 5,271.65 | 126,534.14 {{100 2.7463 6. 3866 14. 2561 1.0226 2, 5007 5.8383
239, 232 3,087, 207 78.033 | 5,195.93 | 121,262,498 {|101 1.6181 3.6403 7.8605 . 62736 1. 47807 3.33764
224, 835 2,827, 975 80.350 [ 5,117.90 | 116,066.56 ||102 . 92840 2.02223 4.22915 .37387 . 85071 1.85057
. 211,070 2,603, 140 82.829-| 5,037.54 | 110,948.66 |{103 . 51801 1.00374 2, 20692 . 21664 . 47684 1. 00886
197,914 2,392, 070 85.272 | 4,054.71 | 105,011.12 {|104 . 28231 .57483 1. 11318 J12204 |~ . 26020 . 53202
185, 347 2,104,156 87.945 | 4,860.44 | 100,056.41 (/105 . 14941 20252 [ . 53836 . 066740 .138162 271817
173, 349 2,008, 809 90.417 | 4,781.40 |  96,086.97 ||106 . 076027 L143111 245830 | . 035434 .071422 - 133655
161, 900 1,835, 460 93.319 [ 4,691.08 | 91, 305. 484|107 . 038534 . 066184 -102719 | . 018287 . 035088 . 062233
150, 982 1, 673, 560 06.105 | 4,507.76 |  86,614.40 ||108 . 018765 . 027650 .036535 | . 0001578 . 0177012 -0262448
140,577.0 | 1,522,678.3 | 90.117 | 4,501.65 | 82,016.64 |[109 . 0088851 . 0088851 .0088851| . 0085434 . 0085434 . 0085434
NemDs+Dety+ . . . Sy=N3+Nsut+ . .. -
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ACTUARIAL TABLES 75

TasLE 31.—UNITED STATES WHITE FEMALES: 1939-1941—IMMEDIATE WHOLE LirE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS:
AT 2 PERCENT INTEREST

N R
{Present value at each age of a life annunity of one per annum, first payment to be made at the end of 1 year; present value of & whole life assurance of one unit, and the
annual payment of an equivalent whole life annuity-due}

AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE BINGLE ANNUAL
LIFE ANNUITY| PREMIUM PREMIUM * LIFE ANNUITY| -PREMIUM PREMIUM
T . az A, P, z s As P,

35. 0567 0. 29301 15. 8926 0. 66876 0. 03959
36. 1659 . 27125 15. 3052 . 87851 .04138
36. 0492 . 27355 14, 8981 . 68828 . 04320
35. 8513 . 27742 14,4011 . 69803 . 04532
35. 6276 . 28182 13. 9043 . 70776 04749
35. 3866 . 28654 13. 4096 . 71748 . 04979
35.1342 . 29148 12,9159 .72113 . 05225
34.8712 . 20664 12. 4252 . 73677 . .05488
34. 5087 . 30199 11.9366 . 74632 . 05769
34. 3180 . 30748 11.4514 T .75584 . 06070
34.0296 31314 10. 9701 . 76529 . 06393
33. 7346 31894 | - 10. 4930 . 77462 . 06740
33. 4331 32484 10. 0222 . 78389 .07112
33.1264 33085 9. 5576 . 79300 .07511
32. 8152 33696 9.1010 . 80194 . 07939
32. 5006 .34313 8.6542 . 81073 . 08398
32,1822 . 34936 8.2170 . 81926 08889
31 8610 . 35566 7.702 . 82760 09413
31. 5366 . 36202 7.3796 . .83572 09973
31. 2083 . 36847 6. 9801 84352 10570
30. 8754 37498 6. 5054 . 85109 11205
30. 5386 38159 6.2248 . 85833 11880
30. 1976 38828 5. 8692 . 86531 . 12597
20. 8517 39506 5. 5285 . 87199 13357
20. 5005 40195 5.2023 87838 14162
20. 1438 40895 4.8008 . 88449 15015
28 7805 41607 4. 5039 . 89032 15916
28. 4115 42331 4.3114 . 89586 16867
28. 0363 43066 4. 0437 . 90109 17866
27. 6552 43814 3.7909 . 90607 . 18912
27. 2678 44573 3.5526 91073 20005
26. 8749 45344 3.3203 , 91512 21138
26. 4756 46127 3.1199 . 91922 22312
26, 0695 46922 2. 9239 . 92308 . 23525
25. 6580 47728 2.7408 . 92661 24770
25. 2409 48547 2. 5697 . 93001 26053
24. 8171 49377 2.4101 . 93315 27364
24, 3876 50219 2.26156 . 93604 28609
23.9526 . 51073 2.1226 . 93879 30064
23,5119 . 51938 1. 9945 . 94129 . 31434
23. 0651 . 52813 1,8728 094368 . 32849
22. 6132 . 53699 1.7612 . 04585 . 34255
22, 1564 . 54504 1, 6566 , 94702 35681
21. 6052 . 55500 1. 5588 . 94984 .37121
21.2293 . 56414 1.4682 . 95163 . 38550
20. 7591 57334 1.3829 . 95328 . 40005
20. 2861 58263

19. 8081 . 59199

19.3285 . 60140

18. 8452 61089

18, 3586 . 62042

17, 8697 63001

17. 3777 63964

16. 8844 64932

16. 3860 65903
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TaBLE 32.—UNITED STATES WHITE FEMALES: 1939-1041—IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS

AT 2% PERCENT INTEREST

[ P}esent value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurance of one unit, and the

annual payment of an equivalent whole life annuity-due

IMMEDIATE SINGLE ANNUAL . IMMEDIATE SINGLE ANNUAL
AGE LIFE ANNUITY| PREMIUM PREMIUM AGE LIFE ANNUITY| PREMIUM PREMIUM
z a, A, P, z ay A, Py
15.0339 0.03798
14. 5856 61087 .03977 <
14.1357 43085 . 04168
13. 6843 64185 . 04371
13. 2321 85287 . 04587
12. 7800 . 66390 04818
12. 3279 - 67493 05084
11. 8768 . 68595 05327
11. 4263 2 05608
10,9772 70785 05910
10. 5308 . 71876 . 06233
10. 0867 - 72956 . 06580
9. 6472 . 74030 06053
92120 . 75004 07353
8.7843 76136 07781
8. 3632 .77150 08241
7.9515 . 78167 08732
7.5496 .79148 09258
7.1584 . 80101 09818
6.7701 . 81027 104168
6.4128 .81920 . 11051
6.0502 . 82783 11727
5.7192 . 83611 . 12444
5.3028 . 84408 . 13204
5.0798 . 85171 . 14009
4.7802 . 85901 14861
4.4042 . 86509 15762
4.2217 . 87265 16712
3.9630 . 87896 17710 -
3.7181 . 88492 18756
3.4873 . 89057 19847
3.2704 . 8Y586 20978
3.0668 . 90081 22150
2.8760 . 90546 23361
2.6979 . D081 24603
2. 5308 . 91388 . 25883
2.3751 .91769 L2180
2.2208 .92122 . 28522
2. 0939 . 92454 . 20883
E [02T57 31248
1. 8491 . 93051 . 32659
1.7398 .93318 “ . 34060
1.6371 . 93568 . 35481
1. 5411 . . 36015
1.4520 .84018 . 38344
1.3681 94220 . 39787




ACTUARIAL TABLES : 77

TaBLE 33.—UniTED STATES WHITE FEMALES: 1930-1941—IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS
AT 3 PERCENT INTEREST

[Present value at each age of a life annuity of one per annum, first payment to he made at the end of 1 year; present value of a whole life assurance of -one unjt, and the annual
payment of an equivalent whole life annuity-due]

AGE ° .| IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE ANNUAL
LIFE ANNUITY] PREMIUM PREMIUM LIFE ANNUITY| PREMIUM PREMIUM

z as Ag P, ) z . as As P,
27. 1814 0.17018 14, 2474 0. 55503 0.03646
28. 0093 . 16244 13. 8414 . 56771 03825
28. 0677 . 15338 13. 4338 . 57961 04018
27. 9736 . 15611 13. 0236 . 59157 . .04218
27. 8504 . 15944 12. 6106 . 60356 04434
27. 71320 . 18315 12. 1065 . 61561 . 04685
27. 5958 .18712 11. 7816 . 62770 . 04911
27. 4508 L17134 11. 3687 . 63084 . 05174
27. 2080 17579 10. 9501 . 65192 05455
27.1390 . 18042 10. 5349 . 057587
26. 9731 . 18525 10.1193 . 67611 06081
26. 8015 .19024 9. 7062 . 68817 06428
26. 6250 . 19539 9. 2051 . 70013 . 06801
26, 4434 . 20087 8. 8878 . 71201 . 07201
26. 2580 . 20608 8.4853 .72372 . 07630
. 21168 8, 0801 . 73526 . 08089
7.7001 74660 . 08582
7. 3195 . 75768 00107
6. 9484 . 76849 09668
6. 5878 . 77900 . 10286
6.2385 . 78017 . 10802
5. 9010 . 70890 . 11578
5. 5757 . 80847 . 12295
5. 2620 . 81759 13055
4. 9622 . 82634 . 13860
4.6741 . 83476 14712
4.3983 . 84276 . 15612
4.1353 . 85046 16561
3 . 85771 17558
3. 6480 . 86463 18602
3. 4240 .87114 . 10601
3.2134 87728 . 20821
3.0154 . 88305 . 21982

2. 8207 . 88847 .
2. 6561° . 89351 24439
2, 4931 . 80827 . 25715
2. . 90268 . 27020
2, 1089 . 90682 . 28348
2.0658 91071 . 20705
1, 9430 91428 . 31068
1. 8261 . 91769 32473
1.7188 . 92081 33860
1.6179 . 92374 35285
1. 5236 . 92650 36714
1. 4361 . 92906 . 38137
1.3537 03144 39574

746605 O - 47 - 6
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TaBLE 34.—UNITED STATES WHITE FEMALES: 1939-1941—IMMEDIATE WHOLE L1FE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS
. AT 3% PERCENT INTEREST

[Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurance of one unit, and the annual
payment of an equivalent whole life annuity-due)

AGE IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE SINGLE “ ANNUAL
LIFE ANNUITY| PREMIUM PREMIUM LIFE ANNUITY| PREMIUM PREMIUM
z as As P, z 8s As P,
0 e o et e ————— 24.2738 0.14533 0.00575 || B85 e ececmeccceem e amee 13. 5240 0. 50883 0.03503
. - 13.1576 . 52127 . 03682
12. 7870 . 53381 . 03872
12.4119 . 54641 . 04074
12,0355 . 65019 . 04200
11.8559 . 57202 . 04620
11.2743 . 58493 . 04765
10. 8009 . 50780 . 05028
10, 5062 . 61000 . 05309
10. 1205 .62305 . 05611
9. 7344 . 63701 05034
9.3486 . 85005 06282
8.9641 . 66308

8.6819 . 67508 . 07055
8.2032 .68878 . 07484
7.8206 . 70141 . 07844
7.4618 .'71386 08438
7.1013 72608 08962
6.7488 73796 . 00524
6. 4056 . 74957 .10122
6.0725 . 76084 . 10758
5. 7500 L77174 11433
5.4385 -'78227 . 12150

5.1383 .70241 1
4.8494 . 80219 13714
4,619 . 81157 14565
4, 3063 . 82060 15466
4.0519 .82016 16413
3.8100 83738 17409
3. 5802 84512 18452
3.3628 .B5248 . 19530
3.1582 . 85038 7
3 2. 9656 . 86580 21835
20. 2252 . 28224 2.7847 . 87200 23040
19. 8859 . 20033 2.6154 87772 24217
19. 7405 . 20864 2. 4563 .88311 25551
19.4878 . 30718 2.3076 . 88816 . 20862
19. 2260 . 31591 2.1688 89284 28176
-18, 9640 . 32480 2 . 80724 29520
18.6917 . 33409 1.9182 90131 30885
18. 4136 . 34351 1. 8035 . 90518 32288
18,1279 . 35315 1. 6982 . 90875 33679
17.8371 . 36302 1. 5003 91210 35001
17. 5384 . 37308 1. 5066 91524 36514
17.2347 . 38336 1.4205 .91814 37031
1.3395 . 92080 . 39363

-
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TaBLE 35.—UNITED StaTEs WHITE FEMALES: 1939-1941—IMmMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET
PREMIUMS AT 4 PERCENT INTEREST

79

[Present value at each age of a life annuity of one per annum, first payment to be made at the end of 1 year; present value of a whole life assurance of one unit, and the
annual payment of an equivalent whole life annuity-due

AGR IMMEDIATE SINGLE ANNUAL AGE IMMEDIATE BINGLE ANNUAL
LIFE ANNUITY| PREMIUM PREMIUM LIFE ANNUITY| PREMIUM PREMIUM
z as | As Py z a: Ax P,
21.8575 0. 12086 . 12. 8593 0. 46695 0. 03369
22. 6270 . 09127 - 12,5262 47977 . 03547
22. 6340 . 09100 12,1887 49275 . 037368
22. 5913 . 00264 11. 8472 50588 . 03938
22. 5329 . 09488 11. 5017 51918 . 04153
22. 4643 09753 11. 1532 53257 04382
22, 3890 . 10043 10. 8017 54610 04627
22, 3068 10359 10. 4476 55971 04889
22,2185 10698 10. 0910 57342 . 05170
22,1254 11057 9. 7326 58721 . 05471
22. 0269 11436 9. 3728 60105 05794
21. 9237 11832 9.0124 61491 06142
21.8165 12244 8. 6520 62876 06514
21. 7057 12670 8.2030 64257 06915
21. 5916 13110 7. 9366 65629 07344
21. 4748 - 13559 7. 5839 86086 07804
21. 3551 14019 7. 2356 68324 . 08208
21. 2329 14488 8. 8939 . 69641 . 08822,
21. 1085 14968 6. 5588 . 70928 09383
20. 9803 . 15459 6. 2318 72185 09982
20. 8495 15964 5. 9140 73409 10817
20. 7147 16481 5. 6055 74594 11293
20. 5770 17013 5.3071 75742 12009
20, 4347 17559 5.0190 . 76852 12768
18122 4.7410 77917 13572
20. 1371 18705 4.473 78948 14423
19. 9806 19307 4,217 79031 15321
19. 8186 19928 3.9718 80878 16268
19. 6520 20571 3.7373 81779 . 17263
19, 4794 21234 3. 5146 82636 . 18304
19. 3013 21918 3.3036 83448 19390
19. 1176 22624 3. 1047 84212 20518
18. 9284 23353 2.9173 84934 21682
18. 7328 24105 2. 7411 85613 22884
18. 5310 24880 2. 5760 86247 24118
18. 3239 25679 2. 4207 . 86848 25389
18.1093 26501 . 2.2752 . 87401 26686
17. 8891 27349 2.1394 . 87926 28007
17. 6619 28221 2.0119 . 88417 29356
17. 4202 20120 1. 8940 . 88869 30708
17. 1895 . 30043 1.7815 89301 32106
18. 9425 30990 1. 6782 89699 33492
16. 6898 31962 1. 5810 . 60073 34899
18. 4312 32960 1. 4899 . 90425 . 38317
186. 1655 33980 1.4053 90750 37729
15,8937 . 35023 1.3255 91057 . 39155
15. 6168 . 36000
15.3338 37181
15. 0438 38291
14. 7487 30426
14. 4482 40585
14. 1410 41763
13. 8287 . 42066
13. 5105 . 44188
13.1877 . 45433

TaBLE 36.—UnIiTED StaTEs ToTaL WHITES: 1939-1941,

MagrEHAM CONSTANTS

Common
CONSTANT Value logarithm
1. 0924931 +0. 03841870
. 9989073 —. 000474834
. 9989391 —. 000461004
85, 664. 45 +4. 98075057
. 0010615 —2.97408
. 00009672 | —4.01448

g fgzgo? u,= A+ Ber
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TasLE 37.—UNITED StaTES ToTAL WHITES: 1939-1941, MAREHAMIZED—TABLE OF UNIFORM SENIORITY

{Showing tho addition to be made to the age of the younger of two lives in order to obtt;in thlede uivalent equal age: law of uniform seniority applicable only when both lives
are age 17 or older

’

DIFFERENCE| Addition to ||DIFFERENCE| Addltion to ||DIFFERENCE| Addition to |[DIPFERENCE| Addition to ||DIFFERENCE|‘Addition to |[DIFFERENCE| Addition to’
OF AGE | younger age OF AGE | younger age OF AGE | younger age OF AGE | younger age OF AGE | younger age OF AGE | younger age
0. 5611 10. 622 23.870 38. 356 48, 244 58. 197
1.044 11.433 24.812 39. 340 49. 237 59.195
1. 599 12. 258 25. 759 40. 325 50. 231 60. 192
2,176 13.095 26.710 41.312 51. 225 61. 190
2.774 13.944 27.684 42. 209 52. 220 62. 187
3.303 14.803 |} 36.......- - 28. 623 43. 288 53,216 71.___..... 83. 186
4.033 . 29. 585 44, 277 54,211 [} 720ccceaoe. 64,184
4.603 30. 550 45 268 55.207 | 73-ccceuen- 65. 182
5.373 31.518 46. 259 56.204 )| 74. .- ---- 66. 181
6.071 32.488 47. 251 57.200 || 76 -—o--n 67.179
6.788 33. 461
7.523 34. 436
8.274 35.414
9. 041 36.393
0.824 37.374
TaprLE 38.—UN1TED STATEs ToTaL WHITES: 1939-1941, MAKEHAMIZED—ELEMENTARY VALUES
OF 1,000,000 BORN ALIVE | ppopyBILITY | PROBABILITY OF 1,000,000 BORN ALIVE | pponspiniTy | PROBABILITY
AGE OF BURVIV- | OF DYING FORCE OF OF SURVIV- | OF DYING | FORCE OF
Number Number | ING 1 YEAR IN EACH MORTALITY AGE Number Number | NG 1 YEAR | IN EacH MORTALITY
surviving to |dying in each ‘“‘E‘;CH YE:SEM AT EACH AGE survlving to {dying in each “TAE::CH YE‘GR OF | AT EACH AGE
each age year of age each age year of agoe . AGE
'z | ds Ps 0s Hs z 12 ds Ps g ™
[ 1, 000, 000 43, 148 0. 95685 0.04315 783, 063 11,020 0. 98592 0.01408 €. 01361
956, 852 4,402 09540 . 00460 772,037 11,793 08472 . 01528 .01477
052, 450 2,312 99757 00243 760, 244 12, 605 08342 . 01658 . 01604
950, 138 1, 669 00824 00176 747, 639 13, 460 98200 . 01800 .01742
948 469 1,340 09869 00141 734,179 14, 358 08044 01956 . 01864
947, 120 1,176 99876 00124 719,821 15, 206 97875 .02126 . 02059
045, 953 1,044 99890 00110 704, 525 16, 271 07601 . 02309 . 02239
044, 909 942 99900 00100 5 17,282 97489 . 02511 . 02437
043, 967 860 99908 00092 670,972 18, 320 97270 . 02730 .02852°
943,098 822 99913 00087 652, 652 19, 382 97030 .02970 . 02888
10 e 042, 276 803 09915 . 00085 633, 270 20, 456 96770 . 03230 .03145
) § R, 041,473 - 878 99907 . 00003 612, 814 21,536 96486 . 03514 03426
12 e 940, 595 958 099808° . 00102 591, 278 22, 608 96176 . 03824 03733
130 cns 930, 637 1,043 90889 00111 68, 870 23, 659 95840 . 04160 04009
4. . ... 938, 694 1, 130 20880 00120 545, 011 24,672 095473 @ . 04527 04435
037, 464 1,222 99870 00130 520, 339 25, 631 095074 . 04926 04836
038, 242 1,316 09850 10141 494, 708 26, 515 94640 . 05360 05273
034, 926 1,417 00848 001562 468, 193 27, 302 04169 . 05831 05751
933, 500 1,454 09844 00156 440, 891 27,970 03656 . 06344 06273
932, 055 1,494 99840 00160 412, 021 28, 406 93089 06901 . 06844
930, 561 1,538 90835 00165 384,425 28, 854 012404 . 07508 07467
929,023 1, 587 099829 00171 355, 571 29,020 91838 . 08162 08148
927,436 1, 840 99823 00177 328, 551 28,975 91127 . 08873 . 08801
925, 796 1,697 99817 00183 297, 576 28, 699 00356 . 09644 09704
024, 099 1,761 09809 00191 268, 877 28,175 89521 . 10479 10592
922, 338 1,828 99802 00198 240, 702 27,397 88618 11382 11562
920, 510 1,904 09703 00207 213, 305 28, 361 87642 12358 12621
018, 606 1,085 099784 00216 186, 944 25,074 86587 13413 13779
916, 621 2,075 09774 00226 161, 870 23, 652 85450 14550 . 15043
914, 546 2,171 99763 00237 138 318 21, 821 84224 15776 16425
012,375 2,276 09751 | , 00249 116, 497 19,914.0 82006 . 17004 17034
910, 099 2, 392 99737 00263 96, 583.0 17,878.8 81489 . 18511 19583
907, 707 2,517 99723 00277 78,704, 2 15,766.0 79968 . 20032 21385
805, 190 2, 653 09707 00203 62, 938, 2 13,632, 9 78339 . 21661 23353
902, 637 2,801 99690 00310 49,305.3 _ 11, 538. 5 76508 . 23402 25503
809, 736 2, 962 99671 00320 37,766.8 9, 540. 2 74739 . 25261 27852
8086, 774 3,137 99650 00350 7,088.7 72761 . 27239 30418
893, 637 3,328 09628 00372 6,026. 1 70659 . 20341 33222
8090, 309 3,534 99603 00397 . 4,581.16 68432 31568 36285
886,775 3,758 99576 00424 9, 830. 85 3, 368. 60 66079 33921 39631
883,017 4,002 09547 00453 8, 562. 05 2,388. 54 63601 . 36399 43287
879,015 4,264 99515 00485 4,173.51 1,627.70 60999 . 36001 47281
874, 751 4, 551 90480 00520 2, 545. 81 1,062.13 58279 41721 51644
870, 200 4,859 09442 00558 1,483, 68 6681.048 55445 44555 . 56411
865, 341 5,103 99400 00600 822, 632 390. 691 52507 47493 61619
860, 148 5, 654 99354 00646 431. 941 218. 240 40475 . 50626 . 67308
864, 594 5,043 99305 00695 213.701 114. 8256 46362 . 53638 . 73525
848, 8561 6, 363 90250 00750 90. 0754 56. 2006 43184 . 56810 80315
842, 288 8, 815 09161 00809 42, 7848 25. 6876 39961 . 60039 .B87734
835 473 7,302 99126 00874 17.0972 10. 82013 36714 . 63286 . 95839
828,171 7,823 . 99055 00945 v 8.27707 6. 27707 00000 1.00000 1. 04694
820, 348 8, 382 . 98978 01022
811,066 8, 981 . 98804 01106
802, 985 9, 620 . 98802 .01198
793, 365 10, 302 98701 .01299 01255 N
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TABLE 39.—UnITED STATES ToTAL WHITES: 1939-1941, MAKEHAMIZED—IMMEDIATE LIFE ANNUITIES AT

[Single and Joint lives—Equal ages)]

81

2 PERCENT INTEREST

AGE ONE LIFE TWO LIVES | THREE LIVES FOUR LIVES AGE ONE LIFE TWO LIVES | THREE LIVES | FOUR LIVES
z as Gss [ PP Gxazx z as Gss Gxzs Gsz3s

34. 2889 30. 0985 26.9733 | 24, 4185 15.0219 11. 2218 9.1518 7.7877
35. 5519 32.5317 30. 4051 28, 7126 14, 5412 10. 7753 8. 7405 7. 4070
35,4305 32.4808 30- 4452 28,8320 14. 0621 10.3345 8. 3367 7.0350
35.2271 32,3011 30. 2813 28, 6050 13. 5851 9. 8996 7. 9408 6. 6720
34,9948 32. 0631 30. 0503 28, 4764 13.1109 9.4712 7.5533 6. 3184
34. 7452 31. 7970 29. 7816 28. 2107 *12. 6398 9. 0499 7.1748 5.9745
34.4842 31. 5138 29, 4907 27.9182 12.1726 8. 6361 6. 8052 « 5.6408
34.2127 31.2150 29. 1803 27.6027 11. 7086 8. 2302 8.4454 5.3173
33.90318 30. 9028 28. 8531 21. 2673 11. 2514 7.8328 | 6. 0955 5.0044
33. 6423 30. 5790 28.5116 26.9153 10. 7986 7.4443 5.7558 4.7022
33. 3451 30. 2450 28. 1580 25.5405 || 65.. . o loo_... 10. 3516 7. 06851 5.4266 4.4109
33.0410 29. 9026 27. 7947 9.0111 6. 6955 5.1081 4.1306
32,7333 29. 5578 27. 4300 9.4775 6. 3359 4. 8008 3.8613
32,4220 29. 2103 27. 0643 9. 0515 5.0868 4.5042 3. 6033
321072 28. 8607 26. 6977 8. 6332 5. 6482 4.2189 3. 3563
31. 7888 28. 5089 26. 3303 - 8.2234 5.3204 3 9449 3.1204
31. 4669 28. 1561 25.9622 ® 7.8225 5.0037 3.6822 2. 8054
31. 1414 27. 7991 25. 5034 7.4308 4.6982 3.4307 2.6813
30.8125 27. 4412 25.2243 7.0488 4. 4041 3.1905 2. 4780
30.4778 27.0775 24, 8404 - 6. 6768 41214 2.9615 2. 2852
30.1372 26. 7078 24, 4687 6. 3151 3. 8501 2.7434 2.1027
29. 7008 26. 3322 24. 0822 5.9641 3. 5903 2. 5363 1.9304
29.4386 25. 9508 23. 6002 5. 6240 3.3420 2, 3399 1.7678
29. 0806 25. 5637 23. 2926 5.2051 3. 1050 2.1539 1. 6149
28.7167 23.1708 22. 8896 4.9775 2.8792 1.9783 1.4713
28. 3470 24.7724 22 4814 4.6713 2. 6646 1.8126 1. 3367
27.9713 24. 3683 22,0679 4.3767 2.4609 1. 8567 1.2107
27. 5899 23. 9588 21. 6495 4.0937 2. 2679 1. 5102 1.0931
27. 2026 23. 5430 21. 2263 3.8224 2. 0854 1.3728 . 9838
26. 8096 23.1239 20. 7085 3.5628 1.9132 1.2443 .8818
26. 4109 22. 6938 20. 3663 3.3147 1. 7510 1.1243 .7875
26. 0065 22. 2687 19.9209 3.0781 1. 5884 1.0125 . 7002
25, 5065 21. 8339 19. 4895 2.8529 1. 4552 9085 . 8197
25. 1810 21. 3948 19. 0456 2. 6389 1.3212 8120 . 5457
24,7602 20.9510 18. 5084 2.4359 1.1958 L7228 . 4779
24.3340 20. 5033 18.1481 16.4518 2.2437 1.0789 . 6404 . 4159
23.9027 20. 0518 17. 6051 18. 0036 2. 0621 . 9701 . 5646 . 3506
23. 4863 19. 5966 17. 9397 15. 5541 1.8908 . . 4951 . 3086
23. 0251 19. 1383 16. 7824 15. 1037 1.7294 L7753 .4318 . 2626
22. 5792 18. 6769 16. 3236 14. 6520 1.5778 . .3738 . 2215
22.1288 18. 2130 15. 8635 14. 2020 1.4355 . 6090 . 3214 11849
21. 6741 17. 7468 15, 4028 1. 3022 . 5358 . 2741 1526
21. 2154 17.2786 14. 9417 1.1775 . 4687 . 2317 L1244
20. 7529 16. 8090 14. 4809 1. 0609 . 4074 . 1939 . 1000
20. 2868 16.3383 14. 0208 . 9516 .3518 . 1608 .0791
19.8174 15. 8669 13. 5618 . 8486 . 3014 .1313 . L0815
19, 3452 , 3953 13.1045 . 7495 . 2561 . 1059 . 0469
18. 8702 4.9239 12. 6403 . 6489 L2152 . 0841 . 0350
18. 3830 14. 4532 12. 1969 . 5328 1772 . 0856 .
17.9139 13. 9837 11.7478 . 3599 .1321 0485 .0178
17.4333 13. 5160 11. 3025

16,9516 13. 0508 10. 8618

16. 4691 12. 5878 10. 4254

15. 9864 12.1284 9. 9048

15. 5038 11. 6728 9. 5700
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TaBLE 40.—UNITED STATES ToTAL WHITES: 1939-1941, MAKEHAMIZED—IMMEDIATE .LIFE ANNUITIES AT 2% PERCENT INTEREST

[Single and joint lives—Equal ages)

AGE ONE LIFE TWO LIVES | THREE LIVES | FOUR LIVES AGE ONE LIFE TWO LIVES | THREE LIVES | FOUR LIVES
z as Oss Gaszz . Gssss z as Gzs Qrxs Gszs3s
30.1153 26.7270 24,1211 21.0525 14,2384 10. 7574 8.8219 7.5434
31, 2602 28,0216 27. 2220 * 25,8420 13.80 10. 3435 8. 4418 7.1832
31.1897 28,9103 27. 2012 25.9820 13.3673 9.0336 8.0618 6. 8304
31.0473 28, 7867 27, 1781 25.8018 12.9325 9. 5281 7.6884 6. 4853
308795 28, 6103 27. 0049 25.7264 12. 4988 9.1277 7.3220 6. 1485
.
30. 6062 . 40 26, 7077 25, 5191 12.0668 8.7320 6.9632 5.8203
30. 5028 28,1013 26. 5702 25. 2874 11.6371 8.3441 6.6123 5. 5011
30. 2000 27. 9500 26,3248 25,0343 11. 2100 7.9619 6. 2698 5.1010
30.0884 . 21.71861 26. 0638 10. 7862 7. 5.0360 4.8005
29,8600 27.4614 25. 7894 10. 3662 7.2101 5.6113 4, 5997
20. 6424 27.1971 25. 5033 9.0505 6.8505 5. 2060 4, 3180
20. 4004 26.9246 25, 2078 9. 5397 6. 5082 4.9003 4.0483
20.1728 26.6402 24,9105 9.1344 6.1657 41,6046 3. 7879
28,9326 26.3712 24, 6114 8, 7350 5,8323 4.4000 3.5378
28. 6388 26.0906 24, 3100 8.3420 5. 5084 4.1337 3. 2081
28. 4415 25.8074 24,0088 7. 9560 5.1042 3.8687 3.0687
28, 1006 25. 6217 23. 7056 7. 5774 4.8001 3.6143 2.8408
27.9360 25, 2334 23.4010 7. 2087 4, 5061 3.3704 2.6411
27. 6779 24,9428 23,0954 6.8443 4.3126 3.1370 2. 4425
27. 4141 24. 6462 22, 7837 6. 4906 4.0305 2.9141 2.2540
27.1446 24.3436 22. 4660 6. 1460 3.7 2.7016 2.0754
26. 8692 24,0348 22,1422 5.8109 3.5253 2, 4995 1.
26. 5881 23,7201 21. 8124 5. 4854 3.2842 2.3075 1.7471
26.3011 23.3993 21. 4768 5.1700 3.0538 2.1256 1. 5068
26. 0081 23.0724 21, 1352 19. 6602 4.8649 2.8340 1.9535 1. 4556
25, 7002 22.7397 20.7879 19. 3154 4, 5702 2.6247 1.7910 1. 3231
25.4043 22. 4008 20, 4348 18. 9560 4. 2862 2.4258 1.6379 1. 1090
25.0034 22,0561 20, 0762 18. 5015 4,0128 2. 2372 1.4030 | ° 1.0831
24.7764 21.7055 19, 7121 18. 2219 3.7503 2,0585 1.3587 . 9750
24,4534 21, 3492 19,3427 17.8475 3.4986 1.8897 1.2321 8744
24, 1244 20,9872 18, 9681 17. 4685 3.2678 1.7305 1.1138 L7812
23. 7803 20. 6196 18, 5886 17.0849, 3.0277 1. 5808 1 . 6048
23. 4483 20. 2466 18, 2043 16. 6974 2. 8084 1.4398 . 9007 . 6152
23.1014 19. 8684 17. 8155 16. 3060 2. 5007 1.3078 .8054 .5418
22,7485 19. 4850 17. 4224 15,9110 2.4014 1.1843 .72 . 4746
4
22. 3808 19. 0967 17.0253 15. 5128 2.2135 1.0690 . 6356 .4132
22.0254 18, 7036 16. 6244 15. 1118 2.0357 .9616 . 5608 . 3673
21, 6553 18, 3061 16, 2201 © 14.7082 1.8677 .8617 L4017 . 3067
21. 2706 17. 9043 15,8127 14. 3026 1. 7004 7602 L4288 . 2611
20,8985 17. 4084 15, 4026 13.8952 1. 5604 6835 BT L . 2202
20. 5121 17.0888 14. 9901 13. 4866 1. 4204 T L60M6 | .3194 . 1830
20.1207 16. 6760 14, 5757 13.0773 1. 2892 5320 .21 L1518
19. 7242 16. 2500 14. 1506 12. 6675 1.1663 .4655 . 2304 1237
19.3231 15.8412 13,7425 12.2579 1,0513 .4048 L1928 . 0095
18.9174 15. 4201 13. 3247 11,8490 .0434 . 3496 .1507 .0787
18. 5073 14,9970 12. 9066 14412 /[ 200 ... L8417 .20068 . 1306 . 0612
18.0033 14, 5724 12, 4889 11.0351 . 7488 . 2546 . 1054 .0466
17. 6756 14,1466 12.0720 10. 6311 . 6444 . 2140 . 0837 .0348
17.2543 13.7202 11. 6563 10. 2209 . 5206 .1763 .0853 .0253
16.8209 13, 2035 11, 2425 9.8320 3582 L1315 .0483 .0177
16.4027 12.8672 10.8311 9.4379
15,9731 12.4416 10. 4225 9, 0482 *
15. 5416 12.0173 10,0173 8. 6634
15. 1082 11. 5049 9. 6162 8. 2830
14, 6737 11,1747 9. 2105 7.9104 -

(¥}
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TABLE 41.—UNITED STATES ToTaAL WHITES: 1939-1941, MAKEHAMIZED—IMMEDIATE LiFE ANNUITIES AT 3 PERCENT INTEREST

[Single and joint llves—Equal ages]
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AGE ONE LIFE TWO LIVES THREE LIVES FOUR LIVES AGE ONE LIFE TWO LIVES | THREE LIVES | FOUR LIVES
z as Grs Qazs Grzzs k4 = as Qsa Qs Gsssn

26, 7047 23.9239 21. 7244 19.8638 | 55. ... .. ... 13. 5186 10. 3239 8. 5226 7.3117
27. 7461 25. 9141 24, 5417 23. 4075 13.1230 9. 9596 8.1508 6. 9706
27. 7106 25.9388 24. 6301 23. 5586 12. 7264 9. 5578 7.8018 6, 8367
27.6114 25. 8471 24. 5546 23. 5023 12. 3292 9.1793 7.4402 6. 3075
27.4898 25.7163 24, 4250 23. 3783 11.9319 8. 8045 7.1025 5. 9864
27.3545 25 5628 . 24. 2647 23.2162 §[ 60. ... ... ... 11. 5350 8. 4341 6. 7622 5.6720
27.2102 25. 3952 24. 0860 23.0318 11.1390 8. 0684 6. 4286 5.3672
27.0575 25. 2149 23. 8009 22,8278 10. 7443 7. 7080 6.1022 5. 0698

- 26.8970 25,0232 23.6813 22. 6066 10. 3617 7. 3535 5.7836 4. 7811
26. 7204 24,8214 23. 4593 22,3707 9. 9616 7.0053 5.4729 4. 5012
26. 5553 24.6107 23. 2263 22.1223 9. 5745 6. 6639 5.1707 4.2304
26. 3753 24. 3923 22,9844 21. 8639 9. 1909 6. 3297 4.8772 3.0688
26. 1919 24,1710 22.7403 21. 6040 8.8114 6 0031 4. 5926 3.7168
26, 0052 23. 9469 22. 4942 21. 3430 8. 4366 5. 6846 4.3173 3.4744
25. 8151 23. 7201 22. 2464 21.0812 8. 0669 5, 3745 4.0515 3.2417
25. 6216 23. 4907 21. 9867 20, 8185 7. 7029, 5,0732 3. 7952 3.0187
25, 4247 23. 2586 21. 7454 20, 5552 7. 3450 4. 7809 3. 5487 2.8054
25, 2243 23.0238 21, 4925 20. 2013 6. 9938 4. 4970 3.3120 2.6019
25, 0205 22. 7866 21. 2383 20.0272 6. 6407 4. 2243 3.0851 2. 4080
24.8113 22. 5435 20, 9779 19,7571 6. 3131 3. 9605 2. 8681 2.2237
24, 5966 22. 2044 20.7115 19. 4808 5.9845 3. 7065 2.6610 2,0488
24. 3765 22.0393 20, 4390 19. 1984 5. 6643 3. 4624 2. 4637 1.8832
24, 1507 21.7783 20. 1604 18.9101 5. 3527 3.2283 2.2760 1. 7267
23.9193 21.5112 19. 8758 18. 6158 5.0501 3.0042 2. 0980 1. 5701
23. 6822 21.2380 19. 5850 18. 3155 4, 7568 2.7901 1. 9293 1. 4403
23. 4392 20. 9587 10.2883 18. 0094 4.4730 2. 5860 1.7699 1.3008
23.1903 20. 6733 18, 0856 17. 6975 4. 1989 2.3017 1.6195 1.1875
22,9355 20. 3819 18. 6770 17. 3800 3.9347 2.2072 1.4779 1.0732
22,6747 20, 0843 18. 3626 17.0570 3. 6806 2,0322 1. 3449 9665
22. 4080 19. 7808 18,0425 16. 7287 3. 4365 1, 8667 1. 2202 . 8671
22,1352 19.4714 17,7187 16. 3051 3. 2026 1.7105 1.1038 L7749
21, 8562 19. 1559 17. 3855 16. 0565 2.9788 1. 5632 . 0946 . 6896
21,5712 18, 8347 17.0490 15. 7132 2. 7651 1.4247 . 8032 6107
21. 2802 18, 5078 16. 7074 15. 3654 2. 5615 1. 2048 7989 5380
20. 9830 18.1753 16. 3608 15.0133 2,3679 1.1730 7116 L4714
20. 6798 17.8373 16,0005 14. 6571 2.1840 1.0503 . 6309 . 4108
20. 3705 17, 4939 15. 6537 14. 2973 2.0099 .9533 . 5566 . 35651
20. 0553 17. 1455 15.2937 13. 9341 . 1.8452 . 8546 . 4884 . 3048
19. 7341 16, 7921 14. 9208 13. 5679 1.6897 . 7631 4259 . 2598
19. 4072 16. 4340 14, 5623 13. 1981 1. 5433 6784 . 3690 . 2189
19. 0744 16. 0714 14,1915 12,8279 1. 4057 . 6002 3174 . 1828
18. 7362 15.7047 13.8178 12, 4551 1.2764 . 5283 . 2708 . 1510
18. 3923 15, 3339 13. 4415 12.0807 1.1553 . 4624 . 2290 L1231
18.0432 14. 9595 13. 0631 11. 7055 1.0418 .4021 L1918 0989
17.6888 14, 5819 12. 6829 11,3297 9354 .3474 . 1588 0783
17. 3205 14, 2012 12,3014 10. 9540 . 8349 . 2978 . 1299 0609
16. 9654 13.8180 11.9191 10. 5788 . 7381 . 2531 .1048 0464
16. 5966 13. 4325 11, 5364 10. 2045 . 6399 2128 . 0833 . 0346
16. 2237 13 0453 11,1538 9. 8319 . 5263 1753 0649 0252
15,8467 12, 6568 10,7718 9. 4613 . 3564 1309 0480 0176
15. 4660 12.2674 10. 3011 9. 0935
15. 0819 11.8775 10.0119 8. 7287 *
14, 6948 11.4878 9. 350 8. 3676
14. 3049 11.0086 9. 2608 8.0107
13.9127 10. 7105 8.8808 7.6586
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TaBLE 42.—UNITED STATES ToraL WHITES: 1939-1941, MAKEHAMIZED—IMMEDIATE LIFE ANNUITIES AT 4 PERCENT INTEREST

