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Guide to Problems

Many of the problems herein were taken from prior EA-1(B) Examinations. TFor those
students wishing to use this material in conjunction with the prior examinations, the following
cross referencelist should be helpful.  Note that solutions to the May, 1998 examination have been
published in the 1999 Supplement to Actuarial Cost Methods, A Review.

Examination
Problem May, 1984 May, 1985 May, 1986 May, 1987 May, 1988
1 7-1 4-12 2-12 4-26 5-13
2 6-5 6-7 2-13 2-18 3-11
3 2-8 7-2 4-19 8-10 7-5
4 1-14 4-6 1-15 g-11 6-15
5 2-11 6-10 6-12 | 8-9 4-28
6 8§-2 7-3 8-5 5-10 1-22
7 4-13 4-15 4 -20 2-16 6-16
8 4-18 8-3 7-4 3-10 2-19
9 4-11 2-10 4-21 1-17 6-17
10 5-5 2-9 2-14 2-15 2-20
11 6-6 4-17 8-6 2-17 4-29
12 4-16 5-8 1-16 1-18 7-6
13 3-8 4-14 5-9 1-9 4 -30
14 5-6 1-9 4-22 8-8 1-23
15 1-11 6-8 6-13 1-21 6-18
16 1-12 3-7 4-23 5-11 6-19
17 8-1 8-4 4-24 1-20 7-7
18 6-11 6-9 8-7 4-27 8-12
19 1-13 1-10 3-9 6-14 1-24
20 5-7 5-4 4-25 5-12 1-25
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Examination

Problem | May, 1989 | May, 1990 | May, 1991 | May, 1992 | May, 1993
1 4-3] 2.24 7-11 2-32 4-46
2 7-8 2-25 8-19 2-33 6- 26
3 8-13 2-26 4-41 8- 24 8- 28
4 1-26 4-36 2-30 4-43 4-47
5 2-21 1-28 8 - 20 4-44 4-48
6 4-32 437 8-21 5-20 5-22
7 4-33 6-20 1-31 2-34 8-29
8 7-9 1-29 1-32 5-21 4-49
9 5-14 6-21 8-22 1-34 8 -30
10 4-34 2-27 1-33 8-25 4-50
11 1-27 4-38 4-42 2-35 2-36
12 4-35 4-39 6-22 8 - 26 1-40
13 5-15 8- 16 6-23 6-25 4-51
14 3-12 8- 17 2-31 1-35 5-23
15 2-22 8- 18 6-24 4-45 6-27
16 7-10 2-28 3-13 1-36 4-52
17 5-16 1-30 7-12 1-37 7-13
18 8- 14 4 - 40 5-18 8 - 27 1-41
19 8-15 5.17 8-23 1-38 3-14
20 2-23 2-29 5-19 1-39 5-24
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Examination
Problem May, 1994 May, 1995 May, 1996 May, 1997
1 6-28 2-39 1-49 4 - 67
2 4-53 8-33 2-44 2-48
3 2-37 3-16 4-62 3-19
4 1-42 1-47 3-18 1-52
5 1-43 5-26 5-27 5-29
6 1-44 2-40 7-15 8-39
7 4-54 8-34 2-45 4-68
8 4-355 4-58 8-36 1-53
9 4-56 3-17 8-37 7-16
10 1-45 6-31 4-63 6 - 35
11 8-31 2-41 6-34 2-49
12 4-57 4-59 1-50 3-20
13 7-14 2-42 5-28 8-40
14 6-29 6-32 4-64 1-54
15 3-15 1-48 8-38 7-17
16 5-25 2-43 4-65 4-69
17 2-38 8-35 2-46 8§-41
18 6-30 4-60 1-51 §-42
19 8-32 6-33 2-47 6-36
20 1-46 4-61 4 - 66 6-37

ix







Glossary of Abbreviations

Since many actuarial terms are lengthy, we will use abbreviations in equations and in the text for
the sake of brevity. Listed below are many of the abbreviations which will be seen here:

i, Present value of an annuity due at age x
AA,aaorx Attained Age
Assets Actuarial Value of Assets
AL Accrued Liability
ATA Average Temporary Annuity
B(x} Benefit at age x
BP Benefit Payments
C, Contributions for year t
Ccv Cash Value
DB Death Benefit
eAssets Expected Value of Assets
eAL Expected Accrued Liability
ePVFB Expected Present Value of Future Benefits
ePVFNC Expected Present Value of Future Normal Cost
eSalary Expected Salary
eUAL Expected Unfunded Accrued Liability
eUL Expected Unfunded Liability
EAorea Entry Age
EAN Entry Age Normal
ERB Early Retirement Benefit
FiL Frozen Initial Liability
Igp Interest on Benefit Payments
L Interest on Contributions
ILP Individual Level Premium
J&S or J+S Joint and Survivor
NC Normal Cost
NRA Normal Retirement Age
NRD Normal Retirement Date
PVAB Present Value of Accrued Benefits
PVFB Present Value of Future Benefits
PVFEC Present Value of Future Employee Contributions
PVENC Present Value of Future Normal Costs
. PVFS Present Value of Future Salary
PVFY Present Value of Future Years
RA,raory Retirement Age
S, Salary Salary or Compensation
TA Temporary Annuity
UAL Unfunded Accrued Liability
UC Unit Credit
UL Unfunded Liability
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Introduction

The purpose of this writing is to assist students who are preparing for the EA-1(B)
Examination, Basic Pension Mathematics, which is offered jointly by the American Society of
Pension Actuaries, the Society of Actuaries and the Joint Board for the Enrollment of Actuaries.
The emphasis is placed on the solution of problems, most of which are taken from previous
examinations. Only enough theory is offered to introduce the student to the problems and their
solutions. Material 1s arranged according to the recognized actuarial cost methods with the last
section dealing with those principles common to all cost methods.

The purpose of any pension plan, and hence any actuarial cost method, is to provide some
degree of security to those real live employees whom we call participants. With that in mind, meet
Homer Jones. Homer is married, happily most of the time, with two children, one in high school
and the other in the eighth grade. He attends church regularly and usually takes his family out to
dinner every Sunday after the service. He works hard to provide for thecurrent needs of his family,
to save for his children's education and hopes he will have enough at retirement so as notto burden
his family. He is grateful for the pension plan provided by his employer.

The information pertinent to his pension plan and to our discussion is that Homer is forty-
five years of age, and has worked at the Hea Flicker Manufacturing Company for nineteen years.
Last year, the personnel manager announced that the Company wasadopting a pension plan for the
benefit of its employees that would provide a retirement benefit of $20 per month for each year of
service. This income would commence at a participant's sixty-fifth birthday and would continue
forlife. Homer calculated that by thetime he reached sixty-five, he would have thirty-nine years
of service which would entitle him to a pension of $780 per month.

There were other provisions in the plan, such as what happens in case of death or what
happens in the event of termination of employment, but since Homer was not contemplating doing
either, he did not ask for the details. Homer was concerned, however, inthe assurance of knowing
that the money that would provide this retirement benefit would indeed be there when he walked
away from his job for the last time. The personnel manager explained to him that the company
would make contributions each year into a trust fund and these contributions plus the investment
earnings would be sufficient to pay Homer's monthly benefit so long as he lived. The personnel
manager used the term "funding” to explain this procedure and said that an actnary would be
employed to compute the amount of contribution each year.

Of course, there were many other variables that Homer neither knew nor cared about in
regard to the funding of the plan. For example, the plan actuary would select one of several
actuarial cost methods; he would also make certain assumptions regarding investment earnings,
future salaries, employee turnover from death, termination and disability. Generally, these
assumptions will change over the years but the particular cost method will not. The selection of
the cost method and assumptions will always reflect the basic purpose which is to insure that
Homer and the other participants in the plan will receive the benefits that are promised.

The variety of actuarial cost methods provides a great deal of flexibility that enables the
plan actuary to tailor his calculations to the needs of the particular plan and employee
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characteristics. Indeed, by using simple assumptions of six percent investment earnings and
annuity rate of $120 per one dollar of retirement income, the Normal Cost for Homer at plan
inception can vary between $748 and $2,400 depending only upon the choice of fundingmethods;
and the Accrued Liability can be as much as $14,218 and as small as nothing at all. How this is
accomplished is the subject of this paper as we walk through this wonderland of actuarial cost
methods.






Chapter 1

Unit Credit Cost Method (Accrued Benefit)

1.1 Accrued Liability and Normal Cost

Any cost method requires the maintenance of a certain amount of trust assets to cover

current as well as _

future benefits. The distinguishing characteristicof the Unit Credit or the Accrued Benefit method
is that the desired value of assets at any particular time is equal to the present value of accrued
benefits of all participants. We begin our study of this method by first defining the Accrued
Liability:

Definition: The Accrued Liability on any valuation date is the Sum of the Present Values
of Accrued Benefits of all participants.

For example, Homer (refer to introduction) has 19 years of past service, so he has accrued
a benefit of $20 per year of service or $380 per month. Assuming no pre-retirement mortality and
investment return of 6% and 1242 = 120, the present value of his accrued benefit as well as the
Accrued Liability is:

AL(Homer) =380 x 120 x (1.06)* =14,218

From the definition of Accrued Liability, it follows that the Normal Cost is the present
value of the increase in accrued benefit between the year £ and £ + 1. In Homer's case, he is
accruing $20 per month per year of service so his Normal Cost is computed as follows.:

NC(Homer) = 20 x 120 x (1.06)2° = 748

Technically, the Normal Cost under any type of plan formula (flat benefit, unit benefit etc.)
is the difference in the Present Values of the Accrued Benefit from time t to (t + 1). The benefit that
Homer earned prior to the time the Plan was adopted will need to be amortized over a period of
time, but let's take that up later on. -

The Accrued Liability and Normal Cost of the Plan is the summation of these quantities for
all Participants. Assuming no pre-retirement mortality:



AL, =¥, B(x) (2)(1 + i)
NC, = ¥ aB() @)1 + i

where:
B(x) represents the Accrued Benefit of Participant x;
AB(x) represents the change in Accrued Benefit from time tto (t + 1)
m represents retirement age, and
n represents attained age at time t.

We can prove mathematically that the relationship between the Accrued Liability at time
tand the Accrued Liability at time (t + 1) is:

AL, =[AL+ Y aBEGEI)(1 +1)] x (1 +1)

less the Present Value of Accrued Benefits for terminated participants and retirees. The above
formula is legical as it reflects our procedure of simply applying one year's interest to (1) the
Accrued Liability at time t and (2) the total change in Accrued Benefit and then totaling the two.

The Actuarial Value of Plan Assets is the value placed upon the assets of the plan by the
- Plan Actuary. It could be the market value or market value with some adjustment or it could be
some value related to both cost and market values. Any difference between the Actuarial Asset
Value and the Accrued Liability is called the Unfunded Accrued Liability (UAL). Thus:

UAL, = AL, - Assets,
where Assets represents the Actuarial Asset Value. The Unfunded Accrued Liability may be
positive or negative depending upon whether the Accrued Liability is larger than the value of assets
(positive) or smaller than the value of assets (negative). Nevertheless, we shall use the term

Unfunded Accrued Liability to describe either case.

Actuarial Gain or Loss is the difference between the expected Unfunded Accrued Liability
and the actual Unfunded Accrued Liability. Thus, the Actuarial Gain/Loss at time t is:

(Gain/Loss = Expected UAL,,, - Actual UAL,,,
It can also be expressed as:
Gain/Loss = (UAL, + NC)X1 +§)- C, -1, - UAL,
where C, represents the contribution made for year t and I represents the interest eamihgs on

contributions at the assumed rate from the date made to the end of the Plan Year. A negative value
implies an Actuarial Loss.



1.2 Unit Credit Method with Interest and Other Assumptions

Now that you are an expert on the Unit Credit Method of funding using an assumption of
interest only, let us move ahead and consider the changes if we add pre-retirement mortality,
withdrawals and salary scales to our assumptions repertoire. Another assumption we are making
is that you are familiar with Commutation and Service Tables. If so, you will understand the
following formulas for Accrued Liability and Normal Cost:

AL(®) = ¥, B() 7% (D,/D,)
NC(t) = ¥ aB(x) x &% (D/D,)

where D is the Commutation Function constructed with the probabilities of dying and termination
of employment, using an assumed interestrate /. Values of D at various ages can be obtained from
a Service Table.

For example, if the Flea Flicker Pension Plan did not provide for any death benefits or if
the death benefits were computed separately, the Normal Cost and Accrued Liability could be
determined using 6% interest as before. However, with the additional consideration of mortality,
we would refer to a mortality table where /s = 961,208 and /.= 771,684. Computation would be
as follows:

o =L
Dys = ls 5 = 771,684 x 02265 = 17,479
15 = Ls v¥5 = 961,208 x .07265 = 69,832

)

AL(Homer) = 380 x 120 x (D, /D,5)
= 45,600 x 17,479 + 69,832
= 45,600 x .2503 = 11,414
and NC(Homer) = 20 x 120 x 2503 = 601

The relationship between the Accrued Liability at times t and (t + 1) follows the same
pattern as that which exists for the Accrued Liability and Normal Cost except that if the death of
any Participant occurs, then the Accrued Liability of the deceased Participant must be subtracted
from the total at time t. However, since the probability of dying has already been taken into
account in our calculations, this probability of dying must be applied to the Accrued Liability of
the deceased and added back in. Symbolically, this adjustment can be shown as follows where z
represents age at death:

Bz + D@E?)D,yD,) - ¢:"B(z + 1)ai*(D,/D,)



where ¢ is the probability of dying at age z. The adjustment described above is shown in the
second part of the formula.

In a similar manner, when a Participant withdraws from the Plan because of termination
of employment, an adjustment must be made to the Accrued Liability by subtracting the following:

B(x+ 1) (#)(D,/D) - ¢B(x + 1) (57)(D,/D,)
1.3 Characteristics of Unit Credit Method

1. Accrued Liability is always equal to the Present Value of Accried Benefit.

2. The Normal Cost at each year's valuation date is the Present Value of the increase in the
Accrued Benefit for the plan year.

3. Normal Costs tend to increase as time goes by even though benefits remain the same.

4. Withdrawals due to terminations do not generate actuarial gains for fully vested
participants.

5. This method usually requires the smallest initial outlay of cash.

6. This method is suitable in those plans that have a high furnover rate.

1.4 Problems

Problem1-1

Homer's friend Jake is 52 and has a projected pension of $300. Compute NC(Jake) and AL(Jake).
Assume 12892 =120; i =6%.

Problem 1 -2

Assu.ming that the Flea Flicker Plan provides a benefit of $20 per month per year of Service,
calculate Homer's Normal Cost and Accrued Liability for each of the first five Plan Years. Can
you observe a pattern for each of these quantities? :



Problem 1-3

A certain plan provides a pension that is a flat benefit for each year of Service. The Accrued
Liability on 1/1/84 was $20,049 and on 1/1/835, it was $24,627. The Plan has three Participants
who have been in the Plan since its inception. Their ages on 1/1/84 were 39, 44 and 52. Assuming

interest only of 6% and &{2 = 10, determine the Plan's Pension formula.

Problem 1 -4

Assume that the Accrued Benefit increases each year at the rate of B dollars. If A represents the
accrued benefit for service prior to the effective date, x is attained age on the valuation date and
y is the retirement age, write the formula for the Accrued Liability after n years.

Problem 1-5

A Plan provides a pension of 2% of compensation for each year of Service. Compute the Actuarial
Gain as of 1/1/86 using the following selected specifications:

1/1/85 1/1/86
Actuarial Value of Assets $12,000 $14,940
Contribution made on 7/1/85 2,000
Selected Employee data:
Emplovee A Employee B
Date of Birth 1/1/45 1/1/40
Date of Hire 1/1/75 1/1/79
Compensation in 1985 $18,000 $12,000
Assumptions: i=7% 4l =12
Problem1-6

Compute NC(Jake) and AL(Jake).
Valuation Date: 1/1/85

Date of Hire: 1/1/83

Age at Valuation date: 52

12402 =120  Ds, = 46,259
i=6% D= 17,480



Problem 1 -7

A Plan provides a Pension of $50 per month at age 65 per year of Service for its sole Participant,
age 38. Using 5% interest and a mortality assumption, the Actuary computed the Normal Cost to
be $1,533. He then decided to recompute the Normal Cost using a preretirement interest
assumption of 6% while using the same mortality table. What is the new Normal Cost as a result
of the new interest assumption? (4¢? =12)

Problem 1 -8

A Plan provides a pension of $50 per month at age 65 for each year of service. There are three
participants whose ages are 25, 30, and 35 on 1/1/85. The total Accrued Liability on 1/1/85 is
$10,626. No death benefits are provided under the Plan. The oldest Participant, who had 3 years
of service on 1/1/85, dies on 12/31/85. Determinethe Accrued Liability as of 1/1/86. Selected data
items are as follows:.

Ps {(probability of living for one year at age 35) = .97

a4? =10 i=.07

Dyo/Dys = .059 Dyo/Ds, = .083 D/Dys = .117
Problem 1-9
Normal retirement benefit:  $10 per month for each year of service.
Vesting: 0% before 10 years of service and 100% thereafter.
Actuarial cost method: Accrued benefit (unit credit).
Assumed interest rate: 5%
Assumed retirement age: 65

Data for the sole participant as of 1/1/85:  Date of birth: 1/1/22
Date of hire : 1/1/74



- Selected values and commutation functions are:

Agex qP g™ D
63 057 027 1,000
64 059 029 898
65 038 038 805

Withdrawals are assumed to occur at the end of the year.
4P = 4+ gt
#2 =10

In what range is the normal cost as of 1/1/85?

(A)  Less than $980

B)  $980 but less than $1,000
(C)  $1,000 but less than $1,020
(D)  $1,020 but less than $1,040
(E)  $1,040 or more.

Problem 1 - 10
Plan effective date; 1/1/84

Normal retirement benefit: $12 per month for each year of service.
Actuarial cost method: Accrued benefit (unit credit).

Actuarial assumptions:
Interest: 6%
Pre-retirement deaths and terminations: None.

Retirement age: 65

Data for sole participant: Date of birth: 1/1/39
Date of hire: 1/1/69

Contribution for 1984 paid at 1/1/84: $1,200



Effective 1/1/85 the plan is amended to increase the normal retirement benefit to $15 per month
for each year of service. The unfunded accrued liability as of 1/1/85 based on the amended plan
is $8,100.

42 =10

In what range is the experience gain or loss for 1984 attributable to interest?

(A)  Loss of $100 or more.

(B)  Loss of less than $100, or no gain or loss.
(C)  Gain of less than $100.

(D)  Gain of $100 but less than $200.

(E)  Gain of $200 or more.

Problem 1-11

Actuarial cost method: Accrued benefit (unit credit method)
Assumed interest rate: 7%

Valuation results: 1/1/83 1/1/84
Normal cost as of 1/1 $6,000 $7.500
Accrued Liability - 70,000 75,000
Actuarial Value of Assets 45,000

Contribution for 1983 paid at 12/31/83: $9,000
Net experience gain for 1983: $4,500
Benefits paid at 7/1/83: $2,000

In what range is the actuarial value of assets as of 1/1/847

(A)  Less than $52,000

(B)  $52,000 but less than $53,500
(C)  $53,500 but less than $55,000
(D)  $55,000 but less than $56,500
(E)  $56,500 or more



Problem 1-12

Actuarial cost method: Accrued benefit (unit credit) method.
Assumed interest rate: 6%, '
Normal cost for 1982 as of 12/31/82: $50,000

1/1/83 valuation results:
Actuarial value of assets as of 1/1/83 $425,000
Unfunded Accrued Liability as of 1/1/83 450,000
Experience gain for 1982 attributable to investment return 42,600
Experience gain for 1982 attributable to factors
other than investment return 13,400

Contribution for 1982: $75,000 paid at 12/31/82
Benefit payments for 1982: $10,000 paid at 1/1/82

In what range is the accrued liability as of 1/1/82?

(A}  Less than $800,000

(B) $800,000 but less than $820,000
©) $820,000 but less than $840,000
(D)  $840,000 but less than $860,000
(E) $860,000 or more

Problenm: 1-13

Normal retirement benefit: $20 per month for each year of service.
Vesting: 100% after 10 years of service.

Actuarial cost method: Accrued benefit (unit credit) method.
Assumed interest rate: 7%.

Assumed retirement age: 65

The service table is a double-decrement table based on separate single-decrement mortality and
withdrawal tables, as follows (1's are from single-decrement tables):

Agex i g
30 1,000 1,000
65 900 400



Data on sole participant as of 1/1/84:

Age 30
10 years of past service

4 =9

In what range is that portion of the accrued liability as of 1/1/84 which is attributable to benefits
for vested terminations before age 65?

(A)
(B)
(©
®)
E)

Less than $720

$720 but less than $840
$840 but less than $960
$960 but less than $1,080
$1,080 or more

Problem 1 - 14

Type of plan: Contributory.

Accrued benefit: $50 per month for each year of service,
Actuarial cost method: Accrued benefit (unit credit) method
Assumed interest rate: 6%

Pre-retirement death and termination benefit: Refund of employee contributions with 6%

interest {no vesting)

Data on sole participant as of 1/1/83:

Date of birth 1/1/43
Date of hire 1/1/78

Employee Contributions:
Accumulated with interest to 12/31/82: $2.500.00
Expected to be contributed for 1983 at 12/31/83: $475.00
Rate of interest credited: 6.0%

10



Selected commutation functions:

Agex D, C, M,
35 2,522 174 1,226
36 2,205 149 1,052
40 1,314 80 576
41 1,160 68 496
64 127 2 45
65 118 1 43
&2 =10

In what range is the employer normal cost as of 1/1/83?

(A} Lessthan $100

(B)  $100 but less than $200
(C)  $200 but less than $300
(D)  $300 but less than $400
(E)  $400 or more

Problem 1 - 15

Actuarial Cost Method: Accrued Benefit (Unit Credit).
Assumed interest rate: 8%.

Valuation data as of 1/1/85:

Accrued liability $850,000
Actuarial value of assets 420,000
Normal cost as of 1/1 70,000
Actuarial value of assets as of 1/1/86: $573,000

1985 experience gains/(losses):

Investment $600
All other sources 0

Benefit payments during 1985: $500 paid at the beginning of each month.
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In what range is the unfunded accrued liability as of 1/1/86?

(A)  Less than $414,000

(B)  $414,000 but less than $414,500
(C)  $414,500 but less than $415,000
(D)  $415,000 but less than $415,500
(E)  $415,500 or more

Problem 1 - 16
Normal Retirement Age: 62
Normal Retirement Benefit: $10 per month for each year of service.
Postponed Retirement Benefit: $10 per month for each year of service.
Actuarial Cost Method: Accrued benefit (Unit Credit).
Actuarial assumptions:

Interest: 7%.

Pre-retirement deaths and terminations: none.

gPrepresents the probability of retirement at age x.

Agex @ A

60 or less 0 --
0

61 10.8
62 0 10.6
63 02 104
64 05 102
65 1.0 10.0

Retirements are assumed to occur at the beginning of year.
Data for sole participant as of 1/1/86:

Date of birth 1/1/26
Date of hire 1/1/66
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In what range is the accrued liability as of 1/1/867

(A)
(B)
(©)
(D)
(E)

Less than $17,500

$17,500 but less than $18,500
$18,500 but less than $19,500
$19,500 but less than $20,500
$20,500 or more

Problem 1 -17

Actuarial cost method: Unit credit.

Actuarial assumptions:

Interest: 8%
Retirement age: 65

Selected valuation results: 1/1/86
Normal cost as of 1/1 $ 10,000
Accrued liability - actives 135,100

Accrued liability - inactives

Actuarial value of assets as of 1/1/86: $0
Contribution for 1986: $25,000, paid at 7/1/86.
Contribution for 1987: $27,500, paid at 7/1/87.

No benefits were payable for 1986.

Rate of return on the actuarial value of assets for 1986: 10%

In what range is the actuarial gain for 1986 excluding the investment gain?

(A)
(B)
©
(D)
(E)

Less than $300

$300 but less than $500
$500 but less than $700
$700 but less than $900
$900 or more
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Problem 1 - 18

Normal retirement benefit: $20 per month for each year of service.

Early retirement benefit: Accrued benefit with no reduction for early retirement.
Actuarial cost method: Unit credit.

Actuarial assumptions:

Interest: 8%
Preretirement deaths and terminations: None.

Retirement:
Probability of Retirement
Agex : at Agex
63 20%
64 30%
65 100%

Retirements occur at the beginning of the year.
Data for sole participant as of 1/1/87:

Date of birth: 1/1/32
Date of hire: 1/1/77

Selected annuity values:

al? =8.56 gD =8.35 P =8.14
In what range is the normal cost for 1987 as of 1/1/87?

(A) Lessthan $775

(B)  $775 but less than $950

(C) 3950 but less than $1,125

(D)  $1,125 but less than $1,300
(E)  $1,300 or more

Problem 1 - 19
Normal Retirement Benefit: $25 per month for each year of service.

Early Retirement Benefit: ~ Accrued benefit reduced by 1/15 for each of the first 5 years
preceding age 65 and 1/30 for each of the next 5 years.
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Actuarial cost method: Unit credit.
Actuarial assumptions:
Interest; 8%

Preretirement terminations other than deaths: None.
Retirement age: 65

Data for participant:

Date of birth: 1/1/28

Date of hire: 1/1/63

Date of retirement: 12/31/86
Age x D, N{2
58 440 4,160
59 400 3,740
60 365 3,355
65 230 1,880

In what range is the loss in 1986 due to the participant's early retirement?

(A)  Lessthan $3,000

(B)  $3,000 but less than $5,000
(C)y  $5,000 but less than $7,000
(D)  $7,000 but less than $9,000
(E}  $9,000 or more

Problem 1 - 20

Normal Retirement Benefit: $20 per month per year of service.
Actuartal Cost Method: Unit credit.

Actuarial Assumptions:
Interest: 7%

Preretirement deaths and terminations: None.
Retirement age: 65

15



Data for sole participant:

Date of birth 1/1/23
Date of hire 1/1/81

Unfunded accrued liability as of 1/1/86: $2,000
Contribution for 1986: Normal cost as of 1/1 paid at 1/1/86.
Investment return for 1986: 11%

As of 1/1/87, the assumed interest rate is changed to 8%.
1% 8%
a2 10 9
In what range is the unfunded accrued liability as of 1/1/87?
(A) Lessthan $350
(B)  $350 but less than $700
(Cy  $700 but less than $1,050

(D)  $1,050 but less than $1,400
(E)  $1,400 or more

Problem 1 -21

Nommal Retirement Benefit: 1% of final year's salary for each year of service.
Actuarial cost method: Projected unit credit (service prorated).

Actuarial assumptions:
Interest: 8%
Salary increases: 6% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Date of Date of Salary

Name Birth Hire for 1987
Smith 1/1/27 1/1/67 $72,000
Brown 1/1/27 1/1/60 $24,000
80D =8.33
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In what range is the normal cost for 1987 as of 1/1/87?

(A)  Less than $5,500

(B)  $5,500 but less than $6,000
(C)  $6,000 but less than $6,500
(D)  $6,500 but less than $7,000
(E)  $7.000 or more

Problem 1 - 22

Plan year: Calendar year.
Valuation date: 12/31

Actuarial cost method: Unit credit.
Assumed interest rate: 6%

* Valuation results as of 12/31/86:
Normal cost as of 12/31 $ 20,000
Unfunded accrued liability

(excluding normal cost for 1986) $250,000

Contributions for 1986: $7,000 paid on 3/31/86, $7,000 paid on 6/30/86, and $20,000 paid
on 12/31/86.

In what range is the expected unfunded accrued liability as of 12/31/87?
(A)  Less than $235,000
(B)  $235,000 but less than $240,000
(C)y  $240,000 but less than $245,000

(D)  $245,000 but less than $250,000
(E)  $250,000 or more

Problem 1 - 23

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Unit credit.
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Actuarial assumptions:
Interest: 6%
Preretirement terminations other than deaths: None.
Retirement age: 65
Participant data as of 1/1/88: 1,000 active participants, all born on 1/1/43 and hired on 1/1/81.

During 1988, 12 participants died and there were no new participants.

Selected commutation functions:

Agex D,
44 322
45 303
46 283
65 77
402 =9.35

In what range is the mortality gain for 1988 as of 1/1/89?
(A) Less than $4,200
(B)  $4,200 but less than $4,400
(C)  $4,400 but less than $4,600
(D)  $4,600 but less than $4,800
(E)  $4,800 or more
Problem 1 - 24
Normal retirement benefit: $20 per month for each year of service.
Early retirement benefit:

Before 1988: Accrued benefit reduced by 6% for each year preceding age 65.

After 1987:  Unreduced accrued benefit, plus a monthly supplement payable to age 65
of $6.67 per month for each year of service.

Actuarial cost method: Projected unit credit.
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Actuarial assumptions:

Interest: 8%
Preretirement terminations other than deaths: None.
Normal Retirement Age:

Before 1988 65
After 1987 60

Data for sole participant as of 1/1/88:

Date of birth 1/1/38
Date of hire 1/1/68

Selected commutation functions:

Age x D, N,
50 202 2,162
55 133 1,330
60 86 787
65 54 440

In what range is the combined increase in the accrued liability as of 1/1/88 due to the plan
amendment and the assumption change?

(A)  Less than $9,250

(B)  $9,250 but less than $10,750
(Cy  $10,750 but less than $12,250
(D)  $12,250 but less than $13,750
(E)  $13,750 or more

Problem 1 - 25

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Unit credit.

Actuarial assumptions:
Interest: 6%

Preretirement terminations other than deaths: None.
Retirement age: 65
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Participants as of 1/1/87: 100 active employees, all age 60.
Normal cost for 1987 as of 1/1/87: $100,000.

There were no experience gains or losses during 1987.
There were no new participants during 1987.

Selected mortality value:
Gep = -04
In what range is the normal cost for 1988 as of 1/1/88?

(A)  Less than $95,000

(B)  $95,000 but less than $100,000
) $100,000 but less than $105,000
(D)  $105,000 but less than $110,000
(E) $110,000 or more

Problem 1 - 26

Normal retirement benefit: 2.5% of final year's compensation for each year of service.
Preretirement death benefit: None.
Actuarial cost method: Projected unit credit.

Actuarial assumptions:

Interest rate: 6%

Compensation increases: 5% per year.
Preretirement terminations other than deaths: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/44
Date of lure 1/1/69

1988 compensation $100,000
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After the valuation was done, it was discovered that the assumed mortality rate at age 45 had been
incorrectly coded as follows:

Original Value Correct Value
Qas 034 0034

Another valuation was performed to correct this error.
Original accrued liability as of 1/1/89: $300,000

In what range is the correct accrued liability as of 1/1/897?

(A)  Less than $275,000

(B)  $275,000 but less than $295,000
(C)  $295,000 but less than $315,000
(D)  $315,000 but less than $335,000
(E)  $335,000 or more

Problem 1 -27
Normal retirement benefit:  $25 per month for each year of service.
Early retirement benefit: Accrued benefit reduced by 1/15 for each year by which
commencement of payments precedes age 65.
Actuarial cost method: Unit credit.
Actuarial assumptions:
Interest rate: 6%
Preretirement deaths and terminations: None.

Retirement:

Before 1989: 100% retire at age 635,
After 1988:  40% retire at age 62; remainder retire at age 65.

Data for sole participant:
Date of birth 1/1/27
Date of hire 1/1/79
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Selected annuity values:
8P=1010 @ =935

In what range is the increase in the accrued liability as of 1/1/89 due to the change in the assumed
retirement age?

(A}  Lessthan $2,000

(B)  $2,000 but less than $5,000
(C)  $5,000 but less than $8,000
(D)  $8,000 but less than $11,000
(E)  $11,000 or more

Problem 1 - 28

Normal retirement benefit: $10 per month for each year of service.
Vesting eligibility: 100% after 5 years of service.

Preretirement death benefit: None.

Actuarial cost method: Unit credit.

Actuarial assumptions:
Interest rate: 7% per year.

Preretirement terminations other than deaths: Occur at end of year.
Retirement age: 65

)({d): ')Ed)
Data for sole participant:
Date of birth 1/1727
Date of hire 1/1/85

Status as of 1/1/90 Active

Selected probabilities and annuity value:

Agex qF @
63 069 D19
64 081 021
65 023 .023

T . (d
g =g + ¢
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492 = 8.736

In what range is the normal cost for 1990 as of 1/1/90?

(A)
(B)
(©
(D)
(E)

Less than $872

$872 but less than $877
$877 but less than $882
$882 but less than $887
$887 or more

Problem 1 - 29

Plan effective date: 1/1/89
Normal retirement age: 63

Normal retirement benefit: 2.5% of final year's compensation for each year of service.
Actuarial cost method: Projected unit credit.

Actuarial assumptions:

Interest rate: 8%
Compensation increases: 4%

Preretirement deaths and terminations: None.

Retirement age: 63

Data for sole participant:

Date of birth
Date of hire

1988 compensation
Status as of 1/1/90

Value of assets as of 1/1/89: $0

Contribution for 1989: $6,000 paid on 4/1/89.
Noninvestment experience gain or loss for 1989: $0
Unfunded accrued liability as of 1/1/90: $25,000

alP=8.582

1/1/55
1/1/80
$40,000
Active
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In what range is the investment experience gain or loss for 1989?

(A)  Gain of $400 or more

(B)  Gain of $200 but less than $400
(C)  Gain or loss of less than $200
(D)  Loss of $200 but less than $400
(E)  Loss of $400 or more

Problem 1 - 36

Normal retirement benefit: 1% of final year's compensation for each year of service up to 30
years.

Actuarial cost method: Projected unit credit.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.

Preretirement terminations other than deaths: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/40
Date of hire 1/1/80
1989 compensation $40,000
Status as of 1/1/90 Active

Valuation results as of 1/1/89:

Normal cost as of 1/1 £ 2,000
Accrued liability 21,000
Value of assets 12,000

Contribution for 1989: $2,500 paid on 12/31/89.
Investment experience gain or loss for 1989: $0.

Selected commutation functions:

D,y=344 D,=320 N{D=849
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In what range is the experience gain for 19897

(A)  Less than $2,000

(B)  $2.,000 but less than $2,500
(C)  $2,500 but less than $3,000
(D)  $3,000 but less than $3,500
(E)  $3,500 or more

Probiem 1 - 31

Normal retirement benefit: $500 per month.
Postretirement death benefit: $5,000 payable at the end of the month of death.

Accrued benefit: The normal retirement benefit and the postretirement death benefit are
accrued and prorated on service.

Actuarial cost method: Projected unit credit (prorated on service).
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/31
Date of hire 1/1/66

Status as of 1/1/91 Active
Present value at age 65 of postretirement death benefit: $2,100
In what range is the normal cost for 1991 as of 1/1/91?

(A)  Less than $1,250

(B)  $1,250 but less than $1,300
(C)  $1,300 but less than $1,350
(D)  $1,350 but less than $1,400
(E)  $1,400 or more
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Problem 1 - 32

Normal retirement benefit: 1% of final three year average compensation for each year of
service,

Preretirement death benefit: None.
Actuarial cost method: Projected unit credit.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.
Preretirement terminations other than deaths: None.
Retirement age: 65

Data for sole plan participant:
Date of birth 1/1/35
Status as of 1/1/90 and 1/1/91 Active

The sole participant received an 8% increase in compensation from 1990 to 1991.
Selected probability of death:
gss = .009

In what range is the percentage increase in the normal cost for 1991 as of 1/1/91 over the normal
cost for 1990 as of 1/1/90?

(A)  Lessthan 6.5%

(B)  6.5% but less than 8.5%
(C)  8.5% but less than 10.5%
(®)  10.5% but less than 12.5%
(E) 12.5% or more
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Problem 1 - 33

Normal retirement benefit: 2% of final three year average compensation for each year of
service.

Early retirement eligibility: Age 60

Early retirement benefit: Accrued benefit, reduced by 1/15 for each year by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Projected unit credit.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.

Retirement age:

Before 1991 65

After 1990 62
Data for sole participant:
Date of birth 1/1/51
Date of hire 1/1/89
1991 compensation $21,000
Status as of 1/1/91 Active

Selected annuity values:
#2=9.40 il =8.75

In what range is the change in the accrued liability as of 1/1/91 due to the change in the assumed
retirement age? o

(A)  Decrease of $370 or more

(B)  $0 or decrease of less than $370

(C)  Increase of more than $0 but less than $370
(D)  Increase of $370 but less than $740

(E) Increase of $740 or more
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Problem 1 - 34

Early retirement eligibility: Age 55
Early retirement benefit: Accrued benefit, reduced by 1/15 for each of the first 5 years and

1/30 for each of the next 5 years by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Unit credit.

Actuarial assumptions:

Interest rate: 6% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

On 12/31/91, there are 3 active participantsaged 56, 59, and 63 who retire and elect to commence
recetving benefits on 1/1/92.

Selected annuity values:

Age x

56
57
58
59
60
61
62
63
64
65

a0

11.50
11.33
11.17
11.00
10.83
10.67
16.50
10.33
10.17
10.00

Which, if any, of the elections will result in an experience gain?

(A)
B)
©)
(D)
(E)

The election by the age 59 participant only.

The election by the age 63 participant only.

The election by the age 56 and age 59 participants only.

The election by the age 56 and age 63 participants only.

The correct answer is not given by (A), (B), (C), or (D) above.
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Problem 1 - 35
Normal retirement benefit:  $10 per month for each year of service,

Preretirement death benefit: Lump sum equal to 100 times the projected monthly normal
retirement benefit, payable at the end of the year of death.

Actuarial cost method: Unit credit for retirement benefits; term cost for preretirement death
benefits.

Actuarial assumptions:
Interest rate: 7% per year,

Preretirement terminations other than deaths: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/47
Date of hire 1/1/72

Selected commutation functions:

Age x D, N,
44 4,885 63,045
45 4,548 58,163
46 4,236 53,615
64 1,054 9,926
635 965 8,872
66 881 7,907

In what range is the total normal cost for 1992 as of 1/1/927?

(A)  Less than $205

(B)  $205 but less than $255
(C)  $255 but less than $305
(D) 3305 but less than $355
(E) 3355 ormore
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Problem 1 - 36

Normal retirement benefit: 2% of final 3-year average compensation for each year of service up
to 10 years.

Actuarial cost method: Projected unit credit, with benefits prorated over the years of service
during which benefits are expected to accrue.

Actuarial assumptions:

Interest rate: 8% per year.

Compensation increases: 4% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/37
Date of hire 1/1/87
1991 compensation $31,000

Selected annuity value:
42 = 8.50
In what range is the normal cost as of 1/1/92?

(A)  Less than $1,500

(BY  $1,500 but less than $2,000
(©  $2,000 but less than $2,500
(D)  $2,500 but less than $3,000
(E}  $3,000 or more

Problem 1 - 37
Normal retirement benefit:
Before 1992: $10.00 per month for each year of service.
After 1991:  $10.50 per month for each year of service; applicable to active and inactive

participants.

Actuarial cost method: Unit credit.
Assumed interest rate: 7% per year.,
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Selected valuation results:

1/1/91 1/1/92
Normal cost as of 1/1 $ 1,000 $ 1,500
Accrued liability 20,000 22,500
Value of assets 10,000 13,500

Contribution for 1991: $2,000 paid on 7/1/91.
Benefits payments for 1991: $500 paid on 7/1/91.

In what range is the experience gain for 19917

(A)  Less than $500

(B)  $500 but less than $1,000
(C)  $1,000 but less than $1,500
(D)  $1,500 but less than $2,000
(E)  $2,000 or more

Problem 1 - 38
Plan effective date: 1/1/87
Normal retirement benefit: $100 per month for each year of service.
Actuarial cost method: Unit credit.
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/32
Date of hire 1/1/87

Value of assets as of 1/1/91: $19,000
Contribution for 1991: $8,000 paid on 12/31/91.
Value of assets as of 1/1/92: $26,000

Selected annuity value:

WP =8.74
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In what range is the absolute value of the experience gain or loss for 1991 as of 12/31/91?

(A)
(B)
(©)
D)
(E)

Less than $2,000

$2,000 but less than $2,500
$2,500 but less than $3,000
$3,000 but less than $3,500
$3,500 or more

Problem 1 -39

Notrmal retirement benefit: 2% of final 3-year average compensation for each year of service up

to 30 years.

Early retirement eligibility: Age 60.
Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the benefit

commencement date precedes the normal retirement date.

Actuarial cost method: Projected unit credit, with benefits prorated over the years of service

during which benefits are expected to accrue.

Actuarial assumptions:

Interest rate: 8% per year.

Compensation increases: 6% per year.
Preretirement deaths and terminations: None.
Probability of retirement:

Age 62: 15% at the beginning of the year.
Age 65: 100% at the beginning of the year.

Data for sole participant:
Date of birth 1/1/57
Date of hire 1/1/90

1991 compensation $25,000

Selected annuity values:

AD=877  &P=820
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In what range is the accrued liability as of 1/1/927

(A)  Less than $4,430

(B)  $4,430 but less than $4,500
(C)  $4,500 but less than $4,570
(D)  $4,570 but less than $4,640
(E)  $4,640 or more

Problem 1 - 40

Normal retirement benefit:  $15 per month for each year of service.
Postponed retirement benefit: $15 per month for each year of service.

Early retirement benefit: Accrued benefit, reduced by 6% for each year by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Unit credit.
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Probability of retirement:

Age x gv
64 0.20
65 0.50
66 1.00

Retirements are assumed to occur at the beginning of the year.

Valuation data for sole participant:

Date of birth 1/1/33
Date of hire 1/1/73
Status as of 1/1/93 Active
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Selected annuity values:

Age x H12
64 10.0
65 9.8
66 9.6

In what range is the accrued liability as of 1/1/937
(A)  Less than $24,500
(B)  $24,500 but less than $25,000
(C)  $25,000 but less than $25,500
(D)  $25,500 but less than $26,000
(E)  $26,000 or more
Problem 1 - 41
Actuarial cost method: Unit credit.

Assumed preretirement deaths and terminations:

Before 1993: None.
After 1992: Mortality only.

Assumed retirement age: 65
Date of birth for sole participant (active as of 1/1/93): 1/1/40
Accrued liability (before change in assumptions) as of 1/1/93: $20,000

Selected values;

Agex A
53 8,980,994
65 7,673,269

34



In what range is the decrease in the accrued liability as of 1/1/93 due to the change in actuarial
assumptions?

(A)  Lessthan $1,000

(B)  $1,000 but less than $1,500
(C)  $1,500 but less than $2,000
(D)  $2,000 but less than $2,500
(E)  $2,500 or more

Problem 1 - 42

Normal retirement benefit: 2% of final 3-year average compensation for each year of service up
to 20 years, plus 1% of final 3-year average compensation for each
additional year of service.

Prerctirement death benefit;: None.

Actuarial cost method: Projected unit credit (based on actual accrual percentages as of
valuation date).

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65

Valuation data for only participants (both active as of 1/1/94):

Smith Brown
Date of birth 1/1/44 1/1/44
Date of hire ' 1/1/69 1/1/84
1994 valuation compensation $50,000 $50,000

Selected commutation functions:

Agex D, . N,
50 310,647 3,752,218
65 94,414 868,052
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In what range is the accrued liability as of 1/1/947
(A)  Lessthan $140,000
(B)  $140,000 but less than $150,000
(C)  $150,000 but less than $160,000

(D)  $160,000 but less than $170,000
(E)  $170,000 or more

Problem 1 - 43
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Early retirement eligibility: Age 55

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Projected unit credit.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 3% per year,
Preretirement deaths and terminations: None.

Probability of retirement (retirements are assumed to occur at beginning of year):

Before 1994: 100% at age 65.
Afier 1993:  50% at age 62, 0% at ages 63 and 64, and 100% at age 65.

Valuation data for sole participant:

Date of birth 1/1/44
Date of hire V1/74
1994 valuation compensation $50,000

Selected annuity values:
4P =9.394 al?=8.736

In what range is the change in the accrued liability as of 1/1/94 due to the change in the retirement
age assumption?
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(A}  Lessthan $2,150

(B)  $2,150 but less than $2,200
(C)  $2,200 but less than $2,250
(D)  $2,250 but less than $2,300
(E)  $2,300 or more

Problem 1 - 44

Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Early retirement eligibility: Age 60.

Early retirement benefit: Unreduced accrued benefit.

Actuarial cost method: Projected unit credit.

Optional form of payment: 95% of accrued benefit, payable until the last death of the
participant and his surviving spouse.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Form of payment: Life annuity.

Valuation data for sole participant Smith:

Date of birth 1/1/34
Date of hire 1/1/74
1993 valuation compensation $40,000
Actual annual compensation:
1991 $36,281
1992 38,095
1993 40,000
Spouse's date of birth 1/1/34
Selected annuity values:
a2 =92815 al, = 8.094
402 =8.736 a42. = 6.896

On 12/31/93, Smith retires and elects to receive his annuity under the optional form of payment
commencing 1/1/94.
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In what range is the experience loss as of 1/1/94 due to Smith's retirement?
(A)  Less than $30,000
(B)  $30,000 but less than $40,000
(C)  $40,000 but less than $50,000

(D)  $50,000 but iess than $60,000
(E)  $60,000 or more

Problem 1 - 45

Normal retirement benefit: $20 per month for each year of service.

Postponed retirement benefit: Actuarial equivalent of normal retirement benefit, based on
postretirement valuation assumptions.

Preretirement death benefit: None.
Actuarial cost method: Unit credit.
Actuarial assumptions:

Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Probabilities of retirement (retirements are assumed to occur at beginning of year):

Probability
Age x at Retirement
65 60%
66 80%
67 100%

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/29
Date of hire 1/1/70

Selected commutation functions based on postretirement valuation assumptions:
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Agex D, N2

65 94 825
66 86 734
67 79 651

In what range is the accrued liability as of 1/1/94?

(A)  Less than $50,000

(B)  $50,000 but less than $51,000
(Cy  $51,000 but less than $52,000
(D)  $52,000 but less than $53,000
(E)  $53,000 or more

Problem 1 - 46

Normal retirement benefii: $20 per month for each year of service.
Termination benefit: Accrued benefit payable at normal retirement age.
Vesting: Full and immediate.

Preretirement death benefit: None.

Actuarial cost method: Unit credit.

Actuarial assumptions:
Interest rate: 7% per year.
Pretermination deaths: None.
Post-termination deaths: Included in commutation functions below.
Preretirement terminations: 10% at age 50 only (terminations are assumed to occur at
beginning of year).
Retirement age: 65
Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/54
Date of hire 1/1/84

Selected commutation functions based on post-termination assumptions:
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Age x D,

30 1,262
40 632
50 311
65 94

Selected annuity value:
a2 =38.7
In what range is the accrued liability as of 1/1/94?

(A)  Lessthan $3,700

(B)  $3,700 but less than $3,800
(Cy  $3,800 but less than $3,900
(D)  $3,900 but less than $4,000
(E)  $4,000 or more

Problem 1 - 47

Normal retirement benefit: $20 per month for each year of service.
Preretirement death benefit: None.

Termination benefit: Vested accrued benefit, payable at normal retirement date.
Vesting eligibility: 100% after 5 years.

Actuarial cost method: Unit credit.

Actuarial assumptions:
Interest rate: 6% per year.
Preretirement terminations other than deaths and withdrawals: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/62
Date of hire 1/1/92
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Selected values from preretirement single-decrement tables:

Age x

30
31
32
33
34
35
65

[©

10,000
9,985
9,969
9,952
9,934
9,915
7,900

Selected annuity value:

12 = 9.439

1o

10,000
9,500
9,000
8,500
8,000
7,500
2,000

In what range is the accrued liability for preretirement vested termination benefits as of 1/1/95?

(A)
(B)
(©)
D)
(E)

Less than $200

$200 but Iess than $400
$400 but less than $600
$600 but less than $800

$800 or more.

Problem 1 - 48

Normal retirement benefit:

Early retirement eligibility:

Early retirement benefit:

Actuarial cost method:

2% of final year's compensation for each year of service.

Age 55.

Accrued benefit, reduced by 1/15 for each of the first § years and
1/30 for each of the next 5 years by which the benefit

commencement date precedes the normal retirement date.

Projected unit credit. -
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Actuarial assumptions:
Interest rate: 9% per year.
Compensation increases: 3% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

Date of birth for selected participants (all active as of 12/31/94):

Smith Brown Green
1/1/39 1/1/35 1/1/32

Smith, Brown, and Green all retire and elect to commence receiving benefits as of 1/1/95.
Selected annuity values:
#2=9384 aiP=38.71
P =925 4U2=8.39
Which, if any, of the participants generated an experience gain as of 1/1/95 due to his retirement?
(A)  Smith only
(B) Brownonly
(C)  Smith and Brown only
(D)  Brown and Green only
(E)  The correct answer is not given by (A), (B}, (C), or (D) above.
Problem 1 - 49

Normal retirement benefit: 2% of final 3-year average compensation{or each year of service up
to 25 years.

Early retirement eligibility: Age 62.

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Projected unit credit (based upon actual accrual percentages as of
the valuation date).
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Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 4% per year.

Pre-retirement decrements: None. :
Probability of retirement (assumed to occur at beginning of the year):

At age 62 20%
At age 63 0%
At age 64 0%
At age 65 100%

Valuation data for sole participant:

Date of birth 1/1/46
Date of hire 1/1/84
1996 valuation compensation $50,000

Selected annuity values:

42 =9.39 a0D =874

In what range is the accrued liability as of 1/1/962

A)
(B)
©)
D)
(E)

Less than $60,000

$60,000 but less than $62,500
$62,500 but less than $65,000
$65,000 but less than $67,500
$67,500 or more

Problem 1 - 50

Normal retirement benefit:  2/12% of final 3-year average compensation for each month of

service up to 120 months plus 1/12% of final 3-year average
compensation for each additional month of service.

Actuarial cost method: Projected unit credit (based upon actual accrual percentages as of

the valuation date).
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Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases: 4% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant:

Date of birth 1/1/43
Date of hire 10/1/86
1996 valuation compensation $50,000

Selected annuity value:
alP = 8.74
In what range is the normal cost for 1996 as of 1/1/96?

(A)  Less than $4,000

(B)  $4,000 but less than $4,500
(C)  $4,500 but less than $5,000
(D)  $5.000 but less than $5,500
(E)  $5,500 or more

Problem 1 - 51
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Termination benefit: Accrued benefit payable at normal retirement date.
Vesting: Full and immediate.
Actuarial cost method: Projected unit credit.
Actuarial assumptions:
Interest rate: 7% per year.

Compensation increases: 4% per year.
Pre-retirement decrements other than withdrawals: None.
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Probability of withdrawal (assumed to occur at beginning of year):

1/1/95 valuation: 40% at age 50

25% at age 55

20% at age 60

0% at all other ages
1/1/96 valuation: 50% at age 50

20% at age 55

0% at all other ages

Retirement age: 65.

As of 1/1/96, all participants were active and under age 45.

In what range is the ratio of the accrued liability as of 1/1/96 under the revised withdrawal
assumptions to the accrued liability as of 1/1/96 under the original withdrawal assumptions?

A
(B)
©)
D)
(E)

Less than 0.990

0.990 but less than 1.000
1.000 but less than 1.010
1.010 but less than 1.020
1.020 or more

Problem 1 -52

Normal retirement benefit: 2% of final 3-year average compensation for each of the first 20

years of service plus 1.5% of final 3-year average compensation for
each of the next 10 years of service.

Actuarial cost method: Projected unit credit, prorated on actual accrual percentages.

Assumed compensation increases: 4% per year.
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Valuation data for sole participant:
Date of birth 1/1/42
Date of hire 1/1777
1996 valuation compensation for 1/1/96 valuation $50,000
1997 valuation compensation for 1/1/97 valuation $53,000
Accrued liability as of 1/1/96: $97.000.
Selected commutation functions:
D,,=23,593
D =21,867
In what range is the normal cost for 1997 as of 1/1/97?
(A)  Less than $4,200
(B)  $4,200 but less than $4,600
(C)  $4,600 but less than $5,000
(D)  $5,000 but iess than $5,400
(E)  $5,400 or more
Problem 1 - 53
Actuarial cost method: Unit credit.

Assumed interest rate: 8% per year.

Selected valuation results:

1/1/96 1/1/97
Normal cost as of 1/1 $100,000
Accrued liability 800,000  $1,000,000
Value of assets 400,000 600,000

Contributions for 1996: $100,000 paid on 7/1/96 and $50,000 paid on 12/31/96.

Benefit payments for 1996: $13,000 paid on 12/31/96.
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In what range is the net experience loss for 1996 from all non-investment sources?
(A)  Less than $4,000
(B  $4,000 but less than $14,000
(C)  $14,000 but less than $24,000

(D)  $24,000 but less than $34,000
(E)  $34,000 or more

Problem 1 - 54

Plan effective date: 1/1/82.

Normal retirement benefit:  $25 per month for first year of accrual, with each subsequent year’s
accrual being 2% greater than the prior year’s accrual.

Actuarial cost method: Unit credit,

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Value of assets as of 1/1/97; $17.810
Valuation data for sole participant (active as of 1/1/97):

Date of birth 1/1/47
Date of hire 1/1/82

Selected annuity value:

#2=9815
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In what range is the unfunded liability as of 1/1/977

(A)
(B)
(€
(D)
(E)

Less than $500

$500 but less than $1,000
$1,000 but less than $1,500
$1,500 but less than $2,000
$2,000 or more
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1.5 Solutions to Problems

Problem1 -1

Normal Cost =20 x 120 x (1.06)"
=2,400 x 4688 = 1,125

From formula, Jake will have 15 years total service at retirement. Since he is now 52, his years of
service to date must be 2 and his accrued benefit is $40.

Accrued Liability = 40 x 120 x (1.06)™" = 2,250

Problem 1 -2

Year Normal Cost Accrued iability

1 $748 $14,218
2 793 15,865
3 841 17,657
4 891 19,608
5 945 21,729

The Accrued Liability increases éach year by the addition of the Normal Cost and the interest on
the sum of the Accrued Liability plus Normal Cost. The Normal Cost increases each year at the
valuation rate of interest.

Problem 1 -3

Key Concept: With interest applied, the Accrued Liability at time t plus the Normal Cost equals
the Accrued Liability at time (# + 1).

Therefore, ALy = (Alg, + NCy,)(1.06)
24,627 = (20,049 + NCy,X(1.06)
NC,, =3,184

But, Normal Cost also equals the Present Value of the year's accruals.
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If B represents the flat benefit of the formula:

NC = (120B)(1.06)2 + (120B)(1.06)?! + (120B)(1.06)"*
3,184 = (120B)[(1.06)2 + (1.06)2! + (1.06)"]
— (120B)(.2198 + .2942 + .4688)
= (120B)(.9828)
= (117.936)(B)
B=27

The formula provides for $27 per year of service.

Problem 1 -4

The formula is (A + nB)(EJ?)(1 + iy or (A + nB)(E{]?)(>")

Problem 1 -5
Employee A Employee B
Accrued Benefit 1/1/85 $3.600 $1,440
Accrued Benefit 1/1/86 3,960 _ 1,680
Accrued Liability 1/1/85 7,960 4,465
Accrued Liability 1/1/86 9,368 5,574
Normal Cost 1/1/85 796 744
Normal Cost 1/1/86 852 796
UALg = 425
NG = 1,540
Css = 2,000
Iis= 70
UALgx =2

- Therefore, by formula:

Gain = (UALgs + NCg)(1 + 1) - Cgs - Iys - UAL
= (425 + 1,540)(1.07) - 2,000 - 70 - 2 = 31
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Problem 1 -6
Normal Cost = 20 x 12§42 x (Ds/Ds,)
=20 x 120 % (17,480/46,259) = 907

Accrued Liability = 40 x 120 x (17,480/46,259) = 1,814

Problem 1-7

Normal Cost = Monthly Accrual x 12882 x (Dys/Dsg)
1,533 = 50 x 144 x (Dgg/Dsy)

Therefore, (Dﬁst33) =1,533K7,200 =.2129

Also, (Des/Dsg) = Los/lg x (1.05y55/(1.05)8
2129 = L/l x 2678

And (lssllsg) = 2129 + 2678 = 7950
Fori=6%, v v =(.02265)+(.10924) = 2074
And (Dys/Disg) = 2074 x 7950 = .1649

Normal Cost =30 x 144 x .1649=1,187

Problem 1 - 7 (Alternative solution):

Since the normal cost is equal to a series of products, the revised normal cost is directly

proportional to the change in the interest rate assumption.

NC = Monthly Accrual x 12802 x ([.;/l,5) x (v*3/*%)
= Monthly Accrual x 12442 x ([oo/1.e) x v*7

(1.05y% = 2678
(1.06)% = 2074

The revised normal cost = 1533 x (2074 + .2678) = 1,187
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Problem 1 -8
Key Concept: When computing the accrued liability in 1986, the value of the death benefit must
be added back after deleting the present value of accrued benefit of the deceased.

The net effect on the accrued hability is actual liability minus expected liability
released.

Normal Costg; = 50 x 120 x (.059 +.083 +.117)
= 6000 x 259 =1,554

Accrued Liability on 1/1/86 before adjusting for death:
ALg= (10,626 + 1,554)(1.07) = 13,033
Accrued Liability for deceased as of 1/1/86 (released from plan):
= 50 x {4 years service) x 120 x 125 = 3,000
Value of death benefit (expected release):
= 3,000 x (1 - p35) =90

Accrued Liability = 13,033 - 3,000 + 90 = 10,123

Problem1-9

Key Concepts: (1) Normal cost is present value of future benefits attributable to benefits
accruing in 1985 (i.e. $10 per month),

(2) Withdrawals are assumed to occur at end of year; however, as a general
condition, retirements occur at retirement age (i.e. beginning of the year.)

(3) Total present value of future benefits includes "cost of vesting” and cost of
retirement.

Data provided: Participant is 63 and is 100% vested.
1) Cost of Retirement Benefit:

Benefit x 442 x (D{D/DD)
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2) Cost of vesting:
Note: Withdrawal may occur at end of the year of age 63 or 64.
[(Benefit x 842/ (1 + ] * (PRap + aig' )

3) Total Normal Cost:
Benefit x &GP [(D§/ DF) + (¢85 0 + pl'q&? pi? 3]

=10 x 12 x 10 x [(805/1000) + [(.03)(.973)(.971) + (.943)(.03)(.971))/(1.05)*]
= 1200(.8050 + .0506) = 1,026.75 '

Note:  ¢f¥=g% - ¢y =.03
g =q% - ¢ =.03
PR=1-4¢9 =1-.057=.943
PE=1-q%=1-.027=973
P=1-¢®=1-.029=.971

Since withdrawals occur at the end of the year, we can use p{™ as the mortality rate since pt”=
m)
Px

Answer is D.

Problem 1 - 9 (Alternative Solution)

Because the particitpantis 100% vested, the normal cost benefit payable is independent of whether

or not he terminates. Therefore, the only contingency for which a "discount” is necessary is
mortality.

Therefore, NC = Benefit x {2 x pim x pim x y?
= 1200 x .973 x .971 x (1.05)*=1028.34
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Problem 1 - 10

Key Concepts: (1) To calculate a gain or loss, the expected UAL is needed. To calculate the
expected UAL, the 1/1/84 valuation results must be obtained.

(2) The effect of the plan amendment must also be taken into account.

Data Provided: Participant is age 45 with 15 years of service.
Calculation of 1/1/84 valuation results:

AL, = AB,; x 1242 x v*
= (12)(15) x 120 x .3118 = 6,735

NC,s =12 x 120 x 3118 =449
Expected UAL,, (before amendment)

= (AL,; + NC,;) x (1 + ) - Contribution x (1 + i)
= (6,735 + 449) x 1.06 - (1,200)(1.06) = 6,343

Increase in UAL,, due to amendment:

=3 x (years of service) x 12442 x v
=3 x16 x 120 x.3305 = 1,904

Expected UAL,, (after amendment)
= 6,343+ 1,904 = 8,247
Total Gain (Loss) = Expected UAL - Actual UAL
= 8,247 - 8,100

=147 Gain (Because all other assumptions were realized)

Answer is D.

54



Problem 1 - 11
To compute the actuarial Gain or Loss:
Gainl’LOSS = (UALss + NC&;)(I + i) - Cs3 = IC - UAL&;
UAL,g; = 70,000 - 45,000 = 25,000
Gain = (25,000 + 6,000)(1.07) - 9000 - UAL,,
4,500 =(31,000)(1.07) - 9,000 - UAL,,
UALg, =24,170 - 4,500 = 19,670
Asset Value = 75,000 - 19,670 = 55,330

Answer is D.

Problem 1-12

We first compute the expected Accrued Liability as of 1983 considering only those factors other
than investment return.

eAlLg, = (UAL,, + Assetsy;) + non-investment gain
= 450,000 + 425,000 + 13,400 = 888,400

We use the formula for computing gain/loss again considering non-investment factors only.
eAlg = (ALg)(1.06) + NC,, - (benefit payments)(1.06)
= [AL4,(1.06) + (50,000)] - (10,000)(1.06)
= 1.06(AL,,) + 50,000 - 10,600
= 1.06(ALs,) + 39,400 = 888,400
Solving for AL,,:
ALg, = (888,400 - 39,400)/1.06 = 800,943

Answer is B.
Problem 1-13

Key Concepts: The Unit Credit or Accrued Benefit Funding Method has several unique
properties. Among them are the following:
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(D

2

()

Early retirement benefits that are actuarially equivalent cause no gain or
loss. ‘

Since the accrued liability for each participantis exactly equal to the present
value of his accrued benefit, there is no gain or loss at employment
termination, if fully vested.

After 100% vesting, the values of Normal Cost and Accrued Liability are
independent of withdrawal decrements used.

We first compute the Accrued Liability ignoring withdrawal tables:

AL

= (20 x 10 years of service) x 12442 x ;p;, x 1.07%
=200 x 108 x .9 x .09366 = 1,821

We next calculate the accrued liability for future retirement benefits (Note: the probability of
survival to age 65 = .4 x 9= 36):

Accrued Liability for future benefits

= (20 x 10 years) x 124¢3 x 36 x 1.07

— (36/90) x 1,821=728

Hence, the accrued liability for future vesting benefits is:

Answer is E.

Problem 1 - 14

Key Concepts: (1)

2)

=1821 - 728 = 1,093

The total normal cost is the present value of the retirement benefit accrued
for the year, plus the present value of the refund of the current year's
employee contributions. The employer normal cost is equal to the total
normal cost, minus the employee contributions (discounted from the end of
the year to the valuation date).

Because the employee contributions accumulate at an interest rate equal to

the assumed interest rate, the present value of the refund can be determined

based on an interest rate of 0%.
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Step I: Present value of retirement benefit accrual

=50 x 12 x 4§ x (Dgs/Dy)
=600 x 10 x (118/1,314) = 539

Step I1: Based on concept 2 above, the present value of refund is the amount of contribution times
the probability of termination or death after contribution is made and prior to retirement,

discounted to the valuation date.

Probability of survival from age 41 to age 65

lesly= (Dgs/Dgy) x (1 +
= (118/1,160) x 4.0489 = 4119

Therefore, the probability of decrement=1 -.4119 = 5881
Present value of refund = Expected Contribution x (D,,/D,,) x .5881

=475 x (1,160/1,314) x .5881 = 247
Step III: Total Normal Cost = 539 + 247 =786
Step I'V: Because the employee contribution is assumed to be made at the end of the year, its
present value as of 1/1/83 is the appropriate amount to subtract from the total normal cost which
has been determined as of 1/1/83.

Present Value of Employee contribution

=475 x (D4y/Dy)
=475 x (1,160/1,314) =419

Step V: Employer Normal Cost = 786 - 419 = 367

Answer is D.
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Problem 1 - 14 (Alternative Solution)

Because of concept (2) above, a termination or death has no impact (positive or negative)
on the employer's cost of the plan. Therefore, there is an employer cost only for those who remain
to retirement, The employer cost for such a participant is the cost of the retirement benefit not
provided by the employee's contributions. This is calculated as:

Total value at retirement for current year accrued:

=50 x 12 x 2= 6,000

Accumulated Employee contribution for current year

= 475 x (1 + iy*
= 475 x 4.0489 = 1,923

Value of Employer benefit at retirement
= 6,000 - 1,923 =4,077
Present value = Employer Normal Cost
=4,077 x (Dgs/Dyo)
=4,077 x (118/1,314) =366
Problem 1 - 15

Key Concept: From the definition of actuarial gain, the Unfunded Accrued Liability can be
determined as follows:

Gain = (UALjgs + NCy)(1 + ) - (Cgs + L) - UALg
and  UALy = (UALy +NCg)(1 + 7) - (Cgs + 1) - Gain

All of the above terms are known except the UAL,; and the segment (Cys + 1),
Step I: Determine the Unfunded Accrued Liability as of 1/1/85.

UALSS = AL85 - ASSG'[SSS
= 850,000 - 420,000 = 430,000
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Step II: Determine the value of (Cgs +1,)).
Assetsg, = (Assetsg )(1 + i) + (Cygs + L) + Gain - (BP + [p)
where BP represents Benefit Payments and I, represents interest on benefit payments.
573,000 = (420,000)(1.08) + (Cys + L) + 600 - (6,000)(1 + 137/ 24)
(Cgs + 1) = 573,000 - 453,600 - 600 + (6,000)(1.0433) = 125,060
Step III: From formula above, determine the Unfunded Accrued Liability as of 1/1/86.
UALg = (UALgs + NCgs)(1 + 1) - (Cy5 + 1) - Gain
= (430,000 + 70,000)(1.08) - 125,060 - 600
= 540,000 - 125,060 - 600 = 414,340

Answer is B.

Problem 1 - 15 (Alternative Solution)
Step I: Use the formula for calculating the gain/loss considering the non-investment factors.

ALgs = (ALgs + NCq;)(1 + i) - (Benefit Payments)(1 + 13i/24)
= [(850,000 + 70,000)(1.08)] - 6,000(1.0433) = 987,340

Step II: UALg = ALy, - Assetsg
= 987,340 - 573,000 = 414,340
Problem 1 - 16
Key Concept: The accrued liability at each retirement age must be calculated by multiplying the
accrued benefit by a factor that is the probability of retiring at that age by 4(? for
that age.

Step I: Determine the Accrued Benefit at age 60.

Accrued Benefit = 10 x 20 years of service
= 200 per month or 2,400 per year.
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Step II: Determine the Present Value of the Accrued Benefit (Accrued Liability) for each
retirement age.

For those retiring at age 63:

AL, = (2,400)(5()(probability of retiring at 63)(v?)
= (2,400)(10.4)(:2)(+*) = 4,075

For those retiring at age 64:
AL, = (2,400)(3(2)(probability of not retiring at 63)
x (probability of retiring at 64)(v*)
= (2,400)(10.2)(1 - .2)(.5)(v%)
= (2,400)(10.2)(.8)(.5)(.7629) = 7,470
For those retiring at age 65:
ALgs = (2,400) (80P (probability of not retiring at 63 or 64
and retiring at 65)(v")
=(2,400)(10.0)(1 - .2)X(1 - .5)(1.0)(v")
— (2,400)(10.0)(.8)(.5)(1.0)(.713) = 6,845
Total accrued liability = 4,075 + 7,470 + 6,845 = 18,390

Answer is B.

Problem1-17

Key Concept: The total actuarial gain can be determined as well as the investment gain. The
answer is the difference the total actuarial gain and the investment gain. '

Step I: Determine the gain from investments alone.

eAssetsy, = (Assetsg )(1.08) + Contribution(1+.04)
= (0 x 1.08) + (25,000)(1.04) = 26,000

Assetsg; = Contribution % 1.05
= 25,000 x 1.05 =26,250

Gain from investments alone = 26,250 - 26,000 = 250
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Step II: Determine expected Unfunded Accrued Liability at 1/1/87.

UALg = ALy, - Assetsg,
=135,100 - 0 = 135,100

eUALyg, = (UALgg + NCgg)(1.08) - Cgs - 1,
= (135,100 + 10,000)(1.08) - 25,000 - (25,000)(.04) = 130,708

Step III: Determine total actuarial gain.
UALS'? = ALS? - ASSCth;:
= 156,000 - 26,250 = 129,750
Gain = ¢UAL - UAL
=130,708 - 129,750 = 958
Gain excluding investment gain = 958 - 250 = 708

Answer is D,

Problem 1 - 17 (Alternative Solution)
Key Concept: In the foregoing solution, we used simple interest. We could just as well have used
compound interest since neither is specified. In the solution that follows,

compound interest is used.

eAssetsy; = (Contribution)(1.087)
=25,000 x 1.0392 = 25,980

Assets = Contribution x (1.107)
= 25,000 x 1.0488 = 26,220

Actuarial gain from investments = 26,220 - 25,980 = 240

eUALg, = (135,100 + 10,000)(1.08) - 25,000(1.08)"
= 156,708 - 25,980 = 130,728

Actual UALg, = 156,000 - 26,220 = 129,780
Gain = 130,728 - 129,780 = 948
Gain excluding investment earnings = 948 - 240 = 708
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Answer is the same.

We could also solve the problem by ignoring actual investment earnings and use the assumed
interest for investment earnings. In this case:

Assumed Assetsg, = 25,000 (1.04) = 26,000
UALg, = 156,000 - 26,000 = 130,000
as before eUAL,,; = 130,708
Gain = 130,708 - 130,000 = 708

Answer is the same.

Problem 1 - 18

Key Concept: Normal cost must be computed as the sum of (1) normal cost based upon
probability of retiring at age 63, (2) normal cost based upon probability of not
retiring at age 63 and retiring at age 64, and (3) normal cost based upon the
probability of not retiring at age 63 or 64 and retiring at age 65.

Normal cost based upon retirement at age 63:

NCq= 20% x 12 x 20 x 502 x y*
=20% x 12 x 20 x 8.56 x .5403 =221.99

Normal cost based upon retirement at age 64

NCe= (30%)1 - 20%)(12)(20) x &P x +v°
= (.30)(.80)(12)(20)(8.35)(.5002) = 240.58

Normal cost based upon retirement at age 65:

NCys= (1 - 30%)(1 - 20%)(12)(20) x &2 x 1
= (.70)(.80)(12)(20)(8.14)(.4632) = 506.75

Total Normal Cost =221.99 + 240.58 + 506.75 = 969.32

Answer is C.
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Problem 1-19

Key Concepts: As with all problems dealing with actuarial gains, the expected Accrued Liability
must be compared with the actual Accrued Liability.

In this problem, we must calculate the expected Accrued Liability by projecting
ahead to 12/31/86. Hence, commutation functions at age 59 should be used.

Step I: Determine the expected Accrued Liability at 12/31/86.

eALg = (25 x 12)(24 years)(N§3/Dso)
=300 x 24 x 1,880 + 400 = 33,840

Step II: Determine actual Accrued Liability at 12/31/86.

