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Strange that a harp of thousand strings 
Should keep in tune so long! 

ISAAC WATrS, H y m n s  and Spiri tual  Songs 

L INTRODUCTION 

F 
OIA.OWr~G along the trail blazed by Messrs. Jenkins and Lew, I the 
purpose of this paper is to present actuarial tools, based upon 
group annuity mortality experience, with which the actuary con- 

cerned with pension problems may shape or test the mortality basis which, 
in his judgment, is appropriate to such problems. It  is evident that such 
aids are needed. Jenkins and Lew did not attempt to deal exhaustively 
with group annuity or pension problems. As indicated by Table 27 * of their 
paper, group annuity retired life mortality experience has definitely dif- 
ferent characteristics from the individual annuity experience on which the 
Jenkins and Lew studies for the older ages were based. 

The Combined Annuity Mortality Table 8 (originally called the Group 
Annuity Mortality Table) and the 1937 Standard Annuity Table were 
both constructed with an eye to group annuity requirements. In both 
cases, the then most recent group life clerical experience* was used for the 
younger ages (generally below 60) and individual annuity experience for 
the older ages. Although the use of individual annuity experience for the 
older ages did provide margins in that area, at the younger ages no basic 
safety margin was introduced and no provision was made for mortality 
improvement (even though Mr. Kineke 5 acknowledged the "recent im- 
provement in mortality at the younger ages"). The only margin at the 
younger ages was that which was implicitly provided by the inclusion of 
female lives in the group life experience and that which may have been 
provided by the use of clerical experience. Due to continued mortality 
improvement at the younger ages, both of these tables, so far as mortality 
at such ages is concerned, were out of date shortly after coming into gen- 

x TSA I, 369. 

2 TSA I, 438-441. * TASA  X X I X ,  118-124. 
• Cammack's Clerical Mortality Table (1923-26 group life clerical experience) for 

the Combined Annuity Table, and the 1932-36 group life clerical experience for the 
1937 Standard Annuity Table. 

s TASA XXXIX, 8. 
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eral use. In the light of the present day consciousness of the necessity of 
providing for mortality improvement at most ages, it was rather startling 
to the writer, as a "Monday  morning quarterback," to reread the account 
of the construction of these tables. 

The mortality table which Mr. Blagden 6 presented recently for group 
annuity purposes uses the mortality rates at ages under 60 from the An- 
nuity Table for 1949 presented by Messrs. Jenkins and Lew. As the latter 
stated, this table "is intended to be a conservative representation of cur- 
rent mortality under the kinds of annuities comprising the basic data of 
the table. The conservatism involved in this table was not designed to 
cover probable future decreases in mortality rates and is insufficient to do 
so for most types of annuity." It will be recalled that the basic experience 
at ages under 55 is the "predominantly clerical" group annuity experience. 
Therefore, in using the Prudential 1950 Group Annuity Valuation Table 
the only provision for mortality improvement at ages under 55 is that 
available in the basic safety margin and in whatever margin is introduced 
by the use of "predominantly clerical" experience for nonclerical employee 
categories. At the older ages, this table does have margins over current 
experience as the mortality rates are roughly equivalent to the 1937 
Standard Annuity Table with ages set back one year. Mr. Blagden 7 has 
acknowledged that the use of this table "is to some extent a stop-gap 
measure." 

The actuarial tools to be presented in this paper consist of (1) an 
unprojected mortality table representing conservatively the current level 
of group annuity mortality experience, and (2) a study of two alternative 
scales of mortality improvement rates associated with the unprojected 
table. 

The unprojected table would, for mortality rates continuing indefinitely 
at the present level, provide an adequate mortality basis for premiums and 
reserves for deferred annuities beginning at a fixed retirement age (and for 
immediate annuities provided at the inception of a plan or as supplements 
at retirement) with respect to a typical group of employed persons where 
all continue in the group until death including those becoming disabled 
after entering employment. With static mortality rates, the basic safety 
margin in the table would suffice to cover a reasonable range of variation 
in the inherent level of mortality of different groups. 

In practice, the actuary must use his judgment as to the appropriate- 
ness of the table where different kinds of selective influences or situations 
may alter the mortality experience---for example: 

e TSA II, 322. 7 TSA II, 330. 
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i) Selection of annuitants at retirement by the employer. 
ii) Options available to the employee to elect freely at retirement a cash settle- 

ment of the entire annuity reserve or annuity forms involving the conver- 
sion of a substantial part of the annuity on the life of the employee to some 
form of death benefit. 
(In the case of the foregoing situations, the actuary should be prepared for 
mortality experience similar to that under individual annuities or life in- 
come settlement options elected by beneficiaries.) 

iii) Annuities purchased at a fixed retirement age excluding those retired for 
disability prior to such age. 

iv) Annuities purchased at retirement under a plan with a variable retirement 
age, disabled lives being covered at normal retirement age. Here the better 
lives may be expected to continue working to later retirement ages. 

v) A situation such as (iv) but with disabled lives not covered by annuity 
purchase. 

The actuary may also occasionally encounter a group which he believes 
will have an inherently lower or higher level of mortality than that pro- 
vided by the range covered by this table. 

In general, the writer hopes that this paper will be of value in helping 
the actuary select a mortality basis for group annuities and pensions 
which is entirely self-sufl~cient, thus making it unnecessary to rely upon 
an abnormally low interest rate assumption or excessive contingency load- 
ing in premium rates to offset probable deficiencies in mortality assump- 
tions. If this is achieved, reserves will automatically include desired mar- 
gins and more accurate reserves will result, particularly for those deferred 
annuity forms which involve a life contingency only after retirement age. 
Attention is particularly directed to the comparative reserve studies in 
Section IIl .  These studies will enable the actuary to consider whether the 
continued use of the 1937 Standard Annuity Table is appropriate for 
group annuity purposes, to determine whether an interest differential is a 
satisfactory means of allowing for mortality improvement, and to examine 
the adequacy in the future of individual and aggregate reserves computed 
by static mortality tables. 

IL  GROUP AN'NUITY TABLE FOR 1951 

Description of Construction 

The construction of the Group Annuity Table for 1951 (Ga-1951 Table) 
is described in detail in the Appendix, Section A, and may be briefly 
described as follows: 

a) The intercompany group annuity matured life experience for the 
years 1946-19508 with respect to retirements on or after normal retirement 

s TSA 1951 Reports of Mortality and Morbidity Experience, 109. 
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date for each sex by lives was used to derive mortality rates at ages 65 and 
above with an adjustment to allow for mortality after age 65 with respect 
to retirements prior to normal retirement date. 

b) The series of rates for each sex was graduated by a Whittaker-Hen- 
derson Type B formula which minimizes a function such that perfect 
smoothness would be represented by first differences in a geometric series. 

e) The resulting mortality rates were adjusted to allow for three years' 
decrease in mortality according to Jenkins and Lew Projection Scale B and 
at the same time a margin for annuity purposes was introduced by reduc- 
ing the mortality rates for males 10% and for females 12½%. 

d) These rates, which included age 102, were extended by arbitrary 
means so as to reach a value of 1.000 at age 110 for each sex. 

e) To complete the table for ages under 65, the resulting graduated 
mortality rates for ages 65 to 110, inclusive, were joined by a 4th order 
curve to the a-1949 Table rates projected one year by Scale B. 

f )  The entire range of mortality rates so constructed is essentially a 
1951 table. The mortality rates below age 56 are identical with the mor- 
tality rates of the a-1949 Table projected one year. 

Comments Regarding Construction 

Characteristics of a Table to Be Used for Deferred Annuities 

I t  is important to note that in the intercompany matured life experience 
for lives retiring on or after normal retirement date, the lives are under 
observation from normal retirement date whether or not they actually 
retire. For a table that is to be used for deferred annuities of the usual 
form under group annuity contracts, it is vital that experience be taken in 
this manner. The intercompany experience does not include the mortality 
experience with respect to retirements under certain deposit administra- 
tion contracts where, with a variable retirement age, the lives do not come 
under observation until actual retirement. For a table that is to be used 
for deferred annuities, it is also appropriate that some recognition be given 
to the mortality experience after normal retirement date with respect to 
lives retiring before normal date. However, care must be taken in inter- 
preting the experience on early retirements. The early retirement inter- 
company experience showed high mortality rates persisting several years 
beyond 65. Although 65 is the common normal retirement age, some plans 
have a normal retirement age higher than 65, usually 70. Where this is 
the normal retirement age, the "prior to normal" mortality experience 
between 65 and 70 will be influenced by the higher mortality rates among 
these early retirements who will generally be impaired lives and these will 



250 GROUP ANNUITY MORTALITY 

be the only lives that get into thc experience. Furthermore, there is some 
evidence, in the administration of group annuity contracts, that healthy 
lives are removed from the experience upon termination of employment 
within the range of early optional retirement ages (the annuity being can- 
celed with a return to the employer) but that the impaired lives remain 
in the experience by the payment of annuities (the employer being entitled 
to no return). It was felt that these selective influences would have been 
pretty well minimized by age 70. Therefore, it was decided to include all 

TABLE I 

G R A D U A T E D  M O R T A L I T Y  R A T E S  FOR T H E  I N T E R C O M P A N Y  

1946--1950 GROUP A N N U I T Y  M A T U R E D  L I F E  E X P E R I E N C E  

Aoz 

66  . . . . . .  
67 . . . . . .  
68  . . . . . .  

70  . . . . . .  
71 . . . . .  
72 . . . . .  
73 . . . . .  
74 . . . . .  

75 . . . . .  
76 . . . . .  
77 . . . . .  
78 . . . . .  
79 . . . . .  

1,000 qx 

Males  Females  

28.047 16.064 
31.205 17.694 
34,524 19.407 
37.784 21.441 
41.134 23.959 

44.939 27.165 
49.315 31.159 
54.152 35.746 
59.336 4O.754 
64.946 46.128 

70.948 51.795 
77.558 57.790 
85.129 64.225 
93.548 71.093 

102.737 78.382 

'il AoJ-: 

8 0  . . . . .  
81 . . . . .  
82 . . . . .  
83 . . . . .  
84  . . . . .  

85 . . . . .  
86 . . . . .  

87 . . . . . .  I 88 . . . . . .  

91111111 / 
92 . . . . . .  

95. I 

1,000 qz 

Males  Females  

112.432 86,022 
122.430 93.964 
132. 674 102. 221 
143.094 110,809 
153.682 119,822 

164. 399 129,343 
175.312 139.458 
186,527 150.258 
198.135 161. 843 
210.225 174,319 

222. 882 187. 807 
236.172 202. 450 
250.179 218. 399 
265,027 235.818 
280. 850 254. 890 

297,806 275.812 

the experience after age 70 with respect to lives ret ir ing prior to normal 

ret i rement  date. Also, after determining the over-all average change in the 

mor ta l i ty  rates for "on or af ter  normal"  ret irements at  ages 70 and above 

by including the "ea r ly"  re t i rement  experience on and after 70, the "on 
and after no rmal"  rates from 65 to 70 were modified by the same average 

percentage change. 

Comparison of Group Annuity Experience with Other Mortality 
Experience at Ages 65 and Over 
Before deciding on the final form of the Group Annui ty  Table for 1951, 

the morta l i ty  experience at  the older ages from several other available 
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areas of experience was compared with the graduation of the inter- 
company 1946-50 group annuity experience (without margin). For 
convenience of reference, these graduated rates are set down in Table 1. 

In studying the comparisons that follow, it should be remembered that 
the group annuity experience with which comparison is made has been 
adjusted so that the inclusion of both healthy and impaired lives is con- 
templated, i.e., no selective influences are assumed to affect the experience 
either by removal of lives disabled at ages under 60 or 65 or by exclusion 
after 65 of those continuing actively at  work. 

Group Life Insurance. A comparison of the group annuity experience 
with group life insurance experience is made difficult for two reasons, (a) 

TABLE 2 

RATIO OF 1946-50 GROUP LIFE MORTALITY* TO 1946-50 
GROUP ANNUITY MORTALITY 

i CLERICAl. (25% FEMALEs ASSU~) 

Aor i 
G~ouP , Prcmiu m 

...... Waiver 

66-70. .939 

71-75" i t .920 76-80. .833 
81-85. . 6 7 1  

86-90, 1,417 
91-95 . . . . . . . . . .  

Extended 
Instalment 

Death 
Benefit Disability 

1.124 1.012 
• 938 .973 
• 887 .942 
• 984 .993 

1.380 1.148 
2.069 .632 

NONRATED (10% FgMALES ASSUMED) 

Premium 
Waiver 

• 841 
.801 
• 758 
• 723 

1.154 
.814 

Extended 
Death 

Benefit 

• 943 
• 908 
.914 
.977 

1. 238 
1. 239 

Instalment 
Disability 

.998 
• 979 
• 989 
.996 

1.103 
1.278 

* T S A  1951 Reports of Mortali ty and Morbidity Experience, 72 (clerical data furnished by 
Committee). Deaths and exposures for central age pivotal points computed by King's formula. 

the lack of knowledge of the precise proportion of females included in the 
group life experience, and (b) no definite knowledge of the varying effect 
upon the exposures and deaths in the reported experience at the older 
ages of the three different types of disability clauses usually operative 
prior to age 60. After examination of a number of clerical groups, it ap- 
peared that it was reasonable to assume 25% females for the clerical 
category. For the larger aggregate of group life insurance, the so-called 
nonrated, it was assumed there were 10% females. Ten percent was the 
approximate proportion of females in the group annuity experience, which 
comprises a cross section of various types of groups and may not be mate- 
rially different in this respect from the nonrated group life. 

A comparison of the 1946-50 group life mortality with the 1946-50 
group annuity mortality appears in Table 2. Upon comparing the clerical 
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with the nonrated and noting the variation by disability clause, it appears 
that the type of disability clause effective prior to age 60 has a much 
greater influence on the group life insurance mortality pattern at the older 
ages than does occupation. After making reasonable allowance for the 
proportion of females, these figures indicate that  the generally accepted 
lighter mortality experience of clerical groups is spurious and that the 
lighter experience observed with males and females combined is due prin- 
cipally to the large proportion of females. The disability clauses effective 
prior to age 69 all have a selective influence on the experience at the older 
ages by removing impaired lives, although the effect of the extended death 
benefit clause is quite limited. In the published experience, instalment and 
waiver disability claims are treated as terminations upon disability and 

TABLE 3 

RATIO OF 1945-50 CIVIL SERVICE MOR- 
TALITY TO 1946-50 GROUP 

ANNUITY MORTALITY 

Age Group Males FemMes 

66- 70 . . . . . . . .  
71- 75 . . . . . . .  
76- 80 . . . . . . . . .  
81- 85 . . . . . . . .  
86- 9O . . . . . . .  
91- 95 . . . . . . . . .  
96-100 . . . . . . . . .  

1.072 
.961 
• 950 
.961 

1.027 
I. 158 
1.050 

1. 229 
.864 
.875 

1.009 
.977 
.950 
• 947 

thus are not continued in the exposures nor are they counted as deaths 
when death actually occurs. The experience with the premium waiver dis- 
ability benefit for both the clerical and nonrated has a uniquely light mor- 
tality rate after retirement which is difficult to explain. Recognizing that 
our assumption as to the proportion of females is only an approximation, 
this group life experience may be used only as a frame of reference. In that 
light, it appears that our group annuity mortality rates are not excessive 
and, indeed, they are confirmed as reasonable by the more seasoned group 
life insurance experience having the total and permanent disability instal- 
ment clause. 

F e d e r a l  C i v i l  S e r v i c e  R e t i r e m e n t  P l a n .  Table 3 shows the mortality under 
the Federal Civil Service Retirement Plan for the period July 1, 1945 to 
July 1, 1950 ~ expressed as a ratio of the 1946-50 group annuity mortality. 
The civil service experience is only for employees retired for age and thus 

t Courtesy of John K. Dyer and Robert Armstrong of Special Committee on Non- 
Insured Pension Plans• 
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does not include those retired for disability. The mortality up to 75 or 
80 is probably lighter than it would be otherwise because of the exclusion 
of disability retirements. The mortality rates around 65 and 70, however, 
are probably abnormally high because of the exclusion of the better lives 
who continue in active employment. With these factors in mind, the group 
annuity experience appears satisfactorily representative for males but 
there is some evidence that  the group annuity female experience may not 

T A B L E  4 

RATIO OF 1946-49 RAILROAD RE- 
TIREMENT MORTALITY TO 
1946-50 GROUP ANNUITY MOR- 
TALITY 

Age Males 

67 . . . . . . . . . . . . . . . . . . . .  1.210 
72 . . . . . . . . . . . . . . . . . . . .  1.083 
77 . . . . . . . . . . . . . . . . . . . .  1.032 
82 . . . . . . . . . . . . . . . . . . . . .  962 
87 . . . . . . . . . . . . . . . . . . . .  1.021 
92 . . . . . . . . . . . . . . . . . . . .  1.134 

T A B L E  5 

RATIO OF 1946--49 OASI MORTALITY TO 
1946-50 GROUP ANNUITY MORTALITY 

~ ' - ~ A g e  Group Males Females 

6 5 - 6 ~ . . . . . . .  . . . .  , 1.601 1.372 
70--74 . . . . . . . . . . .  1 1 . 1 5 7  .953 
75-79 . . . . . . . . . . .  1.060 .919 
80-84 . . . . . . . . . . . .  867 .663 
85 and over . . . . . . .  994 .816 

be entirely reliable. There were about twice as many female deaths in the 
civil service experience as in the group annuity. 

Railroad Ret irement  P lan .  As published in Mr. Niessen's paper, I° the 
mortality experience for age retirements (excluding disability) for the 
years 1946-49 bears the relationship shown in Table 4 to the 1946-50 
group annuity experience for male lives. The mortality rates for the rail- 
road retirement experience are higher from 65 to 75 because of the tend- 
ency for the better lives to continue actively at work and thus not come 
under observation in the retirement experience. In the 70's and 80's, there 
is a reasonably close correspondence to the group annuity experience. 

tQ T S A  III ,  399. Experience gradua ted  as ment ioned in T S A  III ,  404. 
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O A S I  P r i m a r y  Benef ic iaries .  From the basic data n on which Mr. 
Shudde's paper ~2 was based, the relationship of the 1946-49 mortality ex- 
perience of primary beneficiaries under OASI to the group annuity ex- 
perience has been calculated as shown in Table 5. The effect on this retired 
life mortali ty experience of the continuance in employment of healthy 
lives is very pronounced here in the 60's. (Mr. Shudde showed extremely 
light mortali ty with respect to those over 65 who were not collecting bene- 
fits.) I t  is unknown how much these figures are affected by inaccuracy in 
age reporting or by the lag or lack of reporting deaths. As will be evident 
from comparing the following ratios of the 1941-45 OASI mortali ty to the 
1946-50 group annuity mortality with the ratios shown in Table 5 for the 
1946-49 OASI, there are erratic characteristics in the OASI experience 

Age Group Males Females 

75-79 . . . . . . . . . .  1. 089 .800 
80-84 . . . . . . . . . .  1. 036 1. 048 
85-90 . . . . . . . . . . .  899 . . . . . . . . . .  

which incline one to limit the credibility given to it. In general, our male 
group annuity experience seems reasonable in the light of this OASI ex- 
perience, after allowing for uncertainties in the OASI basic data, but there 

TABLE 6 

RATIO OF 1946-49 ORDINARY IN- 
SURANCE MORTALITY (ULTI- 
MATE) TO 1946--50 GROUP AN- 
NUITY MORTALITY--MALES 

Age Ratio 
67 . . . . . . . . . . . . . . . . . . . .  1.083 
72 . . . . . . . . . . . . . . . . . . . .  1.022 
77 . . . . . . . . . . . . . . . . . . . . .  970 
82 . . . . . . . . . . . . . . . . . . . . .  947 
87 . . . . . . . . . . . . . . . . . . . .  1.001 
92 . . . . . . . . . . . . . . . . . . . . .  999 

may be some reason for being less certain about the complete reliability of 
the group annuity female experience. 

O r d i n a r y  I n s u r a n c e  Exper ience .  The graduation of the intercompany 
1936--49 ultimate ordinary insurance experience ~8 has the relationship 
shown in Table 6 to our 1946--50 group annuity experience. This com- 

11 Courtesy of Mr. Shudde. 
tt TSA III,  201. Is TSA II, 507. 
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parison of the ordinary insurance experience (in which male lives are 
probably greatly predominant) with the group annuity male experience 
shows a close parallel and also encourages confidence in the reliability of 
the group annuity male experience. 

Population Experience. The comparison in Table 7 of the 1948 popula- 
tion experience for white lives with the 1946-50 group annuity experience 
confirms the generally recognized fact that mortality rates in the general 
population are higher than they are with respect to active and former 
workers of the country--a point which is also demonstrated by Mr. 
Shudde's paper. ~4 In order to remain in the active labor force, a better 

TABLE 7 

RATIO OF 1948 WHITE POPULATION 2VIOR- 
TALITY TO 1946-50 GROUP ANNUITY 

~'IORTALITY 

Age Males Females 

67 . . . . . . . . . . . . .  1.257 1.448 
72 . . . . . . . . . . . . .  1.165 1. 267 
77 . . . . . . . . . . . . .  1.100 1.132 
8 2 . . . . . . . . . . . . .  1 " 057 1" 190 

average standard of health is required than that found in the general 
population which includes many in an impaired state of health who have 
been out of the labor force. 

