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Chapter 2

Actuarial Assumptions

This chapter discusses the actuarial assumptions used to cal
culate pension costs and liabilities. These include various rates
of decrement applicable to plan members, future salary estimates
for plans with benefits linked to salary, and future interest re
turns on plan assets. In addition to a general discussion of actu
arial assumptions, the specific assumptions used with the model
pension plan are given.

DECREMENT ASSUMPTIONS

Active plan participants are exposed to the contingencies of
death, termination, disability, and retirement, whereas nonactive
members are exposed to death. l These contingencies are dealt
with in pension mathematics by various rates of decrement. A
rate of decrement refers to the proportion of participants leaving
a particular status due to a given cause, under the assumption
that there are no other decrements applicable. If such a rate is
used in a single-decrement environment (i.e., where there are in
fact no other decrements applicable), it is also equal to the prob
ability of decrement. For example, since retired employees exist
in a single-decrement environment, being exposed only to mor
tality, the applicable rate of mortality at a given age is identical to
the probability of dying at that age.

lTechnically, some nonactive participants are "exposed" to the contingency
of re-entry into active status, or what could be called an incremental as
sumption. This contingency is not considered in the mathematics developed in
this book; however, increments to the entire active membership via new hires
are considered.
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2. Actuarial Assumptions 13

The rate of decrement in a multiple-decrement environment
(i.e., where more than one decrement is operating), is not equal
to the probability of decrement. Active employees exist in a
multiple-decrement environment, being exposed to mortality,
termination, disability, and retirement; hence, the rate of decre
ment is not equal to the probability of decrement because the
other decrements prevent participants from being exposed to the
contingency throughout the year.

A typical assumption for transforming a rate into a probabil
ity for a multiple-decrement environment is that all decrements
occur on a uniform basis throughout the year, referred to as the
uniform distribution of death (UDD) assumption. With q'(k) de
noted as the rate of decrement for cause k and q (k) (without the
prime symbol) as the probability of decrement, the transforma
tion of a rate into a probability in a double-decrement environ
ment (k = 1,2) under the UDD assumption is given by

q(l) = q'(I)[1 - ~q'(2)]. (2.1a)

If both rates were 10 percent, the corresponding probabilities
would be 9.5 percent.

The value of q(l) for a three-decrement environment becomes

q(l) = q'(l)[1 _ ~(q'(2) + q'(3») + tq'(2) q '(3)] , (2.1b)

and for a four-decrement environment, we have

q (I) = q'(l)[1 _ Hq'(2) + q'(3) + q'(4»)

+ t (q'(2)q'(3) + q'(2)q'(4) + q'(3)q'(4»)

_ ~(q'(2)q'(3)q'(4»)]. (2.1c)

Again, if each rate were 10 percent, the corresponding probabili
ties would be 9.0333 and 8.5975 percent, respectively, for the
three- and four-decrement cases.

The mathematics and numerical analysis presented in this
book are based on an approximation to the UDD assumption in
the case of three or more decrements. The value of q (1) for k =3
is approximated by

q(l) ~ q'(l)[1 _ ~q'(2)][1 _ ~q'(3)]

~ q '(1) [1 - ~ (q'(2) + q'(3») + ~q'(2)q'(3)] , (2.2a)

and, for k =4, approximated by
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q (1) "" q'(I) [1 - ~ q'(2)] [1 _ ~q'(3)][1 _ ~ q'(4)]

'" q '(I) [1 _ ~ (q'(2) + q'(3) + q'(4»)

+ ~ (q'(2)q'(3) + q'(2)q'(4) + q'(3)q'(4»)

- t (q'(2)q'(3)q'(4»)] • (2.2b)

The error in this approximation is quite small, causing q(l) to
be understated by -h q'(2)q'(3) for the three-decrement case and by

h (q'(2)q'(3) + q'(2)q'(4) + q'(3)q'(4») - t (q'(2)q'(3)q'(4»)

for the four-decrement case. For example, if all rates were 10
percent, the probabilities would be understated by .000833 and
.002375, respectively, for the three- and four-decrement cases.
Since a 10 percent rate is greater than most decrement rates, the
error in the above approximations is of no practical significance.