Benefit = (25 x 24 years)(1 - 5/15 - 1/30)
=600 x 19 +30=380

ALg, = (Benefit x 12)(N{Z/D,,)
= 4,560 x 3,740 + 400 = 42,636

Gain/(Loss) = 33,840 - 42,636 = (8,796) Loss

Answer is D.

Problem 1 - 20

Key Concept: To determine the Unfunded Accrued Liability at 1/1/87, the Actuarial Asset Value
and Accrued Liability must be determined. To determine these quantities, the
Normal Cost and Actuarial Asset value at 1/1/86 must be calculated.

Age of participant at 1/1/86: 63
Years of past service: 5
Years of future service: 2

Step I: Determine Accrued Liability at 1/1/86:

ALg = (S years x 20) x (12 x 442 x (1.07%)
= (1,200 x 10) x .8734 = 10,481
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Step II: Determine Normal Cost at 1/1/86:

NCq =20 x (12 x &42) x (1.07)
=20 x (12 x 10) x .8734 = 2,096

Step III: Determine Actuarial Value of Assets at 1/1/86:
UALsé = ALss = ASSetSs(,

or  Assetsg = ALg - UALg,
=10,481 - 2,000 = 8,481

Step IV: Determine Actuarial Value of Assets at 1/1/87:

Assetsg; = (Assetsg + NCge) (1 +.11)
= (8,481 +2,096)(1.11) = 11,740

Step V: Determine Accrued Liability at 1/1/87:
AL, = (6 years x 20) x (12 x d{?) x (1.08)"!

= (120) x (12 ¥ 9) x .9259 = 12,000
(Note that 492 is valued using the new 8% interest assumption.)

Step VI Determine Unfinded Accrued Liability at 1/1/87:

UALS‘}' = ALS? - ASSStSs-;
= 12,000 - 11,740 =260

Answer is A.

Problem 1 - 21

Key Concept: Under the Projected Unit Credit Method, salaries are projected to the retirement
date under the salary increase assumption. The projected salaries are then used to
calculate the retirement benefit with annual accruals based upon this projected
benefit spread evenly over the total years of service.

Remember, when using a salary increase assumption, count the number of salary
changes to normal retirement. In this problem, each participant is age 60 but salary
is given for 1987, so there are only 4 projected salary changes.



Smith Brown

(1) Attained Age 60 60
2) Past years of service 20 27
3) Future years of service . b) 5
4) Total years of service 25 32
(5) Projected salary at NRD (Salary x 1.06°) 90,898 30,299
(6) Projected Pension (5) x 1% x (4) 22,724 9,696
@) Annual Accrual (6) + (4) 909 303
(8) Normal Cost (7) x 8.33 x 1.08% 5,153 1,718

(9)  Total Normal Cost = 5,153 + 1,718 = 6,871

Answer is D.

Problem 1 - 22

Key Concept: Expected Unfunded Accrued Liability at 12/31/87 is equal to the unfunded accrued
liability at 12/31/86 plus normal cost less contributions all adjusted for interest.
Interest on 1986 contributions should be accumulated to 12/31/87.

eUALg, = (UALg, + NCY(1 + §) - Contribution - I,
¢ = (21712)(7,0003(.06) + (18/12)(7,000)(.06) + (20,000)(.06) = 2,565
eUALg, = (250,000+ 20,000)(1.06) - 34,000 - 2,565
= 286,200 - 34,000 - 2,565 = 249,635

Answer is D,

Problem 1 -23

Key Concept: In this problem, any actuarial gain could only arise from mortality or earnings.
Hence, the mortality gain would be the actuarial gain less any investment gain.

Ageson 1/1/88 45
Years of past service 7
Accrued Benefit per participant $70 per month

PV of Accrued Benefits = (70)(1,000)(124¢2)(Dgs/Dss)
= (70)(1,000)(12)(9.35)(77/303) = 1,995,901
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Normal Cost as of 1/1/88 = (10)(1,000)(128{2)Ds/D,s)
— (10)(1,000)(12)(9.35)(77/303) = 285,129

Expected AL = (1,995,901 + 285,129)(D,5/D¢)
= (2,281,030)(303/283) = 2,442,234

Expected AL (from interest only) = (2,281,030)(1.06) = 2,417,892

Actual AL = (80)(988 participants)(12402)(Dqs/D;c)
= (80)(988)(12)(9.35)(77/283) = 2,412,926

Mortality Gain = eAL (Interest) - Actual AL
=2,417,892 - 2,412,926 = 4,966

Answeris E.

Problem 1 -24

Key Concept: This problem calls for valuation of benefits that are paid for a limited period of
time, namely for five years. The value of this benefit at normal retirement age 60
is determined by the formula:

PVFBg, = (Benefit) (NG - N§)/Deo] -

Prior to amendment and Normal Retirement Age
assumption change 60 65
Attained Age 50 50
Past years of service 20 20
Future Years of service 10 15
Total years of service 30 35

Step I: Determine Accrued Liability before amendment and assumption change. Since Normal
Retirement age is 65:

Benefit at age 65 = (20)(35 years) = 700

AL = (20 years/35 years)(700)(12)(N¢2/Ds,)
= (20/35)(700)(12)(440/202) = 10,455
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Step II: Determine Accrued Liability after plan amendment and assumption change.
The benefit consists of two components:

(1) Usual benefit of $20 per month for each year of service
(2) Monthly supplement for five years of $6.67 per month for each year of service.

Consider the benefit of $20 per month per year of service.
Benefit at age 60 = (20)(30 years) = 600

AL = (20 / 30)(600)(12)(IN(2 / Dyy)
= (20 / 30(600)(12)(787 / 202) = 18,701

Now consider the benefit of $6.67 per month for each year of service payable from age 60 to
age 63.

Benefit at age 60 = (6.67)(30) = 200

AL = (20 years / 30 years)(200)(12)[(IN%S - NUPY Dg,]
= (20 / 30)(200)(12)[(787 - 440) / 202] = 2,748

Total AL = 18,701 + 2,748 =21,449
Increase in Accrued Liability due to plan amendment and assumption change:
Change = 21,449 - 10,455 = 10,994

Answeris C.
Problem 1 -25

Key Concept: Commutation functions are not given, however, the quantity N¢2/D,, can be
determined from information given.
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Step I: From data provided, calculate N{2¥ Dy;.

NC,, = (10)(100 participants)(12)(N{2/Dg;) = 100,000
— (12,000)(N{2/Dy,) = 100,000

or NYID,, = 100,000:’12,000 =8.3333
Step II: Determine the value of N¢2Y Dy,
Dg1 = Us)(*") = paoleo)(¥™ X v)
= (Deo X V)™ )
= (e * V){Deo)
and NEI/Dg, = NG {(peo % v)Dgo)]
= (NGYDgo)/ (pgo * V)
~ 8.3333(1.06)/pg, = 8.3333(1.06)/.96 = 9.2014

Step I1I: Determine Normal Cost at 1/1/88. Since there were no experience gains or losses during
1987, there must have been four deaths and the number of participants on 1/1/88 was 96.

NCys = (10)(96 participants)(12)(N{2/Dg,)
= (11,520)(9.2014) = 106,000

Answer is D.
Shortcut: The answer can be obtained very simply by increasing the normal cost by interest only

(100,000 x 1.06 = 106,000). This works since four deaths occurred and hence, no experience gain
or loss.

Problem 1-26
Final salary = 100,000 x (1.05)*° = 265,330

Projected Benefit = .025 x (265,330)(40 years) = 265,330

From the original valuation, we can calculate the Present Value of Future Benefits (PVFB) as
follows:

68



AL = PVFB x {vears of service as of 1/1/89)
Years of service at retirement

300,000 = PVFB x (20/40)
PVFB = 600,000

Note that,
PVFB = 5, p,s x v2° x 482 x Benefitgs
= Pus X 1945 X V2 x 853 x Benefitg
The original value of p,s was:

Pas = 1- s = 1-.034= 966
The correct value of p,s is:
p45 = ]. - q45 = 1 = .0034 = .9966

With the revised mortality at age 45, the new Present Value of Future Benefits can be calculated
as

PVFB" = (600,000) X%;—S = 600,000 x (.9966/.966) = 619,006
45

Therefore, AL = 619,006 x (20/40) = 309,503

Answer is C.

Problem 1-27

Key Concept: The Accrued Liability in the Unit Credit Method is the present value of the accrued
benefit as of the first day of the plan year.

StepI: Calculate the Accrued Liability under the old retirement assumptions.
Accrued Benefit = (25)(10 Years of Service)

Accrued Liability = (250)(12442)(v*) = 23,551
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Step II:  Calculate the Accrued Liability under the new retirement assumptions.
Under the new assumption, g8 = .4 and ¢ =1.0.

The probability of retirement at age 62 is i = .4, and the probability of retirement at age
65is (1- ¢i9)(giH =0.6.

The total Accrued Liability 1s the sum of the present value of the accrued benefits if
retirement occurs at each of ages 62 and 65, each multiplied by the probability of
retirement at that age.

If retirement occurs at age 62,

Accrued Benefit = (250)(early retirement adjustment)
=(250)(1 - 3/15)=200

PVAB = (200) x 12442 = 24,240

If retirement occurs at age 65, the present value of the accrued benefitis $23,551, as in Step
I. Therefore,

AL = (24,240)(.4) + (23,551)(.6) = 23,827
Step III: Calculate the increase in the Accrued Liability.
Increase = 23,827 - 23,551 =276

Answer is A.

Problem 1 - 28
Key Concept: The sole participant is fully vested as of 1/1/90. Under the Unit Credit Method,
withdrawal decrements can be ignored for fully vested participants. Normal Cost
is the present value of the accrual for the current year.
NC = 10 x 12882 x ¥ x pe{dx p (@
=10 x 1282 x v*x (1 - .019) x (1 - .021) =879

Answeris C.
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Note that since terminations occur at the end of the year,

() o oyl
qx()__gs)

Problem 1-29
First, find the Final Year's Projected Compensation:
40,000 (1.04)* = 124,746
Then the benefit can be calculated as follows:
Benefit at retirement = .025 x 124,746 x 38 years of service = 118,509

The Projected Unit Credit Normal Cost is the present value of that portion of the projected benefit
at retirement which is accrued for the year.

NCy, = Benefit x v x 49 /38 = 2,872
The accrued liability is the number years of past service times the normal cost:
ULg = AL g = NCg % 9 years = 25,848

The expected unfunded accrued liability as of 1/1/90 is based on the 1/1/89 unfunded accrued
liability and normal cost as follows:

eUALg, = (ULg + NCy) (1.08) - Cgp - I,
Since the $6,000 contribution was deposited on 4/1/89, the interest is:
I, = (6,000) x (.08) x (3/4) =360
eUAL,, = (25,848 + 2,872)(1.08) - 6,000 - 360 = 24,658
Actual ULy, = 25,000
Loss = 25,000 - 24,658 = 342

Answer is D.
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Problem 1 - 30

Key Concept: Since there is no experience gain or loss due to investments, the experience gain is
equal to the excess of the expected Accrued Liability over the Actual Accrued
Liability.

Step [ Calculate the expected Accrued Liability.

eALgy = (ALgy + NCgo) x (1 + i)
= (21,000+2,000) x (1.07) = 24,610

Step II: Calculate the actual Accrued Liability
Final salary = 40,000 x (1.05)° = 83,157
Projected Past Service Benefit as of 1/1/90 = 83,157 x (.01) x 10 years = 8,316
Actual Accrued Liability = Present Value of Projected Past Service benefit
' = 8,316 x N{2/ Dy,
= 8,316 x 849/320 = 22,063
Step III: Calculate the experience gain.

Gain = 24,610 - 22,063 = 2,547

Answer is C.

Problem 1 - 31

Key Concept: Normal cost for Projected Unit Credit (prorated on service) is equal to the present
value of the projected benefit at retirement divided by accrual service.

The Normal Cost for the retirement benefit at 1/1/91 can be calculated:
NC, = (500 x 12&%2 x v*) + 30
Normal cost for death benefit at 1/1/91:
NC;=2,100 x v +30 =50
To determine the Normal Cost for the retirement benefit, we must calculate the value of 302 .
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Recall from Life Contingencies that:
AW = g™

An approximation to d™ is: i which will be used in the solution.
(1+)* '

Present value at age 65 of post-retirement death benefit:
2,100 = 5,000 x AY2
= 5,000 (1 - &'2442)
= 5,000 (1 - .07/(1.07)" x &{2
= 5,000 - (338.36 x ()
Therefore, a9 =8.571
The Normal Cost for retirement benefit at 1/1/91 can now be calculated:
NC=500 x 12 x 8.571 x v/ 30 = 1,222
NC=1,222+50=1272
Answer is B.
Note: Using the exact value for &' gives a value of 8.597 for 4(2, which yields a Normal Cost
for the retirement benefit of $1,226. Then the total Normal Cost is $1,276, which is still Answer
B.
Problem 1 - 32

Step I: Determine the projected benefit as of 1/1/90.

Benefit,, = Salary,, x (1.057+ 1.05% + 1.05° }/3 x .01 x Years of Service
= Salary,, x 1.4786 x .01 x Years of Service

Step II: Determine the Normal Cdst at 1/1/90.

NCgo = Benefit x &2 x v x | .n.. + Years of Service
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Step [II: Calculate the projected benefit as of 1/1/91.

Benefity, = Salary,, x 1.08 x (1.05%+ 1.057 + 1.05° }/3 x .01 x Years of Service
= Salarys, * 1.08 x 1.4082 x .01 x Years of Service

Step IV: Calculate the Normal Cost as of 1/1/91.
NCs, = Benefit x §$2 x v° x op. + Years of Service
Step V: We can now calculate the ratio of the Normal Costs.

NC,, Benefity, x {2 x v’ x gp.. +~ Years of Service
NC,, Benefity, x §(2 x y1% x . p.. + Years of Service

Since Benefity, = Benefit,, x 1.08 + 1.05, we can cancel factors to result in:
=(1.08 x 1.4082)/(1.4786 x vps;)

aNC% =11.058%
Note that pss =1 - g5 =1 - .009 = .991

Answer is D.

Problem 1 - 32 (Alternative Solution)

Without the compensation increase, the normal cost will increase from one year to the next by
interest and the probability of survivorship. Since salaries increased 8% (instead of the assumed
5%), the normal cost increases by an additional factor of (1.08/1.05).

aNC% = 1.07 x (1.08/1.05)/pss

= 1.07 x (1.08/1.05)/(.991) = 11.057%

Problem 1 - 33
Key Concept: The Accrued Liability under the Projected Unit Credit method is equal to the

present value of the portion of the projected retirement benefit attributable to past
service.
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Step I: Calculate Accrued Liability using old retirement age assumption.

(1.05)% + (1.05)% + (1.05)**
3

x 27 years of service = 34,859

Benefit,, =.02 x 21,000 x

(34,.859) v?5 547

Normal Cost91 = = 2,081
27

Accrued Liability,, = (Past Service} x NC,, =2 x 2,081 = 4,162

Step II: Calculate Accrued Liability using new retirement age assumption.

Benefit,, (before early retirement adjustment)

(1.05)° + (1.05)*° + (1.05)*
3

=(.02) x 21,000 x x 24 years of service = 26,766
y

Adjusting for retirement earlier than 65,

Benefit,, = 26,766 x (12/15) = 21,413

21,413 x 2 gL?

Normal Cost = = 1,893
24

Accrued Liability,, = NC x Past Service = 3,786

Step III: Calculate decrease in Accrued Liability
Accrued Liability = 3,786 - 4,162 = (376)

Answer is A.

Problem 1 - 34

Key Concept: An experience gain results when the early retirement reduction exceeds the plan
actuarial equivalence reduction.

Step I: Determine the result of the election for the participant whose attained age is age 56.
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The plan's early retirement reduction at age 56 is 5/15 + 4/30 = .4667.

Actuarial equivalence at age 56 can be calculated as:

.12y .. (12) 9
X dsg = AB X dge X v

&(12)

45 % g

X = AB x
. (12)
36

= 10, 591898 | = .5147
11.5

Therefore, the actuarial equivalence reductionis 1 - .5147 = 4853

Thus, this election results in a loss since the early retirement reduction is less than the
actuarial equivalent reduction.

Step II: Determine the result of the election for the participant whose attained age is age 59.
The plan reduction at age 59 is 5/15 + 1/30 = .3667

Actuarial Equivalence at age 59 can be calculated as:

w (12}
o
X = AB x =% x v6| = 19 « 70496| = 6209
502 11
k1

Therefore, the actuarial equivalence reduction is 1 - .6409 = 3591

Thus, this election results in a gain since the early retirement reduction exceeds the
actuarial equivalence reduction.

Step [1I: The participant's attained age is age 63.

The plan's reduction at age 63 is 2/15 =.1333.
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Actuarial Equivalence at age 63 can be calculated as:

=112
a

X = AB x |—2_ x y2| = 10 58099 = 8616
a0 10.33

Therefore, the actuarial equivalence reductionis 1 - .8616 = .1384

Thus, this election results in a loss since the early retirement reduction is less than the
actuarial equivalence reduction.

An experience gain results from the age 59 election only.

Answer is A,

Problem 1 - 35

Step I: Calculate the Retirement Benefit Normal Cost:

(12)
D N
“8 =120 x =2
D

43 ‘D45

NC = 10 x 12437

11
= Dy

Recall, Nﬁ{;z) = N
24

65
11

8,872 - —— (965) = 8,430
24

Thus, NC,. = 120 x (——-

Step II: Calculate the One Year Term Cost for the Death Benefit
Death Benefit = 100 x 10 x 40 years of service = 40,000

Term Cost = Death Benefit x v x g,
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We now must calculate g,s:

It

= 445
D, = v*¥ x [ = 4548

D, =v* =1, = 4236

4,236
i T ysas
P = 996596

s = 1 — p,s = .003404
The term cost can now be calculated as
Term Cost = 40,000 x .003404 x vy =127
Total Cost at 1/1/92 =222 + 127 =349

Answeris D.

Problem 1-36

Key Concept: The normal cost will equal the present value of 1/10 of the retirement benefit for
each of the first 10 years of service. There will be no normal cost for each year
after 10.

Annual Projected Benefit

(1.04)° + (1.04)° + (1.04)'°
3

= (.02) % 10 years of service x 31,000 x

= (02) x (10) x (31,000) x

[ 4.272125] - 5.829

8,829 x 457 x v
NC = - = 3,476
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Answeris E.

Problem 1 - 37

Key Concept: Experience gains are calculated before the effect of a plan amendment is taken into
account.

The Accrued Liability as of 1/1/92, which reflects the plan amendment, is applicable to all
participants.

ALy, Pre-amendment = 22,500 x (10.0/10.5) = 21,429
UAL,, = AL, - Assets = 21,429 - 13,500 = 7,929

¢UAL,, = (UALy, + NCo)(1 +#)-C -1,
= (10,000 + 1,000)(1.07) - 2000(1 +.07/2) = 9,700

Gain =9,700 - 7,929 = 1,771
Answer is D.
To analyze the components of this gain, information s available to calculate the exact investment
gain or loss. The component necessary for this analysis that was not needed for the above

determination of the total gain was the amount of benefits paid.

The actual investment earnings can be determined from the equation
A+C-B+L=A,,

10,000 + 2,000 - 5000 + I, = 13,500
1,= 2,000

where A, represents the assets at the beginning of the year t, and C, B, and I, are the contributions,
benefit payments and actual investment earnings for year t.

The expected investment earnings were

10,000 (.07) + 2,000 [321] - 500 [_%3] - 753
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Investment gain was 2,000 - 753 = 1,247.

The remainder of the gain, $524, is due to experience of the active and inactive plan population'
(i.e., terminations, deaths, new entrants). '
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Problem 1 - 38

The experience gain/loss is the difference between the expected Unfunded Liability and the actual
Unfunded Liability. Since the formula is a unit benefit formula,

NC,, = 100 x 12402 x +5 = 6,989
AL,, = Past Service x NC, = 4 x 6,989 = 27,956

eUAng = (ALQI = ASSE‘ISgl + NCQI)(]. + I‘) - C = Ic
= (27,956 - 19,000 + 6,989)(1.07) - 8,000 = 9,061

Note that the interest on the contribution, I, is $0, since the contribution was paid on at the end of
the year.

ALy, = 5'x 100 x 12402 x v* = 37,389
UL 4y actus = 37,389 - 26,000 = 11,389

Experience gain/loss = 11,389 - 9,061 = 2,328, a loss.

Answeris B.

Problem 1 - 38 (Alternative Solution):

A simpler approach in this case is due to the fact that the only component of experience is
investment performance. It was assumed that no deaths or terminations would occur, and none did!

Expected Assets = 19,000 x 1.07 + 8,000 = 28,330
Actual Assets = 26,000

Experience Loss = 28,330 - 26,000 = 2,330
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Problem 1 - 39

Key Concept: Actual liability equals 15% of AL if retirement occurs at age 62 plus 85% of AL
if retirement occurs at age 65.

Step I: Calculate the Accrued Liability for Retirement Age 62.

(1.06)>° + (1.06)*® + (1.06)*
3

Final Average Earnings = 25,000 x J = 113,863

Benefit,, = (.02)(29 years of service)(113,863)(.91 early retirement reduction) = 60,097
PVFB,, = [ 60,097 x dg ) x v 77 x (.15)} = 9,897
AL = 2897

x 2 = 682
92 29

Step II: Calculate Accrued Liability for Retirement Age 65

(1.06)® + (1.06)*° + (1.06)*°
3

Final Average Earnings = 25,000 x [ } = 135,613

Benefit,; = (.02)(30 years of service)(135,613) = 81,368

{12

PVFB,, = 81,368 x dj;" x v x .85 = 56,360

AL, = 56,360 2 = 3,758

92 30

Total AL = 682 + 3,758 = 4,440

Answer is B.

Problem 1 - 40

Key Concept: When applying probabilities of retirement to the Unit Credit funding method, the
Accrued Liability is calculated by the computing the presenting value of prior
accruals for each retirement age and multiplying each present value by the
probability of retirement at that age.
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Accrued Benefit (without regard to retirement age)
= (15)(20 years of service) = 300

If retirement occurs at age 64, there is a 6% reduction in the benefit due to early retirement.
Therefore, the Accrued Benefit would be

300 x (1 -.06)=282
The Present Value as of 1/1/93 of the Accrued Benefit at each retirement age is:
Age 64: 282 x 124D x v* = 25,816
Age 65: 300 x 128D xv* = 25,154
Age 66: 300 x 1242 x +4=23,029
The Accrued Liability can now be determined as follows:
AL = (25,816)(q%) + (25,154)(1 - 4% Mg'®h ) + (23,029)(1 - ¢, Y(1 - ¢
=(25,816)(.2) + (25,154)(.8)(.5) + (23,029)(.8)(.5)
= 5,163 + 10,062 + 9,211 = 24,436

Answer is A.

Problem 1 - 41
The Accrued Liability before the change in assumptions is calculated:
Prior ALg; = Accrued Benefit x 125(2 x v!2 = 20,000
The Accrued Liability after the mortality assumption is added is:
New AL,; = Accrued Benefit x 12802 x v'? x (I.J/1,;)
= Prior ALg; x (I;5/ls;)
= (20,000)(7.673,269/8,980,994) = 17,088
Decrease = 20,000 - 17,088 = 2,912

Answer is E.
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Problem 1 - 42

Key Concept: The Accrued Liability determined using the Projected Unit Credit method is equal
to the present value of the accrued benefit using projected salary.

Step I: Calculatethe Final Average Salary. Note that since Smith and Brown have the same salary
and date of birth, they will have the same Final Average Salary.

Final Average Salary = 50,000((1.05)" + (1.05)" + (1.05)12 )/3
= 94,357

Step [I: Calculate the accrued benefits using the Final Average Salary.
Smith:  (94,357)((.02)(20 years of service) + (.01)(5 years of service)) = 42,461
Brown: (94,357)(.02)(10 years of service) = 18,871

Step III: Since %2 was not provided, this factor must be calculated.

5(6152 )= (Ngs - %Dés)mas
= 8.73577

Step I'V: Calculate the Present Value of the Accrued Benefits.
Smith: 42,461 x 42 x (Dg/Dsp) = 112,735
Brown: 18,871 x &2 x (D/Ds,) = 50,103
Total Accrued Liability = 112,735 + 50,103 = 162,838

Answer is D.
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Problem I - 43

Step I: Calculate the Final Average Salary at each retirement age. See Problem 4 - 53 for a
discussion of Final Average Salary. '

Final Average Salary RA = 65: (50,000)((1.05)" + (1.05)" + (1.05)2) /3 = 94,357
Final Average Salary RA = 62: (50,000)((1.05)!" + (1.05)"° + (1.05)° } /3 = 81,509

Step II: Calculate the Accrued Liability under the old retirement age assumptions (100% at age
65).

Projected Accrued Benefit = (94,357)(.02)(20 years of service) = 37,743

AL (RA 65) = PVAB = (37,743)(&2)('%)
= (37,743)(8.736)(.362446) = 119,507

Step IH: Calculate the Accrued Liability at retirement age 62.

Projected Accrued Benefit = (81,509)(.02)(20 years of service)(1 - (.03)(3 years))
= 29,669

AL (RA 62) = PVAB = (29,669)(@()('2)
= (29,669)(9.394)(444012) = 123,751

Step IV: Calculate the Accrued Liability under the new retirement age assumptions (50% at age
62, 100% at age 65).

AL = (123,751)(.5) + (119,507)(.5) = 121,629
Step V: Calculate the increase in the Accrued Liability due to the change in assumptions.
Increase = 121,629 - 119,507 = 2,122

Answeris A,
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Problem 1 - 44
Key Concept: The experience loss due to early retirement is the difference between the actual
liability and the Accrued Liability determined using the funding assumptions and
cost method. :
Step I: Calculate the Projected Unit Credit Accrued Liability as of 1/1/94.
Final Average Salary = (40,000)((1.05)° + (1.05)* + (1.05)* ) /3 = 48,659

Note that 1993, not 1994, salary is given. See Problem 4 - 53 for a discussion of Final Average
Salary.

Projected Accrued Benefit = (48,659)(.02)(20 years of service) = 19,464

AL = PVAB = (19,464)(@{2)(v*)
=(19,464)(8.736)(.712986) = 121,234

Step II: Calculate the value of the early retirement benefit.
Actual Final Average Salary = (36,281 + 38,095 + 40,000)/3 = 38,125
Actual Accrued Benefit = (38,125)(.02)(20 years of service) = 15,250

The actual liability is the present value of the actual accrued benefit, calculated at age 60 using the
optional form of benefit, since that is the benefit which was elected.

PVAB = (15,250)(.95)(342,)
= (15,250)(.95)(E( + a4 - 43k )
= (15,250)(.95)(9.815 + 9.815 - 8.094) = 167,128

Step I'V: Calculate the difference between the Accrued Liability and the actual liability, which is
the actuarial loss.

Actuarial Loss = 167,128 - 121,234 = 45,894

Answer is C.
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Problem 1 - 45

Key Concept: The Accrued Liability is equal to the sum of the liabilities for each possible
retirement age, each multiplied by the probability of retirement at that age.

Step I. Calculate the retirement benefit at each possible retirement age. Since there is no
preretirement death benefit, actuarial equivalence includes both interest and mortality.

Benefit at RA 65 = (20)(24 years of service) = 480

Benefit at RA 66 = Benefit at 65 x (NUZYNU2)
=480 x (825/734) = 539.51

Benefit at RA 67 = Benefit at 65 x (N{Z/N{2
= 480 x (825/651) = 608.29

Step II: Calculate the liability assuming retirement at each age. Since there are no assumed
preretirement decrements, the discount is done on an interest only basis.

Retirement at age 65: = (Benefit)(12)(NYZV/Dg;)
= (480)(12)(825/94) = 50,553

Retirement at age 66: = (Benefit)}(12)(IN{2YD¢ )(v)
= (539.51)(12)(734/86)(.934579) = 51,641

Retirement at age 67: = (Benefit}( 12)INYAD,)(v)
= (608.29)(12)(651/79)(.873439) = 52,539

Step III: Calculate the Accrued Liability.
AL = (¢6))(50,553) + (@) (g)(51,641) + ()W) (%7)(52,539)
= (.6)(50,553) + (4)(.8)(51,641) + (.4)(.2)(1)(52,539)
=30,332 + 16,525 + 4,203 = 51,060

Answeris C.
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Problem 1 - 46
Key Concept: The Accrued Liability determined using the Unit Credit method is the sum of the
present value of the accrued termination benefit plus the present value of the
accrued retirement benefit.
Step I: Calculate the accrued monthly benefit.
Accrued Benefit = (20)(10 years of service) = 200
Step II: Calculate the present value of the retirement benefit. Note that the only preretirement
decrement assumed is the 10% termination assumption at age 50. There is no preretirement

mortality assumed for retirement benefits.

PVFB = (200)(12852)0") 5P40)
= (200)(12)(8.7)(.18425)(.9) = 3,462

Step III: Calculate the present value of the termination benefit. Note that for the termination
benefit, the post-termination mortality assumption is in effect from age 50 to 65.

PVFB = (200)(1252)(+**)(¢&§)(DesDs)
= (200)(12)(8.7)(-50835)(.1)(94/311) = 321

Step IV: Calculate the Accrued Liability as of 1/1/94.
Al =3,462 +321 =3,783

Answeris B.

Probilem 1 - 47

The benefit to be used to determine the Accrued Liability in the Unit Credit method is the accrued
benefit as of the beginning plan year,

Accrued Benefit,, s = 20 x 3 years of service = 60
This benefit will not become vested until 1/1/97, when the participant will be 35 years old.
The Accrued Liability to be determined is the present value of the Accrued Benefit at 1/1/95,
payable if the participant terminates employment between ages 35 and 65. Note that the participant

must still survive to age 65 in order to receive a benefit.
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Al(due to vested termination) = (60)(12442) Gp (D0 $NGegs$ ()
= (60)(12443) (BEV)IEIEY - L)
EDE) )

= (60)(12)(9.439)(7900/9952)(7500/8500)
((7500-2000)/7500)(.155) = 541

Answeris C.

Problem 1 - 48

Key Concept: An experience loss is created if the actual liability due to the early retirement
election exceeds the Accrued Liability under the funding method. We must look

at each participant individually.
Smith: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03 (a2 )’
= (L02)(Years of service)(Salary)(5.04)

Early Retirement Liability

= (.02)(Years of service}(Salary)(1 - 5/15 - 4/30)(&2)
= ((.02)(Years of service)(Salary)(5.248)

Experience Loss, since early retirement yields a larger Hability.

Brown: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03)° (a4 W
= (L02)(Years of service)(Salary)(6.32)

Early Retirement Liability

= (02} Years of service)}(Salary)(1 - 5/15)(&(2)
= (.02)(Years of service)(Salary)(6.17)

Experience Gain, since early retirement yields a smaller liability.
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Green: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03)*(a4.2n?
= (L02)(Years of service)(Salary)(7.49)

Early Retirement Liability

= (.02)(Years of service)(Salary)(1 - 2/15)(#2)
= (02X Years of service)(Salary)(7.55)

Experience Loss, since early retirement yields a larger liability.

Answer is B,

Problem 1 - 49
Step I: Calculate the Final Average Salary at each retirement age.
Final Average Salary RA = 65: (50,000)[(1.04)!* + (1.04)" + (1.04)!?)/3 = 83,296
Final Average Salary RA = 62: (50,000)[(1.04)"' + (1.04)" + (1.04)°}/3 = 74,050
Step II: Calculate the Accrued Liability at retirement age 65.
Projected Accrued Benefit = (83,296)(.02)(12 years of service) = 19,991

AL (RA 65) = PVAB = (19,991)(5(2 )(v%)
= (19,991)(8.74)(.362446) = 63,327

Step III: Calculate the Accrued Liability at retirement age 62.

Projected Accrued Benefit = (74,050)(.02)(12 years of service)(1 - (.03)(3 years))
=16,173 -

AL (RA 62) =PVAB = (16,173)&(2)(v?)
= (16,173)(9.39)(.444012) = 67,430
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Step IV: Calculate the Accrued Liability under the actual retirement age assumptions (20%
probability at age 62, 100% probability at age 65)

AL = (67,430)(.2) + (63,327)(.8) = 64,148

Answer is C.

Problem 1 - 50
Step I:  Calculate the projected Final Average Salary.
Final Average Salary = (50,000)[(1.0H)!" + (1.04)® + (1.04)°)/3 = 74,050
Step I1: Calculate the projected 1996 accrual.
The participant has worked 111 months prior to 1996. So, the benefit to be accrued in 1996 will
be based upon 9 months of service at 2/12% of final average salary plus 3 months of service at

1/12% of final average salary.

Projected 1996 Accrual = [(2/12% %X 9 months) + (1/12% > 3 months)](74,050)
=1,295.88

Step I1I: Calculate the Normal Cost.

NC = (1,295.88)(E2)(v'2)
=5,029

Answer is D.

Preblem 1 - 51

Key Concept: The Accrued Liability is equal to the sum of the liability attributable to retirement
benefits plus the liability attributable to withdrawal benefits.

Step I: Calculate the Accrued Liability attributable to retirement benefits.

Under the 1/1/95 valuation assumptions,
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Retirement Benefit AL,y = PV x pif? x pf? x piw
={PV)(.6)(.75)(.8)
= 36PV

where PV represents the present value of the projected accrued benefit as of 1/1/96,
discounting with interest only.

Under the 1/1/96 valuation assumptions,

Retirement Benefit ALy, =PV x p§? x p%)

= (PVX(.-5X(-8)
= 4PV

Step II: Calculate the Accrued Liability attributable to withdrawal benefits.

Under the 1/1/95 valuation assumptions,

Withdrawal Benefit AL, = (PV)(1/1.04)5(qf) + (PV)(1/1.04)°(p§)a)
+ (PVY(1/1.04Y @) ()l
= (PV)(1/1.04)5(.4) + (PVY(1/1.04)°(.6)(.25)
+ (PVY(1/1.04Y(6)(.75)(.2)
= 3974PV

Note that since termination would occur, the participant would not have the impact of
future salary increases from termination to retirement. This explains the multiplication of
the present value by 1/1.04 for the number of years from termination to retirement.
Under the 1/1/96 valuation assumptions,
Withdrawal Benefit ALy, = (PV)(1/1.04)*(q5) + (PVH(1/1.00)°(piM( )
= (PV)(1/1.04)1°(.5) + (PV)(1/1.04)'°(.5)(.2)
= .3452PV
Step I{: Calculate the ratio of the revised Accrued Liability to the original Accrued Liability. -
Ratio = (.4PV + .3452PV)/(.36PV + 3974PV)
= T452/.7574
=.9839

Answer is A.
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Problem 1 - 52

Key concept: Normal Cost under the Projected Unit Credit method increases with interest and
preretirement survival each year. In addition, the Normal Cost increases
(decreases) by the percentage that the compensation increases (decreases) other
than as assumed. Finally, the Normal Cost will increase (decrease) proportionally
as the benefit formula increases (decreases).

Step I: Calculate the Normal Cost as of 1/1/96.
The Accrued Liability as of 1/1/96 represents the present value of the benefit accrued during the
first 19 years of service. The accrual for the year 1996 is earned at the same rate (2%) as each of
the first 19 years. Therefore, the Normal Cost must be equal to one-nineteenth of the Accrued
Liability.

NCy106 = AL 196 * 1/19 = 397,000 x 1/19 = $5,105
Step H: Calculate the Normal Cost as of 1/1/97.
The expected compensation for the 1997 valuation is:

eSalary,qq; = $50,000 x 1.04 = $52,000

Since the actual compensation is $53,000, the percentage increase above the expected salary can
be represented by 53,000/52,000.

The participant is in his twenty-first year of service in 1997. Therefore, the accrual for the year
decreases from 2% of final 3-year average compensation to 1.5% of final 3-year average
compensation. The percentage decrease in the benefit can be represented by 1.5/2.
The Normal Cost as of 1/1/97 is:
NC,/107 = 5,105 x (Ds/Ds5) % (53,000/52,000) x (1.5/2)
= 5,105 % (23,593/21,867) x {53,000/52,000) x (1.5/2)
=4,210

Answer is B,
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Problem 1 - 53

Key concept: The noninvestmentexperience gain or loss is simply the gain or loss in the Accrued
Liability.
Step I:  Calculate the expected Accrued Liability.
€AL ;57 = (AL 106 + NCyj116)(1.08) - BP oo

= (800,000 + 100,000)(1.08) - 13,000
= 959,000

Note that the benefit payment is subtracted since it is a release of Accrued Liability at the time it
is paid. There is no interest adjustment to the benefit payment since it was made on the last day
of the year.

Step II: Calculate the experience loss for 1996 from all non-investment sources.
Loss = AL 97 - €AL 1197
= 1,000,000 - 959,000
=41,000

Answer is E.

Problem 1-53 (Alternative Solution)

The noninvestment experience gain or loss can be calculated as the difference between the total
experience gain or loss and the investment experience gain or loss.

Step I: Calculate the total experience gain or loss.

The total gain or loss is equal to the difference between the expected and actual unfunded
liabilities. The expected unfunded liability is:

eUL ;67 = (UL ;106 + NC, 106 )(1 + 1) - Contribution, g, ~ Contribution Interest,goq
= ([AL 11196 = Assetsyyea] + NCyj1e)(1 + 1) - Contribution,gg
- Contribution Interest;qg
= ({800,000 - 400,000] + 100,000)(1.08) - 150,000 - (100,000)(.04)
= 386,000
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Total Loss = UL, ;97 - €ULy 107
= 400,000 - 386,000
= 14,000

Step I1: Calculate the investment experience gain or loss.

eAsSets 0 = (Assets, o6 )(1 + i) + Contribution, e + Contribution Interest, g,
- Benefit Payments, q, - Benefit Payment Interest,go,
= (400,000)(1.08) + 150,000 + (100,000)(.04) - 13,000
= 573,000

Asset Gain = Assets gy - eASsets,
= 600,000 - 573,000
= 27,000
Step 1H: Calculate the noninvestment gain or loss.
Noninvestment Loss = Total Loss + Asset Gain
= 14,000 + 27,000
= 41,000

Answer is E.

Problem 1 - 54
Step I: Calculate the Accrued Benefit as of 1/1/97.

The participant has 15 years of past service, and the accrual increased by 2% per year. So, the
Accrued Benefit is:

Accrued Benefit,, ¢, = 25 + 25(1.02) + 25(1.02)* + ... + 25(1.02)"
=25(1 +1.02+1.022 + ... + 1.02'%
= 23815 02
=(25)(17.2934)
=432.34
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Step II: Calculate the Accrued Liability as of 1/1/97.

AL 507 = (432.34)(12542)(v")
=(432.34)(12)(9.815)(.3624)
=18,454

Step [II: Calculate the Unfunded Liability as of 1/1/97.
UL, 197 = AL 1197 - Assetsy 7
= 18,454 - 17,810

= 644
Answer is B.
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Chapter 2

Aggregate Cost Method

2.1 Normal Cost with Inferest Assumption Qnly

You will recall from chapter 1 that, under the Unit Credit Cost Method, the Accrued
Liability is equal to the Present Value of Accrued Benefits. Itis also equal to the desired value of
plan assets on any valuation date. From this it follows that the Normal Cost is the difference in
Accrued Liability in two successive years with appropriate adjustments for actuarial assumptions
and interest. Thus, if Homer and Jake were the only Participants and we were using only a pre-
retirement earnings assumption of 6%, the Normal Cost for the first Plan Year would be:

NC(Homer) = §748
NC(Jake) = $1,125
NC(total) = $1,873

Any difference between the expected and actual value of plan assets and accrued liabilities is an
actuarial gain or loss and is amortized over a period of years for funding purposes.

Under the Aggregate Method, the accrued liability is defined to be equal to the actuarial
value of assets (provided that contributions have been properly made). In other words, no separate
Unfunded Accrued Liability is identified. The Normal Cost per participant is then defined as the
Present Value of Future Normal Costs divided by the Present Value of remaining years to
retirement. The Plan Normal Cost is the Normal Cost per participant multiplied by the number of
active participants. Thus, for the first Plan Year when the Plan Assets are zero:

NC(Homer) = NC(Jake) = (PVFB) + (PV of Future Years)

where PVFB is the Present Value of Future Benefits, and PV of Future Years is the sum of the
Present Values of the Years to Retirement for all Participants.
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Thus, using an interest assumption of 6% and 124{? = 120:
PVFB(Homer) = 780 x 120 x (1.06)*" = 29,185
PVFB(Jake) =300 x 120 x (1.06)"° = 16,878
PV Future Years(Homer) = iy = 12.16
PV Future Years(Jake) = dm =9.38
NC(Homer) = NC(Jake) = (29,185 + 16,878) + (12.16 + 9.38) = 2,138

And if Homer and Jake were the only Participants, the Normal Cost for the first year would be 2
x $2,138 or $4,276.

In future years, we subtract the actuarial value of Plan Assets from the Present Value of Future
Benefits to arrive at the Present Value of Future Normal Costs, which is then divided by the Present
Value of Future Years.

NC = n(PVFB, - Assets,) =~ PVFY,

where n is the number of active Participants.
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2.2 Other Assumptions

Valuing plan liabilities using mortality, turnover assumptions, etc. will require reference
to a Service Table. If salary increases are assumed, the procedure described in the preceding section
must be altered somewhat. Normal Cost is calculated in the same manner except that the present
value of future salaries is substituted for the present value of future service years. The resulting
accrual rate is multiplied by total current salaries.

(1) Present Value of Future Benefits (PVFB)

(2) Actuarial Value of Plan Assets (Assets)

(3) Present Value of Future Normal Costs (1) - (2)
(4) Present Value of Future Salaries (PVFS)

(5) Normal Cost Rate (3) ~ (4)

(6) Cwrrent Annual Salaries

{(7) Normal Cost (5) x (6)

or, NC = [(PVFB, - Assets) + PVFS] x Y. S,
where 8, is the annual salary of each Participant,

and  PVFS,=Y S,(N,-°N,)+*D,

As an example, suppose we introduce a salary increase assumption of 4% per year into the
valuation of the Flea Flicker Pension Plan, and if Homer's and Jake's salaries were $25,000 and
$20,000, the Normal Cost on the first valuation date would be calculated as follows:

Given: ("N = Ngs)/ Dy = 18.1942
(*Ni, - Ngs) Dy, = 12.2414

(1) Present Value of Future Benefits 29,185 + 16,878 = 46,063
(no change from Section 2.1)
(2) Present Value of Future Salaries

PVFS(Homer) 25,000 x 18.1942 = 454,855
PVFS(Jake) 20,000 x 12.2414 = 244,828
Total = 699,683
(3) Normal Cost Rate (1) +(2)= 6.58%
(4) Current Salaries 25,000 + 20,000 = 45,000
(5) Normal Cost (3) x (4)= 2,961
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Note that the Normal Cost Rate actually represents the normal cost as a percentage of payroll.

The student is probably wondering why we sometimes compute the Normal Cost as a dollar
amount per participant and sometimes as a percentage of salary. Is one way better than the other?
Actually, both methods are acceptable. However, in practice, the approach used is usually related
to the nature of the plan's benefit formula. If the plan’s benefits are not related to salary (e.g., $20
per month per year of service), Normal Costs are generally calculated under the dollar amount per
participant approach; in this way, it is not even necessary to collect salary information on the
employees. If plan benefits are based on salary, Normal Costs are generally calculated as a
percentage of salary. This in effect weights the temporary annuity by each participant's salary, the
result being that more of the Normal Cost is "attributed’ to the higher paid participants, who
generally receive larger benefits and contributions. Also note, the dollar amount per participant
approach can be viewed as a special case of the percentage of salary approach, where each
participant is treated as having an annual salary of $1.00.

2.3 Characteristics of Aggregate Cost Method

1. The Aggregate Cost Method is a "spread gain" method in that gains or losses are not
separately identified and amortized but any deviation from expected results is automatically
spread over the remaining working lifetimes of participants.

2. The Aggregate Cost Method determines an "average" Normal Cost per participant and
-hence is not suitable for small plans with a wide range of ages.

3. The Normal Cost for each participant is not separately identified.
4. Calculations are relatively simpie.

3. Where salary increases are assumed, the Normal Cost is generally based upon a percentage
of current compensation.
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2.4 Problems

Problem 2 -1

It is now the first day of the third Plan Year and Pete, age 36 with one year of service, becomes
eligible. Homer and Jake are still working and there have been no Breaks in Service. Plan Assets
are $8,698. Compute the Normal Cost of the Plan as of that Valuation Date under the Aggregate
Method.

(12302 =120; i = 6%).

Problem 2 -2

Census data given to the plan actuary listed ages of the four Participants to be to be 45, 50, 55 and
60. Based on this data, he computed the Normal Cost to be $8,000. It was then learned that these
ages were obtained from an old record and all employees are actually one year older than those
shown. Compute the corrected Normal Cost.

Normal Retirement Age: 65
Plan Assets: $42,560

Interest rate: 6%
PVFB: $112,000 (as originally calculated)

Problem 2 -3

Selected Plan Data:
Form of Benefit: Life Only
Assumed Retirement Age: 65
Assumed age of spouse: Same as participant.

Valuation Results as of 1/1/85 before amendment:
Present Value of Benefits - Active Participants ~ $450,000
Present Value of Benefits - Retired Participants  $100,000
Actuarial Value of Assets $250,000
Normal Cost as of 1/1/85 $25,000

40D =12 A2 =14
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The Plan was then amended, effective 1/1/85, to provide the same monthly benefit to the future
retirees who so elected on a joint and 100% survivor form. It is estimated that 60% of pensions
for future retirees will be paid under the joint-and-survivor form. Recalculate the Normal Cost as
of 1/1/85.

Problem 2 - 4

Pension Formula: 25% of final year salary
Normal Retirement Age: 65

Valuation Date: 1/1/86

Value of Plan Assets: $22,000

Assumptions: &2 = 10
Interest Rate: 6%
Salary Scale: 4%
Pre-retirement deaths or terminations: None.

There is one Participant, age 54, whose salary was $2,400 per month during 1985. Calculate the
Normal Cost as of 1/1/86.

Problem 2 - 5

Pension Formula: 2% of final year's salary per vear of service.
Valuation Date: 1/1/86

Normal Retirement Age: 60

Value of Plan Assets: $125,000

Assumptions: Interest Rate: 8%
Salary Scale: 4%
a2 =125

A plan has two participants with census data as follows:

1985
Years of Annual (N, - Ngo)y* D,  Dg/D,
Agex Service  Salary
54 19 $50,000 5.471 630
43 2 30,000 12.806 270
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Compute the Normal Cost for 1986 as of 1/1/86.

Problem 2 - 6
A Plan has one Participant, age 55, with 1985 salary of $50,000. Plan data is as follows:

Valuation Date: 1/1/86

Normal Retirement Age: 65

Interest Rate: 8%

Salary Scale: 3%

Pre-retirement deaths or terminations: None

Selected Valuation Results:

Present Value of Future Benefits  $75,000

Actuarial Value of Plan Assets $30,000

Present Value of Future Salaries  $407,777

Normal Cost $5,518
After the valuation, the actuary learned that the Participant's salary had been frozen for the year
1986. He then recalculated by postponing the salary increase assumption until 1987. What effect

would this have upon the Present Value of Future Benefits and upon the Present Value of Future
Salaries?

Problem 2 -7

The actuarial assumptions include the following absolute rates of decrement:
q’y =.015 ™ =25

Normal Retirement Age is 65.

The sole Participantis age 30 as of the valuation date and will not be eligible for vesting until next
year. There are no pre-retirement death or severance benefits. :

The absolute rate of decrement for withdrawal at age 30 is changed to q;§"= .30, with all other

assumptions remaining the same. What effect does this change have upon the Present Value of
Future Benefits? Upon the Present Value of Future Salaries?
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Problem 2 - 8

Effective date: 1/1/84

Normal retirement benefit: 50% of final year's salary.
Normal retirement age: 60

Actuarial cost method: Aggregate method.

Actuarial Assumptions:

Interest: 6%
Salary increases: 3%

Data for the sole participant:

Projected
Annual Annual (N, - "Ng)*D, D/D,
Valuation Date Agex Salary Benefit
1/1/84 35 $50,000 $50,820 17.935 233
1/1/85 36 $60,000 $59,208 17.445 247

442 =12.5
Actuarial value of assets as of 1/1/85: $9,000

In what range is the increase in normal cost as of 1/1/85 resulting from the salary increase in excess
of that assumed?

(A) Lessthan $750

(B)  $750 but less than $1,100
(C)  $1,100 but less than $1,450
(D)  $1,450 but less than $1,800
(E)  $1,800 or more.

Problem 2 - 9

Plan effective date: 1/1/83

Normal retirement benefit: $50 per month for each year of service.
Actuarial cost method: Aggregate

The actuarial assumptions include the following absolute rates of decrement:
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9 =.02  q=.20

The sole plan participant is age 25 as of 1/1/85 and will not be eligible for vesting until after age |
26. There are no pre-retirement death or severance benefits,

Selected valuation results as of 1/1/85:

Present value of future benefits $20,000
Actuarial value of assets $2,000
Normal cost as of 1/1 $1,080

The absolute rate of decrement for withdrawal at age 25 is changed to q§¥= .30, with all other
assumptions remaining the same. The normal cost is then recalculated. In what range is the
recalculated normal cost? -

(A) Lessthan $1,035

(B)  $1,035 but less than $1,045
(C)  $1,045 but less than $1,055
(D)  $1,055 but less than $1,065
(E)  $1,065 or more.,

Problem 2 - 10

Normal retirement benefit: 50% of salary in the year preceding retirement.
Actuarial cost method: Aggregate

Selected valuation results as of 1/1/85:

Total present value of future benefits $2,000,000
Present value of future benefits for

retired and terminated participants 400,000
Present value of future salaries 24,000,000
Actuarial value of assets 500,000
Annnal salaries 4,000,000

There are no participants within one year of the assumed retirement age.
After completing the valuation, it is discovered that all active participants received a 5% salary

increase which had not been reported. The normal cost is then recalculated. In what range is the
increase in the normal cost as of 1/1/85 due to the increased salaries?
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(A)  Less than $13,000

(B)  $13,000 but less than $14,000
(C)  $14,000 but iess than $15,000
(D)  $15,000 but less than $16,000
(E)  $16,000 or more.

Problem 2 - 11

Optional form of benefit: Joint and 100% survivor annuity, actuarially equivalent to the
normal form on valuation assumptions.

Actuarial cost method: Aggregate method.
Assumed spouse's age: Same as participant's age.
Assumed retirement age: 65

Assumed percent of normal pensions that will
be paid under the joint-and-survivor form: 80%

Valuation results as of 1/1/84:

Present value of future benefits for active participants $960,000
Present value of future benefits for retired participants 700,000

Actuarial value of assets 800,000
Present value of future salaries 12,000,000
Total annual salaries 1,500,000

2 =10 52y =13

After the above results were obtained, the plan was amended effective 1/1/84 to provide, for
participants retiring afier that date, a uniform 10% reduction rather than an actuarially equivalent
reduction for the optional form. The 1/1/84 normal cost was then recalculated. In what range is
the recalculated normal cost for 1984 as of 1/1/847

(A)  Less than $123,000

(B)  $123,000 but less than $127,000
(C)  $127,000 but less than $131,000
(D)  $131,000 but less than $135,000
(E)  $135,000 or more
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Problem 2 -12

Plan effective date: 1/1/85

Normal retirement benefit: $1,000 per month.
Actuarial cost method: Aggregate.

Assumed interest rate: 7%

Assumed retirement age: 65
Sole participant's date of birth: 1/1/45

It is assumed that there are no terminations prior to retirement, other than by death.

Normal cost as of 1/1/85: $1,500
Actuarial value of assets as of 1/1/86: $1,675

Selected commutation functions:

Age x D, N, - Ngs
40 67 787
4] 62 720
65 10 0

In what range is the normal cost for 1986 as of 1/1/86?
(A)  Lessthan $1,455
(B)  $1,455 but less than $1,470
(C)  $1,470 but less than $1,485
(D)  $1.485 but less than $1,500
(E) $1,500 or more
Problem 2 -13
Normal retirement benefit: 50% of final year's salary.

Actuarial cost method: Aggregate with normal costs determined as a level dollar amount
(split funded).
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Actuarial assumptions for the side fund:

Interest: 6%

Salary increases: 4% per year.

Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for sole participant as of 1/1/86:

Date of birth: 1/1/51
Annual salary for 1986: $50,000

Life insurance policy data:.
Annual premium; $3.250

Current cash value: $10,000
Guaranteed cash value at age 65:  $110,000

Actuarial value of assets (not including insurance cash value) as of 1/1/86: $20,000
ad? =10
In what range is the side-fund normal cost for 1986 as of 1/1/867
(A)  Less than $5,900
(B)  $5,900 but less than $6,900
(C)  $6,900 but less than $7,900

(D)  $7,900 but less than $8,900
(E)  $8,900 or more

Problem 2 - 14

Normal retirement benefit: ~ $1,000 per month.

Pre-retirement death benefit: 100 times the normal retirement benefit (provided by individual
ordinary life policies).

Actuarial cost method: Aggregate (split-funded)
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Actuarial assumptions for the side fund:

Interest: 7%
Pre-retirement deaths and terminations: None.
Retirement age: 65

Participant data as of 1/1/86:
Attained Cash Value of
Age Insurance at Age 65
Smith 30 $40,000
Brown 40 $30,000

Actuarial value of side-fund assets as of 1/1/86: $5,000
In what range is the side-fund normal cost for 1986 as of 1/1/867
(A)  Lessthan $1,500
(B)  $1,500 but less than $1,750
(Cy  $1,750 but less than $2,000
(D)  $2,000 but less than $2,250
(E)  $2,250 or more
Problem 2 - 15

Plan provisions:

Normal retirement benefit: $10 per month for each year of service.
Normal retirement age: The later of age 65 or age at ten years of participation.

Actuarial cost method: Aggregate.
Actuarial assumptions:
Interest: 8%

Preretirement deaths and terminations: None.
Retirement age: Normal retirement age.
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Participant data as of 1/1/87:

Date of Date of Date of

Birth Hire Participation
Smith 1/1/37 1/1/70 1/1/79
Brown 1/1/22 1/1/62 1/1/79

Actuarial value of assets as of 1/1/87: $10,000

Selected annuity values:
Agex a2
65 8.142
66 7.951
67 7.702

In what range is the normal cost for 1987 as of 1/1/87?

(A)  Less than $1,500

B $1,500 but less than $2.250
(C)  $2,250 but less than $3,000
(D)  $3,000 but less than $3,750
(E)  $3,750 or more

Problem 2 - 16

Retirement benefit: 50% of final year's salary.
Actuarial cost method: Aggregate.

Participant data as of 1/1/87:

Attained Age Salary for 1987
47 $35,000
47 45,000
47 55,000

47 65,000
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Original valuation results as of 1/1/87:

Present value of future benefits:  $500,000
Actuarial value of assets: 100,000
Normal cost as of 1/1: 40,000

After the 1/1/87 valuation, it was discovered that an employee with the following data had been
omitted:

Attained Age alary for 1
47 $25,000

The valuation was revised to included the previously omitted employee. In what range is the
revised normal cost for 1987 as of 1/1/87?

(A)  Less than $44,500

(B)  $44,500 but less than $45,000
(C)  $45,000 but less than $45,500
(D) $45,500 but less than $46,000
(E) $46,000 or more

Problem 2 - 17

Normal retirement benefit: 40% of final five-year average salary.
Actuarial cost method: Aggregate.

Actuarial assumptions: Interest: 8%.
Salary increases: 6% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.
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Data for sole participant as of 1/1/87:
Date of birth 1/1/32
Date of hire 1/1/77
Salary for 1986 $32,000
Actuarial value of assets as of 1/1/87: $30,000
#12 = 8.65
In what range is the normal cost for 1987 as of 1/1/87?
(A)  Less than $5,100
(B)  $5,100 but less than $5,400
(C)  $5,400 but less than $5,700
(D)  $5,700 but less than $6,000
(E)  $6,000 or more
Problem 2 - 18

Normal retirement benefit: 50% of final year's salary.
Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest: 8%
Salary increases: 6% per year.
Preretirement deaths and terminations: None.

Selected valuation results as of 1/1/86:

Present value of future benefits for active participants  $950,000

Present value of future benefits for inactive partictpants 0
Actuartal value of assets 500,000
Annual salaries 1,000,000

Normal cost as of 1/1 60,000
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Plan experience during 1986:

The rate of return on the actuarial value of assets was 10%.

Salaries increased 5%.

The normal cost for 1986 was paid at 1/2/86.

There were no deaths, terminations, retirements, or new participants.

There were no active participants within two years of the assumed retirement age.

In what range 1s the normal cost rate (as a percentage of salaries) as of 1/1/87?

(A)  Lessthan 5.75%

(B}  5.75% but less than 5.80%
(C)  5.80% but less than 5.85%
()  5.85% but less than 5.90%
(E) 5.90% or more

Problem 2 - 19
Normal retirement benefit: $25 per month for each year of service.

Actuarial cost method:

Before 1988: Unit credit.
After 1987:  Aggregate.

Actuarial assumptions:
Interest: 6%

Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/40
Date of hire 1/1/78

Valuation results as of 1/1/87:

Actuarial value of assets $6,300
Unfunded accrued liability 2,500
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Contribution for 1987: $1,250 paid on 12/31/87.
There were no noninvestment experience gains or losses during 1987.
The rate of return on the actuarial value of assets during 1987 was 10%.

In what range is the normal cost for 1988 as of 1/1/88?
(A)  Less than $1,700
(B)  $1,700 but less than $1,800
(C)  $1,800 but less than $1,900
(D)  $1,900 but less than $2,000
(E)  $2,000 or more
Problem 2 - 20

Normal retirement benefit: $10 per month for each year of service.

Early retirement benefit: Normal retirement benefit reduced by 6% for each year by which
commencement of retirement payments precedes age 65.

Actuarial cost method: Aggregate.
Actuarial assumptions:

Pre-retirement terminations other than deaths: None.
Retirement age: 65

Participant data as of 1/1/88:

Smith Brown
Date of birth 1/1/33 1/1/26
Date of hire 1/1/58 1/1/51
Status Active Active

Actuarial value of assets as of 1/1/88: $15,000
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Selected commutation functions and annuity values:

Age x D, N, - Ngs #12
55 367 2,730 11.74
62 224 623 10.10
635 178 0 9.35

After the 1/1/88 valuation was completed, it was found that Brown retired on 12/31/87.
In what range is the change in the normal cost for 1988 as of 1/1/88 due to Brown's retirernent?

(A)  Less than $(2,400)

(B)  $(2,400) but less than $(1,200)
(©)  $(1,200) but less than $0

(D)  $0 but less than $1,200

(E)  $1,200 or more

Problem 2 - 21

Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 6%
Compensation increases: 5% per year.
Pre-retirement deaths and terminations: None.

Retirement age: 65

Valuation results as of 1/1/89:

Normal cost as of 1/1 $ 31,250
Present value of future benefits:
Active participants 900,000
Inactive participants 100,000
Actuarial value of assets 500,000
Annual compensation 1,000,000

Contribution for 1989: $31,250 paid on 1/1/89.
During 1989, there were no new entrants to the plan.
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There were no experience gains or losses during 1989 other than an experience gain of $30,000 due
to the deaths of three retired participants.

In what range is the normal cost for 1990 as of 1/1/907

{A)  Less than $30,000

(B)  $30,000 but less than $31,000
(C)  $31,000 but less than $32,000
(D)  $32,000 but less than $33,000
(E)  $33,000 or more

Problem 2 -~ 22

Normal retirement age:

Before 1989: 65
Afier 1988: 64

Normal retirement benefit: $20 per month for each year of service.
Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 8%

Pre-retirement deaths and terminations: None.
Retirement age: Normal retirement age.

Data for sole participant:
Date of birth 1/1/34
Date of hire 1/1/64

Actuarial value of assets as of 1/1/89: $10,000
Selected annuity values:

#12=8.35 2 =8.14
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In what range is the increase in the normal cost for 1989 as of 1/1/89 due to the change in the
normal retirement age?

(A)  Less than $600
(B)  $600 but less than $650
(C)  $650 but less than $700
(D)  $700 but less than $750
(E)  $750 or more
Problem 2 - 23
Normal retirement benefit: 50% of final year's compensation.

Normal form of payment:

Retirements before 1989: Life annuity.
Retirements after 1988:

Single retirees: Life annuity.
Married retirees: Joint and 50% survivor annuity.

Actuarial cost method: Aggregate.
Actuarial assumptions:
Retirement age: 65
Marital characteristics: 85% of participants are married at the time of retirement;

spouses are the same age as participants

Valuation results as of 1/1/89, before change in normal form of payment:

Normal cost as of 1/1 $ 85,000
Present value of future benefits for retired participants 400,000
Actuarial value of assets 600,000
Present value of future compensation 4,200,000
Annual compensation 350,000

Selected unisex annuity values:

al»=990 g2, =7.82
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In what range is the normal cost for 1989 as of 1/1/89?

(A)  Less than $90,000

(B) $90,000 but less than $95,000
(©) $95,000 but less than $100,000
(D)  $100,000 but less than $105,000
(E) $105,000 or more

Problem 2 - 24

Type of plan: Contributory.

Rate of employee contribution: 1.5% of compensation.

Death benefit: Refund of employee contributions, with interest to date of death.

Actuarial cost method: Aggregate.

Valuation results as of 1/1/90:

Present value of future retirement benefits $1,500,000
Present value of future death benefits 30,000
1990 employee contributions 15,000
Value of assets 400,000
Accumulated employee contributions

with interest (included in assets) 60,000
Present value of future compensation 8,000,000
Annual compensation 1,000,000

In what range is the employer's normal cost for 1990 as of 1/1/90?

(A)  Less than $130,000
(B) $130,000 but less than $135,000
(C) $135,000 but less than $140,000
(D)  $140,000 but less than $145,000
(E)  $145,000 or more

Problem 2 - 25

Normal retirement benefit:

Before 1991: 40% of final 3-year average compensation.
After 1990:  50% of final 3-year average compensation.
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Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Valuation results as of 1/1/90:

Present value of future benefits

Active participants $ 800,000
Inactive participants 0
Value of assets 300,000
Present value of future compensation 11,250,000
1990 compensation 900,000

As of 1/1/90, participants were under age 64.
Contribution for 1990: Normal cost for 1990 as of 1/1/90, paid on 1/1/90.

There were no experience gains or losses due to new participants, deaths, terminations, or
retirements during 1990,

There were no new participants as of 1/1/91.
All active participants received an 8% compensation increase from 1990 to 1991.

Normat cost for 1991 as of 1/1/91: $60,000.
In what range is the value of assets as of 12/31/907

(A)  Less than $365,000

(B)  $365,000 but less than $375,000
(Cy  $375,000 but less than $385,000
(DY  $385,000 but less than $395,000
(E)  $395,000 or more
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Problem 2 - 26

Valuation date: 12/31

Normal retirement benefit: 50% of final 3-year average compensation.

Actuarial cost method: Aggregate.
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65

Data for the only participants:
Smith
Date of birth 1/1/26
1990 compensation -
Status as of 12/31/90 Retired
Monthly benefit $1,000

Value of assets as of 12/31/90: $94,650
ai2=38.74
In what range is the normal cost for 1990 as of 12/31/90?
(A)  Less than $3,000
(B)  $3,000 but less than $3,400
(C)  $3,400 but less than $3,800

(D)  $3,800 but less than $4,200
(E)  $4.200 or more
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Problem 2 - 27

Normal retirement benefit: $10 per month for each year of service.

Actuarial cost method: Aggregate.
Actuarial assumptions:

Interest rate: 7%

Preretitement terminations other than deaths: None.

Retirement age: 65

Data for all participants as of 1/1/90:

Number Past
Age of Participants Service
45 15 20
55 10 30
65 5 40

Value of assets as of 1/1/90: $300,000.

Selected commutation functions:

Agex D, N,
45 4,528 58,163
55 2,187 24,581
63 965 8,872

In what range is the normal cost for 1990 as of 1/1/907

(A)  Less than $22,250

B) $22,250 but less than $24,250
(C) $24.,250 but less than $26,250
(D)  $26,250 but less than $28,250
(E)  $28,250 or more
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Problem 2 - 28

Plan effective date: 1/1/90
Normal retirement benefit: 1% of final year's compensation for each year of service.

Early retirement benefit: Payable immediately without reduction.
Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 7% per year.

Compensation increases: 7% per year.
Preretirement deaths and terminations: None.

Probability of

Agex retiring at age X

62 50%

63 0%

64 0%

65 100%

Data for sole participant:

Date of birth 1/1/34
Date of hire 1/1/89
1989 compensation $100,000
Status as of 1/1/90 Active

Selected annuity values:
di2=9.394 412 = 8.736
In what range is the normal cost for 1990 as of 1/1/90?

{A)  Less than $9,850

(B)  $9,850 but less than $10,000
(C©)  $10,000 but less than 310,150
(D)  $10,150 but less than $10,300
(E)  $10,300 or more
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Problem 2 - 29
Normal retirement benefit:

Before 1990: 50% of highest 3-year average compensation.
After 1989:  100% of highest 3-year average compensation.

Normal form of payment:

Retirements before 1990: If single, life annuity. If married, 100% joint and survivor
annuity (fully subsidized.)
Retirements after 1989: Life annuity.

Actuarial cost method: Aggregate.
Actuarial assumptions:
Preretirement deaths and terminations: None.
Retirement age: 65
Marital characteristics: 85% of participants are married at the time of retirement;

spouses are the same age as participants.

Valuation results as of 1/1/90, before amendments:

Normal cost as of 1/1 $ 94,000
Present value of future benefits for inactive participants

(all became inactive before 1990) 500,000
Value of assets 730,000
Present value of future compensation 4,850,000
1990 compensation 375,000

Selected annuity values:

2012y . = -
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In what range is the normal cost for 1990 as of 1/1/90 after the amendments?

(A)  Lessthan $175,000

(B) $175,000 but less than $185,000
(C)  $185,000 but less than $195,000
(D)  $195,000 but less than $205,000
(E)  $205,000 or more

Problem 2 - 30

Normal retirement benefit: 50% of final year's compensation.
Preretirement death benefit: None.
Actuarial cost method: Aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases:

Assumption before 1991: None.
Assumption after 1990: 5% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65

Data for sole participant:
Date of birth 1/1/29
1991 compensation $40,000
Status as of 1/1/91 Active

Normal cost for 1991 as of 1/1/91, before change in assumed compensation increases: $23,615

Selected commutation functions:

Agex D, N,
62 365 3,514
63 335 3,149
64 306 2,814
65 279 2,508
66 254 2,229
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In what range is the normal cost for 1991 as of 1/1/91?

(A)  Less than $25,250

(B)  $25,250 but less than $27,250
(C)  $27,250 but less than $29,250
(D)  $29,250 but less than $31,250
(E)  $31,250 or more

Problem 2 - 31
Actuarial cost method: Aggregate.
Selected valuation results as of 1/1/91:
Present value of all future benefits $10,850,000

Present value of future death and termination benefits due to
accumulated and future employee contributions

(included above) 850,000
Present value of future employee contributions 2,000,000
Value of assets, including $1,200,000 of accumulated employee

contributions 4,800,000
Present value of future compensation 50,600,000
Annual compensation 3,500,000

In what range is the increase in the employer'snormal cost for 1991 as of 1/1/91 if future employee
contributions were discontinued and all accumulated employee contributions were refunded to
participants as of 12/31/90?

(A)  Less than $100,000

(B)  $100,000 but less than $120,000
(C)  $120,000 but less than $140,000
(D)  $140,000 but less than $160,000
(E)  $160,000 or more
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Problem 2 - 32

Normal retirement benefit: $25 per month for each year of service.
Early retirement reduction: None.
Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.

Retirement age:

Before 1992: 60

After 1991: 65
Data for sole participant:
Date of birth 1/1/40
Date of hire 1/1/80

Value of assets as of 1/1/92: $5,000
Selected annuity values:
AP =9.82 adP=8.74

In what range is the decrease in the normal cost as of 1/1/92 due to the change in the assumed
retirement age?

(A)  Less than $1,700

(B)  $1,700 but less than $1,850
(C)  $1,850 but less than $2,000
(D)  $2,000 but less than $2,150
(E)  $2,150 or more

Problem 2 - 33
Plan effective date: 1/1/91

Normal retirement benefit: 30% of final 3-year average compensation,
Actuarial cost method: Aggregate.
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Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Normal cost for 1991 as of 1/1/91: $7,750
Value of assets as of 1/1/92: $8,292
Ratio of present value of future compensationto current annual compensation as of 1/1/91: 20.13

Data for sole participant:
Date of birth 1/1/51
Compensation increase during 1991 8%

In what range is the increase in the normal cost for 1992 as of 1/1/92 due to the actual increase in
compensation over the assumed increase in compensation?

(A)  Less than $227
(B)  $227 but less than $234
(C)  $234 but less than $241
(D)  $241 but less than $248
(E)  $248 or more

Problem 2 - 34

Normal retirement benefit: $40 per month for each year of service.

Preretirement death benefit: Lump sum equal to 50 times the monthly projected normal
retirement benefit; provided by a whole life insurance policy.

Actuarial cost method: Aggregate, split-funded with life insurance.
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Retirement age: 65
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Data for sole participant:

Date of birth 1/1/52
Date of hire 1/1/87

Cash value at age 65 per $1,000 of life insurance: $200

Annual premium as of 1/1/92: $800

Value of assets in side fund as of 1/1/92: $5,000
a49=8.74

In what range is the normal cost for the side fund for 1992 as of 1/1/92?

(A)  Less than $1,200

(B)  $1,200 but less than $1,400
©) $1,400 but less than $1,600
(D) $1,600 but less than $1,800
(E)  $1,800 or more

Problem 2 - 35

Normal retirement benefit: 40% of final year's compensation.
Actuarial cost method: Aggregate.

Initial valuation results as of 1/1/92:

Present value of all future benefits $ 1,600,000
Present value of future benefits for retired

and terminated participants 320,000
Value of assets 400,000
Present value of future compensation 19,200,000
Annual compensation 3,200,000

As of 1/1/92, there are no active participants within one year of the assumed retirement age.

After completing the valuation, it was discovered that all active participantsreceived a 7% increase
in annual compensation which had not been reported, and the valuation results were recalculated.
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In what range is the recalculated normal cost for 1992 as of 1/1/927
(A) Lessthan $210,500
(B)  $210,500 but less than $214,500
(C)  $214,500 but less than $218,500
(D)  $218,500 but less than $222,500
(E)  $222,500 or more
Problem 2 - 36
Type of plan: Contributory.
Employee contributions; 1.5% of annual compensation,
Actuarial cost method: Aggregate,
Employee contributions are assumed to be paid on 1/1 of each year.

Selected valuation results as of 1/1/93:

Present value of future benefits:

Retirement benefits $2,000,000

Refunds of employee contributions upon

death or termination 70,000

Other death and termination benefits 200,000
Value of total assets 500,000
Accumulated employee contributions included in total assets 80,000
Present value of future compensation 7,000,000
Annual compensation 1,000,000

In what range is the employer's normal cost for 1993 as of 1/1/93?