Adjustment of 1946-50 Group Annuity Experience Mortality Rates 
The 1946-50 group annuity experience represents the average experi- 

ence for a composite of groups each of which has its own inherent level of 
mortality. A study of the foregoing comparison of the group annuity ex- 
perience with that from other areas of experience indicates that there is 
some difference in the level of mortality experience, higher or lower than 
the group annuity average. As we follow mortality experience into the 
older ages and make allowance for the selective influences discussed above, 
we observe that there are not large differeuces in the inherent mortality 
level of different areas of experience. In order to provide a basic safety 
margin and to allow for groups that  have an inherently lighter mortality 
experience than the average, it was decided to modify the experience mor- 
tality rates by discounting those for males by 10~ and for females 1 2 ~  o. 
This type of margin provides a percentage adjustment of the annuity 
values (or reserves) which increases with age. This is desirable in view of 

l, Loc. cir. 
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the relative unreliability of our experience at the oldest ages. For ex- 
ample, in the case of the 10% margin, the annuity values (or reserves) are 
increased by approximately the following percentages: 

Age Percentage 
65 . . . . . . . . . . . . . . . . . . . .  4.8% 
70  . . . . . . . . . . . . . . . . . . . .  s . 7  
75 . . . . . . . . . . . . . . . . . . . .  6.7 
8 0  . . . . . . . . . . . . . . . . . . . .  7 . s  
90 . . . . . . . . . . . . . . . . . . . .  9.7 

It is also interesting to note that, since a one-year set forward of the age 
for a wide range of ages in the male experience table represents approxi- 
mately a ten percent increase in mortality rates, an approximation of the 
experience level of rates may be secured from the Group Annuity Table 
for 1951 by advancing the age one year. This age adjustment may be a con- 
venient device to use where one wishes to make a valuation of an ag- 
gregate of many groups using average mortality rates rather than those 
considered safe for the better groups mortalitywise. 

Group Annuity Table for 1951 for Ages under 65 
Comparison of Derived Experience Rates of Group Annuity Table for 1951 

with 1946-50 Group Life Clerical Experience. It will be recalled that both 
the Combined Annuity Table and the 1937 Standard Annuity Table were 
based upon group life clerical experience at the younger ages. Before finally 
deciding to bridge the intercompany group annuity matured life experi- 
ence into the a-1949 Table rates for the younger ages, study was given to 
the practicability of adapting the group life clerical experience in view of 
the much larger volume of data. It was soon evident, however, that the 
lack of a separation of experience by sex and the complications of the dif- 
ferent types of disability clauses made this course not feasible. Before 
deciding finally on using the a-1949 Table at the younger ages, we were 
interested, at least, in attempting a comparison of the recent group life 
clerical experience with the experience rates on which the a-1949 Table 
were based. By the process of adjustment outlined in the Appendix, Sec- 
tion B, we arrived at the relationship shown in Table 8 between the 1946- 
50 group life clerical experience and the derived basic experience rates of 
the Group Annuity Table for 1951 as adapted from the a-1949 Table, i.e., 
the effect of an assumed safety margin of 10% has been eliminated. Be- 
cause of the difficulty of making accurate allowance for the proportion of 
females and for the effect of the disability clauses, this group life experi- 
ence must again be taken only as a frame of reference. With this in mind, 
it appears that the adaptation of group annuity active life experience by 
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Jenkins and Lew for ages under  55 is reasonably confirmed by the group 
life clerical experience. At ages over 40, the impor tant  area for group an- 
nuities, the figures in Table  8 indicate tha t  the Group Annui ty  Table for 
1951 may have a welcome inherent  margin  of conservatism. After s tudy 
of this comparison we were satisfied to use the a-1949 Table as a basis 
for our group annui ty  table for ages about  60 and younger. 

"Ill-healtk Terminations" under Group Annuity Contracts. A study of 
group annui ty  mortal i ty  would be incomplete without some examinat ion 
of the problem of "ill-health terminat ions ."  An explanation of this prob- 
lem appeared in 1948 in the report of the Committee to Prepare Mortal-  

TABLE 8 

RATIO OF 1946--50 GROUP LIFE CLERICAL INSURANCE ,TVIoR- 
TALITY RATES TO DERWED EXPERIENCE ~ORTALITY 

RATES OF THE GROUP ANNUITY TABLE FOR 1951 

Age . 

2 8  . . . . . . . .  i 
33 . . . . . . . .  
3 8  . . . . . . . . .  

43 . . . . . . . . .  
4 8  . . . . . . . . .  

53 . . . . . . . . .  
58 . . . . . . . . .  
6 3  . . . . . . . . .  

(1) 
Premium 
Waiver 

1.008 
1.003 

• 984 
1.090 
l. 167 
1.165 
1.030 
1.114 

(2) 
Extended 

Death 
Benefit  

1.  158 
.961 
•989 

1. 204 
1. 146 
1. 233 
1. 166 
1. 207 

(3) 
Instalment 
Disability 

• 704 
• 898 
• 835 
• 953 
.995 

1.101 
1.142 
1.013 

(4) 

(I), (2) and 
(3) Combined 

• 885 
• 938 
.910 

1.056 
1. 073 
1.154 
1. 138 
1.087 

i ty Studies on Group Annui t ies  16 and is reproduced here for the conven- 
ience of the reader. 

The terminations in ill health are those eases where a surrender value is not 
paid because evidence of good health is not satisfactory to the company and 
where for the following reasons the financial effect on the insurance company 
generally is the same as if the employee had died. In many cases the death of an 
individual is preceded by a more or less prolonged period of illness or disable- 
ment which results in termination of the individual's employment or in pay- 
ment of a disability benefit to him if one is provided for by his employer. If a 
surrender value were allowed to the employer when such eases arise under group 
annuity contracts, mortality experienced by the insurance companies would be 
lighter than the true mortality of the employees covered, which would be to the 
companies' financial disadvantage. To avoid this, the contract usually provides 
a surrender value to the employer on that portion of the annuity which is pur- 
chased by the employer and which does not provide a death benefit, only upon 

TASA XLIX, 203. 
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presentation of satisfactory evidence of the good health of the employee at the 
date his employment is terminated. 

Assuming that the mortality assumption at ages under 60 in the group 
annuity premium structure is satisfactory, the financial benefit which the 
insurance company needs to obtain from the administration of the "ill- 
health" contract provision is measured by the reserves released from the 
extra mortality which would have been experienced had all terminated 
lives remained in the experience, as would be the case where all annuities 
are vested and none are canceled. The fact is that the 1937 Standard An- 
nuity Table, even with an age setback, has overstated actual mortality 
rates at ages under 60 or 55 for some time in the past. Consequently, there 
has been a mortality loss at the younger ages under contracts using this 
table which has had to be met by excess interest earnings, reserves re- 
leased on "ill-health" terminations, and any excess of reserves over pur- 
chase payment returns allowed. The contract provision requiring evi- 
dence of good health of the terminating employee as a condition to the 
payment of a return to the employer is for the general protection of the 
insurance company with respect to its mortality guarantees and, by its 
language, the "ill-health" cases contemplated are not necessarily limited 
to true total and permanent disability cases. From the legal point of view, 
the writer believes that the insurance company is on firm grounds in refus- 
ing to allow a return to the employer where there is evidence that the ex- 
employee (i) is in such physical condition that he will be unable to work for 
an extended period of time or (ii) has a physical impairment, established 
by medical evidence, that definitely decreases his prospective longevity 
but does not necessarily meet the usual test of qualification for total and 
permanent disability benefits under an insurance contract. The financial 
importance of the ill-health terminations in past experience is indicated 
by the fact that, in the male experience, there has been approximately one 
such case to each three deaths and all these ill-health terminations were 
needed to produce an aggregate mortality experience approximating the 
expected by the 1937 Standard Annuity Table (103%). ~e 

Once a mortality table is put  into use which adequately reflects current 
and urospective experience at ages under 60, it is possible that the ill- 
health termination contract provision may be administered more liberally, 
especially at ages under 50. However, the writer would not change the 
contract provision requiring satisfactory evidence of good health but be- 
lieves that it is needed to continue to afford protection to the insurance 
company with respect to its mortality guarantees generally. 

t, 1949 Report of the Committee on Group Mortality and Morbidity, pp. 46-47. 
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Comparison of Selected Mortality Tables with Group A nnuity'Table for 1951 
Table 9 presents a comparison of the mortality rates of certain selected 

annuity tables with the mortality rates of the Group Annuity Table for 
1951, and thus shows how the mortality rates at various ages from these 
different annuity tab]es compare with rates conservatively representing 
current mortality levels under group annuity contracts. 

In Table 10, there is a comparison of deferred and immediate annuity 
values by selected annuity tables with values calculated on the basis of the 
Group Annuity Table for 1951, with a common interest rate of 2½%. 

Group Annuity Table for 1951--2½% 
On pages 262-65, l's, d's and q's, together with D's and N's on the 

2½% interest basis, are shown for the Ga-1951 Table. 

HI. GROUP ANNUITY TABLE; FOR 1951 WITH PROJECTION 

Mortality Decrease Statistics 
As a supplement to the statistics regarding decreases in mortality rates 

presented by Messrs. Jenkins and Lew, the additional data shown in 
Table 11 will be found to be of interest and significance. 

The very substantial decrease in mortality rates for the group life in- 
surance coverage having the waiver of premium disability clause (prior to 
60) may be due in part to a larger proportion of females in the experience 
for the later period taken. 

The railroad retirement experience covered a short interval and is in- 
fluenced materially during the first and second years of retirement by the 
retirement policy or practice in operation for the two periods compared. 
It is fair to conclude, however, that the railroad retirement experience 
does display a general pattern of improvement that is not without sig- 
nificance. 

The improvement in female mortality rates is striking and is consider- 
ably greater than that of males as was observed in the statistics presented 
by Jenkins and Lew. 

The past presents a picture of a steadily increasing divergence of male 
and female mortality rates. In seeking to project the future, should we be 
prepared for this divergence to continue? W. J. Martin, M.D., in a paper 
appearing in the Journal of the Royal Statistical Society, ~7 presents mor- 
tality statistics of England showing this increasing divergence over a 
period of a century. Table 12 presents samples of his data showing the 
ratio of the male death rate to the female death rate. 

t~ "A Comparison of the Trends of Male and Female Mortality," .IRSS, Part III, 
1951. 



T A B L E  9 

RATIO OF T H E  1V~ORTALITY RATES OF SELECTED ANNUITY TABLES TO 

THE MORTALITY RATES OF THE GROUP ANNUITY TABLE FOR 1951 

1937 S'rat, m -  a - 1 9 4 9  
Colal~D,'r~ 1937 Patmr..l,,rr L't X 

ARD ANNUITY TABLE 
AGE ANI, V~T¥ SET STANDARD 1950 GROUP 

SET BACK PROJECTED 
BACK 2 YEARS A.,~qU~TY ~N'NU1TY 

I YEAR ! YZA~ 

Males 

2 0  . . . .  
25 . . . .  
30 . . . .  
35 . . . .  
4 0  . . . .  
45 . . . .  
50 . . . .  
55 . . . .  
6 0  . . . .  

65 . . . .  
70 . . . .  
75 . . . .  
80  . . . .  
85 . . . .  
9 0  . . . .  

95 . . . .  
100 . . . .  
105 . . . .  

2 0  . . . .  

25 . . . .  
30  . . . .  
35 . . . .  
4 0  . . . .  

45 . . . .  
50 . . . .  
55 . . . .  
6 0  . . . .  

65 . . . .  
70 . . . .  
75 . . . .  
8 0  . . . .  

85 . . . .  
9 0 . . ,  
9 5 . . .  

100 . . . .  
105 . . . .  

3 .  I01 
2 .  8 7 6  
2 . 2 9 1  
1 . 9 5 8  
1. 975  
1 . 6 4 8  
l .  362 
1 , 2 6 1  
1. 262 
1 . 1 9 7  
1 . 1 0 4  
1. 029  

.949  
• 941 
• 9 9 4  

1 . 0 5 6  
1 . 0 7 3  

• 979  

2•161  
2 • 0 5 9  
2 . 0 8 4  
2 . 1 7 0  
2. 178 
1 . 7 7 7  
1. 434  
1. 299 
1 .27O 
1 . 1 7 7  
1 . 0 6 2  

•969 
• 874  
• 850  
.883  
. 926  
.991 

1 . 1 3 5  

2• 123 
1. 9 7 4  
1 •954  
2 . 0 1 1  
2 . 0 1 9  
1 . 6 4 7  
1 , 3 3 0  
1 , 2 0 4  
1 . 1 7 8  
1 . 0 9 2  

• 9 8 6  
. 9 0 0  
. 813  
• 7 9 2  

. 8 2 4  

. 8 6 6  

. 9 0 8  
1 . 0 0 9  

1 . 0 1 3  

1 • 0 1 3  
1 •013 
1 •012 
1 • 0 1 3  
1 . 0 1 3  
1 •013 
1 . 0 1 2  
1 . 0 0 7  

• 983 
• 965 
• 896  
.819  
• 803 
.841 
.885  
• 9 5 2  

1 , 1 0 0  

F e m a l e s  

4 .  555 
3 •980 
3 . 2 8 8  
2 . 4 8 4  
2 . 1 5 2  
2 . 1 4 6  
2 •081 
2• 055  
1 . 8 2 0  
1 . 5 6 4  
1 . 3 7 0  
1 . 0 6 0  

• 937 
. 909  
.906  
.888  
.831 
• 731 

3 , 4 0 2  
2 , 6 8 9  
2 , 3 3 3  
2 . 2 2 0  
2 . 2 2 8  
2 . 1 8 5  
2 . 0 7 2  
1 . 9 9 8  
1 . 7 2 9  
1 . 4 5 3  
1. 245 

•942 
.815  
. 776  
.760  
• 734 
.681 
.635  

3 . 3 9 4  
2 . 6 4 2  
2 . 2 3 6  
2 . 0 8 2  
2 . 0 6 5  
2 . 0 2 5  
1 . 9 2 1  

1 , 8 5 3  
1 . 6 0 3  
1 . 3 4 7  
1 . 1 5 5  

• 875  
• 758  
• 7 2 2  

• 707 
. 685  
. 637  
• 582  

1 . 4 4 7  
1 . 2 6 1  
1 . 1 4 8  
1 . 0 8 0  
1 . 0 4 0  
1 • 0 1 6  
1 .181  
1 . 4 1 1  
1 . 3 4 8  
1 . 1 5 2  
1 . 0 4 0  

• 856  
• 755 
• 727 
.718  
.699  
.651 
• 610 

1 , 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 , 0 0 0  

.995 

.934  

.884  

.866  
• 8 5 3  
.911 

1 •039 
1 , 1 8 2  
1 , 2 6 8  
1 . 1 8 9  

1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  

.946  

.902 

.899  

.803  
• 824 
. 930  

1 . 0 7 2  
1 . 1 9 4  
1 .233  
1. 138 

2 6 0  



TABLE 10 

COMPARISON OF ANNUITY VALUES ON MALE LIVES BY SELECTED 

ANNUITY TABLES AND GROUP ANNUITY TABLE FOR 1951 

AoE 

25 

35 

45 

55 

60 

65 

70 

75 

80 

85 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

Value 
Ratio* 

t Ga-1951 
TABtE 

1 

C o m B ~  
Am~a'Y 

SEt BAC~ 
2 Y~ARS 

1937 
STAh~ARD 
Armtnry 

1937 S T ~  I Pa~qDF~;TIAL 
I A ~ , ~ - I  195o 

lrY SEt GRovr 
BAc~ 1 Y~AR[ Am~irY 

Deferred Annuity ~t--=la~ TM at  21% 

3. 334 

4.310 

5.632 

7.681 

2.968 
89.02% 

3,888 
9o.21% 

5.175 
91.89% 

947:~o 

3.025 
90.73% 

3.954 
91.74% 

5.284 
93.82% 

7.415 
96.54% 

3. 210 
96.28% 

4.189 
97.19% 

5.580 
99.08% 

7. 779 
101.28% 

3.488 
104.62% 

4.510 
lo4.64% 

5.895 
104.67% 

8.046 
104.75% 

Immediate Annuity ~ : J  at  2 t% 

I3. 766 

|1.492 

9.343 

7.384 

5.713 

4.451 

13.316 
96.73% 

11.252 
97.91% 

9.295 
99.49% 

7.496 
101.52% 

5.900 
103.27% 

4.533 
101.84% 

13.557 
98.48% 

11.555 
100.55% 

9.649 
lO3.28% 

7.885 
106.78% 

6.303 
110.33% 

4.928 
110.72% 

13.965 
101.45% 

11.950 
103.99% 

10.020 
107.25% 

8- 225 
111.39% 

6.604 
115.6o% 

5.186 
116.51% 

14.212 
103.24% 

12.046 
104.82% 

10.017 
107.21% 

8.185 
110.85% 

6.543 
114.53% 

5.116 
114.94% 

a -1949  
TaB;.E 

3.490 
104.68 % 

4.512 
104.69% 

5. 898 
104.72% 

8. 050 
104.80% 

14.218 
103.28% 

12.038 
104.75% 

9.893 
105.89% 

7.865 
106.51% 

6.034 
105.62% 

4. 465 
lOO.3~% 

* Ratio to value by C-~-1951 Table, expressed as a percentage. 
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x l~ dz D,~ Nz  qz 

5 . . . . .  

6 . . . . .  
7 . . . . .  

8 . . . .  

9 . . . . .  

10 . . . .  
11 . . . . .  
12 . . . . .  
13 . . . .  
14 . . . .  
15 . . . . .  
16 . . . . .  
17 . . . . .  
18 . . . . .  
19 . . . . .  
20 . . . . .  
21 . . . . .  
22 . . . . .  
23 . . . . .  
24 . . . . .  
25 . . . . .  
26 . . . . .  
27 . . . . .  
28 . . . .  
29 . . . .  
30 . . . . .  
31 . . . .  
32 . . . .  
33 . . . . .  
34 . . . .  
35 . . . .  
36 . . . . .  
37 . . . .  
3 8  . . . .  

39 . . . .  
4 0  . . . .  

41 . . . .  
4 2  . . . .  

4 3  . . . .  

4 4  . . . .  

45 . . . .  
46..• 
47. . .  
4 8 . . ,  

4 9 . . ,  

5 0 . . .  

51.. .  
52. . .  
53. . .  
54..• 
5 5 . . .  
5 6 . . .  
57 . • .  

9999.9999 
9994.4099 
9989.2228 
9984.2881 
9979.4857 
9974.7355 
9969.9776 
9965,1322 
9960.1895 
9955.1496 
9950.0028 
9944. 7293 
9939. 3194 
9933. 7534 
9928.0216 
9922.1144 
9916.0024 
9909. 6562 
9903.0564 
9896.1936 
9889.0288 
9881.5329 
9873.6672 
9865.3931 
9856. 6622 
9847. 4462 
9837.6874 
9827. 3185 
9816. 2922 
9804.5323 
9791.9727 
9778. 5185 
9764.0952 
9748. 5996 
9731.9197 
9713.9254 
9694.4975 
9673. 2472 
9649.5477 
9622. 8281 
9592. 5451 
9558. 2038 
9519,3497 
9475. 5702 
9426.4867 
9371. 7471 
9311.0650 
9244.1464 
9170 7664 
9090. 6964 
9003,7621 
8909. 7988 
8808, 7082 

5. 5900 
5.1871 
4. 9347 
4.8024 
4. 7502 
4. 7579 
4. 8454 
4.9427 
5.0399 
5. 1468 
5• 2735 
5.4099 
5. 5660 
5. 7318 
5.9072 
6 1120 
6. 3462 
6. 5998 
6. 8628 
7.1648 
7.4959 
7,8657 
8.2741 
8. 7309 
9.2160 
9. 7588 

10. 3689 
11.0263 
11. 7599 
12.5596 
13.4542 
14.4233 
15.4956 
16.6799 
17,9943 
19.4279 
21. 2503 
23,6995 
26. 7196 
30. 2830 
34  3413 
38. 8541 
4 3  7795 
49.0835 
54. 7396 
60.6821 
66.9186 
73. 3800 
80.0700 
86.9343 
93.9633 

101.0906 
108,3295 

8838. 5428 
8618 1484 
8403. 5859 
8194. 5702 
7990. 8572 
7792. 2474 
7598. 5664 
7409, 6326 
7225. 3245 
7045. 5302 
6870,1343 
6699. 0176 
6532.0716 
6369. 1840 
6210.2527 
6055.1781 
5903. 8519 
5756.1692 
5612. 0347 
5471. 3615 
5334.0491 
5200. 0057 
5069,1381 
4941. 3562 
4816.5689 
4694.6980 
4575. 6541 
4459.3477 
4345. 7018 
4234. 6299 
4126. 0540 
4019. 8875 
3916.0569 
3814. 4800 
3715.0766 
3617. 7633 
3522.4661 
3429.0194 
3337.1886 
3246. 7784 
3157,6203 
3069,5766 
2982. 5354 
2896. 4085 
2811,1269 
2726.6368 
2642.9091 
2559• 9166 
2477. 6546 
2396, 1192 
2315,3221 
2235. 2774 
2156.0155 

290870. 8245 
282032.2817 
273414. 1333 
265010. 5474 
256815,9772 
248825. 1200 
241032.8726 
233434. 3062 
226024 6736 
218799.3491 
211753,8189 
204883. 6846 
198184. 6670 
191652. 5954 
185283.4114 
179073. 1587 
173017. 9806 
167114. 1287 
161357. 9595 
155745. 9248 
150274. 5633 
144940 5142 
139740,5085 
134671. 3704 
129730. 0142 
124913,4453 
120218. 7473 
115643. 0932 
111183,7455 
106838.0437 
102603.4138 
98477.3598 
94457. 4723 
90541. 4154 
86726. 9354 
83011. 8588 
79394. 0955 
75871,6294 
72442. 6100 
69105.4214 
65858. 6430 
62701.0227 
59631.4461 
56648 9107 
53752. 5022 
50941. 3753 
48214. 7385 
45571. 8294 
43011. 9128 
40534. 2582 
38138 1390 
35822. 8169 
33587. 5395 

.000559 

.000519 

.000494 

.000481 

.000476 

.000477 

.000486 
• 000496 
• 00O506 
.000517 
• 000530 
• 000544 
• 000560 
.000577 
.000595 
.000616 
.000640 
.000666 
• 000693 
.000724 
.000758 
.000796 
,000838 
• 00O885 
• 000935 
,000991 
.001054 
.001122 
.001198 
.001281 
.001374 
.001475 
.001587 
.001711 
.001849 
• 002000 
• 002192 
.002450 
,002769 
.003147 
• 003580 
.004065 
.004599 
.005180 
.005807 
.006475 
.007187 
• 007938 
.008731 
,009563 
• 010436 
.011346 
• 012298 
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5 8  . . . . .  

59 . . . . .  
6 0  . . . . .  