{Single and joint lives—Equal ages]

AGE

ONE LIFE

TWO LIVES

THREE LIVES

FOUR LIVES

AGE ONE LIFE TWO LIVES | THREE LIVES | FOUR LIVES
I [+ 7 Gss [ #9 [ PPy z [+ 73 G2z Grza Grrer

21. 5428 19. 5872 17. 9647 16, 5537 12, 2451 9. 5391 7.9629 6. 8832
22.4148 21. 2493 20. 3264 19. 6375 11.9168 9. 2061 7.6413 6. 5763
22.4191 21. 3040 20. 4339 19. 6973 11. 6857 8.8737 7.3226 6. 2737
22.3726 21. 2641 20, 4068 19. 6853 11. 2523 8. 5424 7.0072 5. 9759
22.3085 21.1926 20. 3353 19,6172 10. 9169 8.2129 6. 6957 5. 6834
22. 2336 21.1027 20. 2386 19. 5176 10. 5800 7.8855 6. 3886 5. 3066
22. 1517 21. 0014 20. 1268 19. 3994 10. 2421 7. 5609 6.0863 | .~ 5.1160
22,0633 20. 8898 20. 0013 19. 2647 9. 9037 7. 2395 5. 7804 4.8419
21, 9687 20. 7688 19. 8637 19,1154 9. 5651 6. 9220 5. 4083 4. 5748
21. 8685 20. 6393 19. 7154 “-18. 9534 9. 2269 6. 6087 5. 2134 4.3149
21. 7630 20. 5024 - 19,8577 18. 7804 8.8897 ° 6.3002 4.9352 4.0826
21. 8529 20. 3588 19. 3921 18. 5083 8. 5539 5. 0960 4, 6839 3. 8181
21. 5400 20. 2127 19. 2243 18. 4148 8. 2201 5. 6994 4. 4001 3. 5817
21. 4244 20, 0641 19. 0545 18. 2204 7. 8887 5. 4080 4.1438 3. 3536
21. 3062 19. 90131 18.8828 18. 0430 7. 5604 5.1232 3. 8056 3.1339
21. 1852 19. 7506 18. 7092 17. 8553 7. 2357 4.8454 3. 6554 2.9228
21. 0613 19. 8037 18, 5339 17. 6667 6. 9150 4. 5749 3.4236 2. 7204
20. 9346 19. 4452 18. 3567 17.4770 6. 5089 4.3121 3. 2004 2. 5260
20. 8050 19. 2845 18,1781 17. 2867 6. 2878 4. 0672 2. 9859 2. 3416
20. 6710 19.1185 17.9938 17.0006 5. 9822 3. 8104 2. 7800 2. 1652
20. 5323 18. 9471 17.8038 16. 8887 5.6827 3. 5721 2. 5830 1. 9974
20. 3880 18. 7703 17. 6081 16. 6808 5. 3808 3.3424 2. 3948 1.8382
20. 2408 18, 5880 17. 4066 16. 4671 5.1033 3.1214 2.2153 1. 6874
20. 0877 18. 4000 17.1992 16. 2474 4.8242 2. 9092 2. 0446 1. 5448
19. 9206 18. 2064 16. 9859 16. 0218 4, 5527 2.7059 1. 8826 1.4104
19. 7 18.0071 16. 7668 15.7903 4. 2801 2. 5115 1. 7290 1. 2839
19. 5079 17. 8018 16, 5415 15. 5528 4, 0336 2.3260 1. 5839 1. 1652
19. 4240 17. 5806 16. 3104 15. 3004 3. 7864 2. 1494 1. 4469 1. 0539
19. 2448 17. 3736 16.0733 15. 0601 3. 5478 1. 9815 1. 3180 9499
19. 0600 17.1507 15. 8302 14. 8052 3.3181 1.8224 1. 1969 8520
18. 8695 18,0217 15. 5812 14. 5445 3.0971 1. 8717 1. 0834 . 7628
18. 6734 16. 6867 15.3264 14. 2781 2. 8851 1. 5295 L9773 . B792
18. 4715 16, 4457 15. 0657 14. 0064 2.6822 1. 3954 . 8783 . 6019
18,2638 16. 1988 14. 7995 13.7203 2. 4882 1. 2604 . 7863 . 5306
18.0501 15. 9459 14. 5275 13.4471 2, 3033 1. 1511 . 7008 4651
17.8306 15. 6872 14, 2502 13. 1600 21273 1. 0404 . 6218 . 4052
17. 6050 15. 4226 13. 9675 12. 8681 1. 9601 . 9370 5488 . 3507
17,3735 15.1523 13.6708 12,5717 1.8016 . 8407 .4818 .3012
17. 1360 14.8764 13. 3871 12.2712 1.68517 . 7512 . 4204 2565
16. 8924 14. 5950 13. 0897 11, 9667 1. 5102 " 6682 . 3644 2165
16.6429 14. 3083 12. 7878 11. 8580 1.3770 . 5016 . 3136 . 1808
16. 3875 14. 0165 12. 4818 11. 3473 1. 2516 L5210 1~ . 2677 . 1493
16. 1260 ©13.7196 12.1718 11.0329 1. 1339 4562 . 2264 L1218
15.8588 13.4180 11. 8584 10. 7162 1.0234 3970 1898 . 0979
15. 5857 13.1118 11. 5416 10.3972 9197 . 3431 L1571 .0775
15. 3070 12. 8015 11. 2220 10. 0766 .8218 . 2042 1285 . 0803
15.0227 12. 4872 10. 8099 9. 7548 L7271 . 2502 . 1037 . 0459
14. 7330 12.1692 10. 5757 0. 4321 L6311 . 2104 . 0824 L0343
14. 4381 11.8479 10. 2499 9. 1092 . 5199 1734 0643 . 0249
14. 1382 11, 5237 9.9229 8. 7865 . 3530 1298 0476 0175
13.8333 11. 1969 9. 5952 8. 4646

13. 5238 10. 8679 9.2672 8. 1437

13. 2100 10. 5372 8. 9305 7.8247

12.8020 10. 2051 8. 6126 7. 5079

12. 5703 9.8723 8. 2868 7.1939




PART 1V

%)

It is the purpose of part IV to explain and illustrate
the use of the actuarial tables in part ITI, and to present
enough of the underlying mathematical theory to enable
the reader without actuarial training to grasp the gen-
eral import of these tables and to understand some of
their simpler applications. For the convenience of
such readers, the synopsis of mathematical theory has
been placed before the technical explanation of the
arrangement and use of the tables..

The section dealing with the mathematical theory
assumes only a knowledge of elementary algebra, and

covers only the formulas for net values of the most.
simple types of life annuities, and net premiums for the

‘most simple types of life assurance benefits, including
some annuities and assurances involving two or more
lives. No consideration is given to the important sub-
ject of policy values (reserves).

A. GENERAL MATHEMATICAL THEORY

Compound interest

If a sum P is invested at compound interest. at the
rate 1 (that is, 1007 percent) compounded annually, the
amount accumulated at the end of 1 year is P(1+41).
The amount at the end of the second year is P(1-+1)
multiplied again by (1-4%): that is, P(144)% In
general, the amount at the end of n years is P(141)*.

The present value, on the basis of compound interest
at the rate 4, of a sum A due n years hence, is that
gmount which, if available now, would accumulate to
exactly the sum A in n years by the addition of com-
pound interest at the rate 4. In other words, it is an
amount P, such that P(1-}3)*=A. Solving for P gives:

P=A(1+41)"=Av
where the symbol » is used to stand for (141)-.

Pure endowment

A pure endowment on thé life of a specified individual
is an agreement to pay a stipulated sum on a designated
future date, called the maturity date, provided the
specified individual is -then alive. If each of I, indi-
viduals, all exactly at age z, purchases an n-year pure
endowment of one unit, the total cost being shared
equally at the time of issue, payments will be made at
the end of the n years to l,,, persons, and the total
present value of these payments is v*,,,. If .E,
denotes the net single premium for the pure endow-

“individual,

MATHEMATICAL THEORY AND USE OF THE ACTUARIAL TABLES

ment: that is, the amount which each of the I, md1v1d-
uals will ha.ve to pay, then, ]
i .

=T ®

Annuities

An annuity is a series of payments made at equal
intervals- and continuing during the existence of a
given status. Unlessotherwise specified, the payments
are assumed to be equal in amount. An annuity
certarn is one in which the payments continue for a
specified period of time, regardless of any other con-

| tingency. A life annuity is one in which each payment

is contingent on the continued survival of a designated
called the ‘annuitant. In a whole life
annuity, the payments continue during the entire hife-
time of the annuitant. Under a temporary life annuity,
a maximum period of time is specified, beyond which
the payments are not to continue, even thoughethe
annuitant be alive. The valye or present value of an
annuity is the sum of the values of all the individual
payments, each discounted (or, in some cases, accu-
mulated) at compound interest to a specified date,
called the valuation date. In the case of a life annuity,
valuation also implies the assumption that similar
annuities have been issued to a large number of persons
all at the same age and subject throughout the duration

of all the annuities to exactly the rates of mortality of a .

specified life table; and further that the total fund is
contributed (or shared) equally by all the annuitants
alive on the valuation date. If the first payment is
made exactly one payment interval after the valuation
date, the annuity is called an immediate annuity If
the ﬁrst payment is made at a later date, it is called a
deferred annuity. If the first payment is made on the
valuation date, it is called an annuity-due. If the last
payment is made prior to the valuation date, it is
called a forborne annuity. A concrete illustration of
the forborne annuity is provided by the tontine fund,
to which a group of individuals contribute regularly
until the end of a specified period of years (or until
prior death), the accumulated fund being then divided
equally among the survivors on a designated date.

Temporary life annuity
Each payment of a life annuity can be regarded as a
pure endowment; or, in other words; a life annuity can
be regarded as the sum of a number of pure endow-
85
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ments. Thus, if a5 denotes the present-value of an
n-year immediate temporary life annuity with pay-
ments of one unit, then

a’z:il=lEz+2Ez+aEz+ ¢ +nEz

It follows from formula (1) that
Q27 ="'l1 (vlz+l + vzlz-l-ﬂ + v3l1+3 + e v + ‘l)"l,+,.) (2)

This expression is called the net value of the annuity to
indicate that it is based on interest and mortality only,
ignoring expenses and business contingencies.

Commutation columns

The evaluation of temporary snnuities by formula
(2) for many different terms and ages would involve
very extensive and laborious computations. Fortu-
nately, the calculation can be very much simplified
by employing the ingenious device known as commu-
tation columns. Since the value of a fraction is not
changed by multiplying -both numerator and denomi-
nator by the same quantity, formula (2) is transformed
by multiplying and dividing by #*. This gives:

"Gy 0Pl st - - o)

Now, if the symbol -D; is used to represent »*l;, the
equation may be written in the form:

'Gx:m=l—;;.(Dz+1+Dz+n+ « o +D:,)

Finally, if the symbol N, is defined by

N;=D.+D.;.1+Dsa+ - - - to end of life; table,
it is possible to write:

Nz+l - Nz+n+l

z

Ayim|=
This is, in fact, formula III of table P, page 87. Simi-
larly, formula (1) on page 85 can be written in the form:

D 4+n
D,

uE:=

It is clear that if values of D, and N, are tabulated
for all ages, the net value of a pure endowment or
temporary life annuity for any age and term can be
calculated with very little effort. The functions D, and
N, are members of the class of actuarial functions
called commutation columns. Although very useful in
actuarial calculations, commutation columns are mere
mathematical abstractions—short cuts in computation
having no real meaning in themselves. . .

- mim =

Other types of annuities

The expression for the net value of an immediate
whole life annuity of one per annum is similar to formula
(2) except that the expression within the parentheses
is not limited to »n terms, but continues to the end of
the life table. By the same process used in the case
of the temporary life annuity, this expression reduces

to the formula:
N.y

@r=—F

x
The net value of an n-year temporary life annuity of
one per annum deferred m years is given by:

1 .
ﬂola:r:il:l—z (Clubl! SUPE L MPS SRIEERIE Sl A

Expressed in terms of commutation syml;ols, this
becomes:

Nz+m+l'— z+m+n+l=Dz+m Nz+m+l_ z+mintl

T z +m

m E:a1+m:il.

This is reasonable, since an m-~year pure endowment of
amount 4,y mm to an individual aged z at the time of
issue, would enable the purchaser to use the proceeds
at age z+m to buy an n-year immediate temporary
life annuity of one per annum commencing at that age.
Therefore, an m-year pure endowment of amount G;ym:s
can provide benefits identical with those provided by
the deferred annuity represented by ale;m. Adapta-
tion to the case of a deferred whole life annuity gives
the analogous formula:

Nz+m+l
m|@r= T =nEz Qrtm

Table P provides a reference list of formulas in terms
of commutation symbols for the present values of the
more common types of annuities. In all the formulas
in the table, it is assumed that the payments are of
one unit each, and are made at intervals of 1 year. In
connection with the formulas in this table, it will be
noted that the value of an annuity-due (of one per
annum) may be obtained by adding unity to the value
of the corresponding immediate annuity in which the
temporary period (if any) has been reduced by 1 year.
Thus, in the case of whole life annuities,

a,=1-+a, '
while in the case of temporary life annuities,
trm =1+t

The principles underlying the choice of symbols to
represent the different annuity values are explained on
pages 90 and 92. ’
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TABLE P.—REFERENCE LisT oF FORMULAS FOR PRESENT VALUE OF SINGLE LiFE ANNUITIES

Reference

number DESCRIPTION OF ANNUITY

I | Immediate whole lifeannulty. ... _________ .. .______ -
I | Whole life nnnuity-d;le._____--...-....._..__4_.-.t ___________________
III | Immediate temporary life annuity for term of n years__.___._.__.._____
IV | Temporary life annuity-due for term of % years. . _._._._....._o__.....

V | Whole life annuity deferred m years._ .. ____._____ .. ....o_._._._.
VI | Temporary life annuity for ‘term of n years deferred m years__________

VII | Forborne life annuity for termofn years. ... ... . _._...___.._._.

Age at time of first A%%y':xtle:litm:il %'m]l':it s t
payment tant does mot die ymbol and formula! for value at age z
previously) .
1—*:l ................... None.__....o..o...... a.nl\;’:'
...................... None____..___.....___. a.-=%r5=l+a..
E = O P 2 o a,_.7|=11’%1:—r§—"—t'
...................... [ a,_..—i-N';)IY"'=l+a,,._—:ﬂ
Hml s None_ .o .oaaeaas ...Ia.=-—1!"‘5+“+l
T4+m+1. . z+mtdn. . mla,:_—l-M—%I:v—M
T=eie e E 2 S, .11,_.=N"1'):N' ~

1 0n the basis of annual payments of one per annum.

Life assurances :

A whole life assurance is a1t agreement to pay a speci-
fied sum upon the death of a designated individual,
called the insured, regardless of when such death may
occur. In aterm or temporary assurance, the payment is
made only if the death occurs within a specified period.
In the case of a deferred assurance, payment is made
only if the death occurs after the expiration of a speci-
fied period. An endowment assurance is an agreement to
pay a specified sum’ either upon the death of the in-
sured, if the death occurs within a stipulated period,
or at the end of such period, if the insured is then alive.
From a strictly mathematical point of view, an endow-
ment assurance may be regarded as the combination
of a term assurance and a pure endowment.

If I, persons all exactly at age « purchase temporary
life assurances of one unit for a period of n years, and
if it be assumed that claims are paid on the birthday
next succeeding the date of death, the payments made
at the end of the first year would tetal d., and their
present value would be vd;. Similarly, the present value
of the payments made at the end of the second year
would be #d,,,, and so on up to the end of the nth year,
when payments would be made having a present value
of v"d,,,_,. Thenet single premium for each assurance
(denoted by A}.7) is therefore given by:

A;=i|=l—t (vd.+vdry+0dopet - - o F0"drpny)
Upon multiplying and dividing by v, this becomes:
= % W*d, v dop+ - - - F0H 0y

y using C, to denote 5**'d;, this can be written:

A;::il=D'l(Cz+Cz+l+ v +0::+n—l)

Finally, after introducing the symbol M, defined by:
M,=C;4C. 1+ Crpp+ - - - to end of life table,

the formula becomes:

Mz_Mz+n
D,

1_

2

By a similar process, it is easily found that, for a

whole life assurance,
M,
Az— '_Dz

while, for a deferred life assurance,

Miym_
D, "

mlAz= Ez Az+m

The expression for the net annual premium for a
whole life assurance (denoted by P,) can be obtained
by observing that the annual premiums constitute a
whole life annuity-due. Therefore, P, a,=A,; whence,
solving for P,

In the case of a limited payment whole life assurance,
where the number of annual premiums (net premium
denoted by ,,P,) is limited to a maximum of m years,
the equation to be solved is ,,P; az:m=A4;, which gives:

A _ M,
8. ) Nz—Nz+m

mPs

Formulas for net annual premiums for other types of
assurance contracts are similarly obtained.

Table Q provides a reference list of formulas in terms
of commutation symbols for single and annual net
premiums for the more common forms of life insurance
benefits. In all the formulas in the table, it is assumed

that the sum insured is one unit, and is payable, in case



TaBLE Q. —REFERENCE LIsT oF FORMULAS FOR SINGLE AND ANNUAL NET PREMIUMS ! FOR INSURANCE BENEFITS
I;elﬁ:;,)%ﬁe DESCRIPTION OF INSURANCE BENEFIT Symbol nngr'g%rixlxllxxxlla for single | Symbol ang rg::;mtgn’ for annual
. . < M M.
I | Whole lifo 8SSUTANCE _av oo cceccccecmccceaccccem s mme e emaean Ag e P‘-F,
II | m-payment 3 life assurance None. m Py M
PAYMENTL® e BSSUMANCE.- - - - oem oo s ooms oo so oo s o s st e | O e oo No—Nirm
. 1 . M;—~Mgy, M:—M:
III [ 7-yeAr term ASSUPANCR. oo oo onoooeooems s oo oo D An == e P‘_m- No— N,+:
. M:—Mzia
IV | m-payment? n-year term nssur.ance ........................................................ D [1) 1 T TR "P::TI" N Norm
1 D 1 __ Dun
V | n-year pure endowment- .o e wExof Ag:'wi= D <o mmeeeeeen P NomNoms
— _M:—MsutDeta — o Mz—Mriat-Dria
VI | n-year endowment 8SSUTANCE. . en oo oacciceeeneeonraaceammme—escmeraammmmmmcancanee Az e P RN
VII | m-payment? n-year endowmoent BSSUTANCE. . - -« - vueeeemcammmcm e mmc oo macccmcu s None. .« P - Ms—~MztutDita
. N:—-N:m
Mriw . Mrim
VIIT | Whole life assurance deferred m years. ..o eoaiaooo. e Premium == N

1 On the basls of a sum insured of onc unit payable on the contract anniversary
next succeeding the date of death.

* Premiums assumed payable throughout the duration of tho contract unless other-
wise specified in column 2,

of death, on the anniversary of the insurance contract
next following the date of death. It is also assumed, in
the case of annual premiums, that they are payable in
advance: that is, the first premium is duc at the time
the contract is made; and the last premium is due, in
the case of cndowments, 1 year beforc the maturity
date. The principles underlying the choice of sym-
bols to represent the premiums for different types of
assurances are explained on pages 90 and 92.

The actual practice of life insurance companies today
is to pay the sum insured immediately upon receipt of

proofs of dcath, and not to wait until the next contract |

anniversary. Nevertheless, it is customary to calcu-
late net premiums for life insurance on the assumption
stated- in the preceding paragraph, and to include the
adjustment for immediate payment of claims in the ad-
dition made to the net premium to provide for expenses
and contingencies. If, however, it should be desired to
include this adjustment in the net prémium, this can be
done approximately (on the assumption that dates of
death are, on the average, evenly spaced over the con-
tract year) by multiplying the net premium obtained
from the formula by (147)}~*, where 7 denotes the rate
of interest and k represents the average period of time
(expressed as a fraction of & year) required to obtain

complete proofs of death. As just pointed out, net |

premiums obtained by these formulas do not include
any allowance for expenses or contingencies, and there-
fore are not comparable with the premiums actually
charged by life insurance companies. This is par-
ticularly true of ‘“participating’ policies, under which a
refund, or so-called ‘“dividend,” is returned to the pol-
icyholder out of each year’s premium.

Joint life annuities

A joint life annuity is one under which the payments
continue so long as two or more designated persons are

2 This implies that payments by the insured continue until m payments have been
made or until death If earlier.

4 There is no accepted symbol for the annual premium. The formula given assumes
that premium payments begin immediately.

all alive.  For example, a joint life annuity on the lives
of three persons continues only so long as all three are
alive; it terminates as soon as any one of them dies.
Suppose there are I, distinct pairs of individuals, each
pair consisting of one person at exactly age 2 and another
person exactly age y, and that an n-year joint pure en-
dowment of one unit is issued om each pair of lives.
Such a contract provides for payment of the amount
specified only in case both members of the pair are alive
at the end of the n-year period. This will be true in
ltnlyin cases out of the total I, pairs of lives. There-
fore, the net single premium (denoted by ,E:,) for the
joint pure endowment is given by: .
=Tttt @)
As in the chse of single life annuities,! a joint life
annuity can be regarded as the sum of a number of
joint pure endowments. Thus, if ., denotes the net
value of an n-year temporary joint life annuity on two
lives aged z and y,

azv:il=lEzy+2Ezv+ LRI +nEzy

Therefore, substitution of formula (3) gives:

a:v:il=zlev (vlz+llv+l+vzl:+2lu+2+ e +1)'il,+,,l,,+,,) 4)

Likewise, in the case of a temporary joint life annuity
on three lives,

Aryz:m) =l_,l_lvz,(vl’+ll”+‘l‘+l+vzl’+2lﬂ+3l‘ +2 —|— e
v"l,.,_,.l,,.,_,.l,.,_,.)

A similar expression can be written for any number of
lives,
t Beo p. 86,
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It is explained later * that when joint life annuities
are calculated on the basis of a mortality table which
follows Makeham's law, any group of ages on which a
joint life annuity is based can be replaced by a group
of equal ages. In other words, if a joint life annuity
is based on m lives aged z, v, 2, . . . (m), an age w
can readily be found, such that

]

Qryz + « o (m):;7 ™= Qroww « + « (M)T

Therefore, it is sufficient, in such a case, to consider
the formulas for joint life annuities when the ages are
equal. When the two ages 2 and y are equal, formula
(4) reduces -to:

1,
a'n:i!=a—$§[0(lz+1)2+?)2(lz+2)2+”3(lz+3)2+ cee +
2" (Le4n)]
By multiplying and dividing by +*,writing D.. for v*(,)*=
D.l., and taking N;;=D.;+D 11241+ Dzy2z42t+ - - - 10
the end of the life table, it is easily shown that

=Nz+l:z+l —AVzin41:z4nfl

aztf‘fll
Iz

In the particular case of a joint whole life annuity,
this reduces to

_Nz+1;z+1
Qpr==

zz *

while, for a joint pure endowment,

E =D T4n:z4n
T D:z

and, for a deferred joint whole life annuity,

N LVrintl:zintl __

Iz

nla':z = Ezz a'z+n z4n
Similar expressions hold for three or more lives, taking
Duz= zzlz; D:z:z=Duzlz, and so on.

Reversionary annuities and last survivor annuities

A reversionary annuity (or survivorship annuity) “‘to
(z) after () is an apnuity to commence on the death
of (y) and to continue thereafter so long as (z) is alive.?
If (z) predeceases (y), no payments at all are made.
It a,, denotes the net value of a reversionary annuity
of one per annum “to () after (y),” it is obvious that

(5)

For, the value a, provides an annuity during the entire
lifetime of (x), and the deduction of dyy eliminates the
value of those payments made while (y) also is alive.
Therefore, the remainder is the présent value of only
those payments which are made during the lifetime of
(z) after the death of (y).

. a”|1=a,—' Ay

N »
2 See p. 94.
1 The notation (z) denotes ‘‘a specified individual at age 7.”*
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By similar reasoning, it is easily seen that

Qyo|s =0z — Qzys
and

Qgzy=Cry = Qzpe

where @y, denotes the net value of an annuity of ope
per annum commencing at the death of either (y) or
(z) (whichever occurs first), and continuing thereafter
during the entire lifetime of (z); and @, denotes an
annuity of one per annum commencing at the death of

.(2) and continuing thereafter only so long as (z) and

(y) are both alive.

A last survivor (or joint and survivor) annuity to (z)
and (y) is one which begins now and continues so long
as either (z) or (y) or both are alive. If az denotes
the present value of a last survivor annuity of one per
annum on the lives of (z) and (y), it is clear that

=0yt Gy =0z} ay—

The.last expression: was obtained from the second by
substituting formula (5) for a,;;. Similarly, in the case
of three lives,

=05t 0y 2

The reasoning which leads to the second member of
this equation is as follows. If to a last survivor annuity
on the lives of (y) and (2) is added a reversionary
annuity to (z) after (y), the sum provides for making
payments so long as (z) or (y) or (z) (or any combina-
tion of the three) is alive. However, it provides for
duplicate payments under one particular set of condi-
tions: namely, when (y) is dead and both (z) and (2) are
alive. Hence, the subtraction of a revers10nary annuity
to (z) and (2) after (y) is exactly what is needed to
eliminate the duplicate payments.

Formulas for more comphcated benefits can be
similarly obtained. For example, in the case of formulas

Azy

—@yjpr =05 Gyt a—ayy—a,, —Ayst Orys

VI, XXIII, and XXIV of table R (p. 91), the steps
would be as follows: .
Formula VI:
a’.r_vz=an+a':|vz=azz+a'y:"_a'ut
Formula XXIII: .
. ' aiﬁur:au(:_uy|::=az_a':ﬂ‘_an+ Tzye

Formula XXIV:

anﬁ=a‘17z'_'az=az+ay—azﬂ—a:z-ayz+a1w

Relation between annuities and assurances

There is an importanf general relationship between

‘the net values of annuities and net single premiums for

assurances, which can be stated as follows.
If a .denotes the net value of an ennuity-due of-one per
annum to continue in effect during the existence of a

given status, and if A denotes the net single premium for

an assurance providing for payment of one unit on the
contract anniversary next following the termination of the
given status, then

A=1—da (6)



90

where d denotes the rate of discount corresponding to the
interest rate assumed.

The rate of discount may be defined as the annual
amount of interest per unit of principal when interest is
payable at the beginning, rather than the end of each
year. It is given by the relations:

d=1i/(1+1)=tv=1—v

This general proposition can be demonstrated as
follows. If one unit is invested so as to earn interest
at the rate ¢ per.annum, the amount 7 will be received
at the end of each year. However, if arrangements
could be made to receive the interest at the beginning
of each year rather than at the-end, the amount received
each year would be the present value of ¢ due 1 year
hence: that is,* iv=d. Suppose that one unit is in-
vested, under the latter arrangement, during the con-
tinuance of the given status, with the understanding
that the unit invested will be withdrawn at the end of
the year in which the given status terminates, Then
it may be considered that an immediate down payment
of one unit has purchased two distinet benefits, namely:

(1) an annuity-due of d per annum during the
continuance of the given status, and

(2) the right to receive one unit at the end of the
year in which the given status terminates.

It should be clearly understood that the unit originally-

invested docs not become available for withdrawal
until the end of the year in which the status terminates
because the interest paid in advance at the beginning
of that year is not fully earned until the end of the year.
Now the present value of benefit (1) is, by hypothesis,
da, while that of benefit (2) is A. Since the initial
payment must be equal in value to the benefits pur-
chased by it, it follows that

1=dat+A

Upon transposing, this gives at once the equation (6).

A simple illustration is the case in which the given
status is the survival of a specified life (z). In this
case, formula (6) becomes

A,=1—da,=1—d(1+a,)

Similarly, when the status is the joint existence of two

lives (z) and (y) -
A,,=1—d(1+ay)

If the given status is the survival of (z) durmg a period
of n years only, the formula gives:

Arm=1—da;z=1—d(1+ar.7=7)

If the status in question is the survival of any one or
more of three lives (z), (¥), and (2), the relation is:

Asp=1—d(14asp)

Other examples appear among the formulas of table R.

18ee . 86.
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As a practical illustration, consider the following
situation: A certain estate includes a property of value
P, which yields an annual income 7. Under the terms
of the will, one of the heirs, (z), is to receive the income
during his lifetime. After the death of (z), anather
heir, (y), if then alive, is to receive the income as long
as he lives. At the death of the survivor of (z) and (y),
the title to the property is to pass to a third heir, (2),
or to the estate of (z) if he is not then alive. The
problem is to determine the present value of the inter-
ests of (z), (¥), and (2) in the property.

Tt is obvious that the value of (z) s interest is Ja,, and
that the value of (y)'s interest is Ia,l,, The value of
the combined interest of (z) and (y) is I (a,—l—a,l,,) lag.
On the assumption that the income is receivable .
annually at the end of the year, () will receive, at the
end of the year in which the survivor of (z) and (y) dies,
1 year’s income in addition to the property itself: that
is, a total value of P+ 1. Therefore, it follows from -
the general principle stated on page 89 that the present
value of (2)’s interest is (P+I)[1- -d(1+4az)), where
d=1--(1+1), and 7 represents the ratio I=+-P. As a
check on the consistency of these results, the value of
the combined interest of (z), (y), and (2) can be written

as
Iagz+ (P+1)—I(1+azm)=P

since P+I=P(1+1), (1+i)d=1, &nd P;=1. This
shows that the present value of the combined interest
of all three heirs equals the value of the property, as
would be expected.

Formulas for joint life beneflts

Table R provides a reference list of formulas for net -
values of the more common types of joint life benefits
in terms of joint life annuities and joint pure endow-
ments. In using this table, it may be helpful to realize
that the symbols used to denote net values of the
different types of bencfits are not merely arbitrary but
follow definite rules. The symbol (z) denotes a speci-
fied individual whose age is . The italic “e¢” jndicates
the present value of an immediate annuity; the Roman
“a,” of an annuity-due; and the capital “4,” of an
assura.nce The subscripts to the right of these sym-
bols denote the ages of the lives during whose continued
existence the annuity is to be paid, or upon whosd
death the assurance is payable. Unless otherwise
indicated, the annuity terminates, or the assurance
becomes payable, upon the occurrence of the first
death among the group of lives indicated. A subscript
with an “angle’” (7]) placed over it denotes not an age
but a term certain: that is, a specified period of years
commencing at the date of the contract. For example,
the subscript “19]” in the symbol as.yy denotes a
12-year period starting at the commencement of the
annuity. The entirc symbol represents the present
value of an immediate annuity of one unit per annum
to terminate as soon as (35) dies or as soon as (12})
“dies,” whichever occurs first. From this point of
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TabBLE R.—REFERENCE LisT OF FORMULAS, IN TERME OF JOINT WHOLE Lire ANNUITIES AND JOIiNT PURE ENDOWMENTS, FOorR NET
VALUES oF THE PRINCIPAL TYPES OF ANNUITIES AND ASSURANCE BENEFITS INVOLVING Two or MorEe JoiNT LivEs

l};ﬁggg’ SYMBOL! Description 7 Formula for net present value or net single premium 1
t
JOINT PURE ENDOWMENT
I aBzye.. (M) emcm e e payable after n yeais if (z), (v), (2),...areall alive.| v*l ralyrnlern.. (M) 1, (m)
JOINT LIFE IMMEDIATE ANNUITIES .
II al@zye..my- e deferred n years, then payable until a death occurs | nE.y,...(m)%z+n:ytn:stn:...(m)
among the lives (z), (v), (2), -. .. ’
III Cryg..(m): T e e e mmm payable for n. yea,rs or until a death occurs AMONE | zys...(m)— nl|Czys...(m)
the lives z, 7, 2, . . ., if earlier.
LAST SURVIVOR (OE JOINT AND SUBVIVOB) IMMEDIATE ANNUITIES
IV @ o e payable until both (z) and (y) are dead. _ .. ___.___ a,ta,—a.,
Vv [/ errr payable until (z), (y), and (2) ate all dead. ________ a:ta,+0,—a;y—ar— Ayt azy,
VI e payable until the death of either (z) or the survivor | @¢,.+ay,—azys
. of (z) and (y).
VII B deferred n years, then payable until (a:) and (y) are | nlaztalay,—n|dzy
both dead. .
VIII al@zgre e L deferred n years, then payable until (z), (y), and | al@:+ alay-+al@:— nl@zy— altz:—al@yst al@z4s
(z) are all dead.
IX al@EEe o oo deferred n_years, then payable untll the death of | alazet n|ays— nldzys
either (2) or the suivivor of (z) and (y). .
X [/ iy _payable for n years, or until both (z) and (y) are | a;. =i+ a,:51— Gz
dead, if earlier.
XI 7 iy S payable for n years, or until (z), (), and (2) are all | a.7ita,7+aen =Gy ni— Cze 7]~ Gunal+
dead, if earlier. Gzys:nl
XIrI [/ 2orriir=y payable for n years, or until the death of either (2) | @zu:wi+aysn]— Czyu:n]
or the survivor of (z) and (y), if earlier.
JOINT LIFE ASSURANCES
XIII . O o S pa{a),bl? u}zo)n 8 the first death among the lives | 1—d(1+azys...cm)
. (@, ()
X1V alAzye.tm) e e e e - payable l’IPOI: 3 the first death among the lives | ,E.y,...(m) Azt n:vtnistn:...(m)
(x), (), (2), ..., if this occuis after n years have .
elapsed.
Xv Agysomymle oo payable at? the end of n yeais, o1 after the first | 1—d(1+a.ps...cm):n=T)
- death among the lives (z), (), (2), . . ., if earlier.
XVI Y Irrmm == S pa{a)bl? at? the death of the last survivor of (z), | 1—d(1+ ez )
y), (2), - ...
XVII | WAz o payable at3 the death of the survivor of (z) and | ,|A,+.]4,— |4,
(y) if this occurs after n years have elapsed.
XVIII | JAzps oo payable at ? the death of the last survivor of (z), (¥), | alds+ aldy+nlAs—olAzy—al Az~ u|4,+
and (z) if this occurs after n years have elapsed nlAsy, ’
XIX Y. Frvre = Fry RO payable at 3 the end of n years, or at the death of | 1—d(14@.y,...cmy:n=1)
the last survivor of (z), ?’ ), (z), ... if earlier.
REVERSIONARY (OR SURVIVORSHIP) ANNUITIES
XX Qypzocoomcceeeeae commencing at?® the death of (y) and continuing | ¢.—a.,
thereafter during the life of (z).
XXI Qyglzmmmmm e emmee e commencing as soon as either (y) o1 (2) dies,?® and | a.—@.,,
continuing thereafter during the life of (z).
XXII | Gayayomcoomoeemmee commencing at? the death of (z) and continuing | @;,—azy.
thereafter so long as (z) and (y) are both alive.
XXIIT | @pgmcce e commencing at?® the death of the survivor of (y) | @z—@zy—8ze+ Cays
anc(i (2), and continuing thereafter during the life
of (z)
XXIV | agmecceccaaoa o commencmg at? the death of (z) and continuing | a.+ay—azy— Cra—ayet sy,
thereafter until both (z) and (y) are dead.

1 The letter (m) denotes the number of lives involved.

1 The notations (z),

W), (2) .

denote specified individuals at sges z, g, z, ete.

3 These formulas assume that all payments are of one unit and are made on contract anniversaries; that annuity payments are made annually at the end of each year
which falls within the term of the annuity; and that assurance paymenns are made on the anniversary following death, rather than immediately after death.



92 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

view, the end of the 12-year period starting from the
commencement of the annuity is ‘regarded as the

“death” of (12]). Similarly, Az denotes the net

single premium for an assurance of one unit pay-
able upon the occurrence of the first ‘““death” among
(35), (53), and (12]). In other words, if either (35) or
(63) dies within 12 years from the date of the contract,
the assurance is payable upon the first death; other-
wise, the payment is made upon the ‘‘death” of (12)):
that is, at the end of the 12-year period. This shows
why the addition of the subscript “n}”’ to an assurance
symbol indicates (unless the symbol is otherwise
modified at the same time) an endowment assurance
rather than a temporary assurance. These principles
are illustrated by formulas IIT, XIII, and X'V of table R.

The notation ‘‘,|”’ preceding an assurance or annuity
symbol indicates that the benefit in question is deferred
n years. For example, 13|43 denotes the net single
premium for an assurance of one unit payable on the
occurrence of the first death among two lives now aged
35 and 53, provided such death occur after the expira-
tion of a period of 12 years from the date of the contract.
This notation is illustrated by formulas IT and XIV of
table R.

A horizontal bar placed over a group of. subscripts
representing ages denotes the last survivor of the
corresponding group of lives. For example, Azms
denotes the net single premium for an assurance of one
unit payable on the death of the last survivor of three
lives now aged 35, 53, and 67, and azgs2 denotes the
net present value of an immediate annuity of one unit
per annum which terminates either on the death of a
life now aged 24 or on the death of the survivor of
two lives now aged 35 and 53, whichever occurs first.
This notation is illustrated by formulas IV to XII and
XVI to XIX of table R.

A vertical line separating into two groups the sub-
scripts to the right of an annuity symbol indicates that
the annuity is to commence at the death indicated by
the subscripts which precede the vertical line, and is
to terminate at the death indicated by the subscripts
which follow the vertical line. For example, azzsiz.6r
denotes the net present value of an annunity of one unit
per annum to commence on the death of the survivor
of two lives now aged 35 and 53 and to terminate on
the death of either of two lives now aged 24 and 67,
whichever occurs first. Of course, if either of the latter
two lives should predeceasc the survivor of the first
two, no payments would be made under the annuity.
Similarly, ass.53/575 denotes the net present value of an
annuity of one unit per annum to commence on the
death of either of two lives now aged 35 and 53, which-
ever occurs first, and to terminate on the death of the
- survivor of two lives now aged 24 and 67. If the
survivor of the latter two lives should predecease both
the first two, no payments would be made. This
notation is illustrated by formulas XX to XXIV of
table R It will be noted that the table does not con-

tain a formula for last survivor annuities analogous to
formula IT or a formula for last survivor assurances
analogous to formula XIV. This is because such
formulas do not hold.b

The symbol which represents the net single premium
for a joint pure endowment (formula I of table R) fol-
lows somewhat different principles. The main part of
the symbol is a capital “E.” The subscript to the left
of the “E” denotes a period of years starting from the
date of the contract, at the end of which (if at all) the
endowment is to be paid, while the subscripts following
the “E” represent the ages of the various lives who
must all survive the stated period as the necessary
condition for payment of the endowment. For ex-
ample, 13Fy;.53.0; denotes the net single premium for a
contract to pay one unit at the end of 12 years if three
lives now aged 35, 53, and 67 are all alive at that time.

Formulas for témporary assurances are not given in
table R. In any given case, the net single premium
for a temporary assurance is obtained by subtracting
the corresponding pure endowment premium from the
corresponding endowment assurance premium, '

B. ARRANGEMENT AND USE OF THE
ACTUARIAL TABLES

Elementary values

In using actuarial functions derived from a life
table, it is highly desirable to have the various mathe-
matical relationships between the different functions
hold as precisely as possible. Since the commutation
columns, from which most other actuarial functions are
derived, arc based directly on the I; and d, columns, the
desired mathematical consistency is most readily ob-
tained by regarding I, (rather than g¢,) as the basic
column of the table and deriving the others from it.
This has been done in the tables of elementary values
included with the actuarial tables (tables 14, 25, and
38), with the result that many of the values shown in
these tables differ very slightly, in the case of white
males and white females, from the corresponding fig-
ures in the life tables of part IT (tables 5 and 6). A
detailed * statement concerning these differences is
given in the appendix ® in connection with the account
of methods of construction of the actuarial tables.
The values given in the makehamized mortality table
for total whites (table 38) naturally differ to a much
greater extent from the corresponding values in the life
table previously given (table 4), since the makehamized
table constitutes a different graduation of the data.