The above shows, and general reasoning would suggest, that
the probability of decrement is smaller than the rate of decre
ment in a multiple-decrement environment. The degree of reduc
tion is dependent on the number and magnitude of the competing
decrements. In a pension plan environment, the reduction can be
substantial for active employees, owing both to the number of
decrements and the relative size of some decrements, such as
termination and retirement rates.

The remaining portion of this chapter is devoted to a discus
sion of various pension plan decrement rates, or the equivalent of
probabilities in a single-decrement environment. Chapter 3 con
siders these rates in a multiple-decrement environment, the
proper context for pension plans.

As noted previously, the prime symbol on q'(k) indicates a rate
of decrement in a multiple-decrement environment, while q (k)

denotes the corresponding probability of decrement. The follow
ing four rates will be discussed:

q'(m) = mortality rate
q'(d) = disability rate

q'(t) = termination rate
q'(r) = retirement rate



2. Actuarial Assumptions

Mortality Decrement

15

Mortality among active employees, of course, eliminates the
retirement benefit obligation, while mortality among pensioners
terminates the ongoing obligation. On the other hand, mortality
may create another form of benefit obligation. Mortality prior to
retirement may trigger a lump sum benefit based on a flat-dollar
amount or some multiple of salary, or the commencement of an
nual payments to a surviving spouse, either for a specified period
of time or for life. Similarly, death in retirement may result in
the continuation of all or some portion of the deceased's pen
sion, either to the estate, to a surviving spouse, or to some other
beneficiary.

Age is the most obvious factor related to mortality. Annual
mortality rates become progressively higher as age increases, be
ginning at approximately 0.05 percent at age 20, reaching 2 per
cent by age 65, and increasing to 100 percent at the end of the
human life span, generally assumed to be age 100 or 110. A sec
ond factor related to mortality is gender. Females tend to have
lower mortality rates than males at every age. Empirical studies
have shown that for ages near retirement, a 5-year age setback in
the male table allows one to achieve a reasonably good approxi
mation to the female mortality, with a somewhat larger setback at
younger ages and a smaller setback at older ages. There are other
factors, such as occupation, that tend to be related to mortality,
but these usually are not taken into account unless the circum
stances call for a more refined evaluation.

If the pension plan population is large, mortality rates based
on its past experience may be developed. The development of
such rates normally involves some combination of the most re
cent mortality experience of the group, past trends in its mortal
ity, and a subjective element reflecting anticipated future changes
in mortality. A more sophisticated approach is to develop a se
ries of mortality rate schedules, one for each future calendar
year. The theory underlying this procedure is that the mortality
rate for an employee currently age x, for example, will differ from
the mortality rate for an employee reaching this age 10 or 20 years
from the present time.
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The mortality rates used to illustrate pension costs are based
on the 1971 Group Annuity Mortality (GAM) Table for males,
as shown in Table 2-1.2

TABLE 2-1

1971 Group Annuity Mortality Rates for Males

'(m) '(m) '(m) '(m) '(m)
X qx X qx X qx X qx X qx

20 0.00050 40 0.00163 60 0.01312 80 0.08743 100 0.32983
21 0.00052 41 0.00179 61 0.01444 81 0.09545 101 0.35246
22 0.00054 42 0.00200 62 0.01586 82 0.10369 102 0.37722
23 0.00057 43 0.00226 63 0.01741 83 0.11230 103 0.40621
24 0.00059 44 0.00257 64 0.01919 84 0.12112 104 0.44150

25 0.00062 45 0.00292 65 0.02126 85 0.13010 105 0.48518
26 0.00065 46 0.00332 66 0.02364 86 0.13932 106 0.53934
27 0.00068 47 0.00375 67 0.02632 87 0.14871 107 0.60607
28 0.00072 48 0.00423 68 0.02919 88 0.15849 lOB 0.68744
29 0.00076 49 0.00474 69 0.03244 89 0.16871 109 0.78556

30 0.00081 50 0.00529 70 0.03611 90 0.17945 110 ooסס1.0

31 0.00086 51 0.00587 71 0.04001 91 0.19049
32 0.00092 52 0.00648 72 0.04383 92 0.20168
33 0.00098 53 0.00713 73 0.04749 93 0.21299
34 0.00105 54 0.00781 74 0.05122 94 0.22654