61 . . . . .  
62 . . . . .  
6 3  . . . . .  

6 4  . . . . .  

65 . . . . .  
6 6  . . . . .  

67 . . . . .  
6 8  . . . . .  

69  . . . . .  
70 . . . . .  
71 . . . . .  
72 . . . . .  
73 . . . . .  
7 4 . . .  
7 5  i i  
76 . . . .  i 
77.  
78 . . . . .  
79 . . . . .  
80  . . . . .  
81 . . . . .  
82 . . . . .  
83 . . . . .  
8 4  . . . . .  

85 . . . . .  
86  . . . . .  
87  . . . . .  
88  . . . . .  
89  . . . . .  
9 0  . . . . .  

91 . . . . .  
92  . . . . .  
93 . . . . .  
9 4  . . . . .  
95 . . . . .  
9 6  . . . . .  
97 . . . . .  
98  . . . . .  

100 . . . . .  
101 . . . . .  
102 . . . . .  
103 . . . . .  
104 . . . . .  
105 . . . . .  
106 . . . . .  
107 . . . . .  
108 . . . . .  
109 . . . . .  
110 . . . . .  

8700.  3787 
8 5 8 4 . 6 4 6 3  
8 4 6 1  2077 
8329.  5936  
8189.  1067 
8 0 3 8 . 8 1 2 0  
7877 .4891  
7 7 0 3 . 6 5 6 5  
7515.  5486  
7 3 1 1 . 1 7 8 3  
7 0 9 1 . 0 2 4 1  
6857.1196 
6 6 1 0 . 6 5 4 2  
6350.  8357 
6076.  5876  
5788.  0955 
5486.  6283 
5 1 7 3 . 4 6 8 0  
4850 .  5039 
4 5 1 8 . 9 8 6 5  
4 1 7 9 . 4 6 6 0  
3833.  8785 
3485 .  2026 
3 1 3 7 . 8 0 1 1  
2796.  7033 
2466 .  7510 
2 1 5 2 , 3 9 5 7  
1857. 3604 
1584.  6033 
1336 .0805  
1112. 7947 
9 1 4 . 9 5 4 3  
742. 1020 
593.  2408 
4 6 7 . 1 4 4 5  
361.  9618  
275.  6252 
2 0 5  9568  
150. 7552 
107 8721 

75. 2707 
51.  0700 
33. 5772 
2 1 . 3 0 6 0  
12. 9852 

7. 5577  
4 . 1 5 6 0  
2 . 1 2 2 9  

•9816 
• 3950 
• 1297 
• 0309 
~0040 

d~ 

115. 7324  
1 2 3  4 3 8 6  
1 3 1 . 6 1 4 1  
140. 4869  
150. 2947  
161• 3229  
1 7 3 . 8 3 2 6  
1 8 8 . 1 0 7 9  
2 0 4 . 3 7 0 3  
2 2 0  1542 
2 3 3 . 9 0 4 5  
2 4 6 . 4 6 5 4  
259.  8185 
274.  2481 
2 8 8 . 4 9 2 1  
301.  4672 
3 1 3 . 1 6 0 3  
3 2 2  9641 
331 .  5174  
339.  5205 
345•  5875 
348.  6759  
3 4 7 . 4 0 1 5  
341• 0978  
329.  9523 
314 .  3553  
295 .  0353 
272.  7571 
248 .  5228 
223 .  2858 
197. 8404  
172.  8523 
148. 8612 
126. 0963 
1 0 5  1827 
86.3366 
6 9 . 6 6 8 4  
55.  2016  
4 2 . 8 8 3 1  
3 2 . 6 0 1 4  
2 4 . 2 0 0 7  
1 7 . 4 9 2 8  
1 2 . 2 7 1 2  

8 . 3 2 0 8  
5.  4275 
3 . 4 0 1 7  
2 . 0 3 3 1  
1 . 1 4 1 3  
• 5866  
• 2653 
• 0988  
. 0 2 6 9  
. 0 0 4 0  

D~ 

2077.  5619  
1 9 9 9 . 9 2 8 0  
1 9 2 3 . 0 9 3 7  
1 8 4 7 . 0 0 4 8  
1771 .5641  
1 6 9 6 . 6 3 4 8  
1 6 2 2 . 0 3 5 7  
1 5 4 7 . 5 5 3 4  
1 4 7 2 . 9 4 1 8  
1397 .9395  
1322• 7754 
1247 .9438  
1173.  7453 
1100.1108 
1026.9315 
954.3189 
882• 55O4 
811.880O 
742.6310 
674• 9994  
609.0589 
5 4 5 . 0 7 0 9  
4 8 3 . 4 1 3 5  
4 2 4 . 6 1 2 0  
3 6 9 . 2 2 3 6  
317.  7199 
270.  4689 
227.  7024 
1 8 9 . 5 2 5 7  
1 5 5 . 9 0 3 7  
126. 6820 
101 .6191  
80.  4110  
62 .  7132 
48.1788 
36• 4203 
2 7 . 0 5 6 7  
19. 7246 
1 4 . 0 8 5 8  
9 . 8 3 3 2  
6 . 6 9 4 0  
4 . 4 3 1 0  
2.8422 
I. 7595 
1 . 0 4 6 2  
• 5941 
.3187  
• 1588 
• 0716  
.0281  
. 0 0 9 0  
.0021 
• 0003 

Nz 

31431 .  5240  
2 9 3 5 3 , 9 6 2 1  
2 7 3 5 4 . 0 3 4 1  
2 5 4 3 0 . 9 4 0 4  
2 3 5 8 3 , 9 3 5 6  
2 1 8 1 2 . 3 7 1 5  
20115 .  7367 
18493.  7010 
1 6 9 4 6 . 1 4 7 6  
15473.  2058 
14075• 2663 
1 2 7 5 2 . 4 9 0 9  
11504.  5471 
10330.  8018  
9230 .  6910  
8203 .  7595 
7249.  4406  
6366.  8902 
5 5 5 5 . 0 1 0 2  
4812.  3792 
4 1 3 7 . 3 7 9 8  
3 5 2 8 . 3 2 0 9  
2 9 8 3 . 2 5 0 0  
2 4 9 9 . 8 3 6 5  
2075. 2245 
170600O9 
1388.  2810 
1117 .8121  
890.1097 
700.  5840 
544.  6803 
4 1 7 . 9 9 8 3  
316 .  3792 
2 3 5 . 9 6 8 2  
173. 2550  
125. 0762 

8 8 . 6 5 5 9  
61.  5992 
4 1 . 8 7 4 6  
27. 7888 
1 7 . 9 5 5 6  
11.  2616  

6 . 8 3 0 6  
3 . 9 8 8 4  
2 . 2 2 8 9  
1 . 1 8 2 7  
.5886 
.2699 
.IIII 
• 0395  
. 0 1 1 4  
• 0024  
. 0 0 0 3  

q z  

• 013302 
• 014379 
• 015555 
• 016866 
• 018353 
• 020068 
• 022067 
.024418 
• 0 2 7 1 9 3  
. 0 3 0 1 1 2  
• 0 3 2 9 8 6  
. 0 3 5 9 4 3  
• 0 3 9 3 0 3  
. 0 4 3 1 8 3  
. 0 4 7 4 7 6  
, 0 5 2 0 8 4  
• 057077 
• 062427  
. 0 6 8 3 4 7  
•075132 
. 082687  
. 0 9 0 9 4 6  
. 0 9 9 6 7 9  
• 108706 
• 117979 
• 127437 
• 137073 
.146852  
• 156836  
• 167120  
• 177787 
• 188919 
• 2 0 0 5 9 4  
• 212555  
•225161 
• 238524  
• 252765  
• 268025  
• 284455  
• 302223  
. 321515  
• 342526  
• 365462  
• 390538  
• 4 1 7 9 7 9  
• 450O96 
• 489201  
• 537605  
• 597619  
. 6 7 1 5 5 4  
• 761722 
• 870434  
. 9 9 9 9 9 9  

2 ~  



GROUP A N N U I T Y  TABLE FOR 1951--FEMALES--2[% 

x l,r dx D.r N.~ q~: 

5 . . . . .  

6 . . . . .  

7 . . . . .  

8 . . . . .  

9 . . . . .  

10 . . . . .  
11 . . . . .  
12 . . . . .  
13 . . . . .  
14 . . . . .  
15 . . . . .  
16 . . . . .  
17 . . . . .  
18 . . . . .  
19 . . . . .  
20 . . . . .  
21 . . . . .  
22  . . . . .  
23 . . . . .  
24 . . . . .  
25 . . . . .  
26.•• 
27•.• 
28.. .  
29.•• 
30. . .  
31, . .  
32, , .  
33. . .  
34.. 
35.. 
36,. 
37,. 
38•. 
39•• 
4 0 . .  

41.. 
42,. 
43. . .  
44, . .  
45•..  
46, . .  
47, , ,  
48. . .  
49,•, 
50,. 
51,. 
52,. 
53,. 
54.. 
55,. 
56,. 
57.. 

9999,9999 
9996,6499 
9993.9OO8 
9991. 5922 
9989, 5539 
9987. 6459 
9985,7582 
9983,7111 
9981.4947 
9979, 1091 
9976, 5445 
9973. 8010 
9970,8887 
9 9 6 7 , 7 8 7 8  
9964. 4984 
9961,0108 
9957,3153 
9953,4021 
9949, 2615 
9944, 8838 
9940. 2395 
9935,3191 
9930. 1130 
9924 5919 
9918,7265 
9912. 4975 
9905. 8660 
9898. 8130 
9891. 2899 
9883. 2582 
9874.6795 
9865.4960 
9855• 6601 
9845.1047 
9833. 7631 
9821. 5692 
9808.4279 
9794. 2449 
9778 9365 
9762.3710 
9744. 4473 
9725.0169 
9703.9233 
9681 O123 
9656.1031 
9628 9791 
9599.4181 
9567.5576 
9533. 1431 
9495, 8876 
9455.4636 
9411.5146 
9363. 4971 

3.3500 
2. 7491 
2. 3086 
2. 0383 
1.9080 
1.8877 
2.0471 
2.2164 
2. 3856 
2.5646 
2. 7435 
2.9123 
3. 1009 
3. 2894 
3.48 76 
3. 6955 
3•9132 
4. 1406 
4•3777 
4.6443 
4. 9204 
5. 2061 
5.5211 
5. 8654 
6. 2290 
6.6315 
7.0530 
7, 5231 
8.0317 
8•5787 
9. 1835 
9.8359 

10. 5554 
11. 3416 
12.1939 
13.1413 
14.1830 
15. 3084 
16. 5655 
17.9237 
19. 4304 
21.0936 
22,9110 
24.9092 
27. 1240 
29.5610 
31. 8605 
34. 4145 
37. 2555 
40,4240 
43. 9490 
48,0175 
52. 7820 

8838• 5428 
8620• 0799 
8407. 5214 
8200. 5650 
7998.9191 
7802. 3330 
7610. 5935 
7423. 4471 
7240. 7797 
7062. 4869 
6888.4604 
6718. 6010 
6552.8188 
6391.0057 
6233.0700 
6078. 9154 
5928.4490 
5781. 5796 
5638. 2190 
5498. 2811 
5361.6716 
5228. 3099 
5098.1173 
4971.0076 
4846. 8973 
4725. 7107 
4607. 3650 
4491,7898 
4378.9035 
4258.6320 
4160. 9043 
4O55. 6435 
3952. 7805 
3852• 2410 
3753. 9544 
3657. 8531 
3563. 8624 
3471.9112 
3381,9363 
3293. 8607 
3207. 6226 
3123. 1479 
3040. 3647 
2959. 2063 
2879. 6021 
2801• 4765 
2724. 7570 
2649. 4766 
2575. 5575 
2502.9192 
2431.4774 
2361.1471 
2291.8054 

300135.0894 
291296.5466 
282676• 4667 
274268. 9453 
266068. 3803 
258069.4612 
250267.1282 
242656• 5347 
235233• 0876 
227992.3079 
220929.8210 
214041. 3606 
207322, 7596 
200769.9408 
194378. 9351 
188145. 8651 
182066.9497 
176138. 5007 
170356.9211 
164718. 7021 
159220• 4210 
153858• 7494 
148630. 4395 
143532,3222 
138561.3146 
133714.4173 
128988. 7066 
124381. 3416 
119889.5518 
115510.6483 
111242.0163 
107081.1120 
103025. 4685 
99072. 6880 
95220. 4470 
91466. 4926 
87808. 6395 
84244.7771 
80772. 8659 
77390,9296 
74097.0689 
70889. 4463 
67766. 2984 
64725.9337 
61766. 7274 
58887.1253 
56085. 6488 
53360.8918 
50711.4152 
48135.8577 
45632.9385 
43201.4611 
40840. 3140 

• 000335 
• 000275 
.000231 
• 000204 
.000191 
.000189 
• O0O2O5 
.000222 
• 000239 
.000257 
.000275 
• 000292 
.000311 
• 000330 
• OO0350 
• 000371 
• 000393 
.000416 
.000440 
.000467 
• 000495 
• 000524 
• 000556 
• 000591 
• 000628 
.000669 
.0OO712 
•000760 
.000812 
.000868 
• 000930 
.000997 
.001071 
.001152 
.001240 
.001338 
.001446 
• 001563 
.001694 
.001836 
• 001994 
.002169 
• 002361 
.002573 
• 002809 
• 003070 
• 003319 
.003597 
• 0O39O8 
• 004257 
.004648 
• 005102 
.OO5637 

264 



GROUP A N N U I T Y  TABLE FOR 1951--FEMALES---2½~-----Continued 

5 8  . . . .  

59 . . . .  
6 0  . . . .  

61 . . . .  
62 . . . .  
6 3  . . . .  

6 4  . . . .  

65 . . . .  
6 6  . . . .  

67 . . . .  
6 8  . . . .  

69 . . . .  
70 . . . .  
71 . . . .  
72 . . . .  
73 . . . . .  
74 . . . . .  
75 . . . . .  
76 . . . . .  
77 . . . . .  
78 . . . . .  
79 . . . . .  
80 . . . . .  
8l  . . . . .  
82 . . . . .  
83 . . . . .  
8 4  . . . . .  

85 . . . . .  
8 6  . . . . .  
8 7  . . . . .  
8 8  . . . . .  
89 . . . .  
9 0  . . . .  

91 . . . .  
92.. 
93.. 
94•. 
95.. 
96.. 
97.. 
98 . . . . .  
9 9 . . .  ' 

100... = 
101... 
102... 
103... 
1o4... ii 
105 . . . . .  
106 . . . . .  
107 . . . . .  
108 . . . . .  
109 . . . . .  
110 . . . . .  

Ix 

9310.7151 
9252.3835 
9187.6446 
9115.6410 
9035.5327 
8946.5508 
8848.0493 
8739.5368 
8620.7053 
8491.4723 
8351.7281 
8199.7434 
8032.8458 
7847.3031 
7639.1377 
7406.3885 
7148.8017 
6867.0460 
6562.7741 
6237.8380 
5894.0832 
55339960 
5160,6782 
4778.0346 
4390.4691 
4002.4658 
3618.4572 
3242.4850 
2878.2631 
2529.1442 
2198.1172 
1887.7694 
1600.2621 
1337.2894 
1100.3966 
890.1119 
706.4453 
548.8875 
416.4212 
307.5475 
220.3329 
152.4807 
101.4283 
64•4649 
38,8659 
22,0311 
11,6119 
5,5951 
2,4028 

,8847 
.2622 
,0556 
.0063 

dz 

58.3316 
64. 7389 
72.0036 
80.1083 
88. 9819 
98. 5015 

108.5125 
118.8315 
129. 2330 
139. 7442 
151.9847 
166. 8976 
185. 5427 
208. 1654 
232. 7492 
257.5868 
281. 7557 
304.2719 
324.9361 
343. 7548 
360.0872 
373.3178 
382.6436 
387. 5655 
388.0033 
384.0086 
375.9722 
364.2219 
349. 1189 
331. 0270 
310.3478 
287.5073 
262. 9727 
236, 8928 
210,2847 
183.6666 
157,5578 
132.4663 
108. 8737 
87.2146 
67. 8522 
51,0524 
36.9634 
25. 599O 
16.8348 
10,4192 

6 , 0 1 6 8  
3.1923 
1.5181 

• 6225 
• 2066 
• 0493 
.0063 

D z  

2223.3040 
2155.4878 
2088.2008 
2021.3031 
1954.6730 
1888.2179 
1821.8816 
1755.6468 
1689.5369 
1623.6186 
1557.9500 
1492.2911 
1426.2605 
1359.3334 
1290.9994 
1221.1368 
1149.9189 
1077.6558 
1004.7862 
931.7437 
858.9241 
786. 7803 
715.8097 
646.5710 
579. 6342 
515.5215 
454,6935 
397.5112 
344.2533 
295.1191 
250,2365 
209.6645 
173.3977 
141.3688 
113.4890 
89.5623 
69.3482 
52.5674 
38.9083 
28.0348 
19.5948 
13.2298 
8.5856 
5.3237 
3.1314 
1.7317 

.8905 

.4186 

.1754 

.0630 

.0182 
.0038 
.0004 

N~ 

38548. 5086 
36325. 2046 
34169. 7168 
32081,5160 
30060.2129 
28105. 5399 
26217.3220 
24395,4404 
22639,7936 
20950,2567 
19326. 6381 
17768,6881 
16276, 3970 
14850,1365 
13490,8031 
12199. 8037 
10978. 6669 
9828,7480 
8751.0922 
7746. 3060 
6814. 5623 
5955. 6382 
5168.8579 
4453.0482 
3806.4772 
3226.8430 
2711.3215 
2256. 6280 
1859. 1168 
1514.8635 
1219. 7444 
969. 5079 
759. 8434 
586. 4457 
445. 0769 
331. 5879 
242. 0256 
172. 6774 
120.1100 
81. 2017 
53.1669 
33.5721 
20. 3423 
11. 7567 
6. 4330 
3. 3016 
1.5699 

• 6794 
• 2608 
• 0854 
.0224 
.0042 
.0004 

qz  

.O06265 

.006997 
• 007837 
• 008788 
• 009848 
.011010 
.012264 
.013597 
.014991 
.016457 
.018198 
.020354 
.023098 
•026527 
.030468 
.034779 
.039413 
.044309 
.049512 
.055108 
.061093 
.067459 
.074146 
.081114 
.088374 
.095943 
.103904 
.112328 
.121295 
.130885 
.141188 
.152300 
.164331 
.177144 
.191099 
•206341 
•223029 
.241336 
•261451 
.283581 
•307953 
.334812 
.364429 
.397100 
.433150 
.472930 
.518156 
,570545 
.631813 
.703676 
.787851 
.886054 
.999999 
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266 GROUP ANNUITY MORTALITY 

In discussing this paper, R. D. Clarke, M.D., stated: 
I t  seemed that the mortality sex differential was made up of a fundamental 

biological difference overlaid by an occupational difference . . . .  But whereas 
the special risks inherent in many occupations were being reduced by improved 
conditions of work, there was at present very little being done to alleviate the 
occupational risks of the professional and administrative class--risks which might 
be summed up as the price of responsibility. He [the speaker] had just referred 
to the possible outcome of using anti-coagulants in the treatment of coronary 
thrombosis. But while this kind of medical discovery might play its part in re- 

TABLE 11 

AVERAGE YEARLY RATE OF DECREASE IN MORTALITY RATES 
(Geometric Basis) 

AGE 
G i o ~  

Males: 
61-65.,. 
66-70... 
71-75... 
76-80,. 
81-85., 
86--90.. 
91-95.. 

Females: 
61--65. 
66--70. 
71-75. 
76--80. 
81-85, 
86--90. 

Nozm~: 

From 
1938-4, 

1.00 
2.41 
1.69 

--0.15 
1.13 

3.36 
6.08 

-1 .46 
2.74 

11 . . . . . . . . .  
I 

tl 
G~ovr 

r x R s ~ x s  (Assvm~o 

ALL MALES) 

From 
193S-40 

to 1945-50 

-- 1.83% 65-69, ,. 
-0.15 70-74. ,. 

1.25 75-79... 
1.29 
1.57 
0.14 
0.63 

1.72 
2.36 
1.89 
2.77 
2.44 
4.01 

RAILRO?d) I~TIgE~NT PLAN 

First Year Second Year Ultimate--  
of Retire- of Retire- 8d Year and 

ment ment and after 

From 1943-46 to 1946-49 

- -  -1.26% 1.83% 
9.09 

11.97 

1.18% 
--1.06 

0.02 

Total Number of Deaths Included in Experience 

M ~ s :  
First Period .... 
Second Period. 

Females: 
First Period... 
Second Period. 

1,422 
11,729 

8,997 
17,900 

683 
1,730 

First Period .. . .  
Second Period.. 

2,033 
2,709 

1,755 
2,567 

10,481 
21,030 



TABLE l l - -Con t lnued  

Aog G1out 
(Mxtats *NV FE~LES 

Co~mtm~D) 

INTEICOUPANY GRoup LIFE INS~NC~ 

Instalment Waiver of Premium 
T. & P. Disability T. & P. Disability 

Clerical Nonrated Clerical I Nonrated 

From 1922-29 to 1946-50 From 1932-39 to 1946-50 

66--70 . . . . . . . . . . . . . . . . . . .  
71-75 . . . . . . . . . . . . . . . . . . .  
76--80 ................... 

81-85 ................... 
86-90 ................... 
91-95 ................................ 

1.27% 0.70% 
0.87 0.56 
0.76 0.13 

--0.07 0.58 
--0.22 --0.38 

--2 37 

2.18°'/o 2 .47% 
2.35 3.06 
2.16 3.00 

4.23 3.58 
4.27 --1.52 

. . . . . . . . . .  - -1.50 

Total Number of Deaths Included in Experience 

First Period . . . . . . . . . . . . . .  i 1,368 14,211 811 5,688 
Second Period . . . . . . . . . . . .  3,365 36,217 697 14,712 

Sources: Group Annuity: 1938--40: Second and Fifth Reports of Committee on Mortality Investigation 
1946-50: TSA 1951 Report of Mortality and Morbidity Experience, 111, 

Civil Service: Courtesy of J, K. Dyer and R. H. Armstrong of Special Committee on Non- 
Insured Pension Plans 

Railroad Retirement: 1943-46: TASA XLIX, 301 
1946-49: TSA III, 409 

Group Life Insurance: 1922-29: Combined Group Mortality Experience; 1932-39: TASA 
XLI, 425-26 

1946-50: TSA 1951 Report of Mortality and Morbidity Experience, 
74-75, for nonrated; clerical experience from Conmu'ttee. 