In all three cases, the tables of clementary values
included with the actuarial tables give the rate.of
mortality on a unit basis (rather than a “per 1,000”
basis), for convenience in making mathematical calcu-
lations. The average future lifetime and the functions

68purgebn, E. F., Life Conlingencies, third edition, pp. 267-268, Cambridge
University Press, London, 1938. :

" 6See p. 137.

L
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relating to the stationary population are not shown;
however, two additional functions are given which
did not appear in the life tables of part II. These are
the probability of survival p, and the force of mor-
tality u..

The probability of survival, or survival rate, is the
complement of the rate of mortality; in algebraic terms,
p:=1—¢.. In other words, it is the proportion of
individuals at a given exact age who survive exactly
1 year,

The force of mortality, or.instantaneous rate of mor-
tality, at age z “represents the annual rate at which the
community under review is dying at the moment of
‘attaining age z.””7 [Expressed in slightly different
language, it is ‘“the proportion of persons of that age
who would die in a year, if the intensity of mortality
remained constant for a year, and if the number of
persons under observation also remained constant, the
places of those who die being constantly occupied by
fresh lives.” 8 In the language of mathematics, g, is the
negative of the derivative of I, with respect to z,
expressed as a ratio to [, itself. The values of the force
of mortality are useful in evaluating annuities and other
benefits involving two or more joint lives, as will be
explained later.’ In the case of the makehamized
table, the radix has been taken as 1,000,000 rather
than 100,000 in order to retain one more significant
figure and thus take full advantage of the additional
smoothness resulting from the Makeham graduation.

Use of the actuarial tables in calculating single life
annuity values and net premlums for life insurance
benefits

The actuarial tables based on the life tables for white
males and white females (tables 14 to 35) provide the
.means of calculating all values ordinarily required for
actuarial purposes, on the basis of the five interest rates
for which tables are given. The commutation columns

(tables 15 to 19 and 26 to 30) are purely mathematical |

devices which represent steps in the computation of
annuity values, net premiums, policy values, and other
actuarial figures. Their usefulness lies entirely in
shortening the arithmetic: they are not susceptible of
any concrete interpretation which is useful in other than
exceptional cases. In using the tables of commutation
functions, the reference lists of formulas given in tables
"P and Q (pp. 87 and 88) may be helpful.

Neét values of immediate whole life annuities and
net premiums for whole life assurances have been
calculated, and are given in tables 20 to 24 and 31 to
35. These are the simplest forms of annuity and
assurance, respectively, and correspond to the formulas

! Australia Census Bureau, Census of the Commonwealth of Ausiralia, 3rd Aprils

1811, vol. 1, Statistician’s Report, p. 319, McCarron, Bird and Co., Melbourne, 1917._

The definition quoted was written by Sir George Knibbs, Commonwealth Statis-
tician.

$ King, George, Institule of Actuaries’ Text Book of the Principles of Intereat, Life
Annuities, and Assurances, and Their Practical Application, Part I1, Life Conuu
gencies, second edition, p. 24, Charles and Edwin Layton, London, 1902,

? See p. 4.
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appearing in line number I of tables P and Q. For-
mulas for dealing with varying annuities and assurances,
and other benefits of a more complicated character,
will be found in the standard textbooks op actuarial
theory.!®

The use of tables 14 to 35 and the application of the
formulas given in tables P and Q are illustrated by the
following numerical examples. _

Erample 1.—Find the present value at 2 percent
interest of an immediate whole life annuity of $400 per
annum payable to a white female now aged 63.

Solution.—As this is an immdeiate whole life annuity,
it'is not necessary to employ commutation columns,
and the present value per dollar of annual payment can
be obtained directly from table 31. There it is found
that the value in question is $11.9366 per dollar of
annual payment. Multiplying this figure by 400
gives $4,774.64 as the total present value of the annuity.

Ezample 2.—Find the present value at 3 percent
interest to a white male now at age 41 of a deferred
life annuity of $1,200 per annum, the first pa,yment to
be made at age 65. .

Solution.—As this is a deferred whole life annuity,
formula number V in table P is the correct one to use.
As the first payment is made at age 65, z-4+m-1=65,
while z=41. Therefore the total present value is:

Nos
Dﬂ

Table 17 shows that Ny=86,352.4 and Dy=25,725.
Substituting these values in the above formula gives
$4,028.10 as the total present value of the deferred
annuity.

Ezample 3.—Find the. net annual premium for a
whole life assurance of $2,500 on a life aged 37 on the
basis of 1939-1941 mortality of~United States white
males at 2% percent interest.

Solution.—The net annual premium per dollar of
insurance is taken directly from table 21, the value
being $0.02118. Multiplying by 2,500 gives $52.95
as the total net annual premium.

Example 4.—Find the net single premium at age

$1,200~

"43 for a 20-year endowment assurance of $5,000 on

the basis of 1939-1941 mortality of United States
white males at 2. percent interest.

Sotution.— Applying the formula in line number VI
of table Q gives for the net single premium:

Myu— Mg+ De
Da

Reference to table 15 shows that M,;=21,532.60,
My =13,805.08, D3—=36,463, and Dy=17,907. Sub-
stituting these values in the above formula gives
$3,515 as the total net single premium.

1 Menge, Walter 0., and Glover, James W., An Introduction to the Mathematics of
Life Insurance, The Macmxlhm Co., New York 1935; Mackenzie, M. A., and Shep-
pard, N. E,, An Introduction to the Theory of Life Contingencies, The Unlverslty of
Toronto Press. Taronto, 1931; Spurgeon, op. cit.

$5,000
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Use of the actuarial tables in evaluating joint life
annuities N

The calculation of the values of joint life annuities
is greatly facilitated when it is possible to use a mortality
table which follows the mathematical formula known as
Makeham’s law." A-Makeham graduation of the life
table for total whites in the United States i in 1939-1941
has been prepared and appears as table 38 page 80.
Tables 36 and 37, and 39 to 42 also contain values
relating to or derived from this mortality table. The
life table for total whites was used for this purpose,
rather than the separate tables for white males and
white females, because it appeared that joint life values
based on. the total white population would be useful
for certain purposes, and because serious technical
difficulties were encountered in attempting to graduate
by Makeham'’s law the separate life tables for males and
females.? On pages 97 to 99, a method is given by
which the values of joint life annuities based on the
life tables for the separate sexes can be closely approxi-
mated.

The simplification in the calculation of joint life an-
nuity values resulting from the use of a mortality table
" which follows Makeham’s law arises from the fact that
it is necessary to tabulate only the values of joint life
annuities on lives of equal age. This is feasible because
it is easy to determine from any given set of m ages,
z, ¥, 2, etc., an “equivalent equal age,”’ w such that a
joint life annuity on m lives all at age w has the same
value as a similar joint life annuity on m lives at the
ages originally given. For example, on the basis of the
makehamized mortality table included in this volume, it
is found that a joint life annuity on three lives aged 27,
38, and 43 is equal in value to a joint life annuity on
three lives all aged 37.75 years. Tables 39 to 42 give
the values of immediate whole life annuities for single
lives, and for two, three, and four joint lives of equal
age, with interest at 2, 2‘4 3, and 4 percent.

The most generally applicable method of a.rrwmg at
the equivalent equal age involves the force of mortality.
A mortality table which follows Makeham’s law has
the property that the value of the force of mortality
at the equivalent equal age corresponding to a given
set of ages is exactly the arithm:iic average of the
values of the force of mortality at the given ages. For
example, in the illustration previously given, suppose
it is required to find the present value at 2} percent
interest, on the basis of the makehamized mortality table

given in ‘this volume, of an immediate joint whole life

annuity of one per annum on three lives aged 27, 38,
and 43. Reference to the last column of table 38 shows
that p,;=.00212, u;s=.00385, and u,;=.00540. Adding
these three values and dividing by 3 gives p,=.00379,
where w denotes the equivalent equal age. Since
p3r=.00361 and uz;=—.00385, it is clear the w is an age

11 Also called Makeham's first modification of Gompertz’s law,
1t See p. 138,
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between 37 and 38. In order to determine the exact .

fraction, interpolation is used. Thus,

_ - .00379—.00361_
00385—.00361

so that w=237.75. Therefore,

4 (@27.38.43= (37 78.37 .75.:37 .75
Now, table 40 shows that @s.47.47=16.2201 and @s3.3553=
15.8127. Interpolation gives: @s; 75.97.75:37.7s=16.2201 —
.75(16.2201 —15.8127)=15.9146, whlch is the desired
result. -
When there are only two lives, it is more accurate,

and usuelly more convenient, to use the principle of
uniform seniorily, as embodied in table 37. For example,

let it be required to find as;.s at 3 percent interest.
The difference between the two ages, 35 and 51, is
16 years. Upon entering table 37 with this difference
of 16 years, 10.622 years is obtained as the addition
which must be made to the younger age in order to
obtain the equivalent equal age.
gives 45.622. Reference to table 41 shows that

.50 == Qo5 2345 022 14.2012—
622 (14.2012— 13.8180) =13.9628

The other method, using the values of u., would give
1o=1%(.00320-}-.00986) =.00653, whence w=45.604, and
Gas.51="0es s0445.600=13.9697. The diflerence in the re-
sults is due to the fact that linear interpolation between

the values of g, is a less accurate means of finding the .
equivalent equal age than the table of uniform seniority. -
It is also possible to deal with four lives by repeated

applications of the principle of uniforn seniority. For
example, if the ages of the four lives are 23, 35, 39, and
57, it is found from table 37 that the equivalent equal
age corresponding to the two ages 23 and 35 is 30.523,
while -that corresponding to ages 39 and 57 is 51.258.
Now the difference between 30.523 and 51.258 is
20.735, and interpolation gives 14.575 as the addition to
be made to the younger age. Adding this quantity to

30.523 gives 45.098 as the equivalent equal age for the

four lives. The result obtained by averaging the four
values of u, is 45.099. “The corresponding immediate
whole life annuity values at 3 percent are 10.9172 and
10.9169, respectively, With four-lives, the averaging
method is slightly simpler, but of course slightly less
accurate. 3

The application of the uniform seniority principle to
three lives is inconvenient, and requires special tables
which have not been included in this volume. Of
course, in this case, the method based on averaging the
u: values can be-used. )

The principle of uniform seniority does not hold for
reversionary and last survivor annuities.’® Values of
such annuities must first be expressed in terms of
simple joint life annuities, to which the uniform seniority
principle can then be applied.

‘13 Bpurgeon, op, cit., pp. 265-268,

Adding 10.622 to 35

i S
i

% v
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Evaludtion of joint life annuities involving ages under 17

The makehamized mortality table included in this vol-
ume follows Makeham’s law only at ages 17 and over.
Therefore, if one or more lives in the group are at ages
-under 17, neither of the methods described in the pre-
ceding section gives the correct annuity value. ‘In such
a ecase, either of two procedures may be adopted: an
exact, but laborious method; and & shorter method,
which is not exact but yields a close approximation.
In the exact method, the annuity in question is ex-
pressed as the sum of a temporary annuity and a de-
ferred annuity. Thus, if the ages are =, v, 2, . . .
(m), and if h denotes the difference between the age of
the youngest life and 17, then

Qryg oo o My CQzyz .+ » (m);F:+ hlazuz e m)

Here the temporary annuity @zy:. . . %, is limited to a
maximum of A payments, and its value is given by:

1
m[vl2+llv+ll2+l e (m)+
Pyl ypolore . . . (M)
+ RN +vhlz+hly+hlz+h A (m)] (7)

In order to evaluate this expression, it is necessary to
compute each of the A individual terms swithin the
bracket, sum them, and then divide by the product of
the I, values. The deferred annuity sla,,. ... m con-
sists of payments commencing at the end of A41 years,
and then only if all m lives have survived that period.
Its value is given by

(m)

o Loanlysnlogn -

(8)

- (m) Qzthytheth: - - (m)
In evaluating both these expressions, the powers of v
_can be obtained from compound interest tables; and the

zbyls + .

annuity value involved in the last cxpression can be

calculated by the method of the preceding section, since
it involves only ages 17 and over. For eonvenience, the
powers of v as far as »'7 are given in table S for the four
rates of interest for which joint life annuity values ap-
TaBLE S.—PRESENT VALUE AT CoMPOUND INTEREST OoF ONE

UniTr Due Arrer ¢ YEARs, INTEREST AT 2, 2)4, 3, aND 4
PERCENT .

PRESENT VALUE OF ONE of=(1+i)~!
NUMBER OF YEARS (f) —— e
2 pereent | 216 percent | 3 percent | 4 percent
b e 0. Y8032 0. 75610 0 976874 0. 861538
- . 961169 . 951814 . 942556 . 924556
. 942322 . 928599 . 915142 . 888996
. 923845 . 005951 . 848487 . 854804
. 905731 . 883854 . 862609 . 821927
887971 | .862207 | .837484 790315
. 870560 . 841265 . 813092 . 750918
. 853490 . 820747 . 789409 . 730690
. 836755 . 800728 . 766417 . 702587
. 820348 . 781198 . 744094 675564
1l \ .................... . 804263 . 762145 . 722421 . 49581
.- . 788403 . 743556 . 701380 . 624597
. 773033 . 725420 . 680951 . 600574
. 757875 707727 . 661118 877475
. 743015 . 690466 . 641862 . 555265
. 728446 . 673625 . 623167 . 533908
. 714163 . 657195 . 605016 . 513373
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pear in tables 39 to 42. Values beyond »"7 never occur
in the expressions (7) and (8) since 17 years is the maxi-
mum duration of the temporary annuity.

As a numerical illustration, let it be required to find
the present value at 2 percent interest of an immediate
joint whole life annuity of one per annum on three joint
lives aged 5, 10, and 20. Now, the difference between
the youngest age and 17 is 12 years; therefore, the tem-
porary annuity will run for 12 years and the deferred

-annuity will have a 12-year deferment period.  Table

T shows the calculation of the temporary annuity. The
main part of this table, which appcars under the cap-
tion “numerator,” represents the calculation of the
expression within the square brackets in formula (7).
The figures in column 6 of the table are the numerical
values of the successive terms in this expression, the
figures in columns 2 to 5 being the factors which must
be multiplied togcthcr in order to obtain the value in
column 6. For example, the sixth line (which corre-

.sponds to the sixth term inside the brackets) shows the

calculation of the product 281li6lss. Here, the sub-
scripts of the “I’s”, 11, 16, and 26 have been obtained
by adding 6 to each of the original ages 5, 10, and 20.
The values are obtained from table 38. The powers of
v are taken from table 8. The “total”” figure in column
6 of table T is tlie numerical value of the entire cxpres-
sion within the brackets in formula (7). The line under
the heading ‘“denominator” shows the calculation of
the denominator of the fraction outside the brackets,
and the final figure (10.3078) in column 6 is the value
of the temnporary annuity.
By formula (8), the deferred annuity is equal to

v l|7l22l32 e
577 J17.22.32
Lol iol2o

TABLE T.—CALCULATION OF PRESENT VALUES OF A 12-YEAR
IMmEDIATE TEMPORARY JoINT L1FE ANNUITY OF ONE PER
ANNUMoON THREE JoinT LivEs AGED 5, 10, AND 20: MAREHAM-
1zED MoRrTALITY TABLE FOR ToTaL WHITES IN THE UNITED
STaTEs, 1939-1941, INTEREST AT 2 PERCENT

. 10-12 X
NUMBER OF PAY-
o vt Is+s lior Lao+e product of
MENT ({) ‘ columns
2to b
m @ ©) O ® ©
COMPUTATION OF NUMERATOR
0. 980392 045,953 941, 473 929,023 811,155
. 961169 044, 909 940, 595 927,436 792, 276
. 942322 943, 967 039, 637 925, 796 773,805
. 923845 943, 098 938, 504 024, 099 755, 705
905731 942, 276 , 937,464 $22, 338 737,942
887071 941,473 936, 242 920, 510 720, 482
. 870560 940, 505 934, 926 918, 606 703, 247
. 853490 939, 637 933, 509 016, 621 686, 226
. 836755 038, 594 932, 055 014, 546 669, 458
. 820348 037,464 930, 561 912,375 652, 936
. 804263 936, 242 920, 023 910, 099 636, 651
. 788493 934, 9"6 927,436 907,707 620, 580
Total of nu-
FHDYS ;B 0] GNNRNS IRRRPRTY FNPRUPRRY PRSPPI RPN 8, 560, 473
COMPUTATION OF DENOMINATOR
. 1. 000000 94; 120 942, 276 930, 561 830, 486
Quotient: (@510 20:i7]) 8,560,473-+830,4806 cquals_ ... oooooiioioooaioan 10. 3078
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The arithmetic can be shortened by observing that the
numerator of the fraction in this expression is identical
with the fihal term within the brackets in the expres-
sion for the temporary annuity (and therefore with the

twelfth entry in column 6 of table T), while the de- |

nominator is the same as the denominator of the tem-
porary annuity. Therefore, the value of the fraction
is 620,590-+-830,486, or .747261. Since the annuity
Gy7.0030 10VOlves no ages under 17, it can be evaluated
by the method of the preceding section, in which the
equivalent equal age is obtained by taking the arith-
metic average of uy7, ps, and us. This gives p,=.00198,
from which the equal age w is found by interpolation
to be 25.44. Interpolating in table 39 then gives
Quuww=22.29095. It follows that the value of the de-
ferred apnpuity is .747261 X 22.2995 or 16.6635; and
finally the desired value @s.q.00 is the sum of the values
of the temporary annuity and the deferred annuity:
that is, 10.3078-+16.6635, which gives 26.9713,

In the short method, the entire whole life annuity
is first evaluated by finding an equivalent equal age,
in much the same way as when no life below age 17
is involved, and the value is then corrected by means
of the adjustment factors r. given in table U. If two
or four lives ‘are involved, this approximate value may
be obtained from the table of uniform seniority (table
37, p. 80) as explained on page 94. If the number of
lives is other than two or four, the equal age for the
approximate annuity value is obtained from the values
of u. as follows: ‘

First, add & to each of the ages 2, y, 2, . . . (m), where
h is the difference between 17 and the youngest age.
Next, find the equal age w’ for these augmented ages
by averaging the corresponding values of u, as explained
on page 94. Then the equal age for the approximate
annuity value @ypy . . . (my IS w=w"—h. i

This approximate annuity value s then adjusted by
the formula:

(ro)™
TolyTy... (M)

Qryg o ¢ « (m)=

awww s 00 (m) (g.)
approximately. The adjustment factor 7, is defined as
I,-~\,, where A; denotes the yalue which would be ob-
tained for I; by the Makeham formula. Therefore, 7,
equals unity at ages 17 and above. This method is
due to George King who has given a full explanation
of the rationale of the method."

Taking as an illustration the same numerical example
previously used, the addition of 12 years to the original
ages 5, 10, and 20 gives 17, 22, and 32. The equal age
corresponding to these three ages is found, just as in
the evaluation of the deferred annuity in the other
method, to be 25.44. Subtracting 12 years gives 13.44
TKlng, op. cit., pp. 208-212. King's warning agalnst using this approximation in
connection with ages below 15 does not apply to the makehamized table published

in this volume, since the present table follows Makeham's law down to a much
* younger age than the mortality table to which King was referring.

TaABLE U.—ADJUSTMENT FaCTORS FOR ESTIMATING VALUES OF
Joint Lirg ANNuUITIES INvoLviNG Lives UNDER AGE 17:
MaxkERAMIZED MORTALITY TABLE FOR ToTAL WHITES IN THE
Un~I1TED STATES, 1939-1941

AGE ADIUSTMENT FACTOR

Neppm=o
R
I A A A

(ro)™

Qppep « + «
TeTyTe « o o« (m)

Qryz - v o ()= (m), 8Rproximately.

for the equivalent equal age w. By interpolating in
table U, 7, is found to be .99943; while interpolation in
table 39 gives @uw,=26.9030. Formula (9) then
becomes:

’ (rw)®

A5.10:20= Qoo
Ts T1o T20

which, on substituting the numerical values, gives
26.9878 as the final result. This compares favorably
with the value 26.9713 obtained by the exact method,
and of course involves much less computation.

Table W presents a comparison of the values of whole
life annuities on two joint lives computed at 3 percent
interest for various combinations of ages by both the
exact and approximate method. This comparison shows
that, at least in the case of two lives, the approximate
method always gives sufficiently accurate results for
most practical purposes. Any increase in the number
of lives would decrease the value of the annuity, and
therefore would, in general, reduce further the range of
erTor.

TaBLE W.—CoMPARISON OF WHOLE LIFE ANNUITY VALUES ON
Two Joint Lives, COMPUTED BY EXACT AND APPROXIMATE
MEeTHODS:!! MAKEHAMIZED MORTALITY TABLE FOR TOTAL
Whites 1N THE UNITED STATEs, 1939-1041, INTEREST AT
3 PERCENT

- AGE OF YOUNGER LIFE
AGE OF
OLDER 0 5 10 15
LIFE . R
» Approxi- Approxi- Approxi- Approxi-
Exact Exact Exact Exact |#PP
mate mate mate mate

method method | Method method method method | method method
[ J— 24.7040 | 24.6976 |||l
10.___. 24.1290 | 24.1555 | 25,0511 | 25.0832 |_____.. ..\ o ___|ecoo o iee.....
20..... 22,6431 | 22.6694 | 23.5756 | 23.5800 | 23.2780 | 23,2824 | 22.8450 | 22 8450
30.__._ 20.5563 | 20,5733 | 21.4683 | 21.4820 | 21.2896 | 21.2031 | 21.0123 | 21.0123
40._... 17.8300 | 17.8461 | 18.6593 | 18.6732 | 18.5609 | 18,5644 | 18.3980 | 18. 3990
50..... 14,5309 | 14.5462 | 15.2258 | 15.2393 | 15.1764 | 15,1706 | 15.0885 | 15.0885
60...._ 10.8820 | 10.8960 | 11.4109 { 11,4241 | 11.3995 | 11.3927 | 11.3447 11. 3446
70..... 7.2015 | 7.3024 | 7.6476 | 7.6509 | 7.6400 | 7.6443 | 7.6205 7. 6208

1 For description of these two methods, see text, pp. 95-06.
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" Calculation of net values of reversionary and last
survivor annuities, and assurances mvolvmg two
or more lives

Net values of various types of reversionary annuities
and last survivor annuties and assurances can be
calculated from joint life annuity values and joint pure
endowment values by means of the formulas of table R.
The symbols used in this table represent the net present
value of the benefit described in the third column when
the amount of each individual payment (in the case of
an anuuity) or of the sum insured (in the case of an
assurance) is unity. When (as is usual) the payments
are of some other amount, it is only necessary to
multiply the value for a umt payment by the amount
‘of the payment.'s

It will be noted that most of the assurance formulas
in table R involve the rate of discount d. Values of d
corresponding to all the interest rates for which values
are tabulated in this volume are given in table Y.

TaBLE Y.—VALUES oF THE RATE OF DIsCOUNT ¥FOR SELECTED
RATES OF INTEREST

RATE OF INTEREST RATE OF DISCOUNT

d=1-p=iy

0. 019608
. 024390
. 020126
. 033816
. 038462

It should be carefully noted (as already stated on
p. 92) that the formula for last surviver annuities
analogous to formula II of table R, and the formula for
last survivor assurances analogous to formula XIV, do
not hold true. It is also important to understand (as
previously mentioned on p. 92) that the principle of
uniform seniority does not hold for reversionary or last
-survivor annuities. It is necessary first to express the
values of such .annuities in terms of ordinary joint life
annuities, and then to evaluate the latter.

Ezample 5,—On the basis of the makehamized mor-
tality table for total whites in the United States in
1939-1941 and interest at 2)4 percent, find the net
annual premium for a whole life last survivor assurance
of $3,000 on three lives aged 35, 39, and 54, premiums
being payable throughout the duration of the contract.

Solution.—Inspection of formula XVI of table R
shows that the value of a last survivor annuity is first
required. This, in turn, is given by fomula V. By
referring to tn.ble 40 and employing the methods previ-
ously described, the values of the various annuities

8 8trictly speaking, these symbols.also imply tbat all'payments are made on anni-
versaries of the original agrecment or contract. In practice, this is often not the case.
For example, life insurance companies usually pay the sum insurcd under a life
assurance immediately on receipt of completed proofs of death, while payments under
a reversionary annuity are frequently made on anniversaries of the death upon the
occurrence of which the annuity commenced. It is usual, however, to ignore these
refinements or (in the case of contracts issued by life insurance companies) to include
them in the allowance for expenses and contingencies which forms part of the gross
premium actually charged.

~which enter into the latter formula are found to be as
follows:
a3;=22.3898 Qas290=18.2354
a3,=—=20.8985 _ @35.54=13.6797
a,=—14.6737 03.5¢—13.3686

A35:39:54 = 12.5766

Substituting in formula V gives @exmz=25.2549.
Table Y shows that d=.024390, and substituting in
formula XVI gives Agmzi=.35964. Therefore,

Pgmn=Asms—+ (11 ozmmm) =
.35964+-26.2549=.01370.. -

This i8 the net annual premium per unit insured.
Multiplying by $3,000 gives $41. 10 as the required
net annual premium.

Ezample 6—Find the present value, on the basis of
the makehamized United States mortality table at 3
percent interest, of a reversionary annuity of $1,000
per annum to a boy now aged 17, to commence as soon
as his father aged 48 and his uncle aged 42 have both
died.

Solution.—This annuity is represented by the symbol
¢z Formula XXIIT of table R shows that the
present value per unit of payment is @y —@yru—a17.4s

+-@y7494s.  Using table 41 and the methods previously
explained gives

a7 =25.2243 A17:48 =15.7524

a,":‘2= 17.7209 a17:42,48= 13.7237
Substituting these values gives agg=>5.4747.

Finally, multiplying by $1,000 gives $5,474.70 as the
present value of the reversionary annuity.

Estimation of joint life annuity values based on the
separate life tables for white males and white
females

It is often desired to take sex into consideration in.the
calculation of joint life annuity values: that is, to assume
in the computations different rates of mortality for
males and females. However, in the preparation of
the joint life tables in this volume, it was found im-
practicable to prepare separate tables for males and
fermales, because it was not possible, without consider-
able distortion of the rates of mortality, to make sepa-
rate Makeham graduations of the life tables for males
and females, and at the same time preserve the neces-
sary relationship between the Makeham constants under
the two tables so as to have the law of uniform seniority
hold for annuities involving both male and female
lives. It was desired, therefore, to devise a method of
approximating the v'dues of joint life annuities based on
the separate tables which would not be laborious, and
at the same time would give reasonably accurate results.

After experimenting with a number of possible
methods, two were selected as meeting satisfactorily the
requirements stated. Both these methods consist in
entering the annuity tables based on.the makehamized
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mortality table for total whites with appropriately
adjusted ages. In general, the adjustment takes the
form of an addition to the age in the case of males and
a deduction from the age in the case of females. In
the first method the adjustment is a very simple func-
tion of the age. In the second method the adjustments
are more accurately determined, and the closeness of
the approximation is somewhat improved.

In the first and more rough method, the addition or
deduction, as the case may be, is 2 years up to and in-
cluding age 50, graded down to O at age 90. The
adjusted ages corresponding to ages 51 to 89 are given
in table Z. In the second and more refined method,
the single life annuity corresponding to each of the lives
involved is first obtained from the annuity tables (not
mokehamized) for the separate sexes (tables 20 to
24 and 31 to 35)." The next step is to enter with these
single life annuity values the single life annuity column
based on the makehamized mortality table for total

,whites, and to find the age corresponding to each an-
nuity value. This is taken as the adjusted age for the
life in question. The following illustrations will make
the procedure clear. :

I

TanLE Z—ApiusTeEp Aaes ToBeUsEp IN ENTERING JOINT L1Fe
ANNUITY TABLES BASED ON THE MAKERAMIZED MORTALITY
TABLE FoR Torar. WHITES IN ORDER TO APPROXIMATE VALUES
BASED ON THE MORTALITY OF THE SEPARATE SEXES: UNITED
StaTES, 19391941

ADJUSTED AGE
ACTUAL AGE
Male Female

Add 3 years { Deduct 2 years

52.95 49.05

53.90 50. 10

54.85 51.15

55.80 52.20

56.76 53.25

57.70 4. 30

58.65 55. 35

50. 60 56.40

60. 56 57.45

81. 50 58. 50

62.45 59, 55

83.40 60. 60

64.35 61.65

65. 30 62.70

66. 26 63.75

87.20 64.80

68.15 65. 85

60. 10 66. 90

70. 05 67.95

71.00 69.00

71. 95 70.05

72.90 71.10

73.85 72.15

74. 80 73.20

75.75 74.25

76.70 5. 30

77.65 76. 35

78.60 77.40

79. 656 78.45

80. 50 79. 50

81.45 80. 55

82. 40 81. 60

83.35 82.685

84.30 83.70

85.25 84.75

BB e et e e mm—aea 806. 20 85, 80
B e 87.156 86.85
- Y 83.10 87.90
P 89.05 88.95
00 8nd OVer. oo e oo aeen No change No change

.
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Ezample 7.—Find the approximate value of a jointlife
annuity of one per annum on two white male lives at
ages 40 and 60 on the basis of the 19391941 life tables
with interest at 3 percent.

Solution.—By the rough method, the adjusted ages
are 42 and 61.50. The difference between these ages is
19.50 years. Entering the table of uniform seniority
(table 37) with this value and interpolating gives
13.5195 years as the necessary addition to the younger
age. Adding 13.5195 to 42 gives 55.5195 as the equiv-
alent equal age. Interpolation in table 41 shows the
value of a joint whole life annuity on two lives aged
55.5195 to be 10.1242 which is the required approxima-
tion by the first method.

By the second method, the values at 3 percent
interest of single whole life annuities at ages 40 and 60
are found (table 22) to be 18.4247 and 10.9775. In the
makehamized mortality table, the single life annuity

value 18.4247 corresponds (table 41) to age 41.906,

while the value 10.9775 corresponds to age 61.409.
These are taken as the adjusted ages. The difference is
19.503 ycars, which gives 13.522 years for the addition
to the younger age. Adding this to 41.906 gives 55.428
for the equivalent equal age. The value of a.. at this

age is 10.1594. The true value is 10.1234.- In this

case, it happens that the rough method gives a result
closer to the true value.
Example 8—Find the approximate value of a joint

life annuity of one per annum on a white male life at .

age 53 and two white female lives at ages 27 and*48, on
the basis of the 1939~1941 life tables for white males
and white females with interest at 2 percent.

Solution.—By the rough method, the adjusted ages .

are 54.85, 25, and 46. By averaging the values of pu.,
the equivalent equal age is found to be 47.22, and the
estimated annuity value is 12.5498. .

As a first step in applying the second method, it is

found (table 20) that the value of as at 2 percent inter- -

est for white males is 15.1740, while a,; and a, at the
same rate for white females are 28.4115 and 19.3285,
respectively (table 31). If these are considered as
single life annuity values under the makehamized
mortality table with 2 percent interest (table 39), the
corresponding ages would be 54.68; 24.83, and 46.04.
Obtaining the values of u, for these ages by interpola-
tion and averaging them gives 47.13 as the equivalent
equal age. The resulting annuity value is 12.5905.

A comparison of exact values with those obtained by
both methods of approximation just described for cer-
tain selected ‘combinations of two lives is presented in
table AA. As previously stated, the more refined age
adjustment gives results closer to the actual values in
the majority of instances, although for the case of two
male lives, the rough age adjustment appears to be

slightly better. The more refined method has the

theoretical defect of producing velues which are always
in excess for two male lives and always in defect for two

female lives. An improvement could no doubt be -
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TaBLE AA.—IMMEDIATE WHoOLE LiFE ANNUITIES oN Two JoINT LivEs oF SPECIFIED SEX FOR SELECTED COMBINATIONS OF AGES—
CoMPARIEON oF ExacT VALUEs BasED oN SEPARATE LiFe TaABLEs FOoR WHITE MALES AND WHITE FEMALES WITH APPROX-
IMATE VALUES OBTAINED FROM THE MAKERAMIZED MORTALITY TABLE FOR ToTaL WhiTEs: UNI1TED STATES, 1939-1941, INTEREST

AT 3 PERCENT!

AGE OF YOUNGER LIFE
. -
20 30 40
SEX AND DIFFERENCE IN AGE he
N Value by Value by Value by Value by Value by Value by
Exact value | rough age reflned age | Exact value | rough age refined age | Exact value { rough age refined age
adjustment | adjustment adjustment | adjustment adjustment | adjustment
Both male: . *
10years. ... 20.0183 20. 0628 20. 0764 16. 7529 16. 7667 16. 8031 13. 0087 13.0177 13. 0805
c40years. .. _o...ioiieoieloio oo 10. 7197 10. 7093 10. 7419 7.1412 7.1731 7.1439 4. 1470 4 2153 4, 1528
Both fcmale:
10 YeAarS. .. . o eicicicceaaane 21. 3511 21. 2182 21. 2864 18. 2046 18.1513 18. 2119 14. 6611 14. 5549 14. 5667
40 years. ... 11. 9638 11. 8876 11,9531 7.9324 7.9023 7.9257 4. 5751 4. 5126 4.5713
Maele and female (male the older):
10 years. . 20. 4298 20. 3697 20. 4145 17.1922 17. 1310 17.1751 13. 5055 13. 4166 13. 4872
40 years. . 10. 7860 10. 7481 10. 7846 7.1829 7 2003 7.1804 4. 1836 4. 2448 4. 1810
AQE OF YOUNGER LIFE
50 60 70 ,
SEX AND DIFFERENCE IN AGE
Value by Value by Value by Value by Value by Value by
-Exact value | rough age refined age | Exact value | rough age refined age | Exact value rough age refined age
adjustment | adjustment 0 adjustment | adjustment adjustment | adjustment
Both male:
10 years.._....... N m o mm e mm e 9. 2616 9. 2845 9. 3303 5,8823 5.9324 5.9212 3.2195 3. 2034 3. 2466
Both female:
10 years 10. 6805 10. 5446 10. 5883 6. 7798 6. 6381 6.7185 3. 6502 3.6018 3.6423
Male and female (male the older): >
10 years 9. 7427 0. 6887 9.7135 6. 2217 6. 1997 6. 1900 3. 3858 3.4261 3. 3870

1 The ﬁlethod of adjusting ages in the ‘‘rough age adjustment” and the “refined age adjustment’’ mentioned in the beadings of this table is explained in the text, p. 88.

devised which would overcome this difficulty, but it is
doubtful whether the point is of enough importance,
in most practical applications, to justify sacrificing any
of the simplicity and convenience of the method as
given. .

The estimation of joint life annuity values based on
the separate life tables for white males and white females
is a more complicated process when some of the lives
involved are under age 17. The ‘‘exact method”
described on page 95 can always be used, provided the
I, values in formulas (7) and (8) are taken from the
separate life tables for males and females, and the age
adjustment described in this subsection is used only in
calculating the annuity value @pipyipotr: ... @ ID
formula (8). All the ages involved in this annuity are
17 or over, and the age adjustment may be made either
by means of table Z (rough method) or by the more
refined method just described.

If it is desired to use the shorter approximate method,
described on page 96, in which an approximate value of

the whole life annuity is obtained by finding an equiv-
alent equal age and then corrected by means of the
adjustment factors r, given in table U, the equivalent
equal age must be found by the more refined method
last described, since the age adjustments indicated in
table Z are not applicable to ages under 17. However,
even the more refined method of age adjustment fails
to give a definite value-for the adjusted age at age 0
for males and at ages below 5 or 6 (depending on the
rate of interest) for females. Here it is necessary to
calculate the annuity value either by the “exact
method” described on page 95, or a similar method
employing in formulas (7) and (8) a small value of A
sufficient to make all-the augmented ages z+h, y+»,
etc., at least 1 for males, and at least 5 or 6 (depending
on the rate of interest) for females. The annuity value
in formula (8) can then be evaluated by using the
“refined’”” method of age adjustment to obtain an equal
age and then applying the r, factors of table U to adjust
the approximate annuity value based on this cqual.age.




PART V
METHOD OF CONSTRUCTION AND GRADUATION OF THE LIFE TABLES

The entire process of constructing a life table consists
of three major steps: (1) the preliminary adjustment of
the population, birth, and death statistics which are to
be used, in order to remove any errors and biases for
which corrections are available or can be derived; and
the approximation of certain dectailed distributions of
the data, needed in the computations but not available
from the actual tabulations; (2) the calculation, from
the adjusted data, of the rates of mortality for each
year of age, which form the basis of the life tables; and
(3) the computation of the remaining life table values.
Of these, the first step is by far the most difficult. While
the second step requires technical skill and the exercise
of judgment, valuable assistance is provided by the
large body of literature on the subject and the accumu-
lated experience of actuaries in the construction of life
tables. The third step involves little more than the
routine application of standard formulas. However, in
making the preliminary adjustment of the data, it is
necessary to break new ground, as comparatively little
attention has been given to this subject, and, besides,
the data of each country and cach epoch present their
own peculiar problems, so that past experience is not a
satisfactory guide.

The following description of the methods and proc-
esses used is divided into threc main sections correspond-
- ing to the three major steps in the construction of a
life table.

A. PRELIMINARY ADJUSTMENT OF THE
DATA

In this section, the description of the various pre-
liminary adjustments made in the data of births, deaths,
and populations has been arranged in approximately
the order in which the various operations were actually
carried out. This order was adopted in order to avoid
complicating unnecessarily the' explanation of many
of the steps, but does not correspond to any systematic
classification of the various adjustments by cither the
purpose of the adjustment or the class of data involved.
The adjustments made are of four types: (1) those
-intended to correét fof incompletencss of reporting,
(2) those necessitated by incomplete or inaccurate age
statements, (3) those intended to eliminate roughness
due to the small volume of data in certain classifications,
and (4) the estimation of certain figures needed in the
construction of life tables but not available from actual
tabulations. Adjustments of the first type were con-
fined to statistics of births and infant deaths. In the

!

-~

latter case, the adjustment of (a) the total infant
deaths, and (b) the figures for subdivisions of the first |
year of life are separately discussed. The second type
of adjustment includes the treatment of deaths for
which age was not reported, and the redistribution of
Negro populations and deaths at ages 55 to 69. The
only adjustment of the third type was a redistribution
by month of age of deaths at ages 1 month to 11 months
of nonwhite infants other than Negroes. The principal
adjustment of the fourth type is that made for the
change in the distribution of population between April
1, 1940, the date of the census, and July 1, 1940, the
date on which populations were needed for the purpose
of life table construction. Also inéluded in this category
is the estimation of the distribution by single years of
age of the foreign-born population under age §,, this
being needed for a special purpose, as explained later.!

Accuracy of the data

It has been stated that the life tables in this volume
are based on the results of the 1940 census of population
and the tabulations of rcported deaths in the conti-
nental United States for the 3 years 1939-1941. In
deriving life table values for ages under 5, use was
made also of the tabulations of reported births for the
years 1934 to 1941, inclusive, and of deaths under 5
years of age during those years. If all these data were
known to be absolutely complete and correct, the ¢on-
struction of life tables from them would present few
problems. However, the data are aflfected by two
main types of error: (a) incompletencss or under-
reporting, and (b) misstatement of age in populations
and deaths, which makes the figures too large at some
ages and too small at others. As will be explained
Iater, some adjustment has been made for errors of
type (b) through the graduation of the data, and, in
the case of the Negro data, by a preliminary redistri-
bution of the numbers in certain age groups for which
this type of crror was believed to be especially marked.
Except in the case of statistics of ‘births and infant
deaths (those occurring at ages under 1 year), no
attempt has bcen made to adjust for errors of type (a).