(A)  Lessthan $220,000

(B)  $220,000 but less than $230,000
(C)  $230,000 but less than $240,000
(D)  $240,000 but less than $250,000
(E)  $250,000 or more
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Problem 2 - 37

Normal retirement benefit: 50% of 5-year final average compensation.
Actuarial cost method: Aggregate (level percentage of compensation).

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases:

Before 1994: 5% per year.
After 1993: 6% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant:

Date of birth 1/1/34
Date of hire 1/1/69
1994 valuation compensation $100,000

Selected valuation results as of 1/1/94 before change in asstmptions:

Normal cost as of 1/1 $ 38,120
Value of assets $200,000

In what range is the normal cost for 1994 as of 1/1/94 after the change in actuarial assumptions?
(A)  Less than $38,800
(B)  $38,800 but less than $39,200
(©)  $39,200 but less than $39,600
(D)  $39,600 but less than $40,000
(E)  $40,000 or more
Problem 2 - 38
Normal retirement benefit: $2,000 per month.

Actuarial cost method: Aggregate with side fund and life insurance (split-funded).
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Actuarial assumptions:

Compensation increases: None.
Preretirement terminations other than deaths: None.
Retirement age: 65

Valuation data as of 1/1/94:

Value of assets in side fund $10,000
Annual premium for life insurance 2,000
Cash value of life insurance at age 65 50,000

Date of birth for sole participant (active as of 1/1/94): 1/1/49

Selected commutation functions based on preretirement assumptions:

Agex D, N,
45 445 5,691
55 214 2,405
65 94 868

Selected annuity value:
4929 =8.78
In what range is the total normal cost for 1994 as of 1/1/94?

(A)  Less than $4,000

(B) $4,000 but less than 4,300
(C) $4,300 but less than $4,600
(D) $4.,600 but less than $4,900
(E)  $4,900 or more

Problem 2 - 39
Plan effective date: 1/1/95.
Normal retirement benefit:  $10 per month for each year of service since date of hire.

Preretirernent death benefit: None.
Actuarial cost method: Aggregate.
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Actuarial assumptions:
Interest rate: 7% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65.

Selected valuation data for only participants (all active as of 1/1/95):

Smith Brown Green
Date of birth  1/1/60 1/1/60 1/1/50
Date of hire 1/1/81 1/1/81 1/1/71

Selected commutation functions and annuity value:

Age x D, N,
35 894,190 12,364,650
45 445,008 5,690,850
65 94,414 868,052
44 = 8.74

In what range is the normal cost for 1995 as of 1/1/957

(A)  Less than $1,600

(B)  $1,600 but less than $1,700
(C)  $1,700 but less than $1,800
(D) $1,800 but less than $1,900
(E)  $1,900 or more

Problem 2 - 40

Mandatory employee contribution: 0.5% of compensation, paid on 1/1.
Actuarial cost method: Aggregate.

Present value of future benefits (excluding anty benefits due to voluntary employee contributions)
as of 1/1/95:
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Retirement benefits $1,000,000
Return of mandatory employee contributions

at death or termination 20,000
Employer-provided termination benefits 80,000

Present value of future compensation as of 1/1/95: $4.,800,000
Total valuation compensation for 1995: $600,000

Mandatory employee contributions for 1995: $3,000 paid on 1/1/95.
Voluntary employee contributions for 1995: $2,000 paid on 1/1/95.

Value of assets as of 12/31/94:

Mandatory employee contributions with interest $30,000
Voluntary employee contributions with interest 20,000
Other assets 150.000
Total assets 200,000

In what range is the employer normal cost for 1995 as of 1/1/957
(A)  Lessthan $109,500
(B)  $109,500 but less than $111,000
(C)  $111,000 but less than $112,500
(D)  $112,500 but less than $114,000
(E) $114,000 or more
Problem 2 - 41

Normal retirement benefit:

Before 1995: $30 per month for each year of service.
After 1994:  $35 per month for each year of service.

Actuarial cost method: Aggregate.
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Retirement age: 65.
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As of 1/1/94, ali participants were active and under age 63.

Selected valuation results as of 1/1/94:

Present value of future benefits $200,000
Value of assets 500,000
Average present value of future working

lifetime of active participants 11

The contribution for 1994 was paid on 1/1/94 in an amount equal to the normal cost for 1994 as
of 1/1/94.

There were no deaths, terminations, or retirements during 1994, and there are no new participants
on 1/1/95.

There were no investment experience gains or losses during 1994.
In what range is the normal cost for 1995 as of 1/1/95?

(A)  Less than $43,300

(B)  $43,300 but less than $47,300
(C)  $47,300 but less than $51,300
(D)  $51,300 but less than $54,300
(E)  $54,300 or more

Problem 2 - 42
Normal retirement benefit: 50% of final year's compensation.
Actuarial cost method: Aggregate.

Assumed compensation increases: 3% per year.

Selected valuation results as of 1/1/95:

Present value of future benefits $ 149,000
Value of assets 20,000
Present value of future compensation 1,200,000
Annual compensation 150,000

Investment gain during 1994: $1,600.
Actual compensation increases during 1994: 10%.
There were no other experience gains or losses during 1994.
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There have never been any inactive participants.

In what range is the change in the normal cost for 1995 as of 1/1/95 due to experience gains and

losses?

A)
(B)
©)
D)
(E)

Less than $1,000

$1,000 but less than $1,100
$1,100 but less than $1,200
$1,200 but less than $1,300
$1,300 or more

Problem 2 - 43

Actuarial cost method: Aggregate.
Assumed interest rate: 7% per year.

Selected valuation results as of 1/1/95:

Present value of future benefits
Present value of future compensation
Annual compensation

The plan's assets earned a 4% return in 1994; the resulting investment experience loss increased
the normal cost for 1995 as of 1/1/95 by $100.

There were no contributions or disbursements during 1994,

In what range is the value of assets as of 1/1/95?

(A)
(B)
©)
D)
(E)

Less than $34,000

$34,000 but less than $37,000
$37,000 but less than $40,000
$40,000 but less than $43,000
$43,000 or more
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Problem 2 - 44
Normal retirement benefit:

Before 1996: 60% of final 5-year average compensation.
After 1995:  70% of final 5-year average compensation.

Actuarial cost method: Aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases: 4% per year.
Pre-retirement decrements: None.
Retirement age: 63.

Selected valuation results as of 1/1/95:

Present value of future benefits $1,500,000
Value of assets 300,000
Normal cost as of 1/1 96,000

As of 1/1/95, all participants were active and under age 55.

There were no deaths, terminations, retirements, or new participants during 1995, and there are no
new participants as of 1/1/96.

For each participant, 1996 valuation compensationis 6% higher than 1995 valuation compensation.
Normal cost for 1996 as of 1/1/96: $122.,650.
In what range is the value of assets as of 1/1/96?

(A)  Less than $200,000

(B)  $200,000 but less than $300,000
(C)y  $300,000 but less than $400,000
(D)  $400,000 but less than $500,000
() $500,000 or more
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Problem 2 - 45

Normal retirement benefit:  $50 per month for each year of service.
Normal form of payment:  Life annuity with 120 months certain.
Actuarnial cost method: Aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Value of assets as of 1/1/96: $110,000.

Valuation data for all participants as of 1/1/96:

Smith Brown
Date of birth 1/1/29 1/1/51
Date of hire 1/1/74 1/1/86
Status Retired on 1/1/94 Active

Selected commutation functions:

X D, N{2
65 94,414 824,780
67 78,601 651,367
75 33,855 217,236
77 25,541 153,955

After preparing the 1/1/96 valuation, the actuary was informed that Smith died on 12/15/95. The
actuary prepared a revised 1/1/96 valuation based upon this information.

In what range is the difference in the normal cost for 1996 as of 1/1/96 under the two valuations?

(A)  Lessthan $2,450

(B)  $2.450 but less than $2,600
(C)  $2,600 but less than $2,750
(D)  $2,750 but less than $2,900
(E)  $2,900 or more
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Problem 2 - 46

Normal retirement benefit: 1% of final year's compensation for cach year of service.

Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 6% per year.
Compensation increases: 5% per year.
Pre-retirement decrements other than deaths: None.
Retirement age: 65.

Value of assets as of 1/1/96: $60,000.

Valuation data for all participants as of 1/1/96:

Smit Brown
Status Active Terminated Vested
Age at hire 25 -
Attained age 35 50
1996 valuation compensation $48,000 -
Monthly accrued benefit $375 $200

Selected commutation functions and annuity values:

SNx - SNGS
X SDx 65-x|ﬁ£32)
25 16.7 0.4
30 14.3 0.7
35 12.5 1.0
50 11.1 4.0
65 0.0 10.0
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In what range is the normal cost for 1996 as of 1/1/96?
(A)  Less than $5,000
(B)  $5,000 but less than $5,200
(C)  $5,200 but less than $5,400
(D)  $5,400 but less than $5,600
(E)  $5,600 or more
Problem 2 - 47
Type of plan: Contributory.
Normal retirement benefit:  $50 per month for each year of service.
Actuarial cost method: Aggregate.
Actuarial assumptions:
Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

As of 1/1/95, all participants were active and under age 63.

Selected valuation results:

1/1/95 1/1/96
Employet's normal cost as of 1/1 $ 7,200
Present value of future benefits 100,000
Present value of all future employee contributions 25,000 $ 24,500
Value of plan assets 10,0060 22,000

There were no deaths, terminations, retirements, or new participants during 1995, and there are no
new participants as of 1/1/96.
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In what range is the employer's normal cost for 1996 as of 1/1/967
(A)  Less than $7,000
(B)  $7,000 but less than $7,200
(C)  $7,200 but less than $7,400

(D)  $7,400 but less than $7,600
(E)  $7,600 or more

Problem 2 - 48

Actuarial cost method: Aggregate,

Mandatory employee contributions: 1.5% of compensation, paid on 1/1,
Voluntary employee contributions for 1997: $10,000, paid on 1/1.

Selected 1/1/97 valuation results:

Present value of all future retirement benefits $2,500,000
Present value of refunds of mandatory employee

contributions upon death or termination 84,000
Present value of other employer-provided death and

termination benefits 25,000
Value of assets as of 12/31/96 725,000
Accumulated voluntary employee contributions

included in assets as of 12/31/96 35,000
Present value of future compensation 8,400,000
1997 valuation compensation 1,200,000

In what range is the employer normal cost for 1997 as of 1/1/977

(A)  Less than $250,000

(B)  $250,000 but less than $255,000
(Cy  $255,000 but less than $260,000
(D)  $260,000 but less than $265,000
(E)  $265,000 or more
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Problem 2 - 49

Actuarial cost method: Aggregate,

Normal form of payment for single participants:  Life annuity.

Normal form of payment for married participants: Joint and 100% survivor annuity with benefit

Before 1/1/97 amendment:
After 1/1/97 amendment:

Assumed form of payment:

Before 1/1/97 amendment:
After 1/1/97 amendment:

Married participants assumptions:

equal to:

Actuarial equivalent of life annuity benefit.
100% of life annuity benefit,

Life annuity for all participants.
Life annuity for single participants;joint and 100% survivor
annuity for married participants.

80% married, with no age difference between spouses.

Selected valuation results as of 1/1/97 (before amendment):

Present value of future benefits $ 2,000,000
Value of assets 1,050,000
Present value of future compensation 27,000,000
1997 valuation compensation 1,600,000

There are no inactive participants as of 1/1/97.

Selected annuity values:

1202 = 104.83

12402, = 126.9

In what range is the increase in the normal cost for 1997 as of 1/1/97 due to the plan amendment?

(A}  Lessthan $19,000

(B) $19,000 but less than $21,000
(C) $21,000 but less than $23,000
D)  $23,000 but less than $25,000

(B)  $25,000 or more
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2.5 Solutions to Problems

Problem 2 -1
Years
to Values PV
Pension NRD at NRD _PVFB Future years
Homer $780 18 93,600 32,792 1148
Jake 300 11 36,000 18,964 8.36
Pete 600 29 72,000 13288 1441
(30 years of service times $20) 635,044 34.25
Present Value of Future Benefits $65,044
Less: Plan assets (8.698)
Present Value of Future Normal Costs 56,346
Divided by PV Future Years + 3425
Normal Cost per Participant 1,645
For three Participants 4,935
Problem 2 - 2

Key Concept: Increasing the ages by one year will affect both the present value of future benefits
and the present value of future years. The present value of future benefits will be
increased by the amount of interest for one year.

The present value of future years will be reduced by the following:

(1.06)"° + (1.06) " + (1.06)° + (1.06)* = 33 + 44 + .59 + .79 =2.15

This can be seen by expanding &

Ay = 1+ (1.06)1 + (1.06)* + ... + (1.06 )*
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Original Revised
Calculation  Calculation

1. Pres. Value Benefits $112,000 $118,720
2. Plan Assets 42,560 42,560
3. PV of Future Normal Costs 69,440 76,160
4. PV of Future Years (3) + (5) 34.72 32.57
5. Normal Cost per Participant 2,000 2,338
6. Normal Cost of Plan 8,000 9,352

Alternative Solution: Revised number of years may be obtained by adjusting as follows:

(34.72 - 4)(1.06) = 32.56

Problem 2 -3

Key Concept: The annuity rate must be revised to be a weighted average of those given. The only
quantity in our calculationsthat is affected is the Present Value of Future Benefits.

Anmnuity Rate: 40% of 12= 4.80

60% of 14 =_8.40

Total = 13.20

Ratio of revised to old = 13.20 + 12
Original Revised
Calculations Difference Calculation

PVFEB - Active 450,000 x 1320+ 12 495,000
PVFB - Retirees 100.000 100.000
PVFB - Total 550,000 595,000
Plan Assets 250,000 250,000
PV - Future Normal Costs 300,000 345,000
PV - Future Years 12.0 12.0
Normal Cost 25,000 28,750
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Problem 2 - 4

Key Concepts:

In this problem:

(D

)

When using a salary increase assumption, some attention should be given to
the number of years to retirement or the number of "salary increases” that
each participant will enjoy. If the compensation used is based upon the
current year's salary, then if there are n years to retirement, there will be (n -
1) salary increases. If, however, salary is based upon the prior year's salary
(as in this problem), there are n salary increases.

The difference arises because prior year salaries are usually used for a
beginning of year valuation. Hence, provision should be made for a salary
increase during the year of valuation. Therefore, to compute the present
value of future benefits that are expected to be paid in n years, the current
salary must be projected for n years.

Assumed earnings of 6% with a salary scale of 4% is the equivalent of an
earnings assumption only of 1.923%, i.e. {(1.06 +~ 1.04) - 1]. This can be
seen by listing the terms of #; at 6% earnings and 4% salary scale:

=1+ (1.06)'(1.04) + (1.06Y2(1.04) +
(1.06)3(1.04) + . . .+ (1.06)™D(1.04)™D

=1+ (1.01923)1 + (1.01923)2 +
(1.01923)3 + .. . +(1.01923)=D

PVEB = 25%(2,400) x 12402 x (1.04)"(1.06)"!
=600 x 120 % (1.01923)"! = 58,390

Present Value of Future Salaries is determined by multiplying last year's salary ($2,400) by
the sum of the following series:

(1.04) + (1.04)2(1.06)" + (1.04)(1.06)> +. . . + (1.04)(1.06)"°
=(1.04)[1 + (1.04)(1.06)" + . . . + (1.04)°(1.06)"]
=(1.04)(m 10306 ) = 10.0189(1.04) = 10.4197

Present Value of Future Salaries = 2,400 x 12 x 10.4197 = 300,087
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PV Future Benefits 58,390

Plan assets 22,000
PV of Future Normal Cost 36,390
PV of Future Salary 300,087
Normal Cost Rate 12.13%
1986 Salary 29,952
Normal Cost 3,633

Note: The expected 1986 salary (with one year salary scale) is used above to be consistent with
the determination of the present value of future salaries which anticipated that increase.
Problem2 -5
The solution is as follows:
Pension PVFB

A (2% x 50,000 x 25 years) x 12.5 x (1.04)¢ x .630 249,110
B (2% x 30,000 x 19 years) x 12.5 x (1.04)7 x 270 _74,945

324,055

Salary PVES

A 50,000 x 5.471 273,550
B 30,000 x 12.786 383.580
657,130

1. Present Value of Future Benefits 324,055
2. Less: Plan Assets 125,000
3. Present Value of Future Normal Costs 199,055
4. Present Value of Future Salaries 657,130
5. Normal Cost Rate 3 +4 30.29%
6. Current Salaries 80,000
7. Normal Cost 5x 6 24,232

The astute student has probably noticed that the above solution does not adjust the PVFS
or current salaries for the increase assumed to occur during 1986, as was done in problem 2 - 4
above. Did we miss something? Not really - the result would be the same as can be seen with a
little algebra. The Normal Cost calculation can be written as:

NC =PVFNC + (PVFS ~ Current Salaries)
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If we adjust for the assumed salary increase:

PVFS’ = PVFS x 1.04
Salary’ = Salary x 1.04

The Normal Cost would be:
NC =PVFNC + [PVFS" + Salary”)]
=PVFNC + (PVFS x 1.04) + (Salary x 1.04)
=PVFNC + (PVFS + Salary)
Since the result is the same, why bother with the extra work of adjusting the PVFS and
current salary? In other words, it does not matter if prior year or current year salaries are used in

this part of the calculations. However, care must always be taken in projecting salary by the correct
number of years to compute the projected benefit as discussed in problem 2 - 4.

Problem 2 - 6
The salary freeze impacts the Present Value of Future Benefits and the Temporary Annuity Factor.

{A) To calculate the effect upon the Present Value of Future Benefits:

The freeze will result in the loss of one year's increase in salary, so the revised
Present Value of Future Benefits will be:

= (75,000%(1.03)1 = 72,816
(B) Effect upon Present Value of Future Salaries:
The original annuity factor may be written as:
amg = (1.03) + (1.08)'(1.03)* + (1.08)2 (1.03)’ +..+ (1.08)*(1.03)"
The revised annuity factor is:
Revised 4y = 1+ (1.08)'(1.03) +. . . + (1.08)°(1.03)
= (1.03)"' x (original 4r)
Original factor = 407,777 + 50,000 = 8.1555

Revised factor = 8.1555 x (1.03)' =7.918
Present Value Future Salaries = 50,000 x 7.918 = 395,900
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Problem 2 -7
Effect upon the Present Value of Future Benefits:
PVFB = ;4D x v¥* x Benefit, x 442

= lp_'('»p x 34P'§P x ¥*5 x Benefit,s x 4(?

= (1 - g1 - g:7) 2P x v x Benefitg; x 4

Changing the value of ¢ ¢” from .25 to .30 has the effect of decreasing the Present Value of Future
Benefits by .70 = .75 or 93.3%.

In a similar manner, the temporary annuity factor can be written as:
Gom = L+ pl0 X v x5
=1+ (L)1~ g) ¥y <ty
Therefore, the revised value of

5.30:3'5‘] = ]. + (.704’,.75)(530.331 - 1)

Problem 2 - 8
Key Concepts: (1)  The questionis really asking what the 1/1/85 normal cost would have been
if the salary increase were equal to that assumed, versus actual 1/1/85 normal
cost.
(2) If the salary increase had been equal to that assumed, the 1/1/85 projected
benefit would be equal to the 1/1/84 projected benefit.
Step I: Calculate the Present Value of projected benefits.

Actual = 59,208 x &2 x Dyy/Diy
=59,208 x 12.5 x 247 = 182,805

Assumed = 50,820 x 12.5 x .247 = 156,907
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Step II: Calculate the Normal Cost.

Actnal Assumed
1) Present Value of Benefits $182.805 $156,907
2) Value of Plan Assets 9,000 9,000
3) Present Value Future Normal Costs (1) - (2) 173,805 147,907
4) Temporary Annuity Factor 17.445 17.445
5) Normal Cost (3)+(4) 9,963 8,478

Difference (Actual - Assumed) = $1,485

Answer is D,

Problem 2 -9

The change in the withdrawal rate impacts the Present Value of Future Benefits and the Temporary
Annuity Factor.

(A) To revise the Present Value of Future Benefits:
PVFB =, D x v¥ x Benefit, x d{?
= P59 % sophs) x V17 x Benefitys x &5
=(1-g8N1 - g8) 3859 * v¥* x Benefites x 459

The original PVFB reflects a withdrawal decrement at age 25 of (1 - .20) =.80
The revised PVFB reflects a withdrawal decrement at age 25 of (1 - .30) = .70

Therefore, changing the withdrawal rate from .20 to .30 reduces the PVFB by .70/.80:
PVFB = 20,000 x (.70/.80) = 17,500
(B) To revise the temporary annuity factor, the temporary annuity factor may be written as:
dpsam = 1 + 1P X v * Ay
=14 (1 - 91 - ) % v % gy

Therefore, the revised value of 4,, 4 is:
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=1+ (.70/.80)(&y5.0m - 1)
The original temporary annuity factor is calculated as:

y5.0m = (PVFB - Assets) + Normal Cost
= (20,000 - 2000} ~ 1080 = 16.667

The revised temporary annuity factor is, therefore:
dysam =1 +(.70/.80)(16.667 - 1) = 14.709
Revised Normal Cost = (17,500 - 2000) + 14.709 = 1,054

Answer is C.

Problem 2 - 10

Key Concept: Under the aggregate method, a plan amendment or a change in benefits generally
changes the present value of future benefits for active participants only.

Because benefits are directly proportional to salaries, a 5% increase in salaries
results in a 5% increase in benefits as well as a 5% increase in the present value of
future benefits for the active participants.

PVFB for Active Participants = 2,000,000 - 400,000 = 1,600,000

Original Revised

(1) PVFB (Actives) $1,600,000 x1.05  $1,680,000
(2) PVFB (Inactives) 400,000 400,000
(3) Plan Assets 500,000 500,000
(4) Present Value of Future Normal Costs

(H+2)-(3) 1,500,000 1,580,000
(5) PV Future Salaries 24,000,000 x 1.05 25,200,000
{6) Normal Cost Rate (4) -+ (5) 06250 062698
(7) Annual Salaries 4,000,000 x 1.05 4,200,000
(8) Normal Cost (6) x (7) 250,000 263,332

(9) Difference = 263,332 - 250,000 = 13,332
Answer is B.
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Problem 2 - 11

Key Concept: Under the aggregate method, generally the only valuation quantity affected by a
plan amendment is the present value of future benefits. In this instance, only the
present value of future benefits of the active participants is affected.

Prior to the amendment, the plan could be valued by using the life annuity factor at
retirement because joint-and-survivorbenefits were actuarially equivalent at normal
retirement age. After the amendment, an adjusted annuity value can be used to
value the actives. The adjustment is based on the annuity value for each form of
payment weighted by the percentage of pensions assumed to be paid under that form
of payment.

Adjustiment to annuity factor (weighted average):

Prior to amendment, annuity value = 10

Pensions to be paid under life annuity 10 x 20% = 2.00

Pensions to be paid under J & S 90% x 13 x 80% =9.36

Adjusted Annuity Factor =11.36
Adjusted PVFB for active Participants 960,000 x (11.36/10} 1,090,560
Present Value of Future Benefits (retired)* 700,000
Total Present Value of Future Benefits 1,790,560
Plan Assets* 800,000
Present Value Future Normal Costs 990,560
Present Value of Future Salaries* 12,000,000
Normal Cost Rate .082547
Salaries 1,500,000
Normal Cost 123,820

*Same as original valuation.

Answer is B,

Note: If the same amendment applied to retirees, the calculations would be considerably more
complex because the adjusted annuity value depends upon the ratio of (& + &), which

varies by age.
retirees.

Therefore, separate calculations would have to be made for each age of
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Problem 2 - 12
Key Concept: The relationship between the Present Value of Benefits at any age and at any |
subsequent age must be understood. This may be seen from the following

calculation:

(1) PV, = (Values at NRD) x (D¢/D,)
(2) PV, = (Values at NRD) X (Dys/D,.,)

Dividing (1) by (2):

(PV/PV,) = Dy /Dy
and  PV,,=PV(D/D,.)

In this problem, we must calculate the Present Value of Benefits at age 41 when
given the Present Value of Benefits at age 40.

Step I: Determine the Present Value of Benefits at 1/1/85.
NCygs = (PVEBgs) + [(Nyg - Ngs) + Dy = 1,500
1,500 = (PVFBys) +~ (787 + 67)
PVFBg; = (1,500 + 67) x 787 = 17,619
Step I1: Determine the Present Value of Benefits at 1/1/86.

PVFBy = (PVFB4:)(Dy/Dyy)
=17,619 % (67 + 62) = 19,040

Step IIl: Determine the Normal Cost at 1/1/86.

NCgs = (PVFBqg4 - Assetsgg) + [(Nyy - Ngs)/Dy ]
= (19,040 - 1,675) x 62 + 720 = 1,495

Answer is D.
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Problem 2 - 13

Key Concept:

The problem calls for determination of Normal Cost as a level dollar amount as
opposed to a level percentage of salary. Hence, the solution involves the division
of the Present Value of Future Normal costs by &y ¢6. If the problem called for a
level percentage, the divisor would be &g (1 06/1.04- 1)-

(1) Current Salary $ 50,000
(2) Projected Annual Salary 50,000 x (1.04)% 155,933
(3) Projected Annual Benefit 50% % (2) 77,967
(4) Value at Retirement (3) x &2 779,670
(5) Net Value at Retirement (4) - cash value = 779,670-110,000 669,670
(6) Present Value Benefits (5) x v'° = 669,670 x .17411 116,596
(7) Present Value Future Normal Costs  (6) - Plan Assets = (6) - 20,000 96,596
(8) Normal Cost 1/1/86 (7) + & = 96,596 + 14.59 6,621
Answer is B.

Problem 2 - 14

Smith Brown
(1) Attained age 30 40
(2) Years to Retirement 35 25
(3) Retirement Benefit $ 1,000 $1,000
(4) Values at NRD (3) * 12 x (@ 120,000 120,000
(5) Insurance CV at NRD 40,000 30,000
(6) Value of Side Fund at NRD 80,000 90,000
(7) Present Value of Benefits (6) x v" 7,493 16,582
(8) Annuity Rate &y 13.854 12.469

Present Value of Benefits = 7,493 + 16,582 = 24,075
Plan Annuity Rate = 13.854 + 12.469 =26.323

Normal Cost = (24,075 - Plan Assets) + 26.323
= (24,075 - 5,000) + 26.323 = 724.65 per participant.

Side Fund Normal Cost = 724.65 x 2 participants = 1,449

Answer is A.
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Problem 2 - 15

Key Concept: Since Brown retires at an age other than 635, attention must be given to its impact
upon elements of the valuation.

Age at Age at Attained Retirement

Hire Participation Age Age

Smith 33 42 50 65

Brown 40 57 65 67
--Years of Service-- ---Participation--- Projected
Past Future Total Past Future Total Pension
Smith 17 15 32 8 15 23 $320
Brown 25 2 27 8 2 10 270

Determine Present Value of Benefits:

PVFBg, 0= (320 x 12)(842)(1.08) 5
= (320)(12 x 8.142)(.31524) = 9,856

PVEBy,.., = (270)(12 x 4(2)(1.08)2
= (270)(12 x 7.702)(.85734) = 21,394

Determine Normal Cost:
Total PVFB = 9,856 + 21,394 = 31,250
Asset Value = 10,000
Difference = 21,250
Present Value of Future Years = 45 + 8y =11.1702
Normal Cost per Participant = 21,250 + 11.1702 = 1,902.38
Normal Cost = 1902.38 x 2 = 3,805

Answer is E.
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Problem 2 -16

Key Concept: The items affected in making the revised valuation are (1) Present Value of Future
Benefits and (2) Average Temporary Annuity. Actuarial Asset Value will, of
course, remain the same.

Step I: Determine the Present Value of Future Benefits with the employee added. Since all are the
same age, the Present Value of Future Benefits will increase in exactly the same proportion as
salaries.

PVFB,,, = PVFB,, x (Salaries,,, + Salaries,,,)
= 500,000 x (225,000 - 200,000) = 562,500

Step II: Determine the Average Temporary Annuity under original valuation.

PVFB 500,000
Less Assets -100.000
Present Value Future Normal Costs 400,000

ATA (per participant) = (PVENC + NC) =400,000 + 40,000 =10

Since all participants are the same age, the Average Temporary Annuity is still 10
under the revised valuation.

Step III: Determine the revised Normal Cost.

NC = [(PVFNC - Assets) + 50] x 5
= [(562,500 - 100,000) + 50] x 5 = 46,250
Answer is E.

Problem 2 -~ 17

Key Concept: To determine the final average salary in problems involving salary increase
assumptions, use either of the following formulae:

Compavg = Cra-n(sﬁl - Il)
or
Comp,,, = C(az + n) where ra = retirement age.
n = number of years to be averaged.
C = Salary.
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For example, in this problem, the participant is 55, normal retirement age is 65 and the number of
years to be averaged is 5. Hence, we can project the salary to age 60 and multiply by (sq + 5).

Note: There are 6 salary changes to age 60 since we are given the 1986 salary.

Average Salary = (Salaryg x 1.06%)(s5 + 5)
= (32,000 x 1.41852)(5.6371 + 5)= 51,177

We could also project salary to age 65 and multiply by ag + 5.

Average salary = (Salaryg, x 1.06'')}(ag + 5)
= (32,000 x 1.8983)(4.2124 + 5) = 51,177

Benefit = 51,177 x 40% = 20,471
PVFB = (Ben x 402 )(1.08)'° = 20,471 x 8.65 x .4632 = 82,021

PVES = (Salary)[1 + (1.06/1.08) + (1.06/1.08) ... + (1.06/1.08)°]
= (32,000)(ary;) (wherej=1.08/1.06 - 1 =.018868)
= (32,000)(9.2065) = 294,608

NC = (PVFB - Assets) x (Salary + PVFS)
= (82,020 - 30,000)(32,000 + 294,608) = 5,650

Answer is C.

Problem 2 - 18

Key Concepts: The Normal Cost rate is Present Value of Future Normal Costs divided by
the Present Value of Future Salaries. We can determine each quantity from
the 1/1/86 data. The Present Value of Future Salaries at 1/1/86 is not given.
However, it can be calculated from the Normal Cost and Current Salaries
which are given.

Step I: Determine Present Value of Benefits at 1/1/87 from data given from 1/1/86 valuation. If
benefits were to remain the same, the Present Value of Benefits at 1/1/87 would be equal to the
Present Value of Benefits at 1/1/86 multiplied by (1 +1). Since salary increases did not equal the
assumed increase, benefits need to be reduced to (1.05/1.06) of benefits projected at 1/1/86.

PVFBy, = PVFBy,  (1.05/1.06) x 1.08
= 950,000 x (1.05/1.06) x 1.08 = 1,016,321
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Step II: Determine Actuarial Value of Assets at 1/1/87.

Assetsy, = (Assetsg, + NCg) ¥ Investment return
= (500,000 + 60,000) x 1.10 = 616,000

Step I1I: Determine the Present Value of Future Salaries at 1/1/86.

NCg= (PVFNCy x Salariesg,) + PVFSq,

or PVFSq, = (PVFNC, * Salariesg) ~ NCqgq
= (950,000 - 500,000) x 1,000,000 + 60,000 = 7,500,000

Step IV: Determinethe PVFS at 1/1/87. Again, if Salaries were to increase by exactly the assumed
rate, the PVFES at 1/1/87 would equal the PVFS at 1/1/86 decreased by Annual Salaries and
multiplied by (1 + /). However, salaries did not increase by 6% and an adjustment equal to
(1.05/1.06) must be made.

PVES,, = (PVFS, - Salariesy)(1.05/1.06)(1 + )
= (7,500,000 - 1,000,000)(1.05/1.06)(1.08) = 6,953,774

Step V: Determine Normal Cost Rate at 1/1/87.

NC,; percentage rate = (PVEB,, - Assetsg,) + PVFS,;
={1,016,321 + 616,000) + 6,953,774 = 5.76%

Answer is D.

Problem 2 - 19

Key Concept: The Present Value of Benefits is the missing item. It can be calculated from
information given for the Unit Credit Method used for 1987.

Step I: Determine a value for 12442,
Accrued Liability = (25 x 9 years)(128(2)(1.06)#
= (225)(124U2)(.35034)
= (12402)(78.83)

Accrued Liability = (Actuarial Value of Assets) + UAL,,
= 6,300 + 2,500 = 8,800
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Therefore (124{2 )(78.83) = 8,800
and 12a¢? =111.63
Step II: Determine the Present Value of Future Benefits as of 1/1/88.
Value of Benefits @ NRA = (111.63)(27 years x 25) = 75,350
PVEBg, = (1.06Y'7(75,350) = 27,982
Step III: Determine Actuarial Value of Assets at 1/1/88.

Assetsg, = Assets,, + Contribution + Interest
= 6,300 + 1,250 + (10% of 6,300) = 8,180

Step IV: Determine Normal Cost at 1/1/88.

NCSS = (PVFBSS - AssetSss)llﬁm
=(27,982-8,180) - 11.11 = 1,782

Answer is B.

Problem 2 - 20

Key Concept: Normal Cost must be determined assuming Brown retires at age 65 and also
assuming he retires at age 62.

Brown
Smith NRA at65 NRA at62

(1) Attained Age 55 62 62

(2) Past Service 30 37 37
(3) Future Service 10 3 0
(4) Projected Benefit $400 $400  $370 x .82 =303.40
(5) PV of Benefits 21,767 35,664 36,772
(4) x 12859% (D,/D,,)
(6) PV of Future Years 7.44 2.78 0
(Ns.a - Nra)/D aa
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If Brown retires at age 65, then Present Value of Benefits $57,431

Less: Actuarial Value of Assets - 15.000
Equals Present Value Future Normal Costs 42,431
Divided by Present Value of Future Years + 1022
Equals Normal Cost per Participant 4,151.76
Total Normal Cost (2 participants) 8,303.52
If Brown retires at Age 62, then Present Value of Benefits $58,539
Less: Actuarial Value of Assets - 15,000
Equals PV Future Nortnal Costs 43,539
Divided by PV of Future Years =744

Equals Normal Cost per Participant (1 participant) 5,852.02
Change in Normal Cost = 5,852.02 - 8,303.52 = (2,451.50)

Answer is A.

Problem 2 - 23

Key Concept: The normal cost under the Aggregate method remains a level percentage of salary
each year if there are no gains or losses. Gains (losses) will decrease (increase) the
normal cost.

Step I: Determine the Present Value of Future Salary as of 1/1/89.

~ PVFBs9 - Assets
PVFS,,

NC 3%

%9 x Salaryg,

31250 = 1000.000 = 500,000 (o0 00
PVFS,,

PVFS,, = 16,000,000

Step II: Determine the Present Value of Future Salary as of 1/1/90.

158



The relationship for PVFS at time 0 to PVFS at time 1 is:

PVFS, = (PVFS, - Salary) x (1+)
In this case, PVFS,, = (PVFS,, - Salary,) x 1.06

= (16,000,000-1,000,000) x 1.06 = 15.,900,000

Step I1I: Determine the Salary as of 1/1/90.
Salary,, = Salary,, x 1.05 = 1,000,000 x 1.05 = 1,050,000
Step IV: Calculate the Normal Cost as of 1/1/90.
If there had been no gains or losses during 1989,
NCyy = NCy x 1.05=31,250 x 1.05 =32,812
The experience gain must be amortized (weighted by Salaries) as follows:

Decrease in NCy, = 30,000/(PVFS/Salary)
= 30,000/(15,900,000/1,050,000) = 1,981

Total NCyy = 32,812 - 1,981 = 30,831

Answer is B,

Problem 2 - 22
Step I: Calculate the Normal Cost using the retirement age of 65.
Benefit = 20 x 35 Years of Service = 700
PVFB = 700 x 12402 x v!°= 31,671
NC = (PVFB - Assets) + iy = (31,671 - 10,000) + dry =2,990
Step II: Calculate the Normal Cost using the retirement age of 64.
Benefit = 20 x 34 Years of Service = 680
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PVFB = 680 x 1242 x v* = 34,085
NC = (PVFB - Assets) + iy = (34,085 - 10,000) + &5 = 3,570
Step III: Calculate the increase in the Normal Cost.
Increase = 3,570 - 2,990 = 580

Answer is A.

Problem 2 - 23

StepI: Calculate the Present Value of Future Benefits for active participants before the change in
benefit form.

NC = (PVFB - Assets)/(PVFS/Salary)
85,000 = (Active PVFB + 400,000 - 600,000)/(4,200,000/350,000)

Active PVFB = 1,220,000
Step II: Calculate the new PVFB for active participants.
Annuity Value for 50% J & S = 442+ 5(a{P - 482.)
=909+ .5(9.9-7.82)=10.94

Note that spouses are assumed to be the same age as participants. Since 85% of participants
are assumed to be married,

Unmarried active PVFB = (1,220,000)(.15) = 183,000
and Married active PVFB = (1,220,000)(.85)(10.94/9.9) = 1,145,937
Total Active PVFB = 183,000 + 1,145,937 = 1,328,937
Step I1I:  Calculate the Normal Cost.
NC =(1,328,937 + 400,000 - 600,000)/(4,200,000/350,000) = 94,078

Answer is B.
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Problem 2 - 24

Key concept: The employer's Normal Cost is the total Normal Cost adjusied by the employees'

contributions.
Present Value of Future Retirement Benefits $1,500,000
Plus Present Value of Future Death Benefits + 30,000
Equals Total Present Value of Future Benefits 1,530,000
Less Value of Assets - 400,000
Equals Present Value of Future Normal Costs 1,130,000
Divided by PV of Future Compensation +8.000,000
Equals Normal Cost Percentage 14,125%
Multiplied by Current Compensation x1,000,000
Equals Total Normal Cost at 1/1/90 141,250
Less Employee Contributions 15.000
Equals Employer's Normal Cost at 1/1/90 $ 126,250

Answer is A,

Problem 2 - 24 (Alternative Solution):

Present Value of Benefits = Present Value of Future Employer costs plus Present Value of Future
Employee Costs plus Assets.

PVFB = PVFNCy + PVFNCyg + Assets
where PVFNCgr = NC%g x PVFES
and PVFNCy; = 1.5% x PVFS
We will use the above relationship to solve for Employer NC rate:

1,530,000 = NC%g, * 8,000,000 + (.015)(8,000,000) + 400,000
1,010,000 = NC%g * 8,000,000
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NC%ge = .12625
NCpe = (.12625) x (1,000,000) = 126,250

Answer is A.

Problem 2 - 25

Key concept: The Normal Cost rate is the Present Value of Future Normal Costs divided by the
Present Value of Future Salaries. We can determine each quantity from the 1/1/90
data.

StepI: Determine Present Value of Benefits at 1/1/91 from the 1/1/90 valuation. If benefits were

to remain the same, the Present Value of Benefits at 1/1/91 would be equal to the Present Value of

Benefits at 1/1/90 multiplied by (1 + 7). Since salary increases exceeded the assumed increase,

benefits need to be increased by (1.08 + 1.05) of benefits projected at 1/1/90. Since the benefit

formula increased benefits, benefits need to be increased by (50% -+ 40%) of benefits projected at

1/1/90,

PVFB,, = [PVFBy, x (1.08/1.05) x (.5/.4) x 1.07]
— 800,000 x (1.08/1.05) x (.5/.4) x 1.07 = 1,100,571

Step II: Determine Present Value of Future Salaries at 1/1/91.

PVFS,, = [PVFS,, - Salaries,,] x (1.07) x (1.08/1.05)
= (11,250,000 - 900,000) x (1.07) x (1.08/1.05) = 11,390,914

Step II: Determine Salaries at 1/1/91.

Salaries,, = Salariesy, x 1.08
= 900,000 x 1.08 = 972,000

Step I'V: Determine Normal Cost rate at 1/1/91.

NC,, percentage rate = NC,,/Salaries,,
= 60,000/972,000 = 6.1728%

Step V: Determine Assets at 1/1/91.

NC,, percentage rate = (PVEB,, - Assets,, YPVFS,,
6.1728% = (1,100,571 - Assetsy;)/11,390,914
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Therefore, Assetsy, = 397,433, which are the value of assets as of 12/31/90.

Answer is E.

Problem 2 - 26

Key Concept: The benefits of retired participants are included in the Present Value of Future
Benefits, but the Present Value of Future Normal Costs are amortized over the
future working lifetimes of only the active participants

Step I Calculate Present Value of Future Benefits.

Smith PVFB = 1,000 x 12 x 43 = 1,000 x 12 x 8.74 = 104,880

Brown PVFB = [30,000 x .5] x a@5> x v'® =15,000 x 8.74 x .27651 = 36,250

Total PVFB = 104,880 + 36,250 = 141,130

Step II: Calculate the Normal Cost.

Note that although Brown is age 46 as of the 12/31/90 valuation date, there will be 20 future normal
costs since the last cost for Brown will be the day before normal retirement

Present Value of Future Benefits $141,130

Less Value of Assets = 94650

Equals Present Value of Future Normal Costs 46,480

Divided by Present Value of Future Years (8,q) +11.3356

Equals Normal Cost as of 12/31/90 4,100
Answer is D.

Problem 2 - 27

Each participant will have a total of 40 years of service at retirement and a benefit as follows:
Benefit = 10 x 40 years of service = 400

Since we are given N, and we need N{?), and since N{?=N, - .(1 124)D,,
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NU2= 8,872 - (11/24)(965) = 8,430

The Present Value of Future Benefits is equal to the sum of the PVFB's for each age group.

D
PVFB = 15 participants [400 x 1245 * -—“i\
45

o

65

+ 10 participants {400 x 12d7 x

)

55

D65

+ 5 retirees x [400 x IZc’fgsz) x
65

= 400 x 12NG? x { 5,10, 5 } = 528,724

45 DSS D65

N.. - N
5410 x 55

GSJ
D D
43 33 = 9.4047

25

Average Temporary Annuity =

NC = (PVFB - Assets) +~ Average Temporary annuity
= (528,724 - 300,000) + 9.4047 = 24,320

Answeris C.

Problem 2 - 28

Key Concept: Present Value of Future Benefits is equal to half the PVFB if the participant retires
at 62 plus halfthe PVFB if the participantretires at 65. Similarly,the PVFS equals
half the PVFS if the participant retires at 62 plus half the PVFS if the participant
retires at 65.

Final salary at 62 = 100,000 x (1.07)° = 150,073
Final salary at 65 = 100,000 x (1.07)° = 183,846

164



Benefit at 62 = 150,073 x .01 x 7 years of service = 10,505
Benefit at 65 = 183,846 x .01 x 10 years of service = 18,385

PVFB = (.5)(10,505)(d5 v +(.5)(18,385)d S )v°

= (.5)(10,505)(9.394) x v®+ (.5)(18,385)(8.736) x v°

= 32,879 + 43,681 = 76,560

Note that i = 6, and g =9,

PVFS = 100,000 x dg x g + 100,000 x dg7 % 33 x ¢

= 100,000 x 6 x (.5) + 100,000 x 9 x (.5) x (1)
= 300,000 + 450,000 = 750,000

PVFB -Assets
{PVFS/Salary)

NC =

765600 _ 10508
(750,000/100,000)

Answer is D

Problem 2 - 29

Key Concept: The normal form has been amended from a subsidized 100% J&S benefit for married
participantsto a life annuity. This change applies to active participantsonly. Since
only 85% of the participants are assumed to be married, it is necessary to determine
the portion of the PVFB attributable to these participants.
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Step [: Determine PVFB for active participants as of 1/1/90, before the amendment.

NCy = (PVFBy, - Assetsy)/(PVFSy, + Salaryg,)
94,000 = (PVFBy, - 730,000)/(4,850,000/375,000)

PVFB,, = 1,945,733

Active PVFB,, = PVFB,, - Inactive PVFB,,
= 1,945,733 - 500,000 = 1,445,733

Step II: Determine portion of active PVFB,, due to assumed married participants.

Value of $1 per year on life only basis =c'1'é;2) = 10

Value of $1 per year on 100% J and S basis = c'r'(,(su) + 56(512) - 56(51:25}5 =118

Each participant's PVFB consists of 15% of a life only benefit and 85% of a 100% J&S
benefit.

Life benefit=(.15}10)=1.5
J&S benefit = ((85)(11.8) = 10.03
Total benefit=1.5 + 10.03 =11.53

Married Portion of PVFB = PVFB,, x 10.03/11.53
= 1,445,733 x 10.03/11.53 = 1,257,650

Step III: Determine revised active PVEB,,.
Convert married portion of PVFB to life only:
= 1,257,650 x 10/11.8 = 1,065,805
PVEB on life only basis = 1,445,733 - 1,257,650 + 1,065,805 = 1,253,888
Increased activé PVFB due to amendment:
= 1,253,888 x 100%/50% = 2,507,776

Step IV: Calculate revised Normal Cost.
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Total PVFB = 2,507,776 + 500,000 = 3,007,776

NC = (3.007,776 - 730.000) x 375,000 = 176,117
4,850,000

Answer is B.

Problem 2 - 30

Calculate the retirement benefit with and without salary scale. The salary used is the 1993 salary
(the year preceding the 1/1/94 retirernent date).

Benefit without salary scale = 40,000 x .5 = 20,000

Benefit with salary scale = 40,000 x (1.05) (.5) = 22,050

Under the general conditions of the exam, benefits are paid monthly. Thus, we need to determine
N952)3

11
- % Dy

(12)
NIB - N
6 24

65

= 2,508 - 1 x 279 = 2,380
24

The previous Normal Cost was 23,615. We need this informationto determine the valuation assets.
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_ Y PVEB - Assets
Old Aszsumption - e
As23]

NC

D
20,000 x —2 457 - Assets
62
2.75616

23,615 =

20,000 x & - Assets
365

2.75616

Assets = 65,324

The temporary annuity for the new salary scale assumption mﬁst incorporate the salary scale.
Dy, = Dy, % (1+8)% =Dy, x (1.05)% = 7,516.74
Dy = Dy x (1+8)% = Dy x (1.05)% = 7,243.87
Dy, = Dy x (1+5)% = Dy, x (1.05)5* = 6,947.63
Temporary Annuity = (*Dy, + *Dy; + Dy, )/*Ds, = 2.88799

22,050y | 228%1 — 65,324
365

NC(new assumptions) =

= 27,166
2.88799

Answer is B,

Problem 2 - 31

Key Concept: If employee contributions were discontinued, then the normal cost is to be
calculated using only Present Value of Future Benefits which exclude benefits due
to employee contributions and assets which exclude accumulated employee
contributions.

Step I: Calculate Normal Cost Rate including employee contributions:

Normal Cost Rate = PVFB - Assets - PV of Future EE Contributions
PVFS
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= 10,850,000 - 4.800.000 - 2,000,000 = .08004
50,600,000

Step II: Calculate Normal Cost Rate excluding employee contributions:
PVFBg, = 10,850,000 - 850,000 = 10,000,000
Assets = 4,800,000 - 1,200,000 = 3,600,000

New Normal Cost Rate:

PVFBy, — Assets 19,000,000 - 3,600,000

= .12648
PVFS 50,600,000
Step III: Calculate increase in normal cost.
aNC = (12648 - .08004) x 3,500,000 = 162,540
Answer is E.
Problem 2 - 32
Key Concepts: (1)  Normal cost is determined based on expected retirement age and

expected benefit at that age.

(2)  Since benefitis not salary based, normal cost is determinedas dollars
per participant, not rate per dollars of covered payroll.

Step I: Original Valuation at 1/1/92

Benefit = 25 x 20 vyears of service = 500

PVEB - Assets 500 x 1257 x v® - 5,000
NC = =

ag g

_ 500 x 12 x 9.82 x 582 - 5,000 _ , .,
6.3893

169



Step II: Revised Valuation at 1/1/92

Benefit = 25 x 25 years of service = 625

NC PVFB - Assets 025 X 125;;2) x v -~ 5000

aﬁr a-l-ﬂ*

_ 625 x 12 x 8.74 X 41496 - 5,000 _ 2,483

8.94268

Decrease in NC = 4,584-2,483 = 2,101

Answer is D.

Problem 2 - 33

The assets earned exactly 7% during the year (7,750 x 1.07 = 8,292). If salaries had increased 5%,

all assumptions would have been met and

Expected NCy, = NCy, x 1.05= 7,750 x 1.05 = 8,137.50

Note: The Normal Cost increases 5% if all assumptions are met in order for it to remain a level

percentage of salary.
Expected PVFNC,, = 8,137.50 x &z; =158,549 (wherej=1.07/1.05-1)

Expected PVFB,, = Expected PVFNC,, + Accumulation of prior NC
= 158,549 + (7,750 x 1.07) = 166,841

Since the salary actually increased 8%,

PVFB,, = Expected PVFB,, x 1.08/1.05
= 166,841 x 1.08/1.05 = 171,608

Nng = (PVFBQZ - ASSCthz)IEim]
= (171,608-8,292)/dz; = 8,382.16
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Increase in NC = 8,382.16 - 8,137.50 = 244.66

Answer is D.

Problem 2 - 34
Key Concept: The side fund normal cost is developed using the lump sum value of the normal
retirement benefit at retirement age less the cash value of the insurance at retirement
age.
Projected benefit = 40 x 30 years of service = 1,200
Insurance = 50 x Projected Benefit = 50 x 1,200 = 60,000
Cash Value at 65 =60 x 200 = 12,000
Net Lump Sum = (12 x 1,200 x &%) - 12,000 = 113,856

PVFB - Assets
457

NC=

25
113,856 x v¥ = 5,000 _ 1597787 _ | ¢,

EIE[ 12,4693

Answer is B.

Problem 2 - 35

Key Concept: An additional 7% increase in compensation serves to increase PVFB for active
participants and PVFS by 7%.

PVEB, ., = 1,600,000 - 320,000 = 1,280,000
Recalculated PVFB, ... = 1,280,000 x 1.07 = 1,369,600

Recalculated PVFBy,,, = 1,369,600 + 320,000 = 1,689,600
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Since the Normal Cost s based on the factor PVFS + §, there is no need to increase each term by
1.07 due to the cancellation that will occur.

Thus,
NC = PVEB - Assets _ 1,689,600 - 400,000 _ ., oo
PVES 19,200,000
Salary 3,200,000
Answer is C.

Problem 2 - 36

Key Concept: The employer's Normal Cost is equal to the total Normal Cost needed to fund all
benefits less the contributions for the year to be paid by the employees.

PVFB = 2,000,000 + 70,000 + 200,000 = 2,270,000

NC = (PVFB-Assets)/(PVFS/Salary)
= (2,270,000 - 500,000) + (7,000,000/1,000,000) = 252,857

Note that the amount of the accumulated employee contributions is irrelevant since it is included
in the total assets.

Employee contribution = (.015)(1,000,000) = 15,0600
Employer NC = 252,857 - 15,000 = 237,857

Answer is C.

Problem 2 - 37

Key Concept: As in Problem 6 - 28, we must determine the value of 402 in order to solve this

problem.

Step I: Calculate the Final Average Salary at each salary scale rate.
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Using 5% salary scale,

Final Average Salary = (100,000)[(1.05)" + (1.05) + (1.05) + (1.05) + 1}/5
= 110,513

Using 6% salary scale,

Final Average Salary = (100,000)[(1 06) +(1.06)* + (1.06)* + (1.06) + 1] /5
=112,742

See the discussion in Problem 4 - 53 concemning the calculation of Final Average Salary.

Step II: To determine the single sum value of the retirement benefit at age 65, calculate the annuity
purchase rate using the valuation results before the salary scale was increased to 6%.

Retirement Benefit = (.5)(110,513) = 55,256

PVFNC =NC x dg;  wherej=1.07/1.05-1=.0190476
= 38,120 x 4.8165 = 183,605

PVEB = PVFNC + Assets
= 183,605 + 200,000 = 383,605

Also, PVFB = (Benefit) (3P
383,605 = (55,256)(a4Pn°

Therefore, 442 = 9,737
Step III: Determine the new normal cost using the 6% salary scale.
Retirement Benefit = (.5)(112,742) = 56,371

PVFB = (Benefit)(8{2)’
= (56,371)(9.737)(.712986) = 391,347

PVF N.C =PVFB - assets
= 391,347 - 200,000 = 191,347

NC=PVFNC/dg;, wherej=1.07/1.06-1=.009434
=191,347/4.9074 = 38,992

Answer is B.
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Problem 2 - 38
Step I: Calculate the Present Value of Future Benefits for the side fund.

PVFB,, = (Benefit)(124(2
= (2,000)(12)(8.78) = 210,720

Side Fund PVFB,; = (PVFB,; - Cash Value)(Dss/D;s)
=(210,720 - 50,000)(94/445) = 33,950

Step II: Calculate the side fund Normal Cost.

Side Fund NC = (PVFB,; - assets)[(Nys - Ngs)/Dys]
= (33,950 - 10,000)/(5,691 - 868)/445]= 2,210

Step HI: Calculate the total Normal Cost.

Total NC = Side Fund NC + Premium
=2,210+2,000=4,210

Answer is B.

Problem 2 - 39

Step [ Calculate the retirement benefit. Each participant will have a total of 44 years of service
at retirement.

Benefit = $10 x 44 years of service = 440

Step IT: Calculate the Present Value of Future Benefits. Note that the calculation is identical for
Smith and Brown, since they each have the same date of birth.

Smith/Brown PVFB = $440 x 12442 x D,/D;s
=$440 x 12 x 8.74 x 94,414/894,190 = 4,873

Green PVFB = $440 x 12412 x Dey/D,s
= $440 x 12 x 8.74 x 94,414/445,008 = 9,791

Total PVFB = 4,873 + 4,873 + 9,791 = 19,537
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Step III: Calculatethe Average Temporary Annuity. Again, the calculation is identical for Smith
and Brown.

Smiﬂ'l/BrOWIl TA = (N35 = NGS)KD?’S
=(12,364,650 - 868,052)/894,190 = 12.857

Green TA = (Nys - Ngs)/Ds
= (5,690,850 - 868,052)/445,008 = 10.8376

Average TA =(12.857 + 12.857 + 10.8376)/3 = 12.1839
Step IV: Calculate the Normal Cost.

NC =Total PVFB/ATA
=19,537/12.1839 = 1,604

Answer is B.

Problem 2 - 40
Key Concept: The employer’s Normal Cost is the total Normal Cost adjusted by the employees’
mandatory contributions. The actual amount of employees’ voluntary contributions
and the assets associated with the employees’ voluntary contributions are irrelevant
as they are kept as a separate account.
PVFB = 1,000,000 + 20,000 + 80,000 = 1,100,000
Assets = 30,000 + 150,000 = 180,000

PVENC =PVFB - Assets
= 1,100,000 - 180,000 = 920,000

NC % =PVFNC + PVFS
= 920,000 + 4,800,000 = 19.1667%

NC =NC% x Salary
= 19.1667% x 600,000 = 115,000
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Employer NC = NC - Mandatory employee contributions
=115,000 - 3,000 =112,000

Answer is C.

Problem 2 - 40 (Alternative Solution)

Key Concept: Present Value of Future Benefits equals Present Value of Future Employer Costs
plus Present Value of Future Employee Costs plus Assets.

PVFB = PVFNCyg + PVFNCp + Assets
Where PVFNCgg = NC%g, x PVFS
And PVFNC = .5% % PVFS
We will use the above relationship to solve for NC%pg;:

1,100,000 = (NC%,z)(4,800,000) + (.005)(4,800,000) + 180,000
896,000 = NC%gg x 4,800,000

NC%gy = 18.6667%
NCpg = (.186667)(600,000) = 112,000

Answer is C,

Problem 2 - 40 (Alternative Solution)
The following equation of value can be written:
Total PVFB = PVFNCy + PVFNCy; + Assets

The total PVFB includes retirement benefits, return of mandatory employee contributions, and
employer-provided termination benefits.

The Assets include both employer and mandatory employee contributions with interest.
~ Also, PVFNC; = (005)}PVFS)
- =(.005)(4,800,000) = 24,000
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So, 1,100,000 = PVENCg + 24,000 + 180,000
and PVFNCg = 896,000

NC Rategy = PVFNC/PVFS
~ 896,000/4,800,000 = .186667

NCpz = (NC Rategy)(Salary)
= (.186667)(600,000) = 112,000

Answeris C.

Problem 2 - 41

Key Concept: The Normal Cost under the Aggregate method remains the same each year (since
the benefit formula is a flat dollar amount), unless there are gains or losses. Since
the benefit formula increased in 1995, the 1995 Normal Cost is equal to the 1994
Normal Cost plus an amount to fund the increased benefit.

Step I: Calculate the increase in the PVFB due to the plan amendment. Note that the benefit
increased by a factor of 5/30.

Expected PVEB,; = PVEB,, x (1 + 1)
= 900,000 x 1.07 = 963,000

aPVFBg; = 963,000 x 5/30 = 160,500

Step II: Calculate the Temporary Annuity as of 1/1/95.

TAgs = (TAg - (1 + 1)
=(11-1)1.07)=10.7

Step ITl: Calculate the increase in Normal Cost for 1995.

aNCy; = APVFBgs /TAqs
=160,500/10.7 = 15,000

Step [V: Calculate the Normal Cost for 1994,
NC,, = (PVFBy, - Assetsg)/TAg,
= (900,000 - 500,000)/11 = 36,364
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Step V: Calculate the total Normal Cost for 1995,

NC95 = NC94 + ANCQS
= 36,364 + 15,000 = 51,364

Answeris D,

Problem 2 - 41 (Alternative Sclution)
The total Normal Cost for 1995 could have been calculated directly, as follows.
The total PVFB for 1995 is:

PVFB,, = Expected PVFB,, x 35/30 (due to amendment)
= 063,000 x 35/30= 1,123,500

The Assets as of 1/1/95 are:

Assetsy; = (Assetsg, + Contributiony, )(1 + 7}
= (500,000 + 36,364)(1.07) = 573,909

And,

NCys = (PVFB,; - Assets)/TAqs
=(1,123,500 - 573,909)/10.7 = 51,364

Answer is D.

Problem 2 - 42

Step I Calculate the 1995 Normal Cost.

Present Value of Future Benefits $149,000
Less Value of Assets (20.000)
Equals Present Value of Future Normal Costs 129,000
Divided by Present Value of Future Salary +1,200.000
Equals Normal Cost Rate 10.75%
Multiplied by Annual Salary x_150.000
Equals Normal Cost 16,125
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Step II: Calculate the expected 1995 Normal Cost. Since compensation increased by 10% instead
of the expected 3%, the Present Value of Future Benefits increased by a ratio of 1.1/1.03.

PVFB = ¢PVFB x (1.1/1.03)
149,000 = ¢PVFB x (1.1/1.03)
¢PVFB = 139,518
eAssets = 20,000 - 1,600 = 18,400

Expected NC = (ePVFB - eAssets)/(PVEFS/Salary)
= (139,518 - 18,400)/(1,200,000/150,000) = 15,140

Increase in NC = 16,125 -15,140 = 983

Answer is A.

Note: The ratio of PVFS/Salary is unchanged due to the 10% salary increase even though the
individual amounts (PVFS and Salary) have changed since both have increased by the ratio
1.1/1.03.

Problem 2 - 42 (Alternative Solution)

The solution can be found more quickly by direct calculation of the experience gain/loss.

Expected Compensation = (150,000/1.1) x 1.03 = 140,455

¢PVFB = (PVFB) x (Expected Compensation/Actual Compensation)
= (149,000)x (140,455/150,000) = 139,519

The loss due to the 10% compensation increase can be calculated as:

Loss = Actual PVFB - ePVFB
= 149,000 - 139,519 = 9,481

The total experience loss is

Total Loss = Compensation loss - Investment gain
=9,481 - 1,600 = 7,881

The difference in the Normal Cost is
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aNC = (Experience loss)/(PVIEFS/Salary)
= (7,881)/(1,200,000/150,000) = 985

Answer is A.

Problem 2 - 43
The increased Normal Cost also increased the Present Value of Future Normal Costs by
100 x (PVFS/Salary) = 100 x (9,500,000!750,000) =1,267

This amount also represents the asset loss. Since the assets were expected to earn 7% and only
earned 4%, the loss amounted to 3% of the 1/1/94 assets.

1,267 = (.03){Assets,; 04)
Assets; o = 42,233

Therefore,
Assets; 05 = 42,233 x 1.04 = 43,922

Answer is E.
Problem 2 - 44
Step I: Determine the Present Value of Future Benefits as of 1/1/96
Since compensationincreased by 6% instead of 4%, the Present Value of Future Benefits increased
by aratio of 1.06/1.04. Since the benefit formula increased from 60% of average compensation to
70% of average compensation, the Present Value of Future Benefits also increased by a ratio of
70%/60%. : '
PVFEFB,y, = PVFB,y; % (1.06/1.04) x (70%/60%) % 1.07

= 1,500,000 x (1.06/1.04) x (70%/60%) % 1.07

= 1,908,510
Step II: Determine the Average Temporary Annuity (ATA) as of 1/1/96

The average temporary annuity as of 1/1/95 can be derived from the valuation results as of 1/1/95
as follows. :

ATA95 = (PVFBQS = ASSEISgs)chgs
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= (1,500,000 - 300,000)/96,000 = 12.5

The average temporary annuity as of 1/1/96 can be derived from the average temporary annuity as
of 1/1/95 as follows.

ATA = (ATA,; - D/(1+)/(1+s)]
=(12.5 - 1)(1.07/1.04) = 11.8317

Note that the actual 6% compensation increase is irrelevant because the ATA is actually just a ration
of the present value of future salary to current salary. Since each of these increase by the same 6%,
the actual salary increase becomes a cancellation in the ratio.

Step III: Determine the value of assets as of 1/ 1/96..

NCye = (PVFByg ~ Assetsy)/ATAy
= (1,908,510 - Assetsy)/11.8317

Therefore, Assetsq, = 457,352

Answer is D.

Problem 2 - 45
Key Concept: The gain due to Smith’s death will be the value of the life portion of the benefit.
Under the Aggregate method, the gain will be amortized over the 20 year future
working lifetime of Brown, the sole active participant.
StepI: Calculate the present value of the decrease in Smith’s benefit.
Smith Monthly Benefit = (50)(20 years of service) = 1,000
Decrease in Present Value = (1,000)(12)(N%2/ D) = 33,165
Step II: Calculate the decrease in the Normal Cost

Decrease in Normal Cost = 33,165/ 4y = 2,926

Answer is E.
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Problem 2 - 46

Key Concept: Since Smith is the only active participants, the Present Value of Future Benefits will
be amortized over Smith’s future working lifetime. :

Step I: Calculate the final compensation for Smith.
Final Compensation = 48,000 x (1.05)® = 197,575
Step II: Calculate the Present Value of Future Beneﬁts for each participant.
PVFBgy, = (197.575)(.01)(40 years of service)(s,i4s)
=(197,575)(.01)(40)(1)
=79,030
PVFBp,om = (200)(12)(;5E55)
= (200)(12)(4)
= 9,600
PVFBg,een, = (300)(12)(442
= (300)(12)(10)
= 36,000

PVFBy,, = 79,030 + 9,600 + 36,000
— 124,630

Step III: Calculate the Normal Cost.
Normal Cost = (PVFB - Assets)/[(*Ny;5 . Ngs)*Dis]
=(124,630 - 60,000)/12.5
= 5,170

Answer is B.

Problem 2 - 47

Key Concept: The employer’s Normal Cost is the total Normal Cost adjusted by the employees’
mandatory contributions. Note that it is assumed that the employee contribution
does not change from 1995 to 1996 since the employee base does not change.

Step I: Calculate the employee contribution.
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The equation representing successive years Present Value of Future Employee
Contributions (PVFEC) is:

PVFEC,, = (PVFEC,; - Employee Contribution)(1 + i)
24,500 = (25,000 - Employee Contribution)(1.07)

Therefore,
Employee Contribution = 2,103
Step II: Calculate the average temporary annuity for the 1995 valuation.
The equation representing the 1/1/95 Normal Cost is:

NC95 = (PWBQS _' ASSe’[S;.s)i' ﬁm
7,200 + 2,103 = (100,000 - 10,000)/ &5

Therefore,
iy =9.673
Step II1: Calculate the average temporary annuity for the 1996 valuation.
G = (8g - 1)(1.07) = (9.673 - 1)(1.07) = 9.2815
Step IV: Calcuiate the Normal Cost.
PVEBy, = (PVFBys)(1 + 1)
= (100,000)(1.07)
= 107,000
TOtal NCQG = (PVFBgﬁ = ASSCtS%)/ﬁn—_n
= (107,000 - 22,000)/9.2815
=9.158
Employer NCys = 9,158 - 2,103 = 7,055

Answer is B.

183



Problem 2 - 47 (Alternative Solution)

The Present Value of Future Benefits are funded through the existing assets, the future employer
contributions (normal cost), and the future employee contributions.

The average temporary annuity for 1995 can be calculated from the equationrepresenting the 1/1/95
employer Normal Cost:

Employer NCys = (PVFBy; - PVFEC,; - Assetsys g
7,200 = (100,000 - 25,000 - 10,000)/45

Therefore,
iy =9.0278
Note: This annuity value is slightly different from the annuity value arrived
at in the previous solution. This appears to be due to an inconsistency in the
PVFEC from 1995-1996.
The average temporary annuity for the 1996 valuation is:
i = (& - 1)(1.07) =(9.0278 - 1)(1.07) = 8.5897
Now calculate the employer Normal Cost for 1996:
Employer NCyq = (PVFBy - PVFEC,4 - Assetsyg)/dq
= (107,000 - 24,500 - 22,000)/8.8597
= 7,043

Answer is B.

Problem 2 - 48

Key Concept: The employer’s Normal Cost is the total Normal Cost adjusted by the employees’
mandatory confributions. The actual amount of the employees’ voluntary
confributions and the assefs associated with the employees’ voluntary contributions
are irrelevant as they are kept as a separate account.

PVFB = 2,500,000 + 84,000 + 25,000 = 2,609,000

Assets = 725,000 - 35,000 = 690,000
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PVFNC = PVFB - Assets
= 2,609,000 - 690,000 = 1,919,000

NC% =PVFNC/PVFS
= 1,919,000/8,400,000 = 22.8452%

NC = NC% x Salary
=22 8452% x 1,200,000 = 274,142

Empioyer NC = NC - Mandatory employee contributions
= 274,142 - (.015)(1,200,000) = 256,142

Answer is C.

Problem 2 - 48 (Alternative Solntion)

Key Concept: Present Value of Future Benefits equals Present Value of Future Employer Costs
plus Present Value of Future Employee Costs plus Assets.

PVFB = PVFNC + PVFNCy; + Assets
where PVFNCgr = NC%gg  PVFS
and PVENC; = NC%g; x PVFS = 1.5% x PVFS
We will use the above relationships to solve for NC%gg:
PVFB = PVFNCg + PVFNCg + Assets
2,609,000 = (NC%g)(8,400,000) + (.015)(8,400,000) + 690,000
1,793,000 = NC%gg * 8,400,000
NC%pg = 21.3452%
NCgr = (.213452)(1,200,000) = 256,142

Answer is C.
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Problem 2 - 49

Key Concept: The normal form of payment has been amended from a life annuity or actuarial
equivalent for all participants to a life annuity for single participants and a fully
subsidized joint and 100% survivor annuity for married participants. The increase
in the Normal Cost will be equal to an amortization of the increase in the Present
Value of Future Benefits attributable to the normal form change.

Step I: Determine the PVFB under the plan amendment.

Note that it is assumed that 20% of the participants are single and 80% of the participants are
martied.

It is given that PVFB 5 = 2,000,000,
Determine PVFB,q:
PVFB, g = PVFB, g ¥ (124(25/12402)
= (2,000,000) x (126.9/104.83)
=2,421,063
Determine the total PVFB:
PVFB = (2}PVFB, ) + (8} PVFByes)
= ((2)(2,000,000) + (.8)(2,421,063)
= 2,336,850
Step II: Determine the increase in the PVFB,
PVFBcrease = 2,336,850 - 2,000,000 = 336,850
Step II: Determine the Normal Cost increase.
NCcrease = PVFBcrpase / (PVES/Salary)
= 336,850/(27,000,000/1,600,000)
=19,961

Answer is B.
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Chapter 3

Individual Aggregate Cost Method

3.1 Normal Cost

Suppose that a plan is installed with two participants, ages 25 and 60 on the effective date.
Each participant has a projected benefit of $1,000 per month which is to be provided by an
insurance annuity purchased at retirement age of 65. The plan assets increase at exactly the same
rate as the assumed rate of 6% and annuities are purchased at the same rate as our assumed annuity
rate ($120 per $1 of monthly income). The actuary did not know any better and used the Aggregate
Method. What is the Normal Cost?

The first valuation would be as follows:

Present value of benefits $101,338
Present value of future years = 20.42
Normal cost per participant $4,963
Number of participants x 2
Plan normal cost $9,926

Extending the process until the normal retirement date of the older participant, we find that there
is only $59,311 in plan assets for which to purchase an annuity which costs $120,000. This could
be a real problem!

The above is meant to illustrate that the Aggregate Method is not a suitable method for use
in a small plan where there is a wide disparity of ages and salaries, particularly when the first to
retire has significantly greater benefits. Its advantage lies in its simplicity since gains and losses
are automatically spread over the remaining working years of the participants.
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To offset the glaring disadvantage of the use of the Aggregate Cost Method in small plans
while retaining its simplicity, the Individual Aggregate Cost Method was developed. Under this
method, plan Assets are allocated to individual participants on the basis of the present value of past
normal costs. These amounts are subtracted from each participant’s present value of benefits, with
the difference to be paid by level payments over the remaining years of each. Thus, the Normal
Cost as of the beginning of the year for each Participant is:

NC(x) = (PVEB - share of assets) + dgzm
The Normal Cost of the Plan is the sum of the normal costs of the participants.

For example, suppose the Flea Flicker Pension Plan were to be valued by this method, the
following would be the result:

Homer Jake
Current Age 45 52
Value of Benefits at NRD $93,600 $36,000
Present Value of Benefits 29,185 16,878
Temporary Annuity Factor 12.16 9.38
Normal Cost 2,400 1,799

Total Normal Cost (Homer + Jake) = 2,400 + 1,799 =4,199

On the next valuation date, the Plan Assets would be allocated to Homer and Jake on the
basis of the Present Value of the Accumulated Normal Cost deposits, which would be 2,400 x 1.06
for Homer and 1,799 x 1.06 for Jake. Ifthere were plan assets of $5,000, the following would be
the result:

Homer Jake
Current Age 46 53
Value of Benefits at NRD $93,600 $36,000
Present Value of Benefits 30,936 17,891
Allocation basis 2,544 1,907
Plan Assets 2,858 2,142
PV of Future Normal Costs 28,078 15,749
Temporary Annuity Factor 11.83 8.89
Normal Cost 2,373 1,772

Total Normal Cost (Homer + Jake) =2,373 + 1,772 = 4,145

188



In the case of a takeover or if a change in funding method is made, the Present Value of
Accumulated Normal Cost Deposits is generally not readily known. In this situation, it is .
permissible to allocate assets on the basis of the Present Value of Accrued Benefits, or on the Entry
Age Normal Accrued Liability, or a different measure of the Accrued Liability in order to get the
method started.