35 0.00112 55 0.00852 75 0.05529 95 0.24116
36 0.00120 56 0.00926 76 0.06007 96 0.25620
37 0.00130 57 0.01004 77 0.06592 97 0.27248
38 0.00140 58 0.01089 78 0.07260 98 0.29016
39 0.00151 59 0.01192 79 0.07969 99 0.30913

The probability of an individual survlVlng n years is an im-
portant calculation for pension plans. If the rate of mortality at
age x is denoted by q;m), the probability of a life age x living to
age x + 1 is given by the complement of the mortality rate and de-
noted by p~m). For the general case, the probability of a life age x
living n years is denoted by np~m) and may be expressed in terms
of the specific rates of mortality at age x through age x + n - 1 as
follows:

p(m)
n-l

_ q'(m») n -1 (m)
= n (1 = n Px+t· (2.3)n x x + 1

1=0 1=0

2As shown in Chapter 12. switching from the GAM 71 to the GAM 83
table increases pension liabilities and long-run costs by about 7 percent.
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With r denoted as the plan's normal retirement age, the probabil
ity of surviving to this age, r-x p<;n) for x $ r, and the probability of
surviving beyond this age, x_rPVn ) for x ~ r, are given in Table 2-2
for various values of x and for r equal to 65·

TABLE 2-2

Mortality-Based Survival ProbabDities

(m) (m)
X 6S-xP:c X x-6SPffj

20 0.8099 65 ooסס.1

25 0.8121 70 0.8740
30 0.8149 75 0.6988
35 0.8187 80 0.4947
40 0.8241 85 0.2856

45 0.8326 90 0.1273
50 0.8485 95 0.0411
55 0.8767 100 0.0083
60 0.9225 105 0.0007
65 OOסס.1 110 OOסס.0

These probabilities illustrate that retirement-related pension
costs are reduced by 10 to 20 percent by pre-retirement mortality.
For example, if the average age of a group of active employees
were 40, pension costs would be reduced by 15 to 20 percent due
to the mortality assumption, since 2spi'O) is equal to 0.8241. This
cost reduction, however, would be partially or even fully offset
by pre-retirement death benefits. Pension costs after retirement,
of course, are affected significantly by the post-retirement sur
vival probability, x_rp~m), which approaches zero at an increasing
rate as x increases. As indicated in Table 2-2, half of the indi
viduals at age 65 are expected to reach age 80, but then only half
of these survivors will reach age 85, and only half of those will
reach age 90.

Tennination Decrement

The termination (or withdrawal) decrement, like the mortal
ity decrement, prevents some employees from reaching the plan's
normal or early retirement ages. If the employee is vested, the
accrued benefit is payable at some future age, generally the nor
mal retirement age of the plan, or it may be payable at an earlier
age with an appropriate actuarial reduction. Whereas the termi-
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nation decrement, in the absence of vesting, reduces pension
costs, this reduction is partially offset by the corresponding cost
of vesting.

A multitude of factors enter into the determination of em
ployee termination rates, but two factors consistently found to be
important are age and length of service. The older the employee
and/or the longer the period of service, the less likely it is that
termination will occur. Consequently, termination rates fre
quently have both an age and a service dimension, known as se
lect and ultimate rates. The term "select" denotes rates applicable
for a specified period beyond the employee's entry age, and the
term "ultimate" denotes rates applicable to ages beyond that
point. Most schedules have a three to five year select period, al
though it is still common to find schedules based on age alone
because of computational simplicity. In some cases, additional
dimensions, such as gender, occupational or compensation level,
and vesting status, are used in determining termination rates. Fi
nally, just as mortality might be assumed to decrease in future
years, termination rates may also be assumed to change. In this
case a series of termination rate schedules would be used, reflect
ing historical trends and subjective estimates of expected future
changes.