If it should happen that the enumeration of the
population and the reporting of deaths were both
deficient by exactly the same percent, the use of the
unadjusted figures would produce exactly the correct
mortality rates. However, if the reporting of deaths
should be more complete than the enumeration of

18eep. 119.
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population, the rates of mortality would be overstaled | Completeness of birth registration
by using the reported figures. If, on the contrary, the It has long been recognized that the census enumer-
enumeration of population should be more complete | ation of children under 5, and particularly of those
than the registration of deaths, the mortality rates | under 1 year, is markedly deficient. This is illustrated
would be understated. Using the unadjusted data | by the following figures relating to the 1940 census.
thus involves the assumption that thereporting of deaths | The total native population enumerated as under 1
and the enumeration of population have the same degree | year of age on April 1, 1940, the date of the census,
of completeness. It would be a remarkable coincidence | s closely ? estimated as 2,019,662. The same popu-
if this were exactly true. It would be even more | lation estimated from registered births and deaths
remarkable if it were true, not only in the aggregate | during the year ending April 1, 1940, is 2,192,557,
but within each of the various subdivisions by sex, | which excecds the census figure by 172,895. Since it
race, and age, for which rates of mortality have been | is known that birth registration is not entirely complete,
calculated. This assumption has been made then, not | the deficiency in the census enumeration of children -
because it is believed to be precisely correct, buil | ynder 1 year of age is actually greater than that num-
because specific information regarding the relative com- | —————
pleteness Of death reporting and census enumemtion 1s t The only e.stimntlon involved is in determining the deduction for f.orelgn-born
. . nonwhites which are given only by 5-year age groups and only for the principal non-
almost entirely l&cklng . white races. By the most liberal estimate, the number of these is less than 100.
TABLE AB —REGISTERED AND ADJUSTED BIRTHS, 1939—1941 AND PercENT COMPLETENESS OF BirTH REGISTRATION, DEC. 1, 1939
. 10 MaR. 31, 1940 FOR WHITE AND NONWHITE, BY STATES
Percent com- - Percent com-| .
Registered pleteness,t Adjusted Registered pleteness,! Adjusted
ATATE births, Dec. 1, 1939, births, STATE births, Deec. 1, 1939, births,
' 1939-1841 to 1839-1041 1939-1941 to 1639-1041
. Mar. 31, 1040 Mar. 31, 1940 .
v WHITE
AlBDAIA oo 116, 987 86.6 135,089 || Nebraska___.__.._. e emenns 65,183 97.0 67,109
Arizona._.. , 695 93.8 31,658 || Nevada_.._______._. - 5, 820 97.5 , 969
Arkansas__ 87,231 79.6 109, 587 {| New Hampshire. . 24, 651 8.6 25, 001
Callfornis_. 325,818 98.1 332,128 || New Jersey....... 170, 310 9.0 172,030
Colorado.._. 62,242, 89.8 69,312 || New Mexico. . 42,102 91.2 46,263
Connectlcut..- 76, 401 9.4 76,862 '{| New York_ ... 562, 717 99.0 568, 401
11, 655 . 972 11,991 {| North Caroiin 165, 346 88.4 187, 43
22,038 98.5 23,374 || North Dakota 38,013 4.6 40,183
73,363 91,3 80,354 || Ohio.———.—._. 331, 037 95.3 347,363
119, 035 83.6 142,386 || Oklahoms........ 2 JJ1 127100001 120, 695 87.0 138, 730
34, 248 95.1 36,013 || Oregon...._____...__.. F e 52, 253 97.3 53,703
358, 550 97.3 368,499 || Pennsylvania__.___ 471, 585 97.2 485,170
178, 893 96.6 185,189 || Rhode Island ... 3% 109 98.8 2, 499
133, 517 M7 140,989 || South Carolina 88, 192 82.7 82,457
3 95.6 89,282 || South Dakota___._._ .. .. ... .. . 33,082 06.6 35,178
178, 200 80.2 142,185 81.4 174, 674
90, 537 8Tl 6, 566 89.3 376, 894
46,148 9.3 39, 265 o7.1 40,438
78, 610 97.8 20, 477 97.3 21,045
195, 356 98.9 125, 357 92:5 135, 521
MichigAR - oo 288,311 7.9 204, 495 hingt 83,240 98.0 84,930
Minnesota, .. . 155, 394 99.3 121,724 857 140, 397
Mississippi_ . : 71,008 938 164, 322 96,9 169, 579
Missouri-.. ‘ 172, 458 90.7 15,157 95.9 15,805
Montana. . e emeees 32,104 8.0
NONWE-IITE 1 ]
Alabama. ... 72,008 82.4 87,177 || Missourl. 12, 521 82.7 15,140
Arizona..__ PO 4, 289 48.4 , 862 || Montana. 1,9 91.1 2,189
Arkansas__ - 27,434 63.2 Nebraska . 980 93.1 1,053
Californis_. 15, 24 6.5 14,040 8.7 14,234
Color8A0. - oo oo 803 00.4 1, 565 40.3 , 883
1,938 97.9 30,064 9.5 31,778
2, 297 26| » 78, 837 81.0 97,330
. 1283 6.9 1,272 95.2 1,338
30,331 86.4 18, 648 93.7 19,002
78,035 7.6 13,572 66.9 20, 287
21,076 90.6 ) 84.1 928
6, 544 04.0 Pennsylvania. 28, 842 92.9 31,046
797 90,1 Rhode Island . 746 100.0 748
3,236 92.9 3,483 || SBouth Carolin 66, 791 7.8 93,024
9,819 87.8 11,209 || South Dakota.__ 3m 7.8 2,846
63,784 83.7 25,921 75.1 34,515
20, 947 941 450 687 0, 524
202 08,0 954 90.2 52,100
12,470 94.0 2,079 887 344
2,001 97.2 8207 81.3 7,745
88,102 86.2 1,849 932 2,001

! Grove, Robert D., Studies in Completeness of Birth Registration, Part I, Completeness of Birth Registration, United States, Dec. 1, 1939, to Mar. 81, 1940, U. 8. Bureau of

the Census, ' Vital Statistics—S
1 The States of Idaho, Ma!
are omitted.

cial Reports, vol. 17, No.;18, p. 228, 1043,

e, Nevads, New Hampshire, Utah, Vermont, and Wyoming, each of whieh reported less than 500 nonwhite births in the perfod 1939-1941

-



PRELIMINARY ADJUSTMENT OF DATA

ber. For this rcason birth statistics werce relied upon
in obtaining a population base for the rate of mortality
in the first year. This raises the question as to how
completely births are reported. ,

Following the 1940 census, there became available
for the first time reliable information as to the complete-
ness of birth registration in the United States. This
information was obtained by preparing special infant
cards for all infants enumcrated in the census who
were under 4 months of age on April 1, 1940, and by
matching these cards against copies of the birth cer-
tificates for all births reported as having occurred
between December 1, 1939, and April 1, 1940. Copics,
of all death certificates of infants born in this 4-month
period were also obtained, and matched where possible
with the birth certificates. Table AB shows, for white
and nonwhite separately, the number of births reported
in each State in the 3-ycar period 1939-1941, the per-
cent completeness of birth registration as indicated
by the test just described, and the adjusted number of
births obtained by dividing the number of registered
births by the proportion of births registercd. In the
case of the nonwhite, those States in which less than
500 nonwhite births were reported in the 3-year period
have been omitted from the table.

Further tabulations were made for a special sample of
infant cards, which yield the completeness of birth
registration by a more detailed racial classification for
the United States as a whole. This sample did not
include matching with death rccords; and, for this
reason, the results obtained are probably somewhat
more suitable for use in adjusting birth statistics to be
employed in the construction of life tables, since those
infants whose deaths are registered probably constitute
8 biased sample from the standpoint of birth registra-
tion. Table AC shows, for whites, Negroes, and other
races separately, the number of births reported in the
3-year period in the continental United States, the
percent completeness of registration as obtained from
the tabulation of the sample, and the adjusted number
of births obtained by dividing the registered figure by
the indicated proportion of births registered.

TaBLE AC.-—REGISTERED AND ApJjusTED Brrras, 1939-1941,

BY Race, AND PERCENT COMPLETENEsSS OF BIrRTH REGIs-

TRATION (ExcLuping MarcHEp INvANT DEATH RECORDS),
Dec. 1, 1939, To Mar. 31, 1940: UNiTeDp STATES

Percent !
1] o o complete- A
RACE Roﬁi':l_lﬁ's“d ness, Dec. 1, Agijruc?};‘d
1939, to Mar.

31, 1940
White .o el 6, 255, 527 93. 98 6, 656, 232
Negro. e 843, 483 81.87 1,030, 271
Other races. . oo iiii e 40, 404 75.05 53, 836

! Based on tabulation of special sample.
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.Compléteness of registration of infant deaths

It has already been mentioned that all death statistics
were used without any adjustment for incompleteness of
reporting, with the exception of infant deaths: that is,
thosc occurring under 1 year of age. In the construction
of all the life tables prepared by the Burcau of the
Census prior to 1940, even infant deaths were not
adjusted for underreporting. However, there is evi-
dence that the proportion of infant deaths not reported
is sufficiently large to have an appreciable cffect on life
table values, and it appears that the former practice of
relating fully adjusted birth data to unadjusted infant
death statistics has resulted in a substantial under-
statement of the rate of mortaility at age 0.

.The problem of making a proper adjustment for in-
complete reporting of infant deaths is a difficult one,
because almost no information is available bearing
dircctly on the point, and an indirect method of ap-
proach must be resorted to. This approach is based on
sn cxamination of infant mortality rates for sub- °
divisions of the first year of life. Table AD shows, for
each State included in table AB, the number of deaths
oceurring in the 3-ycar period 1939-1941 in each of
seven subdivisions of the first ycar of life, per 1,000
adjusted births (table AB) in the same period. With
the exception of the columnn pertaining to deaths under
1 day of age, these figures cannot be regarded as mortal-
ity rates in the true sense of the word, as the denomi-
nator used was, in each case, the number of births for the
year, and not the number of survivors to the beginning
of the age period indicated. However, this refinement
would have comparatively little effect on the com-
parison between States, which is the chief purpose in
view.

For convenicnce in making comparisons, the various
States appear in table AD in decreasing order of the
completeness of birth registration. A careful study of
the table shows that there is a close relationship between
the completeness of birth registration and the actual
level of infant mortality in the various States. For
example, if the 48 States and the District of Columbia
are ranked also according to the mortality rate among
white mnfants 9 to 11 months-of age, it is found that of
the 10 States having the most complete registration, 5
arc nlso among the 10 having the lowest mortality
rates. Likewise, among the 10 having least complete
registration, 4 are also among the 10 having the highest
mortality rates. This is not surprising, because,
generally speaking, those States having the most
efficient registration are States in which sanitation and
public health measures have made relatively greater:
progress.

4
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TasLe AD.—Dgatas UNpeEr 1 Ymar Per 1,000 ADJUSTED
BirTHS, BY AGE: EacH STATE, 1939-1941

AGE AT DEATH

STATE Under | 1487 |1 veek | 1anq2| 3105 | 6108 [0to1
1d8Y | week | month [mOnths|months | months| months
WHITE

Connecticut . .oaeoo_. 12.5 8.1 3.2 3.3 3.1 1.7 1.0
Minnesota. ... - 13.2 7.5 3.3 3.7 2.9 1.8 1.2
New Jersey....- 11.6 7.8 3.8 3.8 3.5 2.0 1.4
Massachusetts. . 12.3 8.1 3.9 4.2 3.5 2.2 1.6
Rhode Island. 13.0 7.8 3.5 5.0 3.6 1.9 1.2
New York...... 12,7 7.9 3.8 4.1 3.3 1.9 1.3
New Hampshire. 14.0 9.2 4.1 5.5 4.5 2.4 1.8
District of Columb 15.2 8.0 7.5 4.2 2.8 1.7 1.1
California.............. 13.8 7.3 3.8 4.4 4.4 2.6 1.7
Montana. .... 4.2 7.8 4.5 4.8 4.2 2.1 1.8
‘Washington... A 12.4 8.1 3.4 3.8 3.0 1.8 1.0
Michigan_..._. 12.2 8.6 4.5 6.0 4.2 2.8 1.7
Maryland... 11.8 7.7 5.0 5.4 4.8 +3.1 2.2
Nevada._: . 16.1 8.7 1.5 5.0 5.7 2.7 1.8
Ilinois.. 12.3 7.8 3.4 3.7 3.3 2.1 1.5
Oregon._... 11. 4 7.2 2.7 3.6 2.8 2.0 1.3
Vermont.___._.... 14.4 7.9 5.9 8.1 4.5 2.5 1.8
Delaware. ...... 9.1 7.8 3.3 5.2 4.4 3.9 2.8
Pennsylvania_ 13.4 8.7 4.7 52 4.7 2.7 1.8
........ 13.8 7.8 3.5 3.2 3.6 1.9 1.3
Nebraska 12.9 7.4 3.5 3.8 3.5 1.9 1.2
Wisconsin 13.0 7.7 3.7 4.4 3.7 2.0 1.2
11.0 8.8 4.3 5.0 4.5 2.9 2.0

13.9 7.8 3.4 3.8 3.4 1.9 1.0

13.2 12. 4 5.6 7.6 6.2 3.0 ~2.4

14.0 8.2 3.4 4.1 4.9 2.5 2.3

12.9 7.3 3.3 4.2 4.0 2.3 1.8

Ohlo. o eeaa. 12.8 8.0 4.5 4.7 4.3 2.7 1.9
Idaho.. 14.2 8.1 3.4 5.2 4.3 2/0 1.2
Towa..__ 13.0 7.4 3.7 4.1 3.8 2.1 1.1
North D 13.7 7.7 4.9 5.6 4.5 2.0 1.5
Arizona... 14.9 8.3 8.6 1.0 14.3 9.9 5.1
Mississipp! 14.5 9.2 5.4 5.6 4.5 3.5 2.5
Virginia.. 14.9 0.1 5.9 8.4 8.0 3.3 2.4
Florida......- 14.0 7.7 4.6 4.8 4.3 3.1 2.2
New Mexico.. 17.7 10.9 9.9 14.5 18.4 1.5 6.8
Missouri-...... . 12.2 7.3 4.8 5.4 4.8 3.0 2.2.
Colorado.. - 14.0 8.3 5.1 7.8 7.8 4:3 2.5
Texas..... . 128} 7 9.4 8.0 7.7 8.8 6.0 4.5
Kentueky.......o...... 10.2 10.7 6.9 7.1 5.9 3.9 2.8
North Carolina. 12.6 8.4 5.3 8.2 59 3.7 2.4
Louislana._... 13.0 7.1 5.0 6.0 4.9 2.9 1.9
Oklahoma . 12.5 7.8 5.0 5.3 4.3 2.7 2.3
West Virgin 11. 4 9.1 6.1 7.5 6.8 3.9 2.7
Alabama 13.5 8:6 5.3 6.3 4.8 3.0 2.4
Qeorpia. .. 11.8 9.0 4.9 5.5 4.4 2.9 2.3
South Carolina. 12,5 9.3 5.0 6.5 5.8 3.4 2.4
Tennessee...-.-. - 10.3 7.5 5.2 8.1 5.1 3.8 2.5
Arkansas. ... oo.oaoo 9.2 6.8 4.2 4.7 4.4 3.2 2.5

NONWHITE !

Rhode Istend.......... 21.4 8.7 5.4 ~8.0 8.0 5.4 8.7
New Jersey...-.._ 10.0 14,4 6.3 9.6 0.3 5.7 3.9
Delaware. ........ | 188 15.5 6.0 13.7 13.3 8.6 7.7
Massachusetts.... 16.4 10.4 8.7 6.0 5.7 8.0 4.0
17.2 13.8 7.1 5.6 5.1 5.6 2.0

16.5 6.8 8.3 0.7 9.7 10.7 11,2

10.5 13.1 12.8 10.5 9.6 5.0 2.5

11.8 8.3 5.1 6.7 8.8 4.9 2.2

17.8 1.3 4.8 7.9 8.6 3.7 2.2

13.5 12.0 15.0 15.7. 18.0 9.7 9.0

16.7 12.9 7.8 12.2 12.7 10.9 8.0

13.8 11.8 9.0 8.2 8.6 5.5 3.4

‘15.4 10.6 6.1 4.2 7.2 4.1 3.2

16.8 10.7 7.1 7.8 7.9 5.4 3.0

13.4 14.3 8.7 10.5 14.8 12.9 7.2

18.0 16.1 6.6 9.8 16.1 4.7 4.7

13.5 10.3 8.3 9.2 10.8 4.9 4.8

19.1 10.7 6.2 8.1 8.8 5.7 3.3

10.1 12.3 8.2 23.8 23.3 18.3 1.0

14.8 10. 4 4.3 5.2 6.8 3.3 2.8

16.9 10.1 3.4 11,3 4.5 9.0 2.3

14.7 13.9 10.2 12,1 12.8 8.8 5.6

19.2 0.0 4.5 9.0 10.2 7.9 4.6

14.5 10. 2 7.3 15.8 | . 12.4 11.9 10.2

Kentueky..... .- 11.7 17.6 10.8 11.5 10.9 7.9 5.3
Florida. . ....._....... 14.7 14.7 10.7 9.2 7.7 5.8 3.8
Mississippio ... 11,1 -9.2 6.4 8.2 8.5 5.4 3.9
Oregon._......... 19.4 10.8 10.8 13.0 15.1 15.1 5.4
Loulslana. 14.5 11.7 12.4 10.8 101 5.9 3.9
Missourl._. 15.4 9.4 10.0 10.2 9.8 6.5 4.8
Alabama.. 15.2 11.8 7.8 9.3 8.7 8.0 3.6
West Vlrgin - 16.2 13.8 9.3 10.7 10.8 7.7 4.0
North Carolin: 12.5 10.2 8.1 10.5 10.2 6.5 4.2
South Dakota... 6.0 1.2 9.8 15.1 13.7 13.7 12.6
Georgla....... 12.4 11.3 8.3 8.8 7.8 5.0 2.9
Tennessee....... 4 1.9 10.8 6. 4 8.8 8.6 6.2 4.5
8outh Carolina. 10.8 11.8 8.1 9.3 10.9 6.9 4.0
Texas..c.oooo-uo .- 11 10.7 8.7 8.1 7.9 4.6 3.1
Oklahoma...... - 8.4 10.5 7.8 8.3 8.0 5.3 4.3
Arkansas.__..__. . 5.8 5.0 4.1 5.8 8.2 4.2 3.1
Arfzona.__..._.. - 7.7 9.0 12.5 16.1 20.1 15.8 13.2
New Mexlco......_.... 13.1 11.1 8.0 12.4 16.0 13.4 9.5

t See footnote 2 to table AB, p. 102,

.

Howover, if the comparison is made with the mor-

tality rates for infants under 1 day-old, instead of those -

aged 9 to 11 months, just the opposite tendency is
. observed, the lower mortality rates being recorded, in
general, in the States with less complete registration of
births. Tor example, among the 10 States having the
least complete registration of white births, 5 were also
among the lowest 10 when ranked according to the
mortality rate for white infants under 1 day old. It
might be expected that mortality rates for infants in
the first day of life would fail to show the close relation-
ship to the completeness of birth registration which
was observed in the case of tho rates for infants 9 to 11
months old, because a large proportion of deaths occur-
ring immediately after birth are due, at least in part, to
mechanical causes connected with the process of child-
birth. The great improvement in infant mortality in
recent years has, in fact, affected the frequency of
neonatal deaths to a much less degree than that of
deaths occurring later in infancy.

It is not, however, to be expected that the death
rate in very early infancy would be totally unaffected
by varying conditions in the environment. Still less
can it be thought that the normal relationship is actu-
ally reversed,® the lower mortality rates occurring
where conditions are less favorable. It is necessary,
therefore, to look for some source of error in the mor-
tality rates for the first day of life as shown in table
AD. Inasmuch as these rates were obtained from
births corrected for incomplete reglstratlon but with-
out any correspondmg adjustment in the death statis-
tics, the most natural inference is that deaths occurring
in carly infancy are affected by an incompletenecss of
reporting huvmg, in general, the same geographlcal
incidence as in the case of births.

The relationships which led to this conclusion are
brought out more clearly in table AE, which shows the
results of arranging the States in the order of the
percent completeness of birth registration and then
combining them into five groups (three groups in the
casc of nonwhites) in such a way that the total number
of reported deaths under 1 year of age is approximately
the same for each group used. In the case of the.data
for white lives, the States of Arizona, New Mexico,
and Texas have been omitted, because in these States
the mortality rates for white infants in the latter part
of the first year of life are so much higher than those
for other States that the general relationship would be
obscured by their inclusion. This condition is believed
to be due to the presence, in the white population of
these States, of a large number of Mexican agricultural
workers in low income groups, among whom the rate of
infant mortality is extremely high. Except for the
omission of these 3 States from group 4, the spacing
in’ table AD indicates the particular States included in

8 There are certaln factors tending to cause fewer deaths in the first day of life when
the general infant death rate Is high. For example, there are probably fewer instru-
mental dellveries in areas of high mortality. However, the effect of such factors
is believed to be small.
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each group. In making the calculations for nonwhites,
the 7 States.having less than 500 nonwhite births in
the 3-year period, which were omitted from tables AB
and AD, were again omitted here. Upon examining
the part of table AE which shows data for the white
population; it is observed that the percent completeness
of birth registration decreases rather slowly in the first
three groups and ‘then falls at an accelerating pace as
groups 4 and 5 are reached. The States in group 5
(where registration is least complete) contain only
18 percent of the adjusted white births in all five
groups but contain 45 percent of the assumed unregis-
tered (adjusted less registered) births. Above the age
of 1 week, the death rates based on adjusted births
rise consistently from group 1 to group 5, but in the
case of deaths in the first day of life, the rates begin
to decrease with group 4, and group 5 actually shows
the lowest death rate of the five groups. In the age
period 1 day to 1 week, a less marked but similar
tendency is observed. The behavior of the rates for
+these two youngest age periods strongly suggests that
the decline which appears in groups 4 and 5 may be
spurious, and attributable, as already intimated, to
incomplete reporting of deaths occurring in early
infancy in these States. Among the nonwhite, the
tendency toward lower apparent death rates in those
States having less complete registration of births is
more marked, and persists throughout the entire first
year of life.

TaBLE AE.—DEatns UnpER 1 YEAR PER 1000 ADJUSTED
BIrTHS, BY AGE AND RACE, 1939-1941, For GROUPS OF STATES
ARRANGED ACCORDING TO THE COMPLETENESS OF BirTH
REGISTRATION

WHITE ! NONWHITE 1

State group ? State group 3-

1 2 3 4 [ 1 2 3

Percent of total deaths under 1 year for
all BrOUPS. - oo iaaaas 18.1| 19.6| 18.4] 22.8 21.1| 31.3]| 36.4] 32.3
Percent completeness of birth registra-
tlon. L.l 99.0| 7.7 96.8| 02.8]'85.0] 92.7| 83.3| 71.0
Deaths per 1,000 adjusted births:
Underlda 12.71 12.9| 12. 4 11.8] 15.8| 13.3| 10.6

ldaytolweek .. __ . ... _cco... . 7.8] 8.4 8.4 8.2 12.4] 10.6/ 10.4
1 week to | month - . 3.9 4.2/ & 6.2 7.8/ 86] 7.8
1and 2months...__.... 4.4/ 4.9] 55 6.0 9.2 9.7 8.7
3to5months ... ... 3.8| 4.4| 4.9 52| 9.3 0.4{ 8.9
G6to8months........... - 2.4| 2.5/ 3.0/ 3.8 6.4 6.0| 58
9tollmonths.... . ... .. 16| L7 2.1 24| 4.2| 3.9 3.9

! The States of Arizona, New Mexico, and Texas were omitted from the computa-
tions for white lives. See text, p. 104.

t Those States reporting less than 500 births of - nonwhites in 1939—1941 were onmitted
from the computations. See footnote to table AB, p. 102,

rlullzllik:gl]' numbers indicate less complete rcglstmuon as shown In the second line
of the e,

In summary, it may be stated that the preceding
analysis appears to show: (1) that there is substantial
underreporting of infant deaths, (2) that this under-
reporting tends, in general, to be greater in those
States in which underreporting of births is greater, and
(3) that it is relatively greater in the case of deaths
occurring in the first week of life than for those which
occur later. However, it is not sufficient, for the pur-
pose of life table construction merely to know that such
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a condition exists. It is necessary also to make' some
assumption as to the magnitude of the underreporting.
As no information was available from which this could
be estimated directly, an effort was made to estimate
it indirectly by assuming the percent of nonreporting
of infant deaths to be some fixed proportion or multiple,
State by State, of tlie percent of nonreporting of births
and adjusting the State death rates in accordance with
that assumption, and then examining the death rates
based on various assumed proportions or multiples to
see which produced results most nearly in accordance
with expectation. It was considered that, when ade-
quately adjusted, the State death rates in each age
period should show a consistent tendency to increase
with decreasing completeness of birth registration, since,
in general, the States having more complete registra-
tion are also those with better sanitation and public
health facilities.

Such calculations were made for the first three age
periods employed in table AD, which together com-
prise the first month of life. Since the individual State
figures show minor fluctuations which make it difficult
to observe the general tendency, these calculations were
made for the same groups of States which were used in
table AE. Three different scts of calculations were
made, based on the assumption that the percent ad-
justment required for incomplete reporting of deaths
in each age period was (a) 50 percent, (b) 100 percent,
and (c¢) 150 percent of the corresponding percent ad-
justment required for births in the same State. The
results of the calculations are shown in table AF.

In the case of white infant deaths under 1 day,
adjustment in accordance with assumption (a) still
leaves group 5 with a lower death rate than group 4.
Assumption (b) produces a death rate in group 5 which
is slightly higher than that in group 4, but the difference
is much less than might reasonably be expected in view
of the substantial difference in the completeness of
birth registration in the two groups. In the case of
the nonwhite, even assumption (c¢) fails to produce
increasing death rates, although it tends in that diree-
tion, indicating that a more drastic adjustment would
do so. The implication of these observations that
deaths occurring in the first day of life may be less
completely registered than births is less startling than
it may at first appear, if one considers that there is
probably a substantial number of cases of very early
death, especially in rural areas and among the more
underprivileged classes, in which neither the birth nor
the death is registered. This group would of course
constitute a much larger percent of the total infant
deaths than of the total births. It is also possible that
there may be a tendency, in some States, to report such
cases as stillbirths.

In the case of white deaths at ages 1 day to 1 week,
assumption (a) gives death rates which increase, but -
not by a sufficient amount, while the rates resulting
from assumption (b) appear rcasonable. For the non-
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white, assumption' (c) at least seems to be called for.
The deaths of white infants aged 1 week to 1 month
yield increasing rates even without adjustment, and 1t
is somewhat difficult to judge which assumption pro-
duces the most plausible rates. However, one would
expect these deaths also to be somewhat less completely
reported than those occurring after the first year of
life, and to require some adjustment.

The age distribution of deaths of white infants in the
period 1939-1941 was 31, percent under 1'day, 20
percent from 1 day to 1 weck, and 49 percent from 1
week to 1 year. As indicated in the foregoing dis-
cussion, it may be assumed for illustrative purposes on
the basis of table AF that the percent adjustment re-
quired for incomplete reporting of infant deaths was
related as follows to the corresponding percent adjust-
ment for births:

Number of times
the percent adjust-
- ment for births

Age al death

Under 1 A8y . oo oo oo e 1%
ldaytolweck o . ... L __._. o1
1weektol year. . . .. . . _._._._.._. %

This gives for the average percent adjustment for
incomplete reporting of white mfant deaths
31X 1542014 .49X0.5, or approximately 91 percent*
of the corresponding percent adjustment for white
bjrths. Since reporting of white births was found to
be about 94 percent complete (corresponding to an

TapLe AF.—Dratis Unper 1 MoNTH Prr 1,000 Apiustebp
BirTHS, BY AGE AND RACE, 19391941, oN VARIOUS ASSUMP-
TIONS A8 To THE COMPLETENESS OF DEaTH REGISTRATION,
FOR GROUPS OF STATES ARRANGED ACCORDING To TiE Com-
PLETENESS OF BIRTH REGISTRATION

WIITE 1 NONWHITE 2
State group 3 State group ?
1 2 3 4 5 1 2 3
Percent completeness of birth regis-
[2R T ALY ¢ 90.0| 97.7; 96.8] 92,8 85.0 92.7| 83.3} 71.0
Desths under 1 day:
Unadjusted. ... ... 12.6| 12.7( 12.9} 12,8 11.8| 15.8| 13.3( 10.6
Adjusted ¢ according to:
Assumption (a). . ooco.o...._. 12.7} 12.8} 13.1| 13.3| 12. 8| 16. 4] 14.71 12.7
Assumption (b)..-- ae--] 12,70 12.9) 13.3| 13.8] 13.9| 17.1| 16.0{ 14.0
Assumption (c).. -- -1 12,81 13.1] 13.5] 14.8/ 14.9{ 17.7 17.3] 16.6
Deaths after 1 day to 1 week .
Unadjusted. - ..o occeaiaoaoo 7.0 7.8{ 8.4 8.4| 8.2 12.4| 10.6] 10.4
Adjusted 4 according t o
Assumption (8) . - cceeeaon.-n 7.8 7.9y 8.6| 8.8/ 8.9 129 11.7} 12.6
Assumption (b)__.. ..-] 7.9 8.0 87 0.1} 9.6 13.4| 12.8) 14.7
Assumption (e) . ..o 8.0/ 81} 8.8/ 0.4; 10.3} 13.9| 13.9{ 16.4
Deaths after 1 week to 1 month:
Unadjusted .. ..o 3.70 3.0 4.2] 5.00 6.2 7.8 B.6l T.8
Ad}usted ¢ according to:
Assumption Ea)._ 3.7 3.8/ 4.3} 5.2/ 5.6] 82 0.4] 0.4
Assumption (b).. 3.8] 4.0/ 4.4] 5.4 6.1 8.5 10.3| 11.1
Assumption (¢). . 3.8/ 4.0 4.4 57 6.5 8.8 ]1.2| 12.3

 The States of Arizona, New Mexico, and Texas were omitted fromn the computa-
tions for white lives, See text, p. 104.

3 Those States reporting less than 500 births of nonwhites in 1939-1941 were omitted
from the computations. Sec footnotes to table AB, p. 102,

1 Higher numbers indicate less complete registration of births.

¢ Assumptlons (a), (b), and (c) suppose that the percent adjustment needed to
correct for incompletencss of reporting of deaths in each State in the indicated age

eriod is, respeetively, 50, 100, and 150 percent of that required for births in the same

tate.

¢ Strictly speaking, the proportions of infant deaths occurring‘in the threc age
perfods used in this caleulation should be based on total infant deaths (after adjust-
ment for underreporting). Allowance for this factor would slightly incicase the re-
sulting average.

adjustment of 6.4 percent for incomplete reporting,
see table AC), this would imply that white infant
deaths were about 94.5 percent completely reported.
Similarly, the age distribution of nonwhite infant
deaths was 22 percent under 1 day, 18 percent from 1
day to 1 week, 13 percent from 1 week to 1 month,
and 47 percent from 1 month to 1 year; and the re-
quired percent adjustment for incomplete reporting of

dcaths of nonwhite infanis may be assumed to be -

related as follows to the/corresponding percent adjust-
ment for births: .

Number of times
the percent adjust-
\ ment for births

Age at death

Under 1day._ o __.l.. 2
Tday to 1 week. - .. 1%
1lwecktolmonth. _____________________. 1
Imonthtolyvear . ____ ... . ____________._ 1

This would give for the average percent adjustment for
incomplete reporting of mnonwhite infant deaths
22 X 24 18X 1.5+ .13 X 1+ .47 X 0.5, or approxi-
mately 107.5 percent* of the corresponding percent
adjustment for nonwhite births. Since reporting of
nonwhite births was found in 1940 to be about 82 per-
cent complete, this would mean that on the assumptions
made deaths of nonwhite infants were slightly under
81 percent complete. | These assumptions are, of
course, rough, and such a calculation c¢an be no more
than suggestive; however, it does indicate that, in the
abscnce of accurale information on the completencss
of registration of infant deaths, it is not unrcasonable
to assume that for the first year of life taken as a whole
the percent completeness of registration of white deaths
is the same as that of white births. This assumption is
probably as accurate as ¢ould be expected with the
meager information available, and leads to some sim-
plification in the numerical computation. Accordingly,
it was adopted in the preparation of the life tables in
this volunie. As a matter of convenience, it was used
for nonwhites as well as whites, although a somewhat
larger correction for nonwhites might be justified.

It should be pointed out that although this assump-
tion is considered appropriate for the data of the
United Statcs as a whole, this does not imply that it
could properly be employed for separate States, areas,
or regions, It is probable that the relationship be-
tween' the completeness of registration of births and
that of infant deaths varics widely in different localities,
It is likely, for example, that in highly urban areas
where Tegistration is a well established practice, regis-
tration of infant deaths is more complete than birth
registration. On the contrary, therc are indications
that the reverse is true in rural areas. Such an indica-
tion is found, for example, in the comparison of infant
mortality rates by population groups classified accord-
ing to size. ® Although these rates tend, in gencral, to

8 See, for example, Forrest E. Linder and Robert D. Grove, Vital Statistics Rates
in the United Stales, 1900-1940, table 28, p. 6578, Governinent Printing Office, Washing-
ton, D, C., 1943, . ’
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increase steadily with diminishing population size, the
rates for rural areas are usually somewhat lower than
those for the smallest urban places.® It is doubtful
if this can be wholly explained on the basis of faulty
allocation by residence, since the rates are based not on
census populations but on births, which shbuld be
affected by errors in allocation in the same direction
as infant deaths,

Method of adjustment of infant data

Inasmuch as the statistics-of births and infant deaths
were assumed to be equally complete, mortality rates
at age 0 were obtained directly from the reported figures.
However, as previously stated, the populations at ages
1 to 4 used in determining the number exposed to risk
at those ages were not obtained from the census, but
were calculated from birth and death statistics. To the
extent that they entered into the ealculation of popu-
lations at these subsequent ages, the statistics of births
and infant deaths required some adjusiment. The
method followed was to compuie, from reported figures
only, the number of survivors to the exact age of 1 year
from each ycar’s births, and then to increase this nuni-
ber of survivors by the desired percentage before
extending the -calculations to higher ages. The method
of determining the adjustment factors to be applied to
the number of survivors at age 1 will now be described.

On first consideration, it might appear that the
percents of completeness of hirth registration obtained
from the birth registration study could be used as
divisors to obtain the corrected number of sutrvivors.
Howcver, such a procedure would not be consistent
with the assumptions being made in connection with
ages 5 and above. At these ages it is not assvmed that
the census figures and the registered deaths are 100
percent complete, but rather that both have the same
percent of incompleteness. Since it is not considered
that deaths at ages 1 to 4 are rcported any more com-
pletely than those at ages 5 and above, the populations
to be used in rate computations at ages 1 to 4 should not
be corrected to a higher degree of completeness than the
census populations at ages 5 and over, if & consistent
scrics of mortality rates is to be produced.

In order to determine the proper adjustment factors,
a calculation was made, by two independent methods,
of the survivors to exact age 1 out of the births corre-
sponding to the 1940 census population at each single
year of age from 1 to 9, inclusive. For example, the
native population at age 5 (that is, between the fifth
and sixth birthdays) on the eccnsus date, April 1, 1940,
are survivors of babies born in the year April 1, 1934,
to April 1, 1935. The survivors to exact age 1 of this
group of births were cstimated (a) by subtracting from
the reported births of that period the reported infant
deaths occurring among this group of lives and (b) by
adding to the native population aged 5 on April 1,
mn hassometimes been made that this may be a genuinc phenomenon.

See, for example, Herbert J. Sommers, Infant Mortality in Rural and Urhan Areas,
Public Health Reports, vol. 57, No. 40, p. 1498, Octoher 1842,
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1940, as enumerated in the census, the reported deaths
among this group of lives after age 1, but before April
1, 1940. Similar calculations were made for the groups
at each of the other ages under 10 in the 1940 census.
Table AG shows the results, which are given separately
for the three racial groups: whites, Negroes, and other
races. It will be observed that the ratio of estimate
(a) to estimate (b) falls sharply from birth to age 3,
but from age 3 to age 9 merely fluctuates without, show-
ing any consistent trend. It shows, howcver, a marked
tendency to be low at even ages and high at odd ages.
This suggests that the fluctuation may be principally
due to preference for certain ages in the census and
that the ratio might be very nearly constant except for
this disturbance. At the very young ages, where the
ratio is particularly high, the census enumeration is
known to-be markedly deficient.

TABLE AG.—COMPARISON OF SURVIVORS TO AGE 1 as EsTI-
MATED BY Two MgerHopns: Unrrep States, 1930-1939

SURVIVORS TO FIRST BIRTHDAY
:::ge i)n
pril 1,

TIME PERIOD IN WHICH Method (b) ;
RIRTHS OCCURRED mm?ﬁ. : Lgﬁg‘:&’ o(g) (based on (Ig:t?l)))
(APE. 1 T0 MAR, 31) oo : 1840 census :

pleted registered enumeration
years births and and regis-
deaths) tered deaths)
WHITE

1939-1940..___________ ... 0 11,924,622 21,777,738 1. 083

1938-1939_ - 1 1, 907, 032 1, 820, 840 1.047

1937-1938. 2 1, 859, 609 1,932, 336 . 962

19306-1937_ 3 1, 776, 542 1,862,403 .54

1935-1936_ 4 1,797,748 1,892,182 -850

1934-1935_ - 5 1,807,799 1,804,413 . 954

1933-1934_ . [} 1,722,081 1, 808, 031 . 952

1932-1933. - 7 1,784,366 - 1,862, 620 958

1931-1932_____________ ... 8 1, 862, 495 1, 964, 620 . 048

19301931 ______..._..._ 9 1,911,381 1, 974 105 . 968

1930-1937. ... 3-9 12, 662,412 13, 258, 347 . 9551

NEGRO

1939-1940. - 0 1 255, 798 2 229, 795 1.113

1938-1939_ - 1 247, 842 230, 601 1.075

1937-1938. - 2 243, 215 267, 545 . 909

1936-1937._. - 3 230, 240 263, 205 875

1935-1936_ - 4 233, 585 272, 955 856

1934-1935. 5 236, 128 266, 885 885

1933~1934. 6 224,318 270,927 828

1932-1933._ 7 229, 476 265, 838 863

1931~1832__ . _____._..... 8 * 227,439 272, 604 834

1930-1931.. ____ ... ... . 9 225, 256,179 882

1930-1937_ .. ... 3-9 1, 607, 094 1, 868, 593 . 8601

OTHER RACES
0 112,137 412,129 1.001
1 11,882 11,576 1. 026
2 11,315 13, 511 .837
3 10, 474 13,345 785

1935 -1936..__ 4 10, 609 13, 866 765

1934-1935____ 5 10, 799 13,335 810

1933-1934____ 6 10,214 12,683 787

1032-1933____ - 7 1n, 571+ 12, 805 826

1931-1032_______._____.. .. 8 10, 743 13,103 820

1930-1931_ . .. ... 9 10, 980 | 12,332 860

1930-1937 . .. 3-9 74, 360 91, 769 8106

1 Survivors to Apr. 1, 1840.
2 1940 census populatlon under 1 ycar of age.

An average ratio was therefore obtained for each
racial group based on the totals of estimates (a) and
(b) for the entire age group 3 to 9 in 1940. These
average ratios (also shown in table AG) were then used
as divisors, in the construction of the life tables, to
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inflate the number of each group of survivors o age 1,
as calculated from births and deaths, to the general
level of completeness of the census. The populations
at age 1, 2, 3, and 4 used in the actual life table calcula-
tions were derived from age 1 survivors adjusted in
this manner.

In’this method of adjustment it is implicitly assumed
that the completeness of birth registration, relative to
that of enumeration in the census, did not improve
during the decade 1930 to 1940. Similar calculations
were also made on the assumption of a progressive im-
provement in- birth registration during the decade,
adjusting the reported births of earlier years up to the
level of completeness of 1940. This produced a series
of ratios (of survivors calculated by the two methods)
decreasing with i.ncrea'sing age, which would imply that
the enumeration in the 1940 census at ages under 10
became less complete with advancing age. This seems
absurd; but, on the other hand, it appears unhkely that
there was no improvement durmg the decade in the
completeness of birth registration. As the number of
deaths entering into the calculation is small in relation to
the total survivors, the completeness of death regis-
tration is not an important factor. In view of these
-inconsistencies in the data, it seemed expedient to adopt
the simplest course and assume, for this purpose, no
change during the decade in the completeness of birth
registration.