In subsequent years, the assets are allocated based on the prior year asset allocation plus
prior Normal Cost. This amount can be thought of as the expected asset value for each participant.

If there are inactive participants (for example, vested terminees), they are allocated assets

equal to the present value of their future benefits, and the remaining assets are allocated to the active
participants in the manner described above.
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3.2 Characteristics of the Individual Aggregate Cost Method

L. It is simple to administer since actuarial gains or losses need not be calculated and amortized
separately. Any deviations from the expected values are automatically spread over the
remaining working careers of participants.

2. It is reasonably certain that funds to provide retirement benefits will be present at normal
retirement date. Neither will there be any great excess over the amount needed.

3. It is useful in small plans, particularly where there is a wide diversity in ages and salaries.

4, Accrued Liability is not defined in this method but is assumed to be equal to the actuarial
value of plan assets. :
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3.3 Problems

Problem3-1

Refer to the illustrationat the start of this section and compute the normal cost for the first two plan
years using the Individual Aggregate Method. Actuarial value of plan assets at the second valuation
date 1s $20,000

Problem 3 -2
Data: Assumed interest rate: 7%
Assumed retirement age: 65

No mortality nor withdrawals are assumed.

There were 3 participants as of the 1/1/85 valuation date. Data from that valuation is:

Jackson Johnson Jameson
Age | 35 55 47
Present Value of Benefits  $ 9,931 $115,294 $55,918
Allocation Basis 3,144 51,903 9,544
Normal Cost 511 8,435 4,309

On 12/31/85, Jameson terminated employment with a vested accrued benefit of $125, which
has a present value of $4,700. There were no changes in salaries since 1/1/85.

Actuarial Value of Plan Assets on 1/1/86: $64,000

Compute the plan Normal Cost as of 1/1/86.

Problem 3 -3

Yo, as consultant and actuary, have taken over a plan and decide to use the Individual Aggregate
Method. The plan has the following specifications:

Retirement Benefit: 50% of compensation.

Normal Retirement Age 65
Accrued benefit is determined by the fractional method on the basis of service.
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Census data for the three participants are as follows:

A B C
Age 35 47 62
Years of Service 5 12 20

Compensation $18,000 $36,000 $60,000

Actuarial Value of Plan Assets on vahiation date: $280,000
Assumed interest rate: 6%

402 =105

Determine the normal cost of the plan.

Problem 3 -4

A plan has two participants with census data as shown below. The retirement benefit is 50% of final
year salary.

Smith Brown
Age 48 52
Monthly Salary $2,400 $3,000
Allocated Assets 9.000 21,000
2 =10 Salary Scale is 4% Retirement Age - 65
There are no death benefits.
Agex D, N, *D, *N,
48 4,497 58,300 29,547 604,414
52 3,421 41,980 26,294 491,150

65 1,280 12,148 16,384 209,526
Using commutation functions as shown above:

(1) Determine the normal cost assuming a level dollar amount of payment, and
(2) Determine the normal cost assuming a level percentage of salary. :
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Problem3 -5

Valuation date: 1/1/86

Retirement benefit: 40% of average compensation of the five years preceding retirement.
Normal retirement date: 65

There were two participants on 1/1/85 and 1/1/86. Both received salary increases as of 1/1/86.

Census data as of 1/1/86 is as follows:

Brown Green
Current Age 50 55
1986 compensation $16,500 $25,000
Allocated Plan Assets 6,735 19,265

The 1/1/85 valuation report showed plan normal cost of $5,398 and actuarial value of plan assets
of $17,500. The contribution of $5,398 was made on 1/1/85.

If the Normal Cost is computed on the basis of a level percentage of compensation, determine the
amount of increase of Normal Cost in 1986 over 1985 that is attributable to actual salary increases
over those assumed.

Assumptions: Retirement age: 65 42 =9
Interest: 7% D¢s/Ds, = 362446
Salary increases: 3% Dgs/Dss = 508349

(SNSQ = SNﬁs)/sDjo = 1 1.647 (stj - SNGS) / SDSS = 8.476

Problem 3 -6
Effective Date: 1/1/85

Retirement Benefit: 50% of final year's salary.
Retirement age: 60
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Employee data as of 1/1/85

Hurdy Gurdy
Current Age 42 50

Normal Cost  $4,579 $22,367

Total Normal Cost of $26,946 was contributed on 1/1/85. Actuarial Value of Plan Assets on 1/1/86
was $25,000.

There were no salary changes on 1/1/86; however, a new employee became eligible. His normal
cost, based on a level payment from 1/1/86 to his retirement date, was $2,678. Determine the
Normal Cost for 1986 as of 1/1/86.

Assumptions:
Interest: 6%
Retirement age: 60
No pre-retirement deaths or terminations.
Problem 3 - 7
Actuarial cost method: Individual Aggregate, with assets allocated to each active participant
in proportion to the sum, as of the prior valuation date, of normal
cost and allocated assets.
Actuarial assumptions:
Interest: 6%
Pre-retirement deaths and terminations: None.

Retirement age: 65

Selected valuation results as of 1/1/84:

Normal Cost Allocated
asof 1/1 Assets
Smith $1,705 $30,000
Brown 858 4,000
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Participant data as of 1/1/85:

Projected
Age Monthly Benefit
Smith 55 $700
Brown 40 600
Green (new entrant) 55 200

Actuarial value of assets as of 1/1/85: $40,000
a2 =10
In what range is the total normal cost as of 1/1/857

(A)  Less than $4,100

(B)  $4,100 but less than $4,150
(C)  $4,150 but less than $4,200
(D)  $4,200 but less than $4,250
(E)  $4,250 or more.

Problem 3 - 8

Plan effective date: 1/1/83
Normal retirement benefit: $10 per month for each year of service.
Pre-retirement death benefit: none

Actuarial cost method: Individual aggregate method. Assets are allocated to individuals in
proportion to their respective accrued hiabilities under the individual
level premium method.

Assumed interest rate: 7%
Assumed retirement age: 65

It is assumed there are no deaths or other terminations of employment prior to age 65.

Participant data and valuation results at 1/1/83

Smith Brown Green
Current Age 29 49 59
Normal Cost as of 1/1/83 $301 - $1.609 $6,271
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Green died on 12/1/83 and there are no new entrants on 1/1/ 84.
Actuarial value of assets as of 1/1/84: $10,000

In what range is the normal cost for 1984 as of 1/1/84?

(A)  Less than $1,100

(B)  $1,100 but less than $1,300
(C)  $1.300 but less than $1,500
(D)  $1,500 but less than $1,700
(E) $1,700 or more.

Problem 3-9

Actuarial cost method: Individual aggregate. Assets are allocated to each active participant
In proportion to the sum, as of the prior valuation date, of normal
cost and allocated assets.

Actuarial assumptions: Interest: 6%.

Pre-retirement deaths and terminations: None.
Retirement age: 65.

Valuation results as of 1/1/85;

Normal Cost Allocated

as of 1/1 Assets
Smith $2,000 $10,000
Brown 1,000 3,000
Green 1.000 2.000
Total $ 4,000 $ 15,000

During 1985 Green terminated with no vested benefit.

Participant data as of 1/1/86:
Projected
Age Monthly Benefit
Smith 50 $800
Brown 45 $600
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Actuarial value of assets as of 1/1/86: $22,000,
5(613) =10
In what range is Smith's normal cost for 1986 as of 1/1/86?

(A)  Less than $1,800

(B)  $1,800 but less than $2,000
(C)  $2,000 but less than $2,200
(D)  $2.200 but less than $2,400
(E) $2,400 or more

Problem 3 - 10

Normal retirement benefit:  $600 per month.

Actuarial cost method: Individual aggregate. Assets are allocated to each active participant
in proportion to the sum, as of the prior valuation date, of the
participant's normal cost and allocated assets.

Actuarial assumptions:
Interest: 8%
Preretirement deaths and terminations: None,

Retirement age: 65

Selected valuation results as of 1/1/86:

Normal Cost
Age asof 1/1 Allocated Assets
Smith 40 $510 $2,705
Brown 50 274 16,000

Actuarial value of assets as of 1/1/87: $20,000.
There were no deaths, terminations, retirements or new entrants during 1986.
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In what range is the normal cost for 1987 as of 1/1/87?

(A)  Less than $800

(B)  $800 but less than $830
(C)  $830 but less than $860
(D)  $860 but less than $890
(E)  $890 or more

Problem 3 - 11

Plan effective date: 1/1/83
Normal retirement benefit: $10 per month for each year of service.

Actuarial cost method:
Before 1988: Aggregate.
After 1987:  Individual aggregate with assets allocated in proportion to the present value
of accrued benefits as of 1/1/88.
Actuarial assumptions:
Interest: 6%
Pre-retirement deaths and terminations: None.

Retirement age: 65

Actuarial value of assets as of 1/1/88: $10,000

Participant data as of 1/1/88:
Smith Brown
Date of birth 1/1/38 1/1/28
Date of hire 1/1/83 1/1/73
402 = 10
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In what range is Smith's normal cost for 1988 as of 1/1/887

(A)  Less than $300

(B)  $300 but less than $500
(C)  $500 but less than $700
(D)  $700 but less than $900
(E)  $900 or more

Problem 3 - 12

Plan effective date: 1/1/89
Actuarial cost method: Individual aggregate with side fund.

Actuarial assumptions:
Interest rate: 6%
Compensation increases: None.
Pre-retirement deaths and terminations: None.

Retirement age: 65

Pre-retirement death benefit: 100 times the monthly projected retirement benefit; provided by a
whole life insurance policy.

Data and valuation results for only participants as of 1/1/90:

Smith Brown
Age 60 57
Monthly projected retirement benefit $500 $200
Present value of retirement benefits 41,900 14,072
Allocated assets - 7,500 0
Annual premium as of 1/1 ' 3,000 1,000
Cash value at age 65 per $1,000 of insurance 200 250
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In what range is the normal cost plus premiums for 1990 as of 1/1/90?

(A)
(B)
(€
D)
®

Less than $11,000
$11,000 but less than $11,600
$11,600 but less than $12,200
$12,200 but less than $12,800
$12,800 or more

Problem 3 -13

Plan effective date: 1/1/91
Normal retirement benefit: 2% of final year's compensation for each year of service.

Actuarial assumptions:

Interest rate: 8% per year.
Compensation increases: None.

Preretirement deaths and terminations: None.

Retirement age: 65

Data for all partiéipants:
Smith
Date of birth 1/1/31
Date of hire 1/1/66
1991 compensation $90,000
Status as of 1/1/91 Active
442 =9.345

Brown

1/1/61
1/1/91
$12,000
Active

In what range is the excess (shortfall) of the normal cost for 1991 as of 1/1/91 determined under the
level dollar aggregate method over that determined under the level dollar individual aggregate

method?

(A)
(B)
(©)
(D)
(E)

Less than $(50,000)

$(50,000) but less than $(25,000)

$(25,000) but less than $0
$0 but less than $25,000
$25,000 or more -
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Problem 3 -14

Valuation date: 12/31/92,
Normal retirement benefit: 50% of final year's compensation.
Actuanal cost method: Individual aggregate.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 3% per year.
Preretirement deaths and terminations: None,

Retirement age: 65

Valuation data for participant Smith:

Date of birth 1/1/40
1992 compensation $50,000
Allocated assets as of 12/31/92 10,000
i129=8.74

In what range is Smith's normal cost for 1992 as of 12/31/927

(A)  Lessthan $12,500

(B)  $12,500 but less than $13,000
(C)  $13,000 but less than $13,500
(D)  $13,500 but less than $14,000
(E)  $14,000 or more

Problem 3 - 15

Plan effective date: 1/1/94

Normal retirement benefit: $900 per month.

Early retirement eligibility: Age 60.

Early retirement benefit: Normal retirement benefit minus $50 per month for each year by
which the benefit commencement date precedes the normal

retirement date.

Actuarial cost method: Individual aggregate.
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Actuarial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probability of retirement (retirements are assumed to occur at beginning of year):

Agex
63 33.33%
64 66.67%
65 100.00%

Valuation data for sole participant:

Date of birth 1/1/49
Date of hire 1/1/94

Selected annuity values:

P =896 449 = 8.74 a4y =8.51
In what range is the normal cost for 1994 as of 1/1/94?

(A)  Less than $2,200

(B)  $2,200 but less than $2,300

(©)  $2,300 but less than $2,400

D)  $2,400 but less than $2,500
(E)  $2,500 or more

Problem 3 - 16
Lump sum death benefit: $100,000, payable at end of year of death.
Actuarial cost method for all benefits: Individual aggregate.
Actuarial assumptions:
Interest rate: 7% per year.
Probability of mortality at each age from 50 through 64: .005

Preretirement terminations other than deaths: None,
Retirement age: 65.
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Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/45
Projected monthly retirement benefit $5,000

Value of assets as of 1/1/95: $71,500.
Selected annuity value:
44D =8.74
In what range is the normal cost for 1995 as of 1/1/95?
(A}  Lessthan $11,500
(B)  $11,500 but less than $11,550
(C)  $11,550 but less than $11,600
(D)  $11,600 but less than $11,650
(E)  $11,650 or more
Problem 3 - 17
Normal retirement benefit:  60% of final year's compensation.
Actuarial cost method: Individual aggregate.
Actuarial assumptions:
Interest rate: 7% pet year.
Compensation increases: 3% per vear.
Preretirement deaths and terminations: None.

Retirement age: 65.

Valuation data for participant Smith (active as of 1/1/95):

Date of birth 1/1/40
1994 compensation $50,000
Allocated assets as of 1/1/95 18,000

Selected annuity value:
P =8.74
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In what range is the normal cost attributable to Smith for 1995 as of 1/1/95?

(A)  Less than $35,000

(B)  $35,000 but less than $36,500
(C)  $36,500 but less than $38,000
(D)  $38,000 but less than $39,500
(E)  $39,500 or more

Problem 3 - 18
Benefit: $20 per month for each year of service.
Actuarial cost method:

Before 1996: Aggregate.

After 1995:  Individual aggregate with assets allocated in proportion to the entry age
normal accrued liability.,

Actuarial assumptions:
Interest rate: 7% per year.
Pre-retirement decrements: None,
Retirement age: 65.

Value of assets as of 1/1/96: $20,000.

Valuation data for all participants (both active as of 1/1/96):

Smith Brown
Date of birth 1/1/56 1/1/41
Date of hire 1/1/91 1/1/81
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Selected annuity value:
49 =10
In what range is the normal cost for 1996 for Brown as of 1/1/967
(A)  Lessthan 31,500
(B)  $1,500 but less than $1,700
(C)  $1,700 but less than $1,900

(D)  $1,900 but less than $2,100
E) $2,100 or more

Problem 3 - 19

Normal retirement benefit:  50% of final 3-year average compensation.

Actuarial cost method: Individual aggregate (level percentage of compensation).
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 4% per year.
Preretirement decrements:  None,
Retirement age: 65.

Valuation data for participant Smith (active as of 1/1/97):

Date of birth 1/1/55
1997 valuation compensation $20,800
Allocated value of assets as of 1/1/97 6,000

Selected annuity value:

# =8.74

205



In what range is the normal cost attributable to Smith for 1997 as of 1/1/97?

(A)
(B)
©
(D)
(E)

Less than $2,030

$2,030 but less than $2,130
$2,130 but less than $2,230
$2,230 but less than $2,330
$2,330 or more

Problem 3 - 20

Actuarial cost method:

Individual aggregate (level dollar). Assets are allocated first to

inactive participants; the remaining assets are allocated to each active
participant in proportion to the sum of the prior year’s normal cost
and allocated assets.

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement decrements:  None.
Retirement age: 65.

Valuation data for all participants and selected valuation results:

Date of birth

Normal cost as of 1/1/96
Allocated value of assets as of 1/1/96
Present value of future benefits

as of 1/1/97

Status as of 1/1/97

Value of assets as of 1/1/97: $115,000.

Smith
1/1/62

$ 12,000
35,000

212,000
Active
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1/1/57
$ 7,500
41,000

136,000
Active

Green

1/1/60
$ 6,800
27,000

11,000
Terminated 12/31/96



In what range is the normal cost for 1997 as of 1/1/97?

(A)
(B)
©
(D)
(E)

Less than $16,000
$16,000 but less than $17,000
$17.000 but less than $18,000
$18,000 but less than $19,000
$19,000 or more
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3.4 Solutions to Problems

Problem 3-1

Key Concept: Assets are allocated on second valuation date on basis of first year's normal cost
plus interest at assumed rate.

First Valuation:
A B Total
(1) Age (aa) 25 60
(2) Pension $1,000 $1,000
(3) Values at NRD (2) x 120 120,000 120,000
(4) Present Value of Benefits (3) x yt@-) 11,667 89,671
(5) Normal Cost (4) + 8 75 731 20,083 $20,814
Second Valuation
(1) Age 26 6l
(2) Pension $1,000 $1,000
{3) Present Value of Benefits 12,367 95,051
(4} Allocation Basis (prior NC x 1.06) 775 21,288 22,063
(5) Allocated Assets {(4) x 20,000)/22,063 703 19,297 20,000
(6) PV Future Normal Costs (3} - (5) 11,664 75,754
(7) Normal Cost (6) + & 7z 736 20,624 21,360

The answer is $20,814 and $21,360.

Problem 3 - 2

Key concepts: (1) If benefits remain unchanged from the preceding valuation date, the present
value of benefits will increase by (1 -+ §).

(2) Beforeallocatingassets under the Individual Aggregate Cost Method, iabilities
for inactive participants (retirees, terminees, etc.) must be subtracted.
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Assets to be allocated = Total Assets less Jameson's Benefit
= 64,000 - 4,700 = 59,300

As of 1/1/86:
Jackson Johnson
(1) Present Value of Benefits $10,626 $123,365
1.07 x prior year Present Value
(2) Allocation Basis 3,911 64,562
Prior year atlocation basis + NC
(3) Allocated assets 3,387 55,913
(4) PV of Future Normal Costs (1) - (3) 7,239 67,452
(5) & 5= 13.14 6.97
(6) Normal Cost (4) + (5) 551 9,677

(7) Total Normal Cost 551 + 9,677 = 10,228

Problem 3-3

Key Concept: On a takeover, using the Individual Aggregate Method, the value of past Normal
Cost deposits is generally not known. In that case, assets are allocated in the year
of the takeover on the basis of Present Value of Accrued Benefits. In ensuing years,
normal costs and interest are added to the allocated assets in the usual manner.

Determination of Present Value of Accrued Benefits:

A B <
(1) Current Age (aa) 35 47 62
(2) Completed years of service 5 12 20
(3) Total service to NRD 35 30 23
{(4) Projected Annual Pension $9,000 $18,000 $30,000
{(5) Accrued Benefit (4) x (2)/(3) 1,286 7,200 26,087
(6) Value of Accrued Benefit at NRD 10.5 x (5) 13,503 75,600 273,914
(7) Present Value of Accrued Benefits 2,351 26,486 229,983

(6) x -
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Determination of Normal Cost

(8) Present Value of Benefits 16,453 66,215 264,480
(4) x 10.50 x y-s)

(9) Allocated Assets ((7) x 280,000)/258,820 2,543 28,654 248,803

(10) Present Value future Normal Cost (8) - (9) 13,910 37,561 15,677

(11) Normal Cost (10) /& z=m 953 3,273 5,533

Plan Normal Cost =953 + 3,273 + 5,533 = 9,759

Note: The total Present Value of Accrued Benefits is $258,820.

- Problem 3 -4

Key concepts: When using a salary scale, it is important to determine the number of assumed
salary increases that will occur from valuation date until retirement date. If salary
is based upon compensationused in the year of valuation (as in this problem), there
will be (n - 1) salary changes. Also, as there are no death benefits, the Present Value
of Future Benefits will be discounted for mortality.

Smith Brown

(1) Current Age (aa) 48 52
(2) Monthly Compensation $2,400 $3,000
(3) Projected Compensation (1.04)2-2-} x (2) 4,495 4,803
(4) Projected Pension 50% of (3) 2,248 2,402
(5) Values at NRD 10 x 12 x (4) 269,760 288,240
(6) Present Value of Benefits  (5) x (Dgs/D,) 76,783 107,848
(7) Allocated Assets 9,000 21,000
{8) PV of Future Normal Costs (6) - (7) 67,783 86,848
Calculation assuming a level dollar normal cost:

(9) Present Value Factor (N, - Ng)/D, 10.263 8.720
(10} Normal Cost &)+~ 6,605 9,960
(11) Plan Normal Cost = 6,605 + 9,960 = 16,565

Calculation assuming a level percent of salary:

(12) Present Value Factor  (°N, - *Nj;) /*D, . 13.365 10.711
(13) Normal Cost (8)+(12) 5,072 8,108

(14) Plan Normal Cost = 5,072 + 8,108 = 13,180
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Note: It should be noticed that the normal cost under the level percentage of compensation method
is smaller than that under the level dollar method. However, in later years the former will exceed
the latter which is a result which you probably expect.

Problem 3 -5

Key Concepts: The formula to determine the average compensation of the n years preceding
retirement is:

Salary x &5 +n  (where Salary is the final year's compensation).

Another method is to multiply the salary in the nth year preceding retirement
by &;/n. In the solution below, we shall use the former method.

In the problem, there are only two factors involved that can change the
normal cost. These are the changes in salaries and the change in plan assets.
The solution, then, involves the determination of (1) the total change in
normal cost and (2) the change attributable to the change of plan assets over
what is expected.

The expected value of actuarial plan assets 1s:

eAssets = [Assetsys + NCq;](1 +i)
= (17,500 + 5,398)(1.07) = 24,501

Determination of total change in Normal Cost:

Brown Green Total
(1) Current Age (aa) 30 - 55 '
(2) Current Year Salary $16,500 $25,000
(3) Projected Final Year Salary (2) x (1.03)y*=! 24958 32,619
(4) dq43 4,717 4,717
(5) Average Compensation (3)x(4)+5 23,546 30,773
(6) Projected Pension (5) x 40% 9,418 12,309
(7) Values at Retirement (6)x9 84,762 110,781
(8) Dys/D, : 362446 508349
(9) Present Value of Benefits (7) x (8) 30,722 56,315
(10) Plan Assets 6,735 19,265 26,000
(11) PV of Future Normal Cost  (9)- (10) 23,987 37,050
(12) Present Value Factor  (°N, - "N,)/*D, 11.647 8.476
(13) Normal Cost (1)~ (12) 2,060 4371 6,431

211



The total change in Normal Cost 6,431 - 5,398 = 1,033

Determination of change in Normal Cost due to change in plan assets over the amount expected (use
the expected value of plan assets rather then actual):

Brown Green Total
(14) Plan Assets allocated to (10) 6,347 18,154 24,501
(15) PV of Future Normal Costs  (9) - (14) 24,375 38,161
(16) Normal Cost 15)+(12) 2,093 4,502 6,595

The impact of the increase in plan assets over that expected

=6,595- 6,431 =164
Therefore, if the total change 1s $1,033 and the change in plan assets causes a reduction of $164 to
the normal cost, the change in salaries must increase the normal cost by 1,033 + 164, or §1,197.
Problem 3 -6

Key Concept: If benefits remain the same, the Present Value of Benefits will increase by (1+7) in
the following year.

Hurdy Gurdy
(1} Years to Retirement at 1/1/85 18 10
(2) Normal Cost on 1/1/85 $4,579 $22,367
(3) Present Value of Benefits (1/1/85) 52,554 174,500
(4) Present Value of Benefits (1/1/86) 3)x 1.06 55,707 184,970
(5) Asset Allocation Basis (2) x 1.06 4,854 23,709
(6) Allocated Assets $25,000 allocated using (5) 4,249 20,751
{(7) Pres. Value of Future Normal Cost (4) - (6) 51,458 164,219
(8) Normal Cost (N4 5= 4,633 22,777

‘Since the new participant is not allocated any assets, his normal cost will be 2,678.

Plan Normal Cost = 4,633 + 22,777 + 2,678 = 30,088
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Problem 3 -7

The first step is to allocate the 1/1/85 Assets:

(1) 2 (3) 4)
Assets Normal Allocation Actual
1/1/84 Cost 1/1/84 Base Assets (1/1/85)
Smith 30,000 1,705 | 31,705 34,686
Brown 4,000 858 4,858 5,314

Note: BG)=(H+2)
(4) =(3) x [40,000 + ¥, (3)]

Next, calculate the normal cost for each participant:

Smith Brown Green
Years to Retirement ra-aa 10 25 10
Benefit 700 600 200
PV of Benefit (1) x 12 x §(Dx ym-aa 46,906 16,776 13,402
Asset Allocation 34,686 5,314 0
PV of Future Normal Cost 12,220 11,462 13,402
4 g 7.8017 13.5504 7.8017
Normal Cost 1,566 : 846 1,718

Total Normal Cost= 1,566 + 846 + 1,718 = 4,130

Answer is B.

Problem 3 - 8

Key Concept: The method of allocating assets as stated in the actuarial cost method of the problem
is a hittle different than the usual approach of allocating based upon prior assets plus
normal costs. However, the results as of 1/1/84 will be the same under either
approach because the plan was effective on 1/1/83 and there were no assets on that
date. Also note, in the first year of the plan (1/1/83 valuation results), the results
under Individual Aggregate are identical to Individual Level Premium.

To perform the 1/1/84 valuation, we need to determine the present value of future benefits and
allocate assets to each participant. These amounts for Green are both zero.
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For Smith and Brown:

PVFB,, =PVFB,; x 1.07
PVFB;; =PVFNC,; (assets=0)
PVFNCs:; = NC33 b3 -am

Smith Brown
(1) Years to Retirement on 1/1/83 36 16
(2) Normal Cost on 1/1/83 301 1,609
(3) PVFB,, (2) % dg—m 4,198 16,264
{4) PVFB,, (3) x 1.07 4,492 17,402
(5) Asset Allocation Basts (2) x 1.07 322 1,722
(6) Allocated Assets (Allocate on basis of (5)) 1,575 8,425
(7) PV Future Normal Costs (4) - (6) 2,917 8,977
{8) Normal Cost 1/1/84 (7 /8 gy 211 921

Normal Cost=211 +921=1,132

Answeris B.

Note: The individual normal costs decreased significantly due to the reallocation of Green's assets
to the surviving participants.
Problem 3 - 9
Considering Smith alone:
Years to retirement: 15
Monthly Benefit:  $800
Value at NRD: 800 x 12 x &2 = 96,000
Present Value of Benefits: 96,000 x v'*> = 40,057
Basis of Asset allocation: 75% (From prior year valuation, Normal Cost plus

allocated assets was $12,000 of the total $16,000 for
Smith and Brown)
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Normal Cost (Smith} = (9,272 - 3,299) + dm = (9,272 - 3,299) + 11.3711 =525
Normat Cost (Brown) = (20,016 - 16,701) + 4 = (20,016 - 16,701) + 8.9038 =372
Total Normal Cost =525 + 372 = 897

Answer is E.

Problem 3 -11

Key Concept: This problem calls for determining the present value of Smith's projected benefit,
allocating assets based upon the present value of the accrued benefit, subtracting the
allocated assets from the present value of future benefits, then computing the normal
cost over Smith's remaining years.

As of 1/1/88: Smith Brown
Attained Age 50 60
Entry Age 45 45
Past years of service 5 15
Future years of service 15 5
Total years of service 20 20
Projected benefit $200 -$200
Accrued Benefit (200)(5/20) =50 (200)(15/20) = 150

PV of Accrued Benefit  (50)(120)(1.06)1°=2,504  (150)(120)(1.06)° = 13,451
Asset Allocation (Smith) = 2,504 /(2,504 + 13,451) x 10,000 = 1,569
PVFB (Smith) = (Benefit)(120)(1.06)"°
= (200)(120)(.4173) = 10,015
PVENC = 10,015 - 1,569 = 8,446

NC (Smith) = 8,446/4irg
= (8,446)/10.2950 = 820

Answer is D.
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Assets allocated: 75% of assets = .75 x 22,000 = 16,500
Present Value of Future Normal Costs: PVFB - Assets = 40,057 - 16,500 = 23,557
Normal Cost:  23,557/d = 23,557+ 10.295 =2,288

Answer is D.

Problem 3 - 10
Key Concept: The Present Value of Future Benefits is not provided. Therefore, it must be
calculated from the 1/1/86 valuation for each participant. Since there were no

changes in salary, participant data, etc., the Present value of Future Benefits at
1/1/87 will equal the Present Value of Future Benefits at 1/1/86 multiplied by (1 +

1).
Step I: Determine the Present Value of Future Benefits at 1/1/86.
For Smith
PVFB = (45 }(510) + 2,705
={11.5288)(510) + 2,705 = 8,585
For Brown
PVFB= (4)(274) + 16,000
= (9.2442)(274) + 16,000 = 18,533
Step II: Determine Normal Cost at 1/1/87.
For Smith: PVFBg, = 8,585 x 1.08 =9,272

For Brown: PVFBg, = 18,533 x 1.08 =20,016

Asset Allocation:
Asset Allocation Basis Allocation
Smith 510+2,705 = 3,215 3,299
Brown 274 +16,000=16,274 16.701
- Total 19,489 20,000
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Problem 3 - 12

Key Concept: The cash value at retirement of the life insurance policy must be subtracted from the
value of the benefit at retirement in order to determine the normal cost for the side
fund. Alternatively, the present value of the cash value at retirement can be
subtracted from the present value of future benefits.

Step I: Calculate side fund Normal Cost for Smith.

Face Amount of Insurance = 100 x Monthly retirement benefit
= 100 x 500 = 50,000

Cash Value at 65 = 50 x 200 (per thousand of face amount) = 10,000
Present Value of Cash Value = 10,000 x v* = 7,473

Normal Cost = (PVFB - CV - Assets) + &y
= {41,900 - 7,473 - 7,500) + 45 = 6,031

Step II: Calcuiate side fund Normal Cost for Brown.

Face Amount of Insurance = 100 x Monthly retirement benefit
=100 = 200 = 20,000

Cash Value at 65 = 20 % 250 (per thousand of face amount) = 5,000
Present Value of Cash Value = 5,000 x v*=3,137

Normal Cost = (PVFB - CV - Assets) + &g
=(14,072-3,137 - 0) + &5 = 1,661

Step III: Calculate Total Normal Cost.

Total Premiums = 3,000 + 1,000 = 4,000
Normal Cost =6,031 + 1,661 +4,000=11,692

Answeris C.

217



Problem 3-13

Calculate the Present Value of Future Benefits:

Smith: 54,000 x v x 457 = 343,441

Brown: 8,400 x v* x 40” = 5,306

Calculate the Normal Cost under the Aggregate Cost Method:

3 PVFB
NC, = PVE x number of participants

¢ 3. TemporaryAnnuity

_ 343441+ 5306 L o 40,

4.312 + 12.587

Calculate Normal Cost under the Individual Aggregate Cost Method:
NCpoy agy = PVFB/ig
NCgim = 343,441/4.312 = 79,648
NCpon= 5,306/12.587 = 422
Total Normal Cost = 79,648 + 422 = 80,070
aNC =41,274 - 80,070 = (38,796)

Answer is B.
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Problem 3 - 14
Key Concept: In a last day valuation, there is a normal cost to be made the day before retirement
age is attained (unlike a first day valuation in which the final normal cost is

contributed one year before retirement). As a result, there will be a total of 13 future
normal costs for Smith even though Smith will attain retirement in 12 years.

Step I: Calculate Final Salary.
Final Salary = (50,000)(1.03)"* = 71,288
Step II: Calculate the Present Value of Future Beneﬁts.
PVFB = (71,288)(.5)(8¢? )(v'?) = 138,322
Step III: Calculate the Normal Cost.
NC =(PVFB - Assets)/dry; (wherej=1.07/1.03-1)
= (138,322 - 10,000)/10.448813 = 12,281

Answer is A.

Problem 3 - 15

Step I: Calculate the Present Value of Future Benefits for each retirement age.
For RA = 63, Retirement Benefit = 900 - (50)(2 vears of service) = 800
For RA = 64, Retirement Benefit = 900 - 50 = 850
For RA = 65, Retirement Benefit = 900

For RA = 63, PVFB;= (Benefit)(1244#)(v'?)
= (800)(12)(8.96)(.29586) = 25,449

For RA = 64, PVFBg,= (Benefit)(12447 }(v'%)
= (850)(12)(8.74)( 27651) = 24,650

For RA =65, PVFB= (Benefit)(124{2)(+**)
= (900)(12)(8.51)(25842) = 23,751
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Step II: Calculate the total Present Value of Future Benefits. The total Present Value of Future
Benefits is equal to the sum of the individual Present Value of Future Benefits at each retirement
age, each multiplied by the probability of retirement at that age.

PVFB = (PVFBq;)(g) + (PVFB)(@) (g + (PVFB)(mD@HN(gD
= (25.449)(1/3) + (24,650)(2/3)(2/3) + (23,751)(2/3)(1/3)(1)
=24,717

StepIIl: Calculate the Normal Cost. The temporary annuity used to calculate the Normal Cost 1s
equal to the sum of the individual temporary annuities at each retirement age, each multiplied by
the probability of retirement at that age.

Temporary Annuity = fig(gl) + apy (B ¢) + 8 RED PN (G)
= b (1/3) + iy (2/3)(2/3) + gy (2/3)(1/3)(1)
=3.58774 + 4.91515 + 2.51902 = 11.02191

NC = PVFB/(Temporary Annuity)
=24,717/11.02191 = 2,243

Answer is B.

Problem 3-15 (Alternative Solution):

The temporary annuity factor determined in Step III above could also be calculated as the present
value of future annual payments of $1, with each payment multiplied by the probability that the
participant is still active.
Temporary Annuity = g, +v'*(pf) + v @EDED + v @DEDED)
= iy + V'3(.6667) + v'° (.6667)(.3333) + v (.6667)(.3333)(0)
=10.7632 + .1973 + .0614 = 11.0219

NC = PVFB/(Temporary Annuity)
=24,717/11.0219 = 2,243

Answer is B.
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Problem 3 -16

Key Concept: The Present Value of Future Benefits is equal to the Present Value of the retirement
benefits plus the Present Value of the death benefits.

Step I: Calculate the Present Value of the Retirement Benefit:

PV of Retirement Benefit = (5,000)(1 248 (v*);L50)
= (5,000)(12)(8.74)(.3624)(.9276) = 176,283

Note that since g, = .005 at each age from 50 through 64,
D« = 995 at each age from 50 through 64.

Step II: Calculate the Present Value of the death benefit.
PV of death benefit = (100,000)/(g5)(¥) + (g0} + . - . + (10)450)("')]
= (100,000)[(.005)(v) + (.995)(.005)(+?) +. . .+ (.995)%(.005)(v'5)]
= (100,000)(.005)/(.995)[.995v + (995v)* + . . . + (.995w)"]
=502.51(ary)) where j = 1.07/.995 - 1 = (07538
= (502.51)(8.8063) = 4,425
Step III: Calculate the Normal Cost.
PVFNC = PVFB - Assets
PVEB - Assets = NC(1 + vpgy + Viopsy + . . . + v pg0)
176,283 + 4,425 - 71,500 = NC(1 + .995v + (.995v) +. . . + (.995v)")

(NC)(dry;) = 109,208
NC = 109,208/9.4701 = 11,532

Answer is B,

Problem 3 - 16 (additional infonhation)

The correct numerical solution is also obtained if the death benefit is funded using a one-year term
cost.

The Normal Cost associated with the death benefit would be
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NCDeath Benefit = IO0,000VQSO
= (100,000)(.9346)(.005) = 467

The Normal Cost associated with the retirement benefit would be

= (176,283 - 71,500)/9.4701 = 11,065

The total Normal Cost would be
NC=11,065+467=11,532

Note that while coincidentally this produces the same result as the previous solution, the
methodology is incorrect since the problem states that Individual Aggregate is the cost method for
all benefits.

Problem 3 - 17
Step I: Calculate the final Salary.

Salary = 90,000 x (1.03)'°= 120,952
Step II: Calculate the Present Value of Future Benefits.

PVFB = (120,952)(.6)(a2)(v'%)
= (120,952)(.6)(8.74)(.5083) = 322,401

Step III: Calculate the Normal Cost.

NC = (PVFB - Assets)/ im; where j = 1.07/1.03 - 1 = .038835
= (322,401 - 18,000)/8.475 = 35,918

Answer 1s B.

Problem 3 - 18

Key Concept: Since the Individual Aggregate funding method is to be used for the first time in
1996, a reasonable method of allocating assets must be used. The descriptionof the
funding method indicates that the method to be used in this problem is to allocate
the assets in proportion to Entry Age Normal Accrued Liability.
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Step I Calculate the Present Value of Future Benefits.
Projected Retirement Benefit = (20)(25 years of service) = 500.00
Value at Retirement = (500.00)(12)(4¢%) = 60,000
PVFB = (60,000)(+'%) = 30,501
Step II: Calculate the Entry Age Normal Accrued Liability for each participant.

Smith Accrued Liability = (20)(30 years of service)(12)}(&¢P)( 8n/ $m)
- =4,383

Brown Accrued Liability = (20)(25 years of service)(12)(@%2)( 3/ 8)
= 23,838

Total Accrued Liability = 4,383 + 23,838 = 28,221
Step II: Calculate the allocation of assets for Brown.

Asset Allocationg,., = (Total Assets)(EANALg, un /EANALy,.)
= (20,000)(23,838/28,221) = 16,894

Step IV: Calculate the Normal Cost for Brown.

Normal Costy,,, = (PVFB - Assets)/ dp,
= (30,501 - 16,894)/ 7.515232 = 1,811

Answer is C.

Problem 3 - 19
Step I: Calculate the Final Average Salary.

Final Average Salary = (20,800)((1.04)2 + (1.04)*' + (1.04)°)/3
=47 423

Note that since retirement is assumed to occur on 1/1/2020 (age 65), the final salary used will be
in the 1/1/2019 valuation, 22 years from now.

Step II: Calculate the Present Value of Future Benefits.
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PVFB = (47,423)(.5)(#!2 )(v*)
=(47,423)(.5)(8.74)(.2109)
=43,707
Step I1I: Calculate the Normal Cost.
NC = (PVFB - Assets)/asy; (where j = 1.07/1.04 - 1 =.028846)
= (43,707 - 6,000)/17.1227
=2,202

Answer is C.

Problem 3 - 20

StepI: Allocate Assets.

The funding method provides that assets are first allocated to inactive participants. Green has
terminated as of the 1/1/97 valuation date, with a Present Value of Future Benefits equal to $11,000.
The assets to be allocated to the active participants are:

Assets, crvs = 115,000 - 11,000 = 104,000.

The asset allocation is as follows:

Asset Allocation Basis Allocation
Smith 12,000 + 35,000 = 47,000 51,183
Brown 7,500 + 41,000 = 48,500 52 817
Total 95,500 104,000

Step II : Determine Normal Cost,

Normal Cost (Smith) = (212,000 - 51,183)/éy,
= (212,000 - 51,183)/13.2777
=12,112

Normal Cost (Brown) = (136,000 - 52,817)/4sg

= (136,000 - 52,817)/12.4693
= 6,671
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Total Normal Cost = 12,112 + 6,671
= 18,783

Answeris D,
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Chapter 4

Entry Age Normal Cost Method

4.1 Assuming Pre-retirement Interest Rates Only

Let us review the Unit Credit Method of funding. You will recall that we began by defining
the Accrued Liability as the Present Value of Accrued Benefits. From this definition, it was a
natural development to define the Normal Cost as that amount needed to fund that year's increase
in Accrued Liability. For example, using an interest assumption of 6% and 12442 = 120, we used
the definition to calculate the Accrued Liability of Homer as:

AL(Homer) = 19 years x 20 per month x 120 x v'=14,218
and the Normal Cost as:
NC(Homer) = 20 x 120 x v**= 748

One of the important characteristics of the Unit Credit Method is that the costs tend to
increase more rapidly than salary. In fact, even if benefits remain the same, the Normal Cost will
still increase from year to year. If a plan has a high rate of turnover and terminating employees are
replaced with younger employees, the annual contribution rate may tend to level off. However, as
the employee group begins to age, contributions will again begin their ascent. For this reason, the
Unit Credit Method is unsuitable for many plans.

1t is also for this reason that the Entry Age Normal Method came into being. Under this
method, we define the Normal Cost as a level dollar amount (or percentage) of cost beginning at
Entry Age and continuing until Normal Retirement Age. Hence by the very definition, if benefits
neither increase or decrease, the Normal Cost will neither increase or decrease. (Entry Age is
defined as the earliest age at which an employee would have become a participant had the plan
always been in existence. If a plan has no age or service eligibility requirement, Entry Age would
- be the Age at Hire.) Let us begin by stating the definition:
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Defipition: The Entry Age Normal Cost is the amount of level contribution such that the
Present Value of Future Normal Costs at Entry Age (ea) is exactly equal to the Present Value of
Future Benefits at Entry Age. Thus, for a particular employee, the Entry Age Normal Cost would

be:
NC = [B(ra) x 128{7x v*=] + f=py

For example, under this definition, the Present Value of Future Benefits at Entry Age for
Homer is:

= Monthly Benefit x 12402 x +*
=780 x 120 x .10306 = 9,646

And Homer's Normal Cost would be:

NC(Homer) = PV of Benefits + dx
= 9,646 + 15.846 = 609

And, of course, the Normal Cost for the Plan would be:
NC=Y (B(ra) x 12402 x y=*)+ g,

Later on, when we introduce a salary scale, pre-retirement mortality and other decrements
into our assumptions, the above definition will need be to altered somewhat. But, for the present,
let's go with what we have.

From the definition of Normal Cost, 1t is a natural development to then define Accrued
Liability as the Present Value of prior Normal Cost deposits. For example, Homer's Accrued
Liability at his attained age of 45 is:

AL(Homer) =NC X gz % (1 + )=
or, AL(Homer) =NC x §z

=609 x 35.786 = 21,794

This is the equivalent of subtracting the Present Value of Future Normal Costs from the
Present Value of Future Benefits, which we prefer to use for our formal definition.
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Definition: Accrued Liability is the Present Value of Future Benefits less the Present Value
of Future Normal Costs. Thus, for a particular employee, the Accrued Liability may be expressed

as:
AL = (B(ra) x 12499 x y==) - (NC X i)

Using this definition, we can compute Homer's Accrued Liability at his attained age of 45
to be: '

AL(Homer) = (780 x 120 x ) - (609 X &z )
= (93,600 x .3118) - (609 x 12.158)
=29,184 - 7,404 = 21,780

which compares to the $21,794 which we calculated first, the small difference being due to
rounding. Both definitions need to be remembered, but in practice, the second has more utility
value.

Notice that so long as the benefits remain the same, the Normal Cost will remain the same
throughout an employee's working career. If benefits increase as they normally are expected to do,
the normal cost will also increase but only in proportion to the increase in benefits.

Furthermore, the Accrued Liability increases each year by the Normal Cost plus interest.
Thus, the relationship between the Accrued Liability at time (7 + 1) and time 7 can be expressed as
follows:

AL, = (AL, +NC)(1 + 1)

As with the Unit Credit Method, gains or losses occur because results seldom follow the
assumptionsused. These gains and/or losses are amortized over future years and become a part of
the required contributions. To determine these gains or losses, we introduce the term Unfunded
Accrued Liability.

Definition: Unfunded Accrued Liability is the amount by which the Accrued Liability fbr
the Plan exceeds the actuarial value of Plan Assets.

UAL, = AL, - Assets,
Of course, the value of plan assets could exceed the Accrued Liability in which case there
would be a funding excess and the Unfunded Accrued Liability would be a negative number.

Nevertheless, we shall use the term Unfunded Accrued Liability to denote either situation of a
posttive or negative result.
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To determine the Actuarial Gain or Loss, we introduce the term of Expected Unfunded
Accrued Liability which, believe it or not, is the expected Unfunded at year (¢ + 1) when we know
the results at year #. The variables that must be consideredto determine the Expected Unfunded are:

UAL at year ¢ plus assumed interest;
Normal Cost for year ¢ plus assumed interest;
Contributions made plus interest assumed earned.

The formula for determining the Expected Unfunded Liability at year (# + 1) is:
eUAL,,, = (UAL, + NC)(1 + - (C,+ 1)

where C, is the contribution made;
and I is interest earned on the contribution at the expected interest rate.

Finally, the difference between the Expected and Actual Unfunded Accrued Liability at (¢
+ 1) is the Actuarial Gain or Loss.

Gain/Loss = (eUAL,,, - UAL,,))

An Actuarial Gain resuits if the answer is positive and an Actuarial Loss results if the answer
is negative.

4.2 Assuming Pre-retirement Interest and Decrements

In the above section, we defined the terms Normal Cost, Accrued Liability and other
functions using only an actuarial assumption of interest prior to retirement. If we consider mortality
and other withdrawals along with interest, the definitions hold but we need to use Commutation
Functions rather than only interest. Normal Cost for the Plan may be determined by the following
formula:

NC = 2 B(ra)(12802 YD /N, - N.))

where, for each participant, B(ra) represents the monthly benefit at retirement age, ra represents
Retirement Age, ea represents Entry Age, and D and N represent the usual commutation functions.
Notice that the Normal Cost depends only upon the ages of entry and retirement and not upon the
attained age.
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In a similar manner, we can develop the retrospective definition of Accrued Liability to be:
Al = E NC (N, - No) + D, (where aa represents attained age.)
Or, we can show that the prospective definition of Accfued Liability is:
AL = E B(ra)(12412 XD./D,,) - E NC(N,-N,)/ ]Z.)aa
The determination of Gain or Loss follows the same procedure as .that described in Section 4.1.
Let us try a sample problem.

Data: Effective Date of Plan; 1/1/83
Valuation Date: 1/1/85
Retirement Benefit: $500 per month,
Normal retirement age: 63
Census data for sole participant:

Date of Birth  1/1/35
Date of Hire 1/1/75

1/1/85 1/1/86
Actuarial Value of Assets $3,000 $4,850

Contribution of $1,528 was made on 1/1/85.
al» =9 i=6%

Selected Commutation Functions

Agex D, N,
40 _ 763 10,732
47 481 6,308
50 393 4,957
51 367 4,564
65 128 1,215
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Part A: Determine the Normal Cost and Accrued Liability by both Retrospective and Prospective
methods as of the valuation date.

Normal Cost at Entry age = [B(ra)](12& 2 }[D,, /(N,. - N)]
=(500 x 12 x 9) x [128 / (10,732 - 1,215)]
=54,000 x (128 +9,517) =726
Accrued Liability by the Retrospective Method:
AL = NCea X (Nea - Naa)maa
=726 % (10,732 - 4,957y + 393
=726 % (5,775+393) = 10,668
Accrued Liability by the Prospective Method:
AL =[B(ra)j(12&(? Dy, / Dy,) - NC[(N,y - N/ Dy

= (500 x 12 x 9)(128/393) - (726)(4,957 - 1,215)/393
=17,588 - 6,913 = 10.675 (Difference due to rounding.)

Part B: Determine (1) the Unfunded Accrued Liability as of 1/1/85 and 1/1/86 and (2) the Actuarial
Gain or Loss for 1985. '

UALSS = AL85 - ASSCtS&-,
= 10,668 - 3,000 = 7,668

To determine the Unfunded Accrued Liability as of 1/1/86, we must first compute the Accrued
Liability as of 1/1/86.

ALg =NC x (N, - N,.)yD,,
= (726)(10,732 - 4,564) +367 = 12,202
UALg = 12,202 - 4,850 =7,352
Expected UALy = (UALy, + NCg)(1 + i) - (Contribution + 1)
= (7,668 + 726)(1.06) - (1,528 + 92)

= (8,394)(1.06) - 1,620
= 8,898 - 1,620 = 7,278
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Gain(Loss) = eUALg - UAL,,
=7278-7,352=-74

Since the Actual Unfunded Liability is greater than the Expected Unfunded Liability, the $74
represents an Actuarial Loss.

4.3 Entry Age Normal with Salary Increases

One of the important characteristics of the Entry Age Normal Method is that it tends to
generate level normal costs for each employee from date of hire until date of retirement. However,
when we anticipate salary increases in our valuations, we change this concept somewhat by seeking
a normal cost that is a level percentage of salary rather than a level dollar amount. This percentage
of salary is calculated by dividing the present value of benefits at entry age by the present value of
future salaries, also computed at entry age, ea.

Normal Cost % = (PV Benefits at ea) + (PV Future Salaries at ea) = % of Salary

This formula would also hold when salary increases are not considered but, generally, its
use is cumbersome. o

Having the Normal Cost Percentage at Entry Age, it is a simple calculation to obtain the
dollar amount of Normal Cost on any valuation date by applying the percentage to the then current
salary. Another problem arises on the first valuation date, however, since the employee data
provides salary information for Attained Ages and we need to know salaries at Entry Ages. In this
case, each Entry Age salary can be calculated by discounting the Attained Age salary back to Entry
Age by the assumed salary increase percentage. _

Let us walk '_Lhrough an example.

Effective Date: 1/1/86
Valuation Date: 1/1/86

Retirement Benefit: 30% of final year salary.
Normal Retirement Age: 65
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Census Data for sole participant:

Years of 1985
Age Service Salary
Jack Sprat 48 8 $20,000
Actunarial Assumptions:

Plan Earnings 7%
Salary Increases 4%

d2=9.50
Step I: Determine salary at Entry Age.
Salary (ea) = 20,000 x (1.04)* = 14,614
Step II: Determine Projected Retirement Benefit.

Salary (ra) = 20,000 x (1.04)7 = 38,958
Benefit at NRD = 30% x 38,958 = 11,687

Step III: Determine Present Value of Future Benefits at Entry Age.

PVFB,, =Benefit x 412 x yoe
= 11,687 x 9.50 x (1.07) = 20,457

Step IV: Determine Present Value of Future Salaries at Entry Age.
Key Concept: Salaries are assumed to increase at 4% per year and then discounted at 7%
per year. This is equivalent to discounting at a rate equal to an interest only
assumption of:

J=[(1.07/1.04) - 1] = 2.8846%

PVFS,, = 14,614 x &gy,
= 14,614 x 18.148 = 265,215
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Step V: Determine Normal Cost percentage at Entry Age.

NC % = PVFB (Step IIT) divided by PVFS (Step IV)
=20,457 + 265,215 =7.71%

Step VI: Determine Normal Cost at Attained Age.

= Salary at attained age < Normal Cost %
= 20,000 x 7.71% = 1,542

Accrued Liability follows the same .pattern, defined as the Present Value of Future Benefits
less the Present Value of Future Normal Costs, both computed at attained age. To extend our
example to computation of Accrued Liability:

StepI: Compute Present Value of Future Benefits at attained age.

PVFB, =B, x &2 xym==
= 11,687 x 9.50 x (1.07)""" = 35,148

Step [I: Compute Present Value of Future Normal Costs.

PVFNC,, = Normal Cost (Attained age) X dz—;); wherej=2.8846%
= 1,542 x 13.6726 = 21,083

Step III: Compute Accrued Liability.
AL =35,148 - 21,083 = 14,065

When using Commutation Functions, the procedures are consistent with those described
above under the Entry Age Normal Cost Method:

PV of Future Benefits at attained age = Benefit x &2 x (D,, / D))

PV of Future Salaries at Entry Age = Salary(ea) x [("N,, - 'N,) / *D,,]
Normal Cost,, % = PVFB,, ~ PVFS,,
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4.4 Characteristics of Entry Age Normal Method

1. Contributions consist of Normal Cost plus amortization payment of initial Unfunded
Accrued Liability.
2. Normal Costs are fairly level as either dollar amounts or percentages of salaries.

3. It usually generates a higher Accrued Liability than any other method and, hence, has the
greatest range of acceptable contributions for the employer.

4. Gains or losses occur each year which must be identified and amortized.
5. Terminations and deaths greater than assumed decrements generate actuarial gains.
6. For salary related plans, actuarial gains or losses result when salaries change at a rate other

than the assumed rate.

7. Because amortization of the annual gain or loss is required, the method is not desirable for
most small plans where greater simplicity is desired.
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4.5 Problems

Problem 4 -1

Effective Date: 1/1/85

Valuation Date: 1/1/86

Retirement Benefit: 30% of final year's salary.
Normal Retirement Age: 60

Assumptions:
Interest: 7%
Pre-retirement Deaths or Terminations: None.
Salary Increases: None.

Actuarial Cost Method: Entry Age Normal.

Census data for plan participants:

Years of
Age Service  Salary
Jack 50 6 $30,000
Jill 35 2 20,000

al2=12.50
Determine entry age normal cost and accrued liability under both the retrospective and prospective
methods.
Problem 4 - 2
Assumptions:
Interest: 6.5%
Pre-retirement deaths or terminations: None,

Salary increases: None.

Actoarial Cost Method: Entry Age Normal.
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Selected Valuation Results:
1/1/85

Present Value of Future Benefits  $800,000

Actuarial Value of Plan Assets 200,000
Accrued Liability 450,000
Normal Cost 50,000
Contribution paid on 12/31 75,000

Determine actuarial gain or loss as of 1/1/86.

Problem 4 -3

Effective date: 1/1/85
Valuation date;: 1/1/86

1/1/86

$1,125,000
290,000
530,000

Normal Retirement Benefit: $25 per month for each year of service.

Normal Retirement Age: 65

Employee data for plan participants:.

Date of Date of

Birth Hire N, - N,
Winken 1/1/31 1/1/71 9,517
Blinken 1/1/46 1/1/81 14,166
Nod 1/1/56 1/1/81 29,413

where eq = entry age, aa = attained age on 1/1/86 and ra = normal retirement age.

i=6% &2 =10.50

The contribution of $7,200 was made on 12/31/85.

Nca - Naa Nca - Naa-l
7,492 7,195
4,650 3,835
8,834 7,286

Nod terminated on 12/31/85 with Present Value of Vested Accrued Benefit of $833.

Selected Commutation Functions

D, =2,000 D, =763
Dy =1,548 D, =297
Dy =1,452 D,=277
Dy,= 814 Dy=128
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Determine Normal Cost under the Entry Age Normal Cost Method as of 1/1/86.
Problem 4 - 4

Refer to the data provided in Problem 3. Determine the Actuarial Gain or Loss for 1985.

Problem4-5

1/1/85 /1/8

Present Value of Future Benefits  $580,000 $640,000

Accrued Liability 435,000 495,000
Actuarial Value of Plan Assets 300,000 365,000
Normal Cost 34,000 '

There were no distributionspaid in 1985. Contribution for 1985 of $42,000 was made on 12/31/85.
Plan Assumptions:

Interest: 8%

Mortality: 1971 GAM

Turnover: Actuary's Pension Handbook T - 3

Determine amount of Actuarial Gain or Loss attributable to factors other than investment earnings.

Problem 4 - 6

Normal retirement benefit: $10 per month per year of service.
Early retirement benefit: None.
Actuarial cost method: Entry age normal.

Two valuations (X and Y) are performed using identical assumptions, except that valuation X uses

a withdrawal assumptionand valuation Y does not. There are active participants at ages at which
- withdrawals are assumed.
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Consider the following statements:

L. The present value of the accrued benefits which are vested on the valuation date is
the same in valuation X as in valuation Y.

IL. The accrued liability in valuation X may be greater than that in valuation Y.

M.  The accrued liability in valuation X may be less than in valuation Y.

Which, if any of these statements 1s (are) true?

(A) IIonly

(B) TIandI oniy

(C) TandII only

D) LII,and III

(E)  The correct answer is not given by (A), (B), (C), or (D) above.

Problem 4 -7

Valuation Date: 1/1/86

Normal Retirement Benefit: 2% of final year's salary for each year of service.
Funding Method: Entry Age Normal

Normal Retirement Age: 65

Actuarial Assumptions:
Investment Eamings: 6%

Salary Increases: 4%
Terminations: T-2 Scale

32 =9.50
Census Data: Date of Date of 1985
Birth Hire Salary
Tinker 1/1/36 1/1/76 $40,000
Bell 1/1/56 1/1/85 25,000
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Selected Commutation Functions:

X D,
29 1,548
30 1,452
40 763
50 393
65 128

(A)  Determine Normal Cost as of 1/1/86.

N,

23,341
21,793
10,732
4,957
1,215

SDx

4,828
4,709

3,663

2,793
1,638

(B)  Determine Accrued Liability as of 1/1/86

Problem 4 - 8

Valuation Date: 1/1/86
Normal Retirement Age: 65

Normal Retirement Benefit: 10% of Final Year's Salary.

Salary Scale: 4%
Interest: 7%

a? =10.50
Data for Sole Participant:

Age: 55

Years of Past Service: 8

Determine the Normal Cost Percentage.

Problem4 - 9

Valuation Date: 1/1/86

Normal Retirement Benefit: $200 per month

Normal Retirement Age: 65

12442 =120 12442 = 126
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Assumptions used:
No provision for withdrawals or salary increases.

Valuation results:
Normal Cost: $2,084

The sole participant has not attained age 62 as of 1/1/86.

After the initial valuation, it was decided to amend the plan to provide for retirement age of 62 with
same benefit. Determine the increase in Normal Cost as a result of this amendment.

Agex D, N,
62 328 3,585
63 302 3,257
64 278 2,955
65 256 2,677

Problem 4 - 10

Valuation Date; 1/1/86
Assumed Interest Rate: 8%

Selected Valuation Results:

1/1/85 1/1/86
Accrued Liability $600,000 $625,000
Actuarial Asset Value 370,000 415,000

The contribution for 1985 equal to Normal Cost and interest plus $40,000 was made on 12/31/85.

Determine the Actuarial Gain or Loss for 19835,
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Problem 4 - 11

Normal retirement age: 60
Normal retirement benefit; 50% of final year's salary.
Actuarial cost method: Entry age normal method (applied on an individual basis).
Assumed retirement age: 60

It is assumed that there are no terminations prior to age 60 other than by death.

Participant data as of 1/1/84 and selected commutation functions:

Hire
Age

Smith 35
Brown 25

Ssof
SCB

Smith 2.5
Brown 3.5

859 ™= 840

Att.
Age

40
35

S5/
Saa

2.0
2.5

Monthly
Salary

$3,000
$1,000
SDea sNea"sN(yG stm"sNGD

125 3,000 2,500
100 4,500 3,000

In what range is the normal cost as of 1/1/84?

(A)  Lessthan $1,500

(B)  $1,500 but less than $1,750
(C)  $1,750 but less than $2,000
(D)  $2,000 but less than $2,250

(E)  $2,250 or more.

Problem 4 - 12

Plan effective date: 1/1/84
Normal retirement benefit: 40% of salary in the year preceding retirement.
Actuarial cost method: Entry age normal.
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Actuarial assumptions:

Interest: 7%

Salary increases: 6%

Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for sole plan participant:
Date of birth: 1/1/34
Date of hire: 1/1/79

Salary for 1983: $24.,000

Contribution for 1984 paid at 12/31/84: $7,000
Unfunded accrued liability as of 1/1/85: $23,000
Selected factors:

(*Nys - Ngs) +*D,s = 18.320
(Nys - Nsp) + “Dys = 4.907
(Nso = Nes) + *Dso = 14.057

12449 = 115
In what range is the amount of experience loss during 19847

(A)  Lessthan $2,000

(B)  $2,000 but less than $2,500
(©)  $2,500 but less than $3,000
(D)  $3,000 but less than $3,500
(E)  $3,500 or more

Problem 4 -13

Actuarial cost method: Entry age normal method (Individual basis)
Assumed interest: 7%
Selected valuation results:

1/1/83 1/1/84
Accrued liability $304,300 -—
Actuarial value of assets 235,000 275,000
Contribution for 1983: Normal cost plus interest to 12/31/83 plus $21,000, paid at 12/31/83.
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Participant data as of 1/1/84:

Present Present
Normal Value of Value of
Attained Number of Annual Cost as Future Future
Age Participants  Salary of 1/1/84 Salary ~ Benefits
50 1 $15,500 $ 800 $250,000 $ 45,000
55 i 18,000 1,025 180,000 105,000
65 1 35,000 — — 200,000
$350,000

In what range is the experience gain or loss for 19837

(A)  Loss of $600 or more

(BY  Loss of less than $600, or no gain or loss
(C)  Gain of less than $600

(D) Gain of $600 but less than $1,200

(E)  Gain of $1,200 or more

Problem 4 - 14

Normal retirement benefit: $100 per month.
Postponed retirement benefit: $100 per month.
Actuarial cost method: Entry age normal.

Assumed retirement age: 65

It is assumed that there are no pre-retirement terminations other than by death.
All participants have the same entry age and are younger than 65.

Normal cost: $800 per active participant.

Selected commutation functions:

Age X D, NU2)
65 100 1,200
66 95 1,103

The assumed retirement age is changed to age 66.
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In what range is the new normal cost per active participant?

(A)  Less than $700

(B)  $700 but less than $710
(Cy  $710 but less than $720
(D)  $720 but less than $730
(E)  $730 or more.

Problem 4 - 15
Actuarial cost method: Entry age normal with normal cost determined as a percentage of pay.
Actuarial assumptions:

Interest: 7%

Salary increases: 6%

Pre-retirement deaths: 1971 Group Annuity Mortality Table

Pre-retirement terminations other than death: None

Retirement age: 65

Data for the sole participant as of 1/1/85:

Hire Attained Projected
Age Age Monthly Benefit
61 63 3700

Selected commutation functions based on the above interest and mortality assumptions:

Agex D,
61 385
62 354
63 326
64 299
65 274
ad? =10
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In what range is the normal cost for 1985 as of 1/1/857?

(A)  Less than $15,000
(B)  $15,000 but less than $16,000
(C)  $16,000 but less than $17,000
(D) $17,000 but less than $18,000
(E)  $18,000 or more

Problem 4 -16
Plan effective date; 1/1/84

Normal retirement benefit:  60% of salary in the year immediately preceding normal retirement
date.

Actuarial cost method: Entry age normal method.
Actuarial assumptions:
Interest: 7%
Pre-retirement mortality and withdrawal: None.
Salary increases: 5%

Retirement age: 65

12402 = 100

Data for sole participant:
Age at hire: 55
Age on 1/1/84: 56
1/1/84 salary: $100,000

Selected interest-function values:

Interest
Rate im 1o i v
1.90% 9.2013 .8284 8.3572 8442
2.00% 9.1622 .8203 8.3255 .8368
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Tn what range is the normal cost as of 1/1/84?

(A)  Less than $41,000

(B)  $41,000 but less than $42,000
(C)  $42,000 but less than $43,000
(D)  $43,000 but less than $44,000
(E)  $44,000 or more

Problem 4 - 17

Normal retirement benefit: 50% of final salary.
Actuarial cost method: Entry age normal.
Assumed interest rate: 7.5%

Assumed salary increases: 6.0%

There are no retired participants, and no terminated participants with deferred vested benefits.

Selected valuation results:
1/1/84 1/1/85

Present value of future benefits $1,000,000 $1,115,566

Actuarial value of assets 300,000 400,000
Unfunded accrued liability 300,000 330,696
Normal cost as of 1/1 : 55,000 C e
Contribution paid at 12/31 50,000 -

Each participant received a salary increase of 10% during 1984. Experience with regard to actuarial
assumptions other than salary increases and interest earnings was exactly equal to that assumed.
There were no new entrants and no terminations with benefits during 1984.

In what range is the actuarial loss due to salary increases as of 1/1/85?

(A)  Less than $15,000

(B 315,000 but less than $20,000
(C)  $20,000 but less than $25,000
(D)  $25,000 but less than $30,000
(E) $30,000 or more.
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Problem 4 - 18

Vesting schedule: 100% after 10 years.

Amended vesting schedule: 100% after 8 years, effective 1/1/84
Normal retirement benefit: $10 per month per year of service.
Actuarial cost method: Entry age normal method.

- Assumed retirement age: 65

It is assumed that all terminations of employment occur at the beginning of the year.

Data for the sole plan participant as of 1/1/84:

Age  Hire Age Dy, MY MY MY
50 50 250 45 40 38
&4
M= 2 M, 80D 502 =10
=X

where commutation functions, I, and g{ are from the active service table, and annuity values are
based upon mortality and interest only.

In what range is the increase in the present value of future benefits as of 1/1/84 resulting from the
change in the vesting schedule?

(A)  Less than $15

(B)  $15 but less than $30
(C)  $30 but less than $45
(D)  $45 but less than $60
(E)  $60 or more.

Problem 4 -19
 Plan effective date: 1/1/86

Normal retirement benefit: $20 per month for each year of service.
Asset valuation: Market value.
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Actuarial assumptions:
Interest: 7%
Pre-retirement deaths and terminations: None.
Retirement age: 65

Participant data as of 1/1/86:

Attained Age Age at Hire

Smith 30 30
Brown 50 50
Green 55 55

Contributions for 1986 and 1987: Normal cost, paid at 12/31 of each year.
Experience:

For 1986: In accordance with assumptions.
For 1987: In accordance with assumptions, except investment return is 14%.

There are no new entrants after 1/1/86.

Consider the following statements regarding the aggregate cost method and the entry age normal
cost method (applied on an individual basis). :

L The normal cost for 1986 under the aggregate method is less than the normal cost
for 1986 under the entry age normal method. '

II. The normal cost for 1988 under the aggregate method is less than the normal cost
for 1987 under the aggregate method.

III.  The normal cost for 1988 under the entry age normal method is less than the normal
cost for 1987 under the entry age normal method.

Which, if any, of these statements is (are) true?

(A) Tonly

(B) Ilonly

(Cy  IandII only

(D)  II and {II only

(E)  The correct answer is not given by (A), (B), (C), or {D) above
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Problem 4 - 20

Plan effective date: 1/1/86
Normal retirement benefit: $100 per month.
Actuarial cost method: Entry age normal.

Actuarial assumptions:

Interest: 7% _
Pre-retirement deaths: 1971 Group Annuity Mortality Table.

Post-retirement deaths: 1971 Group Annuity Table with ages set back one year.
Pre-retirement terminations other than deaths: None.

Retirement age: - 65

Data for sole participant as of 1/1/86:

_Date of birth: 1/1/45

Date of hire: 1/1/81

Selected commutation functions from the 1971 Group Annuity Mortality Table.

Agex

35
36

40
41

64
65
66

D, N,
9,207 127,908
8,595 118,701
6,522 87,606
6,085 81,084
1,080 10,121

990 9,041

906 8,051

12
N(2

123,688
114,761

84,617
78,295

9,626
8,587
7,635

In what range is the accrued liability as of 1/1/86?

(A)
(B)
(©)
(D)
(E)

Less than $570
$570 but less than $580

 $580 but less than $590

$590 but less than $600
$600 or more
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Problem 4 - 21

Normal retirement benefit: $10 per month per year of service.

Actuarial cost method: Entry age normal (applied on an aggregate basis)
Assumed retirement age: 65

It is assumed that there are no terminations prior to age 65 other than by death.

Participant data at 1/1/86 and selected commutation functions.

Attained Age Number of D, N, - Ngs -
Age at Hire Participants

45 - 0 1,000 9,012
50 45 1 585 4,945
55 50 1 362 2,522
65 - 0 147 0
P =10

In what range is the normal cost for 1986 as of 1/1/867
(A)  Lessthan $915
(B)  $915 but less than $920
(C)  $920 but less than $925
(D)  $925 but less than $930
E)  $930 or more
Problem 4-22
Normal retirement benefit: $20 per month for each year of service.
Actuarial cost method: Entry age normal.
Assumed retirement age: 65
It is assumed that there are no deaths or other terminations prior to retirement.

Data for sole participant:

Date of birth: 1/1/31 Date of hire:  1/1/76
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Valuation results as of 1/1/86:

Actuarial value of assets: $8,000
Unfunded accrued liability: =~ 9,700
Normal cost as of 1/1: 1,300
Present value of $1.00 per year of future employment: 7.90

In what range is the unfunded accrued liability as of 1/1/86 under the accrued benefit (unit credit) -
cost method? .

(A)  Less than $6,000
(B) $6,000 but less than $7,000
(C)  $7.000 but less than $8,000
(D)  $8,000 but less than $9,000
(E)  $9,000 or more

Problem 4 - 23
Plan effective date: 1/1/86.
Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Entry age normal (applied on an individual basis).
Actuarial assumptions:

Interest: 7%

Preretirement deaths and terminations: None.
Retirement age: 65

Participant data as of 1/1/86:
Date of Birth Date of Hire
Smith 1/1/51 1/1/81
Brown 1/1/52 1/1/77

1986 normal cost for Smith as of 1/1/86: $320
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In what range is the 1986 normal cost for Brown as of 1/1/867

(A)  Less than $225

(B)  $225 but less than $275
(C)  $275 but less than $325
(D)  $325 but less than $375
(E)  $375 or more

Problem 4 - 24

Plan effective date: 1/1/86

Normal retirement benefit: 50% of final year's salary.
Actuarial cost method: Entry age normal.

Assumed salary increases: 6% per year.

Assumed retirement age: 65

It is assumed that there are no terminations prior to retirement, other than by death.
Data for sole participant as of 1/1/86:

Date of birth: 1/1/46

Date of hire: 1/1/81

Annual salary for 1985: $30,000

Selected commutation functions:

Agex D, D, N,
35 921 7,077 239,735
40 652 6,708 205,091
65 99 4,371 62,569

afP=10
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In what range is the normal cost for 1986 as of 1/1/867
(A) - ‘Less than $3,000
(B)  $3,000 but less than $3,500
(C)  $3,500 but less than $4,000
(D)  $4,000 but less than $4,500
(E)  $4,500 or more
Problem 4 - 25

Normal retirement benefit: $400 per month
Normal form of retirement benefit:

Retirements before 1986: Life annuity.
Retirements after 1985: Life annuity with 120 monthly payments certain.

Actuarial cost method: Entry age normal.
It is assumed that there are no deaths or other terminations before age 65.
Valuation results as of 1/1/86 based on life annuity normal form:

Present value of future benefits - Active participants ~ $1,500,000

Present value of future benefits - Retired participants 500,000
"~ Actuarial value of assets : 600,000
Unfunded accrued liability 800,000
Normal cost as of 1/1 75,000

Selected commutation functions and values:

Agex D, N2

65 590 9,000

- 75 350 2,400
AP =7.287
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In what range is the increase in the unfunded accrued liability as of 1/1/86 due to the change in the
normal form?

(A)  Less than $45,000 _
(B)  $45,000 but less than $60,000
{(C)  $60,000 but less than $75,000
(D)  $75,000 but less than $90,000
(E)  $90,000 or more

Problem 4 - 26

Normal retirement benefit:  $10 per month for each year of service.
Actuarial cost method: Entry age normal.