Table 2-3 displays the select and ultimate termination rates
used for illustrating pension costs, given by quinquennial entry
ages from 20 through 60. The select period is 5 years and the
nearest select schedule is applied to employees with intermediate
entry ages. Since the model pension plan to which these rates are
applicable permits early retirement at age 55 with 10 years of ser
vice, the termination rates are defined to be zero at and beyond
each entrant's qualification for early retirement.

The rate of termination at age x is denoted by til')? The
probability that the employee will remain in service for one year,
excluding consideration of other decrements, is equal to the
complement of this rate, that is, p~) = 1 - q}'). The probability of
surviving n years may be found by taking the product of n such
complements from age x to age x + n -1, denoted by np~t). Table

3Since this rate is based on the employee'S entry age y, the symbol q~,~
could be used to make this functional relationship explicit. The subscript y is
not used in this text for notational simplicity.
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TABLE 2-3
Select and U1tbnate Termination Rates

Entry Ages, Y

x 20 25 30 35 40 45 50 55 60

20 0.2431
21 0.2245
22 0.2071
23 0.1908
24 0.1757

25 0.1616 0.2119
26 0.1486 0.1749
27 0.1365 0.1S06
28 0.1254 0.1340
29 0.1152 0.1207

30 0.1059 0.1059 0.1682
31 0.0974 0.0974 0.1397
32 0.0896 0.0896 0.1160
33 0.0827 0.0827 0.0966
34 0.0764 0.0764 0.0814

35 0.0708 0.0708 0.0708 0.1281
36 0.0658 0.0658 0.0658 0.1013
37 0.0614 0.0614 0.0614 0.0820
38 0.0575 0.0575 0.0575 0.0684
39 0.0541 0.0541 0.0541 0.0586

40 0.0512 0.0512 0.0512 0.0512 0.0942
41 0.0487 0.0487 0.0487 0.0487 0.0751
42 0.0466 0.0466 0.0466 0.0466 0.0616
43 0.0448 0.0448 0.0448 0.0448 0.0526
44 0.0433 0.0433 0.0433 0.0433 0.0466

45 0.0421 0.0421 0.0421 0.0421 0.0421 0.0686
46 0.0410 0.0410 0.0410 0.0410 0.0410 0.0547
47 0.0402 0.0402 0.0402 0.0402 0.0402 0.0463
48 0.0394 0.0394 0.0394 0.0394 0.0394 0.0420
49 0.0388 0.0388 0.0388 0.0388 0.0388 0.0399

50 0.0382 0.0382 0.0382 0.0382 0.0382 0.0382 0.0538
51 0.0376 0.0376 0.0376 0.0376 0.0376 0.0376 0.0462
52 0.0370 0.0370 0.0370 0.0370 0.0370 0.0370 0.0417
53 0.0362 0.0362 0.0362 0.0362 0.0362 0.0362 0.0391
54 0.0354 0.0354 0.0354 0.0354 0.0354 0.0354 0.0371

55 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0345 0.0522
56 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0333 0.0419
57 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0319 0.0359
58 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0302 0.0324
59 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0281 0.0297

60 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0258 0.0500
61 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0230 0.0343
62 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0197 0.0258
63 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0160 0.0199
64 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 OOסס.0 0.0118 0.0127
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2-4 gives the probability of remaining in service until age 65 from
each entry age shown, as well as the probability of remaining in
service five years (i.e., until full vesting is attained), based on the
rates in Table 2-3.4

TABLE 2-4

Termination-Based Survival
Probabilitle. for Varlou. Entry Age.

y

20
25
30
35
40
45
50
55
60

(I)
,Py

0.3](»
0.4206
0.5250
0.6300
0.7101
o.nn
0.8002
0.8220
0.8648

(I)
6S-YPy

0.0355
0.1009
0.2023
0.3347
0.4791
0.6400
0.6815
0.7457
0.8648

It is clear that retirement-related costs, especially for younger
employees, are significantly reduced by the termination assump
tion.s Moreover, since vested benefits are much smaller than the
employee's retirement benefit, the added cost associated with
vesting does not fully offset the cost reduction due to termina
tions.