. Adjustment for incomplete reporting of infant d_ea.ths
by subdivisions of the first year of life

Statistics of infant deaths for subdivisions of the
first year of life were used in computing life table values

for such subdivisions, as will be explained later.” It

has already been mentioned that neither births nor
infant deaths were corrected for underreporting in
obtaining mortality rates for the first year_of life as a
whole, the assumption being made that reported statis-
tics of births and of deaths under 1 year of age are
equally complete. Since births were ‘assumed to be
deficient in the proportions indicated in table AC, this
is equivalent to the assumption that total infant deaths
are deficient in the same proportions. However, in
dealing with subdivisions of the first year, consideration
must be given to any age variation within the year in
the assumed completeness of death reporting. It has
nlready been stated that the evidence indicates a pro-
gressive improvement with increasing age from birth
up to the first birthday. In order to give cffect to this

condition, the admittedly rough assumption was made
that the percent addition which must be made to the
reported deaths at any specific age during the first
year of life in order to correct for underregistration is
directly proportional to the time interval remaining up
to the first bu‘thday It can only be said for this
assumption that it gives plausible results, and, in the
absence of any real information as to tho specific age

t See p. 133.

incidence of nonreporting of infant dcaths, it seems as
reasonable as any other assumption which might be
made. Naturally, the resulting life table values for
subdivisions of the first year cannot be considered as
reliable as those for integral ages, but it is believed
that they serve a useful purpose in indicating the
general trend of mortality and survival in this im-
portant period of life; and, in any case, these values
are not an essential part of the life table. The values
for integral ages wére computed quite independently
of the assumption just stated, the supplementary values
for the first year being then inserted at a later stage.
In carrying out the numerical work under this as-
sumption as to nonreporting of infant deaths, the re-
maining portion of the first year of life was taken, for
cach of the subdivisions in which infant deaths are
tabulated, as the interval of time between the middle
of such subdivision and the end of the year of age.
The length of the entire year was taken rs 365% days,
this being the average length of the three calendar years
(1939-1941) covered by the experience. For this
purpose, 1 month was regarded as being exactly one-
twelfth of a year or 30% days. Table AH shows, on
these assumptions, the number of days.remaining in
the year after the middle of each subdivision of the first
year of life. The assumption that the percent additions
required in the various age periods are proportional to

these numbers implies that the actual numbers of deaths

assumed to be unreported will be proportional to the
products obtained by multiplying the time intervals
indicated in table AH by the numbers of deaths actu-
ally reported in the corresponding age periods. These
products were obtained separately by sex and for whites,
Negroes, and other races; and in proportion to them the
total number of deaths assumed unreported for the
entire first year of life was distributed by age, in each
of the six classifications. These total numbérs, in
turn, were obtained by dividing the total deaths re-
ported for the year by the proportion assumed to be

TaBrLe AH.—Assumep NumBER OF Days REMAINING IN THE
FirsT YEAR oF Lire ForuowiNg T™HE MipbpLE oF Eack oF
THE AGE PERIODS INDICATED

Number of
days remain-
AGE PERIOD ing In year
B after middle
of period

Under 1day 36436

lday. ... ——- 36336

) T, . 36236

3 to 6 days 360%5

lweek. . ..____.. .- 35458

J 2weeks..___.__..___._._ 34796
3 weeks to 1 month. ___ - 3301448

Imonth._.._.....__ 31034

2 months. 28029

3 months 25876

4 months 22814

5 months 19736

16746

137

10654

9 months.._ 7616

10 months. 4554

11 months 15%6

s

]
.
|
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registered, as indicated in table AC, and subtracting
the reported number from the result. Within each
classification by race, the same percents of complete-
ness were assumed to hold for both males and females.
The figures resulting from this adjustment are shown
in part III of table AM, except those for ““other races”
aged 1 to 11 months, in which case a further adjust-
ment was made as described later.

Redistribution of ‘‘other races’’ deaths under 1 year of
age :

The reported deaths for subdivisions of the first year
of life for the group of nonwhites other than Negroes
show serious irregularitics, due apparently to the small
size of the experience, which, if not adjusted for, would
cause a marked lack of smoothness in the life table
values. Accordingly, the deaths occurring at ages be-
tween 1 month and 1 year, after being adjusted for
assumed underreporting, were redistributed by fitting
a second degree curve to the monthly values by the
method of least squares, subject to the condition that
the total for the 11-month period must be reproduced.
If y. denotes the original, and y,’ the adjusted number
of deaths at the age of 2 months, and if 2’ stands for

z—6, then it is found by applying the usual least squares

criterion that y,’ is given by the equation:
» =a+bx' +cx'?

where

1
“2@3(892%_ Sx'%y,)
b= 1102’ Vs

= §58 (Zz"*y.—102y,)

.

all the summations being from z=1 to 11: that is, from
= —5 to+5. Writing the equation in terms of z’
rather than £ makes the 11-month total a symmetrical
expression and leads to results of a simpler form thzn
-would otherwise be obtained. Table AJ shows the
calculated number of deaths in cach of the 11 months,
both before and after the least squares adjustment,

TABLE AJ:=LEasT SQUARES ADJIUSTMENT OF DEATHS OF OTHER
Races ! a7 Aces 1 1o 11 Monrths: UNiTED StaTES, 1939-1941

MALE DEATHS— FEMALE DEATI'S—

Aflter adjust
ment for non-

Aller adjust-
ment [or non-

AGE

After After

report;:l%bul smoothing rop({ﬁ;",'r"é but| cnoothing

smoothing smoothing
Total I to 11 months__ . . L 1, 510 1,301 1, 391
251 244 251 228
216 217 164 | - 199
[ 180 142 184~ 174
4months..__.___.... ... 174 164 149 158
Smonths.._..___.... ... ... 138 148 128 130
6months._ ... ._______. 133 128 116 113
7 months.___ . 116 110 7 u8
8 months.__. 89 95 80 6
9 months..__ 100 81 98 76
10 months___ 56 68 7l 70
11 months. 57 58 55 66

- All except white and Negro.
746605 O - 47 - 8
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Unreported ages at death '

For a small proportion of deaths the age is not speci-
fied. In order not to understate the total mortality,
these deaths must be distributed in some manner
-among the various age groups. The method used was
to divide them in proportion to the numbers actually
reported in each age group. While this is probably not
strictly corrcct, the entire number of deaths involved
1s"so small a fraction of the total that little error could
result. This problem does not arise in connection with
the population figures, because in the 1940 census
probable ages were assigned by a special process to all
persons whosc age was not reported, so thatno unknown
ages appear in the final tabulations.®

Estimation of July 1, 1940, populations

For ages 5 and above, the populatlons required in the
construction of life tables for the 3-year period 1939-
1941 are those at the middle of the period: that is, on
July 1, 1940. Since the census was taken as of April 1,
1940, an adjustment is necessary to arrive at the July
1, 1940, figures. For this purpose the following formula
was applied to each subdivision of the population by
race and sex for each 5-ycar age group from age 5 to age
100, and for the final group consisting of ages 100 and
over. Estimates for the age group 3-4 ycars were also
obtained, to be used in the interpolation process as
described later.

PUlnr=PU = kD 4+ (P — P2} )4 Myyryas

Here, P22, . _, denotes the population-on April 1, 1940, at
afges z to r+n—1, inclusive (that is, between exact age
z and exact age z+n); and P7%!,,_, denotes the corre-

sponding population on July 1, 1940. Similarly, P,
denotes the April 1 population at agez—1, and P}, _,
denotes the April 1 population at age z+n—1. D% _,
denotes the number of reported deaths occurring in 1940
at agés 2 toz+n—1; and M, zy,1 denotes the estimat-
cd net immigration (positive or negative) during the
period April 1 to July 1, 1940, at ages z to z+n—1.
The symbol & denotes the ratio,_for both sexes and all
races combined, of the reported deaths occurring in
April; May, and June, 1940, to the tota] for the year.

'l‘he term kD19, represents the estimated deaths

“occurring in the particular age.group between April 1

and July 1,1940. This approximation had to be used, as
deaths were not tabulated simultancously by month
of occurrence and by race or sex. The term

(P, — Pt ) is an adjustment for the fact that in
Lhe 3 months between April 1 and July 1 some indi-
viduals passed out of the group by reaching age z4-n,
while others entered from the next lower age group by
Jcaching age 2. In dealing with the final age group

“100 and over,” Llus term reduced to merely %P
and the subsu ipt “zfe+n—1" in the other terms
¥ U. 8. Burcau of the Census, Siateenth Census of the United Siates: 1940, Population,

tol. I1, Characleristics of the Population, Part 1, p. 9, Government Printing Office,
Washington, D. ., 1043,



110

was interpreted as “100 and over.” The net immigra-
tion was estimated on the basis of information furnished
by the Immigration and Naturalization Service,
Department of Justice. For the white population, the
.migration adjustment never exceeded 0.06 of 1 percent
of the corresponding enumerated population in any
classification. o ,

While the total nonwhite population was available
by single years of age, Negrocs were tabulated separate-
1y only by 5-ycar age groups up to age 75 and also for
a few selected single years of age under 21. The single
age figures for Negroes were obtained by assuming
that, for each sex separately, the ratio of Negroes to
total nonwhites was the same in each single year of age
as in the smallest age group containing that year
of age for which separate figures for Negroes and other
nonwhites were available. In each -classification,
estimated figures for “other races’” were obtained by
subtracting Negroes from total nonwhites. A further
difficulty was encountered in that the migration
estimates used were furnished only for total nonwhites,
and not for Negroes separately. = As the movement
of Negroes into and out of the United Statcs is believed
to be exceedingly small, and as the migration estimates
for total nonwhites were small in any case, never
reaching 100 for either sex in any 5-year age group, they
were assumed to relate wholly to races other than
Negroes, no migration adjustment being made in the
Negro populations.

The estimates of July 1, 1940, population resulting
from the application of the above formula are shown in
part IT of table AM, except those for Negroes between
ages 55 and 70, in which case a further adjustment was
‘made as explained in the next subsection. These esti-
mated populations differ only slightly from those previ-
ously published by the Bureau of the Census.? It was
decided not to use the previously published estimatcs
in the construction of the life tables because they were
based on a graduated, or smoothed distribution by single
years of age of the April 1 population. While such a
procedure was entirely appropriate in preparing popu-
lation estimates for general use, it was felt that, in the
construction of the life tables, the smoothness of the
rates of mortality was adequately provided for by the
graduation of the rates themselves,’® and that there were
some objections to graduating the enumerated popu-
lations. The single yeat populations, since they arise, in
the beginning, from fluctuating numbers of annual
births, cannot be expected to form a perfectly smooth
scries, and any genuine irregularities will be reflected
also in the death statistics, so that the smooth progres-
sion of the rates of mortality will not be disturbed.
Moreover, this appears to be true also, in large meas-
ure, of the irregularities which are not genuine, since
the analysis of digit preference later in this report !

% U. 8. Bureau of the Census, Estimated Poptlation in Continental United States, by
Age, Color, and Sez: 1940-1942, Population—Special Reports, Scries P-44, No. 9, 1944,

10 See pp. 122-126.

1 See pp. 120-122.

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

indicates that, in the usual system of 5-year age grouping
(5-9, 10-14, etc.), errors of this type in the populations
and deaths tend to cancel out in the computation of
mortality rates. Therefore, if the populations were
partially smoothed, without subjecting the death statis-
tics to some similar treatment, the result might only
be to diminish the smoothness of the mortality rates.

Special adjustment of Negro data

Both population and death statistics in the neighbor-
hood of age 65 show cvidence of substantial misstate-
ment of age.. In the case of the data for Negroes, this
error appeared sufficiently marked to seriously affect
life table values. This condition is brought out in
table AK in which the 1940 Negro populations actually
enumerated in the various age groups are compared
with thosc expected on the basis of the 1930 populations
of the same groups of individuals (then 10 years
younger) and the deaths of the intervening period. It
will be noted that whilc these population figures show,
on the whole, a steady decrease with advancing age,
the enumerated 1940 populations level off sharply at
age 65. The 1930 figures do not show any such
tendency. Moreover, the expected 1940 populations,
from the 1930 enumeration and the dcaths during the
decadc,  are free from the leveling off effect. This
strongly suggests an overstatement in the 1940 census
of the age groups just beyond 65-at the expense of those
just under that age. This phenomenon is probably
attributable to the enactment of social security legisla-
tion providing benefits to persons over 65.

TaBLE AK.—CoMEARISON OF NEGRO POPULATIONS IN CERTAIN
Ace Groups: UNrrep STATES, 1930 AND 1940

[Numbers given in thousands] ’
1940 popula-
. . Population | tion estimat- | Population | Discrepancy
Age in 1930 | Age in 1940 | énumerated | ed from 1630 jenumerated| in 1940
in 1930 population in 1940 estimates
and deaths - '
n 2) 3) 4) (5) @)—(5)
MALE
4044 50-54 339 264 283 —19
45-49 55-50 323 245 +38
50-54 60-64 ] 207 154 +53
55-59 65-69 174 108 152 -4
6064 70-74 133 76 84 —8
85-69 75-79 ‘83 40 40 0
70-74 80-84 51 20 19 +1
5-79 85-89 29 7 0 -2
FEMALE

40-44 50-54 348 485 - 27 +18
45-49 55-59 T 307 242 190 +52
5054 60-64 - 227 169 142 +27
55-50 65-69 135 83 145 —62
6064 70-74 109 . 63 79 —186
65-69 75-79 72 36 42 -6
70-74 80-84 48 22 22 0
75-79 85-89 20 10 1 -1

The conclusion that such misstatement of age has

occurred is reinforced by the observation that mor- -

tality rates calculated from the reported data without
adjustment also level off sharply at 65, in the case of

the females actually showing a temporary decrease
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with increasing age. There is evidence also that the
death statistics have been affected in the same way.
This is indicated by figurc 12, which shows the trend
for the period 1933-1941 of the ratio of Negro deaths
in certain selected age groups to those occurring in the
same year in the age group 50-54. The age groups
selected extend from age 55 to age 80. The general
tendency of each of these ratios over any fairly long
.period is to increase gradudlly, because of .the steadily
increasing proportion of the population in the older age
groups. In every year of the period covered by the
graph, the Negro deaths by 5-year age groups have
reached a maximum in the group 50-54, and prior to
1937 have decreased steadily thereafter to the end of
life. However, in 1937 and cach subsequent year, the'
reported deaths for Negro males in the age period 65-69

111

it seemed advisable to make a preliminary redistribu-

tion of the Negro populations and deaths between 55 -
and 70. After experimenting with various empirical

methods of redistribution, the one described in the next

paragraph was adopted as giving the most plausible

results. .

From the estimated July 1, 1940, populations, ob-
tained as previously described, the ratio of the Negro
population 50 and over to the corresponding white
population was obtained, for males and females sepa-
rately. Similar ratios were obtained for the population
55 and over, 60 and over, and so on up to and including
75 and over: a total of six ratios for each sex. The
calculated ratios for ages 60 and over and 65 and over
were rejected, and corrected values of these ratios were
obtained by interpolation from the remaining four

FIGURE 12.—RATIO OF NEGRO DEATHS IN SELECTED AGE GROUPS TO NEGRO DEATHS AT AGES 50-54 IN THE
. SAME YEAR: UNITED STATES, 1933-1941

1

have cxceeded those in the group 60-64. In this
connection it will be remembered that the Social
Security Act was cnacted in 1935 and that State old-
age assistance programs as provided by the act did not
go into operation until 1936 or, in a few States, even
later. In the case of Negro females the effect s less
noticeable, although the number of deaths in these two
age groups began in 1937 to move closer together, and
in 1940 there was actually a larger riumber in the group
65-69. In view of the magnitude of this disturbance,
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ratios, using Waring’s formula.’? By applying these
corrected ratios to the white populations 60 and over
and 65 and over, corrected Negro populations "were
obtained. By inserting these corrected values in the
original series of Negro-populations 50 and over, 55 and
over, etc., and differencing, corrected populations by
5-year age groups were obtained. By this method, only

12 Also known as Lagrange's formula. See E. T. Whittaker and Q. Robinson,
The Calculus of Observations, second edition, pp. 28-32, Blackie and Son, Ltd., London
and Glasgow, 1937; also T. N. E. Greville, A Generalization of Waring’s Formula,
Annals of Mathematiesl Statistics, vol. 15, No. 2, pp. 218-219, June 1944,

X
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the figures for the age groups 55-59, 60-64, and 65-69
are changed, and these automatically add to the original
total for the entire 15-year age period. The method
does not assume that the white and Negro populations
have similar age distributions, but merely that the ratio
between them progresses fairly smoothly by age. The
Negro deaths reported in these three age groups were
redistributed by relating them to the corresponding
white deaths in the same manner. Table AL shows the
original figures for Negro populations and deaths and
also the adjusted figures obtained in the redistribution.
For comparison, the figures for the two adjacent age
groups on each side are also shown.

TaBLE AL-~—ORIGINAL AND REDISTRIBUTED NEGRO STATISTICS
FOR AGES 55 To 69:! UN1TED StaTES, 1939-1941

DEATHS, 1938-1841 ESTIMATED POPULATIONS,

JULY 1, 1940

AGE Male Female Maie Female

Re- Ad- Re- Ad- Origi- Ad- Origi- Ad-
ported | justed | ported | Justed | nal? justed nal? | Justed

50-54._~___| 25,041 | 25,041 | 20,677 | 20,677 | 285,012 | 285,012 | 270,679 | 270, 679
55-69. ... 22,485 | 23,335 | 18,531 | 19,182 | 208, 656 | 218,324 | 191,534 | 203, 048
60-64. . 20,306 | 21,452 | 17,038 | 17,540 | 154,632 | 168, 242 | 142,381 | 155, 619
6569 ... 21,760 | 19,764 | 16,958 | 15,823 | 151,407 | 128,120 ] 144,314 | 119, 562
70-74. ... 16,038 | 16,038 | 13,286 | 13,286 | 84,436 | 84,436 | 79,046 | 79,045
55~69. ... 64, 551 | 64,551 | 52,525 | 52,525 | 514;605 | 514,605 | 478, 220 | 478, 220

' Adjacent 5-year age groups also shown (or comparison.
2 Caleulated from reported data by the formula given on p. 109.

Estimation of foreign-born population under 5

As will be explained later when the method of calcu-
lating mortality rates under 5 is described, the distribu-
tion by nativity of the 1940 population in this age group,
scparately by sex, race, and single years of age, was re-
quired. For whites, the census tabulations give, for
males and females separately, the number of foreign-
born under 1 year, the number at ages 1-4, and the
number at age 5. Single year figures for both sexes
were obtained by assuming that the figures for single
years starting with age 1 and ending with age 5 formed
an arithmetic progression. This assumption was sug-
gested by a study of the data of previous censuses, in
which the complete detail was available, The resulting

values were then distributed by sex in the same ratio

as the entire age group 1-4, and rounded to add to the
correct total.

Nativity was tabulated for Negroes by 5-year age
groups only, and the foreign-born Negroes under age 5
were distributed by single years of age on the assump-
tion that, for each sex separately, the numbers for the
first 5 years of age formed an arithmetic progression in
which the common difference was equal to the number
under 1 year of age. In the case of the remaining
races, foreign-born were given by age only for Chinese
and Japancse. Hence, it was assumed that there were

_no foreign-born under age 5 of races other than white,

Negro, Chinese, and Japanese. In actual fact, the
number of such children is believed to have been very
small. The estimated native population in each classi-
fication was, of course, obtained by subtracting the
_estimated foreign-born from the total.

B. CALCULATION OF THE RATES OF
MORTALITY B

The description of the process of obtaining rates of
mortality divides itself naturally into two main parts,
corresponding to ages 0 to 4 and ages 5 and over, since
the methods used in the two cases were very different.

In conmection with the calculation of mortality rates’

for ages 0 to 4, two subordinate topics are discussed
under separate subheadings. These are (1) the deriva-
tion of separation factors for estimating the distribu-
tion of deaths by calendar year of birth, and (2) the
adjustment of the mortality rates to allow for the effect
of migration.

Basically, the method employed in -obtaining rates
at ages 5 and over consisted of three steps. First,
populations and deaths were estimated by interpola-
tion for the middle age of each of the 5-year age groups

in which the data were tabulated. Secondly, rates of

mortality for these middle ages (at 5-ycar intervals).
were computed from the interpolated populations and
deaths. . Finally, osculatory interpolation was applied
to the mortality rates derived in the second step in
order to obtain rates for all ages.
which follows, ecach of these three steps is treated under
a separate subheading. Additional subsections are
devoted to (1) a justification of the basic procedure
just described, as against other procedures which have
sometimes been employed, and (2) a description of the

~

tests which were applied to the final rates of mortality -

in order to be sure that the graduation {vas’satisfactory.
Further subsections deal with two digressions from the
main theme: (a) an analysis of preferences shown in
the reporting of age for figures ending with certain
digits and the effect of this bias on mortality rates,
with reference to the selection of a. particular way of
combining single ages into 5-year age groups; and (b)
the method used in obtaining mortality rates at the
very old ages, where the ordinary methods fail to give
salisfactory results, because of uureliable age report-
ing and the small volume of data.

All the basic data actually used in the construction

of the various life tables are given in table AM. Part -

I of that table contains the data required in the
computation of mortality rates for ages 0 to 4,
inclusive; while part II contains the data used in
deriving mortality rates for ages 5 and over. Part

IIT contains certain additional data required in~

obtaining life table values for subdivisions of the
first year of life.

In the discussion
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TaBLe AM.—DaTa EMPLOYED IN THE COMPUTATION OF MORTALITY RATES FOR THE UNITED Startes, 1939-1941
Part I-AGES UNDER 5
A—Registered births, and registered deaths al certain ages under 5, by race and sex, 1934—1941

RACE, SEX, AND ITEM TABULATED 1941 1940 1939 1938 1937 1936 1035 1934
WHITE MALES
Registered births_ ... ... ... 1, 133, 304 1, 064, 067 1,019,021 1, 030, 398 491, 356 966, 332 064, 916 475, 804
Registered deaths: . -
Age:
Under 1. 52,101 51,477 50, 201 5,121 &5, /40 56, 970 56, 424 60,319
1 4,717 4, 429 5,202 86, 366 f, 781 7,491 7, 183
2 2, 517 2, 502 2,750 3, 2585 3,671 3,834
3. 1,756 1,731 2,012 2,334 2,461 N
e 1,363 1,432 1,572 1,729 BN
. WHITE FEMALES
Registered births .. . ... ... ... 1,071, 509 1, 003, 886 063, 650 975, 557 437,081 915, 551 918, 096 022, /97
Registered deaths: .
Age: .
Under 1. e 38, 742 38, 012 37, 683 -40,411 41,575 42, 601 41, M8 45, 302
1 . 3,995 4,124 4, 5642 5, 574 5, 906 6, 165 6,137
2. 1,954 2, 130 2,181 2,780 3,08 3.158
3. 1,444 1, 442 1, 598 1, 850 2, 042
4 1,105 1,131 1,276 © 1,418
- -
Registered births_. ... .. ... ... . ... 149, 147 140, 675 137,072 135,328 132, 990 127,017 129, 578 130, 795
Registered deaths: -
Age:
Under 1 12,180 11,482 11,201 11, 636 11,951 12,067 11, 700 13,053
1..... 1,339 1, 361 1,388 1,660 1,771 1,720 1,618
615 605 505 724 728 710
341 41 415 445 457
261 ‘ 275 329 356
Registered births_ . ... ... ... 145, 407 138, 14 132, 988 132,372 129,472 124, 081 125, 546 126, 311
Registered deatbs:
Age: M . .
............................................ 9, 708 8,920 8, 508 9, 260 9,613 4, 605 9, 263 10,410
. 1,211 1,071 1,170 1,407 1,441 1,399 1,406
! 490 530 601 621 660
344 304 359 413 428
283 270 208 338
OTHER RACES, MALFS
Registered birtha_ . ._.____...._... e aas 7,193 6,942 6, 507 6,815 6, 205 6,116 5,005 6,104
Registered deaths:
Age: -
689 691 642 771 750 705 761 684
159 116 175 149 192 179 212
66 69 65 68 68 55
33 29 40 43 41
22 22 30 31
OTHER RACES, FEMALES
Registered births__ ... ... .. ... ....... 6, 777 6, 635 6, 350 6,492 6, 143 5,693 5,074 5,926
R%istered deaths: . .
554 * 549 611 504 607 625 567 589
160 124 157 |. 161 191 166 194
71 62 68 85 68 68
38 36 32 53 41
22 26 26 29
B—Estimated distribution by naiivity, race, and sex of the enumerated population under 5 on Apr. 1, 1940
- WHITE l JEGRO OTHER RACES
NATIVITY AND AGR - . : 7 X —_
- Male | Female | Male Female Male ] Femalc
NATIVE .
Age:
Under L. 806, 653 871,085 | . 113, 80Y 115, 986 6, 085 6, 044
1 925, 801 889, 247 114, 602 114, 509 5, 752 5,642
977, 608 940, 835 131, 392 132,779 i, 584 6, 538
033, 924 908, 668 127, 357 131,223 | o 6, 379 6, 456
053, 265 914, 098 134, 509 132, 855 £, 730 6, 532
244 251 1 3 8 5
597 574 3 5 15 10
862 834 4 § 23 16
1,126 1,091 a5 10 20 21
1,390 1,347 7 13 38 26
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TaBLE AM.—Data EMPLOYED IN THE COMPUTATION oF MoRTALITY RATES roR THE UNITED STATES, 1939-1941—Continued

PArRT II-AGES 5 AND OVER
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Registered deaths, 1939-1941, and estimated population on July 1, 1940, by race and sex, for ages 3 and over

WHITE NEGRO OTHER RACES
SEX AND AGE Registerced Estimated Registered Estimated Registered Fstimated
deaths, population, deaths, population, deaths, population,
1939-1941 July 1, 1940 1939-1941 July 1, 1940 1939-1041 July 1, 1940
9, 866 1,804, 925 1,962 260, 949 176 13, 142
16, 716 4,738, 987 3,003 646, 283 242 30, 765
17, 062 5,234,717 3,438 058, 972 222 31,773
28, 507 5,511, 945 7,043 633, 250 426 34, 184
35, 522 5, 131, 965 10, 661 551, 484 475 , 8
37, 146 4,605, 853 12, 472 530, 348 471 28, 938
42, 405 4, 588, 155 13, 602 470, 605 561 29, 031
53, 285 4,253,778 15,927 457, 586, 670 28, 303
72,956 -4, 021, 881 18, 061 408, 541 676 24,272
105, 256 3, 841, 840 21, 830 346, 047 758 18, 404
142, 217 3, 461, 903 - 25, 041 285, 012 804 17, 802
173, 192 2, 808, 550 23, 335 218,324 1,030 14, 140
201, 341 2, 238, 579 21, 452 168, 242 1,120 11,104
229, 887 1,749, 889 19, 764 128,129 1,031 7, 260
235, 612 1, 190, 567 16, 938 84, 436 804 3,848
208, 875 (83, 763 11, 302 41,108 667 2, 260 i
157, 479 342, 554 7,048 18, 709 443 1,042
76, 515 114, 282 4, 296 8, 902 248 494
23, 084 25, 165 2, 060 3,279 131 181 —
4, 396 4,292 961 1,274 41 71
626 573 628 747 42 41
7,006 1,831,178 1, 838 263, 942 180) 13,015 |
12, 108 4, K76, H40 2, 579 652, 833 216 30, 786
11,334 5, 069, 216 3,012 (65, 957 213 30, 405
10, 140 5, 436, 705 R, 525 075, 628 414 30, 838
25,475 5, 241, 265 11, 246 644, 690 479 24, 087
20, 400 5,030, 208 12, 253 — 617, 641 300 18, 265
33, 700 4, 651, 966 12,930 528, 854 283 14, 085
T4 4, 267, 585 15, 520 517, 645 3t2 13, 068
50, 335 3, 969, 185 17, 503 426, 087 202 13, 201
68, 003 3, 699, 217 18, 104 342, 504 328 11, 185
87, 083 3, 242, 031 20, 677 270, 679 342 8, 330
107, 050 2, 658, 635 19, 162 203, 048 345 5,757
135, 810 2,101, 641 17, 540 155, 619 371 4,611
171, 664 1,778, 057 15,823 119, 562 R7 3, 745
193, 091 1,227,732 13, 286 70, 945 376 2,218 N
189, 795 740,120 0, 237 42, 764 32} 1, 501 ‘
159, 109 305, 970 6, 061 21,721 252 774
88, 451 145, 082 4,217 11, 370 158 407
31,981 37, 184 2,380 4,011 104 174
7,365 6,825 . 1,144 2,011 39 73
100 80d OVOr. L i et et cmemcsemmmmeaanoe aoa femeen 1, 064 0929 1,133 1,383 44 80
Part III-SUBDIVISIONS OF THE FIRST YEAR OF LIFE
Estimaled tolal deaths under 1 year by age, race, and sex
WIITE NEGRO OTHER RACES
AGE
Male Female Male Female Male Female
L (17 163, 592 121, 704 42, 467 33,178 2,688 2,278
Under 1 day 52,275 38,122 0,913 7,487 420 332
1day........ 13, 507 9,437 2,802 2,222 93 84
8, 655 5, 558 2,102 1,372 86 7
12,773 8,097 3,639 2,516 218 135 N
R, 263 0,347 2, 632 2, 208 159 113
5,418 4,23) 1, 6862 1,378 09 74
4,749 3,475 1,423 1,195 103 72
11,823 8, 624 3,607 2, 804 244 28 .
9, 281 ~ 7,130 2,735 2, 255 217 199
7,460 5,805 2,335 1,078 102 174
5, 006 4, 750 2,017 1,631 169 151
5,046 3,008 1, 807 1, 317 148 130
4,119 3, 483 1, 508 , 200 128 113
3,71 2,914 1,197 921 110 08
3,224 2, 600 1, 066 778 05 86
2,768 2, 202 857 733 81 76
2,446 | . 1,935 699 535 68 70
11 months._. 2, 269 1,916 666 558 58 06
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Basic process for obtaining mortality rates at ages 0to 4

The basic equation employed in obtaining mortality
rates at ages 0 to 4 is based on the interpretation of the
rate of mortality as a probability of death. For example,
the rate of mortality ** at age z, denoted by ¢, can be
regarded as the probability that a person exactly z
years old will die before reaching exact age z-+1.
Similarly, the complement p,=1—g¢q, represents the
probability that an individual exactly 'z years of age
will survive to exact age z4-1. In order to facilitate its
calculation from the data available, p, may be expressed
as the product of two separate probabilities. Thus:"

Pr=aPzs Pz

where .p; denotes the probability that an individual
alive at exact age x will survive to the end of the
calendar year in which this exact age was attained, and
aP: denotes the probability that an individual who is
alive at the end of the calendar year in which he at-
tained age z will survive to cxact age z+1. It follows
that:

G=1—up: P2 (10)

this being the basic formula employed in computing
mortality rates at ages 0 to 4. In order to derive cx-
pressions for the partial probabilitics .p, and sp, in
terms of the data as given, the following special symbols
will be employed:

E;* denotes the number reaching exact age z
during the calendar year z. ,

P,? denotes the number living on January 1 of
the year z whose age in completed years is .-

D,? denotes the number dying in the year z
whose age in- completed years at the time of
death is z.

«D.* denotes that portion of D.? consisting of
cases in which cxact age z was reached during the
year z.

sD;* denotes that portion of I),* consisting of
cases in which exact age z was reached during the
year z—1.

E, denotes the total number reaching’exact age
# during the entire period of observation, which is
assumed to' be an integral number of years.

P,’ denotes the total number who, after attain-
ing exact age z during the period of observation,
are still alive at the end of the year in which exact
age = was attained. '

P."" denotes the total number who are alive at
the end of the year in which age = was attained,
and whose (z+1)th birthday falls within the
period of observation.

13 The rates of mortality shown in the life tables which appear in this volume
(except in the case of tables 14, 25, and 38) are values of 1,000¢;, therate of mortality per
1,000 survivors at age z. However, in developing the mathematical theory of the life
table, it s more convenient to use the rate of mortality per single survivor.

14 The notation employed in this development follows, with slight modifications,
that of Hugh H. Wolfenden in Population Statistics and Their Compilation (Actuarial

Studies, No. 3), pp. 70-84, Actuarial Society of America, New York, 1925. The basic
formula (10) given herc is Wolfenden’s formula (12), p. 76.
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u and » denote, respectively, the first and last
years included in the period of observation.
Certain- relationships between these symbols are
immediately apparent. For example,

Ezz_aDz.-z: Pzz+l
Pzz_JDzzz‘Ez’H

(11)
(12)

If birth and death statistics were available in the
necessary detail, it would be possible, by successive
applications of formulas (11) and (12), to obtain valucs
of E;* and P, for any desired ages. It is to be noted
that E,? denotes the number reaching age 0: that is, the
number of births, in the year z.

For exsmple, suppose it is desired to find the number
alive on January 1, 1940, at age 4 in completed years,
and also the number reaching exact age 5 in 1940.
Anyone whose age in completed years on January 1,
1940, is 4, or who reaches exact age 5 in 1940, must
have been born in 1935. Therefore, one would start
with E,'*, the number of births occurring in that year.
Formula (11) gives:

and

E 1035 __ D 1935 P 1936
o
and formula (12) gives:

P 1936_§D 1936 E 1936

i

By continuing in this fashion and applying formulas
(11) and (12) alternately, the desired values would
eventually be reached, provided, of course, the necessary
birth and death statistics are available.

It is obvious [rom the dcﬁnltlon of E,, P/, and P,”’
that

E,=3E, (13)
o+1
pP,/=3 P, (14)
2=u+tl -
and
P'=3 P} (15)

Finally, the valucs of the partial probabilities op, and
sPz, on the basis of the e\perlence which is being
employed, are given by:

P’

Pr="F (16)

and p .
Ez+l

=p, 17

Formulas (11) to (17) and formula (10) would seem
to provide the means of computing mortality rates up
to any age desired, if adequate birth and death statistics
are dvailable. There remain, however, two difficulties.
In the first place, deaths are not ordinarily tabulated so
as to give the sepdrate parts denoted by .D, and ,D.;
and, secondly, the effect of migration has been ignored.
The methods employed in order to overcome these two
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difficulties form the subject of the next two subsections,
However, it will be uscful, before taking up these rather
technical points, to give a numerical illustraion of the
application of the formulas just derived. In this il-
lustration, the required values of ,D, and ;D, will be
given without explanation as to how they were ob-
tained; and, inasmuch as the correction for migration
was made as a final adjustment in the mortality rates,
after the calculations had been otherwise completed,
the consideration ot this point can easily be postponed.

Another point which needs to be mentioned at this
time concerns the method of applying the correction for
underreporting of births and infant deaths. Since
these were assumed to be equally complete,'® the rates
- of mortality at age 0 were obtained from registered
figures without applying any correction. To this end,
the calculations were begun by taking as the values of
Iz the number of births registered in the various
years.
of P, and E;* were obtained. The values of ¢, were
computed from these three sets of quantities as indi-
cated by formulas (13) to (17) and formula (10).
Next, the values of E* were corrected for underreport-
ing by dividing by the ratios derived for that purpose,'®
which were based on comparison with census popula-
tions in the age period 3 to 9. These adjusted values
of E* were taken as the starting point in obtaining
corrected values of P2 and E,® for subsequent ages,
it being assumed that deaths occurring at ages 1 and
over required no correction. Mortality rates at ages
1 to 4 werg then computed entirely on the basis of
corrected figures.

The calculation of mortality rates at ages 0 to 4 for
white males will be taken as a numerical illustration of

18 See p. 108. \
18 These ratios are given in the final column of table AG, p. 107.

By the subtraction of registered deaths, values’
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the process. The registered births for each of the 8
years 1934 {o 1941 are given in part I of table AM,
page 113. Those values of .D, and :D, which will be
necded in the computations are shown in table AN,
The calculation of the values of P, and E, and the ad-
justment of E, for underrcporting are shown in table
AO. For the births of the years 1934 to 1937, the
number of survivors to the end of the year of birth is
not required, since the children concerned will have
reached age 1 before Jamuary 1, 1939, the commence-
ment of the period of observation. Thercfore, for the
births of these years, the total number of infant deaths
to,be subtracted, although the sum of two figures in
table AN, is shown as a single figure in table AO. Tt
will be noted that cach of thiese totals contains deaths
occurring in two different calendar years.  In cach case,
the number of survivors to exact age 1 of the registered
births is corrected for underregistration by dividing by
9551, the ratio previously derived for that purpose.”?

Tasne AN.—Drarns. or WHiTE Matnus A7 AGEs 0 70 4, By AGE
AND YEAR OF DEATH, SEPARATED ACCORDING TO WHETHER
Drarn OcURRED 1IN THE SAME Y¥AR As THE LasT BIRTHDAY
ATTAINED, OR IN THE Forrowing Yrar: Uxrrep STaTes,

1934-1941
YEAR OF DEATH
CLASS OF
DEATHS!
1934 . 1935 1936 1937 1938 1939 1940 1941
.| 49.039 | 45,106 | 46,658 | 44,654 | 44,542 | 41,165 | 43,138 | 43,423
(13 11,228 110,312 | 10,886 | 9,579 | 9,036 | 8,330 8,768
(2 4,238 | 4,420 | 4,001 | 3,756 | 3,122 | 2,908 { 2,783
(2 O] 3,071 | 2,780 | 2,610 [ 2,170 [ 2,021 | 1,034
() |, ) 2,032 1,946 ] 1,725} 1,462 | 1,374 | 1,33
() Q] (3 1,726 | 1,530 | 1,297 | 1,218 | 1,183
Q] (2) Q)] 1,280 | 1,214 | 1,046 900 013
1 3 (2} [&)) 1,120 966 831 843
(O] (1) Q)] ) 899 817 745 709
O] * Q) O] O] 755 687 6564

i+ For explanation of the symbols in this column, see text, p. 115,
7 Value not needed in lifo table calculations.

17 8eo table AG, p. 107.

TaBLE AO.—NUMBER OF REGISTERED BirTHs oF WHiTE MAaLES, .NUMRER SURVIVING SrEciED PERIODS, AND ADJUSTMENT FOR

. UNDERREPORTING, BY YEAR OF BIRTH (2): UNiTED STaTES, 1934-1941
|

1934 1935 1936 ! 1937 1038 , 1939 1640 1941
Registered births (Fof) ..o oo oo 475, 804 969, 918 066, 332 991, 356 1, 030, 398 1,019,021 1, 064, 067 1,133,304
Deaths to be subtracted (aJ/a®)....... R -- 49,039 45,196 |. 46, 658 44, 654 44, 542 41, 165 43,138 43, 423
Survivors to end of year of hirth (Po 1 1 D] n 085, 856 077, 856 1, 020, 929 1,089, 971
Deatbs to be subtracted (a20r+1) ... _ 11,228 10, 312 10,886 9, 570 , D36 | 8,339 , 768
Survivors to exaet age 1 (Ey**") ..o o..... 015, 537 914, 408 908,\788 037,123 9786, 820 | 969, 517 1,012, 161 0]
Survivors to cxact age 1 (corrected for underreperting). . 058, 577 957, 395 051, 511 981,178 1.022, 741 T 1,015,095 1,059, 743 )

1 Not needed in life table calculations.

Continuation of the process of subtracting the appro-
priate groups of deaths, in accordance with formulas
(11) and (12), gives the various numbers shown in
table AP. 1In the case of the births of the years 1934
{o 1936, the deaths occurring between the attainment
of age 1 and January 1, 1939, can be lumped together,
as il is not necessary to know the number of survivors
on any prior date. It will be noted that the successive
death figures to be subtracted from a given year’s
births form a sort of broken diagonal extending down-
ward and to the right in table AN, consisting of ,D, from

the column for the given year itself, D, and D, from
the column for the following year, ,D; and D, from the
column for the next following year, and so on. After
January 1, 1939, has been reached, the successive death
figures must be subtracted one by one, noting the remain-
der after ecach subtraction, until the cohort has becen
carried (o January 1, 1942, after which no further
values are ficeded. The various numbers of survivors

shown in table AP are arranged not according to the.

year of birth, but according to the calendar year in
which the indicated exact age is attained, or at the

ym»!ﬁm
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beginning of which the indicated population exists.
In those lines of the table which give values of P,
the total for 1939-1941 is, of course, P,’’, while the total
for 1940-1942 is P,’.