Actuarial assumptions:
Interest: 8%

Retirement age: 65
Preretirement terminations other than deaths: None

Participant data as of 1/1/87:
Name Date of Birth Date of Hire
Smith 1/1/57 1/1/87
Brown 1/1/47 /77
Green 1/1/37 1/1/67
Agex N, D,
30 12,570 980
40 5,485 450
50 2,255 200
65 ' 465 55
a2 =8
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In what range is the accrued liability as of 1/1/877

(A)  Lessthan $10,000

(B)  $10,000 but less than $20,000
(C)  $20,000 but less than $30,000
(D)  $30,000 but less than $40,000
(E)  $40,000 or more

Problem 4 - 27
Normal retirement benefit:  $10 per month per year of service.
Early retirement benefit: Accrued benefit reduced by 6% for each year by which the early

retirement age precedes 65.

Actuarial cost method: Entry age normal.
Assumed retirement age: 60

It is assumed that there are no terminations prior to retirement other than by death.

Data for sole participant:
Date of birth: 1/1/37 Date of hire:  1/1/77
Age x D, N, a2
40 652 8,761 12.98
50 322 3,902 11.66
60 151 1,547 9.79
65 99 - 904 8.67

In what range is the accrued liability as of 1/1/87?

(A)  Less than $5,000

(B)  $5.,000 but less than $7,000
(C)  $7.,000 but less than $9,000
(D)  $9,000 but less than $11,000
(E)  $11,000 or more
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Problem 4 - 28

Normal retirement benefit: 50% of final 3-year average compensation.
Actuarial cost method: Entry age normal.

- Actuarial assumptions:

Interest: 6%

Compensation increases: 5% per year.
Pre-retirement deaths and terminations: None.

Retirement age: 65

Data for sole participant as of 1/1/88:

Date of birth:
Date of hire:

Compensation for 1988:

1/1/38
1/1/73

$50,000

In what range is the normal cost for 1988 as of 1/1/88?

(A)  Lessthan $5,750

(B)  $5,750 but less than $6,000
(C)  $6,000 but less than $6,250
(D)  $6,250 but less than $6,500

(E)  $6,500 or more

Problem 4 - 29

Actuarial cost method: Entry age normal.

Assumed interest rate: 6%

Data for participant Smith:

Date of birth

Date of retirement
Date of death
Retirement benefit:

1/1/18

1/1/83

12/31/87

$1,000 per month, payable as a life annuity with ten years
certain.
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Selected commutation functions:

Agex D, N2
65 1,886 17,624
69 1,344 11,179
70 1,227 9,889
75 743 3,006

Selected annuity values:
A =4.348  &YD =5.076 4R =7.597
In what range is the experience gain recognized as of 1/1/88 due to Smith's death?

(A) Less than $39,000

(B) $39,000 but less than $42,000
(C)  $42,000 but less than $45,000
(D) $45,000 but less than $48,000
(E)  $48,000 or more

Problem 4 - 30

Plan effective date: 1/1/88

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Entry age normal (aggregate basis).

Actuarial assumptions:

Pre-retirement terminations other than deaths: None.
Retirement age: 65 '

Participant data as of 1/1/88:
Smith  Brown
Date of birth 1/1/53 1/1/43
Date of hire 1/1/78 1/1/78
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Selected commutation functions and annuity values:

Age x D, demrm

25 2,441 15.62

35 1,348 14.22

45 737 11.84

55 389 7.92

65 189 0.00
4P=935

In what range is the accrued liability as of 1/1/88?

{A)  Lessthan $6,600

(B)  $6,600 but less than $7,200
(C)  $7,200 but less than $7,800
(D)  $7,800 but less than $8,400
(E)  $8,400 or more

Problem 4 - 31

Normal retirement benefit: 50% of final 3-year average compensation.
Actuarial cost method: Entry age normal.

Actuarial assumptions;

Interest rate: 6%

Compensation increases: 4% per year.
Pre-retirement terminations other than deaths: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/59
Date of hire 1/1/84

1989 compensation $10,000
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Selected commutation functions and annuity value:

Agex D, N, D, N,
25 22,499 366,760 59,979 1,920,504
30 16,721 266,509 54,233 1,632,341
65 1,738 17,040 22,244 296,192

9 =9.345
In what range is the normal cost for 1989 as of 1/1/89?

(A)  Lessthan $500

(B)  $500 but less than $600
(C)y  $600 but less than $700
(D)  $700 but less than $800
(E) $800 or more

Problem 4 - 32
Normal retirement benefit:  $15 per month for each year of service.
Early retirement benefit: Accrued benefit reduced by 2% for each year by wlnch
commencement of payments precedes age 65.
Actuarial cost method: Entry age normal.
Actuarial assumptions:
Interest rate: 6%
Pre-retirement deaths and terminations: None.

Retirement age: 60

Data for participant Smith:

Date of birth 1/1/30
Date of hire : 1/1/68
Date of retirement 12/31/88
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Selected commutation functions:

Agex D, NU2
59 275 3,019
60 260 2,751
65 180 1,658

In what range is the absolute value of the experience gain or loss for 1988 as of 1/1/89 due to
Smith's early retirement? :

(A)  Less than $2,000
(B)  $2,000 but less than $4,000
(C)  $4,000 but less than $6,000
(D)  $6,000 but less than $8,000
(E)  $8,000 or more

Problem 4 - 33

Normal retirement benefit: 1% of final year's compensation for each year of service.
Actuarial cost method: Entry age normal.

Actuarial assumptions:
Interest rate: 7%
Compensation increases: 5% per year.
Pre-retirement deaths and terminations: None.
Retirement age: 65
Data for sole participant:
Date of birth 1/1/34
Date of hire 1/1/69
1988 compensation  $30,000

Selected annuity value:
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In what range 1s the accrued liability as of 1/1/897

(A)  Less than $50,000

(B)  $50,000 but less than $55,000
(C)  $55,000 but less than $60,000
(D)  $60,000 but less than $65,000
(E)  $65,000 or more

Problem 4 - 34

Normal retirement benefit: $20 per month for each year of service.
Pre-retirement death benefit: None.
Actuarial cost method: Individual entry age normal.

Actuarial assumptions:
Interest rate: 6%

Pre-retirement terminations other than deaths: None,
Retirement age: 65

Participant data as of 1/1/88:
Smith Brown Green
Date of birth 1/1/58 1/1/38 1/1/28
Date of hire 1/1/83 1/1/68 1/1/78

Green died during 1988. Smith and Brown are still active participants as of 1/1/89.
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Selected commutation functions and annuity value:

Agex D, N,
25 2,303 37,539
30 1,711 27,278
31 1,613 25,567
50 509 6,723
51 477 6,214
60 260 2,870
61 241 2,610
65 178 1,745
442 =935

In what range is the experience gain for 1988 as of 1/1/89 due to Green's death?

(A) Lessthan $19,900

(B)  $19,900 but less than $20,100
(C)  $20,100 but less than $20,300
(D)  $20,300 but less than $20,500
(E)  $20,500 or more

Problem 4 - 35

Normal retirement benefit: 25% of final year's compensation.
Actuarial cost method: Entry age normal.

Actuarial assumptions:
Interest rate: 6%
Compensation increases: 3% per year.

Pre-retirement deaths and terminations: None.
Retirement age: 65
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Data for sole participant:

Date of birth 1/1/39
Date of _hire 1/1/72

Present value of future benefits as of 1/1/89: $110,000
In what range is the accrued liability as of 1/1/89?

(A)  Less than $65,000

(B)  $65,000 but less than $75,000

© $75,000 but less than $35,000

(D)  $85,000 but less than $95,000

(E)  $95,000 or more
Problem 4 - 36

Retirernent benefit:

Before 1990: 1.00% of final average compensation for each year of service.
After 1989:  1.25% of final average compensation for each year of service.

Actuarial cost method: Individual entry age normal.

Valuation results for sole participant as of 1/1/90, before amendment:

Present value of future benefits $ 4,100
Unfunded liability 800
Value of assets 1,000
Present value of future compensation 46,000
1990 compensation 4.000
Present value of accrued benefits 1,700

In what range is the normal cost for 1990 as of 1/1/90 after the amendment?

(A)  Lessthan $220

(B)  $220 but less than $230
(C)  $230 but less than $240
(D)  $240 but less than $250
(E)  $250 or more
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Problem 4 - 37
Normal retirement benefit:

Before 1990: $10 per month for each year of service.
After 1989:  $12 per month for each year of service.

Actuarial cost method: Individual entry age normal.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: None.
Preretirement deaths and terminations: None.

Retirement age: 65

Data and valuation results for only participants as of 1/1/90:

Smith Brown
Date of birth 1/1/60 1/1/50
Date of hire 1/1/85 1/1/85
Status Active Active
Normal cost per $§1,000 of
projected annual benefit $42.13 $89.04

In what range is the increase in the accrued liability as of 1/1/90 due to the amendment?

(A)  Lessthan $325

(B)  $325 but less than $425
(C)  $425 but less than $525
(D)  $525 but less than $625
(E)  $625 or more

Problem 4 - 38

Actuarial cost method: Entry age normal (level dollar amount).
Assumed retirement age: 65
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Data for sole participant:

Date of birth 1/1/45
Date of hire 1/1/75
Status as of 1/1/90 Active

Projected annual benefit as of 1/1/90: B
Level annual cost from age 30: P

Consider the following expressions for the accrued liability for retirement benefits as of 1/1/90:

L Px (N3 -Ny)
D,s

II. B x l\ﬁ - P x (N -Ng)
D;s Dys

III. B x NU2 x N, -Ngs
D4s 'Nsa - Nss

Which, if any, of these expressions is (are) correct?

(A) landII only

(B) IandIiI only

(C) Il and III only

(D) LIIandIII

(E)  The correct answer is not given by (A), (B), (C), or (D) above.

Problem 4 - 39
Plan effective date: 1/1/80
Normal retirement benefit: 50% of final year's compensation.

Actuarial cost method: Entry age normal.
Assumed interest rate: 7% per year.
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Data for sole participant:

Date of birth 1/1/55
Date of hire 1/1/80
1989 compensation $25,000
Status as of 1/1/90 Active

Selected commutation functions and annuity value:

Agex $,/565 D, D, N, *N,
25 1420 1,779,168 6,024,894 25,677,330 193,660,240
35 2314 894,190 4,932,364 12,364,650 138,500,016
45 .3769 445,008 3,998,400 5,690,850 93,472,528
55 6139 213,953 3,131,334 2,405,025 57,406,892
65 1.0000 94,414 2,250,810 868,052 30,013,858
492 =8736

In what range is the accrued liability as of 1/1/90?

(A)  Lessthan $12,500

(B)  $12,500 but less than $17,500
(C)  $17,500 but less than $22,500
(D)  $22,500 but less than $27,500
(E)  $27,500 or more

Problem 4 - 40
Normal retirement benefit: 1% of final year's compensation for each year of service.
Actuarial cost method: Entry age normal.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.

Retirement age: 65

Compensation increases before 1990: 5% per year.
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Data for sole participant:

Date of birth 1/1/40
Date of hire 1/1/85
1989 compensation $25,000
Status as of 1/1/90 Active

Value of assets as of 1/1/90: $3,500
Selected annuity value:
a2 =8.735
In what range is the normal cost for 1990 as of 1/1/907
(A)  Less than $1,350
(B)  $1,350 but less than $1,500
(©)  $1,500 but less than $1,650
(D)  $1,650 but less than $1,800
(E)  $1,800 or more
Problem 4 - 41

Normal retirement benefit for all active and inactive participants:

Before 1991: $12.00 per month for each year of service.
After 1990:  $12.50 per month for each year of service.

Actuarial cost method: Entry age normal.
Assumed interest rate: 7% per year.

Selected valuation results as of 1/1/90:

Normal cost as of 1/1 $ 50,000
Accrued liability 800,000
Value of assets 420,000

Contribution for 1990: $80,000 paid on 7/1/90.
Benefit payments for 1990: $15,000 paid on 7/1/90.
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Selected valuation results as of 1/1/91, after amendment:

Accrued liability $890,000
Value of assets 500,000

In what range is the experience gain for 19907 |
(A)  Less than $8,000
(BY  $8,000 but less than $16,000
(C)  $16,000 but less than $24,000

(D)  $24,000 but less than $32,000
(E)  $32,000 or more

Problem 4 - 42

Plan effective date: 1/1/91

Normal retirement benefit: $10 per month for each year of service.
Preretirement death benefit: None.

Actuarial assumptions:

Preretirement terminations other than deaths: None.
Retirement age: 65

Data for all active participants as of 1/1/91 and selected commutation functions:

Number of Past

Agex Participants Service D, N, NU2
30 0 - 1,336 18,946 18,334
40 2 10 670 8,953 8,646
50 0 - 329 3,974 - 3,823
60 2 10 153 1,571 1,501
65 0 - 100 919 873

There are no inactive participants as of 1/1/91.
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In what range is the absolute value of the difference in the normal cost for 1991 as of 1/1/91
determined under the entry age normal method applied on an individual basis versus that
determined under the entry age normal method applied on an aggregate basis?

(A)  Less than $100

(B)  $100 but less than $200
(©)  $200 but less than $300

(D)  $300 but less than $400

(E)  $400 or more

Problem 4 - 43
Plan effective date: 1/1/92
Normal retirement benefit: 50% of final 3-year average compensation.,
Actuarial cost method: Entry age normal.
Selected actuarial assumptions:
Interest rate: 7% per year.

Compensation increases: 5% per year.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/47
Date of hire 1/1/82

1991 compensation 28,571

Selected preretirement commutation functions:

Agex D, D, N, Ny
35 894 4,931 12,3651 138,500
45 445 3,998 5,691 93,473
55 214 3,132 2,405 57,407
65 %4 2,241 868 30,014

Selected post retirement annuity value:

4P =18.74
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In what range is the expected accrued lability as of 1/1/93?

(A)  Lessthan $32,000

(B)  $32,000 but less than $33,000
(C)  $33,000 but less than $34,000
(D)  $34,000 but less than $35,000
(E)  $35,000 or mo:e

Problem 4 - 44

Plan effective date: 1/1/75

Normal retirement benefit: $10 per month for each year of service.
Early retirement reduction: None.

Actuarial cost method: Entry age normal.

Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations:; None.
Retirement age:

Before 1992 62
After 1991 65
Data for sole participant:
Date of birth 1/1/35
Date of hire ' 1/1/80

Selected annuity values:
i»=939  s1¥=874

In what range is the change in the accrued liability as of 1/1/92 due to the change in the assumed
retirement age?

(A)  Decrease of $3,000 or more

(B)  Decrease of $1,500 but less than $3,000

(C) %0 or decrease of less than $1,500

(D) Increase of more than $0 but less than $1,500
(E)  Increase of $1,500 or more
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Problem 4 - 45

Normal retirement benefit: $50 per month for each year of service.
Actuarial cost method:

Before 1992: Unit credit.
After 1991: Entry age normal.

Actuarial assumptions:
Interest rate: 7% per year.

Prerctirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/42
Date of hire 1/1/87

Selected annuity value:
P =874

In what range is the change in the accrued liability as of 1/1/92 due to the change in the actuarial
cost method?

(A)  Decrease of $5,400 or more

(B)  Decrease of $1,800 but less than $5,400

(C) Decrease of less than $1,800 or increase of less than $1,800
(D)  Increase of $1,800 but less than $5,400

(E) Increase of $5,400 or more

Problem 4 - 46
Plan effective date: 1/1/70

Normal retirement benefit: 50% of final 5-year average compensation.
Actuarial cost method: Individual entry age normal.
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Actuarial assumptions:

Interest rate: 7%

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for all participants as of 1/1/93:

Smith Brown
Date of birth 1/1/56 1/1/36
Date of hire 1/1/92 1/1/76
Monthly compensation $2,500 $1,500

Selected annuity value:
442 =10.0
In what range is the accrued lability as of 1/1/93?
(A)  Less than $45,000
(B)  $45,000 but less than $45,500
(C)  $45,500 but less than $46,000

(D)  $46,000 but less than $46,500
(E) $46,500 or more

Problem 4 - 47

Normal retirement benefit: $10 per month for each year of service.
Normal retirement age: 65

Early retirement benefit: Accrued benefit, reduced by 0.5% for each month by which the
benefit commencement date precedes the normal retirement date.

Actuarial cost method: Entry age normal.
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Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 62

Valuation data for sole participant:

Date of birth 11735

Date of hire 1/1/80
Date of retirement 12/31/92

Selected annuity values:
i0P2=1022 &di»=939 a{9=874
In what range is the experience gain for 1992 due to early retirement?

(A)  Lessthan $1,000

(B)  $1,000 but less than $1,025
(©  $1,025 but less than $1,050
(D)  $1,050 but less than $1,075
(E)  $1,075 or more

Problem 4 - 48
Plan effective date: 1/1/92
Normal retirement benefit: $500 per month. _
Actuarial cost method: Entry age normal, where the entry age is the age at hire.
Actuarial assumptions:
Interest rate: 7% per year.

Preretirement terminations other than deaths: None.
Retirement age: 65
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Data for sole participant:

Date of birth 1/1/52
Date of hire 1/1/82
Status as of 1/1/93 Active

Normal cost for 1992 as of 1/1/92; $1,500

Selected commutation functions:

Age x D, N,
30 1,262 17,888
40 632 8,453
41 590

In what range is the experience loss for 1992 due to mortality?

(A)  Less than $25

(B)  $25 but less than $50
(C) 350 but less than $75
(D)  $75 but less than $100
(E)  $100 or more

Problem 4 - 49

Normal retirement benefit:

Before 1993: 40% of final 5-year average compensation.
After 1992:  50% of final 3-year average compensation.

Normal form of payment:
Before 1993: Life annuity.
After 1992:  Fully subsidized 100% joint and survivor annuity for married participants.

Life annuity for unmarried participants.

Actuarial cost method: Entry age normal (level dollar).
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Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 3% per year.

Preretirement deaths and terminations: None.

Retirement age: 65

Marital characteristics: 80% married; spouse same age as participant.

Valuation data for each of the plan's 100 participants as of 1/1/93:
Date of birth 1/1/53
Date of hire 1/1/80
1993 compensation $40,000

Selected annuity values:

L (12) {12} _
aﬁs = 8.736 am = 10.576

In what range is the increase in the accrued liability as of 1/1/93 due to the changes in plan
provisions?

(A)  Less than $1,550,000
(B) $1,550,000 but less than $1,600,000
(C) $1,600,000 but less than $1,650,000
(D) $1,650,000 but less than $1,700,000
(E)  $1,700,000 or more

Problem 4 - 50

Plan effective date; 1/1/90.

Normal retirement benefit;

Effective 1/1/90: $15 per month for each year of service.
Effective 1/1/93: $30 per month for each year of service.

Actuarial cost method: Entry age normal.
Assumed preretirement terminations other than deaths: None.
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Valuation data for sole participant:

Date of birth 1/1/55
Date of hire 1/1/90
Status as of 1/1/93 Active

Normal cost for 1990 as of 1/1/90: $2,000

Selected commutation functions:

Agex D,
35 894
36 835
37 779
38 727

In what range is the accrued liability as of 1/1/937

{(A)  Lessthan $11,000

(B)  $11,000 but less than $13,000

(C)  $13,000 but less than $15,000

(D)  $15,000 but less than $17,000

(E)  $17,000 or more
Problem 4 - 51
Normal retirement benefit: 100% of final year's compensation.
Actuarial cost method: Entry age normal (level dollar), where the entry age is the age at hire.
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Preretirement deaths and terminations: None.

Retirement age: 65 '
Valuation data for sole participant:

Date of birth 1/1/48
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Date of hire =~ 1/1/78
Date of participation 1/1/88
1992 compensation for 1/1/92 valuation  $60,000
1993 compensation for 1/1/93 valuation 66,000

Selected annuity value:
ii?=28.736
In what range 1s the experience loss for 1992 due to the change in compensation?
(A) Less than $7,500
(B)  $7.500 but less than $9,500
(C) 39,500 but less than $11,500
(D)  $11,500 but less than $13,500
(E)  $13,500 or more
Problem 4 - 52

Plan effective date: 1/1/80
Normal retirement benefit: $20 per month for each year of service.

Vesting eligibility:  100% after one year of service,
Actuarial cost method: Individual entry age normal.
Actuarial assumptions:

Interest rate: 7% per year.

Preretirement deaths and terminations: None.

Retirement age: 65

Valuation data for participant Smith:

Date of birth 1/1/40

~ Date of hire 1/1/88
Date of termination 12/31/92
#2=_8.74
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In what range is the experience gain or loss for 1992 due to Smith's termination?

(A)  Gain of $3,000 or more

(B)  Gain of $1,000 but less than $3,000
(C)  Gain or loss of less than $1,000

(D)  Loss of $1,000 but less than $3,000
(E)  Loss of $3,000 or more

Problem 4 - 53

Normal retirement benefit:

Before 1994: 50% of final 5-year average compensation.
After 1993:  60% of final 5-year average compensation.

Actuarial cost method: Entry age normal (level percentage of compensation).
Actuarial assumptions:

Compensation increases: 5% per year.

Preretirement termninations other than death: None.

Retirement age: 65

Valuation data for sole participant

Date of birth 1/1/60

Date of hire 1/1/90
1994 valuation compensation $25,000

Selected commutation functions:

Agex D, *D, N, N,
30 1,262 5,454 17,888 164,704
34 958 5,033 13,323 143,532
65 94 2,241 868 30,013

Selected annuity value:

42 =8.776
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In what range is the change in the accrued liability as of 1/1/94 due to the plan amendment?

(A)
(B)
©)
)
(E)

Less than $1,350

$1,350 but less than $1,450
$1,450 but less than $1,550
$1,550 but less than $1,650
$1,650 or more

Problem 4 - 54

Vesting: 100% after 5 years of service.

Actuarial cost method: Individual entry age normal (level percentage of compensation).

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 4% per year.

Preretirement deaths: None.
Retirement age: 65

Valuation data for only participants (both active as of 1/1/94):

Smith
Date of birth 1/1/59
Date of hire 1/1/94

Normal cost for 1994 as of 1/1/94:

For Smith: $17,000
For Brown: $16,000
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Selected probabilities of termination:

Agex qf
35 0.25
36 0.20
37 0.15
38 0.10
36 0.05

In what range is the accrued liability as of 1/1/94?
(A)  Less than $65,000
(B)  $65,000 but less than $80,000
(C)  $80,000 but iess than $95,000
(D)  $95,000 but less than $110,000
(E)  $110,000 or more

Problem 4 - 55

Normal retirement benefit:

Effective 1/1/93: $15 per month for each year of service.
Effective 1/1/94: $18 per month for each year of service.

Actuartal cost method: Entry age normal.
Actuarial assumptions:
Interest rate:

Before 1994: 7% per vear.
After 1993: 6% per year.

Preretirement deaths and terminations: None.
Retirement age: 65
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Valuation data for sole participant (active as of 1/1/94);

Date of birth 1/1/53
Date of hire 1/1/80
Selected annuity values:
6% 7%
125¢2 112.14 104.83

As of 1/1/94, the increase in the accrued liability due to the change in the assumed interest rate is
determined before the increase in the accrued liability due to the plan amendment.

In what range is the absolute value of the difference between (a) the increase in the accrued liability
as of 1/1/94 due to the change in the assumed interest rate, and (b) the increase in the accrued
liability due to the plan amendment?

(A)  Less than $100

(B)  $100 but less than $200
(C)  $200 but less than $300
(D)  $300 but less than $500
(E)  $500 or more

Problem 4 - 56
Normal retirement benefit: $50 per month for each year of service.
Termination benefit: Accrued benefit payable at normal retirement date.

Vesting: Full and immediate.

Preretirement death benefit: None.

Actuarial cost method: Entry age normal (level dollar amount).
Actuarial assumptions:

Interest rate: 7% per year.

Pretermination deaths: None.

Post-termination deaths: Included in commutation functions below.

Preretirement terminations: 30% at age 50 only (terminations are assumed to occur at
beginning of year). '

Retirement age: 65
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Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/54
Date of hire 1/1/84

Selected commutation functions based on post-termination assumptions:

Agex D,
30 1,262
40 632
50 31
65 94

Selected annuity value:

aiP=87
In what range 1s the normal cost for 1994 as of 1/1/94?

(A)  Less than $950

{B)  $950 but less than $1,000

(C)  $1,000 but less than $1,050

(D)  $1,050 but less than $1,100

(E)  $1,100 or more
Problem 4 - 57
Normal retirement benefit: 50% of final 5-year average compensation.
Actuarial cost method: Entry age normal (level percentage of compensation).
Actuarial assumptions:

Compensation increases: 6% per year,

Preretirement terminations other than deaths: None.
Retirement age: 65
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Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/44
Date of hire 1/1/84
1994 valuation compensation $53,000
Selected commutation functiens:
Agex D, D, N,
40 49,876 513,015 666,789
50 24,505 451,387 295,992
65 7,448 328,780 68,476

Selected annuity value:

#1D=8.74

In what range is the accrued liability as of 1/1/947?

(A)
(B)
©)
(D)
(E)

Less than $60,000

$60,000 but less than $62,500
$62,500 but less than $65,000
$65,000 but less than $67,500
$67,500 or more

Problem 4 - 58

Normal retirement benefit:

Before 1995: $150 per year for each year of service.
After 1994:  $200 per year for each year of service.

Actuarial cost method: Individual entry age normal.
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65. '
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Valuation data and selected valuation results for only participants (both active as of 1/1/95):

Smith Brown

Date of birth 1/1/65 1/1/40

Date of hire 1/1/90 1/1/80
Normal cost per $1,000 of

projected annual benefit $43.04 $135.85

In what range is the increase in the accrued liability as of 1/1/95 due to the plan amendment?

(A)  Less than $4,500

(B)  $4,500 but less than $5,000
(Cy  $5,000 but less than $5,500
(D)  $5,500 but less than $6,000
(E)  $6,000 or more

Problem 4 - 59

Normal retirement benefit:

Before 1995: 30.0% of final year's compensation.
After 1994:  37.5% of final year's compensation.

Actuarial cost method: Individual entry age normal.
Assumed compensation increases: None.

Selected valuation results for sole participant (active as of 1/1/95), before plan amendment:

Present value of future benefits $41,000
Unfunded accrued liability 8,000
Value of assets 10,000
Present value of future compensation 460,000

Increase in annual projected retirement benefit due to plan amendment: $3,000.
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In what range is the normal cost for 1995 as of 1/1/95 after the plan amendment? -

(A)  Less than $2,200

(B)  $2,200 but less than $2,700
(C)  $2,700 but less than $3,200
(D) $3,200 but less than $3,700
(E) $3,700 or more

Problem 4 - 60

Actuarial cost method: Entry age normal (level dollar amount).
Assumed retirernent age: 65.

Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/50
Date of hire 1/1/80

Projected monthly benefit as of 1/1/95: $2,500.

Selected commutation functions and annuity value:

Agex D, N,
30 1,261,611 17,887,840
45 445,008 5,690,850
65 94.414 868,052
a2=874

In what range 1s the accrued liability for retirement benefits as of 1/1/95?

(A}  Less than $35,000

(B)  $35,000 but less than $37,000
(C)  $37,000 but less than $39,000
(D)  $39,000 but less than $41,000
(E)  $41,000 or more
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Prablem 4 - 61

Normal retirement benefit:  $10 per month for each year of service.
Early retirement benefit: Accrued benefit, reduced by 0.5 % for each month by which the
benefit commencement date precedes the normal retirement date.

Normal form of payment:  Fully subsidized 100% joint and survivor annuity for married
participants; life annuity for unmarried participants.

Actuarial cost method: Individual entry age normal.
Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 62.
Marital characteristics: 80% of participants at the assumed retirement age are

married with a spouse the same age.

Valuation data for participant Smith:

Date of birth 1/1/35
Date of hire 1/1/85
Date of retirement 12/31/94
Date of benefit commencement 1/1/95
Spouse's date of birth - 1/1/35

- Selected annuity values:
g42=10.0 2=90 a12= 8.0
&5k = 8.0 k=15 #536s = 7.0

In what range is the absolute value of the experience gain or loss as of 1/ If95 due to Smith's early
retirement?

(A)  Less than $450

(B)  $450 but less than $900
(Cy  $900 but less than $1,350
(D)  $1,350 but less than $1,800
(E) $1,800 or more
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Problem 4 - 62

Normal retirement benefit:  $25 per month for each year of service.

Eligibility for early retirement: Age 55.

Early retirement benefit: Accrued benefit, reduced for commencement of payments
before age 65.

Early retirement adjustment factor at age 55: 0.412.

Actuarial cost method: Individual entry age ﬁormal.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 63.

Valuation data for participant Smith (active as of 1/1/95):

Date of birth 1/1/41
Date of hire 1/1/70
Date of retirement 12/31/95
Date of benefit commencement 1/1/96

Selected annuity values:
a2 =10.78 a2 =8.74
In what range is the decrease in the accrued Iiability.as of 1/1/96 due to Smith's retirement?

(A)  Less than $9,000

(B  $9.000 but less than $18,000
(C)  $18,000 but less than $27,000
(D)  $27,000 but less than $36,000
(E)  $36,000 or more
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Problem 4 - 63
Normal retirement benefit:  $20 per month for each year of service up to 25 years.
Actuarial cost method:

Before 1996: Entry age normal.
After 1995:  Unit credit.

Actuarial assumptions:
Interest rate: 7% per year.
Pre-retirement decrements: None,
Retirement age: 65,

Valuation data for sole participant (active as of 1/1/96):

Date of birth 1/1/36
Date of uire  1/1/56

Selected annuity value:
g9 =924

In what range is the absolute value of the change in the normal cost for 1996 as of 1/1/96 due to the
change in the actuarial cost method? '

(A)  Less than $500

(B) 3500 but less than $1,000
(C)  $1,000 but less than $1,500
(D)  $1,500 but less than $2,000
(E)  $2,000 or more

Problem 4 - 64

Vesting eligibility: 0% if less than 5 years of service; 100% if 5 or more years of
service.

Actuarial cost method: Entry age normal.
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Actuarial assumptions:

Interest rate: 8% per year.
Compensation increases: None.
Pre-retirement decrements other than withdrawals: None.

Selected withdrawal rates:
X q5”
35 5
36 4
37 3
38 2
39 1
4Q0and over O
Retirement age: 65.

Valuation data for sole participant Smith (active as of 1/1/96):

Entry age 35
Attained age 38

Normal cost for Smith for 1996 as of 1/1/96: $10,000.
In what range is the accrued liability as of 1/1/967

(A)  Less than $30,000

(B)  $30,000 but less than $50,000

(C©)  $50,000 but less than $70,000

(D)  $70,000 but less than $90,000 -

(E)  $90,000 or more
Problem 4 - 65

Normal retirement benefit:

Before 1996: 1.25% of final 5-year average compensation for each year of service.
After 1995:  1.75% of final 3-year average compensation for each year of service.

Actuarial cost method: Entry age normal (level percentage of compensation).
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Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.
Pre-retirement decrements: - None.
Retirement age: 65.

Valuation data for sole participant Smith (active as of 1/1/96):

Date of birth  1/1/50
Date of hire  1/1/88

Normal cost for Smith for 1988 as of 1/1/88: $6,500.

In what range is the increase in the accrued liability for Smith as of 1/1/96 due to the plan
amendment?

(A)  Lessthan $34,000
(B)  $34,000 but less than $36,000
(C)y  $36,000 but less than $38,000

(D)  $38,000 but less than $40,000
(E) $40,000 or more

Problem 4 - 66
Normal retirement benefit: 60% of final 3-year average compensation.
Actuarial cost method: Entry age normal (level percentage of compensation).
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Pre-retirement decrements: None.
Retirement age: 65.
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Valuation data for sole participant:

Date of birth 1/1/50
Date of hire 1/1/80
1995 valuation compensatton

for 1/1/95 valuation $50,000
1996 valuation compensation

for 1/1/96 valuation 50,000

Selected annuity value:
al?) =8.736
In what range is the experience gain in 1995 due to a compensation increase other than assumed?

(A)  Less than $4,000
(B)  $4,000 but less than $4,700
(C)  $4,700 but less than 35,400
(D)  $5,400 but less than $6,100
(E)  $6,100 or more

Problem 4 - 67

Plan effective date:  1/1/76.

Normal retirement benefit:

Before 1997: 50% of final 3-year average compensation.
After 1996:  60% of final 3-year average compensation.

Actuarial cost method: Entry age normal.

Actuanal assumptions:

Interest rate: 7% per year.
Compensation increases: None.
Preretirement decrements:  None.
Retirement age: 65.
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Valuation data and results for all participants as of 1/1/97 (before amendment):

Smith Brown
Date of hire 1/1/96 1/1/79
Normal cost as of 1/1 $1,840 $1,580

In what range is the increase in the accrued liability as of 1/1/97 due to the plan amendment?
(A)  Lessthan $12,000
(B)  $12,000 but less than $13,000
(C)  $13,000 but less than $14,000
(D)  $14,000 but less than $15,000
(E)  $15,000 or more
Problem 4 - 68
Normal retirement benefit: ~ 50% of final 3-year average compensation, payable monthly.

Actuarial cost method: Entry age normal (Ievel percentage of pay).

Actuarial assumptions:

Compensation increases: 5% per year.
Preretirement terminations other than deaths: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/97):

Date of birth 1/1/57
Date of hire 1/1/87

1997 valuation compensation $42,000
Selected commutation functions:

. D, N, ‘D, N,

30 1,261,611 17,887,840 5,452,611 164,704,000
40 632,274 8,452,729 4,451,205 114,813,792
64 103,139 971,191 2,341,728 32,355,586
65 94,414 868,052 2,250,810 30,013,858
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In what range is the accrued liability as of 1/1/97?

(A)  Less than $28,000

(B)  $28,000 but less than $30,000
(C)  $30,000 but less than $32,000
(D)  $32,000 but less than $34,000
(E)  $34,000 or more

Problem 4 - 69

Termination benefit: None.

Actuarial cost method: Entry age normal.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: None.

Preretirement decrements other than terminations: None.
Selected probabilities of termination:

X q%”
37 50
38 40
39 30
40 20
41 .10
Retirement age: 65.

Valuation data for all participants and selected valuation results as of 1/1/97:

Smi Brown - Green
Date of birth 1/1/59 1/1/58 1/1/56
Date of participation 1/1/96 1/1/96 1/1/94
Normal cost as of 1/1 $1,000 $2,500 $4,500
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In what range is the accrued liability as of 1/1/97?

A)
(B)
©
D)
(E)

Less than $34,000

$34,000 but Iess than $38,000
$38,000 but less than $42,000
$42,000 but less than $46,000
$46,000 or more
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4.6 Solutions to Problems

Problem 4 - 1
Part A - Determination of Normal Cost

Jack
(1) Total years of service at NRA 16
(2) Benefit (30% of Salary) $9,000
(3) Values at Retirement ((2) x 12.50) 112,500
(4) Present Value of Benefits at EA (3) x v 38,108
(5) & 10.11
{6) Normal Cost ((4) + (5)) 3,769

{7) Total Normal Cost 3,769 + 941 =4,710

Part B - Determination of Accrued Liability (Retrospective Method)

(8) Past years of service 6
(9) &g x (1 +iF 7.65
(10) Accrued Liability ((9) x (6)) 28,833

(11) Total Accrued Liability 28,833 + 2,080 = 30,913

Part C - Determination of Accrued Liability (Prospective Method)

© (12) Present Value Benefits at Att. Age ((3) x v™) 57,189
(13) &g 7.52
(14) Present Value Future Normal Costs ((6) x (13)) 28,343
(15) Accrued Liability ((12) - (14)} 28,846

(16) Total Accrued Liability 28,846 + 2,085 = 30,931

Problem 4 -2

Step I: Determine the expected unfunded accrued liability.

Where .UALSS = ALSS - ASSGthj
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27
$6,000
75,000
12,070

12.83
941

2.21
2,080

13,819
12.47
11,734
2,085



eUALg, = (450,000 - 200,000 + 50,000)(1.065) - 75,000
= 319,500 - 75,000 = 244,500

Step II: Determine the actuarial gain or loss.

UALg, = ALy - Assetsg

UAL, = 530,000 - 290,000 = 240,000
Gain/Loss = eUALg - UAL,,

= 244,500 - 240,000 = 4,500 Gain

Problem 4 - 3

As of 1/1/86: Winken Blinken Nod
(1) Attained Age 55 40 30
(2) Total years of service at NRA 25 30 40
(3) Monthly Benefit $25 x (2) $625 $750 $1,000
(4) Normal Cost 1,059 854 548

[(3) % 10.50 x 12 x D /(N - N.))

Normal Cost = 1,059 + 854 = 1,913 (since Nod has terminated).

Problem 4 - 4

Since the effective date of the plan was 1/1/85, the Unfunded Accrued Liability was equal
to the Accrued Liability on that date.

Step I Determine the Accrued Liability as of 1/1/85.
AL = X (Normal Cost x (N, - Ny, /Do,
AL(Winken) = (1,059 x 7,195)+297 = 25,655
AL(Blinken) = ( 854 x 3,835)+814 = 4,023
AL(Nod) = (548 x 7,286)+1,548 = 2,579

Accrued Liability at 1/1/85 = 25,655 + 4,023 + 2,579 =32,257
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Step II: Determine the Accrued Liability as of 1/1/86.
AL(Winken) = (1,059 x 7,492)+277 = 28,643
AL(Blinken) = ( 854 x 4,650) + 763 = 5,205

AL(Nod) =PV Accrued Benefit = 833

Accrued Liability at 1/1/86 = 28,643 + 5,205 + 833 = 34,681

Step III: Determine Expected Accrued Liability at 1/1/86.
eUALg = (UALy; + NCy)(1.06) - Contribution
=(32,257 + 1,913 + 548)(1.06) - 7,200
= (34,718)(1.06) - 7,200 = 29,601
Step IV: Determine Actual Unfunded Liability and Gain/Loss.
UAL, = AL, - Assets,
UALy = 34,681 - 7,200 = 27,481

Gain/Loss, = eUAL, - UAL,
Gain/Lossg = 29,601 - 27,481 = 2,120 (Gain)

Problem 4 - 5
Key Concepts: 1) Calculate the total gain or loss.

2) Determine the gain or loss based upon the assumption that plan assets increase

at 8% per year.
3) Calculate the difference between results of Steps 1 and 2, which represents the

gain or loss attributable to "other factors”,

Step I: Calculate the total gain/loss.

UAL;s = ALy, - Assetsy,
= 435,000 - 300,000 = 135,000

UALg, =495,000 - 365,000 = 130,000

eUALg = (UALg; + NCgs)(1 + i) - Contribution
= (135,000 + 34,000)(1.08) - 42,000 = 140,520
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Total Gain = eUAL - UAL
= 140,520 - 130,000 = 10,520 (gain)

Step II: Calculate the gain based on the expected Assets.

eAssetsg, = (300,000)(1.08) + 42,000 = 366,000
Gain based upon eAssetsg, = eAssets - Assets
= 366,000 - 365,000 = 1,000 (loss)

Step II: Compute Gain/Loss from "other sources".

Total Gain = 10,520
Gain from investment earnings = -1,000 (loss)
Gain from "other sources” = 10,520 - (-1,000) = 11,520

Problem 4 - 6

Statement 1:

First, the present value of vested accrued benefits is independent of the cost method used.
Second, because the statement refers to vested benefits, the present value of a participant's benefit
does not depend upon any withdrawal decrement that might be used. The whole concept of vesting
is that the participant will receive the accrued benefit even if he withdraws.

In valuation X, if the vested accrued benefits are first valued using D{”functions (which
reflect a withdrawal assumption), then the "cost of vesting" associated with the vested accrued
benefits must be added to the initial value. The result is then equal to that obtained by assuming
no withdrawals (as in valuation Y). Statement ] is true.

Statement I1:

Assume that we use a withdrawal decrement from Entry Age to Attained Age only. At
Attained Age, the Present Value of Future Benefits will be identical under valuations X and Y.
However, the Normal Cost at Entry Age will usually be less under valuation X and hence, the
Present Value of Future Normal Costs at Attained Age will be less. Therefore, since Accrued
Liability = Present Value of Future Benefits less the Present Value of Future Normal Costs, the
Accrued Liability at Attained Age will be greater under valuation X than under valuation Y.
Statement II is true.
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Statement I1I:

This is the usual situation with a moderate withdrawal assumption. However, for purposes
of illustration, consider the results if one were to assume that all participants withdraw prior to
becoming vested. The Present Value of Future Benefits is zero at Entry Age and Attained Age.
Therefore, the Accrued Liability is zero under the prospective formula for valuation X. Valuation
Y would, of course, develop a positive Accrued Liability. Statement III is true.

Answer is D.
* Problem 4 -7

Part A - Determine Normal Cost: Tinker Bell

(1) Salaries at attained age $40,000 $25,000

(2) Projected Salary at retirement (1) x (1.04)®-2 72,038 98.652

(3) Projected Benefit ' 36,019 71,029

(4) Present Value of Benefits at entry age 57,404 55,795
(3) x &2 x (D,/D,,)

(5) Salaries at entry age (1) x (1/1.04)**<* 27,023 24,038

(6) Present Value of Future Salaries at entry age 488,716 563,922
(3) ¥ (N, -“N)De, _

(7) Normal Cost % at Entry Age (4) + (6) 11.75 9.89

(8) Normal Cost at Attained Age (7) x (1) 4,700 2,473

(9) Total Normal Cost = 4,700 + 2,473 = 7,173

Part B - Determine Accrued Liability:

(10) Present Value of Benefits 111,448 59,484
(3) x &5? x (D,/D,,)

(11} Present Value of Future Normal Costs 56,646 56,946
(8) X ("N, - °N)/*D,,

(12) Accrued Liability at Attained Age (10)-(11) 54,802 2,538

(13) Total Accrued Liability 54,802 + 2,538 = 57,340
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Problem 4 -8

Key Concept: Problem demonstratesthat the salary is not necessary to determine the Normal Cost
Percentage. The interest assumption of 7% and Salary Increase assumption of 4%
is the equivalent of 2.8846% [(1.07 + 1.04) = 1.028846].

Determine Present Value of Future Benefits at entry age:

PVFB,, = (.10 x Salary)(10.50)(1.04)"°('%)
= (.10 x Salary)(10.50)(1.480)(.29586)
= 45977 x Salary

Determine Present Value of Future Salaries at entry age:

PVES,, = Salary x 1.04* x &g, j=2.8846%
- = Salary x .73069 x 14.2893
= 10.441 x Salary

Normal Cost Percentage = (PVFB,, + PVFS,,)
= (45977 x Salary) + (10.441 x Salary) = .044 (4.4%)

Problem 4 -9

In this problem, we are asked to determine a new Normal Cost without knowing the Entry
Age of the Participant. However, since we know the original Normal Cost, we can solve for the
value of the Commutation function N for the entry age. Using Retirement Age of 65:

PVFEB,, = Benefits x 120 x (D¢ /D,,)
=200 x 120 x (256/D,,)
= 6,144,000/ D,

PVFS,, = Salary (N, - N¢s)/De,

NC% at EA = PVFB + PFVS
= 6,144,000 + [Salary x (N, - N,J)]

Normal Cost = Salary x (NC% at EA)
= 6,144,000 + (N, - Nj5)
2,084 = 6,144,000 - (N_, - N5)
2,948 = N, - N
N,, = 2,948 + Ny, = 2,948 + 2,677 = 5,625
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Using Retirement Age of 62:

PVEB = 200 x 126 x (D, / D,)
=200 x 126 x (328 /D,.)
= 8,265,600 D,

PVFS = Salary x [(Nea - N62) / Dea]
= Salary x [(5,625 - 3,585)/ D,,]
= (Salary x 2,040)/ D,
NC% = (8,265,600 + D) + (Salary x 2,040 =~ D,
Normal Cost = 8,265,600 + 2,040 = 4,052
Increase in Normal Cost = 4,052 - 2,084 = 1,968

Problem 4 - 10

UAL;,s = 600,000 - 370,000 = 230,000
UALg = 625,000 - 415,000 = 210,000
eUALg = (UALgs+ NCg)(1 + #) - Contribution
= {230,000 + NCy;)(1.08) - Contribution
= 248,400 + (1.08)(NCy;) - [(1.08)(NCy,) + 40,000] = 208,400
Gain/Loss = eUAL - UAL
= 208,400 - 210,000 = (1,600) (loss)

Since answer is negative, there is a loss of $1,600.

Problem 4 - 11
Step I: Determine Present Value of Future Benefits at Entry Age.

PVFB = Projected Benefit x 02 x (Dy/D,.)
= (12)(50%)(Salary)(sse/s,) * (Dso/De)(@63)

PVFB(Smith) = (12).50)(3,000)(2) x 1 = 36,000
PVFB(Brown) = (12)(.50)(1,000)(2.5) x .5 = 7,500
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Step II: Determine Present Value of Future Salaries at Entry Age.

Entry Age Salary = (Sal) X (S50 / 5,0) + (S50 / Sea)
Salary,,(Smith) = 36,000 x (2 + 2.5) = 28,800
Salary,,(Brown) = 12,000 x (2.5/3.5) = 8,571
PVFS ., = Salary,, X ("N, - Ngo) + D,
PVFS(Smith) = 28,800 x (3,000 < 125) = 691,200
PVFS(Brown) = 8,571 x (4,500 + 100) = 385,695

Step III: Determine the Normal Cost.

Normal Cost % = PVFB + PVFS
Normal Cost %(Smith) = 36,000 + 691,200 =5.21%
Normal Cost %(Brown) = 7,500 + 385,695 = 1.94%
Normal Cost(Smith) = 36,000 x 5.21% = 1,876
Normal Cost(Brown) = 12,000 x 1.94% =233
Normal Cost= 1,876 + 233 =2,109

Answeris D.

Problem 4 - 12

To determine the Gain or Loss, we must first determine the Accrued Liability as of 1/1/84. To do
this, we must first determine the Normal Cost also as of 1/1/84.

Step I: Determine Normal Cost at Entry Age and Attained Age.

Projected Benefit = 40% x 24,000 x (1.06)" = 23,007
PVFB,; = 23,007 x &42 x (1.07)%
= 1,917 x 115 x 2584 = 56,966
NC,s = PVFBs + [("Nys - Ngs) / *Dys]
= 56,966 + 18.320 = 3,109
NC;, = 3,109 x (1.06)° = 4,161

Step II: Determine the Accrued Liability at 1/1/84.

ALy, = PVFB,, - PVFNC,,
PVEB,, = (23,007/12)(1 15)(1.07)™
=1,917 x 115 x 3624 = 79,893
PVFNCq, = Normal Cost % [(Ny, - Nys) / D]
=4,161 x 14.057 = 58,491
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Alg, =79,893 - 58,491 = 21,402
Step II1: Determine the Experience Gain or Loss.
eUALy = (21,402 +4,161)(1.07) - Contribution
= (25,563)(1.07) - 7,000 = 20,352
Gain/Loss = eUAL - UAL
= 20,352 -23,000=(2,648) (loss)

Since the number is negative, there is an experience loss of $2,648.

Answer is C.,

Problem 4 -13

To determine the experience gain or loss, we must first determine the Accrued Liability and
the Unfunded Accrued Liability as of 1/1/84.

The Unfunded Accrued Liability as of 1/1/83 is easily determined to be:

UAL,; = AL, - Plan Assets
= 304,300 - 235,000 = 69,300

Reminder: Present Value of Salaries at age x = Salary x #z and Present Value of Future Normal
Costs at age x =NC x dgy. To determine the Present Value of Future Normal Costs:

PVENC = NC g
but, figg; = PVFS + Salary

= 250,000 + 15,500 = 16.13 (Age 50)
and g5 = 180,000 + 18,000 = 10 (Age 55)

PVFNC;,=16.13 x 800 = 12,904
PVFNC;; = 10 x 1,025 == 10,250

To determine the Accrued Liability on 1/1/84:

ALy, = PVFB,, - PVFNC,,
=350,000 - 12,904 - 10,250 = 326,846
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To determine the Gain/Loss:

UALg, = ALy, - Assetsg,
=326,846 - 275,000 = 51,846

eUALy, = (UAL,,; + NC4,)(1.07) - (Contributions + Interest)
= (69,300 + NCqg;)(1.07) - (Contributions + Interest)
=74,151 + 1.07(NC) -[21,000 + 1.07(NC)] = 53,151
Gain/Loss = eUAL,, - ALy,
= 53,151 - 51,846 = 1,305 (Gain)

Answer is E.

Problem 4 - 14

Key Concept: This problem is similar to problem 4 - 9 in that we are given a normal cost and are
asked to determine the commutation function N at entry age which is not known.

There is an additional consideration, however, in that we need to convert the N{'?
functions at retirement ages to N,. This is done through the relationships:

Ngs = Ngsz Y + G“I;)Dﬁs
and Ngg = Ngs - D5
From these formulae,

N = 1200 + (1)(100) = 1245.833
and Ny = 1245.833 - 100 = 1145.833

Step I: Determine N, for the old normal cost.

NC =800 = [(Ben x 12 x NE) + D) /[N,y - Nes)/Dea]
= [(100 x 12 X 1200)/ D,]] + [Ny, - Nes /D]
= (1,440,000 / D,,) = [(N,, - 1,245.833)/D_.]
= 1,440,000 ~ (N,, - 1245.833)
and N, = (1,440,000 = 800) + 1245.833 = 3045.833
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- Step II: Determine the new Normal Cost:
New NC,, = (Benefit x 12 x NUP)/(N,, - Ngo)
= (1,200 »x 1,103) + (3,045.833 - 1145.833)
= 1,323,600 + 1,900 = 696.63

Answer is A.

Problem 4 - 15

Key Concept: This problem calls for conversion of commutation functions D, to *D,.

D, =D, x (1.06)" N, = XD,
Age x D, ‘D,
61 385 13,462.277
62 354 13,120.999
63 326 12,808.171
64 299 12,452.214
65 274 12,095.722

Entry Age Normal Cost % =(PVFB + PVFS)
' To determine the Present Value of Future Benefits at age 61:

PVFB = (Ben x 12 x 442 }(D¢s / Ds,)
| = (700 x 12 x 10)(274/385) = 59,782

To determine the Present Value of Future Salaries at age 61:
PVFS = Salary X (5N61 - sNﬁs) r" SDGI
= Salary x (51,843.661) /13,462.277
= Salary x 3.851
(Note that Ny, - *Ngs= Dy, + *Dy, + °Dy; +°Dgy)
To determine the Normal Cost:

Normal Cost % = 59,782 + (Salary x 3.851)
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Normal Cost = (1.06) (Salary)(59,782) /(Salary x 3.851) = 17,442.50

Answer is D.

Problem 4 - 16

Key Concepts: Care should be exercised in determining the number of salary increases from
valuation to retirement date. In this particular problem, there are only 8 assumed
salary increases even though there are 9 years remaining until retirement.

Interest assumption of 7% and salary increase assumption of 5% is the equivalent
of an interest assumption of 1.90476% [(1.07/1.05) - 1].

Projected Benefit{Age 65) = 60% x 100,000 x (1.05)% = 88,647
PVFB;; = (88,647) x &) x vig;
= 7,387 x 100 x .5083 = 375,481

PVFS,; = 100,000 x &r; where j = 1.90476%
= 100,000 x 9.1995 = 919,950

NC,; = 100,000 x (375,481 + 919,950) = 40,815
NC,, = 40,815 x 1.05 = 42,856

Answer is C.

Problem 4 - 17
Key Concept: The total Gain/Loss is determined, then the Gain/Loss attributable to investment
earnings is determined. Since the only variants are investment earnings and salary

increases, the difference miust represent the Gain/Loss attributable to salary
increases.

Step I Determine total Gain/Loss.

¢UAL (85) = (UALy, + NCy)(1 + ) - Cyy
= (300,000 + 55,000)(1.075) - 90,000 = 291,625

Actual UAL = 330,696
Gain/Loss = 291,625 - 330,696 =(39,071) (loss)
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Step II: Determine Gain/Loss from investment earnings.
Expected Value of Assets

eAssetsg; = Assetsy % 1.075 + Contribution
= (300,000 x 1.075) + 90,000 = 412,500

Gain/Loss from investment earnings = eAssets - Assets
= 412,500 - 400,000 = 12,500 (loss)

Step III: Determine Gain/Loss from salary increases.

Loss from Salary Increases = 39,071 - 12,500 = 26,571

Answer is D.

Problem 4 - 18

Key Concepts: Since the problem involves the calculation of the present value of future benefits,
the fact that the stated funding method is entry age normal is irrelevant.

The result needed is the increase in the cost of vesting. This can be approached by
calculating the cost based on the old schedule and the new and then the difference,
or by calculating the present value of the difference directly. The information

given dictates the second approach.

The definition of MY is consistent with the assumption of the timing of

terminations.
ta-1

Cost of vesting = > (AB,)(Vesting %) (C™/D,,)

where C™ =1 v* ¢, (809 =MP - M), as defined in the problem.

The amendment changes the results at ages 58 and 59 only.

59

Therefore the increase= 2 (AB,) x (C™ /D)

x=58

Increase for age 58 = [(12 x 8 years x 10) x (45 - 40)] /250
= (960 x 5) /250 = 19.20
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Increase for age 59 = [12 x 9 years x 10) x (40 - 38)] /250
= (1,080 x 2) /250 = 8.64

Total Increase = 19.20 + 8.64 =27.84

Answer 1s B.
Additional Considerations for Problem 4 - 18:

Problem 4-18 involves the determination of the value of the ancillary benefit of vesting
which has not been discussed in this or previous chapters. So far in our discussion when
commutation functions were involved, there has been the implicit assumption that the only benefits
that ever will be provided are those at normal retirement. If a participant dies or terminates
employment, he would lose all benefits that have accrued to his benefit to date. In the real world,
however, this may not occur so provision should be made for the cost of the contingent liability of
pre-retirement terminations. '

The item that is affected when we provide for termination benefits is the value of future
benefits. We begin with the expression for the Present Value of Future Benefits as we have learned
it so far, [Ben x 124, x (D¢s/D,)], then add an amount that reflects the probability of withdrawal
of that portion of benefits becoming payable during the year of valuation, the year following the
year of valuation, the year after that, and so on until normal retirement date. The amount of increase
depends upon two quantities as follows:

(1)  The Present Value of the Vested Accrued Benefit on the valuation date and all subsequent
expected valuation dates;

(2)  The probability that termination will occur during the year of valuation and any subsequent
year.

The Present Value of Vested Accrued Benefit for each Participant may be expressed as:
PV (AB) = (% Vested) x (AB,) x 12(,.,, 44} )

where AB is the accrued benefitand (., ;3¢ ) is an annuity involving interest and mortality
only since the participant cannot lose his Accrued Benefit once he is vested.

The probability of withdrawal due to termination can be expressed as:

C™ /D, where C¥ = qM]
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The amount of increase is calculated by applying the probability of termination to the
present value of vested accrued benefit for each year until the year preceding retirement and then
summing the result.

For each participant then, the present value of future benefits can be expressed as:
PVFB = (B)124® (D,/D,,)
y-1
+ 1Dy = DT, x (% vested) x (AB,.;) x 12509 (D',D',.,)
=ea

where D’ is composed of interest and mortality only, and in the problem, M, = M,,, + C.,.

Problem 4 - 19
Statement I: Normal Cost under the aggregate cost method.
NC = (700a§2 v*° + 3004( v'° -+ 20082 v'°) = [(1/3)(dm + dpy + dr)]
= 300459 (Tv* + 3y + 2v'% + (A + iy + i)
= 300442 [7(.094) + 3(.362) + 2(.508)] = [(13.85 + 9.75 + 7.52)]
= 300442 (.658 + 1.086 + 1.016) + 31.12
= 300442 x 0887 = 10042 x 2661
Normal Cost under the entry age normal method.
NC = (70082 v* + tig) + (300842 v!* + fips,) + (20082 v!0 + dpy) -

= 10040 x [(7)(.094)/(13.85) + (3)(.362/9.75) + (2)(.508)/7.52)]
=100442 x (.048 + .111 +.135) = 10042 x 294

Normal cost under aggregate method is smaller, so statement is true.
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Statement II: An experience gain from investment return under the Aggregate Cost Method
generates a decrease in normal cost. Statement 11 is true.

Statement III: An experience gain from investment return under the Entry Age Normal Cost
Method is amortized over later years and does not affect the normal cost. Statement
11 is false.

Answer is C.

Problem 4 - 20

Key Concept: The expression &¢2) with a one year setback is equivalent to NY¢P/D,.
50— 9,626 + 1,080 = 8.91

Determine Present Value of Future Benefits at Entry Age:

PVFB,, = (100)(12)(8.91)(Des/Dso)
=(1,200)(8.91)(990 - 8,595) = 1,232

Determine Normal Cost at Entry age:
NC,,= (PVFB)[D3¢/(N36 - Ngs)]
= 1,232[8,595 = (118,701 - 9,041)]
= 1,232(8,595 + 109,660) = 96.56
Determine Accrued Liability at attained age:
AL,, = NC x (N3g - Ny )/Dy,
=96.56 (118,701 - 81,084) + 6,085
=96.56 (37,617 + 6,085) =597

Answer is D,

312



Problem 4 - 21

Key Concept: Under Entry Age Normal applied on an aggregate basis, the total present value of
future benefits is divided by the average temporary annuity. To determine the

average temporary annuity:

ATA = (/2)[(Nys - Ngs)/Dys + (Nsg = Ngs)/Diy]

Employees
A ' B
(1) Attained Age 50 55
(2) Entry age 45 50
(3) Years of service to NRD 20 15
(4) Present Values at Retirement 24,000 18,000
(5) PVFB at Entry age = (4) x (D / D,,) 3,528 4,523

(6) Total PVFB = 3,528 + 4,523 = 8,051

ATA = (1/2)[( 9,012 + 1,000) +( 4,945 + 585)]
= (1/2)(17.465) = 8.7325

NC =PVIB + ATA

= 8,051 +8.7325 =922
Answer is C.

Problem 4 - 22

Total years of service at Normal Retirement: 20 years.
Retirement benefit: $20 x 20 years = $400 per month

Accrued Liability = Unfunded Accrued Liability + Assets
= 9,700 + 8,000 = 17,700

Present Value of Future Normal Costs = Normal Cost x 7.90
= 1,300 x 7.90 = 10,270

Present Value of Future Benefits = Present Value of Future Normal Costs + Accrued Liability-
PVFB =17,700 + 10,270 = 27,970

313



Accrued benefit cost method is now considered:
Accrued benefit = 10 Years of Service x 20 =200

If the Present Value of Future Benefits of $400 per month is $27,970, then the Present Value of
Future Benefits of $200 per month is $13,985. The Accrued Liability also equals $13,985.

UAL = Accrued Liability - Actuarial value of assets.
= 13,985 - 8000 = 5,985

Answer is A.

Problem 4 - 23

Key Concept: The value for & is not given. However, it can be calculated using Smith's normal
cost, which is provided.

Smith Brown
Attained age 35 34
Past years of service 5 9
Total years of service 35 40
Retirement benefit $350° $400

StepI: Calculate #2 using the Normal Cost for Smith.
NC = (350)(12842 )(v) + 4

= (350)(124(2 )(.0937) + 13.854
= (2.367)(12442 ) = 320

12492 =320 + 2.367 = 135.19
Step II: Calculate Normal cost for Brown.
NC = (benefit)(124(2 Y(»**) + éigy
= (400)(135.19)(.0668) + 14.2649
= 3,612+ 14,2649 =253

Answer i1s B.
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Problem 4 - 24

Key Concept: It is difficult to keep up with the number of years in problems involving salary
scales. In this particular problem, the benefit is determined by the final year's
salary, where we are given the prior year's salary. In order to determine the final
year's salary, the number of changes of salary should be counted.

Attained age 40
Entry age 35
Current salary $30,000

Projected salary = 30,000 x (1.06)* = 128,756
Projected benefit = 50% of 128,756 = 64,378

Present Value of Future Benefits at Entry Age:

PVFB,, = (64,378)(10)(Ds/D3s)
= (64,378 }(10)(99/921) = 69,201

Present Value of Future Salaries and Normal Cost Percentage at Entry Age:
Salary at Entry Age = (30,000)(1.06)°>=22.418
PVFS,, = (22,418)(°N;; - "Ngs)/(Dss)
=(22,418)(239,735 - 62,569) + 7,077 = 561,213

Normal Cost Percentage = PVFB,, + PVFS,,
= 69,201 + 561,213 = 12.33%

Normal Cost at attained age:
NC, =.1233 x 30,000 = 3,699

Answer is C.
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Problem 4 - 25
Key Concept: Changing the normal form of distribution from life only to life only with period
certain has the effect of changing the retirement annuity rate which in turn affects
(1) the present value of future benefits, (2) the normal cost at entry age and (3) the
present value of future normal costs.
Step I: Calculate the ratio of _retirement annuity rate under each option.
Annuity rate (Life only) = N{?/ D,
=9,000 + 990 = 9.091
Annuity rate (10 C & L) = () + (NV?/ Dgs)
=T7.287 + (2,400 ~ 990) = 9.711
Ratio =9.711 + 9.091 = 1.068

Annuity rate for 10 C&L 1s 6.8% higher than the life only.

Life only 0C&L
(1) PVFB - Actives $1,500,000 x 1.068 = $1,602,000
- Retirees 500.000 _500.000
(2) PVFB - Total $2,000,000 $2,102,000
(3) Plan Assets 600,000 600,000
{4) Unfunded Accrued Liability 800.000
(5) Present Value of Future Normal Costs 600,000 x 1.068 = 640,800
2y- (3)-4) :
(6) Unfunded Accrued (2) - (3)-(5) - 861,200

(7) Total Amount of increase 861,200 - 800,000 = 61,200

Answer is C.
Problem 4 - 26

Key Concept: Since Smith has no past years of service, his accrued liability is zero. Hence, we
need consider only Brown and Green.
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l’_ea;s_qis_mic:

Age Past Future Total Benefit
Brown 40 10 25 35 $350
Green 50 20 15 35 350

Normal Cost = (Benefit)(12442 XDygs) / (N, - Ngs)

Since Brown and Green have the same number of years of total service, the Normal Cost for each
will be the same.

Normal Cost = (350)(12)(8)(55) + (12,570 - 465) = 152.66
Accrued Liability = (Normal Cost)(N,, - N,)/D,
AL (Brown) = (152.66)(12,570 - 5,485) +~ 450 = 2,404
AL (Green) =(152.66)(12,570 - 2,255) +~ 200 = 7,873
AL (Total) =2,404 + 7,873 = 10,277

Answer is B.

Problem 4 - 27

Key Concept: Since the assumed retirement age is 60, the 6% reduction must be used throughout
the problem, as well as counting years of service to age 60 only.

Step I: Determine retirement benefit.

Ben = (10 x years of service)[1 - (.06)(5)]
= (10 x 20)(1 - .30) = 140

Step II: Determine Accrued Liability.
AL =Ben (1285 ) x (Dgy/Dso) * [(Nyg - Nsp)/ (N - Ngo)] -
= (140)(12 x 9.79)(151/322)[(8,761 - 3,902) = (8,761 - 1,547)]
= (140)(117.48)(.4689)[4,859/7,214] = 5,194

Answer is B.
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Problem 4 - 28

Key Concept: In problems involving salary scales, it is necessary to count the number of salary
changes. In this problem, for example, the participant'sattained age is 50 but since
his rate of salary for 1988 is given, there are only 14 salary changes until his normal
retirementage. Note that if his actual annual salary for 1987 had been given, there
would have been 15 salary changes until his normal retirement age.

(1) Projected salary at NRA = (50,000)(1.05)"* = 98,997

To determine the average salary over the final n years preceding retirement, use the formula

Final Average Compensation = (Final Compensation)(&g,ss,/n) = (98,997)(.95314) = 94,358

(2) Projected Benefit at Normal Retirement = 47,179

(3) Present Value of Future Benefits at Entry Age = (47,179)(9)(1.06)* = 73,929

(4) Salary at Entry Age = (50,000)(1.05)"% = 24,051

The Present Value of Future Salaries where each annual salary is discounted by d percent while

increasing each year by g percent is the equivalent of a discount of [(1+d) / (1+g)] - 1. In this

problem (1.06/1.05) - 1 = .952% =.

(5) PVFS = (24,051 )(ég;) = 630,993

(6) Normal Cost Percent=(3)/(5)=11.72%

(7) Normal Cost as of 1/1/88 = 50,000 x 11.72% = 5,860

Answer is B.

Problem 4 - 29
Key Concept: A Life Annuity with n years certain can be regarded as consisting of two parts:

(1) an Annuity Certain of n payments; and
(ii) a Deferred Annuity commencing in n years and continuing for life.

These two components should be treated separately to determine any experience
gain or loss. For the purpose of this problem, part (i) (the annuity for ten years
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certain) can be ignored since the monthly payments will continue if Smith is living
or dead. Hence, there can be no experience gain from this source if Smith dies. -

Considering part (ii) (the deferred annuity commencing at age 75) only:
Step I: Determine the actual Accrued Liability at 1/1/88.
AL (Deferred Annuity) = 0 (no payments will be made)
| Step II: Determine expected Accrued Liability at 1/1/88.

eAL,, (Deferred Annuity) = (AL )(Dss)
Pes 18 noOt given; however, it can be calculated from the relationship between Dy, and D,

D3/Dgs = ¥Dgo

Pss = (D) / (vDis)
=(1,227)(1.06)/1,344 = 9677

AL (Deferred Annuity) = (1,000)(12)(NYZY D)
= (1,000)(12)(5,006 / 1,227) = 48,958

All information to determine the expected accrued Hability at age 70 is now available.
eAL,, = (48,958)(.9677) = 47,377
Therefore, the experience gain = 47,377 - 0=47,377

Answer is D.

Problem 4 - 30

Key Concepts: The problem requires that a distinction be made between the Entry Age Normal
Method, aggregate basis, and the Entry Age Normal, individual basis. To
determine the Normal Cost under the individual basis, the present value of the
projected benefit at Entry Age (or the Present Value of Future Normal Costs) is
divided by &, for each participant. Summation of these individual normal costs
provides the total Normal Cost for the plan.

Using the aggregate approach, the Present Value of Future Normal Costs at Entry
Age is summed and then divided by the average of 4. Under this approach, the
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Normal Cost changes each year as the Present Value of Future Normal Costs is
divided by the average of the appropriate #zz's. The Accrued Liability is
determined by the relationship:

PVFB = Accrued Liability + PVFNC

Data as of 1/1/88: Smith Brown
Age 35 45
Past Service 10 10
Future Service 30 20
Projected Pension 400 300
Accrued Benefit 100 100

Step 1: Calculate Present Value of Future Benefits at Entry Age.
PVFB,, = (Benefit)(124¢? Y(D;s/D.,)
PVFB(Smith) = (400)(12)(9.35)(189 / 2,441) = 3,475
PVFB(Brown) = (300)(12)(9.35)(189 / 1,348) = 4,719
Total PVFB = 3,475 + 4,719 = 8,194
Step II: Calculate Normal Cost.
= 8,194/(15.62 + 14.22) x 2 = 549.20
Step III: Determine Accrued Liability at 1/1/88
AL = PVFBy, - PVFNCy,
PVFB(Smith) = (400)(12)(9.35)(189 / 1,348) = 6,293
PVFB(Brown) = (300)(12)(9.35)(18% / 737) = 8,632
PVEB (Total) = 6,293 + 8,632 = 14,925
PVFNCsS = (NOI'Ina]. COSt)(§353m =+ 545:2]}]) { 2
= (549.20)(14.22 + 11.84)/2=17,156
ALy =14,925-7,156 = 7,769
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Answer is C.

As an additional exercise, it might be helpful to solve the problem using the individual approach.
In this case,

NC (Smith) = 3,475/ 15.62 =222.47
NC (Brown) =4,719/14.22=331.86

and PVFB (Smith) = (400)(12)(9.35)(189 / 1,348) = 6,293
PVFB (Brown) = (300)(12)(9.35)(189 / 737) = 8,632

PVENC (Smith) = (222.47)(14.22) = 3,164
PVENC (Brown) = (331.86)(11.84) =3,929

Accrued Liability = (6,293 + 8,632) - (3,164 + 3,929) = 7,832
The difference in the two answers is often insignificant. In this case, the difference is significant

because it would knock you out of a correct answer.

Preoblem 4 - 31

The retirement benefit is calculated as follows:

(1.04)*% + (1.04)*® + (1.04)3“J

Final Average Salary = 10,000 x { 3

3.5081 + 3.64838 + 3.7943

= 36,503
3

= 10,000 (

Benefit = (.5)(36,503) = 18,252

32]



The Normal Cost can now be calculated:

[Dss]
PVFB D
NC,, = % - Benefit x a3 z

Ea
PVFS,, Sy - Sy

= (18.252) x (1,738/22,499) x (9.345) = _ 13,176 =487
(1,920,504 - 296,192)/(59,979) 27.0813

Since the Normal Cost must remain the same percentage of salary, the Normal Cost at entry age 25
can be accumulated for five years to age 30.

NGy = NC,, x (1.04) = 487 x (1.04)° = 593

Answer is B.

Problem 4 - 32

Key Concept: The gain or loss due to early retirement is equal to the difference between the actual
liability and the accrued liability had the participant not retired.

Step I: Determine the actual liability.

Early Retirement Benefit = (15)(21 years of service)(early retirement factor)
= (15)2D[1-(.02)(6 years)] = 277.20

(12)

Actual AL = 277.20 x 12457 = 277.20 x 12 x —2
D59
- 277.20 x 12 x 322y - 36,518
275

Step II: Determine the expected liability.
Assumed Benefit at age 60 = (15) x (22 years of service) x (early retirement factor)
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= (15) x (22) x [1 - (.02)(5 years)} = 297

Under Entry Age Normal,

’ W12
PVFB,, _ (29711245 2

= — - = 820
am—eai ai-ﬁ
AL = NC x §——=:= 820 x §337 T 34,762

aa- ea]

Step III: Calculate the Gain/Loss.

Loss = Actual AL-Expected AL
=36,518-34,762 = 1,756

Answer is A.

Problem 4 - 33

Final Salary = (30 000)(1.05)!° = 48,867
Projected Benefit = (48,867)(.01)(30 years of semce) = 14,660
PVFB,, = (14,660)(d#)(v") = 19,258
Since the salary scale is 5% per year, assume the salary decreases 5% per year back to entry age.

Salary,, = 30,000/(1.05)% = 11,307

1+ 1.07

PVFS = 11,307amf, where j = l+s_l = m -1 = .0190476
PVFS,, = 261,472
PVFB, 19,258
NC,, = ( =) x Salary, = (—="—) x 11,307 = 832

PVFS 261,472

Since Normal Cost increases as salary increases,

NC,, = NC,, x (1 + s)fee»
= 832 x (1.05)2° = 2,208
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PVEB,, = PVFB,, x (1.07° = 19,258 x (1.07Y° = 74,522
AL = PVFB,, - PVFNC
= 74,522 - (2,208)(dm;)
= 74,522 - (2,208)(9.1994) = 54,210

Answer is B.

