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In the United States the mortality tables employed in 
the actuarial valuation of private non-insured pension 
plans have usually been based on simple modifications of 
tables developed by the insurance industry for use in 
connection with insured group pension plans. The UP- 
1984 Mortality Table has recently been constructed 
specifically for non-insured pension plans. The Committee 
on Self-Administered Retirement Plans of the Society of 
Actuaries maintains the mortality experience among 
pensioners for 12 large pension plans. The over 65 rates 
in the UP-1984 Table are based.on thar experience over 
the years 1965-1970 which included 2,182,436 life years 
of exposure and 118,942 deaths at  attained age 65 or 
over. In comb,ining the separate mortality results of the 
large groups, the composite experience mortality rates 
were consolidated without regard to sex so that the re- 
sulting crude mortality rates reflect the fact that about 
20% of the exposure is on female employees. 

Mortality experience at younger ages under non- 
insured pension plans is not readily available due to the 
absence of an accurate exposure base. The limited in- 
formation that has been available for several large groups, 
however, suggests that the actual mortality before retire- 
ment has been significantly higher than that expected by 
the usual- pension mortality tables. The most extensive 
mortality experience available covering active employees 
is the ongoing study of Group Life Insurance Mortality 
conducted by the Society of Actuaries. This experience 
has an exposure base of about 4% million employees 
currently and about 70% of these employees are esti- 
mated to be in groups with non-insured pension plans. 
The mortality experience used in the construction of the 
UP-1984 Table at younger ages was the group life in- 
surance mortality experience for calendar years 1965- 
1969, all industries and all disability clauses combined. 

Allowance for Future Mortality Improvement 
The mortality improvement among pensioners under 

self-administered retirement plans for the 10-year period 
1957-1967 amounted to approximately 6% for both male 
and female pensioners. This rate of mortality improve- 
ment was then assumed to apply from the mid-point of 
the pensioner experience in 1967 until calendar year 
1984, i.e., 10 years from the date of construction of the 
table, and the crude mortality rates at ages over 65 were 
adjusted accordingly. The mortality experience under 
group life insurance programs over the same 10-year 
period 1957-1967 indicated a rate of mortality improve- 
ment averaging only .05% annually. Accordingly, the 
crude mortality rates up to  age 65 from the group life 
experience were used without adjustment. The adjusted 
pensioner mortality rates and unadjusted group life 
mortality rates fit together very smoothly at age 65 to 
form a consistent mortality pattern. Individual age rates 
were then developed by logarithmic interpolation and 
graphic graduation. 

Gompertz Approximation for &t Survivor 

The basic experience data for pensioner mortality 
contained limited information at the very oldest ages. 
Only 15,523 life years of exposure were included above 
age 90. However, the ratio of the crude mortality rate 
at each central quinquennial age was found to be approxi- 
mately 1.5 times the rate for the prior central age (1.49 
at 72, 1.55 at 77, 1.53 at 82, 1.48 at 87 and 1.50 at 92). 
Accordingly, the mortality rates for central ages 97, 
102 and 107 were obtained from the central age 92 
composite rate by extension, using the 1.50 factor. Since 
the central quinquennial rates increase geometrically, 
the underlying force of mortality can be approximated 
by a Gompertz curve and a uniform seniority table can 
be developed for use in calculating joint life functions 
under the UP-1984 Table as shown below. 
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The underlying mortality rates in the UP-1984 Mortal- 
ity Table cannot be exactly reproduced by a Gompertz 
curve, and yet the basic Gompertz relationship is of such 
practical value in last survivor calculations that its use on  
practical grounds in a mortality standard for pension 
plans is highly desirable. Here, however, instead of forcing 
mortality rates into a strict Gompertz curve, an approxi- 
mating set of uniform seniority values was developed to 
provide a consistent approach to approximating joint 
life annuity values for the UP-1984 Mortality Table. 
This type of approximation is not only quite common in 
current actuarial consulting practice in the U.S. but also 
fully in accord with actuarial precedent. Thomas Simp- 
son, in a paper "Doctrine of Annuities and Reversions" 
published in 1752, set forth a rule for the approximation 
of a three-life joint life annuity by a two-life joint life 
annuity with appropriately adjusted ages. George King 
devoted an entire chapter in the Institute of Actuaries 
1887 Textbook on Life Contingencies to various methods 
for approximating multiple life annuity values. Clearly, 
such a simplifying approximation is warranted for joint 
and survivor values since the application of the basic 
table to beneficiary lives is not an exact reproduction of  
their mortality anyway and since antiselection in option 
election further distorts the actual values. 