TABLE 12 

MALE DEATH RATE EXPRESSED AS A PERCENTAGE OF THE 
FEMALE DEATH RATE IN ENGLAND 

AGES 

PC~OD 

1841-45 . . . . . . . . .  
1861-65 ......... 
1881-85 ........ 
1901-05 ........ 

1921-25 ........ 

1941--45 ........ 

!$-34 

94% 
99 

104 
117 
113 
169 

35-44 

101% 
109 
117 
121 
129 
147 

45-54 

114% 
122 
127 
130 
132 
153 

55-64 

111% 
118 
122 
128 
133 
165 

65-74 

I I 1 %  
112 
116 
119 
128 
144 

75-84 

109% 
109 
113 
115 
120 
130 

85 and 
Over 

106% 
11o 
112 
110 
113 
109 
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ducing excess mortality, what was even more necessary was the prevention of 
diseases like coronary thrombosis by relieving the nervous strain which would 
appear to cause them. Ultimately, he believed, that  any substantial or perma- 
nent reduction in this high ratio of male to female mortality in the professional 
and administrative class must come from the psychiatrist and the neurologist. 

Advances  in the  field of psychosomat ic  medicine,  suggested b y  Dr .  
Clarke,  m a y  not  only narrow this difference between male and  female 
mor t a l i t y  ra tes  bu t  also become an impor t an t  influence working for im- 
proving  male mor t a l i t y  rates  in add i t ion  to the a l ready  recognized ad-  
vances and expected progress in medical  t r ea tment ,  care and prevent ion  of 
organic condit ions.  

Biologists and  anthropologis ts  tell  us tha t  women have a na tu ra l  physi -  
cal advan tage  over  men.  Ashley Montagn ,  cha i rman of the D e p a r t m e n t  of 
Anthropology,  Rutgers  Universi ty,  wrote  as follows recently:  

In  the sex cells there are twenty-four chromosomes, but only one of these is 
a sex chromosome. There are two kinds of sex chromosomes, X and Y. Half the 
sperm cells carry X and half carry Y chromosomes. All the female ova are made 
up of X-chromosomes. When an X-bearing sperm fertilizes an ovum the off- 
spring is always female. When a Y-bearing chromosome fertilizes an ovum the 
offspring is always male. And this is what makes the difference between the sexes. 
So what? Well, the sad fact is that the Y-chromosome is but an iota, the merest 
bit, of a remnant of an X-chromosome; it is a crippled X-chromosome. The 
X-chromosomes are fully developed structures; the Y-chromosome is the merest 
comma. I t  is as if in the evolution of sex a particle one day broke away from an 
X-chromosome, and thereafter in relation to X-chromosomes could produce only 
an incomplete female---the creature we now call the male! I t  is to this original 
chromosomal deficiency that  all the various troubles to which the male falls 
heir can be traced . . . .  W o m e n . . .  are fundamentally more resistant than men. 
With the exception of the organ systems subserving the functions of reproduc- 
tion women suffer much less frequently than men from the serious disorders 
which affect mankind . . . .  Women are both biologically stronger and emotion- 
ally better shock absorbers than men. is 

A discussion of this  biological advan tage  and an explanat ion of the more 
rap id  ra te  of mor t a l i t y  improvement  among women are found in these 
quota t ions  from Amram Scheinfeld's book ent i t led  "The  New-You and 
H e r e d i t y "  :19 

As childhood proceeds, and as the chief hazards are reduced for a while, the 
differences between the sexes in mortality diminish considerably, but  with male 
casualties still always in the lead. Then with maturity the curve goes sharply 

tSAshley Montagu, "The Natural Superiority of Women," Saturday Review of 
LiUrature, March 1, 1952. 

lg Amram Scheinfeld, The New-You and Heredity, pp. 177, 191-92. 
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up again, becoming more marked in the middle and older ages, where in almost 
every major affliction, except diabetes, cancers peculiar to women and goiter, 
the male death rate is much higher. Further, the more that environmental fac- 
tors for the two sexes have been improved and equalized, the proportionately 
greater has been the advantage to women, and the more apparent it has become 
that females genetically are better constructed, have a more efficient internal 
chemical system, and in various other ways are biologically better adapted to 
resist most of the modem human afflictions . . . .  Further, peculiar as it may 
seem, we have the situation mentioned earlier that as environments have im- 
proved, the genetic disadvantage of males has become even more marked in 
comparison with females. Why? Because where conditions are very bad, the 
female's extra margin of resistance isn't su~cient to make much difference. 
But the more conditions improve, the more that slight advantage of the female 
may count in preventing a disease from developing, or in permitting her to pull 
through in a serious illness or accident where a male might succumb. 

The writer believes that the matter of future mortality rates among 
females in connection with annuity contracts and pensions needs to be 
studied with particular care. Although females have constituted in the 
past a small minority of the coverage under group annuity contracts and 
pension plans generally, we should be prepared for their representing a 
more significant part. They now constitute 20% to 25% of the number of 
retired lives in clerical groups. 

Some actuaries have questioned the assumption made by Messrs. 
Jenkins and Lew in their Projection Scales A and B that there will be no 
mortality improvement in the future at ages 90 and older. Since the part 
of mortality tables for ages over 90 is commonly an empirical projection to 
the limiting age selected, we are not sure how well such tables reflect cur- 
rent true mortality at these ages to say nothing of future mortality. A 
very valuable study ~° of mortality of the aged by Paul Vincent appeared 
recently, in which he observes: 

The benefit of the progress realized, up to now, in the fight against mortality 
seems to extend through the whole duration of life; but it decreases with age, un- 
til at the more advanced ages it becomes unnoticeable. 

No human being seems, in the present state of things, to be able to exceed the 
age of 110 years, and it is extremely doubtful whether a death at that age has 
ever been observed with any certainty. 

Vincent developed mortality rates at ages over 80 (or 85), male and 
female, for four countries, comparing two periods of observation for each 
except for Sweden where there were three periods of observation. Thus 
there were ten comparisons of historical periods. As to the mortality rates 

~o "La mortalit~ des vieillards," published in Polndation, Sixth Year, April-June 
1951, Number 2, p. 181. 
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at ages 90 and over, six of the comparisons (for Sweden and the Nether- 
lands) showed no significant decrease in mortality rates from an earlier 
period to a later period. Of the remaining four comparisons, two, appli- 
cable to males and females of France, showed mortality decreases of 6% 
or 7% for ages 90 to 96 for a period comparison of 1920-29 and 1929-38. 
The remaining two comparisons, applicable to males and females of 
Switzerland, showed mortality decreases for the early 90's of 5% to 7% 
for a period comparison of 1876-1914 and 1914-1948. There were no sig- 
nificant decreases in mortality rates at ages over 96 or so. 

Vincent presents a set of reliable mortality rates at the most advanced 
ages, males and females combined. The comparison in Table 13 of 

TABLE 13 

COMPARISON OF Gg-1951 TABLE MORTALITY RATES 
WITH VINCENT'S RATES FOR OLDEST AGES 

Aoz 
X 

8 5  . . . . . . . .  

9 0  . . . . . . . .  

95 . . . . . . . .  
100 . . . . . . . .  
105 . . . . . . . .  
110 . . . . . . . .  

1,000¢¢ 

C~-1951 

Males Females 

146.852 112.328 
200. 594 164. 331 
268. 025 241. 336 
365.462 364.429 
537. 605 570. 545 

1000.000 1000.000 

Vincent's 

195.7 
280.3 
371.5 
500.0 
715.0 

1000.0 

RATIO OF VINCF.NT~$ 
TO G~-1951 

Males Females 

1.74 
1.40 1.71 
1.39 1.54 
1.37 1.37 
1.33 1.25 
1.00 1.00 

Vincent's mortality rates with those of the Group Annuity Table for 1951 
indicates that there is a margin in the table to cover considerable future 
improvement over the mortality levels found by Vincent. 

In considering the prospects for mortality improvement in this coun- 
try, it is of interest to compare the mortality rates of the Group Annuity 
Table for 1951 with those prevailing today in those countries of the world 
having the lowest rates. According to the United Nations Demographic 
Yearbook, 1949-50, Norway and the Netherlands have the most favorable 
mortality rates in the world, at least for males. A study of Table 14 will 
indicate that we have considerable room and possibilities for improvement 
in this country. 

Projection Scales 
After study of the additional data presented in this paper on mortality 

improvement at the older ages, it seemed important to make studies based 
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upon a higher rate of mortality decrease for ages over 60 than Projection 
Scale B. Furthermore, if Projection Scale B is appropriate for individual 
annuities, some actuaries may feel that we should be prepared for the gap 
between individual annuity mortality and group annuity mortality at ages 
over 65 to become narrowed in the future. The expansion of medical care 
and better hygiene and nutrition could have greater influence in the 
future upon the classes covered by group annuity contracts than upon 
those purchasing individual annuities. Accordingly, projection studies pre- 
sented in this paper are based upon two scales, Projection Scale B and an 
alternative scale which we shall call Projection Scale C, shown in Table 15. 

TABLE 14 

COMPARISON OF SELECTED POPULATION MORTALITY RATES WITH 
RATES OF GROUP ANNUITY TABLE FOR 1951 

1,000qz 

MALES FEMALES 
AOE 

45-49 . . . . . . .  
50-54 . . . . . . .  
55-59 . . . . . . .  

65-69 . . . . . . .  
70-74 . . . . . . .  
75-79 . . . . . . .  

Ga--1951 

2.5 
4.6 
7.9 

12.3 
18.4 
30.1 
47.5 
75.1 

Norway 
1948 

3.6 
5.1 
7.2 

10.8 
15.8 
23.0 
43.0 
71.3 

Netherlands 
1949 

2.9 
4.5 
7.6 

10.9 
18.2 
29.8 
51.8 
87.3 

Ga--1951 

1.6 
2.4 
3.6 
5.6 
9.8 

16.5 
30.5 
55.1 

Not'way 
1948 

2.8 
3.5 
5.1 
7.2 

11.7 
19.5 
35.6 
62.5 

Netherlandl 
1949 

2.5 
3.8 
5.9 
9.3 

15.4 
27.7 
49.9 
83.0 

Projection Scale C is 19 times Scale B, subject to a maximum annual 
rate of 1.25%. A good case could probably be made for using even greater 
rates for females. However, different scales for males and females would 
involve increased complexities in application and the actuary can still use 
the device of rating down the age if his judgment so dictates. Further- 
more, it could be argued that the class with the higher mortality rates 
(males) has greater margin for improvement than the class with the lower 
rates (females) and that, the doctors having more to work on, males may 
experience greater rates of improvement than females in the future. 

Comparison of Reserves on Certain Static Annuity Bases with Reserves 
on the Group Annuity Table Jor 1951, with Projection, 2½% Interest 

In order to illustrate the extent to which deferred and immediate life 
(no return upon death) annuity values are increased by introducing an 
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allowance for mortali ty improvement beyond current mortal i ty levels, 
Table 16 shows the percentage increase of annuity values in 1952 on the 
Group Annui ty  Table for 1951 with Projection on Scales B and C, over an- 
nui ty  values on the Group Annuity Table for 1951, both at 2~c7o interest. 

The use of a lower interest rate in computing reserves has been con- 
sidered by actuaries as a convenient method of allowing for future de- 

TABLE 15 
AVERAGE RATES OF DECREASE PER 

YEAR (GEOMETRICAL BASIS) AS- 
SUMED IN PROJECTING THE 
GROUP ANNUITY TABLE FOR 1951 

Projection Projection 
Age Scale B Scale C 

65 . . . . . . . . . .  
70 . . . . . . . . . .  
75. 
80. 
85 . . . . . . . . . .  
9 0  . . . . . . . . . .  

1.25% 
1.20 
1.10 

.95 

.75 

.50 

.25 
0 

1.25% 
1,25 
1.25 
1.25 
1.oo 

.66~ 

.33a x 
0 

TABLE 16 
PERCENTAGE INCREASE IN ANNUITY VALUES BY REASON OF 

ASSUMED FUTURE DECREASES IN MORTALITY RATES 

AGE 
r2¢ 1952 

RET.  

AGE 

25 . . . .  65 
35. 65 
45.1 i 65 
55.. 65 
65. 65 
75 . . . .  75 

MALES 

Proj. B Proj. C 

23.5% 28.0% 
17.9 21.5 
12.2 14.9 
6.8 8.6 
2.5 3.3 
1.3 1.7 

EZMALES 

Proj. B Proj. C 

14.7% 17.7% 
11.4 14.0 
8.1 10.1 
4.9 6.2 
2.1 2.7 
1.1 1.5 

creases in mortali ty.  The eventual ineffectiveness of this device is illus- 
t rated in Table 17, where a -~% difference in interest rate is assumed to 
allow for mortali ty improvement.  

I t  is evident that  the difference in interest rate is reasonably satisfac- 
tory at issue in 1952 but  the 2% "unprojected" reserves become progres- 
sively deficient (or less excessive in the case of females in 1962) as we 
follow them into the future. 



TABLE 17 

RATIO OF RESERVES ON THE GROUP ANNUITY TABLE FOR 1951, 2% 
INTEREST, TO RESERVES ON THE SAME TABLE 

W~TH PROJECTION, 2~% INTEREST 

Aol~ 
m 1952 

Males: 
25 . . . . . .  
35 . . . . . .  
45 . . . . . .  
55 . . . . . .  
65 . . . . . .  
75 . . . . . .  

25 . . . . . .  
35 . . . . . .  
45 . . . . . .  
55 . . . . . .  
65 . . . . . .  
75 . . . . . .  

25 . . . . . .  
35 . . . . . .  
45 . . . . . .  
55 . . . . . .  
65 . . . . . .  
75 . . . . . .  

25 . . . . . .  
35 . . . . . .  
45 . . . . . .  
55 . . . . . .  
65 . . . . . .  
75 . . . . . . .  

kcz 

65 
65 
65 
65 
65 
75 

65 
65 
65 
65 
65 
75 

65 
65 
65 
65 
65 
75 

65 
65 
65 
65 
65 
75 

CALENDAR YgAR OF COMPA~SON 

1952 1962 1972 ! 1982 1992 

t 

Projection Scale B 

102.55% 
102.32 
102.36 
102.39 
101.58 
101.47 

98.97°/0 
99.27 
99,94 

100.73 
100,79 
101,05 

111.00% 
108.78 
106.78 
104.84 
102.57 
102.17 

108.12% 
106.38 
104.89 
103.52 
101,91 
101,80 

97,74% 
97,59 
97,94 
98,58 
98.80 
98.84 

I 
93.43% I 90,57% 91.09% 
94,02 I 93.35 [ 91.84 95.84 t 190:28 96.31 

...9.!:9.!...1:. 

Projection Scale C 

94.32% 
94,67 
95.63 
97.06 
97.54 
98,49 

9o.16%1 s741%[ s8.,4% 
91.23 I 90.78 I 88.85 
93.73 [ 91.49 [ 95.16 
94.88 96.21 [ . . . . . . . . . .  9 ! : 3 3 :  ..... . . . . . . . . . . . . . .  [ 

Projection Scale B 

1o5,74% 
103,70 
101.91 
100,39 
I00,01 
100.49 

I 
I00.94% [ 96.94% 
99.29 ] 96.57 
98.41 [ 96.11 
98.00 99.10 

94.89% 
94.36 
98.42 

Projection Scale C 

lO3 .o1% 
I01.40 
100.11 
99.20 
98.98 

100.19 

I 
98.33% I 94.44% 
97.10 [ 94.55 
96.75 ] 94.05 
96.40 [ 98.38 

92. s8% 
91.90 
97.51 
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In examining the comparison in Table 18 of reserves on certain static 
tables with reserves on a table with projection, it should be kept in mind 
that the Group Annuity Table for 1951 was designed to cover a reasonably 
wide range of differing inherent levels of current mortality experience. 
The mortality rates in the portion of the table under 55 or 60 may be as- 
sumed to be 10% under the predominantly clerical intercompany group 
annuity experience (which experience is not greatly different from the "all 
other ''~ or nonclerical experience) and the rates in the portion over 65 are 
10°/o (12½~o for females) under the average intercompany group annuity 
experience for all occupational classes. The comparison is based on de- 
ferred and immediate life annuities with no return upon death. For ages 
25 to 55 in 1952 the annuity is a deferred annuity issued in 1952 beginning 
at 65, and for ages 65 and 75 in 1952 the annuity is an immediate annuity 
issued in 1952. To conserve space, the comparison for females is shown 
only for Projection Scale C and for three static annuity bases. The general 
trend for Scale B and the other annuity bases may be sensed by studying 
the other figures presented. 

The reader will observe that, in general, the reserve deficiencies of the 
static annuity bases for each issue age in 1952 (following across along a 
straight line) display a fair degree of decrease with advancing calendar 
years in the neighborhood of attained age 65 and a marked decrease 
around attained ages 75 and 85. Probably the most important factor 
accounting for this phenomenon is the margin in the mortality rates at the 
oldest ages possessed by the 1937 Standard Annuity Table and the Pru- 
dential 1950 Group Annuity Valuation Table. Furthermore, as reserves 
on two different annuity bases are followed to the end of the tables, they 
are bound to approach each other more and more closely, becoming equal 
at the end if the tables have the same terminating age. However, even 
though these reserves ultimately reach a fairly satisfactory level, there is 
an important consideration that should not be overlooked. During the 
period that reserves on a static basis may be seriously deficient, surplus 
that may be only apparent must be retained to cover mortality losses that 
probably will be experienced during this period, 

The reader will also note that for a given attained age followed into the 
future (along an upward diagonal), the reserves on the static bases become 
progressively more deficient. For example, for attained age 65, males, 
Proiection Scale C, static basis Standard Annuity set back one year and 
21% interest, the ratios progress decennially: I02.82°-/o in 1952, 99.01°~ in 
1962, 95.62% in 1972, 92.61% in 1982, and 89.91% in 1992. 

As noted, the foregoing comparisons, in the case of deferred annuities, 

1949 Report of the Committee on Group Mortality and Morbidity, pp. 46-47. 



TABLE 18 

RATIO OF RESERVES ON CERTAIN STATIC ANNUITY BASES TO RESERVES ON 

THE GROUP ANNUITY TABLE FOR 1951 WITH PROJ'ECTION, INTEREST 2~,°/o 

CAEENDAR YEAR Or COMPARISON 
Aoz n# 
1952 I I 

1952 1962 1972 1982 1992 
I t 

PaoJxcrloN SCALE B 

Standard Annuity 2% 

M ales :  
25 . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  
65  . . . . . . . . .  

75 . . . . . . . . .  

25  . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55.: . . . . . . .  
6 5  . . . . . . . . .  
75 . . . . . . . .  

25 . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

25 . . . . . . . .  
35 . . . . . . . .  
4 5  . . . . . . . .  

55 . . . . . . . .  
6 5  . . . . . . . .  

75 . . . . . . . .  

2 5  . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65  . . . . . . . .  

75 . . . . . . . .  

93.19°7o 
93.98 
96.15 
98.98 

102.27 
108.60 

89 .78% ' 87 .76% 87 .55% 91 .71% 
91.67 90.89 93.99 98.30 
94.67 96.50 I 100.60 [ 108.75 

1 0 5 . 7 5  . . . . . . . . . . . . . . . . . . . . . . . . .  
111.65 

Standard Annuity Set Back  1 Yea r  2 t %  

87 .82% 
90.65 
94.74 
99.27 

103.62 
111.66 

86.60% 
9 0 . 3 3  
94.96 

100.56 
108.73 
116.41 

86 .48% 87.81% 92 .92% 
91.16 { 95.23 101.07 
97.77 J 103.43 113.39 

105.98 I 114.38 ............ ======================================== 
Standard  Annuity 2}% 

82 .73% 
85.50 
89.64 
94.56 

100.14 
107.00 

81.~8% 
85.46 
90.45 
97.17 

104.18 
110.58 

81 ,82% 83 .65% 89,796/0 
86.84 92.03 96.84 
94.48 I 99,11 107.70 

101.55 { 108.64 . . . . . . . . . . . .  =================================== 
Standard  Annuity 2 t %  

73.49% 
77.83 
83.61 
90.38 
98.07 

105.43 

7 4 . 3 5 %  
79.71 
86.45 
95.17 

1 0 2 . 6 6  
109.52 

76 .32% 79.95% 87 .95% 
83.00 90.13 95.43 
92.54 97.66 [ 106.68 

100.07 ) 107.61 j . . . . . . . . . . . .  

Prudential 1950GroupAnnuity 21% 

84.73% 
88.79 
93.29 
9 8 . 0 8  

102.24 
109.45 

54.81% 
88.94 
93.81 
99.22 

106.57 
113.69 

85.15% 86.75% 91.68% 
90.06 96.47 93.96 I 99.06 

101 .381  110.74 
io3.ss I 111-7o I . . . . . . . . . . . .  

112.69 I . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  I . . . . . . . . . . .  'i . . . . . . . . . . .  
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C A L Z ~  YE~ OF Cour~sor ;  
AGE IN 

1952 
1952 1962 1972 1982 1992 

l~oJzc~lo}; SCALZ C 

Standard Annuity 2% 

M a l e s :  

25 . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

2 5  . . . . . . . .  

35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  

65 . . . . . . . .  
75 . . . . . . . .  

2 5  . . . . . . . .  

35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
78 . . . . . . . .  

2 5  . . . . . . . .  

35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

8 9 . 9 3 %  
91.18 
93.88 
97.37 

101.48 
108.15 

86 .63% 
88.93 
92.44 
97.72 

104.40 
111.26 

. 84 .69% t 8 4 ,5 0 % 8 8 .7 5 % 
88.19 91,40 95.10 
94.38 I 97,92 I 107.49 

l o l .O l  I 1o8.68 I . . . . . . . . . . . .  
109.94 I . . . . . . . . . . . .  i . . . . . . . . . . . .  