Problem 4 - 33 (Alternative Solution)
A retrospective approach can be used as follows:
AL =NC,, ¥ 8z = (2,208)(24.5267) = 54,155

The difference is due to rounding.

Problem 4 - 34
Key Concept: Since there is no pre-retirement death benefit, the actual liability for Green is zero.
Therefore, the experience gain is equal to the expected Accrued Liability under the
Entry Age Normal Method.
Projected Monthly Benefit for Green = (20)(15 Years of Service) = 300
EAN NCy; = (300)(128()/[(Nso - Ngs)/Des]
= (300(12)(9.35)/[(6,723 - 1,745)/178] = 1,204
EAN AlLg; = 1,204 % (Ng - Ngp)/Dygp
= 1,204 x (6,723 - 2,870)/260 = 17,842

eALgy = (Algs + NCy,)(1.06)
= (17,842 + 1,204)(1.06) = 20,189

Answer is C.

Problem 4 - 35
Step I:  Calculate the Normal Cost at Entry Age.
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PVFB,, = 110,000 x v'7 = 40,850

NC,, =40,850/d5y; wherej=1.06/1.03 - 1=.0291262
=1,924

Step [1: Calculate the Normal Cost as of 1/1/89.

NCgo = (NC)(1.03)"7 = (1,924)(1.03)"" = 3,180
.Step II1: Calculate the Accrued Liability as of 1/1/89.

AlLgy = NCqyy X 8rg; = 3,180 X 5py; = 70,694

Answer is B.

Problem 4 - 36

Key Concept: The Normal Cost after the amendment is equal to the Normal Cost before the
amendment increased by 25%.

Before the amendment,

NC = (PVFB - AL)/(PVFS/Salary)
= [4,100 - (800 + 1,000)]/(46,000/4,000) = 200

After the amendment,
NC =200 x125=250

Answeris E.

Problem 4 - 37
Step I: Calculate the benefit increases.

Smith: 2 x 12 x 40 years of service = 960 per year
Brown: 2 x 12 x 30 years of service = 720 per year
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Step II: Calculate the normal cost increases.

Smith: (960/1,000) x 42.13 =40.44
Brown: (720/1,000) x 89.04 =64.11

Step III: Calculate the accrued liability increases.
Smith: 40.44 x §5 = 40.44 x 6.1533 = 248.84
Brown: 64.11 x §5 =64.11 x 6.1533 =394.49
Total Increase = 248.84 + 394.49 = 643 .33

Answer is E.

Problem 4 - 38
I. The retrospective formula for Accrued Liability under Entry Age Normal is:
NC x (N, - N.)/D,, =P x (Ny - Ny)/Dys
True.

II. The prospective formula for Accrued Liability under Entry Age Normal is:

(12)
D N, Nyg - N
PVFB_ - PVFNC, = B [ﬁ [ 5 ] - P [—Hu—“’ “]
D D D
45 65 45
u
(12)
- B Ns _ Nis = Nes
Dys Dy

True.
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III. The Normal Cost under Entry Age Normal is:

NC = (Benefity(@} XD, /D N, ~N D,

(12)

B Dys " Negs
12}
D D B x N
Substituting, P = 30 6 _ 65
Ny = N Ny — Ngs

Substituting into statement 1,

(12}
-B [Nss ] [Nsa B N4s]
D Ny — Ngs

True.

Answer is D,

Problem 4 - 39

Key Concept: Use commutation functions without salary scale for calculating present values and
commutation functions with salary scale for amortizing.

Final year's compensation = 25,000/.2314 = 108,038
Benefit =.5 x 108,038 = 54,019

Under Entry Age Normal with salary scale, the normal cost rate per participant is a rate which is
applied to future expected or actual salary. The equation of value is: _

NC Rate x PVFS = PVFB
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NC Rate at Entry Age = PVFB_/PVFS,,

D
54,019 x G50 x —=
= D25
§ 5
Nys = "Ngs
Salaryzs X
5
DZS
54,019 x 8.736 x —414_
= 13779’168 - 25’043
- 4
25,000 x (=142 193,660,240-30,013,858 16,699
2314 6,024,894
AI..90 = Salary x NC rate x f;;)ﬁT
s 5
N,. - °N
= 25,000 x 0600986 x it 35
D

35

193,660,240 - 138,500,016
4,932,364

= 1,502.47 x

Answer is B.
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Problem 4 - 39 (Alternative Solution)

D
PVFB = 54,019 x d4° x —= = 49,827
‘DJS
Dy
D
NC,, = 54,019 x dgg X —— 2 = 922
8 b
Nps = Nes
S
DZS
SBS
NC,, = 922 x -2 = 1,502
SZS
SNss_sts
PVENC = 1,502 X ———" = 33,036
SD .

AL = PVFB-PFVNC = 49,827-33,036 = 16,791

Problem 4 - 40
Final salary = 25,000 x (1.05)"* = 51,973

Benefit = .01 x 20 x 51,973 = 10,395

. (12)

PVFB_, = 10,395 x dg; x v = 10,395 x 8.735 x 258419 = 23,465

PVFB 1+ _ 107

NC,, = ——=, where 14/ = — = — = 1.019
gy I+s  1.05
L 23465 _ | 445
16.824

The Normal Cost increases 5% per year to remain a level percentage of salary.
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NGy = NC,, x (1.05)<
= 1,395 x (1.05)° = 1,780

Answer is D,

Problem 4 - 41

Key concept: Experience gains or losses are calculated before the effects of plan amendments or
assumption changes are taken into account.

eUAL,; = (AL, - Assetsg + NCg)(1 + 7} - Contributiony, (1 + %4i)

= {800,000 - 420,000 + 50,000) (1.07)- 80,000 ( 1+ %] = 377,300

Note that since the contribution was deposited midway through the year, it is credited with only
one-half year's interest.

ALg, (Post Amendment) = 890,000
AL, (Pre-Amendment) = (12/12.5) x (890,000) = 854,400
Note that the ratio (12/ 12.5) can be used since the benefit was changed for all participants.
UAL,, = AL,, - Assets,,
= 854,400 - 500,000 = 354,400
Experience Gain = 377,300 - 354,400 = 22,900
Answer is C.
- Note: The benefit payments for 1990 were given as information but not used in solving this
problem. It would have been used if the question were to ask about the actual return on plan assets
during the year. The relationship is as follows:
Assetsy; = Assetsy, + Contributiony, - Benefit Payments,, + Interesty,
500,000 = 420,000 + 80,000 - 15,000 + Interest,,
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Interesty, = 15,000

This is to be compared to the expected interest, in determining the jnvestment gain/loss.

Expected Interest = Expected Prior Asset Interest

+ Expected Contribution Interest
- Expected Benefit Payment Interest
= 420,000 (.07) + 80,000(.07/2) - 15,000(.07/2) = 31,675

| Therefore, investment loss = 31,675 - 15,000 = 16,675
and Non-investment gain = Total Gain + Investment Loss = 22,900 + 16,675 = 39,575

Problem 4 - 42
Step 1. Calculate the individual EAN Normal Cost

For the participants at age 40, with retirement benefits of $350 per month

D
350 x 12 x 457 x —&
PVFB,, D
NC_, =2 x =2 x 30
EAN P N N
Q3035 0 65

D30

12 x 350 x (ﬂ)

= 2 X 1336 = 2 x M = 407
18946 - 919 (13.4%93)
1336
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For the participants at age 60, with retirement benefits of $150 per month

D
D

&5

150 x 12 x &5 x
50

EAN -
a Ngy = Ngs

D

50

[M] (9.2857)

12 x 150 x | 373
o 329

g (477629) oo |

329
Total Individual NCg,, = 407 + 1,029 = 1,436

Step II: Calculate the Aggregate EAN Normal Cost.

3 PVFB,_

NC;,y = Number of Participants x

EA

Iy

G oara -ea|

= 4

o [ 2% 274446 + 2 x 4776.29) _ |,
2 x 13.493 + 2 x 92857 ’

Step III: Calculate the difference in the Normal Costs.
Difference = 1,436 - 1,321 = 115

Answer is B.

Problem 4 -43

Benefit = (.5)(28,571)[(LOSY® + (1.05)" -+ (1.05)"] = 36,127
3
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Salary at age 35 = 28,571/(1.05)"° = 17,540

D
36,127 x a5 ) x D_ﬁs
Normal Cost Rate at 35 = 35
s 5
Nys— Ngs
17,540 x
5
Dy
_ 33200 _ oo
385,894
sts B sNds
Thus, ALy, = (.0860) (28,571) |—— 2| = 27,673
Ly
D

NC,, = (.0860) (28,571) = 2,457

eALy, = (L, + NC,)) (1.07) = (27,673 + 2,457) (1.07) = 32,239

Answer is B.
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Problem 4 - 44

Step I: Under the old basis, the Normal Retirement Age is age 62.

Benefit = 10 x 17 years of service = 170

PVFB 17
NC,, = — =170 x 12837 x ~
a1 4
_ 606417 _ oo
10.4466

ALy, = NC_, x i = 580 x 19.1406 = 11,102

Step II: Under the new basis, the Normal Retirement Age is age 65.

Benefit = 10 x 20 years of service = 200

. (12) 20
200 x 124 X y
Ncea _ - 65 - 5,420.60 - 478

ALy, = NC_ x i1 = 478 x 19.1406 = 9,149

Step I: Calculate the change in the Accrued Liability.

AL decrease = 11,102 - 9,149 = 1,853

Answer is B.
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Problem 4 - 45

Step I; Calculate the Accrued Liability under the Unit Credit Cost Method.

AL = PVAB = 5 years of service x 50 x 12 x 43~ x v'5 = 9,503

Step II: Calculate the Accrued Liability under the Entry Age Normal Cost Method.

Retirement Benefit = 50 x 20 years of service = 1,000

PVFB,, 1000 x 12857 x v
NCpan = -
Temporary annuity ea to ra ﬁfﬂ

1,000 x 1245 x g

Sm

ALEAN = NCEAN X Saa-ea| -

_ 1000 x 12 x 8.74 x 6.15329 _ 14712

43.86517

Step III: Calculate the change in the Accrued Liability.
Increase in AL = 14,712 - 9,503 = 5,209

Answer is D.

Problem 4 - 46
Step I Determine benefits.

Smith: Benefit = (.5)(2,500) = 1,250
Brown: Benefit = (.5)(1,500) = 750

Step II: Determine Normal Costs.

Normal Cost = (Benefit)(12a02)/8 5o
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Smith NC = (1,250)(12)(10)/3s5 = 1,605
Brown NC = (750)(12)(10)/85, = 1,329
Step III: Determine Accrued Liability
Accrued Liability = NC % Sz
Smith AL = 1,605 x §; =1,717
Brown AL = 1,329 x § (y = 43,856
Total AL =1,717 + 43,856 =45,573

Answer is C.

Problem 4 - 47

Key Concept: Gains/losses due to early retirement are computed by comparing the actual PVFB
with the Accrued Liability under the method had early retirement not been elected.

Projected normal retirement benefit = 10 x 17 years of service = 170
Projected early retirement benefit = 170 x [1 - (L06)(3 years)] = 139.40

Accrued normal retirement benefit = 10 x 13 years of service = 130
Accrued early retirement benefit = 130 x [1 - ((06)(7 years)] = 75.40

Expected Accrued Liability = (139 40)(12a§;2’)xj = 10,258

81

Actual Accrued Liability = (75.40)(1245") = 9,247

There is a gain since the expected liability exceeds the actual liability.
Gain = 10,258 - 9,247 = 1,011

Answer is B.
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Problem 4 - 48

Key Concept: The mortality gain/loss is determined by comparing the expected Accrued Liability
with the actual Accrued Liability.

Ny Ny
AL,, = 1,500 x 5'30:1—0[ = 1,500 x (———) = 22,393
40

eAL,, = (AL,, + NC,) x (1.07) = (22,393 + 1,500) x (1.07) = 25,566

Since the sole participant is active as of 1/1/93, the actual Accrued Liability must include an
accumnulation from 1992 for mortality. Therefore,

Actual ALy; = (ALg, + NCyy) x D/Dyy
=(22,393 + 1,500) x D,y/Dy, = 25,594

Mortality Loss = 25,594 - 25,566 = 28

Answer is B.

Problem 4 - 49
Final 5-year average compensation:

= (40,000) x {(1.03)*® + (1.03)* + (1.03)* + (1.03)* + (1.03)* J/5 = 76,711
Final 3-year average compensation:

= (40,000) x [(1.03)2 + (1.03)% + (1.03)* /3 = 78,966

Since this Entry Age Normal method spreads Normal Cost as a level dollar amount, the salary scale
‘is used only to determine the projected benefit.

Old plan Accrued Liability

§er
= (100 participants)(76,711)(.4) x ai> » -2l = 3,128,678
S38]
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The new plan provides a fully subsidized 100% Joint & Survivor benefit for married participants.
Since it is assumed that 80% of the participants are married, this is the same as assuming that 80%
* of each participant is married and 20% is unmarried.

The maturity value associated with this assumption is:

= (@S + (8)dgss)

The Accrued Liability under the new plan is
S
= (100 participants)(78,966)(.5)[2d " + .8dams] X Bl = 4,704,153
38]
Increase = 4,704,153 - 3,128,678 = 1,575,475

Answer 1s B.

Problem 4 - 50

Key Concept: Accrued Liability under the Entry Age Normal Cost Method depends on]y upon the
benefit formula in effect for the current plan year.

Accrued Liability under the 1/1/90 formula,

= (2,000)[(Nas - N3g)l/Dag]

= (2,000)((D35+D36+D37)/Dsg) = 6,900
Accrued Liability under new formula,

= 6,900 x (30/15) = 13,800

Answer is C.
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Problem 4 - 51
Key Concept: Any increasein salary in excess of that expected will increase the Accrued Liability

in the Entry Age Normal method by the percentage increase in compensation in
excess of that expected.

Expected Final Salary = (60,000)(1.05)* = 159,198

eAL = (159,198)@S™y x (=L _f) = 252,814
S
Actual Salary Increase Percentage = 66,000/60,000=1.1
Actual AL = 252,814 x (1.1/1.05) = 264,853
Experience Loss = eAL - AL = 252,814 - 264,853 = (12,039) (loss)

Answer is D.

Problem 4 - 51 (Alternative Solution)
Calculate the increase in Accrued Liability associated with the increase in final salary.
Salary,, = (66,000)(1.05)"" = 166,779

Calcuiate the (gain)/loss associated with the increase in final salary.

(166,779 -159,198) x 457 x (=1 '5') = 12,039 (loss)
537
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Problem 4 - 52

Key Concept: The experience gain or loss is the difference between the Accrued Liability under
the funding method had Smith remained active and the actual liability due to Smith's

termination.

P
EAN AL = (20)(17 years of service)(12d% )-—=1) = 6,649

S

Actual AL = (20){5 years of service)(l2&'g2)v 12 = 4,657

Since the expected liability under the funding method exceeds the actual liability, there is a gain.
Gain = 6,649 - 4,657 = 1,992
Answer is B.

1t is interesting to note that had the funding method been Unit Credit, there would have beenno gain
or loss since the Accrued Liability under the Unit Credit method is the present value of the Accrued
Benefit.

Problem 4 - 53

Key Concept: In problems involving salary scales, it is necessary to count the number of salary
changes. In this problem, the participant's attained age is 34. Since his 1994
valuation compensation is given, there will only be 30 salary changes before

retirement, with the last change occurring on the valuation date as of 1/1/2024.

Step I: Calculate the Final Average Salary.

Final Average Salary = (25,000)[(1.05)%° + (1.05)2 + (1.05)% + (1.05)%" + (1.05)% /5
= 98,237

Note that other formulas could be used to determine Final Average Salary. For example,
Final Average Salary = (25,000)(8s; - 3 )/5 = 98,237

Final Average Salary = (Final Salary)(#y/5)
=(25,000)(1.05)*%(44/5) = 98,237
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Step II: Calculate the increase in the retirement benefit.
Increase = (.1)(98,237) = 9,823.70
Step ITI: Determine the increase in the Normal Cost at entry age.

PVFB;, = (9,823.70)(843)(Des/Dso)
= (9,823.70)(8.776)(94/1,262) = 6,422

NCyp =PVFB3;+ [(*Njq - "Ngs) D30l
= 6,422 + [(164,704 - 30,013)/5,454]= 260

Step IV: Determine the increase in the Accrued Liability.

ALy =NCypx (1.05)* x [(N3g - N3,)/ "Dy
=260 x 1.2155 x [(164,704 - 143,532)/5,033] = 1,329

Answer is A.

Problem 4 - 54

Key Concept: The Accrued Liability is defined as either the accumulation of prior Normal Costs
or the difference between the Present Value of Future Benefits and the Present
Value of Future Normal Costs. Since Normal Cost is given in this problem, the
Accrued Liability should be calculated by accumulating the prior Normal Costs.
Note that Smith was just hired on 1/1/94 and therefore has no prior Normal Cost.

Step I Calculate the Normal Cost for Brown for each prior year.
Since the Normal Costs increase by the 4% salary scale rate each year,
NC,, = 16,000 + (1.04)° = 14,224

NC,, = 16,000 -+ (1.04 = 14,793
NC,s = 16,000 = (1.04) = 15,385
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Step I1: Calculate the Accrued Liability.

AL =NCy; x (1.07) x (1/;p{) +
NCs, x (1.07)2 x (1/,p88) + NCo3 x (1.07) x (1/p47)

= (14,224)(1.225043)[ 1/ [(75)(.8)(.85)]] +
(14,793)(1.1449){ 1/ [(.8)(.85)]] + (15,385)(1.07)(1/.85)
=34,167 + 24,906 + 19,367 = 78,440

Answer is B.

Probiem 4 - 55
Step I Calculate the Accrued Liébility based upon the original plan provisions and assumptions.
Monthly Retirement Benefit = (15)(38 years of service) = 570

NC = (Benefit)(12402)/irg (i = %)
= (570)(104.83)/184.64 = 323.62

AL = (Normal Cost)(5r; )
= (323.62)(24.129) = 7,809

Step II: Calculate the Accrued Liability with the new 6% interest rate assumption.

NC = (Benefit)(12502)/5m (i = 6%)
= (570)(112.14)/144.058 = 443.71

AL =(NC)3m )
= (443.71)(22.276) = 9,884

Step III: Calculate the Accrued Liability with both the new benefit formula and the new interest
rate. '

Monthly Retirement Benefit = (18)(38 years of service) = 684

NC = (Benefit)(124(2)/sm (i = 6%)
= (684)(112.14)/144.058 = 532.45

AL =(NC)3rg )
=(532.45)(22.276) = 11,861
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Step IV: Calculate the difference between the increase in the Accrued Liability due to the change
in the interest rate and the increase due to the plan amendment. .

Increase due to interest rate = 9,884 - 7,809 = 2,075
Increase due to plan amendment = 11,861 - 9,884 = 1,977
Difference =2,075- 1,977 =98

Answer is A.

Problem 4 - 56

Key Concept: In situations where decrements are assumed to occur preretirement, the Present
Value of Future Benefits is equal to the present value of each type of benefit
(retirement, termination, death, for example).

Step I: Calculate the present value of the termination benefit at entry age.

Termination Benefit = (50)(20 years of service) = 1,000

PVEB,, = (1,000)(124%7 ))((é“]" WD s/ Dso (V)
= (1,000)(12)(8.7)(.3)(94/311)(.2584) = 2,446

Note that commutation functions are used to discount only from age 65 to age 50, since
preretirement mortality is assumed to occur only after termination.

Step I1: Calculate the present value of the retirement benefit at entry age.
Retirement Benefit = (50)(35 years of service) = 1,750

PVEB;, = (1,750)(12863) (p)(v**)
= (1,750)(12)(8.7)(.7)(.0937) = 11,983

Step III: Calculate the value of the temporary annuity from entry age to retirement age.
Goqm = (1 +v+ i+ V)@V + L+ plvY)
=1 +v+. V) F VA +v .+

= 11.3356 + (7)(.2584)(9.7455) = 13.0984
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Step IV: Calculate the Normal Cost.

NC =PVFBy; + &35
= (2,446 + 11,983) + 13.0984 = 1,101

Answer is E.

Problem 4 - 57

Step I: Calculate the final five year average salary. See the discussionin Problem 4 - 53 concemning
the calculation of Final Average Salary.

Final Average Salary = (53,000)[(1.06)" + (1.06)"* + (1.06)"2 + (1.06)"* + (1.06)"°] /5
= 107,009

Step II: Calculate the Accrued Liability.

PVFB,, = (107,009)(.5)(4)(Dss/Dio)
= (107,009)(.5)(8.74)(7,448/49,876) = 69,831

NC,p= (PVFB,)/[("Nyg - Nigs)/ Dyl
= (69,831)/[(15,607,843 - 4,770,425)/513, 015] 3,306

AL, = (NCyo)(1 + 5)"°[(Nyo - "Nso)Dsq]
= (3,306)(1.06)!°[(15,607,843 - 10,748,428)/451,387]
= 63,738
Answer is C.
Problem 4-57 (Alternative Solution):
An alternative way to calculate the Accrued Liability is to determine the Normal Cost as a rate of

salary at entry age. The Present Value of Future Benefits at entry age is calculated as shown in Step
Il above. Then the Normal Cost rate at entry age is determined as follows:

NC Rateyy = (PVFB/[("Nyg - Nes)/*Dyo] + [(53,000)/(1 + 5)™°]
=(69,831/21.12495) + (53,000/1.79085) = .1117

The Normal Cost rate can now be multiplied by the current salary, and accumulated from entry age
to attained age to determine the Accrued Liability.
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AL, = NC Ratey, x 53,000 x (N, - Nio)*Dso
= (.1117)(53,000)[(15,607,843 - 10,748,428)/451,387]
= 63,733

Answer is C.

Problem 4 - 58
Step I: Calculate the Accrued Liability per $1,000 of projected annual benefit for each participant.

Smith: 43.04 55 =(43.04)(6.1533) =264.84
Brown:  135.85 8= (135.85)(26.8881) = 3,652.75

Step II: Calculate the increase in projected annual benefit for each participant. Note that the benefit
increases by $50 per year for each year of service.

Smith: 50 x 40 years of service = 2,000
Brown: 50 x 25 years of service = 1,250

Step III: Calculate the increase in the Accrued Liability.

Increase in AL = (264.84)(2,000/1,000) + (3,652.75)(1,250/1,000)
= 529.68 +4,565.94 = 5,095.62

Answer is C.

Problem 4 - 59

Key Concept: Since the Entry Age Normal Normal Cost is independent of the plan assets, the
Normal Cost after the amendment is proportionally increased over the Normal Cost
before the amendment.

We can use the relationship PVFB = AL + PVENC to determine the Normal Cost.

Since PVFNC = NC x {(PVFS/Salary), we need to find the salary for the 1995 valuation. The
benefit formula increased by 25%, so the benefit before the increase was 12,000 (3,000 x 4).

Salary,s = 12,000/.3 = 40,000
So, | PVENC =NC x (460,000/40,000)
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Also AL =UAL + Assets
Therefore, PVFB = AL + PVFNC
41,000 = (8,000 + 10,000) + NC x (460,000/40,000)

NC (before amendment) = 2,000
and NC (after amendment) = 2,000 x 37.5/30 = 2,500

Answer is B,

Problem 4 - 60
Step I: Calculate the Normal Cost.
NC=(2,500(128%) S0mm
=(2,500)(124%3)/[(N30 - Ngs)/Dgs]
= (2,500)(12)(8.74)/[(17,887,840 - 868,052)/94,414] = 1,454.50
Step II: Calculate the Accrued Liability.
AL = NC X §30:m
= 1454.50 x [(N3g ~ Nys)/Dys]
= 1454.50 x [(17,887,840 - 5,690,850)/445,008)] = 39,866
Answer is D.
Problem 4 - 60 (Alternative Solution)
Use the relationship PVFB = AL + PVFNC, or alternatively, AL = PVFB - PVFNC.

PVFB = (2,500)(125(]6?)([)55’{[)45)
= (2,500)(12)(8.74)(94,414/445,008) = 55,629

PVFNC = NC pd 545:2'0"
= 1,454.50 % [(Nys5 - Ngs)/Dys]
= 1,454.50 x [(5,690,850 - 868,052)/445,008] = 15,763

AL =PVFB - PVFNC
= 55,629 - 15763 = 39,866
Answer is D).
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Problem 4 - 61

Key Concept: The experience gain (loss) is determined by calculating the difference between the
Accrued Liability under the funding method to the actual liability due to early
retirement. _

Step I: Calculate the Entry Age Normal Accrued Liability.

Projected Retirement Benefit = (10)(12 years of service)(1 - (.005)(36)) = 98.40

Value at Retirement of the
Projected Retirement Benefit = (98.40)(12)[.8(#!2 + a3 - ald )+ 2(512 )] = 12,044

~ The value of the Projected Retirement Benefit is determined using the assumption that 80% of the
participants receive a joint and survivor annuity and 20% receive a life annuity.

NC = 12,044/5py
= 12,044/19.1406 = 629.24

AL = 62924 iy
= (629.24)(14.7836) = 9,302

Step I: Calculate the actual Liability.
Early Retirement Benefit = (10)(10 years of service)(1 - (.005)(60)) = 70
Value of ERB = (70)(12)(&(3 + &2 - 4(2.,) = 10,080
Step ITI: Calculate the experience loss.

Loss = Value of ERB - AL
= 10,080 - 9,302 = 778

Answer is B.

Problem 4 - 62
Key Concept: The decrease in the accrued kiability is determined by calculating the difference

between the accrued liability under the funding method had early retirement not
been elected and the actual Lability due to early retirement.
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Step I: Caléulate the Entry Age Normal Accrued Liability.
Projected Retirement Benefit = (25)(36 years of service) = 900.00
Value at Retirement = (900.00)(12)(342) = 94,392
Normal Cost = 94,392/ 8y = 94,392/159.3374 = 592
Accrued Liability = (592) x §z = (592)(73.4838) = 43,502
Step IL: Calculate the actual liability.
Early Retirement Benefit = (25)(26 years of service)(.412) = 267.80
Value of ERB = (267.80)(12)(8{7) = (267.80)(12)(10.78) = 34,643
Step I11: Calculate the decrease in the accrued liability
Decrease = Accrued Liability - Value of ERB
=43,502 - 34,643

= 8,859

Answer is A.

Problem 4 - 63
Key concept: The Unit Credit Normal Cost is $0 since the participant has more than 25 years of
past service. So, the change in the Normal Cost will just be equal to the Entry Age
Normal Normal Cost. .
Projected Retirement Benefit = (20)(25 years of service) = 500
EAN Normal Cost = (500)(12)(342)/ 35
= (6,000)(9.24)/(305.75176)
=181

Answer is A,
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Problem 4 - 64
Key Concept: The Entry Age Normal Accrued Liability is equal to the accumulated value of the
past Normal Costs. Since the Normal Cost each year was $10,000, each Normal

Cost must be accumulated with interest and by the withdrawal decrement (the
probability that withdrawal did not occur).

Accrued Liability = (10,000)((1.08*(1/pi(1/p8)(1/p%)
+ (108 (Lpf)(1/p3) + (1.08)(1/pfy)

= (10,000)((1.08)°(1/.5)(1/.6)(1/.7)
+ (L.O8)X(1/.6)(11.7) + (1.08)(1/.7)

= (10,000)(5.9986 + 2.7771 + 1.5429)
= 103,186

Answer is E.

Problem 4 - 65

Key Concept: There is only one participant in the plan. Therefore, the Accrued Liability will
increase in proportion to the increase in the normal retirement benefit.

Step I: Calculate the benefit per dollar of salary and year of service under the old formula.

Unit of Benefit (Old) = (.0125){(1.05)* + (1.05)! + (1.05)"" + (1.05)'¢ + (1.05)"]/5
= 0287185

Step II: Calculate the benefit per dollar of salary and year of service under the new formula.

Unit of Benefit (New) = (.0175)[(1.05)' + (1.05)!8 + (1.05)71/3
= 0421493

Step III: Calculate the Accrued Liability under the old benefit formula. Note that since there have
been no gains or losses (this must be assumed since there is no information to the contrary), the
normal cost would have increased at the salary scale rate each year.
Normal Costys = (6,500)(1.05)* = 9,603
Accrued Liabilityg, = (9,603)(85,) where j = (1.07/1.05)-1
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= 83,714
Step IV: Calculate the increase in the Accrued Liability.

AL Increase = (83,714)[(.0421493 - .0287185)/.0287185)]
= 39,151 -

Answer is D.

Problem 4 - 66

Key Concept: The experience gain can be calculated from the decrease in the projected benefit due
to the actual compensation experience.

Step I:  Calculate the projected Final Average Compensation (FAC) for each of the 1/1/95 and
1/1/96 valuations.

FACy; = (50,000)[(1.05)° + (1.05)"® + (1.05)'")/3
= 120,426

FACy, = (50,000)[(1.05)'® + (1.05)'7 + (1.05)'%]/3
= 114,692

Note that FAC,y, could have been calculated by dividing FAG; by 1.05 since the
compensation remained the same in 1996 as it was in 1995,

Step ﬁ : Calculate the benefit decrease.
Benefit Decrease = (120,426 - 114,692)(.6) = 3,440
Step III: Calculate the Accrued Liability decrease.
decrease in PVFB,, = (3,440)(&{P)(v**) = 2,815
decrease in NCy, = (2,815)/i5,= 109  wherej = (1.07/1.05) - 1
decrease in AL, = (109)(1.05)'%(3pg ) = 4,486

Answer is B,
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Problem 4 - 67

Key Concept: The retirement benefit has increased by 20% for each participant since the benefit
formula has increased from 50% of average salary to 60% of average salary.

The increase in the Accrued Liability for each participant is equal to the increase in the normal cost
accumulated over past years of service.

AL Increase (Smith) = (.2)(1,840) §; = (:2)(1,840)(1.0700) = 394
AL Increase (Brown) = (.2)(1,580)5r = (.2)(1,580)(36.3790) = 11,496
Total AL Increase =394 + 11,496 = 11,890

Answer is A.

Problem 4 - 68

Key Concept: Use commutation functions without salary scale for calculating present values of
benefits and commutation functions with salary scale for amortizing.

Step I: Calculate the Final Average Salary.

Final Average Salary = (42,000)[(1.05)** + (1.05)2 + (1.05)2)/3
= 129,106

Note that since retirement is assumed to occur on 1/1/2022 (age 65), the final salary used wiil be
in the 1/1/2021 valuation, 24 years from now.

Step II: Calculate the Normal Cost at entry age.

PVFBg, = (129,106)(.5)42)(Des/Dyg)
NCgy =PVFBgA/[('Nyg - N5} Dy
= (129,106)(.5)(ES)(Dgs/Dr3o)/ [(Nizg - Ngs) D)
=1,708

Note that 402 = [Ny; -(11/24)Dg;}/Dss = 8.7358
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Step IH: Calculate the Accrued Liability.
AL = (1,708)(1.05)!° [(*N3g - ‘Ny4)/'Dyg] = 31,183

Note that the Normal Cost must be increased by 5% for each of the 10 years from entry age to
attained age.

Answer 1s C.

Problem 4 - 68 (Alternative Solution)

Calculate the normal cost rate. This is equal to the normal cost as a percentage of annual salary and
is constant each year.

The annual salary at entry age is:
Salaryg, =42,000/(1.05'%) = 25,784
The normal cost rate is:

NC% = NCp,/Salarys,
= 1.708/25,784

= .066243
The accrued hability is:

AL = (NC%)(Salary,,) [("N3q - Nio)/ D]
= (.066243)(42,000)[(*"N3q ~ "Ny)/ Dyl
=31,183

Answer is C.

Problem 4 - 69
Key Concept: The Entry Age Normal Accrued Liability for each participant is equal to the

accumulated value of the past Normal Costs. Each Normal Cost must be -
accumulated with interest and by the probability of remaining an active participant.
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AL = (1,000)(1.07(1/55)

= (1,000)(1.07)(1/.5)
=2.140

ALprows = (2,500)(1.07)(1/2iD)
= (2,500)(1.07)(1/.6)
=4.458

AL ey = (4,500)(LOTY(UpDYUAPNUEED) + (1LOTYAYL/AD) + (LOTXU/AD)
= (4,500)((1.07P(L.6)(1/.T)(1/.8) + (LOTY(1/.7)(1/.8) + (1.07)(1/.8))
= (4,500)(3.6460 + 2.0445 + 1.3375)
= 31,626

Total AL = 2,140 + 4,458 + 31,626 = 38,224

Answeris C.

Note: p{P =1 - ¢ since there are no other preretirement decrements.
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Chapter 5

Individual Level Premium Method

5.1 Normai Cost

As you have probably surmised by this time, there is no funding method that is perfect and
which represents the ideal method for all plans. Each has its own particular advantages and
disadvantages. For example, one of the characteristics of the Entry Age Normal Method is that
salary increases in excess of those assumed generate experience losses that are amortized over a
period of time. Hence, if a highly paid participant receives a salary increase near his normal
retirement age, there could be a substantial experience loss and insufficient time to fund the
increased amount required prior to his retirement. The Individual Level Premiwm Method will
correct this problem to a Jarge extent. It is similar to the Entry Age Normal Method in that Normal
Cost 1s computed assuming level dollar amounts (or percentages) for future years and for each
active participant. It differs from the Entry Age Normal Method, however, in two important
respects:

(D) The original entry age is the age at the effective date of the Plan or at actual
participation, if later;

(2) Changes in benefits due to salary increases or decreases are treated as increments
with the normal cost attributable to these changes computed at attained age.

For example, suppose a plan provides a benefit of 50% of salary at age 65. The plan has
only one participant age 45 with salary of $4,000 per month. Assuming investment earnings of 6%
and 12442 = 120, valuation results would be:

(1) Benefit (50% of $4,000) 2,000
(2) Amount needed at NRD ($120 x (1)) 240,000
(3) Pres. Value of Benefits (2) x v* 74,833
(4) Normal Cost ((3) + gy) 6,155
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The following vear he receives a salary increase to $4,200 per month. The normal cost is
computed on the increment of increase or $200 per month.

(5) Benefit increase (50% of $200) $100
(6) Years to Normal Retirement 19
(7) Additional amount needed at NRD (5) x $120 12,000
(8) Present value of increase (7) x v*° 3,966
(9) Normal Cost increase (8) + & 335
{10) Normal Cost on second valuation date (4) + (9) 6,490

As with the Entry Age Normal Method, if other assumptions are used, commutation
functions are obtained from a service table.

If salary increases are assumed, the Normal Cost percentage is obtained which is, as with
the Entry Age Normal Method, the Present Value of Future Benefits divided by Present Value of
Future Normal Costs. The increments of salary to be used in subsequent years then is the amount
of deviation from the expected rather than the actual salary.

As indicated above, the Individual Level Premium Method provides for funding of benefits
attributableto salary changes through Normal Costs. Other gains or losses {e.g. investment return,
withdrawals, etc.) generate actuarial gains and losses which must be determined and amortized. The
methodology is similar to that under Entry Age Normal.

AL = Present Value of Future Benefits less Present Value of Future Normal Costs
UAL = AL - Assets
eUAL,,, = (UAL,+NC)(1+H-C-1,
Gain(Loss) = eUAL - UAL

The student should note that there is no Accrued Liability, and therefore no Unfunded
Accrued Liability, at plan inception. Also note that the Individual Level Premium Cost Method is
identical to the Individual Aggregate Cost Method for the first Plan Year. Furthermore, if all
assumptions (other than salary changes) were exactly realized, the two methods would continue to
be identical. The only real difference between the two methods is in their treatment of actuarial
gains and losses. The Individual Level Premium Cost Method separately calculates and amortizes
gains or losses whereas the Individual Aggregate Cost Method spreads them over future Normal
Costs. Because of the similarity, the Individual Aggregate Cost Method is sometimes referred to
as the Individual Level Premium with Spread Gains and Losses Cost Method.
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52 Characteristiés of the Individual Level Premium Method

1. The amount available at retirement for each participant should approximate the amount
needed to fund the benefit.
2. Maintenance of the increments of saiary and benefit increases or decreases tend to become

burdensome after several years.

3. Salary increases (or decreases) do not generate experience losses {or gains) as with Entry
Age Normal but are handled through increments of Normal Costs.

4. Experience gains or losses from other sources such as terminations, investment earnings,

and deaths need to be amortized. In the case of a highly paid participant in a small plan, the
amount of money needed at retirement may still be more or less than that accumulated.
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5.3 Problems

Problem 5-1

Effective date: 1/1/85
Benefit: 30% of final salary

Assumptions: Interest only at 7%
Normal retirement is age 65
a2 =9.50

Data for sole participant is:
Date of Birth: 1/1/35
Date of Hire: 1/1/80
Salary at 1/1/85: $50,000
Salary at 1/1/86: $60,000

As of 1/1/86, determine the difference in normal cost between the Entry Age Normal and Individual
Level Premium methods.

Problem 5 -2

Refer to the data in problem 5-1.

Compute the Accrued Liability under each method as of 1/1/86. What is the increase in Accrued
Liability due to the salary increase under each method?

Problem 5 -3

Refer to the data in problem 5-1.

Assumptions remain the same except that a salary increase of 4% is assumed. Recompute the
Normal Cost as of 1/1/85 and 1/1/86 using the Individual Level Premium Method.
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Problem 5-4

Plan effective date: 1/1/75 _
Actuarial cost method: Individual Level Premium
Assumed retirement age: 65

Normal retirement benefit:

Effective 1/1/75: $100 per month
Effective 1/1/85: $150 per month

1t is assumed that there are no pre-retirement terminations other than by death.

Data for the sole participant:

Date of Birth: 1/1/40
Date of Hire: 1/1/75

Selected commutation functions:

Age x D, N,

5 921 12,791
45 460 5,909
65 99 904

The normal cost as of 1/1/85 under the individual level premium cost method is $K.
The normal cost as of 1/1/85 under the entry age normal cost method is $L.

In what range is $K minus $L?

(A)  Less than $62

(B)  $62 but less than $66
(C)  $66 but less than $70
(D)  $70 but less than $74
(E)  $74 or more.
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Problem 5 -5

Plan effective date: 1/1/84

Normal retirement benefit: $500 per month.

Actuarial cost method: Individual level premium method.

Pre-retirement death benefit: 100 times the monthly normal retirement benefit (provided by
individual insurance policies.)

Actuarial assumptions for side fund:
Interest: 6%

Pre-retirement mortality and withdrawal: None.
Retirement age: 65

492 =10

Participant data as of 1/1/84: Smith Brown
Current Age 45 59
Age at hire 25 40

Cash value of insurance at age 65  $25,000 $12,000
In what range is the normal cost for the side fund for 1984 as of 1/1/84?

(A)  Lessthan $6,000

(B)  $6,000 but less than $6,500
(C)  $6,500 but less than $7,000
(D)  $7,000 but less than $7,500
(E)  $7,500 or more

Problem 5 - 6
Plan effective date: /177
Actuarial cost method: Individual level premium method. Benefit increases from plan

amendments are funded through the normal cost rather than through
adjustment of the accrued Liability.

Normal retirement benefit:  $10 per month for each year of service; increased by plan

amendment effective 1/1/82 to $15 per month for each year of
service.
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Actuarial assumptions:

Interest: 7%
Pre-retirement mortality and turnover: None
128¢2 =100

Data for sole plan participant

Date of Birth: 1/1/32
Date of Hire:  1/1/72
Date of Death: 1/2/84
Death benefit paid on 1/2/84: $4,000

In what range is the mortality gain for 1984, calculated as of 12/31/84?

(A)  Less than $2,500

(B)  $2,500 but less than $4,000
(C)  $4,000 but less than $5,500
(D)  $5,500 but less than $7,000
(E)  $7,000 or more.

Problem 5-7

Plan Effective Date: 1/1/84

Normal Retirement Benefit: $600 per month

Actuarial Cost Method: Individual level premium method
Valuation Date: 12/31

Actuarial assumptions:
Interest: 6%
Retirement Age: 65
Pre-retirement mortality and withdrawal: None.
12842 =100

The sole plan participant on 12/31/84 was born 1/2/50.
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In what range is the normal cost for 1984 as of 12/31/84?

(A)  Lessthan $700

(B)  $700 but less than $710
(C)  $710 but less than $720
(D)  $720 but less than $730
(B}  $730 or more

Problem 5-8

Plan effective date: 1/1/84
Normal retirement benefit: 50% of final 3-year average salary.
Actuarial cost method: Individual level premium.

Actuarial assumptions:
Interest: 7%
Salary increases: None.

Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for the sole participant:

Date of birth: 1/1/34
Annual salary as of 1/1/84: $25,000

Normal cost as of 1/1/84: $4,032
Actuarial value of assets as of 1/1/85: $5,000

As of 1/1/85, the participant’s annual salary increases to $50,000.
In what range is the normal cost as of 1/1/85?

(A)  Lessthan $8,100

(B)  $8,100 but less than $8,300

(C)  $8,300 but less than $8,500

(D)  $8,500 but less than $8,700
(E)  $8,700 or more,
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Problem 5 -9

Plan effective date: 1/1/85 :

Cost method: Individuallevel premium (split-funded). The total normal cost is equal to the side
fund normal cost plus life insurance premiums.

Normal retirement benefit: 60% of final year's salary.

Death benefit: 50 times the projected monthly normal retirement benefit, provided by whole life
insurance,

Actuarial assumptions for the side fund:

Interest: 8%

Salary increases: None.

Pre-retirement deaths and terminations: None
Retirement age: 65

Data for sole participant:
Date of birth: 1/1/50

1/1/85 monthly salary: $3,000
1/1/86 monthly salary: $3,300

Insurance policy data: Issue Premium Cash Value at 65
Age per $1.000 er $1.000
35 $30 $500
36 32 450

12402 = 100

In what range is the excess of the total normal cost for 1986 as of 1/1/86 over the total normal cost
for 1985 as of 1/1/857 :

(A) Lessthan $100

(B)  $100 but less than $200
(C)  $200 but less than $300
(D)  $300 but less than $400
(E) - $400 or more
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Problem 5 - 10

Plan effective date: 1/1/77.

Normal retirement benefit:  $500 per month. _

Actuarial cost method: Individual level premium, with changes due to plan amendments
funded from attained age.

Actuarial assumptions:
Interest: 8%
Retirement age: 63
Preretirement temﬁnations other than deaths: None.

Participant data as of 1/1/87 and selected commutation functions:

Age Attained Number

at Hire Agex of employees D, N, - Ngs N(2
- 25 0 265 3,390 3,355
25 35 1 125 1.455 1,485
25 435 2 55 570 630
-- 55 0 25 170 245
- 65 0 10 0 80

Effective 1/1/87, the plan is amended to increase the normal retirement benefit to $550 per month.
In what range is the increase, due to the amendment, in the normal cost for 1987 as of 1/1/877

(A)  Less than $50

{B)  $50 but less than $150
(C)  $150 but less than $250
(D)  $250 but less than $350
(E) $350 or more

- Problem 5 - 11
Plan Effective Date: 1/1/86
Normal Retirement Benefit: 50% of final year's salary.

Actuarial Cost Method: Individual level premium.
Valuation Date: 12/31
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Actuarial assumptions:

Interest: 8%

Salary increases: None.

Retirement age: 65

Preretirement deaths and terminations: None.

Data for sole participant:

Date of birth: 1/1/32
Date of hire: 1/1/77

Salary for 1986: $36,000
Salary for 1987: $30,000

a2 =8.33
In what range is the normal cost for 1987 as of 12/31/87?

{(A)  Lessthan $7,400

(B)  $7,400 but less than $7,800
(C)  $7,800 but less than $8,200
(D)  $8,200 but less than $8,600
(E)  $8,600 or more

Problem 5-12

Plan Effective Date: 1/1/86

Normal Retirement Benefit: 30% of final year's salary.
Actuarial Cost Method: Individual level premium.
Initial Valuation Date: 12/31/86

Actuarial assumptions:
Interest: 8%
Salary Increases: None.

Retirement Age: 65
Preretirement Deaths and Terminations: None.
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Data for sole participant:

Date of Birth: 1/1/42
Salary for 1986: $200,000

a2 =8.40
In what range is the normal cost for 1986 as of 12/31/867?

(A)  Less than $10,000

(B)  $10,000 but less than $10,050
(C)  $10,050 but less than $10,100
(D)  $10,100 but less than $10,150
(E)  $10,150 or more

Preblem 5-13
Plan effective date: 1/1/87
Normal retirement benefit: 40% of final year's compensation.
Actuarial cost method: Individual level premium.
Actuarial assumptions:
Interest: 6%
Pre-retirement deaths and terminations: None.
Retirement age: 65
Data for sole participant:
Date of birth: 1/1/37
Compensation for 1987:  $100,000
Compensation for 1988:  $120.000

Contribution for 1987: Normal cost as of 1/1, paid on 1/1/87.
Actnarial value of assets as of 1/1/88: $15,000.

Contribution for 1988: Normal cost as of 1/1, plus 10-year amortizationof 1987 experience
gain or loss, paid on 1/1/88.
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Selected annuity value:
2 =9.333
In what range is the contribution for 19882

(A)  Lessthan $18,600

(B)  $18,600 but less than $18,650
(C) $18.650 but less than $18,700
(D)  $18,700 but less than $18.750
(E)  $18,750 or more

Problem 5-14

Plan effective date: 1/1/88
Normal retirement benefit: 40% of highest 3-year average compensation.
Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 6%

Compensation increases: None.
Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/45
Date of hire 1/1/88

Rate of compensation for 1988  $200,000
Rate of compensation for 1989 $170,000

Selected annuity value:

402 =9.35
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In what range is the normal cost for 1989 as of 1/1/89?

(A)  Lessthan $14,100

(B)  $14,100 but less than $14,600
(C)  $14,600 but less than $15,100
(D)  $15,100 but less than $15,600
(E)  $15,600 or more

Problem 5 - 15

Plan effective date: 1/1/88
Normal retirement benefit: 50% of final year's compensation.
Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate:

Before 1989 8%

After 1988 6%
Compensation increases: None.
Pre-retirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/53
Date of participation 1/1/88

Rate of compensation for 1988 $24,000
Rate of compensation for 1989 $28,800

Selected values for {2 :

Before 1989: 8.1958
After 1988: 9.3452
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In what range is the increase in the accrued liability as of 1/1/89 due to the change in the actuarial
assumptions? :

(A)  Less than $560

(B)  $560 but less than $615
(C)  $615 but less than $670
(D)  $670 but less than $725
(E)  $725 or more

Problem 5 - 16
Plan effective date: 1/1/84
Normal retirement benefit: $15 per month for each year of service.
‘Actuarial cost method: Individual level premium.
Actuarial assumptions;
Interest rate: 6%

Pre-retirement terminations other than deaths: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/39
Date of hire 1/1/79

Selected commutation functions and annuity value:

Agex D, N,
40 941 13,971
45 694 9,789
50 508 6,712
55 366 4,472
65 178 1,741
ald =10
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In what range is the accrued liability as of 1/1/89?

(A)  Less than $4,000

(B)  $4,000 but less than $6,000
(C)  $6,000 but less than $8,000
(D)  $8,000 but less than $10,000
(E)  $10,000 or more

Problem 5-17

Plan effective date: 1/1/85 _
Normal retirement benefit: 2% of final year's compensation for each year of service.
Actuarial cost method: Individual level premium (benefit increases increase the normal cost).

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:

Date of birth 1/1/60

Date of hire 1/1/85

Monthly compensation:
1985 $3,500
1986 3,500
1987 3,500
1988 4,000
1989 4,000
1990 4,000

Status as of 1/1/90  Active

Selected annuity value:

402 = 9.345
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In what range is the accrued liability as of 1/1/90?

(A)  Less than $9,600

(B) - $9,600 but less than $9,800
(C)  $9,800 but less than $10,000
(D)  $10,000 but less than $10,200
(E)  $10,200 or more

Problem 5 - 18

Plan effective date: 1/1/82

Normal retirement benefit: $25 per month for each year of service.
Preretirement death benefit: None.

Actuarial cost method: Individual level premium.

Actuarial assumptions:
Interest rate: 7% per year.

Preretirement terminations other than deaths; None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/50
Date of hire 1/1/81

Status as of 1/1/91 Active

Selected commutation functions and annuity value:

Agex D, N,
31 1,540 25,240
32 1,500 24,000
41 900 13,050
42 860 12,150
65 200 1,792
il =85
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In what range is the present value of future normal costs as of 1/1/91?

(A)  Less than $8,800

(B)  $8,800 but less than $9,100
(C)  $9,100 but less than $9,400
D)  $9,400 but less than $9,700
(E)  $9,700 or more

Problem 5-19

Plan effective date: 1/1/90
Normal retirement benefit: 75% of final 3-year average compensation.
Actuarial cost method: Individual level premium (level dollar amount).

Actuarial assumptions:

Interest rate: 8% per year.

Compensation increases: 4% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/48
1990 compensation $43,500
1991 compensation 46,000
Status as of 1/1/91 Active

Selected annuity value:
49 =8.5

In what range is the increase in the normal cost for 1991 as of 1/1/91 over the normal cost for 1990
as of 1/1/907

(A)  Lessthan $100

(B)  $100 but less than $200
(C)  $200 but less than $300
(D)  $300 but less than $400
(E)  $400 or more

372



Preblem 5 - 20

Normal retirement benefit: $41.67 per month for each year of service.

Early retirement eligibility: Age 55.

Early retirement benefit: Accrued benefit, reduced on an actuarially equivalent basis.
Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.

Mortality: UP-84 Table.

Preretirement terminations other than deaths: None.:
Retirement age: 65

Data for participant Smith:
Date of birth 1/1/37
Date of hire 1/1/72

Date of participation 1/1/82
~ On 12/31/91, Smith retires and elects to begin receiving benefits on 1/1/92.

Selected annuity values and probability of survival:

4P =8.51
545:2‘[“ = 10.79 545:1'51 = 7.37 535:3'01 = 12.82 ﬁ}s:m = 11.12
1Pss = -8562

In what range is the experience gain as of 12/31/91 due to Smith's early retirement?

(A)  Less than $3,000

(B)  $3,000 but less than $6,000
(C)  $6,000 but less than $9,000
(D) $9,000 but less than $12,000
(E)  $12,000 or more
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Problem 5 - 21

Plan effective date: 1/1/91
Normal retirement benefit: 50% of final 3-year average compensation.
Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/51
Date of hire 1/1/91

Compensation used in 1/1/91 valuation $60,000
Normal cost for 1992.as of 1/1/92: $3,032
Selected annuity value:

a2 =8.74

In what range is the participant's projected 3-year average compensationused in the 1/1/92 actuarial
valuation?

(A)  Less than $44,000
(B)  $44,000 but less than $49,000
(C)  $49,000 but less than $54,000

(D)  $54,000 but less than $59,000
(E)  $59,000 or more

Problem 5-22
Plan effective date; 1/1/92

Normal retirement benefit: 50% of final year's compensation.
Actuarial cost method: Individual level premium.
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Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant:

Date of birth 1/1/43
Date of hire : 1/1/83
1992 compensation for 1/1/92 valuation ~ $16,000
1993 compensation for 1/1/93 valuation- 18,000

il =8.74

In what range is the normal cost for 1993 as of 1/1/93?

Gy
(B)
©)
D)
(E)

Less than $2,600

$2,600 but less than $2,650
$2,650 but less than $2,700
$2,700 but less than $2,750
$2,750 or more

Problem 5 - 23

Plan effective date: 1/1/91.
Nommal retirement benefit: 50% of final 5-year average compensation.
Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: None.
Preretirement deaths and terminations: None.
Retirement age: 65
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Valuation data for sole participant:
Date of birth 1/1/40
Date of hire 1/1/91
1991 compensation for 1/1/91 valuation $100,000
1992 compensation for 1/1/92 valuation 92,000
4P =8.74

In what range is the accrued liability as of 1/1/93?
(A)  Less than $37,700
(B)  $37,700 but less than $38,100
(C)  $38,100 but less than $38,500
(D)  $38,500 but less than $38,900
(E)  $38,900 or more

Problem 5 - 24

Normal retirement benefit: $15 per month for each year of service.

Actuarial cost method:

Before 1993: Aggregate.
After 1992:  Unit credit.

Actuarial assumptions:
Interest rate: 8% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant:

Date of birth 1/1/42
Date of hire 1/1/87

Selected valuation results as of 1/1/92;

Normal costasof 1/1  $898
Value of assets 1,000
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Contribution for 1992: Normal cost for 1992 as of 1/1/92; paid on 1/1/92.
There were no noninvestment experience gains or losses for 1992.
Actual rate of investment return in 1992: 5%

In what range 1s the unfunded accrued liability as of 1/1/93?

(A)  Lessthan $700

(B)  $700 but less than $800
(C)  $800 but less than $900
(D)  $900 but less than $1,000
(E)  $1,000 or more

Problem 5 - 25
Plan effective date: 1/1/90
Normal retirement benefit: 50% of highest 3-year average compensation.
Compensation: Base rate of pay as of 1/1.
Actuarial cost method: Individual level premium.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: None.
Preretirement deaths and terminations: None.

Retirement age: 65

Valuation data for sole participant:

Date of birth 1/1/30
Date of hire 1/1/90
Base rate of pay as of 1/1/90 $60,000
Base rate of pay as of 1/1/91 : 60,000
Base rate of pay as of 1/1/92 80,000
Base rate of pay as of 1/1/93 80,000
Base rate of pay as of 1/1/94 65,000

Selected annuity value:

al?=18.786
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In what range is the normal cost for 1994 as of 1/1/947
(A)  Less than $45,000
(B)  $45,000 but less than $47.500
(C)  $47,500 but less than $50,000

(D)  $50,000 but less than $52,500
(E)  $52,500 or more

Problem 5 - 26
Plan effective date: 1/1/95.
Funding medium: Individual whole life insurance policies and a side fund.
Actuarial cost method: Individual level premium with normal cost for side fund determined
for benefits not provided by cash values of insurance policies at age
65.
The amount of whole life insurance is 60 times the expected monthly retirement benefit.
Actuarial assumptions for side fund:
Interest rate: 6% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

Date of birth for sole participant (active as of 1/1/95): 1/1/56.

Expected monthly retirement benefit: $400.
Cash value at age 65 per $1,000 of insurance: $550.

Selected annuity value:

2= 10
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In what range is the normal cost for 1995 as of 12/31/95 for the side fund?
(A)  Less than $480
(B)  $480 but less than $510
(C)  $510 but less than $540
(D)  $540 but less than $570
(E)  $570 or more
Problem 5 -~ 27
Plan effective date: 1/1/87.

Nomnal retirement benefit:

Effective 1/1/87: $15 per month for each year of service.’
Effective 1/1/96: $18 per month for each year of service.

Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 63.

Valuation data for sole participant (active as of 1/1/96):

Date of birth 1/1/57
Date of hire 1/1/82

Value of assets as of 1/1/96: $5,000.
Selected annuity value:

12402 =104.83
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In what range 1s the normal cost for 1996 as of 1/1/96?

(A)
B)
©)
D)
(E)

Less than $500

$500 but less than $550
$550 but less than $600
$600 but less than $650
$650 or more

Problem 5 - 28

Plan effective date: 1/1/96.

Normal retirement benefit:  $1,000 per month.

Pre-retirement death benefit: $100,000, payable at end of year of death.

Actuarial cost method;

Method A:  Individual level premium for all benefits other than death benefits, plus one

year term cost for death benefit,

Method B:  Aggregate for all benefits other than death benefits and benefits provided by

cash value, plus insurance premium (split funded).

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements other than deaths: None.
Retirement age: 63.

Date of birth for sole participant (active as of 1/1/96): 1/1/56.

Provisions of life insurance policy (purchased on 1/1/96):

Level annual premium $1,585
Projected cash value as of 1/1/2021 41,900
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Selected commutation functions and annuity values:

X D, M, N, a2

40 632275 79292 8,452,729 12.91
41 589,655 78,036  7.820.454 12.80
65 94414 37.625 868,052 8.74

In what range is the absolute value of the difference in the normal cost for 1996 as of 1/1/96
between Method A and Method B?

(A)  Lessthan $750

(B)  $750 but less than $825
(C)  $825 but less than $900
(D)  $900 but less than $975
(E)  $975 or more

Problem 5 - 29

Normal retirement benefit: 2% of final 3-year average compensation for each year of service.

Actuarial cost method: Individual level premium (level dollar amount).
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Preretirement decrements:  None.

Retirement age: 65.

Valuation data for sole participant (active as of 1/1/97):

Date of birth 1/1/67
Date of hire 1/1/92
1996 valuation compensation

for 1/1/96 valuation $25,000
1997 valuation compensation '

for 1/1/97 valuation $27,500
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Selected annuity value:
a2 =9.815

In what range is the increase in the normal cost for 1997 as of 1/1/97 due to compensationincreases
from 1996 to 1997?

(A)  Lessthan $310

(B)  $310 but less than $320
(C)  $320 but less than $330
(D)  $330 but less than $340
(E)  $340 or more
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5.4 Solutions to Problems

Problem 5 - 1
Individual
Level Premium
(1) Entry Age 50
(2) Retirement Benefit $15,000
(3) Value at Retirement 142,500
(4) Pres. Value Benefits 51,649
(5) Normal Cost 5,300

As of 1/1/86 considering salary increase only.

(6) Attained Age ' 31
(7) Benefit Increase 3,000
(8) Value at Retirement 28,500
(9) Pres. Value of Benefit Increase 11,053
(10) Normal Cost on Increase 1,181

(11) Total Normal Cost

Entry Age Normal
Individual Level Premium

Difference = 6,481 - 3,898 =2 583
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Entry Age Normal
At1/1/85 At 1/1/86
- 45 45
$15,000 $18,000
142,500 171,000
36,825 44,190
3,249 3,898

5,300 + 1,181 = 6,481

1/1/85

$3,249
5,300



Problem 5-2

Step I. Compute Accrued Liability as of 1/1/86.

EAN ILP
(1) Amount needed at retirement $171,000 $171,000
(2) Present Value of Future Benefits (1) x 1.07"* 66,317 66,317
(3) Normal cost 3,898 6,481
{4) Present Value of Future Normal Costs 36,476 60,647
(5) Accrued Liability (2)-(4) 29,841 5,670

Step II: Determine the Accrued Liability on 1/1/85 under the Entry Age Normal Method. Also
‘determine the Accrued Liability on 1/1/86 using salaries as of 1/1/85. The Difference in Accrued
Liability due to salary increases only can be calculated.

Using Entry Age Normal Cost Method: 1/1/85 1/1/86
(1) Amount needed at retirement $142.500 $142,500
(2) Present Value of Future Benefits (1) x v®-* 51,649 55,264
(3) Normal Cost 3,249 3,249
(4) Present Value of Future Normal Costs 31,663 30,403
(5) Accrued Liability 19,986 24,861

Difference under Entry Age Normal Cost Method = 29,841 - 24,861 = 4,980

Difference under the Individual Level Premium Cost Method = 0.00

(Under the ILP Cost Method, these are reflected in the change in Normal Cost.)
Problem5-3

Key Concept: Salary increase of 4% and interest of 7% is the equivalent of using an interest rate
of 2.885% [(1.07+1.04) - 1].
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Step I: Compute Normal Cost as of 1/1/85.

(1) Current Salary $50,000
(2) Projected salary (1) x 1.04% 90,047
(3) Projected Benefit (2) x .30 27,014
(4) Value at retirement (3) x 9.50 256,633
(5) Present Value of Future Benefits (4) x v 93,016
(6) Present Value of Future Salaries (1) x &; j=2.885% 619,257
(7) Normal Cost Percentage (5) + (6) _ 15.02%
(8) Normal Cost (1) x (7) 7,510

Step II: Compute Normal Cost % on increment.

(9) Expected salary on 1/1/86 (1) x 1.04 52,000
(10) Increase over expected 60,000 - (1) 8,000
(11) Benefit increase 30% % (2) 2,400
(12) Projection on increase to age 65 (11) x 1.04" 4,156
(13) Present Value of Benefit increase (12) x " x {2 15,312
(14) Present Value of Salary increase increment (10) x &dg; 93,709
(15) Normal Cost % on increase (13) + (14) 16.34%
(16) Normal Cost increase (15) x (10} 1,307
(17) Prior Normal Cost 15.02% x 52,000 7,810
(18) Total Normal Cost (16} + (17) 9,117
Problem 5 - 4

Step I: Calculate the Normal Cost under the Individual Level Premium Method as of 1/1/75, then
the increase of $50 as of 1/1/85.

Entry age: 35
Attained age: 45

402 = (Noo/Des) - (11/24) = 8.673
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NCys = [(100)(124(D )(Dgs/D3s] + [(Nys - Ns) = Dsg]
= (1200)(8.673)(99) + (12,791 - 904)
=1,030,352+ 11,887 =87
NCqs = [(50)(12842 WDy / Dys)] + [(Nys - Ngs) = Dys]
= (50)(12)(8.673)(99) + (5,909 - 904)
= 515,176 + 5005 = 103
Therefore, Normal Cost = 87 + 103 = 190.

Step II: Compute Normal Cost under Entry Age Normal Method.

NC = [(150)(124(2 )(Dgs / D35)] + [(Nas ~ Ngs)/ Dys]
= (150)(12)(8.673)(99) = (12,791 - 904)
= 1,545,529+ 11,887 =130
Difference = 190 - 130 = 60

Answer is A.

Problem 5-5

Key Concept: The amount needed at retirement is offset by the cash value of insurance policies at
normal retirement. The Normal Cost is then computed on the net amount needed

at retirement.

Smith Brown
(1) Attained age 45 59
(2) Retirement Benefit 500 500
(3) Valuesatage 65. (2) 120 60,000 60,000
(4) Cash Value at age 65 25,000 12,000
(5) Side Fund at age 65 (4) - (3) 35,000 48,000
(6} Szmme% 38.993 : 7.394
(7) Normal Cost (5) +(6) 898 6,492

(8) Total Normal Cost = 898 + 6,492 = 7,390

Answer is D.
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Problem 5 -6

Key Concept: We must first determine the accrued liability as of 1/1/84, then adjust for interest to
12/31/84 (the end of the year of death). To determine the accrued liability on
1/1/84, we must first calculate the normal cost as of 1/1/77 and the addition on
1/1/82, the date of the amendment.

Step I: Determine Normal Cost.

1/1/77 1/1/82
(1) Age of Participant 45 50
(2) Retirement Benefit 10 x 25 =250 5x25=125
(3) Values at Retirement (2) x 100 25,000 12,500
4) Smmow 43.87 26.89
(5) Normal Cost (3)+(4) 570 465

(6) Total Normal Cost =570 + 465 =1,035
Step II: Determine the Accrued Liability as of 1/1/84.
Attained age of participant = 52
Present Value of Future Benefits = (15)(25 years)(100)(1.07)" = 15,561
Present Value of Normal Costs =(1,035) (i) _
= 1,035 % 8.943 =9,256
Accrued Liability on 1/1/84 = 15,561 - 9,256 = 6,305

Step III: Mortality gain on 12/31/84 is the Accrued Liability plus Normal Cost less death benefit,
all adjusted for interest:

Mortality Gain = (6,305 + 1,035)(1.07) - (4,000)(1.07) = 3,574

Answer is B.
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Problem 5 -7

Key Concept: Since this is an end-of-year valuation, immediate annuity rather than annuity due
“ figures should be used.

Liability at retirement = (Benefit)(124¢% )
= 600 x 160 = 60,000

Age of Participant on 1/1/84 = 34
sy = 84.80
Normal Cost = 60,000 + 84.80 = 708

Answer is B.

Problem 5-8

Key Concept: We are not given a value for 402 However, since we are given the normal cost as
of 1/1/84, we can compute it as follows:

Normal Cost = (Benefit)d{? ) + 5
4,032 = (12,500)(32 ) = 26.89
or (12,500)(3(2) = (4,032)(26.89)
and 51 =867

We can now calculate the normal cost for the benefit increase on 1/1/85.

= (Benefit increase)(3y? )~ §
=(12,500 x 8.67) ~ 24.13 = 4,491

Total Normal Cost = 4,491 + 4,032 = 8,523

Answeris D.
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Problem 5 -9

(1) Increase in Compensation $300
(2) Increase in Benefits 300 x 60% 180
(3) Increase in Insurance face amount (2) x 50 $9,000
(4) Increase in Insurance premium 9 x 32 - 288
(5) Increase in Value at retirement (2) x 100 18,000
(6) Increase in cash value at retirement 9 x 450 4,050
(7) Increase in side fund at retirement 18,000 - 4,050 13,950
(8) Increase in Pres. Value benefits 13,950 x v*° 1,497
(9) Increase in Normal Cost (Side fund) 1,497 + ix, 124
{(10) Total Normal Cost Increase (4) + (9) 412
Answer is E.

.Problem 5-10

Key Concept: Under the Individual Level Premium Method, we are concerned only with the
increase in benefits and its effect upon normal cost.

#p =N,
=80+10=8

Increése in Normal Cost = (Benefit increase)(5(? )[D§5/(Nx-N65)]
For employee age 35:

Increase in Normal Cost = (50)(12 x 8)(10 + 1,455) = 32.99
For employees age 45 (per employee):

Increase in Normal Cost = (50)(12 x 8)(10 + 570) = 84.21
Total Normal cost Increase = 32.99 + (2)(84.21) = 201.41

Answer 1s C.
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Problem 5 - 11

Normal cost must be determined for both 1/1/86 and 1/1/87. The normal cost at 12/31/87 is simply
the normal cost at 1/1/87 multiplied by (1 + 7).

Step I: Determine Normal Cost at 1/1/86.

NCy = (Ben.)(@%5 ) = §
= (50% x 36,000)(8.33) + 3y
= (18,000)(8.33) + 17.9771 = §,340.61
Step H: Determine Normal Cost at 1/1/87 by calculating Normal Cost on Benefit decrease only.

NC (decrease) = (Ben decrease)(d4? ) + 5
= (50% x 6,000)(8.33) + 15.6455 =1,597.26

Normal Cost at 1/1/87 = 8,340.61 - 1,597.26 = 6,743.35

Normal Cost at 12/31/87 = Normal Cost at 1/1/87 x (1 +1i)
=6,743.35 x 1.08 = 7,282.82

Answer is A.

Problem 5 - 12

Key Concept: Normal Cost at 1/1/86 should be determined and then multiplied by (1 + i) to
determine the Normal Cost at 12/31/86.

Step I: Determine Normal Cost at 1/1/86.

NCys = (Ben)(d02 ) = S
= (30% x 200,000)(8.40) ~ 54.4568 = 9,255.04

Step II: Determine Normal Cost at 12/31/86.

NC =NCg; x 1.08
=9,255.04 x 1.08 =9,995.45

Answer is A.
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Problem 5 - 12 (Alternative solution)

Key Concept: Problem can be solved by using immediate annuity functions rather than annuity
due functions:

NCyg = (30% x 200,000)(8.40) + s 4y
= (60,000)(8.40) + 50.4229 = 9,995.46
Problem 5-13
Key Concepts: This problem consists of determining and adding the following:
1. Normal cost at 1/1/87;
2. Normal cost for benefit increase at 1/1/88;
3. Actuarial loss and amount of amortization payment.
Step I: Determine Normal Cost at 1/1/87.
NCy; = (Benefit)(9.333) / §i; or
= (Benefit)(9.333)(1.06) " /dgy,
= (40,000)9.333) / 24.6725 = 15,131

Step II: Determine Normal Cost for benefit increase as of 1/1/88.

NCqs(Increase) = (Benefit Increase)(9.333) / 8§
= (8,000)(9.333) / 22.2760 = 3,352

Step III: Determine Actuarial Loss.

Expected Assets = (NCy;)(1.06)
=15,131 x 1.06 = 16,039

Actuarial Gain = Assets - expected Assets
= 15,000 - 16,039 = 1,039 (loss)
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Amortization payment = 1,039 + i
=1,039+7.802=133

Contribution = 15,131 + 3,352 + 133 = 18,616

- Answer is B.

Problem 5 - 14

Key Concept: Normal cost remains level unless the benefit changes due to salary increases
(decreases) or benefit formula changes. The increase (decrease)in benefit is funded
from the date of increase (decrease) in benefit.

Benefit,; = (4)(200,000) = 80,000

NCy, = PVEB;,
Temporary Annuityy,

= (80,000)(**)(&4) + (4m)
= (80,000)(.2775)(9.35) + 12.76408 = 16,262

Note that the Normal Cost could also be computed:
= (80,000)(&2) + () = 16,262
In 1989, the Salary decreased.

1/1/89 High 3 year average = 200,000 + 170.000 + 170.000 = 180,000
3

Benefitg, = (.4)(180,000) = 72,000
aBenefit = 72,000 - 80,000 = (8,000)
aNC = (8,000)(#EI(v) + (85m) = (1,764)
Therefore, the total ILP Normal Cost = 16,262 - 1,764 = 14,498

Answer is B.

392



Problem 5 - 15

Key Concept: The Accrued Liability in the Individual Level Premium Cost Method is an
accurnulation of the prior normal costs. The change in interest rate requires
a recomputation of those prior normal costs.

Step I: Determine 1/ 1/88 Normal Cost and the 1/1/89 Accrued Liability under the original
assumptions.

Prior NCyq = (24,000)(-5)E2 Y 08
= (24,000)(.5)(8.1958)/122.3459 = 804

Prior Al = NCg; % 1.08 =804 x 1.08 = 868
StepII: Determine 1/1/88 Normal Cost and 1/1/89 Accrued Liability under the new assumptions.

New NCyq = (24,000)(.5)E02) = S5 06
= (24,000)(.5)(9.3452)/83.8017 = 1,338

New ALgy =NCs; x 1.06 =1,338 x 1.06 = 1,418
Step I1I: Determine the increase in the Accrued Liability.
Increase = 1,418 - 868 = 550
Answer is A.
Note: The 1989 Compensation would be used to calculate the increase in Normal Cost for the
1/1/89 valuation but is not used to calculate the Accrued Liability.
Problem 5 - 16
Step [:  Calculate the Normal Cost.
Retirement Benefit = 15 x 25 Years of Service = 375

Since the benefit is a flat dollar amount, the Normal Cost has been level since 1984.
Therefore, the Normal Cost can be calculated using the Present Value of Future Service.

393



PVFB,,

Ly -
a45:55T
D
12 x 375 x 457 x %DGS
) s _ 11542 _ o
N, - Ny 11.59654
D

45

Step II: Calculate the Accrued Liability.

ALy =NC x §;5.9 =995 X (Ny5 - Nyo)/Dsy
=995 x (9,789 - 6,712)/508 = 6,027

Answeris C.

Problem 5-17

Key Concept: Accrued Liability under the Individual Level Premium method is the accumulation
of prior normal costs. Benefit increases, and corresponding Normal Cost increases,
occur when salary increases.