Disability Decrement

Disability among active employees, like mortality and termi
nation, prevents qualification for retirement benefits and, in turn,
lowers retirement-based costs; however, disability-based costs
may be greater or less than this reduction, depending on the
plan's disability provision. As noted in Chapter 1, a typical dis
ability benefit might provide an annual pension, beginning after a
relatively short waiting period, based on the employee's benefits

4Note the use of the symbol y in Table 2-4 to denote the employee's entry
age, a convention used throughout this book.

Spension liabilities for the entire plan are not as sensitive to termination
rates as suggested by the probabilities given in Table 2-4. This is the case since
older employees, for whom the termination decrements are small, account for a
disproportionately large amount of the total liability. These relationships are
analyzed in Chapter 12.
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accrued to date, or based on a service-projected normal retire
ment benefit. When disability benefits are provided outside the
pension plan, it is common to continue crediting the disabled
employee with service until normal retirement, at which time the
auxiliary plan's benefits cease and the employee begins receiving
a retirement pension. The mortality rate assumption under either
type of benefit should be based on disabled-life mortality instead
of the "healthy life" mortality rates applicable to other plan
members.

The disabled-life mortality rates used to illustrate pension
costs are given in Table 2-5, and the survival probabilities based
on these rates are given in Table 2-6, where dq~m) and dp't) denote
disabled-life mortality rates and survival probabilities, respec
tively. Comparing these rates and probabilities with those in Ta
bles 2-1 and 2-2 reveals that disabled-life mortality is signifi
cantly greater than the mortality of non-disabled lives.

Several factors are associated with disability among active
employees, the most notable ones being age, gender, and occupa
tion. In the interest of simplicity, and since disability benefits
generally represent a relatively small portion of the plan's total
financial obligations, the disability assumption used to illustrate
costs is related to age alone. These rates are given in Table 2-7
and the corresponding symbol is q;d). If one considers only the
disability decrement, the probability of surviving n years, npiQ), is
the product of n factors, 1 - q;d) or pid), for ages x through age x +
n-l.

Table 2-8 illustrates disability-related survival probabilities
by showing the probability of surviving to age 65 for quinquen
nial ages from 20 through 65. These rates suggest that retirement
related costs might be reduced 10 to 15 percent as a result of the
disability decrement, an effect quite similar to that caused by
mortality.

Figure 2-1 shows a graph of the mortality, termination, and
disability survival probabilities from age x to age 65 for an age-30
entrant (30 ~ x ~ 65) under the illustrative assumptions. The
termination-based survival probability is considerably smaller
than the other two survival functions below age 50. The survival
probabilities based on mortality and disability are quite similar,
as noted earlier.
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TABLE 2-5

Disabled-Life Mortality Rates

dq;m) dq;m) d '(m) d '(m) dq;m)
X X X q, X q, x

20 0.00840 40 0.01454 60 0.03488 80 0.09654 100 0.35919
21 0.00853 41 0.01511 61 0.03663 81 0.10171 101 0.40694
22 0.00872 42 0.01570 62 0.03847 82 0.10715 102 0.46400
23 0.00891 43 0.01633 63 0.04042 83 0.11287 103 0.53204
24 0.00910 44 0.01699 64 0.04248 84 0.11890 104 0.61229

25 0.00930 45 0.01770 65 0.04465 85 0.12524 lOS 0.70640
26 0.00951 46 0.01845 66 0.04695 86 0.13191 106 0.81619
27 0.00973 47 0.01924 67 0.04938 87 0.13893 107 0.94334
28 0.00996 48 0.02009 68 0.OS195 88 0.14630 108 1.00000
29 0.01021 49 0.02097 69 O.OS466 89 0.15404

30 0.01048 50 0.02191 70 0.05754 90 0.16219
31 O.Qlan 51 0.02290 71 0.06056 91 0.17094
32 0.01108 52 0.02395 72 0.06375 92 0.18059
33 0.01141 53 0.02506 73 0.06713 93 0.19154
34 0.01177 54 0.02624 74 0.07069 94 0.20429

35 0.01216 55 0.02749 75 0.07444 95 0.21944
36 0.01258 56 0.02881 76 0.07841 96 0.23769
37 0.01303 57 0.03020 77 0.08259 97 0.25984
38 0.01351 58 0.03167 78 0.08700 98 0.28679
39 0.01401 59 0.03323 79 0.09165 99 0.31954