Values of .p, and ;p, Tor ages 1 to 4 obtained from
the figures in the last two columns of table AP are
given in table AQ which also shows the calculation of
the mortality rates cxcept for the final adjustment for
migration. The calculations for age 0 are not shown,
since in that casc the adjustment for migration was
introduced al an earlier stage in.the computation.
This point is explained in detail on pages 119 and 120.

In the case of the life tables for combinations of
classes such as total whites or total males, the values
of K, P,/, and P,” for the component parts were
combined before computing the partial probabilities
of survival, the remainder of the caleulation being
exactly the same as for the separate classes.

TaBLE AP.—NuMBER OF WHITE MALES SURVIVING SPECIFIED
PER1ODS OF L1rit BETWEEN BIRTH AND AGE 5: UNITED STATES,
1939-1941

CALENDAR YEAR IN WIIICH INDICATED RIRTHDAY IS REACHED, OR AT
THE BEGINNING OF WHICH INDICATED POPUI ATION EXISTS (2)
CLASS OF
SURVIVORS ! 7
¢ . “otal Total

1939 1940 1041 1042 10391941 | 1840-1942

1,022,741 | 1,015,095 | 1,050,743 |...._. ... 3,007,570 {......._..

-977,422 { 1,019,610 | 1,012,187 | 1,056,060 | 3,009,228 | 3, 088, 766

975,252 | 1,017,598 { 1,010,253 |..____..__. 3,003,103 |._____.__.

943, 175 073,790 | 1,016,224 | 1,008,919 | 2,933,189 | 2,998, 033

041, 878 972,572 | 1,015,041 {._. ____. _. 2,920,491 |._..._..._.

045, 505 040, 832 071,672 | 1,014,128 | 2,858,000 | 2,926, 632

944, 539 040, 001 970,829 . ... __ 2,855,360 [___ ___ _.

044, 212 043,722 039, 256 970,120 | 2,827,190 | 2,853,098

943, 457 943, 035 038,602 [._....._.. 2,825,004 |...__.____

1 For bxp]anation of symbols in this column, sec teat, p. 115.
? Corrected for undeireporting.

TaBLE AQ.—CaLcUuLATION OF RaTEs or Morrariry! ror
WHITE MaLEs aT AGEs 2 1 To 4: Unirep StaTEs, 1939-1941
| !
1 ’ 2 | 3 | 4
aPs=Po e ... 0.99715487 | 0.99861144 | 0. 99902406 | 0. 99920466
Pe=FEapt/ P71 o .00706450 | .09873926 | .99907628 | .99925863
Pr=aPetPr cn wnmm e .90512525 | 09735245 | .09510124 | .00846388
Qe=l=Diremmemeno i o . . 00487475 | . 00264755 | . 00189876 | 00153612

! Unadjusted for cffect of migration.
? Age denoted by z.

Derivation of separation factors for deaths

In the preceding section, mention was made of the
necessity of scparating the deaths of each ealendar year
into two groups according to whether death occurred in
the same calendar ycar as the last birthday attained,
or in the following year. This could evidently bhe
accomplished by sorting on the year of birth. To
illustrate this, consider the case of children dying in
1940 at age 3. In this group, all thosec who reached
exact age 3 in 1939 werc obviously born in 1936,
while those who reached exact age 3 in 1940 were born
in 1937. However, deaths in the United States are not
tabulated by year of birth; and it was thereforenecessary
to cstimate, in cach case, the subdivision of D, into
.D.f and ;D,*.

This is accomplished by employing what may be

called “scparation factors.”” The scparation factor,
denoted by £.%, is defined as

z____ﬁD.rz
.f.‘: - D,z

In dealing with death statisties not tabulated by year
of birth, it is customary to employ values of this ratio
obtained from other data, so that the working formulas
are:

(18)

aDzzz (l _fz?)Dzz 4 T (19)
and
6D::z=fz'Dz' (20)

Tabulations of deaths from which.values of f,* can be
obtained directly have never been made in the United
States, and are found in only a few countries, notably
Germany.®  Such a tabulation is now being under-
taken in the Burcau of the Census based on a 10-percent
sample of all 1944 deaths under age 5; and the values
derived from it will be available for use in ‘the prepara-
tion of future life tables.

It is not always satisfactory o use values of f,* based
on the statistics of other countries, particularly if such
statistics are, in addition, not very recent, as the values
of this ratio have been observed to vary as between
different countyies and to change. markedly over periods
of time. Another alternative is to approximate the
values of f,* by making use of tabulations of deaths by
month of age, if these are available. In the United
States, such tabulations have been made in recent
years only for the first year of life. However, it is in
the first year of life that the values of f,* are most sub-
jeet to change, so that reliance on values obtained from
outside sources is most unsatisfactory. Accordingly,
the values of f,* used in connection with the life tables
in this volume were all estimated from the tabulations
of deaths by subdivisions of the first year of life.

The mecthod of arriving at such estimates is best
illustrated by a numerical example. This cxample
will be based on the tabulation of infant deaths for
males of all races in 1935. The data to be used arc
given in table AR. In this table, attention is called to
the figures in bold-face type which extend across the
table more or less diagonally. It is evident that all the
figures below-and to the left of the bold-face figures
represent deaths of infants born in.1934. Similarly,
all the figures above and to the right of the bold-face
figures refer to deaths of infants born in 1935. How-
ever, the bold-face figures themselves include some
deaths of infants born in 1934 and some deaths of
infants born in 1935. In the case of all these figures
except those which represent deaths in the month of
January, it was assumed that an equal number were
born in each of the 2 years. When one of these num-
bers was an odd number, the extra infant was assumed
to have been born in the year of death (in this case,
1935).

18 See U. S, Bureau of the Census, United States Life Tables, 1890, 1901, 1910,

and 1801-1910, p. 339, Government Printing Office, Washington, D, C,, 1921,
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TaBLE AR.—DEaTs or MaLeEs UxpeEr 1 YEAR OF AGE, BY MonTH of DEaTH AND BY AGE: UNITED STATES, 1935

AGE Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Totalunder I year_ ..o .._..__.__.__. 7,145 6,376 6, 601 5, 740 5,747 5,489 5,413 5,219 4,920 5,107 5,143 5,815
Under1day._ ..ot 1, 548 1,451 1,610 1, 561 1,680 1,689 1,746 1,631 | +'1,405 1, 502 1, 486 1,470
1day_......_. .- - 413 394 413 379 380 373 39 421 301 375 310 414
2days._.... 314 327 304 264 238 235 260 |\ 231 238 218 251 202
3 to 6 days 624 508 553 502 409 442 406 420 409 417 422 485 °
1 week._ 382 352 371 280 309 287 207 200 274 285 201 350
2 weeks. - 308 245 270 189 174 178 149 177 168 156 195 224
3 weeks to 1 month 282 233 193 184 161 142 162 142 162 154 158 199
Imonth. oz iiiaeneoo 717 558 528 435 459 354 321 366 381 447 412 478
2 months_.. 531 431 429 347 333 310 268 259 281 324 356 390
3 months 416 3562 346 206 203 216 228 202 269 257 261 347
4 months... 322 272 279 204 208 239 231 197 180 209 108 237
5 months 267 237 249 189 184 m 171 171 154 159 184 212
6 months 237 253 242 182 186 170 187 146 123 152 149 148
7 months___ 186 188 220 184 161 153 141 147 128 113 112 142
8 months_ 158 172 200 151 166 135 133 124 120 110 121 115
9 months. 159 162 186 162 170 165 133 107 08 87 93 108
10 months . 124 113 141 120 116 118 102 83 73 77 82 112
M months.. ... ... A 160 128 157 111 123 104 87 105 66 85 62 1)

In the month of January, the assumption was made
that, within cach age period shown, Y%, of the total
deaths occurred on cach day of the month. In the
casc of deaths under 1 day, an infant included in. this
group who was born in 1934 must have died on January
1. However, even among those dying on January 1
at an age under 1 day, some were born in 1935.  There-
fore it was assumed that ¥ of %, or %, of the deaths
under 1 day occurring in January were of infants born
in 1934. Multiplicrs for the other age periods under 1
month were obtained by similar reasoning, and are
shown in table AS. It will be sufficient to give one
further illustration. Those infants dying in January
1935 at the age of 1 week (exact age 1-2 weeks), who
were born in 1934 include all those dying in this age
interval on January 1 to 7, inclusive, and & portion of
thosc dying on January 8 to 14, inclusive. The number
of deaths on January 1 to 7 is assumed to be %, of the
total for the month., The number. occurring on Janu-
ary 8 to 14 is likewise assumed to be %,, and it is further
assumed that one-half of these are of infants born in
1934. Therefore, the proportion of the total January
1935 deaths at the age of 1 weck which are assumed to
represent 1934 births is % plus % of %,, or 2}%,.

By the application of these rules, the estimated
total pumber of deaths under-1 year in 1935 of infants
born in 1934 is found to be 14,236 to the nearest integer,
while the total number of deaths under 1 ycar in 1935,
irrespective of the year of birth, is 68,805. Therefore,
the value of f,'%% is the quotient of 14,236 by 68,805,
or .207.

TaBLE AS.—PxrororTiON OF JANUARY DEaTHS UNDER 1 MONTH
AgsuMED 10 REPRESENT BirTns OoF THE Previous Yuanr

that the tabulation of infant deaths in the United
States by age and month of death was further sub-
divided only by sex prior to 1939; and commencing
with that year, even the sex classification was elimi-
nated.’®* However, for all the years involved in the
life table calculations, another tabulation was avail-
able giving infant deaths for the United States by age,
race, and sex (but not by month of death). Separa-
tion factors at-age 0 by race and s¢x for the years 1939
to 1941 werc obtained by making the assumption that,
within cach age period, the distribution of deaths by
race and sex was the same in cach calendar month of
death as for the entire calendar year. The values for
the years 1934 to 1938 had previously been calculated
by a somewhat less refined method, and were not re-
computed. The values of f,2 actually employed for
each of the years 1934 to 1941 are given in table AT,

TasrLE AT.—SupraraTiON FAcTORS AT AGE 0 (VALUES OF f,°) BY
Race anp Sex: Unirep StaTes, 1934-1041

WHITE NEGRO _ OTHER RACES
YEAR
Male Female Male Female Male Female
0.187 0.198 0. 216 0. 226 0. 201 0.319
.199 .210 .210 .215 . 302 . 304
.181 .191 . 216 .221 .275 .315
. 196 .204 .24 .219 L2717 .310
177 . 188 .222 .223 . 200 .332
. 180 L1901 . 226 .41 . 304 . 348
.162 174 . 202 . 209 .270 .320
. 168 . 180 .223 . 230 .328 .310

As'no data were available for the United States from
which scparation factors for ages 1 to 4 could be esti-
mated, the values employed by Glover ® were again
used. These are given in table AU.

TasLE AU.—SeraraTION FACcTORS UsED AT AGES!' 1 to 4

3weeks
Under| 3toB
Ageatdeath ... ....... 1 day 1day|2days days 1 week(2 weeks m%onih
Assumed proportion born in
previous year. .. _........... Y621 362 562| 1062] 2362] - 3562 624,

However, this value applies to all males of all races
combined; and it is desired to obtain values for the
different races separately, as f.* is known to vary
significantly by race. A difficulty is encountered in

1 2 3 4

Separation factor f2.. .. 0.410 | 0.470 | 0.480 0. 480

1 Age denoted by z.

It will be noted that the values are given by age
only, and are assumed independent of sex or race.
As the values used by Glover were based on German

18 This was resumed in the tabulation ef infant deaths for 1943.
20 {7, 8. Bureau of the Census, op. cit., p. 340.
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statistics of 1911 and prior years, their appropriateness

for use in connection with recent data for the United

States was tested before they were used for this purpose.

A technical explanation of the test which was applied

is given in section A of the appendix.?*

Adjustment of mortality rates at ages 0 to 4 for the
effect of migration

In the method previously described for obtaining
rates of mortality at ages 0 to 4, it was assumed that
the population under observation was not affected by
migration during the period and at the ages considered,
and that the deaths allocated to each annual cohort of
births included all the deaths occurring in the cohort,
and no deaths outside the cohort. Actually, it must
be supposed that the deaths reported included some
deaths of children born outside the continental limits
of the United States, and failed to include some deaths
of infants born in the United States who died outside.
Some indication of the effect of immigration can be
gained from the census tabulations of foreign-born
population. The cffect of emigration is more difficult
to appraise, but is believed to have been negligible
al the ages and during the period under consideration,
and was therefore ignored. In other words, it was
assumed that the native population under age 5 on
the date of the censvs included all the survivors of
births of the 5-year period ending on that date.

The method employed to allow for the effect of
immigration involves certain concepts which make it
necessary to refer briefly to the calculation of death
rates at ages 5 and over. The central death rate is
defined in terms of the life table as %

. d: R
Me=T. @1

In other words, it is the number of deatls occulrlng
during a year in the stationary life table populutlon
at age z last birthday, divided by the total number of
persons at age x Jast birthday in the stationary popu-
lation. When the life table covers a short period, such
as 1 or 3 years, it is usually assumed that this is equal
to the central death rate computed from the actual
data: that is,

) D,
nP,

My= (22)
where D, denotes the number of deaths in the period
of observation at age z last birthday, P, denotes the
population at age z last birthday at the middle of the
period, and n denotes the number of years in the
period. This assumption serves to bridge the gap
between the actual population and the ideal life table
population. Under this method, migration presents no
difficulty if it can be assumed that the net migration
has been uniformly spread over the period. For, in
that event, the adjustment required in the number of

1 See p. 135. . -
2 See pp. 21-22 for definition and explanation of the life table functions.

person-years of exposure to the risk of dying is n/2
times the net migration, and since the population at
the middle of the period has already been subjected to
about half the net migration for the entire period (and
is multiplied by 7 in the formula), the necessary ad]ust-
ment is automatically taken care of.

This method of obtaining mortality rates was not
used at the very young ages because of the known
deficiency in the census enumeration. However, the
procedure actually followed, while designed to produce
estimated populations corrected for underenumeration,
yields an cstimate of the native population only
(ignoring cmigration). Now, ,formula (22) can bo
written in the form:

N

z P::N_mNP::
—litg

::N P:: P:

. mx=n

when PV denotes the native population at age x last
birthday at the middle of the period, and m,¥ denotes
an approximate value of m,, in which the native popu-
lation, rather than the total population, has becn used
as the denominator. Since the value of m, obtained
from births and dcaths by the process described is
really m,”, it needs to be corrected by multiplying by
the factor P,V/P,.

Ifitis assumcd (as it usually is) that, in the life table,

L,=l— d,, it follows that?®
_ 2 '
=50, ) (23)
or, solving for ¢,
2m,
=3 m, (24)

Therefore, it would be possible to convert the values of
¢ obtained without considering migration into values
of m, by formula (23), multiply them by P,”/P,, and
then convert them back to ¢, values by formula (24).
However, this lengthy procedure is unnecessary, for
the ratio P,¥/P,is always very close to unity, and thus
represents only a slight adjustment; and puttlng equa-
tion (24) in the form:

1 -1
qz=mr(1 +§mz>

1
=m;—zm;"+ .

shows that a slight adjustment in'the value of m,
results in a very nearly proportional adjustment in ¢,.
Therefore, the adjustment factor P,¥/P, may, without
appreciable error, be applied to the values of ¢, directly.

In the case of the life tables in this volume, P,¥ and P,
should properly represent populations on July 1, 1940,
the midpoint of the 3-year period 1939-1941. However,
since the adjustment involved is small in any case, it

# Spurgeon, E. F., Life Contingencies, third edition, pp. 4-5, Cambridge University
Press, London, 1938, -
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was felt that little error would result in calculating this
ratio from populations on the census date (April 1,
1940). " Hence, the actual procedure at ages 1 to 4, was
merely to multiply the unadjusted rate of mortality by
the ratio of the native population to the total popula-
tion, as enumerated in the census, at the corresponding
age and in the same classification by race and sex. This,
of course, involves the assumption that the enumeration
was cqually complete for the native and foreign-born
elements of the population. The method used in
estimating the distribution of the foreign-born under
age 5 by single years of age has already been described,*
and the resulting distribution by nativity, race, and sex
of the population on April 1, 1940, is given in part I of
table AM.*

The above method is not appropriate for adjusting
the mortality rate at age 0, because in that case, the
small amount of immigration which occurs is believed to
be heavily concentrated in the latter part of the year of
life, while the mortality is very much heavier in the
early parl. Therefore, the application of the ratio
PN/P, to the mortality rate g, would greatly overstate
the amount of the neccessary correclion. Hence, the
expedient was adopted of applying the adjustment ratio
to the mortality rate for the second portion only of the
first year of life: that is, to the probability sgo=1-— ..

The numerical illustration showing the calculation of
mortality rates for white males in the United States in
1939-1941 is completed, for ages 1 to 4, in table AW
which exhibits the adjustment for the effect of migra-
tion.

TABLE AW.—ADJUSTMENT OF RaTES OF MORTALITY FOR WHITE

MaLEs AT AGes! 1 To 4, To ALLOW FOR IMMIGRATION: UNITED
StaTES, 1939-1941

‘ 1 2 3 4
Unadjusted ¢r--.ooovmomeaean. 0. 00487475 | 0.00264755 | 0. 00189876 | 0.00153612
Adjustment. factor 2.___.__........ . 09035557 | .00911003 | .90870579 | .00854398
Adjusted @z .. ooaeooiiaa . 0048716 . 0026452 . 0018965 . 0015339

1 Age denoted by z. w
1 Estimated native white male population at age z divided by total white male
population at age 3, April 1, 1940. See table AM, part I, p. 113,

In the case of age 0, formulas (16) and (17) givc'

«Po=.96029016 and ;p,=.99124082. 1t follows that
50, the complement of 4p,, is .00875918. Multiplying
this value by the adjustment factor .99973095, which is
the quotient of the number of native white males cnu-
merated at age 0 by the total white males so enumerated,
gives .00875682 as the corrected value of sg,. The
complement spg, which is .99124318, multiplied by .p.
gives .9518811 as the adjusted value of p,. The com-
plement .0481189 is the final value of g,.

There is a criticism of the theory underlying the
method adopted in_correcting for the effect of migra-
tion the mortality rates at ages under 5, in that the

" deaths which werc deducted from the recorded births
in order to obtain the number of survivors at the var-

2 See p. 112.
2 See p. 113.

ious ages include some deaths of children born ouiside
the United States, so that the number of survivors of
the native births is understated. As the deaths im-

properly deducted. are very few, the resulting error is
slight, and in any case serves as a partial offset to the.

failure to take account of emigration.

Grouping of ages for the computation of rates of mor-
tality at ages 5 and over

Deaths at ages 5 and over were not tabulated by
single years of age during the period 1939-1941, but
only in the 5-ycar age groups 5-9, 10-14, etc., with a
final group at ages 100 and over. As a'matter of fact,

it has frequently been considered preferable, in tle-

construction of national life tables, to work with
grouped data for the reason that statements of age,
both in death reports and in the census, usually show
what is known as “heaping”: that is, marked prefer-
ence for ages ending in certain digits, at the expense of

other digits. This preference is especially noticeable
_in the case of ages which are multiples of five; while,
to a lesser degree, ¢ven numbers tend to be given more.
frequently than odd numbers. A notable exception,
to the latter rule is observed at age 21, where a marked-

concentration is commonly found. The use of grouped
date tends to smooth out the irregularities resulting
from digit preference by averaging together ages at
which the reported figures are excessive and other ages
where a deficiency appears.

However, the particular-grouping in which the 1939—
1941 deaths werc tabulated has not often been found.

the most satisfactory from the point of view of life
table construction.?® Glover had both deaths and
populations tabulated by single yecars of age, and made

an exhaustive study ¥ of the results of all the possible-

methods of grouping in 5-year periods, finally deciding
on the grouping 4-8, 9-13, etc. Wolfenden # has
also given a very full discussion of the general problem
of heaping and the conclusions reached by a number

of actuarics as to the best method of age grouping for'

the data of various countries. In dealing with the
1939~1941 data, there was, however, no choice as to
the mode of grouping, insofar as deaths are concerncd.
While the census populations were available by single
years of age, the estimated populations on July 1, 1940,
were much more easily obtained for the age groups in
which. deaths were available, and the computation of
rates of mortality is appreciably simplified by having
deaths and populations similarly grouped.

Nevertheless, it was thought advisable to study the

nature of the heaping present in the population data
of the 1940 census and to test the effect of various

6 See, however, Nathan Keyfitz, Census Monograph Ne. 18, Canadian Life Tables,
1981, p. 8, Dominion Bureau of Statistics, Ottawa, 1937. Here, the ‘“5-9" grouping
was deelded upon. even though both populations and deaths were available by single
vears of age.

7 U. S. Bureau of Census, op. eit., pp. 356-364.

% Wolfenden, op. cit., pp. 32-44, 54-57. Sce also Wolfenden’s discussion jn the
Transactions, Actuarial Socicty of Ameriea, vol. 42, Part 1, No. 105, pp. 78-86,
May 1041,
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possible groupings. This was done by sumimning the
reported figures for ages ending with the same digit
and comparing the totals by means of Myers’
“blended” method.*® For comparison, the deaths of
the year 1935, the most recent yecar for which deaths
have been tabulated by single years of age, were ana-
lyzed in the same way. In.this method of analysis,

"the ages below 20 are omitted, because they exhibit a

pattern of digit preference which differs markedly from
that observed at adult ages. The ages in the imme-
diate neighborhood of age 21 may also be omitted
because of the peculiar form of heaping usually present
there.®® Myers’ blended method is designed to elimi-
nate any bias due to a particular choice of the starting
age. ’ :

In this case, ages 23 to 32 werc employed as starting

ages and the summations were not carried beyond age -
The results are shown in table AY. In this

993
table, Negroes and other races are not shown separately,
because these separate races were not tabulated by
single years of age in the 1940 census. In interpreting
the table, it should be noted that the extent of heaping
or deficiency at any particular digit is indicated by the
amount by which the percent shown for that digit
differs from 10 percent. . The “index of preference,”
which is the sum of the absolute deviations froni 10
percent, is aJiseful general measure of the amount of
bias present. The smaller the index, the less error is
present, since if there were no bias, all the percentages
would be exactly 10 percent, and the index would be 0.

TaBLE AY.—PREFERENCE FOR DiGITs OF AGE BY RACE aND
Sex, IN THE UNireEp StaTEs, For 1935 DEATHS anND 1940
CEensUs Porurations: NUMBERS REPORTED AT KacH Dicrr
OF AGE 1 A8 PERCENT OF ToraL NUMBRER

1935 DEATHS 1940 POPULATIONS
DIGIT OF AGE White Nonwhite ; ‘White Nonwhite
Total - Total
denths || o] F: | nratg] Feo [lthonl] el Fe- |3l e
male male male | ° male
1.1} 10.5{ 10.6 | 15.8 [ 159 | 1.6 || 11.0 [ 11.5 | 14.6 15.0
8.7 9.0 89 7.4 7.3 8.5 8.8 | 8.6 6.8 6.3
- J0.0 [} 10.0 | 10.0 ] 9.8 9.6 | 10.4 }j 10.5 1 10.4 | 10.T 9.9
3 9.7 8.9 98] 8.4} B4 0.6 98].96| 83 8.2
4 10.1 { 10.2 { 10.3 8.9 9.1 9.7 9.9( 9.8 9.0 8.8
1.4 }] 1.0 | 10.9 | 14.5 § 14.1 ; 10.7 |{ 10.5 | 10.6 | 12.5 12.4
9.6 9.7 9.8} 8.4 8.6 9.6 9.7 9.7 4.0 9.0
9.6 98] 0.71 82 8.4 0.6 9.7 9.6 | 8.8 8.7
10.1 10,11 10.1 9.7 9.7110.3]j10.1{10.3 | 10.6 1.2
9.7 98 9.9 891 8.8110.0( 100] 9.9!10.3 10. 5.
Index of pref-
- erence i _.__ 5. 4 3.6 3.8]|20.6;20.0]| 6.0 42| 56|16.2| 18.2

1 Compuled by Myers’ blended method, using starting ages 23 to 32 and ending
at age 99 in all cases. . .
7 Sum of deviations frem 10 pe1cent, taken without regard to sign,

Inspection of the values of the index of preference
shows, as might be expected, that the error is much more
serious for the nonwhite than for the white races.
Among white persons, there is slightly greater bias

- % Myers, Robert J., Errors and Bias in the Reporting of Ages in Census Dala, Trans-

actions, Actuarial Society of America, vol. 41, Part 2, No. 104, pp. 395-415, Octoher-
November 1940. See especially pp. 402407, 411-415.

» See p. 120.

31 For the details of Myers’ method, see his article, previously cited.
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in the populations' than in the death statistics; but
among the nonwhite the reverse is true. In fact, in the
nonwhite deaths, the heaping on digits 0 and 5-is so
pronounced that all the other digits show a deficiency.
Table AZ shows the value of the index of preference
for the total population in each census from 1880 to
1940. ‘With the exception of the 1940 figure, these
values are taken from Myers’ article®? This table
indicates a steady improvement over the entire period
in the accuracy of age statements. The relatively low
figure for 1900 is due to the fact that in that census both
age and date of birth were asked for, while in other
censuses only age was obtained.

TaBLE AZ—INDEX OF PREFERENCE IN STATEMENTS OF AGE IN
TaE Census oF PorurationN: Unitep StaTEs, 1830-1940

3

Index of l Index of
CENSUS preference l CENSUS preference
1880 . e 2.8
- 15.6
9.4
11.2

The percents in table AY may be used to test the
effectiveness of different grouping methods by adding
the percentages for the five digits which are combined
inh the particular grouping method. The closer the
resulting total is to 50 percent, the better is the given
method. Table BA shows the results obtained with the
data of table AY. If it can be assumed that the pattern
of digit preference among the 1939-1941 deaths was
similar to that found in 1935, evaluation of table BA
pwrely on the basis of the proximity of the totals to 50
percent would indicate the best groupings for deaths to
be “1-5"" for whites and “‘2-6"’ for nonwhites; while for
the populations the preferred groupings would be either
“4-8" or “5-9” for whites and ‘“4-8” for nonwhites.
However, in computing rates of mortality, if the same
grouping is to be used for both populations and deaths,
it is of little avail to select the most effective grouping
for populations if this grouping produces marked bias
in the death figurcs, and vice versa. On the other hand,
the correct mortality rates will be obtained, even with
considerable error in both population and death sta--
tistics, if both are deficient or both excessive in the same
proportion. This suggests choosing as the best age
grouping for mortality rate calculations the one in
which the smallest difference is found between the
percents in table BA for deaths and populations. This
criterion indicates as the best groupings ‘‘5-9” for
whites and “4-8" for nonwhites. Since the *'5-9”
grouping appears to be an advantageous one for the
data of white lives, and no other grouping is actually
available in the census for Negroes and other races
separately, and in view of the simplification which
results from employing the same grouping for both
populations and deaths, it was decided to use the “‘5-9”
grouping throughout.

32 Myers, op. cit., P. 403,
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TapLE BA.—PERCENTAGE OF ToTaL REPORTED IN VARIOUS
QUINQUENNIAL AGE GROUPINGS IN THE UNITED STATES, FOR
1935 Dearas anp 1940 Cexsus PoruLaTiONs!

1935 DEATHS 1040 POPULATIONS
DIGIT White Nonwhite ‘White Nonwhite
GROUPING (;l‘ ot ?]1 g‘l:g:!
eaths Fe- Fe- (lation| Fe- Fe-
Male| male Male male Male male | M8le] 1o%0
49,0 || 50.1 | 49.9 [ 49.0 | 48.5 4é. 9] 49.5 | 49.0 | 46.7 ] 45.6
50.8 || 50.8 } 50.8 | 50.0 | 49.8 | 50.0 || 50.4 | 50.1 { 48.9 | 48.3
50.4 || 50.6 | 50.5 } 48,4 [ 48.6 | 49.2 || 49.6 | 49.3 { 47.6 | 47.1
50.8 1) 50.8 1 50.8 1 49.7 | 49.9] 40,9 || 49.9 | 50.0 | 49.9 ] 50.1
5.4 || 50.4 1 50.4 | 49,7 | 49.7 | 50.2 || 50.0 | 50.1 | 51.2 51.8

1 The figures in this table were obtained by summing the appropriate ones in
{able AY.

General procedure used in obtaining rates of mortality
at ages 5 and over ,

The method used in obtaining mortality rates for
individual years at age from the grouped data at ages
5 and over was that of osculatory interpolation. This
method has been used for many years in the construc-

" tion of the national life tables of England and Wales,
and the United States, and, was adopted in the most
recent official life tables of Canada and Australia. It
produces a satisfactory degree of smoothness while at
the same time yielding mortality rates which fit the
original data closely. Osculatory interpolation may be
defined as that method of interpolation which insures
smooth junction between the curves representing the
interpolated values in adjacent tabular intervals by

- requiring that such adjacent curves have the same

first derivative (or, sometimes, the same first and
second derivatives) at the point of junction.®

In applying the principle of osculatory interpolation
to the construction of life tables, there are two possible
methods of approach. In the first method, osculatory
interpolation is applied to the populdtions and deaths
separately in order to obtain smooth interpolated values
for single years of age. The rates of mortality are then
computed by relating the interpolated values for deaths
and population at each age. In the scecond method,
“pivotal” rates of mortality are obtained at specified
intervals, and osculatory interpolation is then applied
directly to the mortality rates, in order to fill in the
intermediate values, The pivotal rates are obtained
by first deriving pivotal values of populations and
deaths separately from quinquennial (or other) sums
of data, usually by ordinary interpolation, the inter-
polation process being sometimes combined with a
certain amount of graduation, or smoothing.

There has been much discussion of the relative merits
of these two methods of approach. The first method
was introduced by Dr. John Tatham and used by him
in constructing the English Life table number 6, cover-

ing the period 1891-1900. It was improved by George

King, and in_this improved form was adopted in this

3 For a synopsis of the theory of osculatory interpolation and of the historical
development of the SL.tbjcct, see Hugh H. Wolfenden, The Fundamenial Principles of
Mathematical Statistics, pp. 124-132, Actuarial Society of America, New York, 1042,

v
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country by Glover and Foudray and has been used in
all previous United States life tables. The second
method was introduced by George King in connection
with the English Life tables numbers 7 and 8, and has
been followed by Sir Alfred Watson in pgreparing the
subsequent tables numbers 9 and 10. It has also been
used in the most recent official life tables for Canada
and Australia. For the former method it is argued
that by its use the investigator is enabled to keep closer
to the original data, and cen test the reasonableness of
the interpolated results in the light of his knowledge of
the basic characteristics of the populations le is deal-
ing with. The method also has the practical advan-
tages that it requires no decision as to the ages at
which pivotal values are to be calculated or the for-,
mula-to be used in obtaining them, and that mortality
rates for any combination, of the original population
classes can be readily obtained without performing a
new interpolation. Such a case, for example, would
be the preparation of a life table for total whites, after
separate tables for white males and white females had
been completed.

For the second method it may be argued that all
mathematilal formulas of interpolation, particularly
those of the osculatory variety, are based on the assump-
tion that the values being estimated can properly be
expected to form a smooth series. Now, it can reason-
ably be expected that, with a large enough body of
data, the rates of mortality should exhibit a smooth
progression from age to age. However, the populations
and deaths at single ages, arising as they do from
fluctuating annual cohorts of births, and affected to a
considerable extent by the incidence of .past migration,
can hardly be expected to be perfectly smooth. Hence,

- the assumption underlying the use of an interpolation

formula is not entirely valid when it is applied to such
data. There is also a practical advantage in that only
one complete interpolation is required, as against the
two separate interpolations needed in the other method.
Also, the second method is found, ih general, to produce
a smoother series, because the graduating effect of the
osculatory formula is applied directly to the mortality
rates. A further point is made by Sir George Hardy,
who states # that in “graduating separately the num-
bers in the two series of ‘exposed to risk’ and ‘died’
rather than their ratio, . . . we thereby discard our
previous knowledge of the nature of the curve expressing
that ratio—our general knowledge, that is, of the
nature of the curve ¢, or u,.”

In the preparation of the present life tables, careful

consideration was given to the choice as between the
two general methods of procedure, and experimental
calculations were made by both methods. In the end,
the method of operating directly on the rates of mor-
tality was adopted, as it was found to produce smoother’

3 Hardy, G. F., The Theory of the Conatn{.ctio'n o0f7 ables of Mortality and of Similaf
Statistical Tables in Use by the Actuary, p. 21, Charles and Edwin Layton, London,
1900, )
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values, and the theoretical arguments in its favor
seemed more cogent. Pivotal values of both popula-
tions and deaths were obtained by interpolation for
the middle age of each of the age groups used: that is,
at ages 7, 12, 17, ete., and the corresponding pivotal
rates of mortality were obtained by the usual formula:

D,
=P, 4D, (25)
wherc D, and P, denote the pivotal values of deaths and
populations, respectively, and n is the number of years
This
formula is obtained at once by substituting in formula
(24) the value of m. given by formula -(22). On the
basis of these pivotal rates, values of ¢, were obtained
by osculatory interpolation for all integral ages from
age 5 to the limiting age of cach life table. The formu-
las used in obtaining pivotal values and in performing
the osculatory interpolation, the method of securing
smooth junction with the mortality rates at ages under
5, and the special devices adopted to extend the tables
into the very high ages where the use of actual data
lca,ds to unreasonable results, are described in the sec-
tions which follow.

Pivotal value formulas employed :

The pivotal value formula employed in the majority
of cases was the usual King formula, which, written in
ceniral difference notation, is:

v,=.2w,— .0088%w, (26)

where v, denotes an interpolated value for the single

year of age z; w, denotes a quinquennial sum of data
2

centered on age z: in other words, w,= > .., where
1=~2

41 1,12

the “u#’s” denote¢ unadjusted single year valucs; and
the symbol & denotes a central difference® taken at
quinqucnnial intervals. 1n other words, if data (e. g.,
deaths or populations) are available f01"three consecu-
tive 5-year age groups, this is a formula for estimating
the number at the single age in the middle of the
middle group. If the single year values for all 15 ages
are exactly fitted by a third degree polynomial, this
formula gives exactly the correct value. The assump-
tion is, therefore, that the single year values would be
approximately fitted by a third degree polynomial if
they were unaflected by age heaping or sampling error.
To facilitate the numerical computation, the formula
was put in the alternative form:

v,= —.008w,_54.216w,— .008w, 5

which was used (with certain exceptions to be noted
later) ‘to compute pivotal values of populations and
deaths at each fifth age from age 12 to 97. The pivotal

3 For a derivation of King's formula, see pp. 109-110 of Wolfenden’s Actuarial
Study, previously cited.

3 Freeman, Harry, Mathematics for Actuarial Students, vol. 2, p. 76, Cambridge
University Press, London, 1939,
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values for populations were taken to the nearest
integer; those for deaths, to two places of decimals.
In applying formula (27) to obtain pivotal values at
age 97, figures for the age group 100 and over were used
as though they represented the age group 100-104.

Applying King’s formula.to obtain a pivotal value at
age 7 would involve substituting in the formula a value
of w,, which ‘would be a sum of data for the-age group
0-4. It was not considercd proper to regard such a
figure as belonging to the same series with the other
“w’” values: in the case of the deaths, because of the
special mortality conditions prevailing in the first year
of life; and in the case of the populations, because of the
substantial underenumeration of infants and small
children in the census. Hence, the pivotal values at
age 7 were obtained by the following special formula
based on ordinary interpolation from sums of data for
the three age groups 34, 5-9, and 10-14, assuming that
the 12 single year values can be fitted by a second degree
curve:

v7=%6[—25(“3+u4)+157w7_7w12] (28)

To derive this formula, suppose that %, ,=a+bz4-ca®.
Then,

Ur=2a
w;=5a-}10¢ .
Wy=>5a-+25b- 135¢ /

UgFuy=2a—Tb+25¢

Now if it be assumed that u;=m(u;~+u,) +nw;+rws,,
substituting the above expressions and equating coeffi-
cients of @, b, and ¢ gives:
2m-+5n-+5r=1
—Tm-+25r=0
25m-+10n+135r=0

Solving these equations yields m=—Ys, n="54p, and
r=—Yo0, which are precisely the coefficients in formula
(28). :

The other cxceptions made to "the usc of King’s .
pivotal value formula were confined to the life tables for
Negroes and other races. In working with Negro
data it has often been found that the substantial amount
of heaping present-tends to produce cyclical fluctuations
or waves which give to certain portions of the graph-
of the ¢, function somewhat the appearance of a sine
curve superimposed on the basic mortality curve. This
condition is quite apparent in the published graphs .
of the ¢ function in certain previous United States life
tables.3” However, this peculiarity can scarcely be
considered a genuine characteristic of the data and there
would scem to be little justification for reproducing it in
the life table.

It will be remembered that in the discussion of digit
preference in age statements ® the “5-9" grouping
was found to be not the most desirable for the nonwhite

37 U. S. Bureau of the Census, op. cil., p. 245; and United States Life Tables, 1950-1959

( l’re‘hmi'nary), for White and Nonwhite, by Ser, pp. 12-14, July 1941,
% See p. 121 .
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data. Infact, table BA shows that in the digit grouping
5-9, the nonwhite populations are overstatad, while the
nonwhite deaths are understated. In the digit group-
ing 04, the reverse would of course be true.  This would
mecan that the rate of mortality would be consistently
understated in the groups consisting of ages ending with
the digits 5-9, and consistently overstated in the 04"
groups, producing just the sine curve efiect so frequently
observed. When pivotal values were obtained by
King’s formula, this tendency was clearly observed from
age 30 to about age 60, where it became obscured by
more serious crrors in age statement.® Although the
osculatory interpolation formula used has a moderate
graduating cffect, this was found not to climinate the
waviness entirely. Therefore, it was decided to use also
a pivotal valuc formula which incorporates an clement
of graduation.
The formula selected for this purpose was

7),=% [.69610;—!— A8B( W,y s+ W, 5)— 136(w,r10+ 'w,_m)] (29)

This formula gives the middle term of a 25-term series
summed in five groups of five, on the assumption that
the individual terms can bhe represented by o third
degree curve. However, it is not unique in this respect,
as an infinite number of other formulas exist which have
the same property. Its uniqueness lies in the fact that,
of the entire class of such formulas, this is the one for
which the mean square errvor of the interpolated value,
7., is least, on the assumption that the mean square
errors of the five sums of “o¢” values are all equal.”
This formula involves the assumption that the ‘“true
values,” after adjusting for ervors in the data, of any five
consecutive age groups will be exactly fitted by a third
degree curve. There are certdin portions of the
mortality curve ini which this assumption is unsuitable.
For both Negroes and “other races,” this is true of the
ages under 30, where the death statistics form a curve
with very rapidly changing curvature, and where, in any
case, the tendency to “waviness’” is not apparent.
Here the usc of formula (29) was found to produce
unwarranted distortion in the mortalily rate; accord-
ingly, King’s formula was used. For the Negroces, a
similar situation exists beyond age 75, where both
populations and deaths are decrecasing so rapidly that
the assumption ol fitting a third degree curve to the data
of five consecutive age groups was clearly inappropriate.
In the case of the data for “other races,” populations
and deaths also decrease rapidly above age 75, but the
figures are so irregular, because of the small size of the
data,- that the smoothing cffect of the special formula
(29) was needed, and the values are so rough, in any
case, that any distortion resulting from the use of this

% See p. 110.