The benefit increase in 1988 due to the 1988 salary increase is

Benefit,, = (.02) x (3,500) x (40 years of service) = 2,800

2,800 x 12457 x v*
NC,, = = 1,470

B35 T
307

a Benefitg = (.02)(40 years of service)(4,000-3,500) = 400
aNC = (400)(12802)(*") + tigy = 261
AL = 1,470 §4 + 261 §5 = 9,045 + 578 = 9,623

Answer is B.
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Problem 5 - 18

Key Concept: Normal Cost stays level as a dollar amount from participation age to Normal
Retirement Age unless there are plan changes.

Benefit =25 x 34'years of service = 850

PVFB

NC,, = —— P2 where pa = participation age

Ia_zm:m —pai
D
D

12 x 850 x 4> x —2

32

Ny = N

D32

1500
24,000 - 1,792
1,500

12 x 850 x 8.5 x ( 200]
= 781

PVFNC,, = 781 X G5

- N

65
D,u

= 781 x -3

13,050 - 1,792
900

= 78] x = 9,769

T L {13,050 - 1,792

D 900

}= 9,769
41

Answer is E.
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Problem 5 - 19

Key Concept: The increase in Normal Cost under the ILP method is equal to the cost of funding
the increase in benefit from attained age to retirement age.

Step I: Calculate the 1990 Benefit.

20 21 22
Benefit,, = 43,500 ( (1.04)° + (1.034) + (1.04) ] Y 75 = 74383
Step I1: Calculate increased 1991 Benefit.
19 20 21
Benefit, = 46,000 [(1'04) : (1";4) + (1.04) ] x 75 = 75,633

Note: Another easier way to get the 1991 Benefit is to look at the salary increase. The
salary increased 5.747% from 1990 to 1991. Thus, the change in benefit due to the change in salary
can be calculated by multiplying the salary by the ratio of the actual percentage increase to the
expected increase: :

Benefity, = 1.05747 x 74,383 = 1.016798 x 74,383 = 75,633
1.04

Increase in Benefit = 75,633 - 74,383 = 1,250

Step III: Calculate the 1991 increase in Normal Cost using the benefit increase.

1,250 x v x gi2

ANC = - = 177
“z

Angwer i1s B.

396



Problem 5-20
Key Concept: The experience gain is the difference between the expected liability under the
funding method if Smith had not retired and the actual value of the benefit due to

early retirement. Since plan benefit is not salary based and there have been no plan
amendments, NC each year is the same.

Step I: Determine Actual Liability due to Smith's early retirement.
The benefit accrued to 1/1/92 = 41.67 x 20 years of service = 833.40
The actuarial equivalent value of the benefit is:
=12 x 833.40 x 4¢P x v'® x  p.. = 37,043
Step II: Determine the Accrued Liability under ILP if Smith had not retired.

Benefit at retirement = 41.67 x 30 years of service = 1,250.10

D
12 x 1,250.10 x 45> —=

45

NC,, =

245207

Alg, =PVFBs; - PVFNC 55

D
1,250.10 x 1243 ==

D
= 1,250.10 x 12857 “—l % G

55 45:20]

a

We must manipulate some of the commutation functions given:
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N, N N, -N

. 45 65 . 45 55
Gpszgr = ——— = 1079 and 4,5 = ———— = 7.37
D45 D45
N,, - N N,, - N, N. - N N. - N '
43 85 - 45 55 + 55 65 =737 + 55 65 = 10.79
Dy Dy Dy D
Solving for Ns; - Ngs gives:
Ngs = Ngs = 342 D
or
N.-N
55 65 = 3.42 45
DSS DSS
_ 45
dysio7 = 342—
55
Substituting,
D
, | 125010 12657 | ==
D
ALy, = 1,250.10 x 12457 —%- . L% 342 x =2
55 [ Q4570 Dys
D
= 1,250.10 x 12407 « Z€& |1 - 2421 37959
Dy, 10.79

Step III: Calculate gain.
Gain = 37,952 - 37,043 = 909

Answer is A.
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Problem 5 - 21

Key Concept: An increase or decrease in average compensation results in an increase or decrease

in normal cost under the [LP method.
Step I: Determine the 1/1/91 Normal Cost.

Projected Annual Benefit = 60,000 x .5 = 30,000

%L~ pvFs

30,000 x a5 x v® 48319

am

Note that since there is only one participant,

PVFS
Salary

:aﬁl.

Step II: Determine the 1/1/92 change in Normal Cost.
Decrease in Normal Cost = 3,874 - 3,032 = 842

Step III: Calculate change in 1/1/92 Projected Salary.

(842) =

a7
ASalary = (11,997)

399

(.5)(ASalary) x 457 x v _ (ASalary)(.5)(8.74)(.1971)
i 12.2722



Step IV: Calculate 1/1/92 Projected Salary.
Salary,, = 60,000 - 11,957 = 48,003

Answer is B.
Problem 5 - 22

Key Concept: An increase in compensation results in a normal cost increase associated with the
compensation increase.

= 2,343

(:5)(16,000)(d 5™
é’m

ILP NC,, =

Since 1993 compensation increases to 18,000, the compensation increase is:
18,000 - 16,000 = 2,000

We must determine the increase in Normal Cost that will fund for the benefit increase.

_ (.5)(2,000)(a 57

157

ANC = 325

93

Note that aANC,, is funded only over the 15 years remaining to retirement.
Total NCy; = 2,343 + 325 = 2,668

Answer is C.
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‘Problem 5 -23

Key Concept: A decrease in compensation results in a normal cost decrease associated with the
compensation decrease.

¢ 00,000)(.5)(d s

ILP NC,, = = 18,111

St

1/1/92 Final Compensation Decrease = 100,000 - 92,000 = 8,000

- Note that since the participant has more than 5 years before reaching retirement, the final 5-year
average (not high consecutive 5-year average) is merely $92,000.

{12}
8,000)(.5)(4,
1/1/92 Normal Cost decrease = ¢ Y3Ndes ) _ 1,622

5]

ILP NC,, = 18,111 - 1,622 = 16,489
Since the Accrued Liability is the accumulation of past Normal Costs,

ALg, = (18,111)(1.07)* + (16,489)(1.07)
=20,735 + 17,643 = 38,378

Answeris C.

Problem 5 - 24

Key Concept: The Unfunded Accrued Liability in an immediate gain method is equal to the
accrued liability less the assets.

Step I: Calculate the Accrued Liability as of 1/1/93.

Unit Credit ALy, = PVAB,, = (15)(6 years of service)(12d5 v '
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We must solve for 124(2 To do so, we must look at the calculation of the Aggregate Normal Cost
as of 1/1/92.

PVFB,, = (15)(20 years of service)(lZﬁgz))v 15

_ (PVFB,, -Assets,,)

&

NC

92 -
15|

(15)(20 years of service)(1245 )(v *)-1,000
) 9.244237

= 808

12857 = 98.3513

Substituting,
Unit Credit ALg; = (15)(6)(98.3513w'* = 3,014
Step II: Calculate the assets as of 1/1/93.

Assetsg; = (Assetsy, + Contributiony,) x 1.05
= {1,000 + 898) x 1.05 = 1,993

Step Ill: Calculate unfunded accrued liability as of 1/1/93.

UALg; = ALy, - Assetsy,
=3,014 - 1,993 = 1,021

Answeris E.

Problem 5 - 25

Key Concept: The Normal Cost under the Individual Level Premium method is the sum of the
Normal Cost determined to fund the initial benefit at the time the plan is established,
plus the Normal Costs determined to fund the increases (decreases)in the projected
retirement benefit each year. If the projected retirement benefit decreasesin a given
yeat, the Normal Cost determined to "fund" the decrease will be negative, and the
total Normal Cost for that participant will decrease for the year.
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Step I: Calculate the Normal Cost as of 1/1/90.
Benefit = (60,000)(.5) = 30,000

NCy, = (Benefit)(a{2)/55
= (30,000)(8.786)/6.15329 = 42,836

Step II: Calculate the increase in the Normal Cost due to the increase in benefits as of 1/1/92.
Benefit Increase = (80,000 - 60,000)(.5) = 10,000

aNC,, = (Benefit Increase)(342)/8;
= (10,000)(8.786)/3.43994 = 25 541

Step III: Calculate the decrease in Normal Cost due to the benefit decrease in benefits as of 1/1/94.
3 year average salary = (80,000 + 80,000 + 65,000)/3 = 75,000
Benefit Decrease = (75,000 - 80,000)(.5) = (2,500)

aNC,, = (Benefit Decrease}(d{2)/§;,
= (2,500)(8.786)/1.07 = (20,528)

Step IV: Calculate the total Normal Cost as of 1/1/94.

NC94 = NCQO + ﬁNng + ﬁNCg‘;
=42 836 + 25,541 - 20,528 = 47,849

Answeris C.

Problem 5 - 26

Key Concept: The cash value at retirement of the life insurance policy must be subtracted from the
value of the benefit at retirement in order to determine the normal cost for the side
fund. Altematively, the present value of the cash value at retirement can be
subtracted from the present value of future benefits.

Face amount of insurance = 60 x Monthly retirement benefit
=60 x 400 = 24,000

Cash Value at 65 =24 x 550 (per thousand of face amount) = 13,200
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PVFB = [(400)(124¢2) - 13,200](+*) = 7,649

Side Fund Nclmgs = PVFB/(.aQ'GI)
=17,649/13.7834 = 555

Side Fund NC, 105 = 555 x 1.06 = 588

Answer is E.

Problem 5 - 26 (Alternative Solution)

Since it is the first year of the plan and there are no assets, the normal cost can be calculated using
the Present Value of benefits at retirement.

Present Value of benefits at retirement = (400)(124(2 ) - 13,200 = 34,800

Side Fund NC,310s = 34,800/s55
= 34,800/59.1564 = 588

Note that sz was used instead of § due to the end of year valuation date.

Answer is E.

Problem 5 - 27

Key Concept: An increase in the benefit formula results in a normal cost increase assoctated with
the benefit increase.

Step I. Calculate the original Normal Cost.

Original Normal Cost = (15)(40 years of service)(12)(#{2)/ $m
=425

Step II: Calculate the Normal Cost increase.

Normal Cost Increase = (3)(40 years of service)(12)(442)/ 8y,
=171

Note that the benefit increase was $3 per month per year of service and that the value of the
benefit due to the increase was amortized over the remaining 26 years of service.
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Step I1I: Calculate the total Normal Cost.

Total Normal Cost =425 + 171 = 596

Answeris C.

Problem 5 - 28

Step I. Calculate the Individual Level Premium Normal Cost using Method A.
Normal Cost (other than death) = (1,000)(12)(8$2)/ $,0.09
= (12,000)(8.74)/[(Ny - Ngs)/Des]
= (12,000)(8.74)/[(8,452,729 - 868,052)/94,414]
= 1,305
One Year Term Cost = (100,000)C,, / Dy)
= (100,000)((My - My;)/ Dyyp)
= (100,000)((79,292 - 78,036)/632, 275)
=199
Total Normal Cost = 1,305 + 199 = 1,504
Step II: Calculate the Aggregate Normal Cost using Method B.
Value of Benefit at Retirement = (1000)(12)(3¢2) = 104,880

Normal Cost = (104,880 - 41,900/ §40.7
=784

Total Normal Cost = 784 + 1,585 =2,369
Step III: Calculate the difference in the Normal Costs |
Difference = 2,369 - 1,504 = 865

- Answer is C.
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Problem 5 - 29
Key Concept: The increase in Normal Cost under the Individual Level Premium method is equal
to the cost of funding the increase in benefit from attained age to retirement age.

The amortization does not reflect the salary scale since the method is specified as
being a level dollar amount method.

Step I: Calculate the 1996 benefit.
Benefity, = (.02)(40 years)(25,000)[1.05% + 1,05% + 1.05%)/3 = 105,150

Note that since retirement is assumed to occur on 1/1/2032 (age 65), the final salary used will be
in the 1/1/2031 valuation, 35 years from 1996.

Step II: Calculate the 1997 benefit.
Benefity, = (.02)(40 years)(27,500){1.05* + 1.05% + 1.05%%)/3 = 110,158
Note: Another way to determine the 1997 benefit is to use the percentage salary increase (10%
from 1996 to 1997). The 1997 benefit can be calculated by multiplying the 1996 benefit by
the ratio of the actual percentage increase to the expected percentage increase: -
Benefity, = (1.10/1.05)(105,150) = 110,158
Step III: Calculate the benefit increase.
Benefit increase = 110,158 - 105,150 = 5,008
Step IV: Calculate the 1997 increase in Normal Cost using the benefit increase.
NCpycrease = [(5,008) x 449 x v¥)/iigg
= [(5,008) x 9.815 x .0937]/13.8540
=332

Answer is D,
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Chapter 6

Frozen Initial Liability Cost Method

6.1 Normal Cost and Accrued Liability

The determination of the annual contribution necessary to fund a plan under each of the
funding methods described thus far involved one or more of three factors, namely, normal cost,
amortization of unfunded accrued liability and amortization of experience gains and losses. Under
the Aggregate Cost Method, only the normal cost determined the contribution while under the
Individual Level Premium Cost Method, normal cost and experience gains and losses were
involved; and under the Entry Age Normal and Unit Credit Cost Methods all three were involved.

The Frozen Initial Liability Cost Method is an aggregate method that requires the
determination of normal cost plus amortization of the unfunded accrued liability, but not the
separate amortization of experience gains and losses. Experience gains and losses are spread over
future Normal Costs, just as under the Aggregate Method.

Determination of Normal Cost under this method requires four variables. These are:

(D Present Value of Future Benefits, which is the liability at retirement discounted to

the valuation date under the assumptions used. Have you noticed that this item is the same
regardless of the funding method used?

(2)  Unfunded Accrued Liability, on the first valuation date is calculated using the Entry
Age Normal Method. Thereafter, it is calculated using the relationship:

UAL,=(UAL;+NC)Y1+i)-C,-1,
where UAL, = prior year Unfunded Accrued Liability
NC, = prior year Normal Cost

C, = prior year contribution
and I = interest eamed on contribution
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Notice that this is the same formula as is used to calculate the Expected Unfunded Accrued
Liability under an immediate gain type method such as Entry Age Normal. Under the Frozen Initial
Liability Cost Method, the actual Unfunded Accrued Liability is equal to the expected Unfunded
Accrued Liability, since experience gains and losses are not separately calculated or amortized.

(3)  Actuarial Value of Agsets is the fund balance as evaluated by the Plan Actuary.
4) Prese: Iue of Fu ice is the total number of years remaining to retirements

of all participants discounted to the valuation date on the basis of assumed interest.
If these four variables are known, the Normal Cost can be determined as follows:

Step I: Determine the Present Value of Future Normal Costs (PVFNC), which is the Present
Value of Future Benefits (PVFB) minus the Unfunded Accrued Liability (UAL) minus the Assets.
This relationship can be written as:

PVENC =PVFB - UAL - Assets

Step II: Determine the Normal Cost per participant by dividing the Present Value of Future
Normal Costs (PVFNC) by the Present Value of Future Service.

NC; = PVFNC + PV of Future Service

Step II1: Finally, the individual Normal Cost is multiplied by the number of participants in
the plan to determine the Normal Cost for the plan.

NC =NC, x Number of participants

Normal Cost can also be determined if we know (1) the Present Value of Future Normal
Costs, (2) Present Value of Future Salaries and (3) Current Salaries.

NC% = (PVFNC) + (PVFS)
NC = (Salaries) x NC%
or NC = (PVFNC) x (Salaries) ~ (PVFS)

This procedure is used particularly when salary increases are assumed or when benefits are
based upon salary, but can be used at any time. This approach determines Normal Costs as a level
percentage of salaries, whereas the approach described previously determines Normal Costs as a
level dollar amount per participant.

A question also arises as to how to handle a plan amendment under the Frozen Initial
Liability Method. The usual approach is to adjust the Unfunded Accrued Liability to reflect the
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effects of the amendment. The adjustment is made based on the change in the Entry Age Normal
Accrued Liability (EAN AL) due to the amendment. Using the symbol * to denote values before
the amendment,

UAL = UAL’ + (EAN AL - EAN AL")

This adjustment has the effect of changing the Unfunded Accrued Liability to what it would
have been had the amendment always been in effect.
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6.2 Characteristics of Frozen Initial Liability Cost Method

1. The initial past service liability is determined under the Entry Age Normal Cost Method.

2. TheFIL Method is an aggregate method and hence is not usually suitable for small plans.

3. Experience gains and losses are automatically spread over the remaining working years of
participants.

4. When the Past Service Liability is completely amortized, the cost method reverts to the
Aggregate Method.
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6.3 Problems

Problem 6-1

- Valuation Date: 1/1/85
Assumptions Used: Interest: 6%

No mortality or withdrawal
There were no changes in benefits between 1/1/85 and 1/1/86.
The Plan has 4 participants.
Selected Valuation Data:
1/1/85 1/1/86
Present Value of Future Benefits  $400,000
Unfunded Accrued Liability 95,000
Actuarial Value of Assets 135,000 $160,000
Present Value of Future Service 38.0 36.3

Contribution of $25,000 for 1985 was made on 12/31/85.

Determine the Normal Cost as of 1/1/86.

Problem 6 - 2
Valuation Date: 1/1/85
Selected Valuation Results:

Present Value of Future Benefits $600,000
Present Value of Future Normal Costs 200,000

The Plan was amended to provide a 10% increase in benefits which generated an increase in the
Entry Age Normal Accrued Liability of $20,000.

What is the Present Value of Future Normal Costs after the amendment?
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Problem 6 -3
Valuation Date: 1/1/86

Retirement benefit is a flat percentage of salary.
All participants are active employees.

Assumptions used:  Salary increases of 4%
Interest of 6%
No pre-retirement mortality
No withdrawals

Valuation results as of 1/1/85:

Present Value of Future Benefits $3,000,000
Actuarial Value of Assets 1,250,000
Unfunded Accrued Liability 750,000
Annual Salaries 600,000
Present Value of Future Salaries 15,060,000

Contribution of $125,000 for 1985 was made on 12/31/85.
Investment earnings on Plan assets were $105,000 in 1985.
All other assumptions were exactly realized between 1/1/85 and 1/1/86.

Determine the Normal Cost as of 1/1/86.

Problem 6 - 4

All information is the same as in Problem 6 - 3, except that no changes in salary occurred between
1/1/85 and 1/1/86. Determine the Normal Cost as of 1/1/86.

Problem 6 -5

Pian effective date: 1/1/81

Normal retirement benefit: 50% of final 5-year average salary.

Actuarial cost method: Frozen initial liability method.

Valuation results as of 1/1/84:
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Present Value of Future Benefits $1,700,000

Unfunded Liability 300,000
Actuarial Value of Assets 200,000
Normal cost as of 1/1 80,000

As of 1/1/84, there are no retired or terminated vested participants. All active participants are at
least five years younger than the assumed retirement age.

After the above results were determined, it was discovered that all salaries were 10% higher than
reported. The normal cost for 1984 was then recalculated.

In what range is the recalculated normal cost for 1984 as of 1/1/84?

(A)  Less than $89,000 .
(B)  $89,000 but less than $90,000
(C)  $90,000 but less than $91,000
(D)  $91,000 but less than $92,000
(E)  $92,000 or more

Problem 6 -6

Actuarial cost method: Frozen initial liability method.
Assumed interest rate: 7%

Valuation results: 1/1/83 1/1/84 -
Present value of future benefits $850,000 $901,000
Present value of future normal costs 420,000
Actuarial value of assets {market) 125,000
Normal cost as of 1/1 _ 23,000

Contributions of $50,000 for 1983 were paid in two installments of $25,000 each at 1/1/83 and
12/31/83. There were no benefits payable in 1983.

Actual investment earnings exceeded assumed investment eamings by $3,000 in 1983.
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In what range is the present value of future normal costs as of 1/1/84?

(A)  Less than $413,000
(B)  $413,000 but less than $416,000
(C)  $416,000 but less than $419,000
(D)  $419,000 but less than $422,000
(E)  $422,000 or more

Problem 6 - 7

Plan effective date: 1/1/84

Normal retirement benefit: 40% of salary in the year preceding retirement.
Actuarial cost method: Frozen initial liability. :
Actuarial assumptions:

Interest: 7%
Salary increases: 5%
Pre-retirement deaths and terminations: None.
Retirement age: 65
The oldest participant on 1/1/84 was aged 63.

Valuation results as of 1/1/84:

Unfunded Accrued Liability $ 550,000
Present Value of Future Salaries 4,011,000
Normal Cost as of 1/1 80,000
Salaries 400,000

Contribution for 1984 paid at 12/31/84: $164,000

As of 1/1/85, all participants received a 10% salary increase. There were no deaths, terminations
or new entrants in 1984,

414



In what range is the normal cost as of 1/1/857

(A)  Less than $86,000

(B)  $86,000 but less than $88,000
(C)  $88,000 but iess than $90,000
D)  $90,000 but less than $92,000
(E)  $92,000 or more

Problem 6 -8

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions: - Interest: 7%
Pre-retirement deaths and terminations: None.
Retirement age: 65

The sole plan participant is age 50 as of 1/1/85

Due to a plan amendment effective 1/1/85 which changed the normal retirement age from 65 to 62,
the assumed retirement age is changed to 62. The unfunded liability is adjusted as of 1/1/85 to
reflect the change in assumptions.

| Selected valuation results as of 1/1/85:

Assumed Retirement Age

65 62
Present value of future benefits $£15,000 $18,400
Unfunded Lability 6,150
Actuarial value of assets 5,000 5,000 -
Entry age normal accrued lLiability 13,1060 16,350

In what range is the normal cost as of 1/1/85 under the revised retirement age assumption?

(A)  Less than $300

(B) = $300 but less than $350
(C)  $350 but less than $400
(D) $400 but less than $450
(E)  $450 or more
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Problem 6 -9

Normal retirement benefit: 1% of the final year’s salary times years of service.
Actuarial cost method: Frozen initial Lability.

As of 1/1/85, the assumed interest rate is changed from 5% to 7%, and the salary increase
assumption is changed from 3% to 6%. The unfunded liability is adjusted as of 1/1/85 to reflect the

change in assumptions.

Selected valuation results as of 1/1/85:

0Old assumptions New Assumptions
Present value of future benefits $6,148,750 $7.146,000
Present value of future salaries 37,250,000 39,100,000
Unfunded Liability 750,000
Actuarial value of assets 3,350,000 3,350,000
Normal cost as of 1/1 132,000 :
Entry age normal accrued liability 4,175,000 4,875,000

In what range is the normal cost as of 1/1/85 based on the new assumptions?

(A)  Lessthan $135,000

(B) $135,000 but less than $140,000
(C)  $140,000 but less than $145,000
(D)  $145,000 but less than $150,000
(E)  $150,000 or more.

Problem 6 - 10

Actuarial cost method: Frozen initial lHability.
Actuarial assumptions: Interest: 7%
Salary increases: 5%
Pre-retirement deaths and terminations: None.
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Valuation results as of 1/1/84:

Present value of future benefits $10,000,000
Actuarial value of assets 4,000,000
Unfunded liability 2,000,000
Annual salartes 4,000,000
Present value of future salaries 40,000,000
Contribution for 1984 paid at 12/31/84: $618,000

During the 1984 plan year all actuarial assumptions were exactly realized except the assets earned
8%.

All participants are active employees under assumed retirement age. There have been no new
entrants since 1/1/84.

In what range is the normal cost as of 1/1/85?
(A}  Less than $390,000
(B)  $390,000 but less than $400,000
(C)  $400,000 but less than $410,000
(D)  $410,000 but less than $420,000
(E) $420,000 or more
Problem 6 - 11
Plan effective date: 1/1/83
Actuarial cost method: Frozen initial liability method.
Assumed interest rate: 8% '

Results of 1/1/83 valuation:

Accrued liability $100,000
Normal cost as of 1/1 10,0600

Contribution for 1983: $20,000 at 1/1/84.

Beginning in 1984, the valuation date is changed from 1/1 to 12/31.
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Results of 12/31/84 valuation:

Present value of future benefits $ 265,000
Present value of future salary 2,400,000
Total annual salary 200,000

Contribution for 1984: $25,000 at 1/1/85.
The fund earned 8% interest in 1984. There were no benefit payments in 1983 or 1984.
In what range is the normal cost for 1984 as of 12/31/84?
(A)  Lessthan $10,500
(B)  $10,500 but less than $11,000
(C)  $11,000 but less than $11,500
(D)  $11,500 but less than $12,000
(E)  $12,000 or more
Problem 6 - 12

Normal retirement benefit:  Before 1/1/86: 40% of final year's salary.
Effective 1/1/86: 50% of final year's salary.

Actuarial cost method: Frozen initial liability.
Selected valuation results, as of 1/1/86, based on the 40% benefit;

Present value of future benefits:

For active participants $1,200,000

For retired and terminated participants 300,000
Unfunded liability 300,000
Actuarial value of assets 500,000
Present value of future salaries 21,000,000
Annual salaries 4,000,000
Entry age normal accrued liability 700,000

418



In what range is the increase in the normal cost for 1986 as of 1/1/86 due to the plan amendment?

(A)  Less than $25,000

(B)  $25,000 but less than $35,000
(C)  $35,000 but less than $45,000
(D)  $45,000 but less than $55,000
(E)  $55,000 or more

Problem 6 - 13

Normal retirement benefit: 50% of final year's salary.
Actuarial cost method: Frozen initial liability.

Selected valuation results as of 1/1/86:

Present value of futufe salaries $2,500,000
Normal cost as of 1/1 15,000
Annual salaries - 200,000

After the valuation was done, it was discovered that a new entrant was omitted. A revised valuation
inchided the following information for the omitted participant as of 1/1/86:

Present value of future benefits 39,000
Annual salary 30,000
Present value of future salaries 850,000

In what range is the revised normal cost for 1986 as of 1/1/86?

(A)  Less than $16,000

(B)  $16,000 but less than $17,000
(C)  $17,000 but less than $18,000
(D)  $18,000 but less than $19,000
(E)  $19,000 or more

Problem 6 - 14

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Frozen initial liability.
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Actuarial assumptions:
Interest: 8%

Retirement age: 65
Pre-retirement deaths and terminations: None.,

Valuation dates:

For 1986 plan year: 12/31/86 For 1987 plan year: 1/1/87

Selected valuation results as of 12/31/86:

Present value of future benefits $900,000
Unfunded liability 400,000
Normal cost as of 12/31 30,000

Actuarial value of assets as of 12/31/86: $200,000, prior to contribution for 1986.
Contribution for 1986: $60,000, paid at 12/31/86.

There is no change in participant data between 12/31/86 and 1/1/87.
In what range is the normal cost for 1987 as of 1/1/87?

{A)  Less than $27,500

(B)  $27,500 but less than $28,750

(C)  $28,750 but less than $30,000

(D)  $30,000 but less than $31,250
(E)  $31,250 or more

‘Problem 6 - 15
Employee contributions: 2% of compensation, paid at the beginning of each year.

Actuarial cost method: Frozen initial liability.
Assumed interest rate: 6%
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Valuation results as of 1/1/88:

Present value of future benefits

(including refunds of employee contributions) - $2,600,000
Actuarial value of assets 650,000
Unfunded liability . 300,000
Present value of future compensation 12,500,000

Annual compensation 1,000,000
' In what range is the employer's normal cost for 1988 as of 12/31/88? |

(A)  Less than $114,000

(B)  $114,000 but less than $119,000
(C)  $119,000 but less than $124,000
(D)  $124,000 but less than $129,000
(E)  $129,000 or more

Problem 6 - 16

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest: 6%
Pre-retirement deaths and terminations: None.
Retirement age: Normal retirement age.

Date of birth of sole participant: 1/1/38

The plan is amended effective 1/1/88 to change the normal retirement age from 65 to 62 and to
increase the benefit rate for all years of service from $10 to $12.
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Valuation results as of 1/1/88, based on $10 benefit rate:

Assumed Retirement Age

63 62
Present value of future benefits $15,000 $18,400
Unfunded liability 6,150 -
Actuarial value of assets 5,000 5,000
Accrued liability under
entry age normal method 13,100 16,350

In what range is the normal cost for 1988 as of 1/1/88?

(A)  Less than $400

(B)  $400 but less than $475
(C)  $475 but less than $550
(D)  $550 but less than $625
(E)  $625 or more

Problem 6 -17

Actuarial cost method: Frozen initial Hability.
Assumned interest rate: 6%

Selected valuation results:

1/1/87 1/1/88
Normal cost as of 1/1 $ 25,000 $ -
Present value of future benefits 500,000 565,00
Present value of future normal costs 210,000 -
Actuarial value of assets 80,000 -

Contributions for 1987: $25,000 paid on 6/30/87 and $20,000 paid on 12/31/87.
Benefit payments for 1987: $0
The rate of return on the actuarial value of assets during 1987 was 8.4%.
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In what range Is the present value of future normal costs as of 1/1/887?

(A)  Less than $195,000
(B)  $195,000 but less than $205,000
(C)  $205,000 but less than $215,000
(D)  $215,000 but less than $225,000
(E)  $225,000 or more

Problem 6 - 18

Normal retirement benefit: 50% of final five-year average compensation.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest: 6%
Compensation increases: 4% per year.
Pre-retirement deaths and terminations: None.

Retirement age: 65

Valuation results as of 1/1/87:

Normal cost as of 1/1 $ 84,000
Present value of future benefits:

Active participants 2,000,000

Inactive participants 0
Unfunded liability 500,000
Actuarial value of assets 100,000
Present value of future compensation 10,000,000
Annual compensation 600,000

Contribution for 1987: $150,000 paid on'1/1/88.
All participants on 1/1/87 were under age 60.
There were no new participants during 1987.

- Each participant received a 7.5% compensation increase on 1/1/88. There were no experience gains
or losses during 1987 from any other source.
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In what range is the normal cost for 1988 as of 1/1/88?

(A)  Less than $90,000

(B)  $90,000 but less than $92,000
(C)  $92,000 but less than $94,000
(D)  $94,000 but less than $96,000
(E)  $96,000 or more

Problem 6 -19

Actuarial cost method:

Before 1987: Unit credit.
After 1986: Frozen initial liability.

Assumed interest rate: 6%
Assumed compensation increases: 5% per year.

Selected valuation results:

1/1/87 1/1/88
Present value of future benefits $ 11,000,000 $ 12,000,000
Actuarial value of assets 3,000,000 4,000,000
Present value of future compensation 112,500,000 115,000,000
Annual compensation 16,500,000 -
Accrued liability under unit credit method 4,325,000 5,000,000
Accrued liability under entry age normal method 6,500,000 7,600,000

Contribution for 1987: $1,000,000 paid on 12/31/87.
In what range is the normal cost rate (as a percentage of compensation) for 1988 as of 1/1/88?

{A)  Lessthan 3.970%

(B)  3.970% but less than 3.980%
(Cy  3.980% but less than 3.950%
(D)  3.990% but less than 4.000%
(E)  4.000% or more
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Problem 6 - 20
Actuarial cost method: Frozen initial liability (level dollar amount).
Actuarial assumptions:

Interest rate: 7% per year.

Preretirement deaths and terminations: None.

Retirement age: 65

Data and valuation results for only participants as of 1/1/90:

Smith Brown Green
Date of birth 1/1/20 1/1/55 1/1/45
Status Retired Active Active
Monthly accrued benefit $1,000 - -
Monthly projected benefit - $5,000 $3,000

Unfunded liability as of 1/1/90: $10,000
Value of assets as of 1/1/90: $91,200

Selected annuity values:
i49=874  #12=17.60
In what range is the normal cost for 1990 as of 1/1/907
(A)  Less than $9,000
(B)  $9,000 but less than $12,000
(C)  $12,000 but less than $15,000
(D)  $15,000 but less than $18,000
(E)  $18,000 or more
Problem 6 - 21
Normal retirement benefit: $15 per month for each year of service.
Early retirement benefit: Accrued benefit reduced by 6% for each of the first 5 years and 3%

for each of the next 5 years by which commencement of payments
precedes age 65.
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Actuarial cost method: Frozen initial Liability.
Actuarial assumptions:
Interest rate: 8%

Preretirement deaths and terminations: None.
Retirement age: 65

Data for participant Smith:
Date of birth 1/1/35
Date of hire 1/1/72

Status as of 1/1/90 Active

Qriginal valuation resuits as of 1/1/90:

Present value of future benefits $662,000

Unfunded liability 163,250

Value of assets 142 500

Normal cost per active participant 195.34

Number of active participants 150
Selected annuity values:

P=1233 =833

After the valuation was done, it was discovered that Smith had retired on 12/31/89 and commenced
receiving benefits. Another valuation was done to correct this error.

In what range is the increase in normal cost for 1990 as of 1/1/90 due to Smith's retirement? -

(A)  Lessthan $0

(B) 30 but less than $100
(C)  $100 but less than $200
(D)  $200 but less than $300
(E)  $300 or more
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Problem 6 - 22

Plan effective date: 1/1/86
Normal retirement benefit:

Before 1991: 30% of final year's compensation.
After 1990: 40% of final year's compensation.

Actuarial cost method: Frozen initial liability.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.

Retirement age: 65

Selected valuation results as of 1/1/90:

Normal cost as of 1/1 $ 25,000
Present value of future benefits 700,000
Unfunded liability 275,000
Present value of future compensation 5,675,000
1990 compensation 500,000

Contribution for 1990: $50,000 paid on 12/31/90.

As of 1/1/90, there were no inactive participants and no active participants were over age 63. There
were no new participants, deaths, terminations, or retirements during 1990. There are no new
participants on 1/1/91.

All participants received a 10% increase in compensation from 1990 to 1991.

Selected valuation results as of 1/1/91, after amendment:

Value of assets $250,000
Accrued liability under entry

age normal cost method 550,000
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In what range is the normal cost for 1991 as of 1/1/917
(A)  Lessthan $30,700
(B)  $30,700 but less than $32,700
(C)  $32,700 but less than $34,700

(D)  $34,700 but less than $36,700
(E)  $36,700 or more

Problem 6 - 23
Actuarial cost method: Frozen initial liability (level dollar amount).
Actuarial assumptions: |

Interest rate: 7% per year.

Preretirement deaths and terminations: None.

Retirement age: 65

Data for all participants:

Smith Brown Green
Age 45 55 65
Annual projected benefit ~ $20,000 $20,000 $20,000
Status as of 1/1/91 Active Active Retired

Unfunded liability as of 1/1/91: $12,000
Value of assets as of 1/1/91: $208,800

The contribution for 1991 is equal to the normal cost for 1991 as of 1/1/91 plus a 10-year
amortization payment as of 1/1/91 toward the unfunded liability as of 1/1/91.

Selected annuity values:

Agex alra
45 12.33
55 10.78
65 8.74
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In what range is the contribution for 1991 as of 1/1/91?

(A)  Less than $9,000

(B)  $9,000 but less than $10,000
(C©)  $10,000 but less than $11,000
(D)  $11,000 but less than $12,000
(E)  $12,000 or more

Problem 6 - 24

Plan effective date: 1/1/85
Normal retirement benefit;

Before 1991: $10 per month for each year of service.
After 1990: $15 per month for each year of service.

Preretirement death benefit: None.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest rate: 7% per year. :
Preretirement terminations other than deaths: None.

Retirement age: 65

Data for sole participant:

Date of birth 1/1/36
Date of hire 1/1/86
Status as of 1/1/91 Active

Selected valuation results as of 1/1/91, before amendment:
Present value of future benefits $6,942

Unfunded liability 1,800
Value of assets 1,000
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Selected commutation functions and annuity value:

Agex D N

50 194,002 1,135,407

55 64,742 727,747

65 28,570 262,659
4 =8.74

In what range is the increase in the normal cost for 1991 as of 1/1/91 due to the amendment?

(A)  Less than $200

(B)  $200 but less than $275
(Cy  $275 but less than $350
(D)  $350 but less than $425
(E)  $425 or more

Problem_ 6-25

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest rate: 7% per year. .
Preretirement deaths and terminations: None.

Retirement age: 65

Unfunded liability as of 1/1/92: $10,000
Value of assets as of 1/1/92: $41,952

Data and valuation results for the only participants:

Smith Brown
Date of birth 1/1/47 1/1/27
Date of hire 1/1/72 1/1/52
Date of retirement - 12/31/91
Present value of future benefits as of 1/1/92 $10,841 $41,952
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Contribution for 1992: Normal cost for 1992 as of 1/1, plus an amount to amortize the unfunded
liability as of 1/1/92 over 10 years; paid on 1/1/92.

Investment rate of return for 1992: 7% compounded annually.
As of 1/1/93 Smith is active and Brown is retired.
Selected annuity values:
alP=874 aP=851
In what range is the normal cost for 1993 as of 1/1/93?
(A)  Less than $64
(B)  $64 but less than $129
(C}  $129 but less than $194
(D)  $194 but less than $289
(E}  $289 or more
Problem 6 - 26

Plan effective date: 1/1/82
Actuarial cost method: Frozen initial liability.

Normal retirement benefit;

Before 1993: $15 per month for each year of service.
After 1992:  $20 per month for each year of service.

Asset valuation method:

Before 1993: Actuarial value.
After 1992:  Market value.

Assumed interest rate:

Before 1993: 7% per vear.
After 1992: 8% per year.
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Selected valuation results as of 1/1/93 (based on $15 benefit level):

% %
Present Value of Future Benefits $450,000 $350,000
Unfunded Liability 60,000
Actuarial Value of Assets 225,000 225,000
Market Value of Assets 250,000 250,000
Accrued Liability under entry age normal method 270,000 225,000
‘Ratio of present value of future working lifetime : '
to number of active participants. 11 10

There were no inactive participants as of 1/1/92 and 1/1/93.
In what range is the normal cost for 1993 as of 1/1/93?

(A)  Lessthan $12,000

(B)  $12,000 but less than $13,000
(C)  $13,000 but less than $14,000
(D)  $14,000 but less than $15,000
(E) $15,000 or more

Problem 6 - 27

Normal retirement benefit: 50% of final year's compensation.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 4% per year.
Preretirement deaths and terminations: None.

Retirement age: 65

As of 1/1/92, all participants are active and under age 63.

432



Selected valuation resuits as of 1/1/92:

Present Value of Future Benefits $1,200,000
Value of Assets 500,000
Present Value of Future Compensation 9,500,000
Contribution for 1992 (paid on 1/1/92) $60,000

There were no deaths, terminations, or retirements during 1992, and there are no new participants
on 1/1/93.

There were no investment experience gains or losses for 1992, and there was a 10% increase in
compensation for all participants from 1992 to 1993.

Selected valuation results as of 1/1/93;

Unfunded liability $400,000
1993 compensation 750,000

In what range is the normal cost for 1993 as of 1/1/93?
(A)  Less than $26,100
(B)  $26,100 but less than $27,100
(C)  $27,100 but less than $28,100

(D)  $28,100 but less than $29,100
(E)  $29,100 or more

Problem 6 - 28
Plan effective date: 1/1/94

Normal retirement benefit: $20 per month for each year of service.
Actuarial cost method: Frozen initial liability (entry age is age at hire).

Actuarial assumptions:
Preretirement interest rate: -8% per year.
Postretirement interest rate: 7% per vear.

Preretirement deaths and terminations: None.
Retirement age: 65
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Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/34
Date of hire 1/1/84

Accrued liability under unit credit method as of 1/1/94, based on a 7% rate for preretirement and
postretirement interest: $14,900

In what range is the normal cost for 1994 as of 1/1/94?
(A)  Lessthan $1,100
(B)  $1,100 but iess than $1,200
(C)  $1,200 but less than $1,300

(D)  $1,300 but less than $1,400
(E)  $1,400 or more

Problem 6 - 29
Normal retirement benefit: $15 per month for each year of service.
Actuarial cost method: Frozen initial liability.
Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Date of birth for only participant ever covered by plan (active as of 1/1/94): 1/1/42

Selected valuation results:

1/1/93 1/1/94
Present value of future benefits $122,000
Value of assets $27,500
Unfunded liability ' 48,500
Value of assets plus unfunded liability 65,000 76,000
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In what range is the investment experience gain or loss during 19937

(A)  Loss of $200 or more

(B)  Loss ofiess than $200

(C) %0 or gain of less than $200

(D)  Gain of $200 but less than $400
(E)  Gain of $400 or more

Problem 6 - 30

Normal retirement benefit: 50% of final 5-year average compensation.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.

Retirement age: 635, but not before 1/1/98.

Selected valuation results as of 1/1/93:

Present value of future benefits $ 500,000
Unfunded liability 100,000
- Value of assets 100,000
Present value of future compensation 3,000,000
Valuation compensation 200,000

Contribution for 1993: $30,000 paid on 1/1/93.
There were no experience gains or losses from any source during 1993.

There were no terminations, deaths, or retirements during 1993, and there were no new entrants on
or before 1/1/94. :
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In what range is the normal cost for 1994 as of 1/1/947

(A)  Less than $20,940
(B)  $20,940 but less than $20,980
(C)  $20,980 but less than $21,020
(D)  $21,020 but less than $21,060
(E)  $21,060 or more

Problem 6 - 31
Actuarial cost method: Frozen initial Liability.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

As of 1/1/94, all participants were active and under age 63,

Selected valuation results as of 1/1/94:

Normal cost as of 1/1 $ 150,000
Present value of future benefits 2,500,000
Unfunded liability 750,000
Value of assets 250,000
Total valuation compensation for 1994 4,000,000

Contribution for 1994: $225,000 paid on 12/31/94.

There were no deaths, terminations, or retirements during 1994, There was one new entrant as of
1/1/95 who was age 50 with valuation compensation for 1995 of $50,000.

Value of assets as of 1/1/95: $510,000.

Experience gains or losses due to compensation increases during 1994: $0.
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In what range is the absolute value of the change in the normal cost for 1995 as of 1/1/95 due to
investment experience gains or losses during 19947

(A)  Less than $1,900

B)  $1,900 but less than $1,910
(C)  $1,910 but less than $1,920
(D)  $1,920 but less than $1,930
(E) $1,930 or more

Problem 6 - 32

Plan effective date: 1/1/90.

Actuarial cost method: Frozen initial HLability.
Initial accrued liability: $150,000.

Assumed interest rate: 7 % per year.

Selected valuation results as of 1/1/95:

Present value of future benefits $300,000
Value of assets 200,000
Present value of future compensation 600,000
Annual compensation 60,000

The contribution for 1995 is paid on 12/31/95 in an amount equal to the normal cost for 1995 as of
12/31/95 plus a 10-year amortization payment as of 12/31/95 of the initial accrued liability.

Contribution for 1995: $25,000.

In what range is the unfunded liability as of 1/1/95?
(A)  Less than $50,000
(B)  $50,000 but less than $55,000
{(C)  $55,000 but less than $60,000

(D) $60,000 but less than $65,000
(E) $65,000 or more
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Problem 6 - 33

Plan effective date: 1/1/92.

Actuarial cost method: Frozen initial liability.
Assumed interest rate: 6% per year.

Initial accrued liability: $10,000,000.

Normal cost for 1992 as of 1/1/92: $3,000,000.

Normal cost for 1993 as of 1/1/93: $3,200,000.

Normal cost for 1994 as of 1/1/94 (after plan amendment): $3,500,000.
Increase in unfunded liability as of 1/1/94 due to plan amendment: $5,000,000.

Investment fund activity for 1992 through 1994: -

Actual

Date of Investment

Year Contribution Contribution - Return
1992 $4,500,000 1/1/92 8.0%
1993 5,000,000 4/1/93 7.5%
1994 5,500,000 4/1/94 5.5%

In what range is the unfunded liability as of 1/1/95?
(A)  Lessthan $11,050,000

(B)  $11,050,000 but less than $11,200,000

(C) $11,200,000 but less than $11,350,000

(D)  $11,350,000 but less than $11,500,000

(E)  $11,500,000 or more

Problem 6 - 34

Plan effective date: 1/1/95.

- Normal retirement benefit: ~ $50 per month for each year of service.

Actuarial cost method: Frozen initial liability.
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Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth 1/1/46
Date of hire 1/1/66

Contribution for 1995: $5,000 paid on 1/1/93,

Value of assets as of 1/1/96: $6,000.

Selected annuity value:

a2 =924

In what range is the unfunded liability as of 1/1/96?

(A)
B)
©)
(D)
(E)

Less than $76,000

$76,000 but less than $77,000
$77,000 but less than $78,000
$78,000 but less than $79,000
$79,000 or more

Problem 6 - 35

Actuarial cost method: Frozen initial liability (level dollar method).

Actuarial assumptions:

Interest rate: - 7% per year.
Preretirement decrements:  None.
Retirement age: 65.
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Selected valuation results as of 1/1/96:

Normal cost as of 1/1 $ 50,000

Present value of future benefits 1,400,000

Value of assets 390,000

Unfunded Liability 300,000
Contribution for 1996: $75,000 paid on 7/1/96.
Benefit payments during 1996: $0

There were no experience gains or losses during 1996 from any source other than an investment
gain of $6,000.

No participants terminated, died or retired during 1996, and there are no new participants as of
1/1/97.

In what range is the normal cost for 1997 as of 1/1/97?
(A)  Less than $48,500
(B)  $48,500 but less than $49,000
(C)  $49,000 but less than $49,500
(D)  $49,500 but less than $50,000
(E) 350,000 or more
Problem 6 - 36
Normal retirement benefit:  50% of final year’s compensation.

Actuarial cost method: Frozen initial liability.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases:; 5% per year.
Prerctirement decrements:  None.
Retirement age: 65.
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Selected valuation results for sole participant:

1/1/96 1/1/97
Normal cost as of 1/1 $ 12,000 $12,000
Present value of future benefits 400,000
Unfunded liability 80,000
Value of assets (before contribution) 200,000
Valuation compensation for plan year 80,000 83,200
Contribution for 1996:  $22,645 paid on 1/1/96.

The only experience gains or losses during 1996 were from investments and compensation
increases.

The sole participant as of 1/1/96 was active and under age 63.
In what range was the rate of return on assets during 19967
(A)  Less than 6.50%
(B) 6.50% but less than 7.50%
(8} 7.50% but less than 8.50%
(D)  8.50% but less than 9.50%
(B}  9.50% or more
Problem 6 - 37
Plan effective date: 1/1/92.
Actuarial cost method: Frozen initial liability,

Assumed interest rates:

Valuations before 1996: 7% per year.
Valuations after 1995: 8% per year.

Normal cost for 1995 as of 1/1/95:  $10,000.
Unfunded liability as of 1/1/95: $60,000.
Selected valuation results as of 1/1/96:
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% 8%

Normal cost as of 1/1 $11,000 $10,000
Entry age normal accrued liability 70,000 63,000
Value of assets 50,000 50,000

Contributions for 1995: $5,000 paid on 1/1/95 and $5,000 paid on 7/1/95.
Contributions for 1996: $4.,000 paid on 1/1/96 and $4,000 paid on 7/1/96.
In what range is the unfunded liability as of 1/1/97?

(A)  Lessthan $54,000

(B)  $54,000 but less than $59,000

(€)  $59,000 but less than $64,000

(D)  $64,000 but less than $69,000
(E) $69,000 or more
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6.4 Solutions to Problems

Problem 6-1

Key Concept: Since there were no changes in benefits in 1985, the Present Value of Future
Benefits on 1/1/86 would be:

(400,000) (1.06) = 424,000

The Unfunded Accrued Liability must be determined as of 1/1/86. However, one
of the elements is the Normal Cost at 1/1/85 which is not given. Hence, the first

step is to determine that.

Step I: Determine the Normal Cost as of 1/1/85.

Present Value of Future Benefits $400,000
Less Unfunded Liability - 95,000
Less Actuarial Value of Assets - 135,000
Present Value of Future Normal Costs $170,000
Divide by Present Value of Future Service +38.0
Normal Cost per Participant 4,474
Multiplied by Number of Participants x 4
Plan Normal Cost 17,896

Step II: 1/1/86 Unfunded Accrued Liability can now be calculated.

UALge = (UALgs + NCys)(1 + i) - Cgs -1,
= (95,000 + 17,896)(1.06) - 25,000 - 0 = 94,670
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Step I1I: Normal cost at 1/1/86 is calcnlated.

Present Value of Future Benefits $424,000
Less Unfunded Accrued Liability - 94,670
Less Actuarial Value of Assets - 160,000
Present Value of Future Normal Costs $169,330
Divide by Present Value of Future Service +36.3
Normal Cost per Participant 4,665
Multiplied by Number of Participants x4

Normal Cost of Plan 18,660

Problem 6 - 2

Key Concept: A 10% increase in benefits will generate a 10% increase, or $60,000, in the Present
Value of Future Benefits. A $20,000 increase in the Entry Age Normal Accrued
Liability will generate a $20,000 increase in the Unfunded Accrued Liability.
Hence, the Present Value of Future Normal Costs will increase by $60,000 and
decrease by $20,000 according to the formula:

PVENC =PVFB - UAL - Assets
The increase in PVFNC = 60,000 - 20,000 = 40,000
After the amendment, Present Value of Future Normal Costs will be:

PVENC = 200,000 + 40,000 = 240,000

Problem 6 -3

Key Concept: Problem deals with relationshipsthat exist with variables from one year to the next,
particularly Present Value of Future Benefits, Unfunded Liability, Actuarial Value
of Assets and Present Value of Future Salaries.

Béfore Unfunded Liability at 1/1/86 can be determined, the Normal Cost as of
1/1/85 must be calculated.



Step I: Determine Normal Cost at 1/1/85.

PVFNCSS = PVFBSS - UAL85 = ASSCtSss
= 3,000,000 - 750,000 - 1,250,000 = 1,000,000

NC% = PVFNC;s + PVFSgs
= 1,000,000 + 15,000,000 = 6.6667%

NCy, = Salariesys x NC%
= 600,000 x .066667 = 40,000

Step II: Update Present Value of Future Benefits.

PVFB,, = (PVFB,, )(1 + i)
= 3,000,000 x 1.06 = 3,180,000

Step I1I: Update Unfunded Accrued Liability.

UALg = (UALgs + NCy) (1 + 1) - Cgs- 1,
= (750,000 + 40,000)(1.06) - 125,000 - 0 = 712,400

Step IV: Update the Actuarial Value of Assets.

Assetsg, = {Assetsg; + Cys -+ Earnings)
= 1,250,000 + 125,000 + 105,000 = 1,480,000

Step V: Update the Present Value of Future Salaries.

PWS% = (PVFSSS - SalarleSgs)(l + I)
= (15,000,000 - 600,000)(1.06) = 15,264,000

Step VI: Determine Salaries for 1986.

Salariesg, = Salariesg; x 1.04
= 600,000 x 1.04 = 624,000

Step VII: Normal Cost for 1/1/86 can now be calculated.

PVFNCSG - PWBsé - UAL86 - ASSCtSsﬁ
= 3,180,000 - 712,400 - 1,480,000 = 987,600
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NC = (Salariesg J(PVFNCgs +~ PVFS;)
= (624,000)(987,600) + (15,264,000} = 40,374
Problem 6 - 4
Key Concept: Many values are the same as those in Problem 6 - 3. Values that are affected by
' salary changes are (i) Present Value of Future Benefits, (ii) Future Normal Costs,
(iii) Future Salartes and (iv) Current Salaries. Following the solution to Problem
6-3:
Step I: Same as Problem 6 - 3, the Normal Cost as of 1/1/85 is 40,000.

Step II: Because the assumed salary increase did not occur, the projected benefits will decrease by
1.04" as compared to the 1985 valuation. A similar adjustment needs to be made to PVFB.

PVFBy, = PVFB, x 1.06 + 1.04
= 3,000,000 x 1.06 = 1.04 = 3,057,692

Step III: Same as Problem 6 - 3, the Unfunded Accrued Liability as of 1/1/86 is 712,400.
Step IV: Same as Problem 6 - 3, the Assets as of 1/1/86 is 1,480,000.

Step V: Present Value of Future Salaries as computed in Problem 6 - 3 should be reduced by the
factor 1.04.

PVES = (15,000,000 - 600,000)(1.06) + 1.04 = 14,676,923
Step VI: Salariesg, equals Salariesgs which is 600,000.
Step VII: 1/1/86 Normal Cost can now be calculated.

PVFNC86 = PVFB36 - UALSG = ASSCtSsﬁ
= 3,057,692 - 712,400 - 1,480,000 = 865,292

NCy, = (Salaries;s ) PVENC,,) + PVFS,,
= (600,000)(865,292) - 14,676,923 = 35,374
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Note: The Normal Cost was reduced by more than the factor of 1.047 when compared to the
Normal Cost in Problem 6 - 3. Why?

Because of the "leverage" effect of the assets and the UAL on the PVFNC. A percentage
change in the PVFB results in 2 much larger percentage change in PVFNC because the
values of Assets and UAL do not change.

Problem 6 - 5

Key Concept: This problem deals with the effect that a change in salaries has upon the variables..
The Present Value of Future Service is not provided; however, since the normal cost
1s known, we can calculate it from the data given.

Step I: Using the data of the original valuation, determine the Present Value of Future Service.

PVENC =PVFB - UAL - Assets
= 1,700,000 - 300,000 - 200,000 = 1,200,000

NC = (PVFNC ~+ PV Future Service) x n (where n is the number of
participants.)

or PV of Future Service + n=PVFNC + NC
=1,200,000 - 80,000=15

Step II: Recalculate the Present Value of Future Benefits. A 10% increase in salary generates a
10% increase in the Present Value of Future Benefits.

PVFB,ey) = PVFBgq x 1.10
= 1,700,000 x 1.1 = 1,870,000

Step III: Recalculate the Normal Cost.
PVFNC =PVFB - UAL - Assets
= 1,870,000 - 300,000 - 200,000 = 1,370,000
NC = (PVENC -+ PV of Future Service) x n
= 1,370,000+ 15 =91,333

Answer is D.
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Problem 6 -6

Key Concept: Again, the problem deals with relationships of valuation variables, particularly
Unfunded Liability and Asset Value during two successive years.

Step I: Determine Unfunded Liability as of 1/1/83.

UAL,, = PVFBy, - Assetsg; - PVFNCy,
= 850,000 - 125,000 - 420,000 = 305,000

Step II: Determine Unfunded Liability as of 1/1/84.
UALg = (UALg; +NCg)(1+8-Cg -1,
= (305,000 + 23,000)1.07) - 50,000 - (25,000)(.07)
= 350,960 - 50,000 - 1,750 =299,210
Step III: Determine Actuarial Value of Assets on 1/1/84.
Expected Actuarial Value of Assets is:
eAssetsg, = (Assetsg (1 + 1) + Cy; + 15
= (125,000)(1.07) + 50,000 + 1,750
= 133,750 + 50,000 + 1,750 = 185,500
Assetsy, = eAssetsg, + 3,000 = 188,500
Step IV: Determine Present Value of Future Normal Costs at 1/1/84.

= 901,000 - 299,210 - 188,500 = 413,290

Answer 1s B.

Problem 6 - 7

Key Concept: This problem, as in the previous one, deals with relationships from one year to the
next.

Step I: The Present Value of Future Benefits is not given; however, we are given enough data to
calculate it.
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Using data from the 1/1/84 valuation,
PVFNC;,, +~ PVFS;, = NC% = NC,, + Salaries,,
PVFNC,, + 4,011,000 = 80,000 + 400,000
PVFENC,, = 802,200

Hence, PVFB,, = PVFNC,, + UAL,, + Assets,,
= 802,200 + 550,000 + 0 since UAL = AL at effective date.

PVEB,, = 1,352,200
Step II: Determine Present Value of Future Benefits at 1/1/85.

¢PVFBg, = PVFBy, (1 + i)
= (1,352,200)(1.07) = 1,446,854

Adjust ePVFB;; for salary increase:

PVFB,; = ePVEB,; (1.10/1.05)
= 1,446,854 (1.10/ 1.05) = 1,515,752

Step IlI: Determine Unfunded Accrued Liability at 1/1/85.
On the effective date, 1/1/84, UAL = AL = 550,000

UALg, = (UALg, +NCg](1 + §) - Contribution - I,
= (550,000 + 80,000)(1.07) - 164,000 - 0 = 510,100

Step I'V: Determine Present Value Future Salaries at 1/1/85.

EPVFSSS = (PVFSs4 - SalaIieSS4)(1.07)
= (4,011,000 - 400,000)(1.07) = 3,863,770

Adjust PVES for Salary increases:

PVFSg; = ePVFS, x (1.10 / 1.05)
= 3,863,770 x 1.10/1.05 = 4,047,759

Step V: Since the 1984 contribution was made on 12/31/84, the Actuarial Value of Assetson 1/1/85

is equal to the contributionof $164,000. All pieces are now known in order to calculate the Normal
Cost at 1/1/85.
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PVFNC,; = PVFBy; - UAL, - Assets;s
=1,515,752 - 510,100 - 164,000 = 841,652

NCgs = (PVFNCys + PVFS,,) x Salariess
= 841,652 + 4,047,759 x 440,000 = 91,489

Answer is D.

Problem 6 - 8

Key Concept: When a change in benefits or assumptions occurs, the Unfunded Accrued Liability -
is adjusted by the amount of change in the Entry Age Normal Accrued Liability. In
this case, the change in Entry Age Normal Accrued Liability is:

Change in EAN Accrued Liability = 16,350 - 13,100 = 3,250
and the adjusted UAL = 6,150 + 3,250 = 9,400

Calculate Present Value of Future Normal Costs:

PVFNC =PVFB - UAL - Assets
- = 18,400 - 9,400 - 5,000 = 4,000

Present Value of Future Service is changed from &y to 4y under the amendment.

NC =PVFNC + iy
= 4,000 = 8.5 =471

Answeris E.

Problem 6 -9
Key Concepts: As described in the previous problem, any change of assumptions that alters the
Entry Age Normal Accrued Liability alters the Unfunded Accrued Liability by the

same amount.

Current year salary figures are not provided. However, they can be calculated since
the normal cost under the old assumptions is given.
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Step I: Determine current year salaries.

PVENC =PVFB - UAL - Assets
= 6,148,750 - 750,000 - 3,350,000 = 2,048,750

and NC = (PVFNC x Salaries) + PVFS
132,000 = (2,048,750 x Salaries) + 37,250,000

and Salaries = (132,000 x 37,250,000) + 2,048,750 = 2,400,000
Step II: Determine Unfunded Accrued Liability under new assumptions.
Change in EAN Accrued Liability = 4,875,000 - 4,175,000 = 700,000

UAL (new) = UAL (old) + EAN AL change
= 750,000 + 700,000 = 1,450,000

Step III: Determine Normal Cost under new assumptions.

PVEFNC =PVFB - UAL - Assets
= 7,146,000 - 1,450,000 - 3,350,000 = 2,346,000

NC = (PVFNC x Salaries) = PVFS
= (2,346,000 x 2,400,000) + 39,100,000 = 144,000

Answer is C.

Problem 6 - 10
Key Concept: This problem also deals with relationships in any year to the prior year.

Step I In order to determine Unfunded Accrued Liability at 1/1/85, Normal Cost at 1/1/84 must
be calculated.

PVFNCM = PVFB34 - UALM - ASSCtSs;;
= 10,000,000 - 2,000,000 - 4,000,000 = 4,000,000

and NCg= (PVFNC,, x Salaries,,) +~ PVES,,
= (4,000,000 x 4,000,000) + 40,000,000 = 400,000
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Step II: Determine Present Value Future Benefits at 1/1/85.

PVEB,, = PVFB,, x 1.07
= 10,000,000 x 1.07 = 10,700,000

Step III: Determine Unfunded Accrued Liability at 1/1/85.

UALy, = (UALg, + NCg,)(1 + ) - Contributions, - I,
= (2,000,000 + 400,000)(1.07) - 618,000 = 1,950,000

Step [V: Determine Actuarial Value of Assets at 1/1/85.

Assetsgs = (Assetsy, )(1.08) + Contributiong,
= (4,000,000)(1.08) + 618,000 = 4,938,000

Step V: Determine Salaries and Present Value of Future Salaries as of 1/1/85.

Salaries,; = Salariesg, X 1.05  (since salary increase was realized.)
= 4,000,000 x 1.05 = 4,200,000

PVFS,; = (PVFS,, - Salaries,,)(1.07)
= (40,000,000 - 4,000,000)(1.07) = 38,520,000

Step VI: Finally, determine the Normal Cost.

PVFNCjgs = PVEBy; - UALy, - Assetsqs
= 10,700,000 - 1,950,000 - 4,938,000 = 3,812,000

and NCg, = (PVFNC,, x Salaries;) + PVFS;s
= (3,812,000 x 4,200,000) + 38,520,000 = 415,639

Answer 1s D.
Problem 6 - 11

Key Concept: The change in Valuation dates changes the Unfunded Accrued Liability by interest
only since no contributions have been made during 1984 for the 19384 plan year.
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Therefore, UAL, ;50 = [UAL 53 + NCyjp5](1 +7) - Cys
= (100,600 + 10,000)(1.08) - 20,000 = 98,800

UAL 55315, = 98,800 x 1.08 = 106,704
Next, determine the Value of Assets at 12/31/84, using the actual rate of return given of 8%.

Assets, 54 = 20,000
AsSetS 5y = 20,000 x 1.08 = 21,600

Determine the PVENC at 12/31/84.

PVrFNCImUM = PVFB - UAI: = A.SSCtS
= 265,000 - 106,704 - 21,600 = 136,696

Determine Normal Cost.

NC = (PVFNC x Salaries) + PVES
= 136,696 x 200,000 + 2,400,000 = 11,391

Answer is C.

Problem 6 - 12

Key Concept: To determine the new Unfunded Accrued Liability, it is necessary to add the
increase in EAN Accrued Liability due to the amendment to the old Unfunded
figure. The increase applies only to the active participants.

Step I Determine the Normal Cost for 1986 based upon benefit formula of 40% of salary.

PVFNC =PVFB - UAL - Plan Assets
= 1,500,000 - 300,000 - 500,000 = 700,000

NC =PVFNC x (Annual Salary ~ PVFS)
= 700,000 % (4,000,000 + 21,000,000) = 133,333

Step II: Adjust variables affected by Benefit increase.
An increase in benefits from 40% of salary to 50% of salary represents a 25% increase in
benefits, which in turn represents a 25% increase in the Present Value of Future Benefits and Entry

Age Normal Accrued Liability.
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PVFB = (1,200,000)(1.25) + 300,000 = 1,800,000
EAN Accrued Liability = (700,000 - 300,000)(1.25) + 300,000 = 800,000

Step III: Calculate the increase in the EAN Accrued Liability due to the increase in the benefit
formula.

Change in UAL = EAN AL(new) - EAN AL(old)
- = 800,000 - 700,000 = 100,000

UAL = UAL(old) + aEAN AL
=300,000 + 100,000 = 400,000

Step IV: Compute Normal Cost based upon formula of 50% of salary.

PVENC = PVEB - UAL - Assets .
= 1,800,000 - (300,000 + 100,000) - 500,000 = 900,000

NC = 900,000 x (4,000,000 + 21,000,000) = 171,429
Normal Cost Increase = 171,429 - 133,333 = 38,096

Answer is C.

Problem 6 - 13

Key Concept: The Present Value of Future Benefits for the omitted participant is also the required
addition to the Present Value of Future Normal Costs.

The Present Value of Future Normal Cost is not given in the valuation figures. However, it can be
calculated from the data provided.

NC =PVFNC x (Annual Salary + PVFS)
=PVFNC x (200,000 =+ 2,500,000) = 15,000

PVFNC = 15,000 x 2,500,000 < 200,000 = 187,500
PVENC,,;..s = 187,500 + 39,000 = 226,500
NC = 226,500 (200,000 + 30,000) + (2,500,000 + 850,000)
= 226,500 x 230,000 + 3,350,000 = 15,551
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Answer is-A.

Problem 6 - 14

Key Concept The unique feature of this problem is the difference in the Present Value of Future
Service as a result of the change in valuation dates from 12/31 to 1/1.

The components needed to calculate Normal Cost at 1/1/87 are (1) Present Value of
Future Benefits, (ii) Unfunded Liability, (iii} Actuarial Value of Plan Assets, and
(iv) Average Temporary Annuity..
(1) Present Value of Future Benefits remains unchanged.
PVFB;, = PVFB,, = 900,000
{2) ULy = UL% + NCy - Contributiong, = 400,000 + 30,000 - 60, 000 370,000
(3) Assetsg; = Assetsy, + Contributiong, = 200,000 + 60,000 = 260,000
(4) To calculate the Average Temporary Annuity at 12/31/86:
NCyqs = (PVFBy, - ULy, - Assetsy) + ATAg,
or 30,000 = (900,000 - 400,000 - 200,000} + AT A
from which ATA = 300,000 -~ 30,000 =10
or 10 = } 45 + Number of participants
To determine the ATAg;, ¥ 4y must be determined.

Yizn = Qg - (1 +9)
= (10 - 1)(1.08) = 9.72

(5) Normal Cost can now be calculated.
NCM = (PVFBS'? - -U-IJs-,:I - ASSCtSs-,-) - ATA37
= {900,000 - 370,000 - 260,000) +~ 9.72
=270,000+9.72=27,778

Answer is B.
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Problem 6 - 14 (Alternative solution):

Key Concept: Since Normal Cost at 12/31/87 was $30,000 which was paid at 12/31/87, and there
were no gains or losses, the Normal Cost at 1/1/87 would be:

NCys = NCy; = 1.08
= 30,000 + 1.08 = 27,778

Problem 6 -~ 15

Key Concept: Employer's normal cost is the total normal cost adjusted by the employees'

contributions.
Present Value of Future Benefits $2.600,000
Less Actuarial Value of Assets - 650,000
Less Unfunded Liability - 300,000
Present Value of Future Normal Costs $1,650,000
Divided by PV of Future Compensation =12 000
Normal Cost percentage 13.20%
Times Current Compensation x 1,000,000
Total Normal Cost at 1/1/88 132,000
Total Normal Cost at 12/31/88 139,920
Less Employee Contributions - 20,000

Less Interest on Employee Contributions

Employer's Normal Cost at 12/31/88

Answer is B.
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. Problem 6 - 16

Key Concept: Under the Frozen Initial Liability Cost Method, the Accrued Liability is calculated
using the Entry Age Normal Cost Method. Hence, in this problem, the Unfunded
Accrued Liability must be adjusted under this method.
The Present Value of Future Benefits must aiso be adjusted for the increase in
benefits. The benefit increase from $10 to $12 represents a 20% increase. The
Present Value of Future Benefits will also increase by 20%.

PVFB ($12 benefit) = 18,400 x 120% = 22,080
Under the Entry Age Normal method:
Increase in Accrued Liability due to change of normal retirement age:
AL gustmem = 16,350 - 13,100 = 3,250

Increase in Accrued Liability due to increase in benefits:

AL gi0smen = 20% of 16,350 = 3,270
Adjusted UAL = 6,150 + 3,250 -+ 3,270 = 12,670

We can now determine the normal cost for 1988 as of 1/1/88:

Present Value of Future Benefits -$ 22,080

Less Unfunded Liability 12,670

Less Actuarial Value of Assets 5.000

PV of Future Normal Costs $ 4410

PV of Future Service (retirement age 62) 8.887

Normal Cost at 1/1/88 496.23
Answer is C.
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Problem 6 - 17
Key Concept: Unfunded Accrued Liability is not given for either 1/1/87 or 1/1/88 valuations.
However, enough information is provided for us to calculate it at 1/1/87 and then
to build on it to determine it at 1/1/88.
Step I: Determine Unfunded Accrued Liability at 1/1/87.
PVFNC = PVFBs‘; - UALS'? - ASSBtS
210,000 = 500,000 - UAL,, - 80,000
Therefore, UALg, = 210,000
Step 1I: Determine Unfunded Accrued Liability at 1/1/88.
UALg = (UALg + NCyp)(1+) - G - I,
I, = (1/2)(25,000)(.06) = 750
UALgs = (210,000 + 25,000)(1.06) - 45,000 - 750 = 203,350
Step III: Determine Actuarial Asset Value at 1/1/88.

Asset Value gz— Asset Value 4; + Contribution + Interest
= 80,000 (1 + .084) + 45,000 + (1/2)(25,000)(.084) = 132,770

Step IV: Determine Present Value of Future Normal Costs at 1/1/88.

PVFNCSS = PVFBSS - UALss = ASSC'{ Va}.uess
= 565,000 - 203,350 - 132,770 = 228,880

Answer is E.

Problem 6 - 18
Key Concept: This problem involves the projection of future benefits and salaries with salary
increase assumption. Since salaries increased by a percentage other than that

assumed, the factor (147) / (1+k) must be applied where:

J = actual percentage increase
k = assumed percentage increase,
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Step I: Determine the Present Value of Future Benefits at 1/1/88.

PVEB,, = (PVFBg)(1 + (1 +7)/(1 + k)
= (2,000,000)(1.06)(1.075/1.04) = 2,191,346

Step II: Determine Actuarial Value of Assets at 1/1/88.
Since there was no actuarial gain from investment earnings,

Assetsys = (Assetsg; x 1.06) + Contribution
= (100,000)(1.06) + 150,000 = 256,000

Step III: Determine Unfunded Liability at 1/1/88.

UAL,g; = (UAL,, + Normal Cost)(1 + i) - Contribution
= (500,000 + 84,000)(1.06) - 150,000 = 469,040

Step IV: Determine Present Value of Future Salaries at 1/1/88.

PVFSg; = (PVFS,, - 1987 Salaries)(1 + 7)1 +/)/(1 + k)
= (10,000,000 - 600,000%(1.06)(1.075/1.04) = 10,299,327

Step V: Use all components to determine Normal Cost at 1/1/88.

Present Value of Future Benefits ©$2,191,346
Less Unfunded Accrued Liability - 469,040
Less Actuarial Value of Assets - 256,000
PV of Future Normal Costs | $1,466,306
Divide by PV Future Salaries +$10,299,327
Multiply by Current Year Salaries x_645.000
Normal Cost at 1/1/88 91,828
Answer is B.
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Problem 6 - 19

Key Concept: Since the funding method was changed to Frozen Initial Liability on 1/1/87, the
Accrued Liability under the Entry Age Normal method should be used in this
problem. To determine Normal Cost, we will use the following relationships:

PVENC =PVFB - UAL - Assets
and NC=PVFNC +PVFS x Salaries

Step I: Determine the Unfunded Accrued Liability as of 1/1/87.

Present Value of Future Benefits $11,000,000
Less Actuarial Value of Assets - 3,000,000

8,000,000
Accrued Liability under EAN Cost Method 6,500,000
Less Actuarial Asset Value -3.000.000
Unfunded Accrued Liability 3,500,000

Step II: Determine Normal Cost at 1/1/87.

Present Value of Future Normal Costs $4,500,000

Divided by PV of Future Compensation + 112,500,000

Multiplied by Current Year Compensation  x_16.500.000

Normal Cost at 1/1/87 $ 660,000
Step I1I: Determine Unfunded Accrued Liability at 1/1/88.