Standard Annuity Set Back 1 Year 2t% 

84 .75% 
87.95 
92 .50  
97.67 

1 0 2 . 8 2  

111.20 

83 .56% 
87,63 
92.72 
99,01 

107,34 
116.00 

83 .45% 8 4 ,7 5 % 89 .91% 
88.45 [ 92,61 97.78 
95.62 [ 100,68 112.08 

103.86 [ 113.31 . . . . . . . . . . . .  ======================================= 
Standard Annuity 2~% 

7 9 . 8 4 %  
82.96 
87.52 
93.03 
99 .36  

106.55 

78.82% 
82.91 
88.32 
95.68 

102.86 
110.18 

I 
78 .96% I 80 ,73% 8 6 .8 9 % 
84.25 ] 89.49 93.69 
92.40 96.47 106.46 
99.52 107.63 . . . . . . . . . . .  

108.88 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  J . . . . . . . . . . . .  , . . . . . . . . . . . .  

I 

Standard Annuity 2½% 

70 .92% 
75.51 
81 .64  
88.92 
97.31 

105.00 

71.74% 
77.33 
84.42 
93.71 

I01.35 
109.13 

I 
73 .65% [ 77 .16% 8 5 . 1 0 %  
80.53 [ 87.65 92.32 
90.50 [ 95.06 105.44 
98 .06  [ 106,61 . . . . . . . . . .  ===================================== 

Prudential 1950 Group Annuity 21e~ 

. . . . . . . .  81.76% 81.84% 82.17% [ 83.73% 88.72% 
35 . . . . . . . .  86.13 86.29 87.38 91.38 95.83 
45 . . . . . . . .  91.08 91.60 94.35 I 98.67 lO9.46 
55 . . . . . . . .  96 .49  97.69 101.79 t 110.66 . . . . . . . . . . .  
6 5  . . . . . . .  101,45 105,21 111.95 [ . . . . . . . . . . . . . . . . . . . . . . .  

75 . . . . . . . .  108.99 113.29 . . . . . . . . . . .  [ . . . . . . . . . .  I . . . . . . . . . . . .  
! 
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TABLE 18--Continued 

277 

CALF..NDARYEAR OF COMPARISON 
Aozm 
1952 I 1952 1962 1972 1982 1992 

l~oj~crloN SCALE C 

Standard Annuity Set Back 1 Year 25% 

Females: 
25 . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

25 . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

25 . . . . . . . .  
35 . . . . . . . .  
45 . . . . . . . .  
55 . . . . . . . .  
65 . . . . . . . .  
75 . . . . . . . .  

90.58% 
92.10 
94.38 
98.19 

103.70 
116.11 

89.19% 
91.24 
94.95 

100.94 
112.90 
126.65 

. 88.48% 89.57% ~ 94.21% 
92.10 96.22 104.82 
98.45 107.27 123.26 

109.95 124.36 . . . . . . . . . . . .  
125.48 . . . . . . . . . . . .  I . . . . . . . . . . . .  

. . . . . . . . .  I . . . . . .  1 . . . . . . . . .  

Standard Annuity 2{t% 

76.47% 
79.73 
83.91 
89.86 
98.21 

109.78 

77.21% 
81.11 
86.90 
95.60 

106.75 
119.38 

78.66% 81.97% 89.22% 
84.29 91.12 I 99.11 
93.24 101.43 ] 116.19 

103.96 117.22 l . . . . . . . . . . . .  

Prudential 1950 Group Annuity 2t% 

86.96% 
89.93 
93.18 
97.17 

102.96 
113.97 

87.09% 
90.07 
93.96 

100.21 
110.82 
123.92 

87.35% 88.64% 93.53% 
91.14 [ 95.63 102.88 
97.75 I 105.30 120.61 

107.93 l 121.69 . . . . . . . . . . .  

a re  based  upon  annui t i es  w i t h o u t  r e tu rn  a t  dea th  pr ior  to r e t i r e m e n t  age. 

T h e  g roup  a n n u i t y  business  is also concerned  wi th  p lans  where  t he r e  is no 

m o r t a l i t y  risk (or smal l  risk) p r i o r  to r e t i r emen t ,  i.e., where  annui t i es  are  

p u r c h a s e d  on ly  a t  r e t i r e m e n t  as unde r  depos i t  admin i s t r a t i on  con t r ac t s  

and  where  defer red  annui t i es  are  p u r c h a s e d  p rov id ing  for the  r e t u r n  of 

con t r ibu t ions  wi th  or  w i t h o u t  in t e res t  upon  dea th  pr ior  to r e t i r emen t .  F o r  

a p l a n  where  i m m e d i a t e  annu i t i e s  a re  p u r c h a s e d  a t  a fixed r e t i r e m e n t  age  

65 (as m a y  be the  case u n d e r  some depos i t  admin i s t r a t i on  plans) ,  t he  

reserve  compar i son  m a y  be  m a d e  by  s t a r t i ng  wi th  t he  ra t ios  for  1952 a t  

age 65 and fol lowing the  d iagona l  upwards  for successive decennia l  calen- 
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dar  years  of the future.  Fo r  example,  the compara t ive  figure for an im- 
media te  annui ty  to be purchased  in 1972 at  age 65 is t ha t  for calendar 
1972 for a deferred annu i ty  purchased  in 1952 at  age 45. In  the case of de- 
ferred annui t ies  with re turn  to be purchased in 1952 a t  age 45, the ap- 
p ropr ia te  comparison is made  by  taking the same rat io  as above for 1972 
and  increasing i t  by  recognizing any difference between the interest rate 
of the basis being compared  (assuming it  to be lower) and  2 ~ o .  

TABLE 19 

"THREE-TO-ONE" CONTRIBUTORY PLAN RATIO OF RESERVES 
ON CERTAIN ANNUITY BASES TO RESERVES ON GROUP 
ANNUITY TABLE FOR 1951 WITH PROJECTION, 2~/o INTER- 
EST, IN 1952 

Standard Standard Standard Annuity Standard 
Age in 1952 Annuity 2% 1 SetyearBaCk2i% Annuity 2t% Annuity 2~% 

Projection Scale B 

Males: 
25 . . . . .  
35 . . . . .  
45 . . . . .  
55 . . . . . .  

Males: 
25 . . . . . .  
35 . . . . . .  
45 . . . . .  
55 . . . . .  

101.16% 
100.29 
100.37 
101.11 

94.38% 
95.78 
98.01 

100.72 

90.42% 
91.76 
93.94 
96.79 

8o.9o% 
83.99 
87.97 
92.71 

Projection Scale C 

98,00% 
97,63 
98,26 
99,64 

91.44% 
93.24 
95.95 
99.26 

87.60% 
89.33 
91.97 
95.39 

78.38% 
81.77 
86.13 
91.36 

Group annui ty  contrac ts  are also wri t ten involving a combination of 
annui t ies  with re turn  and wi thout  re turn  at  death ,  as in the case of con- 
t r i bu to ry  plans  where employee contr ibut ions are re turned upon death 
bu t  employer ' s  are not.  To i l lustrate  reserves under  such a plan, a single 
s i tuat ion has been selected where employees are contr ibut ing $3.00 a 
mon th  for each dollar  of month ly  annu i ty  credit  for a yea r  of service. For  
ease of calculation i t  has been assumed tha t  employee contr ibut ions are 
re turned  wi thout  interest  and  tha t  the  normal  form of annui ty  is a five 
y e a r  cer ta in  and for life. The  figures in Table  19 are shown for males only 
and  are based upon reserves in 1952. 
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Under group annuity contracts, reserve aggregates are probably more 
important than individual life reserves as the contracts are treated as a 
whole for surplus distribution purposes. Aggregate reserve comparisons 
have been worked out (Table 20) using a model office distribution for one 
year's new issue. Based upon the experience of the writer's company, the 
following was taken as the distribution of annuities placed in force during 
one year. 

Assumed Annual 
Annuity Income 

Central Put in Force 
Age in 1952 

25 ............................ $ 27,580 
35 ............................ 182,750 
45 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  288,300 
55 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  351,770 
62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123,600 
67 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26,000 

I t  was assumed that for ages 25 to 65, deferred life annuities without 
return beginning at 65 were issued, and for ages 65 and over immediate 
life annuities. Male lives only were assumed. Based upon our experience, 
it was further assumed that the annual persistency rate would be .935 up 
to 65 and that, after 65, the persistency rate would follow the 1937 
Standard Annuity Table survival rates. 

If a persistency rate of .975 had been used, tests indicate that the per- 
centage ratios shown in the table would have been decreased by about 
1.25 for 1972 and 1.5 to 1.7 for 1992. These ratios would all be increased 
by including in the new issue deferred annuities with return of contribu- 
tions upon death. 

Comparison o.[ Reserves on Certain Static A nnuity Bases with Reserves 
on 1951 "Experience" Table with Projection, 2]% Interest 

Recalling that the Group Annuity Table for 1951 with Projection is de- 
signed to be adequate for the "best" group mortalitywise (or most of the 
"best" groups), it seemed desirable to examine reserves which the actuary 
may consider as an aggregate valuation basis for the average of a wide 
distribution of groups having inherent mortality ranging from high mor- 
tality to low mortality. Since the Group Annuity Table for 1951 at ages over 
65 was based upon the average intercompany experience, an "average" 
reserve basis may be determined by removing the basic margin that was 
introduced. For this purpose, it was assumed that for the full range of 
ages, mortality rates equal to 10/9ths of those in the table may be taken 
as 1951 average experience rates. Mortality improvement must also be 
taken into account and this was done by using our two alternative projec- 
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tion scales B and C. An "experience" interest rate of 2{°-/o was assumed. 
Table 21 shows, for males only, the ratio of reserves for deferred annuities 
without return beginning at 65 and immediate annuities at 65 and 75 
(ages in 1952) on certain annuity bases, to reserves computed on the 
"experience" basis just described. In order to examine aggregate reserves 
(Table 22) on these bases, an existing total amount in force was taken as it 

TABLE 20 

MODEL OFFICE TRACING OF RESERVES ON ONE YEAR'S NEW ISSUE 
RATIO OF RESERVES ON CERTAIN ANNUITY BASES TO RESERVES ON 
GROUP ANNUITY TABLE FOR 1951 WITH PROJECTION--2~7o INTEREST 

Annuity Basis 1952 ] 1962 1972 ] 1982 1992 

Standard Annuity 2% . . . . .  
Standard Annuity Set Bac~ 

1 Year 2~% . . . . . . . . . . . .  
Standard Annuity 2 1 % . . .  
Standard Annuity 2½%. 
Prudential 1950 Group An- 

nuity 2½% . . . . . . . . . . . . .  

Standard Annuity 2% . . . . .  
Standard Annuity Set Back 

1 Year 2~% . . . . . . . . . . . .  
Standard Annuity 2~% . . . .  , 
Standard Annuity 2½% . . . .  I 
Prudential 1950 Group An-[ 

nuity 21% . . . . . . . . . . . . .  

Projection Scale B 

98.36% 97.94% 98.72% 

97.96 [ 98.83 I 100.60 
93.38 I 94.78 I 96.53 
88.74 91.79 94.42 

96.54 97.40 98.85 

lOO. o5% i 

102.73 
98.43 
96.86 

100.81 

Projection Scale C 

/ 
96.59% 96.05% t 96.57% 

/ 
96.19 I 96.92 ] 98.40 
91.70 [ 92.96 ] 94.42 
87.14 90.02 92.36 

94,80 95.53 96.79 

101.s1% 

105.32 
100.51 
99.25 

103.06 

97.75%} 99.45% 
J 

100.36 I 102.88 
96.16 I 98.18 
94.63 96.95 

98.49 100.67 

might have been derived from a steadily increasing volume of new issue in 
the past. The assumed distribution of annuities without death benefit, 
retirement age 65, males, is as follows: 

Total Annuity 
Central Income ha Force 

Age in 1952 
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 27,580 
35 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189,791 
45 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  336,757 
55 . . . . . . . . . . . . . . . . . . . . . . . . . .  437,292 
65 . . . . . . . . . . . . . . . . . . . . . . . . .  262,365 
75 . . . . . . . . . . . . . . . . . . . . . . . .  75,917 
85 . . . . . . . . . . . . . . . . . . . . . . . .  9,551 



TABLE 21 

RATIO OF RESERVES ON CERTAIN ANNUITY BASES TO RESERVES ON 

1951 "EXPERIENCE" TABLE WITH PROJECTION--2~o INTEREST 

CALF/q'DAR YEAR O~ COMI~AIUSON 

AoEn~ 1952 

1952 1962 1972 1982 I 1992 

PRO/ECTIONSCALE B 

Standard Annuity Set Back 1 Year 2~,e,o 

Male: 
25 . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  
65 . . . . . . . . .  
75 . . . . . . . . .  

25 . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  
65 . . . . . . . . .  
75 . . . . . . . . .  

25 . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  
65 . . . . . . . . .  
75 . . . . . . . . .  

25 . . . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  
65 . . . . . . . . .  
75 . . . . . . . . .  

104.77% 
105.82 
108.13 
110.21 
110.63 
120.58 

lOO.73% 
102.69 
105.08 
107.20 
117.21 
127.52 

1907:59~% i 196:26~2% ( 1098:636 % 

104.07 I 111.16 { 123.93 
114.07 125.08 . . . . . . . . . . . .  

Standard Annuity 2~% 

87.67% 
90.85 
95.42 

100.34 
104l 71 
113-85 

86.48% 
90.63 
95.67 

101.46 
110.67 
119.97 

86.47% 87.95% 93.35% 
91.57 1 95.81 102.41 
98.50 I 104.96 116,59 
107.71 l 117.68 . . . . . . . . . . . .  

::::::::::::::::::::::::: 

Prudential 19$0GroupAnnulty 2½% 

1oi.o8% 
103.64 
106.47 
108.08 
109.16 
118.18 

98.65% 
101.12 
103.81 
105.77 
114.88 
124.54 

96.48% 95.44% 97.32% 
99.36 99.88 106.30 

102.69 [ 108.95 121.03 
111.81 I 122.16 . . . . . . . . . . . .  

!23:34 ::::::::::::::::::::::::: 

P~ogzcrtoN SCALZ C 

Standard Annuity Set Back I Year 2|% 

101.11% 
102.66 
lO5.58 
lO8.42 
109.78 
120.09 

97.20% 
99.62 

102.60 
105.55 
115.72 
127.07 

I01.78 l 108.20 [ 122.49 



TABLE 2 1 - - - - C o n t i n u e d  

CALENDAR YEAR OF COMPARISON 

AGE l~r 1952 
I 

1952 1962 I 1972 1982 1992 

PROJZCrxos S c ~  C---Continued 

S t a n d a r d  Annu i ty  2 t %  

25  . . . . . . .  
35 . . . . . . .  

55 . . . . . . . .  
65 . . . . . . .  
75 . . . . . . . .  

2 5  . . . . . . .  
35 . . . . . . . . .  
45 . . . . . . . . .  
55 . . . . . . . . .  

65 . . . . . . . . .  
75 . . . . . . . . .  

84.61% 
88.14 
93.17 
98.71 

103.90 
113.38 

83.45% 
87.92 
93.41 
99.90 

109.26 
119.55 

83.44% 84.88% 90.33% 
88.84 I 93.18 ] 99.08 
96.33 [ 102.17 ] 115.24 

105.56 I 116.59 [ . . . . . . . . . . . .  
118.o3 I . . . . . . . . . . . .  ! . . . . . . . . . . . .  

. . . . . . . . . . . .  ] . . . . . . . . . . . .  i . . . . . . . . . . . .  
L 

P r u d e n t i a l  1950 Group  A n n u i t y  2½.e~ 

97,55% 
100.55 
103.96 
107.12 
108.32 
117.70 

95.20% 
98.10 

101.36 
104.14 
113.42 
124.10 

93,10% 92,11% 94.18% 
96.40 97.13 102.85 

100.43 106.05 119.63 
109.57 121.02 . . . . . . . . . . . .  
122.53 . . . . . . . . . .  I . . . . . . . .  

. . . . . . . . . . .  i . . . . . . . . . . .  } . . . . . . . . . . . .  

TABLE 22 

MODEL OFFICE TRACING OF RESERVE FOR TOTAL IN FORCE IN 1952--MALES 
RATIO OF RESERVES ON CERTAIN ANNUITY BASES TO RESERVES ON 1951 

"EXPERIENCE" TABLE WITH PROJECTION--2¼~o INTEREST 

ANN~TY BASIS 

CALENDAR YEAR OF COMPA~SON 

j 
1952 i 1962 1972 1982 1992 

Standard Annuity Set 
Back 1 Year 2 t% . . . . .  

Standard Annuity 21I%. • 
Prudential 1950 Group 

Annuity 211% . . . . . . . . .  

Standard Annuity Set 
Back 1 Year 2~% . . . .  

Standard Annuity 2½%. 
Prudential 1950 Group 

Annuity 211% . . . . . . . .  

P r o j e c t i o n  Sca le  B 

II0.14% 
100.59 

108.54 

lO8.64% 
101.18 

107.02 

11o.68~ 
103,97 

108.81 

111.30% 
104.93 

109.18 

114.47% 
107,85 

111.09 

P r o j e c t i o n  Sca le  C 

I 
108.40%1 106,67% 108,36~ 108.80% 111.89% 
99.00 ] 99.35 101.79 1 0 2 . 5 7  105.41 

106.83 [ 105.08 106.53 106.72 109.46 
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As before, an annual persistency rate of .935 was assumed up to age 65 and 
a survival rate after 65 according to the 1937 Standard Annuity Table. 

Equivalent Age Setback of Male Table, with Projection, to Reproduce 
Reserves on Female Table, with Projection 

Group annuity rate structures, with many variations in annuity and 
death benefits, are so complicated that there is great advantage if one can 
use the male table with an age setback for females. Table 23 shows the 
number of years the age should be set back on the male Group Annuity 
Table for 1951 with Projection C, in order to reproduce reserves computed 
on the corresponding female table. (Note that, in this setback process, both 
the unprojected q's and the projection scales are set back.) The figures 
for Projection Scale C only are shown, as tests indicated they would be 
practically the same for either projection scale. I t  would appear that a 
five-year setback in age of the male table would be reasonably satisfactory 
unless the actuary wished to make allowance for a greater rate of mortal- 
ity improvement for females than that assumed in the projection scales. 
Even a five-year setback results in stronger reserves in the future for fe- 
males as indicated by the decreased equivalent for 1962 and 1972. 

Comparison o/the Complete Expectation of Life by the Group Annuity Table 
for 1951 with Projection, with That o/Certain Other A nnuity Tables 
For the convenience of reference, the complete expectation of life ac- 

cording to the Group Annuity Table for 1951, with and without projection, 
is set forth in Table 24 along with the complete expectation of life from a 
number of annuity tables. 

Concluding Comments 
As indicated in our introduction, it has not been our purpose to draw 

specific conclusions or to develop specific recommendations from this 
study. There clearly was a need for an examination of the application to 
group annuity problems of the principles and approach developed by 
Jenkins and Lew. However, it remains for the individual actuary to deter- 
mine whether the use of a static table, with or without an extra-conserva- 
tive interest rate, or a table with projection using a self-sufficient interest 
rate, will best serve his purposes. In that consideration, the following 
points will be among those he may want to have in mind. 

1. Will a static table provide the desired order of equity as between 
groups with differing age distributions? 

2. Will a static table provide satisfactory immediate annuity rates to 
be used for deposit administration contracts where rates at a fixed level 
may be guaranteed for purchases extending over a period of fifteen to 
twenty-five years? 



T A B L E  23 

NUMBER OF YEARS SETBACK OF MALE GROUP ANNUITY 

TABLE FOR 1951 WITH PROJECTION C~ W H I C H  WII.,L 

REPRODUCE RESERVES OF FEMALE TABLE WITH 

PROJECTION 

A G E n t  1952 

2 5  . . . . . . . . . . .  

35 . . . . . . . . . . .  
4 5  . . . . . . . . . . .  

55 . . . . . . . . . . .  
6 0  . . . . . . . . . . .  

6 5  . . . . . . . . . . .  

70 . . . . . . . . . . .  
75 . . . . . . . . . . .  

2 S  . . . . . . . . . . .  

35 . . . . . . . . . . .  
45  . . . . . . . . . . .  

2 5  . . . . . . . . . . .  

35 . . . . . . . . . . .  

45 . . . . . . . . . . .  

2 5  . . . . . . . . . . .  

35 . . . . . . . . . . .  
45  . . . . . . . . . . .  
55 . . . . . . . . . . .  
6 5  . . . . . . . . . . .  

RESERV~ IN TH]g CALENDAR YEAR 

1952 i 1962 I 1972 
I I 

Immediate Life Annuities 

4 . 5  Y e a r s  
4 . 6  
4 . 8  
4 . 7  
4 . 4  
4 . 0  
3 , 6  
3 . 2  

4 . 5  Y e a r s  4 . 2  Y e a r s  

3 . 8  3 . 5  

3 . 0  2 . 8  

Deferred Annuities to SS (no return) 

Deferred Annuities to 6~ (no return) 

4 . 1  Y e a r s  . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . 3  
4 ,  5 4 . 2  Y e a r s  4 . 0  Y e a r s  

De~erred Annuities to 75 (no return) 

3 . 5  Y e a r s  
3 . 6  
3 . 8  
3 . 9  
3 . 7  

i i i i i i i i i i i i  i i i i i i i i i i i i  
i i i i i i i i i i i i  i i i i i i i i i i i i  

2 8 4  



TABLE 24 

COMPLETE EXPECTATION OF LIFE IN YEARS--~, 

AGE 

Males: 
25 . . . . .  
35 . . . . .  
45 . . . . .  
55 . . . . .  
60 . . . . .  
65 . . . . .  
70 . . . . .  
75 . . . . .  

Females: 
25.. ,  
35. . ,  
45,, .  
55.. ,  
60. . .  
65. . ,  
70. . .  
75.. ,  

Males: 
45. . ,  
55. . ,  
65 . . . .  
75 . . . .  