TABLE 2-6

Disabled-Life Survival Probabilities

x d (m) x d (m)
6.5-xP:r .:r- 6SP(f,

20 0.4219 65 1.0000
25 0.4408 70 0.7757
30 0.4629 75 0.5575
35 0.4895 80 0.3618
40 O.sW 85 0.2049

45 05659 90 0.0968
50 0.6238 95 0.0354
55 0.7044 100 0.0076
60 0.8214 105 0.0003
65 1.0000 110 0.0000
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TABLE 2-7

Disability Rate>

'(d) '(d) '(d)
X q, X q, X q,

20 0.0003 35 0.00J4 SO 0,0031
21 0.0003 36 0.0005 51 0.0034
22 0.0003 37 0.00J6 52 0.0038
23 0.0003 38 0.0007 53 0.0042
24 0.0003 39 OJXXJ8 54 0.0046

25 0.0003 40 0.CXXJ9 55 O.OOSO
26 0.0003 41 0.0010 56 0.0054
27 0.0003 42 0.0012 57 0.0060
28 0.0003 43 0.0014 58 0.0068
29 0.0003 44 0.0016 59 O.OOOJ

30 0.00J4 45 0.0018 60 0.0098
31 0.00J4 46 0.0020 61 0.0124
32 0.00J4 47 0.0022 62 0.0160
33 0.00J4 48 0.0025 63 0.0200
34 0.00J4 49 0.0028 64 0.0270

TABLE 2-3

Disability-Based Survival
Probabilities

x (d) x (d)
6S-zPx ~-xPz

20 0.8498 45 0.8619
25 0.8511 SO 0.8717
30 0.8524 55 0.8886
35 0.8541 60 0.9168
40 0.8567 65 1.0000

Retirement Decrement

Unlike the other decrement factors that preclude the receipt
of a pension benefit, the retirement decrement initiates such pay
ments. Retirement prior to the plan's normal retirement age, as
noted in the previous chapter, is called early retirement. The
benefits paid to employees retiring early are generally less than
the benefit accruals earned to the date of early retirement. This
reduction may be a flat percentage per year prior to normal re
tirement, such as 6 percent, or it may be an actuarial equivalent
reduction. The latter reflects as precisely as possible the loss of
interest, the lower benefit-of-survivorship, and the longer life ex-
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pectancy associated with early retirement.6 The subject of actu
arial equivalence and the financial implications of providing a
greater-than-actuarially-equivalent early retirement benefit are
discussed in Chapter 9.

The degree to which employees elect to retire early, given the
fact that the plan permits early retirement, is a function of nu
merous economic and sociological factors. Length of service,
health status, level of pension benefits, occupational status, gen
der, and the ages at which Social Security benefits are payable
tend to affect the incidence of early retirement. Other factors, no
doubt, could be detected in a given plan, and, since the basis of
early retirement varies widely among plans, retirement rates are
generally constructed from the experience of the particular plan
under consideration. Although it has been customary to use an
average retirement age as a surrogate for the more precise early
(and late) retirement distribution, age-specific rates over eligible

6The benefit of survivorship is considered later in this book. Essentially. it
refers to the concept that a portion of the cost attributable to benefits for those
employees who survive in service is provided by contribution forfeitures on be
half of those who do not survive.
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retirement ages, for example, from age 55 through age 70, are fre
quently used, especially in connection with large corporate
plans. Since there has been a distinct trend toward increased
early retirements in recent years, selecting future early retirement
rates may be more subjective than the other actuarial assump
tions discussed up to this point.

The retirement rate of decrement at age x is denoted by q1r
).

All of the mathematics and numerical analyses presented
through Chapter 8 are based on a single retirement age of 65.
Chapter 9 analyzes early retirement, and all subsequent material
through the remainder of the book is based on the retirement
rates presented in Table 2-9. The average retirement age for this
schedule is 61.4. Since Social Security benefits are first available
at age 62, many plans experience a relatively high incidence of re
tirements at this age. The rates in Table 2-9 reflect this phe
nomenon.