Mortality Rates at Advanced Ages 
The mortality rates at the extreme old ages are 

relatively unimportant in the determination of the cost of 
a pension plan because of the small number of retired 
lives at those ages that would be included in any actuarial 
valuation and the very heavy interest discounts from 
those ages that would be used in developing costs for the 
younger retired lives and the active workforce. The ex- 
tension of the central mortality rates by the 1.50 pro- 
forma compounding factor was simply taken as the most 
practical means of extending the experience results t o  
the end of the table and results in a terminal age of 111 
years. The mortality rates at  very old ages have been 
developed under the U.S Social Security Program, the 
US .  Railroad Retirement System and for the Union 
Civil War Veterans. The mortality rates for males under 
the UP-1984 Table are slightly below those in the other 
three studies up until the mid-90s. At ages over 100 the 
UP-1984 mortality rates are considerably higher. Of 
course, considerable variations can occur in the mortality 
of the elderly as gerontologists have observed in the 
cases of the Vilcabambans of Ecuador, the Abkhazians of 
the Georgian Socialist Republic, and the Hunzukuts of 
Kashmir. 

Mortality Variations by Sex 
In the analysis of the mortality rates for non-insured 

pensioners by sex, it was found that the older the age 
group, the narrower the differential between male and 
female mortality rates. Between the ages of 60 and 75, 
the female mortality rate was about one-half the male 
rate. However, this ratio increases with advancing age 
until for ages 90 and over it approaches 90%. 

. A five- or six-year setback in male mortality rates 
appears to offer a good approximation for female mor- 
tality .rates over, the full range of retirement ages. The 

male mortality rates are very close to the composite rates 
in the UP-1984 Table set forward two years. Thus, 
where separate male and female mortality rates are re- 
quired, the basic UP-1984 Mortality Table can be set 
forward two years in age to develop appropriate male 
mortality rates (possibly set forward only one year for 
a group in nonhazardous employment). Similarly, the 
table can be set back four years in age to approximate 
female mortality rates. The appearance of impartiality 
in starting with a composite table which requires adjust- 
ment for both male and female mortality rates helps to 
avoid the charges of male chauvinism that arise when 
'mortality tables are developed for male lives with the 
female rates produced by a setback in age in a secondary 
determination. 

In the United States the differential in rates of mor- 
tality of males and females at all ages has been widening. 
At age 20 mortality rates for females have improved from 
about 86% of the male rate in the 1910 census to 33% 
of the male rate by 1970. At age 50 the improvement 
has been from 81% of the male rate to  5276, and at age 
80 from 93% to 68%. The variations found in male and 
female mortality experience in the past are not considered 
to be due to environmental factors that are likely to have 
lesser effect in the future by reason of any imminent 
socioeconomic changes. While actuaries in the 1950s 
could reason that variations in mortality due to race 
would tend to diminish with improved work opportun- 
ities and higher income, the underlying causes for the 
variations in mortality by sex appear to be basic bio- 
lgoical differences. Indeed, recent medical research has 
isolated some of the possible causative factors in 
mortality variations in the prostaglandins which affect 
cardiac output and contractility, tension in blood vessels, 
aggregation of blood platelets, plasma flow, creation of 
steroids, etc. Known as PG, these compounds are found 
throughout the tissues of the body. A man produces from 
109 to 226 micrograms in 24 hours, a woman from 23 
to 48 micrograms. These compounds affect so many 
bodily functions that they clearly have a general bearing 
on mortality, and the specific functions they affect in 
the greatest degree are the very functions associated with 
causes of death that account for most of the variation 
in mortality by sex. 