Females: 
45 . . . .  
55 . . . .  
65 . . . .  
75 . . . .  

Males: 
65 . . . .  
75 . . . .  

Females: 
65 . . . .  
75 . . . .  

1951 
GRouP G~-1951 

A~r~a~TY PaoJ. B 

48.81 
39,24 
29.94 
21.51 
17.72 
14.21 
11.12 
8.49 

53.77 
44.09 
34.60 
25.49 
21.15 
17.10 
13,37 
10.18 

Gff--1951 
PRoJ. C 

In 1952 

52.24 52.88 
41.81 42.30 
31.66 32.04 
22.50 22.76 
18.41 18.61 
14.65 14.79 
11.38 11.46 
8.62 8.66 

56.58 
46.24 
36,12 
26.41 
21.82 
17.54 
13.62 
10.30 

57.14 
46.71 
36,48 
26.67 
22.01 
17.68 
13,71 
10.34 

In 1972 

33.30 33.92 
23.92 24.45 
15.66 16.08 
9,12 9.33 

37.34 37.91 
27.52 28.01 
18.40 18.79 
10.78 10.98 

In 1992 

16.61 17.27 
9.61 9.96 

19.21 19.79 
11.24 11.57 

51.18 
41.91 
33,00 
24.78 
21.02 
17.55 
14,40 
11.60 

STm~DARD I:)RUDF'N" 

1- 

46.53 49.48 
37.38 39.92 
28.78 30.64 
21.02 22.28 
17.55 18.56 
14.40 15.12 
11.60 12.12 
9.17 9.57 

54.30 
44.68 
35.22 
26.30 
22.28 
18.56 
15.12 
12.12 

a-1949 
/2-1949 PRoj. B 

In 1950 

49.41 52.91 
39.85 42.39 
30.57 32.22 
22.20 23.11 
18.48 19.09 
15.01 15.40 
11.86 12.07 
9.09 9.19 

54,55 57.39 
44.88 46.99 
35,41 36.84 
26,33 27.16 
22,02 22.60 
17,94 18.31 
14,18 14.38 
10,82 10.91 

285 
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3. Where an abnormally low interest rate is used to offset some de- 
ficiency in a static mortality table, are equities seriously distorted as be- 
tween annuity forms with no mortality risk before retirement and those 
with full mortality discount before retirement? 

4. As a practical matter, can a company perform the voluminous cal- 
culations involved in the determination of premium rates and reserves 
based upon a projected mortality table, including a year-to-year increase 
in reserve factors? What is the relative position of the large company and 
the small company in this respect? 

5. How important is it, from a sales viewpoint, to have premium rates 
based upon an interest rate, loading and mortality table which appear 
reasonable, each by itself, to the lay businessman? 

6. Are reserves, computed on a static table, a satisfactory basis to be 
used in surplus distribution, having in mind differing age distributions and 
character and degree of mortality risk? 

With no intention of indicating a final conclusion, the writer believes 
that  for a company with adequate machine facilities, there is much to be 
gained by using a mortality table with projection together with a loading 
and interest rate which appear reasonable to the layman. There is a feeling 
of security in that no matter what the annuity form or the age distribu- 
tion, whether it be an immediate annuity or deferred annuity, the rates 
and reserves will have margins where they are needed and belong and the 
best order of equity is automatically achieved. 

In our preliminary study of projected tables, we examined the applica- 
tion of Sternhell's functions for the calculation of rates and reserves. It 
was our conclusion that the many complicated forms of annuities com- 
monly found under group annuity contracts made the calculation work 
altogether too complicated. However, upon examining the work involved 
in using multiple generation tables, we believe that modern machines 
make it possible and practicable to calculate rates and reserves directly 
from such generation tables using the usual actuarial formulas. The work 
done in preparing the figures presented in this paper has strengthened us 
in this belief. 

For the actuary who may wish to get his pencil out and examine some of 
the figures in this paper, sample generation tables for males, projection 
scale C, are included in the Appendix. Without undue time or labor, mor- 
tality tables on this basis for all ages in 1952 have been calculated on 
punch cards. 

I wish to acknowledge my great indebtedness to a number of my associ- 
ates for their assistance in the preparation of this paper. I want to ac- 
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knowledge, in particular, my obligation to Howard Hennington and Rob- 
ert Link for helpful suggestions and ideas, to Kingsland Camp for his 
skillful graduation and description thereof in the Appendix, and to 
Felicitas Reich for her able direction of extensive machine operations and 
calculations. 

APPENDIX 

A, GRADUATION AND CONSTRUCTION OF THE G~-1951 TABLE 

Basic Data for Ages 65 and over 

The basic data for ages 65 and over were the exposed and deaths by 
lives at  attained ages, in the calendar years 1946-1950, on matured group 
annuities. The experience by lives was used since there was no significant 
difference between the experience by lives and that by amount of income. 
The data were compiled by the Committee on Group Mortality and Mor- 
bidity.~ For attained ages 70 and over, both exposed and deaths were taken 
as the sum of the two classes (a) with income commencing on or after 
normal retirement date, and (b) with income commencing prior to normal 
retirement date; thus the crude mortality rates were simply the ratios at  
each age: 

Deaths in both classes (a) and (b). 
Exposed " " ' . . . .  ' " 

Inclusion of class (b) below age 70 would have increased the combined 
mortality rate more than seemed conservative so the average effect above 
that age was extended below it by multiplying the deaths in class (a) by 
the ratio: 

Sum of Deaths (70 & over) for both classes + sum of corresponding 
expected on both classes, by a-1949 Table 

Deaths (70 & over) for class (a) + corresponding expected by 
a- 1949 Table 

This ratio came out as 1.017 and 1.023 on the male and female tables 
respectively. Thus the crude mortality rates for ages 65-69 were taken as: 

Deaths of class (a) modified as described 
Exposed in class (a) 

Data for quinquennial age groups are published in TSA 1951 Reports of Mortality 
and Morbidity Experience, 111-12. 
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These rates are exhibited in the tables headed 1946-1950 Group Annuity 
Experience on Male and Female Retired Lives. 

The Graduation for ages 65 and over 

I t  is desirable, in producing a useful mortality table, to involve as little 
preconceived shaping and graduator's personal bias as possible. Inspection 
of the crude rates, sprinkled with zero death entries and sometimes zero 
exposed above 96 male and 92 female, indicated that a Makeham fit 
would be arbitrary and, at  least at the higher ages, a summation process 
or a Whittaker-Henderson "A" graduation would be unacceptable. This 
left the Whittaker-Henderson "B"  process as the only one with real prom- 
ise of scientific impartiality, that could utilize all available evidence, show 
fidelity to the supporting data where they were heavy, but permit only 
negligible deviation from the main trend wherever the data were light. 
The present job may be the first published use of a "B"  formula that con- 
strains first differences towards a geometric progression, thus making the 
main trend resemble Makeham's first law at points where the data are 
light. I t  involves little more labor than would a "B"  formula with second 
differences in the expression minimized. (The accepted " B "  process, in- 
troduced by Mr. Henderson, has third differences in the function mini- 
mized, and is at least twice as laborious.) 

In symbols, the process used minimizes 
to ~o--1 

65 66 

wherein q= represents the graduated, q~" the crude rates, the symbol w the 
highest age in the range graduated, and the weights are 

IV, = (Exposed lives at age x) + p*-~ 

in which p~ and ~ are from preliminary experimental smoothed rates. 
g~ is the graduating coefficient; 1.5 X 106 appeared from trials to be the 
most nearly satisfactory value to use for g~ with the above weighting for- 
mula. r ~ was approximated by graphing on semilogarithmic paper; more 
accurate r ~ values would have appreciably affected only the highest ages 
in the range graduated, where nevertheless the results will probably be 
more nearly true than the approximate second difference series that the 
laborious third-order formula would produce. 

The crude series, the results by the graduations, and the second differ- 
ences are given in columns below; also the expected and the actual deaths, 
and their ratios by 5-year age groups. The degree of success of the corn- 
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promise achieved between fidelity and smoothness may be inferred from 
the following summary: 

g2 . . . . . . . . . . . . . . . . . . . . . . . .  
r ~ (analogous to Makeham c). 

Number  of Terms  in Range 
Graduated . . . . . . . . . . . . . .  

Number  of Sign Changes in 
Deviations Column . . . . . .  

Multiples 
of Standttrd 
Deviation 

1 . . . . . . . . . . . . .  
1½ . . . . . . . . . . . .  

2½ . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
3½ . . . . . . . . . . . .  

Ideal Per- 
centagewith- 

in Those 
Multiples 

38°/0 
68 
87 
95 
99 

100 
100 

MALE TABLE FEMALE TABLE 

1 .5XlO 6 1 .5XlO ~ 
1.095 1. 104 

By Indi- By Age 
vidual Groups 

(Chiefly 
Ages in 5's) 

38 7 
I 

18 I 5 

By Indi- By Age 
vidual Groups 

(Chiefly 
Ages m 5's) 

39 

20 

Actual Percentages 

~% 

71 
87 
97 

43%1 Uo 
71 

i iii 10o 

33% 
67 
83 
83 
83 

100 

The Difference Series 

The graduation process, as noted above, constrains first differences to- 
wards a geometric series with a ratio quite certainly near to the c value 
that would best fit a Makeham curve to the data. Since the process also 
allows for the varying weight of data at different points of the series, the 
practical effect at the ages near 65 with heavy data is to minimize second 
differences and thus smooth only first differences, while at the high ages 
with light data the nearly unhampered geometric trend imposed on the 
first differences tends to make all difference-orders geometric. The over-all 
errors, and the deviations at most of the important annuity ages, were in 
the conservative direction. 

Remembering this, and noting that the first differences of these gradu- 
ated qz results are positive throughout and form a slowly decreasing per- 
centage of qz (from around 11% to around 6% on male rates, from around 
14% to around 8% on female rates), it is pretty clear that second differ- 



1946-1950  G R O U P  A N N U I T Y  E X P E R I E N C E  O N  M A L E  R E T I R E D  L I V E S  

Crude 
Age Data  

1,oooq" 

65 . . . .  2 7 . 8 8 3  
66  . . . .  3 1 . 0 6 1  
6 7 , ,  I 3s.151 
6 8 , . .  3 8 . 2 4 5  
69 . . . .  I 4 0 . 4 3 9  

70 . . . .  I 4 4 . 2 3 3  
71 . . . .  i 4 9 . 2 8 2  
72 . . . .  I 5 5 . 1 5 9  
73 . . . .  I 5 8 . 5 3 1  
74 . . . .  ! 67 .  284 

! 
75 . . . .  I 72.  644 
76 . . . . .  69 .  505 
77 . . . .  85 .  796 
78 . . . .  87 .  529 
79 . . . .  1 0 5 . 1 2 0  

80  . . . .  120.  495 
81 . . . .  121 .207  
82 . . . .  139. 461 
83 . . . .  137. 736 
84  . . . .  177 .591  

85 . . . .  176.  872 
86 . . . .  166 .697  
87 . . . .  1 8 2 . 1 3 8  
88 . . . .  192 .131  
89 . . . .  1 7 1 . 7 8 9  

9 0  . . . .  252.  174 
91 . . . .  3 6 1 . 1 1 I  
92 . . . .  272.  727 
93  . . . .  4 5 8 . 3 3 3  
94  . . . .  2 5 9 . 4 0 3  

95  . . . .  5 3 3 . 3 3 3  
9 6  . . . .  5 5 5 . 5 5 6  
97 . . . . . . . . . . . . .  
98  . . . . . . . . . . . . .  
99  . . . . . . . . . . . . .  

100 . . . .  97 .  752 
101 . . . . . . . . . . . . .  
102 . . . .  181.818 

Over-all comparison. 

Graduated 
Second Rates 

Differences 
l,O00qffi 

2 8 . 0 4 7  
3 1 . 2 0 5  
34 .  524 
37 .  784 
4 1 . 1 3 4  

4 4 . 9 3 9  
4 9 . 3 1 5  
5 4 . 1 5 2  
5 9 . 3 3 6  
6 4 . 9 4 6  

7 0 . 9 4 8  
77.  558  
8 5 . 1 2 9  
93.  548  

102.  737 

1 1 2 . 4 3 2  
1 2 2 . 4 3 0  
132.  674  
1 4 3 . 0 9 4  
1 5 3 . 6 8 2  

1 6 4 . 3 9 9  
1 7 5 . 3 1 2  
186.  527 
1 9 8 . 1 3 5  
2 1 0 . 2 2 5  

2 2 2 . 8 8 2  
236 .  172 
250 .  179 
2 6 5 . 0 2 7  
2 8 0 . 8 5 0  

2 9 7 . 8 0 6  
3 1 6 . 0 6 1  
3 3 5 . 8 0 3  
3 5 7 . 2 3 9  
3 8 0 . 5 8 5  

4 0 6 . 0 6 9  
4 3 3 . 9 3 1  
4 6 4 . 4 2 1  

Expected 
D e a ~ s  

4 , 9 0 6 . 4 5  

3 , 9 2 0 . 7 9  

2 , 2 3 4 . 9 5  

1 , 0 5 5 . 6 9  

3 2 1 . 9 9  

6 4 . 3 3  

2 6 . 6 4  

1 2 , 5 3 0 . 8 4  

A c ~ a l  
Dea~s  

4 , 9 1 1 . 2 9  

3 , 9 3 3  

2 , 1 8 3  

1 , I 0 0  

317 

Actual 
+ 

Expected 

1.001 

1.003 

.977  

1 . 0 4 2  

• 985  

82 1.275 

16 ,601 

1 2 , 5 4 2 . 2 9  1 . 0 0 1  

290 
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Age 

65 . . . . . . . .  15.505 
66 . . . . . . . .  19.977 
67 . . . . . . . .  18.630 
68 . . . . . . . .  21.937 
69 . . . . . . . .  21.932 

70 . . . . . . . .  21.021 
71 . . . . . . . .  31.636 
72 . . . . . . . .  39.825 
73 . . . . . . . .  39.766 
74 . . . . . . . .  53.098 

75 . . . . . . . .  58.867 
76 . . . . . . . .  4 2 . 2 4 4  
77 . . . . . . . .  62.579 
78 . . . . . . . .  56.672 
79 . . . . . . . .  83.665 

80 . . . . . . . .  113.025 

Cmde Graduated 
Data Rates 

1,000 ~' 1,000qz 

16.064 
17.694 
19.407 
21.441 
23.959 

27.165 
31.159 
35.746 
40.754 
46.128 

51.795 
57.79O 
64.225 
71.093 
78.382 

86.022 
81 . . . . . . .  93.956 
82 . . . . . . .  173.913 
83 . . . . . . .  88.819 
84 . . . . . . .  116. 788 

85 . . . . . .  125.000 
86 . . . . . . .  148. 939 
87 . . . . . .  142. 857 
88 . . . . .  206. 897 
89 . . . . .  294.118 

90 . . . . . . .  153. 846 
91 . . . . . . . .  200. 000 
92 . . . . . . . .  500.000 
93 . . . . . . . . . . . . . . . . . . .  
94 . . . . . . . .  500. 000 

95 . . . . . . . . . . . . . . . . . . .  
96. 
97.1111111111111111111 
9 8  . . . . . . . . . . . . . . . . . . . .  

1 0 0  . . . . . . . . . . . . . . . . . . .  

101 . . . . . . . . . . . . . . . . . . . .  
102 . . . . . . . . . . . . . . . . . . . .  
103 . . . . . . . . . . . . . . . . . . . .  

93.964 
102.221 
110.809 
119.822 

129.343 
139.458 
150.258 
161.843 
174.319 

187.807 
202.450 
218.399 
235.818 
254.890 

275.812 
298.801 
3 2 4 . 0 9 3  
351.946 
382.642 

416.490 
453.829 
495.028 
540.492 

Second 
Differences 

:°2 l 

.421~ 

.366 

.2931 

1433 

.3021 

.315/ 

.331~ 

.425 / 

.508/ 

.s94~ 

.685 
785[ 

.891/ 
1.012/ 

1.1551 
1.306/ 
1.47o~ 
1.653 / 
1.850/ 

2.o671 
2.303[ 
2.561~ 
2.843 / 
3.152! 

3.491 / 
3.8601 
4.265f 

Over-all comparison . . . . . . . . . . . . . . . . . . . . . . . . . .  

Actual Expected Actual 
Deaths Deaths + Expected 

287.61 288.61 1.003 

258.88 259 1.000 

160 .942 

73.62 98 1.331 

26.70 30 1.124 

9.92 6 .605 

" / - -  

826.59 I 841.61 1.018 

169.86 
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ences behaving as follows cannot be of major significance: 

(1) One of them (male, 67) is negative but small 
(2) Only two or three, in the female series, are as much as 20% of the cor- 

responding first differences 
(3) Outside of these, second differences are seldom as much as 10% of corre- 

sponding first differences 

Nevertheless the essential impartiality of the graduation process is beyond 
doubt, and recurrence of some of these details when exactly the same proc- 
ess is applied to other material is at least interesting. The negative second 
difference at 67 male appeared also in such a graduation of this same mate- 
rial before we could add in the experience for the year 1950. The same 
process, applied to the Railroad Retirement Board's experience for the 
years 19~6-1949 among nondisability annuitants, showed three small 
negative second differences at ages 66, 67 and 68. As an interesting specu- 
lation, it is possible that men find enough difficulty of adjustment to new 
living habits to cause just a little higher mortality at the normal retire- 
ment age of 65 than would otherwise occur, with the result that for a short 
interval thereafter the always positive first difference, or increase in the 
rate of mortality, does not itself increase. This persistent feature of three 
graduation jobs on male data does not appear among results for females 
above age 65. 

All the graduations, male and female, whether of group annuity or rail- 
road retirement data, show curiously low (but positive) second differences 
about some age in the late 70's or early 80's. I t  is hard to believe that the 
recurrence of this feature has no significance. One is led to speculate as to 
whether it dates the extinction of a "less durable" class of lives from the 
exposed, or indicates a general inclination of those surviving to the four- 
score milestone to improve their vitality by relinquishing all responsibili- 
ties and completely trusting thereafter in Providence, their annuity in- 
comes and their bank accounts. 

Whatever the explanations, these peculiarities seem to be genuine fea- 
tures of the data and should be retained. Not impossibly, future ex- 
periences, graduated by methods equally scientific or more so, will yield 
valuable and instructive corroborative or contrasting features. Such a pos- 
sibility is much more important than the mathematical smoothness of a 
fitted Makeham curve, for example--especially since premiums, reserves 
and dividends will be computed from them for entire group annuity con- 
tracts and not for individual lives. Furthermore, the very operation of 
deriving financial functions tends in itself to produce smoother series than 
the q~ from which they are derived. 

Bridging Technique and Termination of Table 
The graduated rates for ages 65 and over were adjusted to allow for 

three years' decrease in mortality by Projection Scale B and the resulting 
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male rates were then discounted 10C7o and the female rates 12½%. These 
rates were next bridged to the a-1949 Table projected one year. To de- 
termine the mortality rates between the ages 55 and 65, we simply joined 
the Ga--1951 q, rates with margin for ages 65 and 66 by a simple four- 
order binomial curve, to the rates for ages 53, 54 and 55 by the a-1949 
Table projected one year. Thus first differences were reasonable near 65, 
and both first and second, near 55. 

As the graduated rates with margin did not reach a q, equal to unity, 
they were extended by a third-order curve to reach the value of 1.000 at 
age 110. 

B.  CALCULATIONS FOR GROUP LIFE  I N S U R A N C E  C L E R I C A L  E X P E R I E N C E  

COMPARISON FOR AGES U N D E R  65 

For the purpose of comparing the mortality rates at ages under 65 of 
the Group Annuity Table for 1951 with recent clerical group life experi- 
ence, the group life experience rates for the period 1946- 50 (centering on 
1948) were brought forward to 1951 by discounting for three years' 
mortality decrease according to Projection Scale B and then further dis- 
counted by 10% to correspond to the assumed basic safety margin con- 
tained in the table for ages under 65. 

I t  was also necessary to take appropriate account of disability claims 
in the group life experience and to allow for the proportion of females in 
that experience. 

As to disability claims, the adjustment required is to estimate the 
number of excess deaths that would have been realized had the disabled 
lives continued in the experience. The percentages of ill-health cases 
counted as deaths by Jenkins and Lew in the group annuity experience -~ 
were based on the assumption that the extra mortality would be measured 
by the group conversion experience. However, the mortality experience 
among disabled lives is considerably higher than that under group con- 
versions. With this in mind, the following percentages of disability claims 
were set down as crudely representing the excess deaths that would have 
arisen had the disabled lives remained in the experience until death. 

Percentage of 
Central Disability Claims 

Age Counted As 
Deaths 

2 s  . . . . . . . . . . . . . . . . . . .  7 ~ , %  
a s  . . . . . . . . . . . . . . . . . . . . .  l O  
a s  . . . . . . . . . . . . . . . . . . .  12½ 
43 . . . . . . . . . . . . . . . . . . . . . . .  15 
4 8  . . . . . . . . . . . . . . . . . . . . . . .  2 0  

53 . . . . . . . . . . . . . . . . . . . . . . .  30 
58 . . . . . . . . . . . . . . . . . . . . . . .  40 

:TSA l, 374. 
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The group life experience, so adjusted, was then compared with a 
composite q, derived from the Group Annuity Table for 1951 assuming 
the following proportions of females. These proportions were arrix ed at 
by examining the sex distribution by age of a number of large banks 
and insurance companies. 