¢ ‘Phis formuln was first published in an unsigned book review in theJournalof the
Institute of Actuarics, vol. 51, No. 272, p. 368, October 1919, It is also given by
Wolfenden in his Actuarial Study (previously cited), p. 113,

1 Ree Wolfenden’s derivation of this formula, already referred to,
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formula is not of much importance. To sum up,
formula (29) was used instead of King’s formula in

obhtaining pivotal values of populations and deaths at -

ages 32 to 72, inclusive, for Negroes; and at ages 32 to
87, inclusive, for “other races.” -

Derivation of pivotal rates of mortality

Pivotal rates of mortality were computed at cvery
fifth age from age 7 to age 97 by applying formula (25)
to the pivotal values of populations and deaths.
were carried out, to seven decimal places on a unit basis:
that is, to four decimal places on a per.1,000 basis. The
progression of these rates at the very high ages was
carcfully studied, and unsuitable values were rejected
by inspection. In the end, the originally calculated
rates were retained through age 92 for white males and

females and Negro males, and through age 87 for

Negro females and “other races” males and females.
In the casc of the life tables for combinations of classes,
pivotal rates of mortality were obtained by suinming
separately the values used as numerators and denomi-
nators in obtaining pivotal rates for the individual
classes, at all ages at which the originally calculated
rates were retained for all the individual classes
included. :

Treatment of the very old ages

At the very old ages (those above age 90, approxi-
mately) mortality rates obtained in the conventional
manner from the data as reported frequently appear
unreasonable or even absurd. This condition is prob-
ably duc in part to inaccuracics in age statements,
and in part to random irregularitics made possible by
the very small size of the experience at these ages. It

is customary, thercfore, to reject those values which -

are considered unsuitable, and to end the life table in
some morc or less artificial manner. From a practical
standpoint, it probably males little difference what
method is uséd for this purpose, as little reliance is

placed on the values obtained at the very old ages, and ;

they affect only slightly: other life table values which
are extensively used. The question may properly be

raised as to why it is necessary to show life table values -

at all beyond those ages at which they can be cor-
sidercd reliable.
obtain values of the average future lifetime and of life
annuity and assurance premiums, it is necessary to
assume some values of the rate of mortality at the
oldest ages, and the user of the tables may properly
wish to be informed as to what values were assumed.
In conncction with the life tables included in this
volume, the use of a fifth difference interpolation for-
mula (as described in the next subsection) made it

desirable to extend the series of pivotal rates of mortal-

ity in some manner, prior to performing the interpola-
tion,
degree curve Lo the last lour pivotal rates retained. In
carrving out the actual arithmetie, cach pivotal rate

They -

It may be answered that, in order to |

This was done, in cach case, by fitting a third
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beyond those retained from the original series was com-
puted from the four preceding ones by the formula:

Ur=4U, 5—6Ur_ 10t 41, 15— Up_20

- In the case of the life tables for combinations of
classes, pivotal rates of mortality were not calculated
beyond age 92. A special problem arose at age 92 when
individual classes for which the originally calculated
rate had been rejected were included in the combina-
tion. In such cases the pivotal value of the number of
deaths, as originally calculated, was regarded as the
correct numerator, and an adjusted denominator was
obtained by dividing this numerator by the exira-
polated pivotal rate of mortality. These adjusted
denominators were carried out to two decimal places in
order to avoid inconsistency between the life tables for
combinations of classes nnd those for the 1n(hv1(lual
classes included.

Osculatory interpolation formulas used

The osculatory interpolation formula used for the
main body of the life tables in this volume was Jenkins’
modified fifth difference formula.** The word “modi-
fied” in the name of this formula.indicates that, al-
though satisfying the conditions of smooth junction, it
does not exactly reproduce the pivotal rates of mortality,
but has a moderate graduating effect. The advantages
of using a formula of this type have been aptly expressed
by the Scottish actuary, James Buchanan, who says:*

The weak point of- the osculatory method, regarded as a
smoothing agent, rests on the fact that the graduated curve is
required to pass through certain predetermined points. The
curve will in fact be constrained to take a form similar to that
assumed by a flexible steel wire which is clamped at fixed points,
so that, while the curve is free from discontinuities, any de-
parture of these points from the smooth curve will be reproduced
with resulting undulations, To remove this tendency to wavi-
ness, Jenkins has devised his modified osculatory method, which,
while requiring the successive interpolation curves to have the
same slope and curvature at their common points at the end of
each interval, does not require the curves to pass through the
points corresponding to the calculated values.

The practice of employing such a formula in the con-
struction of national life tables has been slow Lo gain
general acceptance, perhaps because it has been con-
sidered that fidelity to the original data is here more
fundemental than smoothness. However, experience
has shown that a well chosen modified osculatory for-
mula can usually be depended on to preserve the basic
underlying trend of the mortality curve, only local
irregularities being smoothed out. N atlona,l life tables
are being increasingly used for population projections,
valuation of old-age pensions and survivors’ benefits,

] Jenkin.s, W. A., Graduation Bosed on a Modification of Osculatory Interpolation*
Transactions, Actuarial Society of America, vol. 28, Part 2, No. 78, p. 202, Octo"
ber 1927. The formula is also given (in a form morc closely resembling that employed
in this volume) by Robert Henderson, Mathematical Theory of Graduation (Actuarial
Studies No. §), second edition, p. 22, Actuarial Society of America, New York, 1938,

# Buchanan, James, Recent Developments of Osculatory Interpolation, With Applica-

tions to the Construction of Nutional and Other Life Tables, Transactions of the Faculty
of A ctuaries (Scotland). vol. 12, Part 5, No. I11, pp. 117-160, 1929,

746805 O - 47 - 9
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and other calculations in which a lack of smoothness
In the life table is likely to produce irregularities and
inconsistencies which, although minor, can be awkward
and inconvenient. Also, it may justly be argued that it
is better to produce a smooth table which, in all likeli-
hood, represents the truc underlying conditions "as
precisely as they can be inferred from a careful analysis
of the data, rather than a table which merely reproduces
the data along with all the errors they are known to
contain. It is a virtue of the better modified osculatory
formulas that when applied to a series containing many
undulations, such as rates of mortality for Negroes in the
United States, they exert a considerable smoothing
eflect, and yet when applied to a series which is already
fairly smooth, such as the corresponding rates for white
persons; they produce only an insignificant change.

In the case of 5-yedr age intervals, Jenkins’ modified
fifth difference formula can be written in the form:“

K)
”"*"=§(”" 3654““)4'8(8750 5)(‘52““ ‘s‘“")+

t 1(2—25)
‘(“““ 360 "+5)+ (750

where u, and u,,; denote consccutive pivotal values,
5 denotes a central diffcrence as before, ¢ is a number
between 0 and 5, s=5—t, and v,4, denotes the interpo-
lated value obtained by the formula. This formula
produces contact of the second order: that is, the
interpolation curves in any two adjacent age intervals
have equal ordinates and equal first and sccond deriv-
atives at their point of junction. It may be noted

62u,,+5—é6‘u,,+5) (30)

that this formula gives, on subst.i!.ut_ing t==0 and 5,
respeetively:

V=1, — -36 1)

Vgy5=UWUuy5— 366 Ugts (32)

These results show that the pivotal values are adjusted
by the formula to the extent of 1/36 of the negative
of the corresponding fourth central difference. Sub-
stituting the expressions (31) and (32) and writing

8%y, for 6’ua—é6‘u,, the equation (30) becomes:

—25) 1(E—25),

750

8

k va+t'—‘_1)a+ ( 75 (33)

62 a+r a+5+ 6 Yatrs

In using a formula which appears in this symmetrical
form, the arlthmetlc can be considerably shortened by

4 The form given here differs from that given by Jenkins and Henderson for the
reason that here the single year of agé is taken as the unit of reckoning, while in the
other formulations the unit is the entire interval of interpolation (in this instance,
5 years). The formula given here is readily obtained from Henderson's expression
upon replacing x by (/5 and y by s/5. Jenkins’ original statement of the formula
was in terms of advancing differences rather than central differences.
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employing a spccial computation ‘process in which the
resuds of certain calculations are used twice.*

In the construction of all the life tables in this volume,
" this formula was used for 1nLerpolat10n from age 32 to
the end of the table. ~As stated in the preceding sub-
scction, the scries of pivotal rates of mortality was
extended to the very old ages by fitting a third degrec
curve to the last four of the original pivotal rates
actually used, which is, of course, equivalent to as-
suming fourth differences to be 0. Uhder these condi-
tions, formula (30) reduces to:

s s(s2—25
va+l='5ua+'%

t(t*—25)

67‘” + r a+5+ 750

Bzua+5

which is merely the ordinary Everett interpolation
formula * for quinquennial intervals. This shows the
speeial convenience, in connection with Jenkins’
modified fifth difference formula, of the particular
method chosen for terminating the life tables. It may
“be noted that, in-carrying out the extrapolation for the
very old ages, the second differences 6%, were values of
a first degree curve (or straight line), and could there-
fore be obtained by the formula:
8%, =28, s —86%u; 1o (34)
This formula holds at the last age for which the calcu-
lated pivotal rate was retained, and at subsequent ages.
In the case of the life tables for combinations of
classes, it was found that interpolation of the rates of
mortality beyond age 92 would, in some instances, give
results inconsistent with the rates for the component
classes. Therefore, in all these tables, the interpolationwas
terminated at that point, and mortality rates for sub-
sequent ages were obtained from the I, column of the
life table, which was itself derived by a special process
to be explained later. - The value of 4%y, to substitute
in the interpolation formula was obtained by equation
(34). This, of course, implicitly assumes the existence
of an extrapolated. pivotal rate at age 97.
Because of the rapid change of curvature of the q:
curve at ages under 30, and the small size of the rate of

mortality at these ages, the fourth differences of ¢, are -

quite large in relation to the values of ¢, itself, and an
excessive adjustment is introduced by Jenkins’' for-
" mula, which has the effect of replacing the pivotal valucs
originally calculated by adjusted values obtained by
formula (31), involving a fourth difference correction.
Moreover, the mortality curve commonly displays

genuine irregularities at these ages, which it is not -

desirable to remove by a smoothing proeess. There-
fore, it seemed the wisest course to use a formula which

¢ Freeman, op. cif., pp. 73-75. See also T. N. E. Greville’s discussion in the
Record, American Institute of Actunaries, vol. 32, Part 1, No. 65, pp. 88-87, June
1043. See also Lonis 1. Dublin and Alfred J. Lotka, Length of Life, pp. 338-339, The
Ronald Press Co., New York, 1836.

1 Freeman, op. cit., p. 66. The form given here may be obtained from Freeman’s

expression by substituting central differences for advancing differences, changing the,

origin so that a corresponds to Fr 's *0,” and replacing 7 by ¢/5 and ¢ by s/5.
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would reproduce the pivotal values. The formula
selected wag the familiar Karup-King formula,*

s st (s— 0)

_S$ 5)
Vat 1= glka 250

AL a+r a+5+ (t Usrs  (35)
This formula was used for interpolation in all the life
tables between ages 12 and 27.

Between ages 4 and 12 and -between 27 and 32,
special extensions were devised in order to secure
smooth junction, in the one case with the mortality
rales under age 5 specially computed from birth and
death statistics, and in the other casc with the rates
above agce 32 interpolated by Jenkins’ formula.
Inasmuch as both the two interpolation formulas are
of the third degree, third degree curves were employed
for the special extensions as well. The curve used for
ages 5 to 11 was required to reproduce the calculated
rates of mortality at ages 4, 7, and 12,-and to have the
same derivative at age 12 as the Karup-King curve
used between ages 12 and 17. The curve used for

"ages 28 to 31 was required to have its ordinate and

first derivative equal to those of the adjoining Karup-

King curve at age 27 and to those of the adjoining

Jenkins curve at age 32. In both cases, there are
four conditions imposed, and this is enough to determine
a third degree curve. In each case also, it was possible
to regard the interpolation by the special curve ag
merely a further application of the Karup-King
formula, by utilizing a suitable a.rt,lﬁcml extension of
the series of pivotal values.®®

Seven decimal places were retained throughout the
interpolation process, and the resulting interpolated
rates of mortality werc rounded to six places.
are further rounded to five places (or two places on a
per 1,000 basis) in the published tables.

Test of the graduation of the rates of mortality

Tests were applied to the final rates of mortality in
each of the six life tables for individual classes of the

population to determine whether the graduation could

be deemed satisfactory. It was not considered neces-
sary to test separately the mortality rates for com-
binations of classes. In making such tests, there are two
chief points to be consideréd: (1) conformity to the
original data, and (2) smoothness. Conformity to the
original data is usually tested by calculating, for each
age group, the number of deaths expected on the basis

4 This formula was first published by Johannes Karup in his article, On ¢ New

Mechanical Method of Graduation, Transactions of the Second International Actuarlal _

Congress, p. 83, Charles and Edwin Layton, London, 1899. It was discovered
independently by George King who published It in the Journal of the Institute of
Actugries, vol. 41, p. 545, October 1907. Since its publication by King, it has been
used extensively in the construction of national life tables, both in England and

They *

elsewhere. The formula Is also glven, in three different forms, by Wollenden in his

Actuarial Study (previously cited), p. 105. The expression given here is obtained at
once from Wolfenden’s form (¢) upon replacing z by ¢/5 and y by 8/5, and changing the
orlgln so that e corresponds to Wolfenden's “0.”

For a discussion of computation methods, see John Boyer, Osculalory Interpolation
in Practice, Record, American Institute of Actuaries, vol. 31, Part 2, No. 64.
DPp. 337-338, October 1842. A method simllar to that mentioned in conneetion with
the Jenkins formula can also be employed.

4 The formulas which were used for this purpose are derlved in the appendix,
p. 136.
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of the calculated rates of mortality, and comparing this
with the number of deaths actually reported. This

would seem to be a simple enough procedure, but,; in-

dealing with grouped data, questions immediately arise
as to the proper method of calculating the expected
deaths. The traditional method consists in multiplying
the population at each single age by the number of
years in the period of exposure and by the value of m,
at that age, based on the life table. In the present
case, however, the populations used werc estimated
populations on July 1, 1940, and were not obtained by
-single years of age. Nor could such values be made
available without considersble additional work, and
without making some assumption as to the distribution
of deaths by single ages. As an approximation to this
procedure, experiments were made with the expedient
of distributing the population in each 5-year age group
into single years of age in the same proportion as the
corresponding population on April 1, 1940, the date of
the census. In the case of white males and white
females, this method gave numbers of expected deaths
consistently smaller than the corresponding number of
reported deaths, although the differences were ex-
tremely small in most cases. This cendition resulted
from the fact that the greatest ‘“heaping” occurs at the
ages ending with the digits 0 and 5, and in the “5-9”
mode of grouping these ages are, in every case, the
youngest ages of the 5-year age groups in which they
fall, and therefore, in general, the ages having the
lowest mortality rate in the group. This padding at
ages where mortality rates are lower results in under-
statement of the expected deaths. '
Another possible method of computing the expected
deaths would be to compute, from the life table, an

average central death rate for each 5-year period by the

formula:
b—leys. (36)

Me=p — 7
* Tz'—Tz+5

and to apply this rate to the total population in the age
group, multiplying also, of course, by the number of
years in the period of exposure. In the case of white
males and white females, this method has a tendency
to produce expected deaths which are consistently very
slightly in excess of the actual deaths. This results
from the assumption underlying the method: namely,
‘that the proportionate distribution by single years
within the 5-year age group is the same in the actual
population as in the hypothetical life table population.
This assumption is not exactly fulfilled, as the numbers
decrease more rapidly with age in the actual popula-
tion, because of the effect of past migration and of a
steadily declining birth rate in past years.

The fact that the general tendency of the relation
between reported and expected deaths is completely
reversed by making only a slight change in the method
of computation of the expected deaths is in itself evi-

v

dence that an excellent fit has been secured; and, by
either method, the differences are in most cases small
fractions of 1 percent of the numbers of deaths involved.
However, it was felt that a more meaningful comparison
would be obtained by estimating the populations at
single years of age by an osculatory interpolation
formula which preserves the 5-year totals. For this
purpose, the Karup-King formula was used. In this
connection the interpolation in the-age group 5-9 was
performed by a special extension by means of a curve
having the property of reproducing the enumerated
population in the age group 3—4. The resulting com-
parison is shown in table BB. No comparison is made

for the ages under 5, where the methods used in deriving

mortality rates should,.at least in theory, produce
exact agreement between actual and expected deaths.

TaBLE BB.—CoMPARISON OF REPORTED DEATHS AND EXPECTED
DEeaTHs ON THE Basis oF Lire TaBLES, BY Rack aND SEX:
UniTep StaTES, 1939-1941

MALE FEMALE
Excess of ex- Excess of ex-
RAX':']:ND Re- Ex. [|pected OVEr re- Re- Ex- [Pected over re-
ported | pected ported deaths ported | pected ported deaths
deaths | deaths deaths | deaths
' + | - + -
WHITE
12,049| ... 60
11,438 14| __
19,045....... 95
25,382(_ ... , 8
29, 536 46 ...
33, 664]....-.- 45
39, 703).------ 71
50, 435 100]....._.
67,800} <. 194
86,901]-..._.. 92
173,192| 172,725|. .. .-- 467] 107,050| 106, 940]----. .- 110
201, 341| 200, 945|.__-- . 396 135,810{ 135,278|.-.-..- 532
229, 887) 229, 905 18] .. ... 171,664] 171,962 208} ... _.
235,612 236,137 L] A 193,001{ 193, 359 268].._.._.
208, 875| 208,614(._ ... 261) 189,795 189,577------- 218
157,479| 157,683 204 ... 159, 100] 159, 346 27 _.
76, 515 76,336].....-- 179 88,451 88, 250]------- 201
23,084 23,081 4 P 31,081} 31,9043].--.--. 38
95 and over__._ 5,022 5,980 968 . _._ 8,429 9, 264 835[_ ..
Total & and -
OvVer......... 1,862, 079[1,862,534] 2,437! 1,982[1,461,832{1, 461,971 1,8880 1,749
‘Total of abso- 4 .
lute values_. . 4,419 3,617
Net total______ 4455 +139
NEGRO
3,003 2,076 ... 27 2,579 2,561[---oo-- 18
3,438 3,473 35 . 3,012 3,138 126).___..
7,043 7,074 ) | [ 8,525 8,309)--c---- 126
10, 661 10,566 . -.__ 95 11, 246 11,218} - 31
12,472 12,502 30f--..--. 12, 253 12, 286 k=] E—
13,602 13,400|.-.--__ 202 12,930, 12, 758)- o —.- 172
15, 927 16, 243 316 e 15, 520 15, 915 395)_.____
18, 961 18,954). ... 7 17, 503 17,032)----- -~ 471
21,8301 22,173 7% | . 18, 14 18, 850 656 .. __.
25, 041 24,359| .. 682 20,6771 20,025------- 852
22,485 22,302{ _.____ 183 18,631 18,079]----o-- 452
20,306 19,846 _.__. 460{ 17,038 18, 105{- - - -——- 933
21,760 23,641 1,881}._ ... __ 16,956| 19,387| 2,431
16, 938 16,772). ... 166| 13,286] 13,163)--.---. 123
11, 302 11,282 eeeen 20 9, 47 9,182]------- 55
7,048 7,000 .- 39 6, 081 6, 058]. - -avu- 3
4, 206 4,207  { PR, 4, 217 4,22  bBl-------
y 2,060 2,063 b — , 2,517 137] ...
95 and over____ 1, 589 2, 109, L7 1] (— 2, 277 2,991 b0 U] PR—
Total & and
[$):) SRR, 230,762] 241,041| 3,1601 1,881] 212,422] 213,883 4, 4971 3,036
Total of abso-
lute values_. 5,041 7,533
Net total.....- +1, 279 +1, 461
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TasLE BB.—CoMPARISON OF REPORTED DEATHS AND EXPECTED
DreaTHs ON THE Basis oF LirE TABLES, BY RacE AND SEX:
UniTtEDp STATEB, 1939-1941—Continued

MALE FEMALE
Excess of ex- Excess of ex-
R“i.fmAND Re- Ex. [pectedoverre-| p. Ex. [pected over re-
- porfed pected ported deaths ported { pected ported deaths
deaths | deaths deaths deaths
+ - + -
OTHER RACRS .
242| 240(__.__. 2] 216 244, .. 2
2221 228) 4| ._._.. 213 216 .| P,
420 418 2 414 L1 | P— 2
475 471 4 479 477 2
471 475 LS P 390 401 2 ...
561 556)...... 5 283 302 1|
870 a54)___ ... 16, 312 205[___._.. 17
676 705 200 ... 202 308, {1t I
7! 43 | 47 328 324|.._____ 4
894 944 508, 342 340|..-... 2
1,030f 1,015 345 338 ... 7
1,120 , 124 371 E 1 | AR S,
1,031 1,022 7 410 Bl
804 789) 376 344 ... 32
667| 681 321 341 2.
443 423 .. 20 252 P} | R | 21
248 278 30|oceeee- 158 176 18]
90 131 152 b4 | P 104 128 Al
95 and over.... 83 192 109 . ... 83 244 13 | PO
Total 5 and
over......._. 10,055 11,076 261 140 5,675 5,871 285, 80
Total of abso- .
lute values._ . © 401 374
Net total.___.. -- +121 +106

In the case of Negroes and “other races,” the dif-
ferences between reported and expected deaths are
larger, and the comparison shows about the same rela-
tionships, regardless of how the expected deaths are
computed. The method used in the case of white
lives seemed, however, entirely suitable, and was
therefore adopted. Table BB shows, for both Negro
- males and Negro females, a very large excess of expected
over reported deaths in the age group 65-69, which is
offset only to a small extent by deficiencies in the
neighboring age groups. This is because the expected
deaths were computed on the basis of populations as
actually reported, while the rates of mortality are based
on a redistribution by age of the population and deaths
between ages 55 and 70. This redistribution was made
in the belief that a substantial number of persons
actually between ages 55 and 65 had been reported al
ages between 65 and 70. If this is true, the expected
deaths for the entire 15-year age period would be
greatly overstated, because the rates of mortality are
much higher at the ages incorrectly given than at.the
true ages of the groups affected by this error. Table
BC shows how the comparison would be altered if based
on the redistributed populations and deaths, and
indicates that the calculated rates of mortality conform
satisfactorily. to the redistributed data.

The traditional procedure for testing the smoothness
of the graduation of & series of rates of mortality calls
for examination of the third differences of the graduated
rates. If these are reasonably small and change sign
fairly often, the smoothness.of. the graduation is con-
sidered satisfactory. The sum of the absolute values
of the third differences over.some specified range of

@
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ages is often taken as a criterion of smoothness. 1t is
not, however, entirely clear why third differences,
rather than differences of some other order, should
always be used for this purpose; and in fact, there are
strong arguments, at least from a theoretical stand-
point, to support, the view that the most appropriate
order of differences to be so used depends on the .
characteristics of the particular data, and on the
graduation formula employed. For example, in con-
nection with the life tables in thisvolume,it can reason-
ably be argued that fourth dlﬂ’erences are more suitable
at ages 32 and above.

L

TaBLe BC.—COMPARISON OF ASSUMED AND EXPECTED DEATHS

FOR NEGROE® AT AGES 50 TO 74, BAsED ON REDISTRIBUTED
PoruLaTiONS AND DEATHS: UNITED StaTEs, 1939-1941

MALE FEMALR
Excess of ex- Excess of ex-
AGE pected over pected over
* As- Ex- assumed As- Ex- assumed
sumed '] pected deaths sumed 1| pected deathg
deaths | deaths deaths | deaths
+ - + -
....... 674 | 20,677 | 20,035 ...__..| 62
17 [o.oC 19,182 | 19,182 20 |
114 [ .. 17,540 | 17,877 LY
22 (... 15,823 | 18,030 216 |
_______ 112 3,286 | 13,202 |..__... 84
1,622 § 1,176 | 212,422 | 213,150 { 2,336 | 1,602 .
Total of abso-
lute values. . 2,708 3, 941
Net total.._.__ +446 +737

1 Redistributed by age as described on p. 111,
1 Using the values in this table for ages 50 to 74.

The argument is based on the fact that the interpola-
tion formula employed above age 32 (Jenkins’ fifth
difference modified formula) has the property of re-
producing a third degree eurve. In other words, if it
should happen that the guiding values at quinquennial
ages were exactly the values of some third degree.
polynomial for the corresponding ages, then all the
interpolated values would also be the corresponding
values of the same polynomial. This implies that when
a third degree curve can be fitted to the guiding values,
such a curve constitutes an entirely satisfactory gradua-
tion, and does not require adjustment. Now, the third’
differences of a third degree polynomial are constant;
therefore, they need not be small, and obviously do not
change sign. Thus, the conventional test for smooth-
ness employing third differences- is inconsistent with
the philosophy underlying the interpolation formula
used. On the other hand, the fourth differences of a
third degree polynomial are 0, so that there is no.
inconsistency in testing for smoothness by an examina-
tion of fourth differences. X

The interpolation formulas used at ages under 32
have the property of reproducing second degree poly-
nomials only, so that the same line of reasoning would
justify the application of a third-difference test for
smoothness. Table BD gives both the third and fourth,
differences of the rates of mortality for each of the six
single classes of the population for ages 4 to 87, in-
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clusive. The rates for ages under 5 were not gradu-
ated, but age 4 is.included in the table because the
value of ¢, was-used to secure smooth junction with
the ‘raotes for subsequent ages. As the method used
in extrapolating mortality rates at the old ‘ages re-
sulted in employing a single third degree curve for all
ages above 87, the mortality rates at these ages do not
need to be tested for smoothness.

The range of ages covered by the table has been
divided into three intervals of 28 ages each, for which
separate totals are shown in table BD. The first of
these intervals, including ages 4 to 31, is precisely the
area in which it was argued on theoretical grounds that
a criterion of smoothness based on third differences is
appropriate. In general, it appears that in the two

129
younger age intervals the differences of both orders
change sign frequently, and the sum of the absolute
values is satisfactorily small in both cases, being some-
what smaller for third differences than for fourth
differences. However, in the oldest age interval, 60 to
87, the third differences show a marked tendency to
form clusters of positive and negative values, and the
sums of their absolute values are large, so that the
graduation would probably be rejected as not suffi-
ciently smooth if strict reliance were placed on third
differences as the criterion of smoothness. On the
other hand, the fourth differences in this interval
change sign frequently and have small numerical
values. Hence, on the basis of fourth differences, the
smoothness would be judged satisfactory throughout.

TaBLE BD.—THirD AND FoURTH DIFFERENCES OF GRADUATED RATEs oF MoORTALITY,! AGEs 4 To 87: UNITED STATES,
1939-1941
Parr I-WHITE
MALE .FEMALE MALE FEMAL]!E'
AGE _ AGE
@ 100a%, 10%A%g, 10°4%, 10841y, } 10543, 10841, 10%A%g, 1044,
T £3) .
+ - + 7 - + | - + - + - + - +- | - + -
3 5 1 - 2 1 2| ‘ 2
2 4 -- - 1 1 |- 1
N 2 1 1 1
2 4 - - 1 1 2 3
2 3 - 1 2 -}~ 1. 7
1 -f= 1 1
1 2 -~ 1 2 2 6 e
1 3 ] -t~ 4 1 2 2
3 == 4 !
2 4 1 4 3 1 5 2
2 2 3 3 4 1 3 -~
4 4 -~ 2
-~ 1 2 2 3 3 -}
i 2 -- 2 6 3 3 1
3 2 4 3
I 2 2 4 5[ 2 1 3
1 3 2 3 3 3 4 4
2 2 1 2
|- | 1 2 -~ 1 -1- 2
1 1 1 3 3 3 2 3
2 2 1 -2
-I- 2 2 4 - - 1 o
2 1 2 2 -l- 3 1 2
1 3 |- 1
4 6 1 1 3 1 3 2
2 1 -- 1 4 2 5 2
2 2 3 2
1 2 1 2 4 2 5 5
1 2 1 1 2 8 - i
1 3 -~ 1
2 3 1 3 ] -}- 1 8
1 1 2 4 6 2 7 2
8 3 5 -
) DR, -l- |- 2 4 5 4 5 -l-
3210 - 1 2 4 9 4 5 -
33 1 1 2 5 -
34 - 1 3 6 5 1 5 2
T IO 1 3 3 6| (] 1 3 2
6. 2 2 3 Total 4-31. ... 21130 32}35 12{t8 30}25
37 .. -|- — 1 Total of abso- )
k. -l 1 1 2 lute values.._ 41 67 p- ] . B85
39 ... 1 - ]2 1 3 Net total_.____ +1 -3 -4 +5
40 1 3 2 3
. Total 32-50. ___ 22|10 30|28 27012 3|3y
4 1 2 Total of abso-
2 B 1 2 lute values___ 32 58 39 71
33 56 1 1 Net total_.____ +12 42 +15 -3
2 2 |- 1 Total 60-87.__. 54|47 25]32 55133 28|34
Total of abhso- -
46 __ . ... —-1- 2 1 —t- lute values._. . 101 57 88 - 62
47 2 3 1 2 Net total_ .. +7 -7 +22 -8
8. 1 3 1 3
490 2 2 2 1 Total 4-87. ... 97|77 87los oals1 92jos
50 ... -1~ 1 1 2 Total of abso-
lute values._.. 174 182 165 188
) D 1 2 - 4 Net total.____. +20 -8 +33 —4
52 . ... 1 1 3 4
B - - 1 3
sS4 |- 1 2 2
55l 1 3 - 2

1 Rates were taken to the nearest fifth decimal place and multiplied by 108,



130

TApLE BD.—THIRD AND FoURTH DIFFERENCES OF GRADUATED RaTEs oF MoRTALITY,! AcEs 4 To 87: UNITED STATES,

UNITED STATES LIFE TABLES AND ACTUARiAL TABLES

1939-1941—Continued
Part II-NEGRO

MALE FEMALE MALE FEMALE
AGE AGE
10tA%g, 10%A4q., 10%A%g, 105A4g, 108439, 10544, 10%A3g, 10%A4q,
() (z)
+ | - + | - - + - + - - - |+ | -
.
- 1 1 1 3 -|- 3| -|=
1 2 2 2 3 1 3 1
2] 3 2 1
1 1 - 2 5 4 3 1
|- -- 2 1 I -~ 2 ~l~
-l- ~|- 1 2
-I- 2 1 9] 1 - 2 2
2 1 8 9 1 -~ —l- -|-
, 1 2 -- 1
) 5 1 5 1 9 1 4 1 -=
4 1 10 1 3 3 1 4
3 3 9 -~
~l- 1 ] 8 6 2 5 1
1 3 1 8 8 I 6 3
9 1 3 4
4 12 7 7 8| 3 7 5
8 5 == 1 5 (] 2 5
3 4 1 =-|- :
7 4 1 2 1 7 3 3
3 7 1 2 8 5 [] 1
N 3 3 7 1
4 1 3 8 (] -I- [ 3|
5 2 5 1 6 2 3 7
3 3 4 2
6 7 2| == 8 ~- 4 =-1-
1 3 2 6 8 4 4
11 4 8| 3
4 6 4 s 7 2 5 2
2 2 1 1 5 13 7 4
-l l —l l .
1 1 1 2 8 B i} ki 3
-{- 1 1 3 14 2 6 2
E 12 2 4 ==
1 3 2 6 14 2 4 2
2 2 4 6 12 1 6 2
-I- 1 2 .
1 1 1 -1- n 2 4 )]
-- 4 1 3 - 9| 3 i 1
4 5 2 -4 Total 4-31. _.. 30l35 42140 40l40 4752
1 4 2| - Total of abso-
3 2 2 - lutevalues__. 85 82 80 90
1 2 2 - Net total_____. -5 +2 0 -5
3 6 2| 4
3 1 2 1 Total 32-59_. .. 27|20 34|35 28[30 31 l25
2 2 1 -|- Total of abso- .
- 3 1 lute values__. 47 69 58 56
3 3 3 4 Net total .. ___ +7 -1 ‘~-2 +6
~- 3 1 4
3 4 3 [ Total 60-87_.__ l23|64 45|34 89|25 33|3l
1 3 3 5 Total of abso-
2 2 2 3 . lute values_. . 187 .19 114 64
N 2 1 ; Net total._____ +359 +11 +64 +2
2 -
-~ 1 2 1 Total 4-87_____ 180| 119 121|109 157l95 111‘108
1 1 3 1 Total of abso-
~-l= 2 2 -- lute values_. 200 230 252 219
2 g ;«2) g 1 Net total__..__ +61 +12 +62 +3

1 Rates were taken to the nearest fifth decimal place and multiplied by 105,




TapLe BD.—THiRD AND FourRTH DIFFERENCES OF GRADUATED RATES oF Moxranity,! Aces 4 To 87: UNiTED STATES,
. 1939-1941—Continued
PArT II-OTHER RACES
MALE FEMALE MALE FEMALE
AGE AGE
10843, 10%A%g, 10343, 10%44q, 10843, 10844, 10%4%g, 105A%,
(z) [65] :
Ll
+ | - |-+ | - + | - + - + | -]+ | -]+ -1+]-
N ) 2 4 1 1 4 1 |-
- -~ 3 . 1 5 2 1 --
k 3 1 1 -
-~ 3 2 -L 2 1 1 1
3 5 2 3 3 8 2 -~
2 5 5 5
3 8 - - 1 5 2 2 2
5 4 1 2 7 2 -~ 4
5 2 4 3
1 7 3 8 7 1 1 3
6 2 5 1 6 3 4 1
8 5 6 2
3 2 4 - 6 T 3 -~ 5 3
1 8 2 2 3 2 8 1
5 3 9 2
5| 7 4 0 2 2 7 5
2 2 5 2 -~ 10 9 17
4 2 3 1
2 3 4 2 10 6 15 5
5 7 2 - 6 16 1 20 2
15 1 . 2 2
2 4 4 2 14 5 - J2o 7
6 2 2 2 9 20 13 3t
8 1 -~ 4
7 8 4 6 11 6 18 9
1 1 2 - 17 -~ 27 1
17 1 26 1
2 1 2 5 16 2 25 3
3 2 3 2 18 5 28 9
1 3 1 1 .
4 4 |- 2 13 -- 19 3
-~ 1 2 2 13 -- 22 1
- 13 -I- 2 1
1 1 -~ - 13 2 20 1
2 3 -- 2 15 4 21 1
1 3 2 1
2 1 1 1 86, e 1 3 20 2
1 2 -t~ |- 87, .. 14 1 2 1
1 2 - - Total 4-31. ... 37/50 51/47 26/49 MEA
1 1 -l ~|- Total of abso-
- 1 - 1 lute values.__ 87 98 75 .M
1 3 1 2 Net total._.___ -13 +4 -23 s+
2 2 1 2
-- 1 1 5 Total 32-59. ... 29|21 . 30|35 wlm 2o| 18
1 2 4 4 Total of abso-
1 3 -~ 2 lute values._._ 50 a5 26 38
2] 1 2| 2 Net total . ..__. +8 -5 +6 +2
1 3 -~ -1
2 1 1 2 Total 60-87__._ 2l4|67 54|38 313'90 70|51
1 1 1 1 Total of abso- )
-i- 2 -~ ~|- lute values.... 281 92 403 121
2 ‘15 -~ 1 Not total. ... +147 +16 +223 +19
1 1 -}~
) D, 5 4 1 -~ Total 4-87. .. 280}138 R 135’120 355'149 131!106
52 .. 1 5 1 1 Total of abso-
;= J [] 4 2 3 lute values__ _ 418 255 504
5 _ . 2 1 . 1} . 3 Net total ... . +142 +15 +206 +25
85 - T 3 4 2 3

! Rates were taken to the nearest fifth dechmal place and multiplied by 105,
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As regards the relative magnitude of third and fourth
differences in the two younger age intervals, it should
be pointed out that rounding errors contribute the
greater part of the numerical values of differences at
these ages, and their effect becomes more marked as
the order of differcnces increases. This point is illus-
trated in table BE, which shows both the third and
fourth differences obtained from the mortality rates
for white males by refaining all the seven decimal
places to which these rates were originally computed:
Comparison of table BD and table BE shows that the
absolute values of the differences are greatly reduced
by using the two additional decimal places. (Note
that figures in table BD must be multiplied by 100 to
make them comparable with those of table BE.) The
reduction in the sum of the absolute values over the

TapLe BE—ThIRD AND Fourtn DIFFENENCES OF GRADUATED RATES OF MORTALITY ! For WaITE MALEB, AGEs 4 10 87: UNITED *

entire age range shown amounts to 23 percent in the
case of third differences and 74 percent in the case of
fourth diflerences. Table BE shows that, in each of
the three age subdivisions, the sum of the absolute
values is less for fourth than for third differences when
the effect of rounding is eliminated. It also shows
that the third differences are in reality predominantly
positive and do not change sign at all frequently above
age 30. Therefore, the mortality rates would not
have been considered satisfactory above age 30 if
third differcnces had been taken a3 the criterion.

~This seems to reinforce the suggestion made earlier

that the order of differences to be employed for this
purpose should be varied according to the character-

istics of the basic data and the graduation procedure
used.

StaTES, 1939-1941

107a%y, 107°A4g,

(2) 4 - + —_

3|
251
77

178
131
1

1464
1

o B 1 -

-

L en
2l
K]

=)

19
112

v AGE 1074, 10744y,
() + - + -
113 23
138 [
142 (]
136 33
169 122,
201 32
323 4
310 2
321 20|
B2 72
413 21
434 3
431 1
432 79
353 325
28, 80
52 4
48 8
54 @8
14 261
275 i1}
341 2
339 -
339 1
168 691
523 173
606 =t
606 1
695 18]
677 87,
500 22!
568 4
Total 431 .. il 1,060}1, 103 925.618
Total of nbsolute values. ... ... .. 2,183 1,843
ettotal..._____ . . ... —43 +7
Total 82-B0. ..ol 1 244|72 :uless
Total of absolute values._. ... __.._____._______... 1318 470
Nettotal . .. ... +1,172 +154
Total 60-87_ . . 5, 331|4, 599 797l 1, 538
‘Total of absolute values. ... R 9, 2,335
Net +732 ~-741
Total 487 ... .. ... 7,636'5,774 2,034'2,614
Total or nbsolute values 13, 409 4,648
-+1, 861 —580

1 Rates were taken to the nearest seventh declmal place and multiplied by 107,
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CALCULATION OF LIFE TABLE FUNCTIONS

C. CALCULATION OF OTHER LIFE TABLE
FUNCTIONS

Calculation of I, and d,

The values of I, and d; were obtalned by successive
multiplication and subtraction commencing with a
radix of 100,000 at birth, by the usual elementary
formulas:

d.=l.q.

lz+l == l:_ dz

Values of g, were used to seven decimal places, and
three decimals were retained in the I, and d, values.
At the very old ages, the number was increased, so as
to give seven significant figures in every case. Although
the published tables are terminated, in each case, at
that age where [., taken to the nearest integer, first
becomes 0, nevertheless, for reasons which will be
explained later,® it was desired to have [, values
computed further for use in calculating the values of
é., the average future lifetime. Accordlngly, the process
was continued so long as [, values in excess of .0025
were obtained.

In the life tables for combinations of classes, this
process could be carried only to age 93, as interpolated
rates "of mortality were not obtained beyond age 92.
These tables were completed by a special process
designed to avoid inconsistencies between the ¢, values
for the combination and those for the component classes.
The value of I;; in the combined table was divided
into as many parts as there were separate classes
included, the division being made in proportion to the
denominators used in computing the pivotal values
of ¢y, for the corresponding life tables. Each separate
part of the I, figures was then carried forward by
applying the mortality rates for the corresponding

37

'separate class, the results being summed to obtain the

subsequent I, values for the combined table. This is
equivalent to expressing the value of [, for the combined’
table as a weighted sum of the I, values from the
separate life tables for the component parts. Using
the latter process shortens the arithmetic. For ex-
ample, let 1, [,?, etc., denote the I, values in the
separate life tables for the component classes, let
L', 12", etc., denote the corresponding parts into
which [, for the combined table is divided, and let
Then, at ages above
92, I, for the combined table is given by

L=wl, V4wl >+ ...
The ¢. values were then obtained by the formula:

Levy
A

:=1—

In the published tables, all the I; values have been
rounded to the nearest integer, while the published d,
values have been obtained by differencing the published

 Sce p. 134,

. subdivisions.
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I, column, and, for that reason, differ slightly in some
cases from the ﬁgures which would result from roundmg
the d; values as originally calculated.

In view of the necessarily rough nature of the adjust-
ments made in the data for subdivisions of the first year
of life,® it was not felt that much refinement was justi-
fied in calculating the life table functions for these
Accordingly, the value of d, obtained for
the main life table was merely divided among the
various age periods within the first year in proportion to
the numbers of deaths in each age period during the
3 years (after adjustment for underrcporting, and
smoothing of the “other races” data). The interme-
diate I, values were then obtained by subtraction, and
the mortality rates by division.