Equal Benefits by Sex 
In the United States the Equal Employment Oppor- 

tunity Commission has recently ruled that the provision 
under a pension plan of different benefits for males 
and females, stemming solely from the use of separate 
actuarial tables for males and females, may be illegal. 
A paragraph from "Decision No. 72-1919" of the Com- 
mission dated June 6, 1972 reads as follows: 

'The pension plan, incorporated in the bargaining 
agreement, provided a smaller reduction of the pen- 
sion benefits for females who retired early than males 
who retired early. This followed from the use of 
separate actuarial tables for males and females in 
computing the early retirement benefits. Since there 
was no conceivable nondiscriminatory justification 
for the use of sex-segregated actuarial tables to de- 
termine the reduction of an employee's pension upon 
early retirement, the pension plan discriminated 



against its male employees with respect to terms and 
conditions of their employment within the meaning 
of the Civil Rights Act." 

The Equal Employment Opportunity Commission 
is not questioning the fact that differences in mortality 
rates for males and females have been observed in the 
past, nor that such differences must be considered in 
estimating costs for the future. Their basic concern is 
that when actuarial tables are sex-segregated this frequent- 
ly results in the payment of different periodic pension 
benefits to males and females under the guise of 
"actuarial equivalence" Any such difference in benefits 
would, in their judgment, constitute a violation of the 
Civil Rights Act of 1964, which prohibits any discrimina- 
tion in hiring practices, pay, work rules, fringe benefits, 
etc., that is based on sex, race, age :(to 65 only) or re- 
hgion. Thus, the commission requires that the periodic 
pension benefits paid to male and female employees 
in equivalent circumstances must be equal in amount. 
They have no quarrel with the actuary who insists upon 
his right to develop plan costs by whatever group charac- 
teristics seem to have a substantive bearing on his results. 
The actuarial profession in the U S., however, now has 
the obligation of seeing that the application of actuarial 
factors will not result in differentials in benefits be- 
tween the sexes. 

Actuarial factors in the past have developed different 
benefits for males and females in two primary areas: 
(1) the actuarial equivalence reductions used for early 
retirement benefits, and (2) the actuarial equivalence 
reductions for joint and survivor options. As to the early 
retirement reductions, the basid trend in benefit design 
in the U.S is towards the use of simple fractional re- 
ductions regardless of sex, such as 4% or 5% per year 
short of normal retirement age. The use of a basic mortal- 
ity table that has been developed on a composite basis 
for determining actuarially equivalent early retirement 
benefits offers another simple solution to this problem. 
In fact, many actuqies have deplored the use of separate 
male and female factors for early retirement benefits on 
the grounds that the end results are unreasonable. After 
all, the fact that a given annual pension costs 15% more 
for a female employee retiring at 65 than for a male 
employee, under a plan providing both with the same 
benefit regardless of sex, does not appear to be sufficient 
grounds to justify giving the female employee a benefit 
at  age 60 that is 3% or 4% greater than the benefit for a 
male employee retiring at that age simply to preserve the 
15% cost differential in the benefits. 

"Unisex" Joint and Survivor Option Factors 
The actuarial reduction factors for survivor options 

that are developed from sex-segregated actuarial tables 
charge a male employee electing survivorship rights-on 
behalf of a female spouse considerably more than the 
charge made when a female employee elects on behalf of 
a male spouse. However, these survivorship options have 
been elected by a very small proportion, usually 5% or 
10%; of the retiring population under typical non-insured 
pension plans. This percentage will undoubtedly increase 
in the future because the 1974 Pension Reform Act 
requires that a 50% option be the standard form of re- 
tirement benefit for retiring employees making no other 

positive election, i.e., the employee who wishes to -receive 
only a life annuity must sign an election form for that 
benefit specifically waiving rights to the survivorship 
annuity form. Even with a larger percentage electing 
survivorship options, however, a significant degree of anti- 
selection seems likely, since those employees in ill health 
will choose the maximum survivorship option available 
while those employees whose spouses are in ill health 
will choose the life annuity basis. This suggests that if 
actuarial cost equivalence is really desired, there must 
be some loading on the pure actuarial factors in order to  
compensate for the anti-selection. One practical approach 
is t o  set forward the electing employee's age several 
years and set back the beneficiary's age. 