TABLE 2-9

Early Retirement Rates

Retirement
Age Rates

55 .05
56 .05
57 .05
58 .05
59 .05
60 .20
61 3l
62 .40
63 3l
64 3l
65 1.00

SALARY ASSUMPTION

If the plan's benefits are a function of salary, estimates of the
employee's future salaries are required. These estimates involve
consideration of three factors: (1) salary increases due to merit,
(2) increases due to labor's share of productivity gains, and (3)
increases due to inflation.7

7Another factor that is sometimes relevant is a "catch up" or "slow down"
allowance, but this does not constitute a theoretical component of the long-run
salary increase assumption.
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Merit Component
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Merit increases are those achieved by employees as they
progress through their career, reflecting their increased contri
bution to the organization. The rate of increase from this source
typically diminishes as the employee becomes older. Since merit
increases are exclusive of inflation and overall productivity gains
achieved by the employment group as a whole, they have little ef
fect on the aggregate payroll of all employees over time, provided
the distribution of employees by age and service does not change
significantly. As existing employees grow older and earn higher
salaries due to merit increases, a continual flow of new employ
ees with relatively lower salaries enter the population. The net
result is a stable year-to-year distribution of merit-related
salaries for the entire group of active employees.

The merit scale for a group of employees can be estimated by
comparing the differences in salaries among employees at various
ages and with various periods of service in a given year. A cross
sectional analysis of this type eliminates the effect of inflation
and productivity increases. In many cases, a constant rate of in
crease at each age is used to approximate the age-specific rates of
a typical merit scale.

The merit scale used to illustrate pension costs is given in
Table 2-10. This scale is unity at age 20, hence, the salary of an
employee entering at this age is expected to increase 2.8 times by
retirement due to merit increases alone. Similarly, the retire
ment-date salary of an age-30 entrant is expected to be about 1.9
greater than the entry-age salary, determined by dividing the age
65 factor by the age-30 factor (2.769 + 1.487). The merit scale
shows a continually decreasing rate of salary progression, begin
ning at 4.5 percent at age 20 and declining to nearly zero percent
by age 64.

Productivity Component

The second factor that affects the salaries of the entire group
of employees is labor's share of productivity gains. This factor,
which is difficult to estimate, may have diminished in importance
over the years, and it varies among industries. A productivity
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TABLE 2-11

Merit Salary Scale

x Scale x Scale x Scale

20 1.000 35 1.749 50 2.460
21 1.045 36 1.802 51 2.497
22 1.091 37 1.854 52 2.532
23 1.138 38 1.9<Xi 53 2.565
24 1.186 39 1.958 54 2.596

25 1.234 40 2.00l 55 2.624
26 1.284 41 2.059 56 2.651
27 1.334 42 2.Hll 57 2.674
28 1.384 43 2.lS7 58 2.696
29 1.436 44 2.204 59 2.715

30 1.487 45 2.250 60 2.731
31 1.539 46 2.295 61 2745
32 1.592 47 2339 62 2756
33 1.644 48 2381 63 2764
34 1.697 49 2.422 64 2769

component of 1 percent per annum is assumed in the numerical
ilIustrations.8

InDation Component

The third and most significant factor affecting an employee's
future salary is inflation. This factor is more likely to be repre
sented by a constant compound rate, unlike the merit component
which generally increases salary at a decreasing rate with age.
This need not be the case, however, and empirical trends and/or
subjective beliefs may suggest a series of rates that increase or
decrease for a period of time to an ultimate level.

The inflation component used to project salaries for the
model plan is assumed to be 4 percent per year. Although this
rate may appear to be low for various periods throughout history,
it is consistent with long-term average inflation rates. Since the
inflation rate for pension plans is used to project salaries over
relatively long periods of time (up to 45 years), the 4 percent rate

8There is some question whether any productivity gains will occur in the
future for some groups of employees. Nevertheless, it can be argued 1hat the
salaries of these groups must necessarily keep pace with the salaries of other
groups; hence, the productivity factor is still relevant. In any event, the produc
tivity factor for a given plan would be set with careful consideration being given
to historical data and subjective views regarding the future.
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may indeed represent a prudent assumption. The cost impact of
other rates of inflation is examined in Chapter 12.