Central Assumed Pro- 
portion of 

Age Females 

28 . . . . . . . . . . . . . . . . . . . . . . .  50% 
33 . . . . . . . . . . . . . . . . . . . . . . .  33Jr 
38 . . . . . . . . . . . . . . . . . . . . . . .  30 
43 . . . . . . . . . . . . . . . . . . . . . . .  30 
48 . . . . . . . . . . . . . . . . . . . . . . .  30 
5 3  . . . . . . . . . . . . . . . . . . . . . . .  3 0  
58 . . . . . . . . . . . . . . . . . . . . . . .  25 
63 . . . . . . . . . . . . . . . . . . . . . . .  25 

C. JOINT LIFE AI~NUIT¥ VALUES BASED ON THE GROUP ANNUITY 
TABLE FOR 1951 WITH PROJECTION 

Joint annuity values are needed under group annuity contracts al- 
most exclusively for the purpose of converting a single life annuity to an 
annuity involving two lives. There is rarely an occasion to determine the 
consideration for a two-life annuity newly purchased. Any lack of mathe- 
matical precision in establishing the proper equivalence between a single 
life annuity and a two-life annuity will be adjusted in an equitable fashion 
through the process of surplus distribution which reflects the actual mor- 
tality e-:perience of a contract. Since there is always a substantial em- 
ployer contribution to a group annuity plan, the employer ultimately 
pays for the actual benefits paid whether they are more or less than the 
mathematically precise amount determined by actuarial considerations. 
However, reasonable precision should be sought as individual employee 
equities are involved. 

In constructing the Group Annuity Table for 1951, we considered it 
more important to maintain fidelity to the observed experience (hence the 
Whittaker-Henderson graduation) than to force the experience into a 
Makeham or Gompertz curve for the questionable advantage of great 
precision in computing equivalent two-life annuities. 

I t  may also be noted that if a table such as the Standard Annuity Table 
is used with 2% or 2xv'/o interest to introduce more m o r t a l i t y  m a r g i n  in the 
rates or reserves instead of using some other mortality table having 
adequate mortality margins with say, 2{0-/0 interest, the equivalent an- 
nuity values derived from the Standard Annuity Table are only approxi- 
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mately correct at best. As a matter of fact, the ratios of single life an- 
nuity values to two-life annuity values based on the Standard Annuity 
Table with 23% interest and those based on the Standard Annuity Table 
with an age setback and 2~o interest, are practically identical. The set- 
back in age operates to increase the ratio and the lower interest rate oper- 
ates in the other direction. 

Although time and facilities did not permit us to make final calcula- 
tions based upon the Group Annuity Table for 1951 with Projection, 
we were able to form certain preliminary opinions based upon a study of 
an earlier version of such table with projection. 

1. To avoid formidable complexities in practice, it appears practically 
mandatory to use the male table for females with an appropriate setback 
in age. This may necessitate rating the female age back more than five 
years in computing equivalent joint annuities where there is a female 
contingent annuitant. 

2. If the male table is so used, it is probable that for the range of ages 
normally encountered, Le., between 55 and 75, reasonable accuracy 
could be attained by assuming either the Gompertz or Makeham Law to 
apply. 

3. The ratios of single life annuity values to two-life annuity values on 
a mortality table with projection increase in time. For example, to convert 
a single life annuity to a joint and survivor annuity for two males age 65 in 
1955, the income is reduced to 79.4% of the single life income; if con- 
version takes place in 1975, the ratio is 80.5% and in 1995, it is 81.6%. 
This is a variation that must be considered in writing a contract, and one 
approach is to guarantee the lower figure as a minimum. 

4. In view of the high speed multiplying facilities available in the new 
electronic punch card machines (which were extensively employed in the 
calculations for this paper), the best solution may be the accurate calcula- 
tion of two-life annuities for the normal range of age combinations with- 
out relying upon the equivalent equal age two-life principles or the 
Gompertz single life principle. (Modern machines appear to be minimiz- 
ing the importance of actuarial devices designed to save voluminous cal- 
culation work. It may become more important for a young actuary to 
understand the "604" multiplier than Gompertz's or Makeham's Law I) 

D. GENERATION TABLES 

On the following pages appear sample generation mortality tables for 
ages in 1952: 35, 45, 55, 60, 65, 70, and 75. 



GENERATION TABLE--MALE--AGE Or) IN 1952:35 

Ga-1951 TABLE WITB PROJECTION C--2½% 

~ adz ~D~ 

9999.9999 12.8100 

9987.1899 
9973.6373 
9959. 2952 
9944.0774 
9927.8984 

9910.6636 
9892.2793 
9872.4255 
9850.5581 
9826.1977 

9798.9300 
9768.3867 
9734. 2462 
9696. 2340 
9654. 1136 

9607.6966 
9556.8238 
9501.3656 
9441.2220 
9376.3136 

9306.5913 
9232.0176 
9152.5946 
9068.3175 
8979.1215 

8884.8497 
8785.1972 
8679.6958 
8567.6843 
8448.3022 

8320.4709 
8182.9086 
8034.1270 
7874.3925 
7705.0301 

7526.7126 
7338.6201 
7136.8668 
6919.3851 
6685.9181 

13.5526 
14.3421 
15.2178 
16.1790 
17.2348 

18.3843 
19.8538 
21.8674 
24.3604 
27.2677 

30.5433 
34.1405 
38.0122 
42.1204 
46.4170 

50.8728 
55.4582 
60.1436 
64.9084 
69.7223 

74.5737 
79.4230 
84.2771 
89.1960 
94.2718 

99.6525 
105.5014 
112.0115 
119.3821 
127.8313 

137.5623 
148.7816 
159.7345 
169.3624 
178.3175 

188.0925 
201.7533 
217.4817 
233.4670 
249.8795 

4319.0534 

4208.3129 
4100.0997 
3994. 3451 
3890.9675 
3789. 8897 

3691. 0346 
3594. 3295 
3499. 6251 
34O6.7058 
3315.3961 

3225.5569 
3137.0760 
3049.8653 
2963.8591 
2879.0088 

2795.2845 
2712.6668 
2631. 1465 
2550. 7232 
2471.4020 

2393.1948 
2316.1152 
2240.1850 
2165. 4219 
2091.8271 

2019.3805 
1948.0304 
1877. 6941 
1808. 2561 
1739.5706 

1671.4625 
1603. 7350 
1536. 1715 
1468.9067 
1402. 2571 

1336. 3948 
1271.2178 
1206. 1166 
1140,8416 
1075.4619 

aNz aqz 

113627.6535 .001281 

109308.6001 .001357 
105100. 2872 • 001438 
101000.1875 • 001528 
97005.8424 .001627 
93114.8749 .001736 

89324. 9852 • 001855 
85633. 9506 • 002007 
82039.6211 .002215 
78539. 9960 .002473 
75133.2902 .002775 

71817.8941 .003117 
68592. 3372 • 003495 
65455. 2612 • 003905 
62405. 3959 • 004344 
59441. 5368  .004808 

56562. 5280 • 005295 
53767. 2435  .005803 
51054. 5767  .006330 
48423.4302 .006875 
45872. 7070  .007436 

43401. 3050 .008013 
41008.1102 .00860.3 
38691.9950 .009208 
36451.8100 .009836 
34286. 3881 .010499 

32194.5610 .011216 
30175.1805 .012009 
28227.1501 .012905 
26349.4560 .013934 
24541.1999 .015131 

22801.6293 .016533 
21130.1668 .018182 
19526.4318 .019882 
17990.2603 .021508 
16521. 3536 .023143 

15119.0965 .024990 
13782. 7017 .027492 
12511.4839 .030473 
11305.3673 .033741 
10164.5257 .037374 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (a) IN  1952: 35- -Cont inued  

Atta ined  
Age x 

75 . . . .  . 
76 . . . . .  
77 . . . . .  
78 . . . . .  
79 . . . . .  

8 0  . . . . .  
81 . . . . .  
82 . . . . .  
83 . . . . .  
84 . . . . .  

85 . . . . . .  
86 . . . . .  
87 . . . . . .  
88 . . . . . .  
89.. 

9 l . .  
92 . . . . .  
93 . . . . .  
94 . . . . .  

95 . . . . .  
96 . . . . .  
97 . . . . .  
98 . . . . .  
9 9  . . . . .  

100 . . . . .  
101 . . . . .  
102 . . . . .  
103 . . . . .  
104 . . . . .  

105 . . . . .  
106 . . . . .  
107 . . . . .  
108 . . . . .  
109 . . . . .  

110 . . . . . .  

6436.0386 
6169.9470 
5885.4878 
5581.4023 
5257.2903 

4913.9156 
4553.8877 
4180•8150 
3799.1693 
3414.2489 

3031•2350 
2655.7256 
2293.2722 
1948.6026 
1626.1907 

1330. 0906 
1063. 2824 
837. 2764 
648. 7544 
494.0109 

369.1422 
270. 2029 
193. 3423 
134.9098 
91.5343 

60.1814 
38.1874 
23.2738 
13.5458 

7.4489 

3.8049 
1.7594 

.7079 

.2325 

.0554 

• 0072 

~dz 

266.0916 
284.4592 
304.0855 
324.1120 
343•3747 

360.0279 
373.0727 
381 •6457 
384.9204 
383.0139 

375. 5094 
362.4534 
344. 6696 
322.4119 
296.1001 

266.8082 
226.0060 
188.5220 
154.7435 
124.8687 

98.9393 
76.8606 
58.4325 
43.3755 
31.3529 

21.9940 
14.9136 
9. 7280 
6.0969 
3.6440 

2.0455 
1.0515 

.4754 

.1771 

.0482 

.0072 

a d z  

1010.0171 
944.6429 
879.1133 
813.3582 
747.4404 

681.5826 
616.2391 
551.9554 
489.3367 
429.0328 

371.6131 
317.6368 
267.5958 
221.8315 
180.6123 

144.1230 
112.4027 
86.3522 
65.2771 
48.4946 

35.3530 
25.2464 
17.6243 
11.9979 

7.9418 

5.0942 

aNz 

9089.0638 
8079.0467 
7134.4038 
6255.2905 
5441.9323 

4694.4919 
4012.9093 
3396•6702 
2844.7148 
2355.3781 

1926.3453 
1554.7322 
1237.0954 
969.4996 
747.6681 

567.0558 
422.9328 
310.5301 
224.1779 
158.9008 

110.4062 
75.0532 
49.8068 
32.1825 
20.1846 

12.2428 
3.1536 
1.8751 
1.0647 

.5712 

.2847 

.1284 
• 0504 
•0162 
• 0038 

.0005 

7.1486 
3.9950 
2.1199 
1.0552 

.4840 
• 1993 
.0709 
.0205 
.0043 

.0005 

aqx 

.041344 
• 046104 
.051667 
• 058070 
• 065314 

.073267 

.081924 

.091285 
101317 
112181 

123880 
136480 
150296 
165458 

•182082 

.200594 
• 212555 
.225161 
.238524 
• 252765 

.268025 

.284455 
•302223 
.321515 
.342526 

.365462 

.390538 

.417979 

.450096 

.489201 

.537605 
•597619 
.671554 
.761722 
.870434 

.999999 
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GENERATION TABLE--MALE--AGE (a) IN 1952:45 

Ga-1951 TABLE WITH PROJECTION C--2½~o 

Attained 
a l z  a d s  aD:c  aNz aqz Age x 

44 . . . . . . .  9999. 9999 31. 4700 3374. 0376 . 003147 

4 5  . . . . . . .  

4 6  . . . . . . .  

47 . . . . . . .  

4 8  . . . . . . .  

4 9  . . . . . . .  

5 0  . . . . . . .  

51 . . . . . . .  
52 . . . . . . .  
53 . . . . . . .  
54 . . . . . . .  

55,. 
56 . . . . . . .  
57 . . . . . . .  
58 . . . . . . .  
59 . . . . . . .  

6 0  . . . . . . .  

61 . . . . . . .  

62 . . . . . . .  
6 3  . . . . . . .  

6 4  . . . . . . .  

6 5  . . . . . . .  

6 6  . . . . . . .  

67 . . . . . . .  
6 8  . . . . . . .  

6 9  . . . . . . .  

7 0  . . . . . . .  

71.. 
72 . . . . . . .  
73 . . . . . . .  
74,.. 

7 5  . . . . . . .  

76 . . . . . . .  
77 . . . . . . .  
78 . . . . . . .  
79 . . . . . . .  

8 0  . . . . . . .  

81 . . . . . . .  
82 . . . . . . .  
8 3  . . . . . . .  

8 4  . . . . . . .  

~ 5  . . . . . . .  

8 6  . . . . . . .  

8 7  . . . . . . .  

8 8  . . . . . . .  

89 . . . . . . .  

9968. 5299 
9933. 2911 
9893.9155 
9850. 0953 
9801. 5737 

9748.1257 
9689.5980 
9625.8308 
9556.7366 
9482.2323 

9402. 2686 
9316.8302 
9225.9352 
9129,5888 
9027. 7574 

8920. 2639 
8806. 8071 
8686. 8672 
8559. 7436 
8424.4825 

8279.9268 
8124,6782 
7957,1555 
7777.7455 
7588•0463 

7388. 8980 
7179.5040 
6956. 5086 
6718. 2899 
6464.9163 

6196.3184 
5913.0475 
5613.6403 
5297,2162 
4963.8783 

4614.9177 
4253,3943 
3883.3235 
3509.3750 
3136.7741 

2770.4993 
2415.6482 
2077.0275 
1758.5465 
1463.6822 

35.2388 
39.3756 
43.8202 
48.5216 
53.4480 

58.5277 
63. 7672 
69.0942 
74.5043 
79.9637 

85.4384 
90.8950 
96.3464 

101.8314 
107.4935 

113.4568 
119.9399 
127•1236 
135.2611 
144.5557 

155. 2486 
167. 5227 
179,4100 
189. 6992 
199,1483 

209.3940 
222.9954 
238.2187 
253.3736 
268,5979 

283.2709 
299.4072 
316,4241 
333.3379 
348.9606 

361.5234 
370,0708 
373.9485 
372.6009 
366.2748 

354.8511 
338.6207 
318.4810 
294.8643 
268.3017 

3281.3848 
3190.0343 
3099.8918 
3010.8901 
2922.9838 

2836.1412 
2750.3542 
2665.6138 
2581.9317 
2499.3200 

2417.7983 
2337.3929 
2258.1358 
2180.0529 
2103.1576 

2027.4296 
1952.8222 
1879.2455 
1806.5802 
1734.6659 

1663.3178 
1592,3226 
1521.4541 
1450•8780 
1380.9669 

1311.9253 
1243.6552 
1175.6364 
1107.6858 
1039.9127 

972.3975 
905.3106 
838,5075 
771.9447 
705,7254 

640.1102 
575.5758 
512.6803 
452,0109 
394.1654 

339.6483 
288.9224 
242.3626 
200.1952 
162.5634 

74909.3643 

71535,3267 
68253.9419 
65063.9076 
61964.0158 
58953.1257 

56030.1419 
53194.0007 
50443.6465 
47778,0327 
45196.1010 

42696•7810 
40278,9827 
37941.5898 
35683,4540 
33503.4011 

31400,2435 
29372.8139 
27419.9917 
25540.7462 
23734.1660 

21999.5001 
20336.1823 
18743.8597 
17222.4056 
15771.5276 

14390.5607 
13078.6354 
11834.9802 
10659,3438 
9551.6580 

8511.7453 
7539.3478 
6634,0372 
5795.5297 
5023,5850 

4317.8596 
3677.7494 
3102.1736 
2589.4933 
2137.4824 

1743.3170 
1403.6687 
1114.7463 
872.3835 
672.1883 

.003535 
,003964 
.004429 
,004926 
.005453 

.006004 

.006581 
,007178 
.007796 
• 008433 

,009087 
.009756 
.010443 
.011154 
.011907 

.012719 

.013619 

.014634 

.015802 

.017159 

.018750 

.020619 

.022547 
• 024390 
.026245 

.028339 

.031060 

.034244 

.037714 

.041547 

.045716 

.050635 

.056367 

.062927 

.070300 

,078338 
.087006 
,096296 
.106173 
.116768 

,128082 
.140178 
.153335 
•167675 
.183306 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (,,) I N  1952: 45---Continued 

Attained 
Age x 

9 0  . . . . . . .  

91 . . . . . . .  
92 . . . . . . .  
93 . . . . . . .  
94 . . . . . . .  

95 . . . . . . .  
9 6  . . . . . . .  

97 . . . . . . .  
98 . . . . . . .  
9 9  . . . . . . .  

I00 . . . . . . .  
101 . . . . . . .  
102 . . . . . . .  
103 . . . . . . .  
104 . . . . . . .  

l O 5  . . . . . . .  ; 
106 . . . . . . .  I 
107 . . . . . . .  I 
108 . . . . . . .  I 
109 . . . . . . .  

110. 

~ a ~  aDz aN,  ~ 

1195.3805 
955,5943 
752,4780 
583,0493 
443.9780 

331,7559 
242,8370 
173.7608 
121.2463 
82.2638 

54.0863 
34.3198 
20,9166 
12.1739 
6.6945 

3.4195 
1.5812 

• 6362 
• 2090 
• 0498 

.0065 

239.7862 
203,1163 
169,4287 
139.0713 
112.2221 

88.9189 
69,0762 
52.5145 
38.9825 

129.5264 
101.0187 
77.6065 
58.6659 
43.5831 

31.7725 
22,6894 
15.8393 
10.7828 

509,6249 
380.0985 
279.0798 
201,4733 
142.8074 

99.2243 
67.4518 
44.7624 
28.9231 

28.1775 

19.7665 
13.4032 
8.7427 
5.4794 
3.2750 

1.8383 
.9450 
.4272 
.1592 
.0433 

.0065 

7.1375 18.1403 

4.5783 11.0028 
2.8342 6.4245 
1. 6852 3.5903 

.9569 1.9051 
• 5134 .9482 

.2558 .4348 
• 1154 .1790 
.0453 .O636 
.0145 .0183 
.0034 .0038 

.0004 .0004 

.200594 
•212555 
.225161 
.238524 
.252765 

.268025 

.284455 

.302223 

.321515 

.342526 

.365462 

.390538 

.417979 

.450096 

.489201 

.537605 

.597619 

.671554 

.761722 

.870434 

.999999 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (,t) I N  1952:55 

Ga-1951 TABLE WITH PROJECTION C - - 2 ~ o  

A t t a i n e d  

A g e  

x 

54 . . . . . .  

5 5  . . . .  . .  

56 . . . . . .  
57 . . . . . .  
58 . . . . . .  
59 . . . . . .  

6 0  . . . . . .  

61 . . . . . .  
62 . . . . . .  
6 3  . . . . . .  

6 4  . . . . . .  

6 5  . . . . . .  

6 6  . . . . . .  

67 . . . . . .  
6 8  . . . . . .  

6 9  . . . . . .  

7 0  . . . . .  

71 . . . . .  
72 . . . . .  
73 . . . . .  
74 . . . . .  

75 . . . . .  

76 . . . . . .  
77 . . . . . .  
78 . . . . . .  
79 . . . . . .  

8 0  . . . . . .  

81 ...... 

82 ..... 

83 ..... 

84 ..... 

8 5  . . . . .  

86 . . . . .  
87 . . . . . .  
88 . . . . . .  
89 . . . . . .  

9 0  . . . . . .  

91 . . . . . .  
92 . . . . . .  

93 . . . . .  
94 . . . . .  

9 5  . . . . .  

9 6  . . . . .  

97 . . . . .  
98 . . . . .  
9 9  . . . . . .  

aG 

9999.9999 

9904.3699 
9802.2955 
9693.8429 
9579.0387 
9457.8734 

9330.1637 
9195.5854 
9053.5688 
8903.3158 
8743. 7684 

8573.6234 
8391.3224 
8195.1081 
7985.5674 
7764.6866 

7533.5862 
7291.4718 
7035.5995 
6764.8485 
6479.6763 

6180.4060 
5867.9927 
5541.6678 
5200.8774 
4846.2348 

4479. 5348 
4104.3290 
3725.0767 
3346. 6760 
2974. 3215 

2612.8106 
2266.8065 
1940.4408 
1636.8860 
1358. 7447 

1108.0033 
885.7445 
697.4751 
540.4309 
411. 5252 

307.5060 
225.0867 
161.0597 
112.3838 
76.2507 

95.6300 

102.0744 
108.4526 
114.8042 
121.1653 
127.7097 

134.5783 
142.0166 
150.2530 
159.5474 
170.1450 

182.3010 
196.2143 
209.5407 
220• 8808 
231• 1004 

242.1144 
255.8723 
270.7510 
285.1722 
299.2703 

312.4133 
326.3249 
340,7904 
354.6426 
366.7000 

375.2058 
379.2523 
378.4007 
372.3545 
361.5109 

346.0041 
326.3657 
303.5548 
278,1413 
250. 7414 

222.2588 
188.2694 
157.0442 
128.9057 
104.0192 

82.4193 
64.0270 
48.6759 
36.1331 
26.1178 

2635.7928 

2546.9139 
2459.1857 
2372.6607 
2287.3769 
2203.3599 

2120.5931 
2039.0299 
1958.5747 
1879.0930 
1800.4093 

1722.3172 
1644.5811 
1566.9520 
1489.6456 
1413.1141 

1337.6152 
1263.0506 
1189.0026 
1115.3622 
1042.2869 

969.9003 
898.4125 
827. 7570 
757.9056 
688.9998 

621.3319 
555.4041 
491.7884 
431.0551 
373.7517 

320.3165 
271.1203 
226.4249 
186.3452 
150.9085 

120.0586 
93.6347 
71.9338 
54.3777 
40.3974 

29.4501 
21.0309 
14.6816 
9.9946 
6.6158 

,xNx 

46330.7130 

43694.9202 
41148.0063 
38688.8206 
36316.1599 
34028.7830 

31825.4231 
29704.8300 
27665.8001 
25707.2254 
23828.1324 

22027.7231 
20305.4059 
18660.8248 
17093.8728 
15604.2272 

14191. 1131 
12853• 4979 
11590.4473 
10401. 4447 
9286.0825 

8243.7956 
7273.8953 
6375.4828 
5547.7258 
4789.8202 

4100.8204 
3479.4885 
2924.0844 
2432. 2960 
200 I. 2409 

1627.4892 
1307.1727 
1036.0524 
809•6275 
623.2823 

472,3738 
352.3152 
258.6805 
186,7467 
132.3690 

91.9716 
62.5215 
41.4906 
26.8090 
16.8144 

a q z  

.009563 

.010306 

.011064 

.011843 

.012649 

.013503 

.014424 

.015444 

.016596 

.017920 

.019459 

.021263 

.023383 

.025569 

.027660 

.029763 

.032138 
• 035092 
.038483 
.042155 
,046186 

.050549 

.055611 

.061496 

.068189 

.075667 

• 083760 
• 092403 
• 101582 
.111261 
.121544 

.132426 
• 143976 
.156436 
• 169921 
.184539 

.200594 

.212555 
• 225161 
.238524 
• 252765 

• 268025 
.284455 
.302223 
•321515 
.342526 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (~) IN  1952: 55---Continued 

Attained 
Age alz a¢l~ aDz aNz aq: 

X 

1 0 0  . . . . . . .  