Actuarial Valuations on a "Unisex" Table 
The UP-1984 Table has been developed as a composite 

mortality table which is appropriate for use with groups 
having a 10%-30% female content. The table can be set 
forward one year in age for use with groups with less than 
10% female content, set backward one year in age for 
groups having a 3W0 to 50% female content, and so on. 
The use of a composite table for the actuarial valuation of 
pension benefits should not be considered less accurate or 
less scientific than the use of sex-segregated mortality 
tables, because statistically significant data are generally 
not available relative to the differentials by sex in pay in- 
crease factors, early retirement rates, disability retirement 
rates or rates of withdrawal from service, even for the 
largest plans. The cost of an employee's pension must thus 
be based on so many actuarial assumptions that are not 
subject to accurate delineation by sex that the use of sex- 
segregated mortality rates would appear to be an un- 
warranted refinement in most cases. While the use of sex- 
segregated tables does add an element of spurious accuracy 
that may have made the actuary's work appear more 
scientific in the past, the continued use of sex-segregated 
tables in areas where benefit differentials are a necessary 
consequence may make the actuary's work appear anti- 
social in the present milieu. Indeed, in Henderson v 
Oregon, a U.S District Court in December, 1975 held il- 
legal the state's use of separate life expectancy tables for 
men and women and in June, 1976, the Equal Employment 
Opportunity Coordinating Council recommended to 
President Ford a bill requiring use of unisex tables to 
equalize pension benefits for men and women. 

Examples of Use of Unisex Mortality Table 

Taking the case with 2W0 female content as an example, 
the UP-1984 Table is an appropriate mortality standard 
for actuarial valuation without adjustment in age. Early 
retirement actuarially equivalent reduction factors that 
are developed directly from the commutation functions 
will produce benefits which are identical for male and 
female employees. For option costs, since the employee 
group is 20% female, it can be assumed that the beneficiary 
group will be 80% female so that the UP-1984 Table, 
together with the uniform seniority factors, can be used to 
develop joint life functions after setting back the age of 
each beneficiary by three years. Similarly, if a group were 
40% female, the beneficiary group would be assumed to be 
60% female, and the basic table would be set back one year 
in age for use in the actuarial valuation and beneficiaries' 



ages would be set back one additional year in age to reflect 
the different sex content of the beneficiary group. An 
additional modification is necessary if the expected added 
cost of anti-selection in option elections is to be taken into 
account and this can be done by rating forward the electing 
employee's age by, say, three to five years and by rating 
backward the beneficiary's age by three to five years. 

Composite mortality tables employed in the suggested 
manner, with actuarial factors independent of sex, are 
referred to in U.S. actuarial literature as "Unisex Tables" 
or 'Unisex Factors '. Such tables have been employed for 
some years in the actuarial valuations of some of the 
largest non-insured pension plans. "Unisex Option Factors" 
developed on the basis of age setback for the beneficiary 
to reflect the different sex content of the beneficiary class 
have also been used for some large plans. These "Unisex" 
actuarial methods have been found satisfactory in practice 
and they are in full compliance with both the letter and the 
spirit of the 1964 Civil Rights Act. 

Summary and Conclusion 
The UP-1984 Table is a mortality table constructed 

from the pensioner mortality experience under non-insured 
private pension plans in the United States. The basic table 
is a composite table appropriate for use in standard in- 
dustries where the employee group has approximately a 
20% female composition. When the ages are advanced one 
year, the rates are appropriate for use with an all male 
population and, when ages are set back four years, the rates 
are appropriate for use with an all female population. It 
is expected that the underlying mortality rates'will be 
appropriate for use in a'ctuarial valuations throughout 
the next decade. A booklet setting forth a l l  of the details 
of construction of the table, comparisons of annuity values 
with those of other well-known tables, and commutation 
functions at 3%, 4, 5, 6,  7 and 8% is available from the 
authors on request. 
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