Calculation of I, -

At ages 5 and over, it was considered sufﬁclently
accurate to assume that

1
L:=§'(l2+l:+l)
At ages 1 to 4,AL, was obtained By the formula:

. L:=l:'._ (1 —jz)d:=lz+'l +fxdz

where f; denotes the separation factor previously re-
ferred to.! In justification of this formula, it may be
pointed out that, in the hypothetical stationary popula-
tion, L, represents the number of persons at age z last
birthday. who would be enumerated by a census taken
at any time. Naturally this is equal to the number
who have reached exact age 2 during the preceding year
less those who have died in the meantime: that is, I, less
a part of ¢;. If the incidence of deaths during a cal-
‘endar year is the same in the stationary population as
in the actual experience, the fraction of d, to be taken

oD:/D;=1—f1,.

The value of L, was obtained by making separate
calculations for the various subdivisions of the first
year of life and adding. The process used is most
readily explained by adopting the point of view which
considers L, as the total number of person-years of life
lived, between birth and exact age 1, by [, infants born
alive. The function 7,—T.,, for a particular age
interval, z to z--t, within the first year of life represents
the number of person-years lived between these exact
ages by the survivors of [, live births. This would be
given by -

(38)

1 1
Tz—' Tz+l= tl:_ 5’ td:='2't(l:+ l:+ t)

on the assumption that those who die between ages

and z-}+t live, on the average, half the period. It was

necessary to express the values of ¢ as fractions of a year,
# See p. 108.

8 See p. 117.
# Bee p. 115,
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on the same assumption previously made® that the
total length of the year was 365% days. The value of L,
was taken as the sum of the values-of 7,— T.,, for all
subdivisions of the first year of life.

With the exception of L,, all the values of L, were
retained to not less than one place of decimals and to
not less than six significant figures, for use in subse-
quent calculations. Values of T,— T, ,for subdivisions
of the first year of life were rounded to the nearest
integer. before addition. Values of L, were obtained in
each casec up to, but not including the last age for
which [, was computed, but are shown in the published
tables only when the value is at least 1 to the nearest
integer. The published L, values (except in the first
year of life) were obtained by differencing the pub-
lished T column, and therefore differ slightly in some
cases from the figures which would result from round-
ing the originally calculated L, values directly.

Calculation of 7', and ¢, -

Values of T, were obtained by accumulating the
computed values of L, from the oldest age available
down to age 0. The values of 7, — T4, for subdivisions
of the first year of life were added one by one, proceed-

8 Seo p. 108.

ing backward from age 1, in order to obtain T, values
within the first year. In the calculation of &; each
value of 7', was used to the smallest number of decimal

places retained in any of the L, values included in it. - -

However, the published values of 7, have all been
rounded to the nearest integer.

The values of é., carried out to two decimal places
in all cases, were, computed by the formula:

the I, values being used to the full number of decimal
places originally retained. In order to obtain plausible
values of ¢, at the oldest ages shown in the published
tables, the actual computation of I, values was con-
tinued so long as the values obtained exceeded .0025.
In arriving at this limit, it was reasoned that the ages
for which figures appear in the tables are those for
which I; is at-least 1 to the nearest integer: that is,
the exact value is at least .5. Therefore, accuracy to
two decimal places will be secured, in most cases,by
using, in the computation of T, all values of I, which,
when divided by .5, give a quotient of at least % of .01,
or .005: that is, all values of I, in excess of .0025.
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APPENDIX

A. METHOD USED IN TESTING THE APPROPRIATENESS OF GLOVER’S SEPARATION FACTORS

It was stated in part V! that in dividing the deaths

.D, occurring in each calendar ycar at ages 1 to 4 into

the two parts .D, and 4D, according to the year of birth,
it was necessary to employ the same separation factors
f. used by Glover in connection with the 1910 life tables,
as no statistics were available on which a new deter-
mination could be based. However, the appropriate-
ness of Glover’s factors for use with the 1939~1941 data
was first tested in the manner described below.

Let 6.4.,dt denote the number of deaths which occur

during a specified period of observation (assumed to be
an integral number of years) between age z-+t (z being
an integer and ¢ a fraction) and age z-+t--dt, let D,
denote the total deaths during the period at age z last
birthday, and let K, , denote the total deaths at all ages

underz-+t,so that K. — ZD It follows immediately that

g4
Kz+t= f
. ]

d .
therefore, &?KH':"’“- On the assumption that the

0.+.dt deaths occurring at exact age z-+¢ are uniformly
distributed over each of the calendar years covcred,
these would include #6,, ,dt deaths where exact age = was
attained in the calendar year preceding the year of
death, and (1—1)4,,,dt deaths where cxact age = was
attained in the year of death. The total number of
deaths in the calendar year following the attainment of
exact age z, but before attaining age -1, which may be
denoted by ,D,, would therefore be:

1
f 16, (di _
o ~ ]

Considering this cxpression to be of the form f Udv,
where U'=t and dV=4,,.,dt, and integrating by parts
gives:

1
D= Ky — f K.,.di

Dividing by D, gives an average séparation factor for
the entire period of observation, which may be rep-
resented by f.. Thus,

fo=p Ben— f 'K, dt) (39)

t See p. 118,

Values of the expression (39) were obtained for a.ges
1, 2, and 3 by using the deaths of the 3-year period
1939-1941 and employing an approximate integration
formula to evaluate the integral. In the case of ages
2 and 3, the formula uscd for this purpose was the
symmetrical formula: -

L 'Kaprdt= gy (— Kort 13K+ 13Ko1— Kono)

which is obtained by fitting & third degree polynomial
to four consecutive integral values of K,. When this
expression is substituted in formula (39), the latter
reduces to:

1 Dr—l_Dz+l

f=g— 24D,

This formula was not considered suitable for age 1
because of the very large difference between K, and K;,
and ,accordingly the following unsymmetrical formula
was derived by fitting a third degree polynomial to the
values of K¢, K;, K;, and Ky

f KH,g dt=m(_ 64KY"+ 165K1 + 84K2'—' 5K5)

" The values so obtained are shown in table BF.

TasLe BF.—EsTIMATED SEPARATION FACTORS FOR AGES 1,
2, AND 3, OBTAINED BY APPROXIMATE INTEGRATION:
UNITED STATEB 1939-1941

SEPARATION FACTORS OBTAINED BY APPROXIMATE
INTEGRATION
Separation
AGE factors j
.used by White Negro Other races
Glover . _
Male | Female | Male | Female | Male | Female
) S 0.410 0. 399 0.404 0.387 0.302 | - 0.415 0. 406
S, .470 . 450 .446 .431 .434 .428 431
| TS .480 .474 .474 .464 . 470 .448 . 450

In interpreting these results, it must be remembered
that the values which are being compared with Glover’s
values have been obtained by a method which is not
only rough, but is also based on assumptions which are
likely not to be exactly fulfilled. It may be mentioned
also that a moderate change in the values of the
separation factors affects the value of the mortality

- rate only minutely. Therefore, the results obtained are

considered satisfactorily close to Glover’s values, except
perhaps in the numerically unimportant group of

‘““other races,” where the data are too scant.y, in any
case, to yield reliable results.

135
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" B. DERIVATION OF THE SPECIAL EXTENSIONS
OF THE KARUP-KING FORMULA USED FOR
INTERPOLATION OF MORTALITY RATES AT
AGES 5 TO 11 AND 26 TO 31

As explained on pages 125 and 126 of part V, the rates
of mortality in the various life tables were interpolated
by Jenkins’ modified fifth difference interpolation formu-
la at ages 32 and over, and by the Karup-King formula
at ages 12 to 27, while the rates for ages 0 to 4 werc
calculated directly from detailed statistics for the
individual years of age. The rates for ages 5 to 11 were
interpolated from a special third degree curve deter-
mined so as to reproduce the calculated rates of mor-
tality at ages 4, 7, and 12, and to have the same first
derivative at age 12 as the Karup-King curve used for
interpolation in the age interval 12 to 17. Similarly,
the rates for ages 28 to 31 were interpolated from a
special third degree curve determined so as to have the
same ordinate and the same first derivative at age 27
as the Karup-King curve used for interpolation in the
age interval 22 to 27, and the same ordinate and first
derivative at age 32 as the Jenkins curve employed in
the interval 32 to 37. By a suitable artificial extension
of the series of pivotal rates.of mortality, it was possible
to simplify the numerical work by regarding these two
special third degree curves as merely continuations of
the interpolation by the Karup-King formula. It is the
purpose of this. section to explain how these artificial
extensions were arrived at.

If the Karup-King formula (formula (35), p. 126)
were to be used in the regular way in the age interval
7 to 12, the formula would be:"

s s*(s—5 2(t—5
l]7+x=BQ1+ (250 ) 2Q7+5 12+ (250 )52%2 (40)

where s=5—1, and the requirements as to reproduction
of the calculated values of ¢; and ¢, and equality of the
derivatives at age 12 would be automatically satisfied,
no matter what value of 8°¢; is used. Therefore, it is
proposed to use instead of the actual value of &°¢; an
artifical value ¢ determined so that the formula will
reproduce the value of ¢,. Setting {=—3 in formula
(40) then gives:

Q= 1 6Q1+ .768¢— .ﬁqlg—_ .28852q13
Solving for e and, at the same’ time, substituting
S fia=q11—2q12+-¢; gives:

(125¢,— 164 g7+ 3¢1a+364¢17) 41)

“'96
Formula (40), with 8%, replaced by a value of ¢ com-
puted from formula (41) was used not only in the
mterva.l 7 to 12, but for ages 5 and 6 as well.

In deriving the special formula used between ‘ages
27 and 32, the pivotal rates of mortality will be denoted
by “@Q’ and the interpolated rates (including the
pivotal rates at ages 22 and 27 reproduced by the
Karup-King formula and the adjusted rates obtdined

at the pivotal ages 32, 37, and 42 by Jenkins’ formula)

will be denoted by ‘“‘q.”” The special formula for
interpolation between 27 and 32 can be written in the
Karup-King form:

8 5 25—t
(I27+:=§421+ (350 )52421+5 32— (250 )f (42)

where ¢ denotes an artificial value to be used instead
of 8°¢;;. The conditions as to equality of ordinates
and derivatives at age 27 and equality of ordinates at
age 32 arc automatically satisfied, regardless of the
value of e. Therefore, € will be determined so as to
secure equality of the derivatives at age 32. Differen-
tmtmg formula (42) with respect to ¢ and setting t=>5
gives:

s

In'= ‘%221 'l";‘q.?z"*-%e
Since gar=Qz and

Q2= Qaz——5 Qe
this may be written:
gu' = —%Qm %%Qn —*Iéaa*Qaﬁll—Oe (43)

On the other hand, the Jenkins formula to be used
for interpolation between 32 and 37 may be written as

—%(Qaz Q32>+s(s75:5) (52Qaa'—%54Qaz)+
t(1?*—25)

%(Q"" Q3’>+ 750

Differentiating with respect to ¢ and setting =0 gives:

1
8 Qs — #‘Qsz)

, 1 1 1 1
Qa2 =— 'SQaa - 1—562@*’ + '(ﬁ#Q” + “5-Q37 - 3_062(237 (44)

Equating formulas (43) and (44) and solviﬂg for e
gives:

2 2 1
e=2Qn—4Qx “§5ZQ32+§5‘Q32+2Q31—§52Q37

Upon substituting the expressions in terms of ordinates

for the differences appearing in this formula, it becomes: -

e=%(2sz+ 4Q2-,— 15Q+10Qs—Q\2)

This gives the value of e to be employed in formula (42).

e T, o
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C. METHOD OF COMPUTATION OF THE
ACTUARIAL TABLES FOR WHITE MALES
AND WHITE FEMALES

Modification of the basic life table values for use in the
actuarial tables for white males and white females

In order to secure a high degree of consistency
between the values shown for the various actuarial
functions tabulated, so that the various mathematical
relationships between commutation symbols, annuity
and assurance premiums, etc., would hold as precisely
as possible, the basic life tables were slightly modified
by taking the l.-column as the basic column and deriv-
ing all other values {from it.
of ¢.) as the basic function causes numerous, but slight,
differences between the life tables for white males and

. white females included with the actuarial tables (tables

14 and 25) and those which appear earlier in the
volume (tables 5 and 6). The values of I, are the same
to age 93 for white males and to age 95 for white females.
However, beyond these ages, the I, values in the
actuarial tables are shown to enough decimal places
to have a total of four significant figures, in order
not to impair the smoothness of the actuarial fune-
tions by excessive rounding. Nevertheless, the limit-
ing ages of the original life tables have been retained.
The d, values were obtained by differencing the new 1,
columns, and therefore differ at the old ages from the
ones previously given. The new values of ¢, were ob-
tained by dividing d, by I, in these tables, and therefore
differ slightly from the earlier values in most cases.

Calculation of the force of mortality

Although the force of mortality is not given for the
general life tables in part I, it has been tabulated, for
white males and females, for inclusion with the
actuarial tables, because of its usefulness in various
actuarial approximations. From age 3 to the last
ages shown, u, was obtained by the usual approximate
formula: 2 4

8l —l,+i)27 (a—a—ls42) (45)

The original, unrounded values of I, were used.

This formula is not applicable at ages 0 and 1, and
was considered unsuitable at age 2, where it would
involve l,. Therefore u and u; were calculated by
making use of the !, values at fractional ages under 1,
in each. case fitting fourth degree curves to five con-
secutive (but not equally spaced) values by means of
Waring’s formula.? The resulting equations were:

u.=zl—(—4.74725l%+21.26769l%— 16.50000L,— . 021981, +
1
.00154L,)

$ 8purgeon, E. F., Life Contingencles, third edition, p. 14, Cambridge University
Press, London, 1938.
3 See footnote on p. 111,

The use of [, (instead

U= -ll—(— 3.44881l%+4.33333l1 —.423081,— .520001,+
2

.058561,)

The estimation of the force of mortality at birth
presents peculiar difficulties because of the extremely
rapid decrease in the death rate immediately following
birth. The value has little, if any, practical utility;

however, values of g, have been included for the sake -

of completeness and because of academic interest in
the results. It is believed that this is the first time a
serious attempt has been made to obtain a realistic
value of the force of mortality at the moment of birtl.
However, the result obtained must be regarded only as
a general indication of the magnitude of this quantity,
and in no sense an accurate computation of its value.
Previously published values of u, show a wide varia-
tion as indicated in table BG. Values of the force of
mortality have not appeared in the official publications

“of any country except Australia and Belgium. How—

cver, & value calculated from English Life Table No.

has been published in a text book of the Institute of
Actuaries.* King® obtained a value of u, (based on
data for insured lives) by fitting a Makeham curve to
the values of 1, §;,, and l,. Aside from the curious
assumptions made by him in deriving his Makeham
constants, it is clear that the shape of the I. curve in
the neighborhood of age 0 cannot be correctly repre-
sented without taking into account the incidence of
mortality within the first year of life. King's value
(.15920) is, of course, absurdly low. The Belgian
figures were obtained by merely fitting a fourth degree
polynomial to the values of [; at the integral ages 0 to 4.
This method is open to the same objections as King’s.
Spurgeon’s value for England and Wales was obtained
by the admittedly rough method of taking 365 times
the ratio of the deaths under 1 day of age in the 3 years
1910-1912 to the number of births in the same 3 years.
Spurgeon states that this method “clearly underesti-
mates the true value of the force of mortality at the

moment of birth.” In connection with the Australian -

life tables of '1901-1910, constructed by Mr. C. H.
Wickens, it is stated ® that these values were obtained
from a graduation of the rates of mortality at ages 0 to 4

by Makeham’s second modification of Gompertz’s

formula. The method appears to have been similar
to "‘King’s. -In the report concerning the Australian
life tables of 1920-1922, it is stated 7 that ‘“u, for age 0
for each sex was determined from special data available
for deaths during the first week of life.”” The statement

¢ Spurgeon, op. cit., p. 397 and 308.

8 King, Qeorge, Insiitute of Actuaries’ Text Book of the Principles of Interest, Life
Annuities, and Assurances, and Their Practical Application, Part 11, Life Contin-
gencies, second edition, pp. 103-104, Charles and Edwin Layton, London, 1902.

¢ Australia Census Bureau, Census of the Commonwealth of Australia, Srd April,
1911, v0l. I, Statisticians Report, p. 325, McCarron, Bird and Co., Melbourne, 1917,

7 Australla Commonwealth Bureau of Census and Statistics, Census of the Com-
monwealth. of Australia, ith April, 16821, vol. 11, p. 320, Government Printer,
Melbourne, 1927.
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is not accompanied by any such qualification as that
given by Spurgeon, although the similarity in the results
suggests that o similar method was used. In the ac-
count of methods of construction of tlie most recent
Augtralian life tables,® the method of computation of
the force of mortality at birth is not stated, but it may
be presumed to be similar to that employed in connec-
tion with the 1920-1922 tables.

TasrLe BG.—FoRCE oFr MORTALITY AT THE MOMENT OF BIrTH:

. PuBLisrED VaALUES FOR ENGLAND, AUSTRALIA, AND BELGIUM
ComrARED WiTH REsuLTs OBTAINED FOR WHITES IN THE
UNITED STATES, 1939-1941

VALUE OF po
COUNTRY, DATE, AND CLASS OF POPULATION -
- Male Female
England and Wales (total populatlon) 1910-19121 . . ... 4.70044 | ...
Australia (total population) 1901-19 . 2279 0. 1784
Australia (total population) 1020-1922 ’ . 4. 83547 . 63620
Australia (total population) 1932-1034 ¢. O 4. 83249 3. 74807
Belgium (total population) 1928-1932 ) . . 18554 . 14241
United States, whites, 1939-1941, using S8purgeon’s method b...| 551469 4. 25239
United States, Whlt.es 1939-1941'as shown in tables 14 and 25 7__| 10. 20767 8.06964

1 Spurgeon, op. ¢il., p. 398.
1 Australla’ Census Bureau, Census of the Commonwealth of Australia, 3rd April,
1911, wol. 111, pp. 1215, 1217, MeCarron, Bird & Co., Melbourne, 1914.
* "1 A ustralia’ Commonwealth Bureau of Oensus and Statistics, Census of the Com-
monwealth of Australia, 4th April, 1921, vol. 11, pp. 1838, 1840, Government Printer,
Melbourne, 1925.
¢ Australla Commonwealth Duresu of Censns and Statistics, Census of the Com-
monwealth of Ausiralia, 30th June, 1933, Australian Life Tabies, 193¢-1884, pp. 6, 65,
Government Printer, Canberra, 1037,
8 Office Central de Statisthue Recensement Général de la Population, au 31 Dtccmbra
1980, tome VII, Tables de Mortalité de la Populalto'n Belge, 10281932, pp. 57, 59
¢ For method of calculation, see text, p. 137.
7 See pp. 58, 69 of this volume: for method of calculation, see p. 138,

It seems highly prebable that mortality is heavier
in the earlier than in the later part of the first day of
life, and that Spurgeon’s method considerably under-
estimates the true value. The values for p, shown in

tables 14 and 25 were obtained by fitting a Gompertz
curve to the I, values at birth and at the ages of 1 day

and 2

(where h=365), in the Gompertz formula:

Ly=kg* -

(46)

and equating to the corresponding I; values gives three
equations which can be solved for k, g, and ¢. Taking
the logarithm of the expression (46) and differentiating
gives:

P=— 3 (log,, I)=—c"log, c loge g

Therefore,
uo=—log, ¢ log, g

Calculation of commutation columns and net premiums

The commutation functions C, and D, were obtained
by the usual ¢lementary formulas:

D.=v"l,
C,=v*+d,
8 Australia Commonwealth Bureau of Census and Statistics, Official Year Book of

the Commonwealth of Au:lra"a, No. 29, pp. 928-9042, Government Printer, Canberra,
1936,

days. -Taking z=0, Ilz’ and h’ respectively '

r'.: ‘ . . gaﬁ";_
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They were checked by the relation: ‘
0:: =vD z— D. z41

The functions N, and S;, M, and R, were obtained by
successive accumulation of the values of D, and C,,

respectively. These were checked by the corresponding
relations: .
M, z= vN, z N, z+1
R = ?)S z— S z4-1

The functions a,, 4,, and P, were obtained directly
from the commutation columns, and checked by the

relations: .
A,=1—d(1-|—(t,) N -

A4,
1+4-a.

P,=

The values of C, and D, were obtained to five signifi-
cant figures throughout.
tion values obtained by summation, the number of
decimal places retained in each case was the smallest
number contained in any one of the figures included in
the sum.

D. PROCEDURE USED IN CARRYING OUT THE
MAKEHAM GRADUATION OF THE LIFE
TABLE FOR TOTAL WHITES

General considerations

It has already been stated ® that an important reason
for preparing a makehamized mortality tablefor the total
white population rather than for the separate sexes was
the fact that certain techmical difficulties were en-
countered in attempting to graduate the white male
and female data separately by Makeham’s law. It is
well known ® that with distinct tables for males and
females, the law of uniform seniority does not hold in
connection with annuities involving combinations

of male and female lives unless the Makeham constant

¢ has the same value in both the male and female tables..
Expenmenta.l calculations indicated that this could not
be done without marked distortion of the rates of
mortality as previously calculated for the separate sexes.

Method of graduation employed

In the belief that the makehamized table would
find its chief use in the calculation of life annuity
values, the graduation was performed with the specific

In the case of the commuta-

aim of reproducing as closely as possible the values -

of whole life annuities as calculated from the life table
already prepared for the total white population. For
convenience, the latter table will be referred to in
the following djscussion as the “original” table. As it

was planned to publish life annuity values at rates
of interest ranging from 2 to 4 percent, the actual fitting .

? S8eo p. 84,
10 See Transactions of the Faeulty of Actuaries (Sootland), vol. 3, p. 206.

e

~

e

a&‘.

£ Y<‘
LR lﬂ" =




COMPUTATION OF ACTUARIAL TABLES

was carried out by the use of annuities calculated at
the intermediate rate of 3 percent, in order to secure the
closest over-all agreement for the séveral interest rates
tabulated.

The method employed in determining the Makeham
constants is that suggested by Henderson.!' In this
method, a preliminary graduation is first made, using
approximate values of the Makeham constants, and
life annuity values are computed on the basis of the
preliminary graduation. Next, the differential calculus
is employed to estimate closely the effect on the an-
nuity values of small changes in the values of the con-
stants; and finally, the method of least squares is used
to determine precisely the small adjustments to be
made in the values of the constants, in order to repro-
duce most closely the annuity values based on the
" original table.

Preliminary graduation

Under Makeham’s law, the force of mortality g, is
given by the equation:
p,=A+Bc*=A+ Be** 47)

where A, B, and ¢ are constants to be determined, and

A=log.c. This leads to the further equation: 2
l,=ks*g”" (48)
where s—e™4, g—e¢ 2% and k is a further constant

depending on the radix of the life table.
a life table which follows Makeham'’s law,

Therefore, in

Kz410— Krys =t
HBzy5— B2

In making the preliminary graduation, ¢® was calculated
by this formula for 7= 30, 35, 40, . , 80, using values
of u, calculated from the original table by formula (45);
and the arithmetic average of the 11 values so obtained
was taken as the preliminary value of ¢®. The values of
g and s were then determined by fitting the curveto the
values of Ly, Iy, and Ly, as given by the original table.

The values of the constants so obtained were: ¢
¢=1.091889
A=.08790888

log, g=—.0004974

logye = —.0004566
A=.0010514
B=.0001007

Final determination of the Makeham constants

Using accented symbols to denote values based on the

preliminary graduation, and unaccented symbols to
1 Henderson, Robert, Mathematical Theory of Graduation (Actuarial Studies No. §),

second edition, pp. 97-99, Actuarial Society of America, New York, 1938.
12 For the derivation of this formula, see Spurgeon, op. cit., pp. 191-192.
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denote those based on the final graduation, and writihg

A=A'+h, logB=log,B'+ N, \=N+1  (49)
gives: o
=A+Be*=A'+h+tBed +h@th
so that, approximately
Gt od,’  .oa,’ ot -
d.=da;’+h A'+ DI +l a)\r (‘)0)

Continuous annuifies have been employed in this

expression because of the difficulty of obtaining ex-

pressions for the partial derivatives of annual annuities.
From the relations:

d::fmvt 1p¢ dt
0 .

t
—j:) Hyprdr

Pi=¢€
it follows that }
o L
o —(A+8—B[ e temdr
d£=f e J;
0
whence )
g‘Z 99_==_J; ' pdt=— (1), (61)

where (Id), denotes the present value of a continuous
increasing life annuity in which the payment at exact
time ¢, if the annuitant is then alive, is tdf. An approxi-
mate formula for (I@), is obtained from the approxi-
mate relation: '

1. 1
(i,=l1,¢+ Q_E(#z'l'a)

upon differentiating with xespect to &.

First, it may
be noted that '

—j—av‘ =%e“‘—= —te~H¥=—Nt.
Since ' -
ax=i v* P, it follows that %%’= —i 1w p,=—(la),
t=1 - =1
Therefore,
~ ba, . ,
(18),=—~=57=(la), +1,, (53)
approximately. The other partial derivatives are given

by the equations:®® -

. %Ii'z=dz(ﬂz+5)—l

and

(54)

ba, (55)

~(a- )g_;‘z4<A+s> (Ia).—d,

12 Spurgeon op. cit., pp. 133, 16; Rietz, H. L., Crathorne, A.R., and Rietz, J. Chas,,
Mathematica of Finance, second edmon p. 31, Henry Holt and Co., New York, 193¢

14 Spyrgeon, op. cil., p. 133.

18 Spurgeon, op. cit., p. 134; Henderson, op. cil., . 99,



140
Values of p, and I, (based on an arbitrary radix) were
calculated from the constants obtained in the prelim-
inary graduation, and, from the latter, values of a.
and (Ia), were computed. These results were used in
calculating the values of the partial derivatives by
cquations (51) to (55); and A, 7, and I were then deter-
mined by the method of moments (equivalent in this
case to the method of least squares). As the sole
purpose of the graduation was to reproduce as closely
as possible the annuity values based on the original
" table, it was decided to assign equal weight. to all the
individual ages. Under these conditions, the method
of moments was most easily carried out by means of a
process of successive accumulation applied to the terms
of equation (37), the equations for the determination
of h, 7, and ! being:

g

2 e =h3y St et T
ba, baz bar

e =g o A,+é +ip o

330 —a)=hg 2 i3 3y

where the double accent denotes values based on the
original table, and where:

TH@=22/C)
and

g;fm =33

Some study was given to the question of the exact
range of ages to be employed in the determination of
h, 7, and [, the ultimate decision being in favor of the
ages 10 to 80, inclusive. Although the Makeham curve
was not actually used down to age 10, it was found that
the use of values for this and subsequent ages in the
fitting facilitated obtaining a smooth junction with
the values from the original table, which were to be
used for the ages under 10. A close fit at the ages above
80 was not considered important, and it was found that
it could be secured only at the cost of accepting much
less satisfactory agreement at the younger ages. The
resulting adjusted - values of the constants, obtained
"by substituting in equations (49) were:

¢=1.0924931
A=.08846246
logi g=—.000474834
logi s= —.000461004
A=.0010615
B=.00009672

Junction with original values at very young ages

From about age 90 down to about age 17, the final
Makeham graduation provides a close fit to the original
table, but between ages 10 and 17 the Makeham curve
produces rates of mortality which are much too high.

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES

Accordingly, it .was decided to use the Makeham for-
mula only at ages 17 and over. It was desired to retain
the mortality rates from the original table from birth
to age 10, in order to preserve the minimum in the rate -
of mortality which occurs at age 10. 1t was also desired -
to have the values of whole life annuities under the
original table exactly reproduced at ages 11 and under.
This was accomplished by the following process. First,
blended annuity values were obtained for ages 12 to
16 by the formula:

a,=gle—11)au+ (17—2)u0]

where a, denotes the blended annuity value; a.°, the
value according to the original table; and a.,¥, the valuc
according to the Makeham curve. The blended values
were taken as the final graduated annuity values, and
rates of mortality at ages 11 to 16 were obtamed by
the formula:

(1+4)a,

Q:=1_ 1+az+l

Completion of the mortality table

In order to secure the consistency among the various
actuarial functions which results from regarding I, as
the basic function of the mortality table, and yet retain
the full smoothness of the Makeham graduation, the
radix of the table was taken as 1,000,000 rather than
100,000. The values of I, up to and including age 11
were those calculated for the original table, but retain-
ing one significant figure in additien to those shown in
table 4. From age 11 to age 17, inclusive, the values
of I, were computed by the:formulas (37), employing
the values of ¢, obtained from the blended annuity
values, as described above. The value of /;; determined
in this manner was then equated to the Makeham
formula (48) in order to determine the constant k.
The values of I, at all the remaining ages were then
calculated from this formula. All values were rounded
to “the nearest integer, except that at the older ages,
sufficient decimal places were retained, for the sake of

‘smoothness, to have six significant figures in all cases.

The table was terminated at the point where I, first
became 0 to the nearest integer on the conventional
100,000 radix: that is, when it became less than 5, on
the basis of the radix of 1,000,000 actually used.
The values of d,, p;, and ¢, were obtained from'the
l; column in the conventional manner. From birth to
age 16, pu, was calculated by the same formulas'
which were used in the case of white males and white
females. At ages 17 and over, it was calculated in
accordance with Makeham’s law by formula (47).

Tests of the graduation

A graduation by means of a mathematical formula
such as Makeham’s law, of course, does not need to be
tested for smoothness. As the graduation was specif-

18See p. 137,
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ically- designed to reproduce life annuity values as
closely as possible, the most obvious test of the “fit”
of the graduation is a comparison of annuity values
based on the original-and makehamized tables. This
comparison is made in tables BH and BJ for both whole
life and temporary life annuities at selected ages, with
interest at 2, 3, and 4 percent. Up to age 80, the
agreement is seen to be extremely close. Table BH also
compares the rates of mortality under the two tables.
A further comparison showing joint life annuity values
on both tables for selected combinations of ages at 3
percent interest is given in table BK.

In table BL, the expected deaths according to the
makehamized table are compared with the reported
deaths. As the fit is much less close than in the case
of the life tables graduated by osculatory interpolation,
the precisc method to be used in calculating the ex-
pected deaths was not a matter of great moment.
Accordingly, the simplest method was chosen: that of
computing an average value of m, for each 5-year age
group, by formula (36),” and applying it to three times
the estimated July 1, 1940, population in the age group.

17 8ee 0. 127,
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In view of the rigid character of the Makcham curve,
.it is to be expected that the differences would be much
greater than in the other cases where the more flexible
osculatory method was used, and table BL shows this
to be the case. However, between ages 25 and 90, the
difference never exceeds 3 percent of the reported deaths
except by a very small margin in the age group 35 to 39»
The expected deaths afe deficient by more than 9
percent at ages 20 to 24, and are in excess by more than
11 percent at ages 10 to 14. At ages 11 to 14, in particu-
lar, the rates of mortality in the makehamized table are
much too high. However, these discrepancies would
“have little effect on the valies of life annuities, even
temporary annuities at young ages, because the actual
level of mortality at the ages concerned is very low.
The only common financial functions which would be
seriously affected are premiums and values for short
term assurances at young ages, and there would be little
occasion to use this table for such calculations. All
things considered, it is believed to be a highly satisfac-
tory table for the purpose it was mainly intended to
serve: that of approximating the values of single and
joint life annuities by the original table.

TasLE BH.—COMPARISON OF RATES OF MORTALITY AND VALUES oF IMMEDIATE WHoOLE LIFE ANNUITIES BY ORIGINAL AND MAKE-
AAMIZED MORTALITY TaBLEs: Toral WHITES IN THE UNITED StaTES, 1939-1941

PRESENT VALUE OF IMMEDIATE WHOLE LIFE ANNUITY (a.)
RATE OF MORTALITY
1,000 ¢
AGE Interest at 2 percent Interest at 3 percent Interest at 4 percent
(2) -
-
Original Makehamized Original Makehamized Orlginal Makehamized Original Makehamized
table table table table table table table table
0 e e e e ceeace s 43.15 43.15 34.2881 | « 34. 2889 26. 7047 26. 7047 21. 5432 21. 5428
1.24 1.24 34. 7444 34, 7452 27.3545 27.3545 22, 2342 22, 2336
.85 185 33, 3438 33. 3451 286. 5553 26. 5553 21. 7637 21. 7630
1.20 1.30 31,7710 31. 7888 25. 6078 25. 6216 21,1747 21. 1852
1.78 1.85 30.1115 30.1372 24. 5754 24. 5966 20. 5151 20. 5323
25 to.12 1.08 28. 3457 28. 3470 23. 4380 23. 4392 19. 7648 19 7664
- 2.49 2.49 26. 4200 26. 4109 22.1427 22.1352 18. 8750 18, 8695
3.20 3.20 24,3388 24,3340 20. 6834 20. 6798 17,8345 17. 8306
4,41 4.53 22,1207 22.1288 19. 0674 19. 0744 16. 6363 16. 6429
0. 46 6. 46 19. 7977 19.8174 17.3112 17.3205 15. 2905 15. 3070
9.64 ‘ 9.45 17. 4190 17. 4333 15. 4517 15, 4660 13.8162 13. 8333
14.43 14.08 15. 0288 15.0219 13. 5226 13. 5186 12. 2476 12. 2451
21.40 21.25 12. 6741 12. 6398 11. 5648 11. 5350 10. 6060 10. 5800
3. 64 32.30 10. 3861 10. 35168 9. 6057 9. 5745 8.9182 8. 8897
48. 39 49.26 8.2190 8.2234 7.6983 7.7029 7.3811 | 7.2357
75.83 75.06 |- 6. 2870 6. 3151 5.9560 5.9845 5. 6542 5. 6827
115.909 113,82 4, 6845 4.6713 4. 4817 4.4730 4. 2041 4. 2891
171.09 170. 94 3. 4257 3.3147 3. 3030 3.2026 3.1809 3.0071
238. 74 252. 61 2. 5009 2. 2437 2.4273 2.1840 2:3575 2,1273
312.88 363. 1. 8461 1.4355 1. 8003 1. 4057 1. 7566 1.3770
388.11 505. 256 1.3824 . 8486 1.3532 . 8349 1.3252 . 8216

746605 O - 47 - 10
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\
TasLE BJ.——CoMPARISON OF VALUES OF TEMPORARY IMMEDIATE LIFE ANNUITIES BY ORIGINAL AND MAKEHAMIZED MORTALITY
TaBLEs: ToraL WHITES IN THE UNITED STATEsS, 1939-1941

INTEREST AT 2 PERCENT

INTEREST AT 3 PERCENT

INTEREST AT 4 PERCENT

s
AGE (z)
Original Makehamized Original Makehamized Original Makehamized
table table table tahle table table
- VALUE OF TEMPORARY IMMEDIATE LIPE ANNUITY FOR 10 YEARS (4.: igl)
8. 5134 8. 5134 8. 0850 8. 0856 7.6801 7. 6801
8.9332 8.0205 8. 4843 8. 4806 8. 0679 8. 0846
8.8874 8, 8045 8. 4412 8.4479 8.0277 8. 0339
8. 8442 8.8417 8. 4010 8. 3087 7. 9801 7.9879
8.7183 8.-7157 8. 2837 8. 2811 7. 8802 7.8781
8. 4085 8. 4208 7.9044 8. 0059 7.8101 7. 6200
7.7744 7.7633 7. 4021 7.3017 7.0560 7.0485
6. 4527 6.4508 6. 1655 6. 1632 5.8078 6. 8953
4, 3577 4, 3825 4. 1840 4. 2180 4.0404 4. 0636
2.4719 2.2358 2:4016 2.1769 2.3347 2.1200

VALUE OF TEMPORARY IMMEDIATE LIPE ANNUITY FOR 20 YEARS (a.: /)

15. 4188 15.4158
16. 1380 16, 1353
15.9922 16. 0060
15,7713 | . 15.7616
15. 1879 15. 1046
1329357 13. 9562
11.6212 11. 5888

8. 0958 8.1130

4. 6807 4, 6703

14,0343 14,0317
14,6913 14. 6886
14, 5626 14. 5752
14.3710 14,3623
13. 8630 13. 8682
12.7675 12,7864
10. 7360 10..7069

7. 5999 7. 6151

4, 4787 4.4721

12,8249 12.8228
13.4272 13. 4245
13.3136 13. 3248
13. 1464 13,1388
12.7021 12,7067
11. 7410 11. 7585
9. 9514 9. 9255
7. 1524 7.1852
4. 2017 4. 2884

[ )
TaBLE BK.—CoMPARISON OF VALUES OF IMMEDIATE WHOLE L1FE ANNUITIES ON Two JOINT L1VvES, BY ORIGINAL AND MAREHRAMIZED
MowrTaLiTY TABLES: ToTAL WHITES IN THE UNITED STATES, 1939-1941, INTEREST AT 3 PERCENT

AQE OF YOUNGER LIFE

AGE OF OLDER 10 20 30 40
LIFE
Original Makehamized Original Makehamized Original Makehamized Original Makehamized Original Makehamized
table table table table table table table table table table
[ T 23.9240 X

24,1577 3 . 24,6107 .o .. JE

22. 6244 22. 6431 23. 2560 23. 2789 22, 2554 22, 204 O

20. 6645 20. 5563 21. 2077 21. 2806 20. 6410 20. 6526 19, 4834 10.4714 ...

17. 8244 17. 8300 18. 5556 18. 5609 18.1711 18.1939 17. 4670 17. 4692 16. 0579 16.0714

14, 5186, 14. 5309 15, 1644 15.1764 14, 9581 14. 9846 14, 5035 14. 6030 13. 7701 13. 7908

10. 8107 10. 8820 11. 4205 11. 3895 11. 3169 11 2079 11. 1567 11,1247 10. 7547 10. 7322
7. 2874 7.2015 7. 6381 7.6409 7. 5005 7.6020 7. 5318 7. 5350 7.3716 7.3773
4. 2545 4. 2466 4. 4609 4. 4510 4. 4417 4.4377 4,4232 4. 4181 4. 3604 4. 3644
2. 3086 2.0792 24203 2.1784 2.4130 2.1745 2, 4071 2. 1687 2. 3898 2.1549

AGE OF YOUNGER LIFE B
AGE OF OLDER 50 60 0 80 90
LIFE
Original Makehamized Original Makehamized Original Makehamized Original Makehamized Original Makehamized
table table iable iable table table table . ~ table, table table

12. 2387 ’ 12. 2674
9.9212 9.9124
7. 0082 7.0248 3 5 3
4. 2301 4, 2426 3.9739 3.9753 3. 4360 .
2. 3454 2.1218 2. 2518 2.0439 2. 0487 1. 8760 1. 6575 1. 5634 1.172y 1. 0593

v

‘h‘
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TaBLE BL.—CoMrarisoN oF REPORTED DEATHS AND EXPECTED
DeaTHs ON THE Basis OF THE MAKEHAMIZED MORTALITY
TaBLE: ToTAL -WHITEs IN THE UNITED STATES, 1939-1941

- EXCESS OF EXPECTED
OVER REPORTED
Expected DEATHS

deaths

28,712
31, 647
48, 544
55, 236
64,736 | .___..... 1,901

77,3156
95, 855
125,718
171,217
224, 004

275,463
339,033
412, 691
434, 563
303, 201
313,053

168, 572
61,200

19, 598

. 3,341,307

Total 5 and over______.
Total of absolute values
Net total y
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Calculation of other tables derived from the make-
hamized mortality table

The values of the Makeham constants and their
logarithms (given in table 36) were either obtained in
the process of graduation or followed readily from values
so obtained. Values in the table of uniform seniority
(table 37) were calculated by the formula:
_log (14-¢*"")—log 2
- loge’

w—x

where y—z denotes the difference between the ages of
the two lives and w—z denotes the addition to the
younger age. :

The annuity values shown in tables 39 to 42 were
obtained by division from values of D, and N;, D, and
N,,, ete., calculated for that purpose. The “D’s” were
obtained by successive multiplication by [I;: thus
D,=vl,, .D,,=D], D,,=D.l, and so on.. The
“N’s” were obtained by summing the “ID’s.” Enough
significant figures were retained in both “I’s” and
“N’s” to obtain annuity values correct to four decimal
places. .

1 Spurgeon, op. cif., p. 258,

~
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