101 . . . . . . .  
102 . . . . . . .  
103 . . . . . . .  
104 . . . . . . .  

105 . . . . . . .  
106 . . . . . . .  
107 . . . . . . .  
108 . . . . . . .  
109 . . . . . . .  

110 . . . . . .  

50.1329 
31.8112 
19.3877 
11.2840 
6.2051 

3. 1696 
1.4656 

• 5897 
• 1937 
.0462 

.0060 

18.3217 
12.4235 
8.1037 
5.0789 
3.0355 

1. 7040 
• 8759 
• 3960 
.1475 
.0402 

.0060 

4.2436 
2.6271 
1.5620 

.8870 

.4758 

.2371 

.1070 

.0420 

.0135 

.0031 

.0004 

10.1986 
5.9550 
3.3279 
1.7659 

.8789 

.4031 

.1660 

. ~  

.0170 

.0035 

.0004 

.365462 

.390538 

.417979 

.450096 

.489201 

.537605 

.597619 

.671554 

.761722 

.870434 

.999999 

301 



G E N E R A T I O N  T A B L E - - M A L E - - A G E  (a) IN 1952:60  

Ga-1951 TABLE WITH PROJECTION C - - 2 ~ %  

Attained 
Age 

59 . . . . . .  

0 0  . . . . . .  

61 . . . . . .  
62 . . . . . .  
6 3  . . . . . .  

6 4  . . . . . .  

6 5  . . . . . .  

6 6  . . . . . .  

67 . . . . . .  
6 8  . . . . . .  

6 9  . . . . . .  

7 0  . . . . . .  

71 . . . . . .  
72 . . . . . .  
73 . . . . . .  
74 . . . . . .  

75 . . . . . .  

76 . . . . . .  
77 . . . . . .  
78 . . . . . . .  
79 . . . . . . .  

8 0  . . . . . . .  

81 . . . . . . .  
82 . . . . . . .  
83 . . . . .  
84 . . . . .  

8 5  . . . . .  

86 . . . . .  
8 7  . . . . . . .  

88 . . . . . . .  
89 . . . . . .  

9 0  . . . . . . .  

91 . . . . . . .  
92 . . . . . . .  
93 . . . . . .  
9 4  . . . . . .  

9 5  . . . . . .  

96 . . . . .  
97 . . . . . .  
9 8  . . . . . .  

9 9  . . . . .  

9999.9999 

9856.2099 
9704.8087 
9545.1937 
9376.5015 
9197.5697 

9006.9777 
8803.0327 
8583.8284 
8350.0993 
8104.1471 

7847.2862 
7578.7207 
7296.0344 
6998.4000 
6686.4953 

6360.8830 
6022. 7766 
5671. 7752 
5307• 4657 
4930• 7206 

4543.6492 
4150.1237 
3754.9240 
3363.1615 
2980.1142 

2610.5681 
2259.0473 
1929.4207 
1624•5529 
1346.6634 

1097.3179 
877.2025 
690.7487 
535.2190 
407.5564 

304. 5404 
222.9160 
159. 5064 
111.2999 

75. 5153 

143.7900 

151.4012 
159•6150 
168. 6922 
178.9318 
190. 5920 

203.9450 
219.2043 
233.7291 
245.9522 
256.8609 

268.5655 
282.6863 
297.6344 
311.9047 
325.6123 

338.1064 
351.0014 

adz 

2329.6568 

2240.1548 
2151.9452 
2064.9288 
1978.9614 
1893•8505 

1809.3718 
1725.2706 
1641.2776 
1557.6461 
1474.8933 

1393.3138 
1312.8087 
1233.0156 
1153.8692 
1075.5547 

998.2228 
922•1105 

aN, 

35391.4048 

33061.7480 
30821.5932 
28669.6480 
26604.7192 
24625.7578 

22731.9073 
20922.5355 
19197.2649 
17555•9873 
15998•3412 

14523.4479 
13130.1341 
11817.3254 
10584.3098 

9430.4406 

8354.8859 
7356.6631 

a.qz 

.014379 

.015361 

.016447 

.017673 

.019083 

.020722 

.022643 

.024901 

.027229 

.029455 

.031695 

.034224 

.037300 

.040794 

.044568 
.048697 

.053154 

.058279 
364.3095 
376. 7451 
387.0714 

393. 5255 
395.1997 
391. 7625 
383.0473 
369.5461 

351.5208 
329.6266 
304.8678 
277.8895 
249.3455 

220.1154 
186.4538 
155.5297 
127.6626 
103.0160 

81. 6244 
63.4096 
48. 2065 
35. 7846 
25.8660 

847.1911 
773.4383 
701.0113 

630.2249 
561.6011 
495.7289 
433.1785 
374.4796 

320.0416 
270•1923 
225.1389 
184.9412 
149.5667 

118.9007 
92.7317 
71.2401 
53•8533 
40.0078 

29.1661 
20.8281 
14.5400 

9.8982 
6.5520 

6434.5526 
5587.3615 
4813.9232 

4112.9119 
3482.6870 
2921.0859 
2425.3570 
1992.1785 

1617.6989 
1297•6573 
1027.4650 
802.3261 
617.3849 

467.8182 
348.9175 
256.1858 
184.9457 
131.0924 

91.0846 
61.9185 
41.0904 
26.5504 
16.6522 

.064232 

.070984 

.078502 

.086610 

.095226 

.104333 

.113895 

.124004 

.134653 

.145914 

.158010 

.171056 

.185158 

.200594 
•212555 
.225161 
.238524 
.252765 

.268025 

.284455 

.302223 

.321515 

.342526 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (a) I N  1952: 60---Continued 

Attained 
A g e  

1 0 0  . . . .  

I01 .... 

102 .... 

103 .... 

104 .... 

1 0 ~  . . . . . . .  
106 . . . . . . .  
I07 . . . . . . .  
108 . . . . . . .  
109 . . . . . . .  

110... 

49.6493 
31.5044 
19.2007 
11.1752 
6.1453 

3.1390 
1 . 4 5 1 5  

• 5841 
• 1918 
.0457 

.0059 

18.1449 
12.3037 
8.0255 
5.0299 
3.0063 

1.6875 
• 8674 
• 3923 
• 1461 
• 0398 

.0059 

a d z  

4.2027 
2.6017 
1.5470 

.8784 

.4713 

.2348 

.1059 

.0416 

.0133 

.0031 

.OOO4 

aNz 

10.1002 
5.8975 
3.2958 
1.7488 

.8704 

.3991 

.1643 
• 0584 
.0168 
.0035 

.OOO4 

aqz 

.365462 

.390538 

.417979 

.450096 

.489201 

.537605 

.597619 

.671554 
•761722 
.870434 

.999999 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (t~) I N  1952:65 

Ga-1951 TABLE WITH PROJECTION C--2½% 

Attained 
Age Jz I ~dx etD., ~Nx ~q~ 

~g 

64 . . . . . . .  9999. 9999 220. 6700 2059. 0771 26285. 8830 • 022067 

6 5  . . . . . . .  

6 6  . . . . . . .  

67 . . . . . .  
6 8  . . . . . .  

69 . . . . . .  

7 0  . . . . . .  

71 . . . . . .  
72 . . . . . .  
73 . . . . . .  
74 . . . . . .  

7 5  . . . . . .  

76 . . . . . .  
77 . . . . . .  
78 . . . . . .  
79 . . . . . .  

8 0  . . . . . .  

81 . . . . . .  
82 . . . . . .  

83 . . . . . .  
84 . . . . . .  

8 5  . . . . . .  

86 . . . . . .  

87 . . . . . .  
88 . . . . . .  
89 . . . . . .  

9 0  . . . . . .  

91 . . . . . .  
92 . . . . . .  
93 . . . . . .  
94 . . . . . .  

9 5  . . . . . .  

96 . . . . . .  
97 . . . . . .  
98 . . . . . .  
9 9  . . . . . . .  

1 0 0  . . . . . . .  

101 . . . . . . .  

102 . . . . . . .  
103 . . . . . . .  

1 0 4  . . . . . . .  

105 . . . . . . .  
106 . . . . . . .  
107 . . . . . . .  
108 . . . . . . .  
1 0 9  . . . . . .  

110 . . . . . .  

9779,3299 
9543.5209 
9290.4554 
9021,0601 
8738.0965 

8443,1683 
8135,4486 
7812,9025 
7475,0335 
7122,8174 

6757.1035 
6379,4287 
5989,7987 
5587.9371 
5175.0277 

4753. 5527 
4327,8388 
3903.1263 
3484.8712 
3078.5631 

2689.0818 
2320.9008 
1977.6930 
1662.0552 
1375.8526 

1120.2467 
895.5319 
705.1821 
546.4026 
416.0725 

310.9039 
227.5739 
162•8394 
113.6256 

235.8090 
253.0655 
269.3953 
282.9636 
294.9282 

307.7197 
322.5461 
337.8690 
352.2161 
365.7139 

377.6748 
389.6300 
401.8616 
412.9094 
421,4750 

425.7139 
424.7125 
418.2551 
406.3081 
389.4813 

368.1810 
343.2078 
315.6378 
286.2026 
255.6059 

224. 7148 
190. 3498 
158. 7795 
130. 3301 
105.1686 

83.3300 
64.7345 
49.2138 
36.5323 

1964.5263 
1870.3958 
1776.3888 
1682.8087 
1590.2673 

1499.I148 
1409.2468 
1320.3653 
1232.4547 
1145.7392 

1060.4023 
976. 7153 
894.6941 
814.3105 
735. 7450 

659.3395 
585.6498 
515.2947 
448.8548 
386.8507 

329.6670 
277.5902 
2 3 0 . 7 7 1 7  

189.2105 
152.8086 

121.3852 
94.6693 
72.7287 
54.9785 
40.8438 

29.7755 
21.2633 
14.8438 
10.1050 

24226.8059 
22262.2796 
20391.8838 
18615.4950 
16932.6863 

15342.4190 
13843.3042 
12434.0574 
11113.6921 
9881.2374 

8735.4982 
7675.0959 
6698.3806 
5803,6865 
4989,3760 

4253. 6310 
3594. 2915 
3008.6417 
2493. 3470 
2 0 4 4 .  4 9 2 2  

1657.6415 
1327.9745 
1050.3843 
819.6126 
630.4021 

477.5935 
356.2083 
261.5390 
188.8103 
133.8318 

92.9880 
63.2125 
41.9492 
27,1054 

77,0933 26.4065 

50. 6868 18. 5241 
32. 1627 12. 5608 
19• 6019 8.1932 
11.4087 5. 1350 
6.2737 3.0691 

3 .  2 0 4 6  1.  7 2 2 8  

1.4818 .8856 
.5962 .4004 
.1958 .1491 
.0467 .0406 

• 0061 .0061 

6,6889 17.0004 

4.2905 10.3115 
2.6561 6.0210 
1.5793 3.3649 

• 8968 1. 7856 
.4811 .8888 

.2398 .4077 

.1082 .1679 
• 0025 .0597 
.0136 .0172 
• 0032 .0036 

• 0004 •0004 

.024113 

.026517 

.028997 

.031367 
•033752 

.036446 

.039647 

.043245 

.047119 

.051344 

• 055893 
.061076 
.067091 
• 073893 
.081444 

.089557 

.098135 

.107159 

.116592 
•126514 

.136917 

.147877 

.159599 

.172198 
.185780 

.200594 

.212555 

.225161 

.238524 

.252765 

.268025 

.284455 
•302223 
.321515 
-342526 

.365462 

.390538 

.417979 

.450096 

.489201 

.537605 
•597619 
.671554 
.761722 
.870434 

.999999 

304 



G E N E R A T I O N  T A B L E - - M A L E - - A G E  (a) I N  1952:70 

Ga-1951 TABLE WITH PROJECTION C- -2~% 

A t t a i n e d  

A g e  a l z  ad~: a D t  o.N:~ aq~ 

x 

69 . . . . . .  359.4300 1819.9242 19007. 7898 .035943 

7 0  . . . . . .  

71 . . . . . .  
72 . . . . . .  
73 . . . . .  
74 . . . . . .  

7 5  . . . . . .  

76 . . . . . .  
77 . . . . . .  
78 . . . . .  
79 . . . . . .  

8 0  . . . . . .  

81 . . . . . .  
82 . . . . . .  
83 . . . . . .  
84 . . . . . .  

8 5  . . . . . .  

86 . . . . . .  
87 . . . . . .  
88 . . . . . .  
89 . . . . . .  

9 0  . . . . . .  

91 . . . . . .  
92 . . . . . .  
9 3  . . . . . .  

94 . . . .  

9 5  . . . .  

96 . . . .  
97 . . . .  
98 . . . .  
9 9  . . . .  

1 0 0  . . . . . .  

101 . . . . . .  
102 . . . . . .  

103 . . . . . .  

104 . . . . . .  

105 . . . . . .  
106 . . . . . .  
107 . . . . . .  
108 . . . . . .  
109 . . . . . .  

110 . . . . . .  

9999.9999 

9640. 5699 
9266• 4001 
8875.8955 
8468.9978 
8047.1062 

7611.4761 
7164.1192 
6705. 5726 
6235-6729 
5756.0187 

5269. 6639 
4781• 6667 
4298.0872 
3825.0354 
3368. 5059 

2933 7160 
2525.2841 
2146.8273 

374.1698 
390. 5046 
406. 8977 
421.8916 
435. 6301 

447.3569 
458• 5466 
469.8997 
479.6542 
486.3548 

487.9972 
483.5795 
473.0518 
456.5295 
434.7899 

408 4319 
378.4568 
346.0793 

1711.7177 
1605.1536 
1500.0090 
1396.3358 
1294.4155 

1194.4803 
1096.8545 
1001.6090 
908.7027 
818.3457 

730,9265 
647.0625 
567.4378 
492. 6683 
423.2847 

359•6578 
302.0354 
250•5075 

17187.8656 
15476.1479 
13870.9943 
12370.9853 
10974.6495 

9680.2340 
8485.7537 
7388.8992 
6387.2902 
5478.5875 

4660.2418 
3929•3153 
3282•2528 
2714.8150 
2222.1467 

1798. 8620 
1439• 2042 
1137.1688 

1800.7480 
1488.5919 

1211•1124 
968•1705 
762.3810 
590.7225 
449.8210 

336•1220 
246.0329 
176.0476 
122.8420 

83.3465 

54.7982 
34.7715 
21.1919 
12.3341 
6.7826 

3.4645 
1.6020 

.6446 
•2117 
.0504 

.0065 

312.1561 
277.4795 

242.9419 
205•7895 
171•6585 
140.9015 
113.6990 

90.0891 
69•9853 
53•2056 
39.4955 
28.5483 

20.0267 
13.5796 

8•8578 
5.5515 
3.3181 

1.8625 
.9574 
.4329 
• 1613 
• 0439 

.0065 

204•9995 
165.3300 

131.2310 
102.3482 

78.6279 
59•4380 
44.1567 

32.1906 
22.9880 
16.0478 
10.9247 

7.2314 

4.6385 
2.8715 
1.7074 

.9695 
• 5201 

•2592 
.1169 
.0459 
.0147 
.0034 

,OOO4 

886.6613 
681.6618 

516•3318 
385.1008 
282.7526 
204•1247 
144.6867 

100.5300 
68.3394 
45.3514 
29.3036 
18.3789 

11.1475 
6. 5090 
3.6375 
1.9301 

.9606 

.4405 

.1813 

.0644 

.0185 
• 0038 

,0004 

.038812 

.042142 
• 045843 
.049816 
.054135 

•058774 
.064006 
• 070076 
.076921 
.084495 

• 092605 
•101132 
,110061 
• 119353 
.129075 

.139220 

.149867 

.161205 

.173348 
•186404 

.200594 
•212555 
.225161 
•238524 
.252765 

.268025 

.284455 

.302223 

.321515 

.342526 

.365462 
• 390538 
.417979 
• 450096 
.489201 

.537605 
•597619 
.671554 
•761722 
.870434 

.999999 
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G E N E R A T I O N  T A B L E - - M A L E - - A G E  (a) IN 1952:75 

Ga-1951 TABLE WITH PROJECTION C~2½% 

Attained 
Age 

X 

74.. .  

7 5  . . . .  

76 . . . .  
77 . . . .  
78 . . . .  
79 . . . . . .  

8 0  . . . . . .  

81 . . . . . .  
82 . . . . . .  
8 3  . . . . . .  

8 4  . . . . . .  

8 5  . . . . . .  

86 . . . . . .  
87 . . . .  
8 8  . . . .  

89 . . . .  

9 0  . . . .  

91 . . . . . .  
92 . . . . . .  
93 . . . . . .  
9 4  . . . . . .  

9 5  . . . . . .  

9 6  . . . . . .  

97 . . . . . .  
9 8  . . . . . .  

9 9  . . . . . .  

1 0 0  . . . . . .  

101 . . . . . .  
102 . . . . . .  
103 . . . . . .  
104 . . . . . .  

1 0 5  . . . . . .  

106 . . . . . . .  
107 . . . . . . .  
108 . . . . . .  
109 . . . . . .  

110 . . . . . .  

9999.9999 

9429.2299 
8846•4752 
8253.0713 
7648.9877 
7036.5103 

6419.6828 
5804.9597 
5199.9552 
4612.1471 
4048.6350 

3515.4784 
3017.8238 
2559.4646 
2142.7147 
1768.8003 

1437.9833 
1149.5325 
905.1936 
701.3793 
534.0835 

399.0859 
292.1209 
209.0256 
145.8533 
98.9593 

65.0632 
41.2851 
25.1617 
14.6446 
8.0531 

4•1135 
1.9021 

•7654 
•2514 
.0599 

• 0078 

edx 

570.7700 

582.7547 
593.4039 
604,0836 
612.4774 
616.8275 

614.7231 
605.0045 
587.8081 
565.5121 
533.1566 

497.6546 
458.3592 
416.7499 
373.9144 
330.8170 

288.4508 
244.3389 
203.8143 
167.2958 
134.9976 

106.9650 
83.0953 
65.1723 
46.8940 

aDz 

1608.5478 

1479. 7431 
1354.4298 
1232,7584 
1114.6601 
1000.3960 

890•4393 
785.5360 
686.5033 
594.0491 
508.7494 

430.9788 
360.9454 
298.6571 
243.9294 
196.4512 

155.8138 
121.5205 
93.3568 
70.5722 
52.4283 

38.2207 
27.2943 
19.0539 
12.9711 

aN~ 

13399.8278 

11791.2800 
10311.5369 
8957.1071 
7724.3487 
6609.6886 

5609.2926 
4718.8533 
3933.3173 
3246.8140 
2652.7649 

2144.0155 
1713.0367 
1352.0913 
1053.4342 
809.5048 

613.0536 
457.2398 
335.7193 
242.3625 
171.7903 

119•3620 
81.1413 
53.8470 
34.7931 

33.8961 

23.7781 
16.1234 
10.5171 
6.5915 
3.9396 

2,2114 
1,1367 

.5140 

.1915 

.0521 

.0078 

8. 5861 21. 8220 

5.5074 13.2359 
3.4094 7. 7285 
2.0272 4.3191 
1.1511 2.2919 

• 6176 1.1408 

• 3078 ,5232 
• 1388 .2154 
.0545 .0766 
.0175 •0221 
.0041 .0046 

.0005 .0005 

aqz  

.057077 

• 061803 
• 067078 
.073195 
• 080073 
.087661 

.095756 

.104222 

.113041 

.122180 

.131688 

.141561 

.151884 
•162827 
.174505 
•187029 

,200594 
,212555 
.225161 
.238524 
,252765 

,268025 
,284455 
•302223 
.321515 
,342526 

• 365462 
.390538 
• 417979 
• 450096 
• 489201 

.537605 

.597619 
•671554 
.761722 
,870434 

,999999 
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GROUP A~-'NUIT¥ MORTALITY 307 

Machine Procedure for Constructing Generation Tables 

F o r  those interested in the  machine procedure  followed in construct ing 
the  generat ion tables,  an outl ine is presented  here. The  "604 mul t ip l i e r "  
ment ioned is the I B M  Electronic  Calculat ing P u n c h - - T y p e  604, 

These symbols  were added  to the  usual no ta t ion :  a was used to ident i fy  
the  generat ion (either the  yea r  of b i r th  or the  age in a par t icu la r  calendar  
yea r  is convenient)  ; r ,  was defined as the complement  of the projec t ion  
factor  for age x. 

The  s teps  of the machine procedure  were then as follows for each 
mor t a l i t y  basis :  

1. One master card was hand-punched for each attained age x, showing rz, v ~, 
and the q, of the Ga-1951 Table. 

2. One master card was hand-punched for each a, showing the index l~ to be 
used for that  generation at the youngest age x. 

3. An appropriate number of blank cards was filed behind each x master card. 
This file was run through the 604 multiplier to punch ,q~'s onto the blank 
cards such that  each aq~ was the aq, of the preceding blank card multiplied 
by r~, with the q, of the master card as the starting value. At the same time 
the a for each blank Card was computed and punched, and the x, v ~, and 
mortality basis code from the master card were gang-punched onto the blank 
cards. 

4. The cards were then sorted to combine all cards with the same a and to ar- 
range x in ascending order behind the a master card. 

5. This file was run through the multiplier to compute and punch l,'s and dx's 
starting with the l~ from the master card, and computing each succeeding l,  
from the lx and ,q~ of the preceding card. 

6. Within each a group the cards were then sorted in descending order of x be- 
hind the a master card. 

7. This file was run through the multiplier to compute and punch Dz's and Nx's, 
the master cards serving only to start  Nz as a new accumulation of the D~ 
for each new a. 