Total Salary Increase

Table 2-11 shows the age-64 salary multiple and the corre
sponding compound rate of increase for several entry ages, using
the previously discussed merit scale, a 1 percent productivity
component, and a 4 percent inflation component. 9 For entrants
at ages 25 and 30, the salary projection factors to age 64 are about
15 and 10, respectively. This is approximately equal to a 7 per
cent compound rate of increase.

TABLE 2-11

Salary Projections inclusive of
Merit, Productivity, and lnDatlon

Entry Age·64 Salary Equivalent
Age as Multiple of Compound Rate

y Entry·Age Salary of Increase

20
25
30
35
40
45
50
55
60

INfEREST ASSUMPTION

23.70
15.04

9.78

6.52
4.45
3.11
223
1.64
1.23

0.075
0.072
0.069
0.067
0.064
0.062
0.059
0.056
0.054

The interest assumption has a powerful effect on pension
costs, since it is used to find the present value of financial obliga
tions due 20, 40, and even 60 years from the valuation date. Al
though it is common to find this assumption set at a constant
compound rate, this is a special case of the more general assump
tion that would allow the rate of interest to vary over time. As
with most actuarial assumptions, an element of subjectivity is in-

9Innation and productivity will increase total payroll, while the merit
component will have little effect, as noted previously. Thus, the model plan as
sumptions can be thought of as increasing total payroll by about 5 percent per
year, while increasing a given participant's salary by 5.5 to 7.5 percent per year,
depending on age.
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volved in establishing the interest rate to be used in the valuation
of pension costs and liabilities.

The interest assumption is generally set at a level represent
ing the return expected to be achieved on the plan's assets in fu
ture years, although it is not uncommon to find rates being used
that are ostensibly lower or higher than such expectations. In
any event, the interest assumption, like the sal::iry assumption,
can be viewed as consisting of three components: (1) a risk-free
rate of return, (2) a premium for investment risk, and (3) a pre
mium for inflation.

Risk Free Rate

The risk free rate is one that would prevail for an investment
completely secure as to principal and yield in an environment
with no current or anticipated inflation. An estimate of this the
oretical component would be the difference between short-term
treasury bills and inflation, a difference that varies widely from
year to year, and is nearly zero over very long periods of time.
Although empirical estimates are inconclusive, it is generally
agreed that the long-term equilibrium risk free rate falls in the
range of 1 to 2 percent. The illustrative rate used is 1 percent.

Investment Risk

The second interest rate component is the investment risk in
herent in the current and future portfolio of plan assets. A dif
ferent investment risk, and hence risk premium, may be associ
ated with each investment, although it is generally practicable to
break investments down only into several broad classes for as
signment of the risk premium. Table 2-12 shows the develop
ment of the risk premium used for the illustrations in this book.
Two asset classes are used along with a typical asset mix, having
50 percent fixed-income securities and 50 percent equities. The
expected risk premium for the portfolio is 3 percent. Table 2-12
also indicates the typical range in risk premiums for these two as
set classes.



30

TABLE 2-12

Investment Risk Estimates

Pension Mathematics

Asset Class
Risk Premium

Range Assumption
Asset
Mix

Expected
Premium

Bonds
Stocks

InDation Component

1103%
3105%

2t¥o
4%

50%
50%

3%

A premium for the current and anticipated rate of inflation is
the third interest rate component. This factor, it will be remem
bered, was present in the salary assumption also, and in this sense
the salary and interest assumptions have a common link. As
noted earlier, the assumed rate of future inflation is likely to have
a higher subjective element than most actuarial assumptions,
since near term rates may not be good indicators of long-term in
flation rates. In some cases, it may be appropriate to use a graded
inflation rate, beginning with the current year's rate and grading
downward or upward to some ultimate level. As noted previ
ously, a constant inflation rate of 4 percent has been selected for
illustrative purposes.

Total Interest Rate

The individual components of the interest rate assumption
used in this book total 8 percent, consisting of a 1 percent risk
free rate, a 3 percent risk premium, and a 4 percent inflation rate.
Although it is not claimed that these values are necessarily ap
propriate for a given plan, they have been selected with an eye
toward their general appropriateness.
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