UALg = (UALg, + NCy;)(1.06) - Cr - I,
= (3,500,000 + 660,000)(1.06) - 1,000,000 = 3,409,600
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Step IV: Determine Normal Cost 1/1/88 as a percentage of compensation.

Present Value of Future Benefits at 1/1/88 $£12,000,000

Less Unfunded Accrued Liability - 3,409,600

Less Actuarial Value of Assets - 4,000,000

Equals Present Value of Future Normal Costs  $ 4,590,400

Divide by PV of Future Compensation +115.000.000

Equals Normal cost percentage 3.9916%
Answer 1s D.

Note: Since the method was changed in 1987 from an jmmediate gain method to FIL, the
unfunded accrued liability is equal to the EAN accrued liability minus the assets.

Problem 6-20

Step I: Calculate Present Value of Future Benefits.

Smith PVFB = 1000 x 1245 = 91,200

Brown PVFB = 5000 x 1245 x v = 68,889

Green PVFB = 3000 x 1245 x v¥ = 81,309

Total PVFB = 91,200 + 68,889 + 81,309 = 241,398
Step II: Calculate the sum of the temporary annuities of the active participants.
D Temporary Annuities = iz + figg = 24.61326
Step III: Calculate Normal Cost per Active Participant.

NC=_PVFEB - (UAL + Assets) = _241.398 - (10.000 + 91.200) = 5,696
Y Temporary Annuities 24.61326
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Step IV: Calculate total Normal Cost.
NC = 5,696 x 2 active participants = 11,392

Answer is B.

Problem 6-21
Key Concept: The error in the Present Value of Future Service does not include Smith since he
is no longer active. However, he must be included in the calculation of the Present
Value of Future Benefits.
Smith was valued as follows in the original valuation:
Benefit = 15 x 28 years of service = 420
ePVFB =420 x 124(2 x v!°=19 446
Temporary Annuity = 4 = 7.2469
Smith is revalued as follows:
Accrued benefit at age 65 = 15 x 18 years of service =270
Since Smith's age is 55, the early retirement reduction factor is
= (.06)(5 years) + (.03)(5 years) = .45
Accrued Benefit (reduced for early retirement) = 270 x (1 - .45) = 148.50
PVAB = 148.50 x 12402 = 21,972

NC

_{ LPVFB - (UL + Assets)
Original

Y. Temporary Annuities

- 662,000 - (163,250 + 142,500) _ 195.34 per active participant

Y Temporary Annuities
where ETemporary Annuities = 1,823,7432
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Since Smith is no longer active, we can recalculate 3 TA without future service for him:
3. Temporary Annuities = 1,823.7432 - 7.2469 = 1,816.4963

The revised Present Value of Future Benefits is:
PVFB = 662,000 - 19,446 + 21,972 = 664,526

_ 664,526 - (163,250+142,500)

Therefore, NC, 1,816.4963

= 197.51 per active participant

H

Old NC ., = 195.34 x 150 active participants = 29,301

New NC_,

197.51 x 149 active participants = 29,429

A NC = 29,429 -29.301 = 128
Answeris C.

Problem 6 - 22

Key Concept: The problem deals with the effects of actual experienceand a plan amendment upon
successive years' valuations.

Step I: Calculate the Present Value of Future Benefits as of 1/1/91.
If benefits were to remain the same,
PVFB,, = PVEBy, x (1+i)
Since salary increased 10% instead of the expected 5%,

PVFB,, = PVFBy, x (1-+) x (1.1/1.05)
=700,000 x 1.07 x (1.1/1.05) = 784,667

Also, the plan was amended to increase benefits from 30% to 40% of final compensation.
Thus, PVFB,, = 784,667 x (40/30) = 1,046,222
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Step II: Determine the Unfunded Accrued Liability as of 1/1/91.
The Frozen Initial Liability component for 1991 is determined as follows:

UALy, = (UALgy + NCyg) (1 +1) - Cy - I,
= (275,000 + 25,000)(1.07) - 50,000 = 271,000

We must also determine the increase in liability due to the plan amendment.
EAN ALy, = 550,000
EAN AL, = 550,000 x (30% + 40%) = 412,500
Al cenee = 550,000 - 412,500 = 137,500
The total unfunded liability is
UAL,, = 271,000 + 137,500 = 408,500
Step III: Determine the Present Value of Future Salaries as of 1/1/91.

PVES,, = [PVFS,, - Salaries,g}(1.07)(1.10/1.05)
— (5,675,000 - 500,000)(1.07) (1.10/1.05) = 5,800,929

Step IV: Determine Salaries as of 1/1/91.
Salaries,, = 500,000 (1.1) = 550,000
Step V: Calculate Normal Cost.

NC = (PVFB - UAL - Assets) + PVFS x Salaries
= (1,046,222 - 408,500 - 250,000) + 5,800,929 x 550,000 = 36,761

Answer is E.

Problem 6 - 23
Key Concept: The retired participant is included in the Present Value of Future Benefits, but the

Normal Cost is calculated based upon the future working lifetimes of only the active
participants.
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Calculate the Present Value of Future Benefits:

Agex Benefit ybS-a PVFB,,
Smith 45 20,000 2584 45,168
Brown 55 20,000 5083 88.851
Green 65 20,000 1.0000 174,800
Total 308,819
At 7%, dm = 11.33559 and & = 7.51523
We can now determine the Normal Cost per active participant:
PVFB,, -UL  -Assets
NG, = . >
ﬂﬁ‘]"“am
_ 308,819 - (12,000 + 208,800) _ , .o

11.33559 + 7.51523
Since there are two active participants,
Total NC,; = 4,669 x 2=9,338
Amortizing the unfunded liability over 10 years,
12,000 + &py = 1,597
Total Contribution = 9,338 + 1,597 = 10,935

Answeris C.
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Problem 6 - 24
Step I: Calculate Normal Cost before the amendment.

Benefit = 10 x 15 years of service = 150

_ PVFB-1JL -Assets

NCO[d -
ass:ﬁ[
_ 6,942 - 1,800 - 1,000 _ 6,942 - 2.800 .
dysqo7 727,747 - 262,659

64,742

Step I1: Calculate the change in the Accrued Liability due to the amendment.

Under the original benefit formula:

DGS - (12) x 12

150 x % 54

' PVFB, D,

NCgy = — = -

250.15] As0.15]
150 x 12 x [ 28579} (574
_ 94,002 - 4,781.42 - 515
1,135,407 - 262,659 09.284355
94 002

ALpay = NC x 5
Alp,w =515 1,135,407 - 727,747 =3,242
64,742 '

aALp,y = .5 x 3,242 = 1,621
The new Unfunded Liability = Old Unfunded Liability + aALg, = 1,800 + 1,621 = 3,421
Step III: Calculate the Normal Cost after the amendment.

PVFB,,, = 6,942 x 1.5 = 10,413
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NCye,, = 10,413 - (3,421 + 1,000) = 834
7.18371

| Step IV: Calculate increase in Normal Cost.
aNC =834 - 577 = 257

Answer is B.

Problem 6 - 25
Since the benefit is not salary based,
NCpy = [EPVFB - (eUL + Assets)] - ATA
1/1/92 Amértization Payment = 10,000/d = 10,000/7.51523 = 1,331
At 1/1/92, Brown is a retiree and Smith is active, aged 45. Brown's retirement benefit is
=41,952/402 = 41,952/8.74 = 4,800
The Normal Cost and Unfunded Liability can be calculated

NC,, =(10.841 +41.952) - (10,000 +41,952)=74

am)

eULg; = (UL NCyp)(1 +4) - Cgp - I,
= (10,000 + 74)(1.07) - (1,405)(1.07) = 9,276

Accumulated benefit payments for 1992, as of 12/31/92

=125(p x 400 = 4,980
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Assetsy, = (41,952 + 1,405)(1.07) - 4,980 = 41,412
PVFB,; = 10,841 (1.07) + 4,800 (8.51) = 52,448

NCy; = 52,448 - (9.276 + 41,412) = 159
iy

Answer is C.

Problem 6 - 26

Key Concept: An increase in Unfunded Liability must be calculated due to the change in benefit -
formula and actuarial assumptions.

Step I: Calculate the increase in Unfunded Accrued Liability.
a) Decrease in UAL dug to new asset valuation method.

= Actuarial value - Market value
= 225,000 - 250,000 = (25,000)

Note that this decreases the Unfunded Liability since the market value is greater
than the actuarial value.

b) Decrease in UAL due to the new interest assumption.

=EAN AL at 8% - EAN AL at 7%
= 225,000 - 270,000 = (45,000)

¢) Increase in UAL due to the new benefit formula,

=EAN AL (at 8%) under new plan - EAN AL under old plan
= (20/15)(225,000) - 225,000 = 75,000

Note that since we already computed the decrease in the UL due to the change in

interest rate, we must calculate the change due to the benefit formula at the new 8%
rate.

Total increase in UL = (25,000) + (45,000) + 75,000 = 5,000
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Step II: Calculate the PVFB under the new formula at 8% interest.
PVFB = (350,000)(20/15) = 466,667
Step II: Calculate the Normal Cost.

PVFNC =PVEFB - UL - Assets
= 466,667 - (60,000 + 5,000) - 250,000 = 151,667

NC =PVFNC = (ratio of PV of Future Service to number of participants)
= 151,667/10 = 15,167

Again, note that all values are at 8% interest.

Answer is E.

Preblem 6 - 27

Key Concept: This problem is an exercise in the development of the current year's actuarial values
using the prior year's values and actual experience.

Step I: Calculate the 1/1/93 PVEB.
Since there was no change in the plan population, the PVFB should increase by the assumed
interest rate. However, salary increased by 10% (rather than the assumed 4%). This results
in an adjustment of 1.1/1.04.

PVFBy; = PVFBy, x 1.07 x (1.1/1.04)
= 1,200,000 x 1.07 x (1.1/1.04) = 1,358,077

Step II: Calculate the 1/1/93 Assets |
Since there were no investment gains or losses,

Assetsy; = (Assetsy, + Contributiong,) x 1.07
= (500,000 + 60,000} x 1.07 = 599,200

Step III: Calculate the 1/1/93 Present Value of Future Salaries.

The logic here is the same as in Step I.
Note that Salaryg, = 750,000/1.1 = 681,818

469



PVFS,, = (PVFS,, - Salary,,) x 1.07 x (1.1/1.04)
= (9,500,000 - 681,818) x 1.07 x (1.1/1.04) = 9,979,808

Step IV: Calculate Normal Cost.

NC93 = (PVFB93 - ASSCt5‘93 - UL93) / (PWSQS fsalarygs)
' = (1,358,077 - 599,200 - 400,000)/(9,979,808/750,000) = 26,970

Answer is B.

Problem 6 - 28

Key Concept: In a plan with just one participant, the first year Normal Cost calculated under the
Frozen Initial Liability method is identical to the Normal Cost calculated under the
Entry Age Normal method.

Step I: Calculate the annuity purchase rate at age 65, using the value of the Accrued Liability
determined under the Unit Credit method. The monthly accrued benefit as of 1/1/94 1s:

Accrued Benefit,, = (20)(10 years of service) = 200
Since the Unit Credit Accrued Liability is equal to the present value of the accrued benefit,
14,900 = (200)(1289)(v°)
and 1242 = 104.49
Step 2: Calculate the Normal Cost under the Entry Age Normal method.
Monthly Normal Retirement Benefit = (20)(15 years of service) = 300
NCgan =300 x 12842/5r,
=300 x 104.49/29.3243 = 1,069

Answer is A.
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Problem 6 - 29

Key Concepts: Since there is only one participant and no deaths or terminations were
assumed, the only experience gains or losses could have come from
investments. Under the Frozen Initial Liability method, gains and losses are

spread over future Normal Costs. Therefore, the difference between the
expected and actual Present Value of Future Normal Costs must be the

experience gain or loss.
Step I: Calculate the expected Present Value of Future Normal Costs.

PVFNCQ3 = PVFB93 - ASSCt893 - U-.[493
= 122,000 - 65,000 = 57,000

NC93 = 57,000 = ar‘ﬂ
= 57,000 +9.35765 = 6,091

¢PVFNC,, = (PVFNC,; - NCy3) x 1.07
= (57,000 - 6,091) x 1.07 = 54,473

Step I1: Calculate the actual Present Value of Future Normal Costs.

PVFB,, = PVFBy; x 1.07
= 122,000 x 1.07 = 130,540

PVFNC,, = PVFBy, - Assetsgy ~ ULy,
=130,540 - 27,500 - 48,500 = 54,540

Step III: Calculate the experience gain or loss by subtracting the actual Present Value of Future
Normal Costs from the expected Present Value of Future Normal Costs.

Experience Gain/Loss = ePVFNC,, - PVFNC,,
=54,473 - 54,540 = (67) Loss

Answer is B,
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Problem 6 - 30

Key Concept: Since there were no gains or losses and the plan population has remained the same,
the Normal Cost as of 1/1/94 is equal to the Normal Cost as of 1/1/93, increased by
the 5% salary scale (in order to keep the Normal Cost a level percent of salary).

Step I: Calculate the Nonﬁal Cost as of 1/1/93.

NC93 = (PVFB93 - ASSetS% - UIAQ3)’(PVFSQJ/S&]8IY93)
= (500,000 - 100,000 - 100,000)/(3,000,000/200,000) = 20,000

Step II: Calculate the Normal Cost as of 1/1/94.

NGy =NCy; x (1 +5)
= 20,000 x (1.05)=21,000

Answer is C.

Problem 6 - 31

Key Concept: The increase (decrease) in Normal Cost due to investment loss (gain) can be found
by multiplying the amount of the investment loss (gain) by the ratio of Present
Value of Future Salary to current Salary.

Step I: Calculate the mnvestment gain or loss.

Expected Assetsy s = (250,000 x 1.07) + 225,000
= 267,500 + 225,000 = 492,500

Actual Assets, ;45 = 510,000
Asset Gain = 510,000 - 492,500 = 17,500

Step II: Calculate the Present Value of Future Salary as of 1/1/95. First, use the 1/1/94 valuation
results to determine the PVFS as of 1/1/94.

NC = (PVFB - UL - Assets)/(PVFS/Salary)

150,000 = (2,500,000 - 750,000 - 250,000)/(PVFS,,/4,000,000)
PVFS,, = 40,000,000
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The expected PVFS for 1995 is

Expected PVFS,; = (PVFS,, - Salary,,) x 1.07
= (40,000,000 - 4,000,000) x 1.07 = 38,520,000

The PVFS for the new entrant must be added to the expected PVFS,; to get the actual PVFS,;.

New Entrant PVFS = 50,0004ry; wherej=1.07/1.05-1=.0190476
= (50,000)(13.1878) = 659,390

PVFS,, = 38,520,000 + 659,390 = 39,179,390
Step III: Calculate the total salary at of 1/1/95.

Expected Salary,s = Salary,, x 1.05
= 4,000,000 x 1.05 = 4,200,000

The salary for the new participant must be added.
Actual Salaryy; = 4,200,000 + 50,000 = 4,250,000
Step IV: Calculate the decrease in the Normal Cost due to the investment gain.

aNC = Gain/(PVFS,y/Salary,s)
=17,500/(39,179,390/4,250,000) = 1,898

Answer 1s A.

Problem 6 - 32
The 10-year amortization payment as of 12/31/95 is
150,000/ary = 21,357
Note the use of apy instead of 4y, because the payment is made at the end of the year.
Since the total contribution paid 12/31/95 was 25,000, the Normal Cost as of 12/31/95 is:

25,000 - 21,357 = 3,643
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and the Normal Cost as of 1/1/95 is:
3,643/1.07 = 3,405
Now we can use the formula for developing Normal Cost:
NC =(PVFB - UL - Assets)/(PVFS/Salary)
3,405 = (300,000 - UL - 200,000)/(600,000/60,000)
UL = 65,950

Answer is E.

Problem 6 - 33
Key Concept: The unfunded liability is developed by increasing the sum of the unfunded liability
and Normal Cost as of the prior valuation date with interest to the current valuation

date and subtracting the contribution made for the prior plan year with interest from
the date the contribution was made.

Step I: Calculate the Unfunded Liability as of 1/1/93.

UL93 = (UL92 + Nng) x (1 + i) - Contributiongz x (1 + i)
= (10,000,000 + 3,000,000)x1.06 - 4,500,000 x 1.06 = 9,010,000

Step II: Calculate the Unfunded Liability as of 1/1/94.

ULy, = (ULy; + NGCy3) x (1 + i) - Contributiony; % (1 + 3/44)
= (9,010,000 + 3,200,000)x1.06 - 5,000,000 = 1.045 = 7,717,600

Because the contribution was patd on April 1, 1993, the contribution was increased with interest for
only 9 months. The interest accumulationused here was based upon simple interest, but could have
reflected compound interest by using (1.06)** as the interest factor.
~ Step II: Calculate the Unfunded Liability as of 1/1/95.
ULys = (ULg, + ULpigy am. + NCo)x(1 + 7) - Contributions, x (1 + 3/4)
= (7,717,600 + 3,500,000 + 5,000,000)x1.06 - 5,500,000 x 1.045
=11,443,156

Answer is D.
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Problem 6 - 34

Key Concept: The initial unfunded liability determined using the Frozen Initial Liability cost
method is equal to the Accrued Liability determined using the Entry Age Normal cost method.

StepI: Calculate the initial unfunded liability as of 1/1/95.

Entry Age Normal AL, = (50)(45 yearé of service)(12)(842 Y&m/5a5)
= 76,260

Step I1: Calculate the Normal Cost as of 1/1/95.

NCys = (50)(45 years of service)(12)(&2 )sm
=816

Step III: Calculate the Unfunded Liability as of 1/1/96.
UALy, = (ALys + NCy;s - Contribys)(1.07)
= (76,260 + 816 - 5,000)(1.07)
=77,121

Answer is C.

Problem 6 - 35

Key Concept: The Normal Cost for 1997 will be equal to the Normal Cost in 1996, reduced by an
amortization of the investment gain.

Step I: Determine the average temporary annuity used in the 1/1/96 valuation.
NCys = (PVFBgy - Assetsyg - UL ATAy,
150,000 = (1,400,000 - 390,000 - 300,000)/ATAq
ATAy = 14.2
Step I1: Determine the average temporary annuity to be used in the 1/1/97 valuation.
The formula for determining the current annuity from the prior year annuity (in the situation where

there are no preretirement decrements) is:
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ATAy., = (ATAy -D[(1+)/(1+5)]

Since there is no salary scale being used as this is a level dollar amount method, the formula
becomes:

ATAy, = (ATA -1)(1+)
S0,
ATA,,=(14.2-1)(1.07)=14.124
Step III: Determine the decrease in Normal Cost as of 1/1/97.
NCprcrease = Investment gain/ATA,,
= 6,000/14.124
=425
Step ['V: Determine the Normal Cost as of 1/1/97.

NCy; =NCys - NCprerpase
= 50,000 - 425
= 49,575
Answeris D.
Problem 6 - 36
Step I: Determine the average temporary annuity used in the 1/1/96 valuation.
NCy = (PVFByg - Assetsg, - UL /AT Ay
12,000 = (400,000 - 200,000 - 80,000)/ATA,
ATAH=10

Step II: Determmne the average temporary annuity to be used in the 1/1/97 valuation.

The formula for determining the current annuity from the prior year annuity (in the situation where
there are no preretirement decrements) is:

ATAy, = (ATAy -D[(1+)/(1+5)]
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So,
ATA,, = (10-1)(1.07/1.05)=9.1714
Step III: Determine expected values as of 1/1/97.

' eNCy, = NCy X (1+5)
= 12,000 x (1.05)
= 12,600

eSalary,, = Salary,, x (1+s)
= 80,000 x (1.05)
= 84,000

¢PVFB,, = PVFBy; x (1+)
= 400,000 x (1.07)
= 428,000

Step IV: Determine 1/1/97 Normal cost decrease due to salary increases being less than expected.

Since salary did not increase as expected, the expected PVFB must be adjusted by the ratio of the
actual salary to expected salary to determine the actual PVFB.

PVFB,, = ePVFB,, x (Salaryg,/eSalary,,)
= 428,000 x (83,200/84,000)
= 423,924

NCprcreass = (€PVFBs, - PVFB,,/ATA,,
= (428,000 - 423,924)/9.1714
= 444

Step V: Determine asset gain.

* Since the expected Normal Cost for 1997 was $12,600 and the actual Normal Cost for 1997 is
$12,000, the Normal Cost decreased by $600 due to the investment and compensation gains. It is
known from step IV that the decrease due to the compensation gain was $444. Therefore, the
decrease in the Normal Cost due to investment gain is $156 (=$600 - $§444). The total asset gain
is: '
Asset Gain = Normal cost decrease due to investment gam x ATAy,
=156 x 9.1714
=1,431
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Step VI: Determine the rate of return.

Assuming that the assets had earned exactly 7%, the earnings would have been:
Earnings = (200,000 + 22,645)(.07) = 15,585

Rate of Return = (1,431 + 15,585)/(200,000 + 22,645) = .0764, or 7.64%.

Answer is C.

Problem 6-36 (Alternative Solution)

The value of assets as of 1/1/97 can be solved for directly using the temporary annuity factor
determined in step II above and the present value of future benefits as of 1/1/97.

PVFBy; = PVFBy x (1 + ) x (1 + 50/(1 +5) where §' is the actual rate of salary increase
= (400,000)(1.07)(83,200/80,000)/(1.05)
= 423,924

The formula for determining the expected Unfunded Liability under the Frozen Initial Ll&bﬂlt}’
method 1s:

eULy,; = (ULy + NCy)(1 + i) - Cy - interest on Cy from date of contribution
So,
€ULg; = (ULgg + NCo)(1.07) - (Cy156)(1.07)
= (80,000 + 12,000)(1.07) - (22,645)(1.07)
=74210

The normal cost as of 1/1/97 can be represented by:

NC97 (PVFB,, - eULy;, - Assetsy)/ATA,,
- 12,000 = (423,924 - 74,210 - Assets,;)/9.1714

- Assetsy, = 239,657
The actual rate of return, 7, can be solved from the equation:
Assets;; = (Assetsy, + Contributiong )(1 + i)

239,657 = (200,000 + 22,645)(1 + )
i=.0764, or 7.64%

l

!
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Answer is C.

Problem 6 - 37

The formula for determining the expected Unfunded Liability under the Frozen Initial Liability
method is:

eULy,, = (ULy + NC)(1 + i) - Cy ~ interest on Cy; from date of contribution
So, the expected Unfunded Liability as of 1/1/96 is:

eULgg = (ULgs + NCys)(1.07} - (Ci105)(1.07) - (C7105)(1.035)
= (60,000 + 10,000)(1.07) - (5,000)(1.07) - (5,000)(1.035)
= 64,375

As of 1/1/96 the assumed interest rate is increased from 7% to 8%. This causes a decrease in the

unfunded liability equal to the difference between the Entry Age Normal Accrued Liability before
and after the change.
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I}LDECREASE = EANAL7% = EANALS%
= 70,000 - 63,000
=7,000

The total Unfunded Liability as of 1/1/96 is equal to the difference between the expected Unfunded
Liability and the decrease in the Unfunded Liability due to the assumption change.

ULy = 64,375 - 7,000 = 57,375
Now the Unfunded Liability as of 1/1/97 can be determined.
ULy; = (ULgs + NCy)(1.08) - (C11196)(1.08) - (Cy1106)(1.04)
= (57,375 + 10,000)(1.08) - (4,000)(1.08) - (4,000)(1.04)
= 64,285

Answer is D.
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Chapter 7

Attained Age Normal Cost Method

7.1 Normal Cost and Accrued Liability

We come to the last and probably the least often utilized of the recognized actuarial cost
methods, the Attained Age Normal Method. It is easy to understand - provided that the Frozen
Initial Liability Cost Method is understood. The only difference is that the Unfunded Accrued
Liability is calculated using the Unit Credit Cost Method rather than the Entry Age Normal Cost
Method. All other calculations proceed from that point in the same manner as the Frozen Initial
Liability Cost Method.

Refer to the example problem in the previous section. If we were to use the same problem
but calculate the Normal Cost under the Attained Age Normal Method, the following would be the
result.

To restate the problem:

Effective date of plan: 1/1/85
Funding Method: Attained Age Normal.

Census data for plan participants as of 1/1/85:
Projected
Years of Monthly
Agex Service Pension

Pete 48 10 $1,000
Hank 35 3 800
Assumptions used:  Interest - 7% No mortality or withdrawals

Retirement age - 65 12402 =110
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Compute the Normal Cost for 1985 as of January 1, 1985.

Step I: Determine the Accrued Liability as of 1/1/85 using the Unit Credit Method.

Pete Hank

(1) Projected Pension $ 1,000 $ 800

(2) Accrued Pension - 370 . 73

(3) Present Value of Accrued Pension 12,885 1,055
(2) x 110 x (1.07y+%

(4) Accrued Liability 12,885 1,055

Step II: Determine Present Value of Future Benefits and Future Normal Cost.

(5) PVFB Benefit x 110 x (1.07)~*5 34,823 11,560
(6) PVENC  (5) - (4) 21,938 10,505

Step III: Determine Normal Cost.

Present Value of Future Normal Costs = 21,938 + 10,505 = 32,443
Present Value of Future Service = 10.45 + 13.28 =23.73
Normal Cost per participant = 1,367
Total Normal Cost = 2,734

The student should consider why the Attained Age Normal Cost is greater than the Frozen
Initial Liability Normal Cost. The reason is that the Accrued Liabililty under Attained Age Normal
is less than the Accrued Liability under the FIL Method and therefore a greater portion of the
Present Value of Future Benefits (which is the same under either method) is funded through the

AAN Nommal Cost.

Changes due to plan amendments are handled in the same manner as under FIL, excepi that
the change in UAL is computed as the change in Accrued Liability under the Unit Credit Method.

As under the FIL. Method, Normal Costs may be computed as a level dollar amount per
participant, or as a level percentage of salaries.
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7.2 Characteristics of Attained Age Normal Method

1. The initial past service liability is determined under the Unit Credit Cost Method.

2. Method is an aggregate method and hence is not suitable for small plans.

3. Experience gains and losses are automatically spread over the remaining working years of
participants.

4, ‘Method involves a lesser past service liability than the Frozen Initial Liability method and

hence a greater initial normal cost.
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_ 7.3 Problems

Problem 7 -1

Plan effective date: 1/1/82
Actuarial Cost Method: Attained age normal method.
Assumed interest rate: 6%

Valuation results: 1/1/82 - 1/1/83
Present Value of Future Benefits $1,000,000  $1,200,000
Accrued Liability 400,000 -—

Ratio of present value of future
salaries to current salaries 10 11

Contribution for 1982, paid at 12/31/82: $100,000
Benefits for 1982: None

In what range is the normal cost for 1983 as of 1/1/83?
(A)  Less than $63,500
(B)  $63,500 but less than $64,000
(C)  $64,000 but less than $64,500
(D)  $64,500 but less than $65,000
(E) $65,000 or more.
Problem 7 -2
Plan effective date: 1/1/85
Normal retirement benefit:  $10 per month for each year of service.

Assumed retirement age: 65

It is assumed that there are no pre-retirement terminations other than by death.
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Participant data at 1/1/85 and selected commutation functions:

Attained Age at Number of
Age Hire Participants D, N, - Ngs
35 35 40 92 1,190
45 35 60 46 500
55 - 0 22 160
65 - 0 10 0
30D =10

In what range is the difference between the accrued liability under the entry age normal method and
the accrued liability under the attained age normal method?

(A)  Less than $100,000

(B)  $100,000 but less than $125,000
(C)  $125,000 but less than $150,000
(D)  $150,000 but less than $175,000
(E)  $175,000 of more.

Problem 7-3

Plan effective date: 1/1/82

Actuarial cost method: Attained age normal.

Assumed interest rate: 7%

It is assumed that there are no deaths or other terminations of employment prior to age 65.

Selected valuation data: _ 1983 1984
Unfunded hability as of 1/1 $495,000
Actuarial value of assets (market) as of 1/1 75,000
Normal cost as of 1/1 40,000 $45,000
Contribution paid at 12/31 85,000 90,000

During 1983 and 1984 all assumptions were exactly realized except that plan assets earned 8% in
1983 and 9% in 1984,
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In what range is the unfunded liability as of 1/1/85?

(A)  Less than $467,500
(B)  $467,500 but less than $472,500 -
(C)  $472,500 but less than $477,500
(D)  $477,500 but less than $482,500
(E)  $482,500 or more.

Problem 7 -4

Plan effective date; 1/1/85.
Normal retirement benefit;

Effective 1/1/85: $10 per month per year of service.
Effective 1/1/86: $15 per month per year of service.

Actuarial cost method: Attained age normal.
Actuarial assumptions:

Interest: 7%.

Pre-retirement deaths and terminations: None.

Retirement age: 65

12442 = 100

Participant data as of 1/1/86:
Smith Brown
Date of birth 1/1/40 1/1/50
Date of hire 1/1/80 1/1/75

Selected valuation results as of 1/1/86, based on the $10 benefit:

Unfunded liability $2.500
Actuarial value of assets 1.100
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In what range is the present value of future normal costs as of 1/1/86?

(A) Lessthan $12.800

B) $12,800 but less than $13,800
{C) $13,800 but less than $14,800
(D)  $14,800 but less than $15,800
(E}  $15,800 or more

Problem 7 -5
Plan effective date:  1/1/88 .
- Normal retirement benefit: ~ $10 per month for each year of service before 1/1/88 plus $15 per
month for each subsequent year of service.
Actuarial cost method: Attained age normal.
Actuarial assumptions:
'Interest: 6%
Pre-retirement deaths and terminations: None.

Retirement age: 65

Participant data as of 1/1/88:

Smith Brown
Date of birth 1/1/43 1/1/28
Date of hire 1/1/73 1/1/68

Selected annuity value:
D=9
In what range is the normal cost for 1988 as of 1/1/88?

(A)  Lessthan $1,800

(B)  $1,800 but less than $1,900
(C)  $1,900 but less than $2,000
(D)  $2,000 but less than $2,100
(E)  $2,100 or more
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Problem 7 - 6

Plan effective date: 1/1/87

Normal retirement benefit:  $15 per month for each year of service up to 20 years plus $20 per
month for each subsequent year of service.

Death benefit: None.

Actuarial cost method: Attained age normal.

Actuarial assumptions:
Interest: 6%

Pre-retirement deaths and terminations: None.
Retirement age: 65

Participant data as of 1/1/87:
Smith Brown
Date of birth 1/1/37 1/1/27
Date of hire 1/1/62 1/1/72

Brown dies on 12/31/87. There were no new participants during 1987,
The contribution paid for 1987 is the Normal Cost as of 1/1 plus $3,000 paid on 1/1/87.

Selected annuity value:
12802 =112
In what range is the unfunded liability as of 1/1/88?
(A)  Less than $36,500
(B)  $36,500 but less than $37,000
(C)  $37,000 but less than $37,500
(D)  $37,500 but less than $38,000
(E)  $38,000 or more
Problem 7 -7
Pian effective date: 1/1/87

Normal retirement benefit: $10 per month for each year of service.
Actuarial cost method: Aftained age normal.
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Actuarial assumptions:

Interest: 6% _
Pre-retirement deaths and terminations: None.
Retirement age: 65

Participant data as of 1/1/88:
Smith Brown
Date of birth 1/1/43 1/1/53

Date of hire 1/1/73 1/1/88

There were no deaths or terminations during 1987.
Contribution for 1987: $1,000 paid on 12/31/87.

Selected annuity value:
4210
In what range is the unfunded liability as of 1/1/88?
(A)  Less than $4,800
(B)  $4,800 but less than $5,600
(C)  $5,600 but less than $6,400
(D)  $6,400 but less than $7,200
(E)  $7.200 or more
Problem 7 - 8

Normal retirement benefit;

Before 1989: $10 per month for each year of service.
After 1988:  $15 per month for each year of service.

Actuarial cost method: Attained age normal.
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Actuarial assumptions:

Interest rate: 6%
Pre-retirement terminations other than deaths: None.

Retirement age: 65

Participant data as of 1/1/89:
Smith Brown Green
Date of birth _ 1/1/59 1/1/49 1/1/3%

Date of hire 1/1/89 1/1/79 1/1/69

Selected commutation functions and annuity value:

Agex D, N,
30 16,721 266,509
40 9,205 136,705
50 4,968 65,680
65 1,738 17,040
a2=19345

In what range is the increase in the unfunded liability as of 1/1/89 due to the change in the normal
retirement benefit?

(A)  Less than $5,000

(B)  $5,000 but less than $6,000
(C)  $6,000 but less than $7,000
(D)  $7,000 but less than $8,000
(E)  $8,000 or more

Problem 7-9
Normal retirement benefit:
Before 1989: §50 per month for each year of service.
After 1988: 354 per month for each year of service, applicable to active and inactive
participants.

Actuarial cost method: Attained age normal with frozen initial Hability.
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Actuarial assumptions:

Interest rate: 6%
Pre-retirement deaths and terminations: None.
Retirement age: 65

Selected valuation results:

Present value of future benefits
Active participants
Inactive participants

Unfunded liability

Actuarial value of assets

Present value of future compensation

Annual compensation

Entry age accrued liability for actives

Unit credit accrued liability for actives
Present value of years of future service

Number of actives (all under age 64)

1/1/88

$ 840,000
250,000
300,000
250,000

2,340,000
360,000
690,000
600,000

100
10

Contribution for 1988: $88,000 paid on 12/31/88.

In what range is the normal cost for 1989 as of 1/1/89?

(A)
(B)
©
(D)
(E)

Less than $38,000

$38,000 but less than $40,000
$40,000 but less than $42 000
$42.,000 but less than $44,000
$44,000 or more

Problem 7 - 10

Plan effective date: 1/1/88

Normal retirement benefit: $25 per month for each year of service.

1/1/89
50 benefit

$ 550,000
570,000

345,000 .
2,090,000
220,000
410,000
320,000
96

8

Actuarial cost method: Attained age normal with frozen initial liability.
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Actuarial assumptions:

Interest rate: 8%
Pre-retirement terminations other than deaths: None.

Retirement age: 65

Data for sole participant:
Date of birth 1/1/38
Date of hire 1/1/65

Contribution for 1988: $3,000 paid on 12/31/88.

Selected commutation functions and annuity value:

Agex D, N,
50 322 3902
51 208 3580
65 99 904
i2 = 8.67

In what range is the normal cost for 1989 as of 1/1/89?

(A) Lessthan $1,225

(B)  $1,225 but less than $1,250
(C)  $1,250 but iess than $1,275
(D)  $1,275 but less than $1,300
(E)  $1,300 or more

Problem 7 - 11
Plan effective date: 1/1/91
Normal retirement benefit: $10 per month for each year of service up to 30 years.

Preretirement death benefit: None.
Actuarial cost method: Attained age normal.
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Actuarial assumptions:

Preretirement terminations other than deaths; None.
Retirement age: 65

Data for sole participant:
Date of birth 1/1/41
Date of hire 1/1/71
Status as of 1/1/91 Active

Selected commutation functions:

Age x D, N2
30 1,238 28,056
50 320 3,716
65 97 849

In what range is the normal cost for 1991 as of 1/1/91?

(A)  Lessthan $150
(B)  $150 but less than $350
(C)  $350 but less than $550
(D)  $550 but less than $750
(E) 3750 ormore -

Problem 7 - 12
Plan effective date: 1/1/89
Normal retirement benefit: $35 per month for each year of service.
Actuarial cost method: Attained age normal.
Actuarial assumptions:
Interest rate: 8% per year.

Preretirement deaths and terminations; None.
Retirement age: 65
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Data for sole participant:

Date of birth 1/1/45
Date of hire 1/1/69
Status as of 1/1/91 Active

Selected valuation results as of 1/1/90;

Normal cost as of 1/1 $1,296
Unfunded liability 12,818
Value of assets 3,000

Contribution for 1990: $3,000 paid on 12/31/90.
Benefit payments for 1990: $0

There were no experience gains or losses during 1990 from any source other than an experience
- gain from investments of $500.

442 =38.00
In what range is the normal cost for 1991 as of 1/1/917

(A)  Less than $1,250

(B)  $1,250 but less than $1,265
{C)  $1,265 but less than $1,280
(D)  $1,280 but less than $1,295
(E)  $1,295 or more

Problem 7 - 13
Normal retirement benefit: $900 per month.
Preretirement death benefit: None.
Actuarial cost method: Attained age normal.
Actuarial assumptions:

Interest rate: 7% per year.

Preretirement deaths and terminations; None.
Retirement age: 65
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Valuation data for sole participant:

Date of birth 1/1/48
Date of hire 1/1/83

Nommal cost for 1993 as of 1/1/93: $1,231
Value of assets as of 1/1/93: $10,000

Selected annuity value:
a9 =10.0
In what range is the unfunded liability as of 1/1/937
{A)  Less than $2,000 -
(B)  $2,000 but less than $4,000
(C)  $4,000 but less than $6,000

(D)  $6,000 but less than $8,000
(E) $8.000 or more

Problem 7 - 14
Plan effective date: 1/1/93
Normal retirement benefit: $20 per month for each year of service.
Preretirement death benefit: None.
Actuartal cost method: Attained age normal.
Actuarial assumptions:
Interest rate: 7% per year.
Preretirement terminations other than deaths: None,
‘Retirement age: 65

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/44
Date of hire : 1/1/92

Contribution for 1993: $1,125 paid on 12/31/93.
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| Selected commutation functions:

Agex D, N,
49 101,241 1,238,268
50 94,135 1,137,027
65 28,610 263,044

In what range is the unfunded liability as of 1/1/94?
(A)  Less than $550
(B)  $550 but less than $565
(C)  $565 but less than $580
(D)  $580 but less than $595
(E)  $595 or more
Problem 7 - 15
Plan effective date: 1/1/96.
Normal retirement benefit: $10 per month for each year of service.
Actuarial assumptions:
Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth  1/1/51
Date of hire  1/1/86

Selected annuity value:

4020=8.74
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In what range is the absolute value of the difference in the unfunded liability as of 1/1/96 under the
~ attained age normal cost method and the entry age normal cost method?

(A)  Less than $1,600
(B)  $1,600 but less than $1,700
(C)  $1,700 but less than $1,800
(D)  $1,800 but less than $1,900
(E)  $1,900 or more
Problem 7 - 16
Plan effective date: 1/1/95.
Normal retirement benefit: 2% of final year’s compensation for each year of service.

Actuarial cost method: Attained age normal.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases: 4% per year.
Preretirement decrements:  None.
Retirement age: 65.

Valuation data for sole participant:

Date of birth 1/1/51
Date of hire 1/1/85
1997 valuation compensation $52.000

Selected valuation results as of 1/1/96:

Normal cost as of 1/1 $ 6,300

Unfunded liability 45,000

Value of assets 5,000
Contribution for 1996: $7,000 paid on 12/31/96.

Beriefit payments for 1996:  $0
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There were no experience gains or losses during 1996 from any source other than an investment
gain of $900.

Selected annuity value:
2 =8.74
In what range is the normal cost for 1997 as of 1/1/977
(A)  Less than $6,500
B)  $6,500 but less than $7,000
{(C)  $7,000 but less than $7,500
(D)  $7,500 but less than $8,000
(E)  $8,000 or more
Problem 7 -17
Plan effective date: 1/1/97.
Normal retirement benefit:  $20 per month for each year of service.
Actuarial cost method: Attained age normal.

Actuarial assumptions:

Preretirement terminations other than deaths: None.
Retirement age: 65.

Valuation data for all 100 participants (all active as of 1/1/97):

Date of birth 1/1/62
Date of hire 1/1/92
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Selected commutation functions and annuity values:

Dy = 94,414 N, = 868,052

535 = 13.8278 535:31]] = 12.8570

In what range is the normal cost for 1997 as of 1/1/97?

(A)
(B)
©
(D)
E)

Less than $46,000 |
$46,000 but less than $49,000
$49,000 but less than $52,000
$52,000 but less than $55,000
$55,000 or more
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7.4 Solutions to Problems

Problem 7 -1

Key Concept: To determine the normal cost, one needs to determine the unfunded accrued lLiability
as of 1/1/83. Other required information is provided.

Step I: Calculate Normal cost as of 1/1/82.

PVENC,, = PVFB,, - AL, - Assets,,
= 1,000,000 - 400,000 - 0 = 600,000

NC,, = PVENG,, + ATA,,
= 600,000 + 10 = 60,000

Step IT:  Calculate Unfunded Accrued Liability as of 1/1/83.

UALy, = (UALy, + NC)(1 + ) -G, -1
= (400,000 + 60,000}(1.06) - 100,000 - 0 = 387,600

Step III: Determine Normal Cost as of 1/1/83.

PVENC,, = PVEB,, - UAL,, - Assets,,
= 1,200,000 - 387,600 - 100,000 = 712,400

NC,, = PVFNC,, + (PVFS,, + Salary,;)
= 712,400 + 11 = 64,764

Answer is D.

Problem 7 - 2
Key Concept: It should be noted that the 35 year age group has no past service, hence, the accrual
liability under either method is equal to zero. Therefore, only the 45 year old graup

need be considered.

The simplest approachis to compute the accrued liability for one participant under each funding
method and then multiply the answer by the number of participants, or 60.
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Step I: Entry Age Normal Method.

(EAN) NC = (Ben)(12442 )}(Dg,) + (N5 - Ngs)
= (300)(120)(10) = 1,190
= 360,000 + 1,190 = 302.52
- Using the retrospective method:

(EAN) AL = (NC)(Nys - N, /Dy
= (302.52)(1,190 - 500) + 46 = 4,537.80

Step II: Attained Age Normal Method.

Accrued Liability 1s determined in the same manner as the Unit CreditMethod. Accrued
Liability is equal to the present value of Accrued Benefit.

For each participant:

AL = (Accrued Benefit)(1242 YD s/ D,; )
= (100)(120)(10)/46 = 2,608.70

Difference per participant, then, is 4,537.80 - 2,608.70 = 1,929.10
Total difference = 1,929.10 x 60 = 115,746

Answer is B.

Problem 7 -3

Key Concept: Under the Attained Age Normal method, experience gains and losses do not affect
the unfunded liability. In other words, the unfunded accrued liability is equal to the
expected unfunded accrued liability. '

Step I Determine Unfunded Accrued Liability on 1/1/84.

= (495,000 + 40,000)(1.07) - 85,000 - 0
= 572,450 - 85,000 = 487,450
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Step II: Determine Unfunded Accrued Liability on 1/1/85.
= (487,450 + 45,000)(1.07) - 90,000 - 0
= 569,722 - 90,000 = 479,722

Answer is D.

Problem 7 -4

Step I: Compute the Present Value of Future Benefits on basis of $15 per month formula.

Smith Brown
Attained Age 46 36
Past years of service 6 11
Total years of service 25 40
Benefit at $15 per year of service 375 600
Present Value of Future Benefits 13,369 8,434

(Benefit x v* x 12492 )
Present Value of Future Benefits = 10,369 + 8,434 = 18,803
Step II: Corﬁputc increase in Unfunded Accrued Liability using the Unit Credit Cost Method.
Increase for Smith: 5 x 6 years x 100 x ' = 830
Increase for Brown: 5 x 11 years x 100 x v** = 773
Total = 830 + 773 = 1,603
Step [II: Compute Present Value of Future Normal Costs.

PVENC =PVFB - Plan Assets - UAL - UAL increase
= 18,803 - 1,100 - 2,500 - 1,603 = 13,600

Answer 1s B.

502



Problem7 -5

Key Concept: Underthe Attained Age Normal method, past service liability is determined using

the Unit Credit approach.
As of 1/1/88: Smith Brown
Attained Age 45 60
~ Entry Age 30 40
Projected Benefit (15)(10) + 20)(15)=450  (20)(10) + (5)X(15)=275
Accrued Benefit (15)(10) = 150 (20)(10) = 200

PV Accrued Benefit  (150)(9)(12)(1.06) = 5,051 (200)(9)(12)(1.06)° = 16,141
- PV Future Benefits = (450)(9)(12)(106)*°= 15,153 (275)(9)(12)(1.06)"° = 22,194
PV Future Years i = 12.16 iy =4.47

Total PV Accrued Benefits = Initial Accrued Liability
= 5,051 + 16,141 = 21,192

PV Future Benefits (15,153 + 22,194) 37,347
Less Accrued Liability (5,051 + 16,141) -21.192
PV Future Normal Costs 16,155
Divided by PV Future Years (12.16 + 4.47) = 16.63
Normal Cost per Participant 971
Number of Participants X 2
Total Normal Cost 1,942
Answer is C.

Note: It is not necessary to calculate the initial accrued liability in this problem since the present
value of future normal costs will simply be equal to the present value of future accrued
benefits as follows:

Present Value of Future Accrued Benefits

Smith: (20X(15)(9)(12)(1.06Y*° = 10,102
Brown: (5)(15)(9)(12)(1.06)* = 6,053

Total Present Value of Accrued Benefits = 10,102 + 6,053 = 16,155
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Problem7 -6

Key Concept: Under the Attained Age Normal method, the Initial Accrued Liability is equal to the

Present Value of Accrued Benefits.

On the effective date of 1/1/87: Smith

(1) Attained Age 50
(2) Past Service 25
(3) Future Service 15
(4) Projected Benefit 700
(5) Accrued Benefit 400
(6) PV Accrued Benefit (5) x 112 x 1.06° 18,693
(7) PV Projected Benefit (4) x 112 x 1.06” 32,714
(8) PV of Future Years 10.29
Step I: Total Accrued Liability as of 1/1/87 = 18,693 + 18,831 = 37,524
Step II. Calculate Normal Cost at 1/1/87.
Present Value of Future Benefits = 32,714 + 25,108 57,822
Less Accrued Liability _ - 37,524
Equals PV Future Normal Costs 20,298
Divided by PV Future Years = 1476
Equals NC per Participant 1,375
Multiplied by two participants equals total NC 2,750
Step III: Determine Unfunded Accrued Liability at 1/1/88.
Unfunded Accrued Liability as of 1/1/87 37,524
Plus Normal Cost + 2,750
Plus interest on (1) and (2) + 2416
Less Contribution for 1987 ' - 5,750
Less interest on Contribution - 345
Unfunded Liability at 1/1/88 36,595

Answer is B.
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Note: It is not necessary to calculate normal cost for 1987 since the contribution was made 1/1/87,

UAL = (37,524 - 3000)(1.06) = 36,595

Probiem 7 -7

Key Concept: Under the Attained Age Normal method, the initial Accrued Liability is calculated
using the Unit Credit method. Thereafter, the method is the same as Frozen Initial

Liability.
At 1/1/88 Smith Brown
Age 45 35
Past Years of Service 15 0
Future Years of Service 20 30
Total Years of Service 35 30

Step I Determine Unfunded Liability at effective date of 1/1/87.
Unfunded Liability = PV of Accrued Benefits.
UALy, = PVAB,, = (10)(14 years)(10)(12)(1.06)* = 4,942
Step II: Determine Present Value of Future Benefits at 1/1/87.

PVFB;, = (Projected Benefit)(12)(&2 )(1 + iy
= (350)(10)(12)(1.06)*' = 12,355

Step III: Determine Normal Cost at 1/1/87..

NCg, = (PVFBy, - UAL,,) / &5
= (12,355 - 4,842) / 12.4699 = 594

Step IV: Determine Unfunded Liability at 1/1/88.

UALy, = (UALg, + NC)(1 +) - Cgp - I,
= (4,942 + 594)(1.06) - (1,000 + 0) =4,868

Notice that data for Brown does not enter into calculations at all.

Answer is B.
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Problem 7 - 8

Key Concept: The unfunded liability in the Attained Age Normal funding method is based upon
the unit credit accrued liability. Since the benefit formula increased by 50% as of
1/1/89, the unfunded liability increases by an amount equal to 50% of the present
value of accrued benefits under the original plan.

Note that since Smith was hired 1/1/89, Smith has no PVAB. The PVAB,, under the Original Plan
is determined as follows:

Brown's accrued benefit = 10 x 10 years of service = 100
Green’s accrued benefit = 10 x 20 years of service = 200

D
Brown’s PVAB,, = 12 x 100 x {«-?—5-] al? =12 % 100 x (ﬂ)(9.345) = 2,117
% 9,205
1,738 = 7,846

D
Green’s PVAB,, = 12 x 200 x (3“3] ds? = 12 x 200 x (oeg9349)
50 *

Total PVAB,, = 2,117 + 7,846 = 9,963

Increase in UAL = .5 x 9,963 = 4,982

Answer 1s A.
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~Problem 7 -9

Key Concept: The increasedbenefit formula appliesto all participants, increasing the present value
. of future benefits to all participants. In addition, the unfunded liability is to be
increased by the increase in Unit Credit accrued liability dueto the plan amendment.

Since the plan benefit formula provides a fixed benefit, the method spreads the
Normal Cost as a level doliar amount.

PVFB,,~(Assets,, + UL..)

NC,, = x Number of Participants
PV of future years

_ (1,090,000 -(250,000 +300,000))
100

x 10 = 54,000

As of 1/1/89,

PVFB,; = 550,000 + 570,000 = 1,120,000
PVFB,,, = 1,120,000 x 54/50 = 1,209,600

Note that the Accrued Liability under Unit Credit for inactive partictpants is equal to their PVFB
(PVAB).

Unit Credit AL, = 320,000 + 570,000 = 890,000
Unit Credit ALy, = 890,000 x 54/50 = 961,200
Increase in UAL = 961,200 - 890,000 = 71,200

eUALgy = (UALgg + NCyg) X (1 + i) - Cyg - I,
= (300,000 + 54,000) x (1.06) - 88,000 = 287,240
UALy, = 287,240 + 71,200 = 358,440

Calculate the Normal Cost for the new benefit:

NCy = PVEB,, - (Assetsg, + UAL,) x Number of Participants
PV of Future Years

= 11,209,600 - (345,000 + 358,440)] x (8/96) = 42,180

Answer is D,
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Problem 7 - 10

Key Concept: The initial Unfunded Accrued Liability under the Attained Age Normal Method is
equal to the present value of accrued benefits.

As of 1/1/88, Accrued Benefit = 25 x 23 Years of Service = 575

D
UAL,, = PVAB,, = 575 x 12a35" x D—“ = 18,393
50

Retirement Benefit = 25 x 38 Years of Service = 950
PVFBy; = 950 x 12442 x Dy,/D, = 30,388

PVFB - ULss - AssetsaB

NC,, =

88

‘?snzﬁf
= 30,388 - 18,393 -0

[ Ny - N 55]

DSD
Since there were no gains or losses in 1988, the normal cost as of 1/1/89 is the same as 1/1/88, or
$1,288.

= 1,288

Answeri1s D.

Problem 7 - 11

Key Concept: Attained Age Normal is a frozen initial liability method with unfunded frozen
liability based on the traditional unit credit funding method.

Step [ Calculate the retirement and accrued benefits.
Benefit at retirement = 10 x 12 x 30 years of service = 3,600

Accrued Benefit at 1/1/91 = 10 x 12 x 20 years of service = 2,400
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Step II: Calculate unfunded liability under unit credit funding method.

3
D
65 . {12)
AL, = 2400 x [— dgs

50

(12)

{
5. ] - 2400 x | 342

| 320

] = 6,368

= 2400 x
D50

Step II: Calculate the temporary annuity.
To convert N2 to N, use the approximation

N, =N +4D,

11 11
N, = 3716 + 2—4 (320) = 3863 and N, = 849 + EYY (97) = 893

N, - N -
Temporary annuity = 30 6s . 3863 - 893 928125

D,, 320

Step IV: Calculate Present Value of Future Benefits.

D
PVFB, = 3600 x [—‘—5 J g2} = 9551

DSD

Step V: Calculate the Normal Cost.

NC,, = PVFB,, - (UAL,, + Assetsg,)
ﬁso:ﬁ'l

= 9551 - 6368 =343
9.28125

Answer is B.
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Problem 7 - 12
Step I: Calculate retirement benefit
Benefit = 35 x 41 years of service = 1,435
Step II: Calculate the Present Value of Future Benefits.
PVEB,, = 1,435 x 12402 x v! = 31,921

Step III: Calculate the Unfunded Accrued Liability.

UAL,, = (UALy, + NCy) (1.08) - Cyy - I,
= (12,818 + 1,296)(1.08) - 3,000 = 12,243

Step IV: Calculate the value of the Assets.

Assetsy, = Assetsy, (1.08) + 500 + 3,000
= (3,000) (1.08) + 500 + 3,000 = 6,740

Step V: Calculate the Nommal Cost.

NC. = PVFB-(UAL + Assets) _ 31,921 - (12,243 + 6,740) _ 1,247

o1 i 10.3719

Answer is A.

Alternative Solution: If there had been no experience gain or loss, the Normal Cost would have
remained $1,296. Since there was a $500 gain, the Normal Cost decreases by the gain, amortized
over future years.

500

NC,, = 1,296 -
417

J= 1,266 - 48 = 1,248
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Problem 7 - 13
This problem requires us to use the identity:

PVENC = PVFB - Assets - UL.

PVFB,, = (900)(12d5 v = 27,909

PVENG,, = (NC,,)dz) = (1,231)(11.335595) = 13,954

Substituting into the identity, -
13,954 = 27,909 - 10,000 - UAL,,
UAL,, = 3,955

Answer is B.

Problem 7 - 14
Key Concept: The initial unfunded liability determined using the Attained Age Normal cost

method is equal to the Accrued Liability determined using the Unit Credit cost
method.

Step I: Calculate the initial unfunded Iiability as of 1/1/93. Since the sole participant was hired on
1/1/92, there is only one year of past service, so the accrued benefit is $20 as of 1/1/93.

Unit Credit ALg; = (20)(12N{ZD,,)
= (20)(12)(N¢s - & Des)YDyo
= (240)(263,044 - (3 )(28,610))/101,241 = 592
Step II: Calculate the Normal Cost as of 1/1/93.
Monthly retirement benefit = (20)(17 years of service) = 340
PVFB,; = (Benefit)(12N{/D,,

= (340)(12)(Ns - 33 Ds)/Dyg
= (340)(12)(263,044 - (4 )(28,610))/101,241 = 10,072
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NCs; = (PVFBs, - Unit Credit ALy,
= (10,072 - 592)/[(Nyg - Ngs)/ D]
= (10,072 - 592)/[(1,238,268 - 263,044)/101,241 = 984
Step III: Calculate the Unfunded Accrued Liability as of 1/1/94.

UALg, = (ALg; - NCy,)(1.07) - Contriby;
= (592 + 984)(1.07) - 1,125 =561

Answer is B.

Problem 7 - 15
Step I: Calculate the Attained Age Normal Unfunded Liability.

Note that this is the Unit Credit Accrued Liability, which is just the present value of the accrued
benefit.

Unfunded Liability = (10)(10 years of service)(12)(5{ y(v*%)
=2,710

Step II: Calculate the Entry Age Normal Unfunded Liability.

Unfunded Liability = (10)(30 years of service)(12)(&02 }($1/55m7)
= 4,602

Step IIT: Calculate the difference between the unfunded liabilities.
Difference = 4,602 - 2,710 = 1,892

Answer is D.

Problem 7 - 16

Key Concept: The Normal Cost for 1997 will be equal to the Normal Cost in 1996 (increased by
the salary scale), reduced by an amortization of the investment gain.

StepI: Determine the average temporary annuity used in the 1/1/96 valuation.
Final Salary = (52,000)(1.04)!® = 105,342
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Note that final salary is the same in both the 1996 and 1997 valuations since there was no
experience gain or loss due to compensation. Since retirementis assumed to occur on 1/1/2016 (age
65), the final salary used will be i the 1/1/2015 valuation, 18 years from 1997.
Benefity, = (105,342)(.02)(31 years of service) == 65,312
PVFBy, = (65,312)(&49 )(v*")
= (65,312)(8.74)(.2584)
= 147,502
NCys = (PVFByg - Assetsg, - ULg Y ATAg
6,300 = (147,502 - 5,000 - 45,000)/ATA
ATAg = 15.4765

Step II: Determine the average temporary annuity to be used in the 1/1/97 valuation.

The formula for determining the current annuity from the prior year annuity (in the situation where
there are no preretirement decrements) is:

ATAy, = (ATAx -DI(A+)/(1+s)]
So,
ATA,, =(15.4765 - 1)(1.07/1.04) = 14.8941
Step III: Determine the decrease in Normal Cost as of 1/1/97 due to investment gain.
NCrgcrpase = Investment gain/ATA,;,
= 900/14.8941
= 60

Step IV: Determine the Normal Cost as of 1/1/97,

NCyy = (NCy6)(1.04) - NCppcrease
=(6,300)(1.04) - 60
= 6,492

Answer is A.
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Problem 7-16 (Alternative Solution)

Key Concept: The normal cost rate is constant each year provided there are no gains or losses. The
normal cost rate for 1997 will decrease from 1996 due to the investment gain.

Step I: Determine the 1996 normal cost rate.

The normal cost rate is equal to the normal cost as a percentage of salary. Since the salary increase
assumption was met for 1996, the 1996 salary was:

Salary,q = Salary,qe,/1.04 = 52,000/1.04 = 50,000
The normal cost rate for 1996 was:

NC%;1196 = NCyyyy6 / Salary; g
= 6,300/50,000
126

Step II: Determine the 1997 normal cost rate.

The normal cost rate decreased in 1997 by the ratio of the investment gain to the 1997 present value
of future salary.

PVES 197 = Salary 97 % iy where j = 1.07/1.04 - 1 = .028846
= 52,000 x 14.8887
=774,212
And,
NC%; 1597 = NC%106 = (900/PVFS, ;97
=.126 - (900/774,212)
= 1248
-Step I: Determine the 1997 normal cost.
NC197 = NC%,197 % Salary,gq,
=,1248 x 52,000
= 6,490

Answer is A.

514



Problem 7 - 17

Key Concept: The Unfunded Liability in the first vear of the Attained Age Normal method is equal
to the Unit Credit Accrued Liability.

Step I Calculate the Unfunded Liability as of 1/1/97.

In order to calculate the unfunded liability, it is necessary to find the values of 4{!? and D;;. These
can be determined from the given data.

a4 = [Ngs - (11/24)Dg; /Dy
= [868,052 - (11/24)(94,414)]/94,414
=38.74

5.35 - 5.35:3{;' = (5.65)(D65!D35) = 13.8278 = 12.8570 = (868,052!94,414)(94,414-;]:)35)
- D,, = 894,162

ULy, = (100 participants)(20)(5 years of service)(124(2 }D4s/D;s)
=110,742

Note: As an alternative the student can solve for Dy,/D;; and substitute into the final equation.
Step II: Calculate the Present Value of Future Normal Costs.
Each participant will have 35 years of service at retirement and currently has 5 years of service.
Therefore, each participant will have 30 years of future service. Since the Unfunded Liability is
based upon the 5 years of past service and zero assets, the Present Value of Future Normal Costs
should be equal to 6 times the Unfunded Liability.

PVFNCy,=ULy, x 6 = 110,742 x 6 = 664,452
Step III: Calculate the Normal Cost.

NCy; = PVFNCyy/dy5.mm = 664,452/12.8570 = 51,680

Answer is C.
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Chapter 8

Miscellaneous

8.1 Ancillary Benefits and Other Actuarial Topics

In this, the final section, are those problems given in Joint Board Actuaries examinations
that are not directly related to a specific Funding Method. Material could be extracted from such
subjects as ancillary benefits, investment analysis, actuarial equivalence of alternate forms of
distributions, employee contributions, cost of vesting and other areas of actuarial practice.
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8.2 Problems

Problem 8 - 1
Assumed interest rate: 7%
- Data for retired participant:
Age of retiree: x
Age of spouse: y :
Annual pension benefit: ~ $10,000 per year payable at the beginning of each year.
Form of payment: Life annuity for participant with 50% continued for life of
surviving spouse of participant.
Selected annuity values:
i, =8.157 d,=10.301 i, =7.281
8,,=7915 d,., = 10.059

In what range is the loss from mortality if both the retiree and spouse are alive at the end of the first
year?

(A)  Less than $1,350

(B)  $1,350 but less than $1,425
(C)  $1,425 but less than $1,500
(D)  $1,500 but less than $1,575
(E) $1,575 or more.

Problem 8 - 2

Early retirement eligibility: Age 55

Early retirement benefit: Accrued benefit reduced 5/12% per month for the first 60 months,
and 3/12% per month for each additional month, by which benefit

commencement precedes age 65.

A level-income option is available at early retirement under which the pension reduces at age 62
by the amount of the estimated social security benefit.
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The level income pension is "actuarially equivalent" to the normal pension. "Actuarial equivalence”
is based on the plan's early retirement factors.

Smith retires at age 58 with an accrued benefit of $450 per month, and elects the level-income
option. Smith's Social Security benefit commencing at age 62 is estimated at $300 per month.

In what range is Smith's monthly benefit at age 58?

(A)  Lessthan $540

(B)  $540 but less than $550
< $550 but less than $560
(D)  $560 but less than $570
(E)  $570 or more.

Problem 8 -3

Employee contributions: Previously required, but discontinued as of 12/31/84

Death or termination benefit: Employee contributionsplus interest at 5% are returned at the end of
the year of death or termination,

Assumed interest rate: 7%

Assurned retirement age: 65

Decrements other than deaths are assumed to occur at the end of the year.
Data for the sole participant as of 1/1/85:

Attained age: 40.
Accumulated employee contributions plus interest as of 1/1/85 : $1,000

Selected functions:
I I
Agex  (mortality only) {(all decrements)
39 1,093 855
40 1,091 842
41 1,088 830
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$K is the present value, as of 1/1/835, of the return of employee contributions with Interest for all
decrements other than death which occur during 1985. In what range is $K?

{A) Less than $11.00

(B) $11.00 but less than $11.25
(C) $11.25 but less than $11.50
(D) $11.50 but less than $11.75
(E) $11.75 or more.

Problem 8 -4

The actuarial value of assets is determined as the average of book value and market value.

You are given the following values:

Book Value Market Value

Value as of 1/1/84 $1,000,000 $ 800,000
Contribution paid at 7/1/84 100,000 160,000
Interest and dividends 100,000 100,000
Realized gains {losses) (50,000) (50,000)
Unrealized gains (losses) N/A 100,000
Value as 0f 12/31/84 $1,150,000 $1,050,000

In what range is the dollar-weighted rate of return on the actuarial value of assets during 1984?

(A) Less than 10.5%

(B) 10.5% but less than 11.0%

(C) 11.0% but less than 11.5%
. (D) 11.5% but less than 12.0%

(E) 12.0% or more.

Problem 8 -5
Data for sole participant as of 1/1/86:
Date of birth: 1/1/16.

- Spouse's date of birth: 1/1/16.
Status: Retired.
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Retirement Benefit:  $6,000 per year, payable anmually on 1/1 for life, with 100%
continued to surviving spouse. '

Selected values:
g =.050
H0=8.80 40 =06.11
4, =8.46 4.4 =5.83
Thé participant and his spouse are both alive on 1/1/87.
In what range is the mortality loss for 19867
(A)  Less than $1,600
(B)  $1,600 but less than $3,100
(C) 33,100 but less than $4,600

(D)  $4,600 but less than $6,100
(E)  $6,100 or more

Problem 8 - 6

Early retirement benefit: Actuarial equivalent of pension payable at normal retirement.
Pre-retirement death benefit: None.

Optional form of pension:  Life annuity with 120 months certain, on an actuarially equivalent
basis.

F(x) is the factor by which the amount of pension in the normal form commencing at age 65 must
be multiplied in order to obtain the amount of pension in the optional form commencing at age x.
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Which of the following correctly expresses F(55)?

(A) De,apy + N2
D NP

(B) Dy dfp +NUP  NEP
Des NG

(C) Dy alp +Ng@
Ns?

(D) D dfp +NP - NP
D il +NG N

®) NG
D&+

Problem 8 - 7

Normal retirement benefit:  $1,000 per year, payable annually for life at the beginning of the
year,

Assumed interest rate: 7%

Assumed retirement age: 65

It is assumed that there are no terminations prior to retirement, other than by death.

The sole participant is age 55 as of 1/1/86.

Selected values and commutation functions:

i dgs Dss Dss
3% 11.70 1,778 1,149
4% 10.82 1,045 613
5% 10.04 617 329
7% 8.74 219 96

Effective 1/1/86 the plan is amended to provide an automatic post-retirementadjustment which will
increase each annual payment by 3% of the preceding payment.
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In what range is the increase in the present value of future benefits as of 1/1/86 due to the
amendment?

(A) Less than $925

(B) $925 but less than $1,425
(C) $1,425 but less than $1,925
(D) $1,925 but less than $2,425
(E) $2,425 or more

Problem 8 - 8

_Date _Amount

Market values of fund: 1/1/87 $ 50,000

3/31/87 50,515

6/30/87 46,705

- 9/30/87 48,136

1/1/88 63,651

Benefits paid: 4/1/87 5,200

12/31/87 13,100

Contributions received: 10/1/87 20,000

12/31/87 2,700

In what range is the dollar-weighted rate of return for 1987?

(A) Lessthan 11.55%

(B)  11.55% but less than 11.85%
(C)  11.85% but less than 12.15%
(D)  12.15% but less than 12.45%
E) 12.45% or more
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Problem 8 - 9
Accrued Benefit: $15 per month for each year of service.
Vested Benefit: 25% of the accrued benefit for each year of service in excess of 6 years, to
a maximum of 100% of the accrued benefit.
Assumed Retirement Age: 65.
Actuarial Cost Method: Aggregate.
It is assumed that all terminations occur at the beginning of the year.
Data for sole participant as of 1/1/87:
Attained Age: 40  Ageat Hire: 35

gis the probability of an employee aged x terminating before age (x + 1) according to the service
table for active employees. [, is from the service table for active employees.

All commutation functions are based solely on mortality and interest.

Which of the following is the expression for the present value as of 1/1/87 of the participant's
benefits for vested termination before age 65?

44 64
(A)  (ISONUD =Dy} [25 2o g¥ (t- 35)(t - 40) + 2o ¥t - 35)]
=42 t=45

. 34 64
(B)  (180NU2 + Dy) [.25 2o g™ (t- 35)(t - 41) + Do g¥(t - 35)]

=42 =45

44 64
(©)  (I80N2 +D,p) [.25 2 g (t - 35Xt - 40)v0 + 2 g(t - 35) v40]

=42 =43

44 84
D) (180N /1,0) [.25 Do g(t - 35)(t - AOWL/Dr 2o (¢ - 35WU/D]
=42 t=45

=42

44 . 64
(E)  (I8ON2/L,0) [25 2o g¥(t - 35)(t - 41WU/Det X g(t - 35) w401/, |
=43
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Probiem 8 - 10

Early retirement age: 53
Basis for conversion between annuity forms: Actuarial equivalence.

The following changes in the assumptions for actuarial equivalence are being considered:

Iﬁterest: Increase from 6% to 8%.

Mortality: Change from the 1971 Group Annuity Mortality Table (Males) to the 1971
Group Annuity Mortality Table (Males) set back three years.

Consider the following statements regarding a participant aged 40.

L. If only the mortality assumptionis changed, early retirement benefits in the normal
form will increase.

1I. If only the interest assumption is changed, early retirement benefits in the normal
form will increase.

II.  If only the mortality assumption is changed, normal retirement benefits in the life
with ten year certain optional form will increase.

Which, if any, of these statements is (are) true?

(A) TandIIonly

(B) TandIll only

(C) IT and IIT only

(D) L, andIl

(E)  The correct answer is not given by (A), (B), (C), or (D) above.
Problem 8 - 11

Normal retirement benefit:  $1,000 each 1/1 until the retiree dies, then $300 to the surviving
spouse (if any) each 1/1 thereafter for life,

Participant data as of 1/1/86: 100 married retirees, all aged 65 with spouses aged 62.
Deaths during 1986: 3 retirees die, leaving their spouses alive and 2 spouses die leaving

the retirees alive,
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There were no new retirees during 1986.

»=9.230 gp.qs = 7.440
e, = 9.024 g6 = 7.205
des = 8.630

s = 8.409

In what range is the mortality gain for 1986?

(A)
(B)
©)
)
(E)

Less than $1,250

$1,250 but less than $2,500
$2,500 but less than $3,750
$3,750 but less than $5,000
$5,000 or more

Problem 8 - 12

Py = 985

Pss =980

Normal retirement benefit: $12,000 per year payable annually on 1/1.

Spouse's death benefit:

$6,000 per year payable annually commencing on the 1/1 following

the participant's death.

Assumed interest rate: 6%

Data for sole participant Smith:

Date of birth 1/1/22
Date of retirement 1/1/85
Spouse's date of birth 1/1727

Smith's spouse died on 7/1/87.

Selected unisex values:
85 =10.15 455 = 8.95
s, = 9.80 8¢5 = 8.60

Pep=.99 Pes = 98

Hgp.65 = 8.05

dg1.66 = 7.70
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In what range is the mortality gain for 1987 recognized as of 1/1/88?

(A)  Lessthan $10,000

(B)  $10,000 but less than $11,500
(C)  $11,500 but less than $13,000
(D)  $13,000 but less than $14,500
(E)  $14,500 or more

Problem 8 -13

Normal retirement benefit:  $600 per month for life, with $300 per month continuing to the
participant's surviving spouse for life.
Pre-retirement death benefit: None.

Actuarial assumptions:
Interest rate: 6%

~ Pre-retirement terminations other than deaths: None.
Retirement age: 63

Data for sole participant:
Date of birth 1/1/29
Spouse's date of birth 1/1/24

Selected probability and annuity values (based on a unisex mortality table and 6% interest):

Do = 0.80 12402 = 127 12442, = 94
Des = 0.87 12402 =112 12442, =79
12402 = 97

In what range is the present value of the normal retirement benefit as of 1/1/897

(A)  Less than $49,500

(B)  $49,500 but less than $52,000
(C)  $52,000 but less than $54,500
(D)  $54,500 but less than $57,000
(E)  $57,000 or more
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Problem 8 - 14
Normal retirement benefit: $15 per month for each year of service.

Early retirement benefit: Accrued benefit reduced by 6% for each year by which
commencement of payments precedes age 65.

Actuarial assumptions:

Interest rate: 6%
Pre-retirement deaths and terminations: None.

Retirement age:
Probability at Age x of
Agex Retiring at Age x
63 50%
64 20%
65 100%
Data for sole participant:
Date of birth 1/1/26
Date of hire 1/1/73

Selected annuity values:
409=9.80 #12=9.60 4l$=9.35
In what range is the present value of future benefits as of 1/1/897

(A}  Less than $24 800

(B)  $24,800 but less than $25,800
(C)  $25,800 but less than $26,800
(D)  $26,800 but less than $27,800
(E)  $27,800 or more
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Problem 8 - 15
Normal retirement benefit: $20 per month for each year of service.

Early retirement benefit: Accrued benefit reduced by 5% for each year by which
commencement of payments precedes age 65.

Pre-retirement death benefit: 50% of early retirement benefit payable monthly to the participant's
spouse for life.

Actuarial assumptions:

Interest rate: 6%

Pre-retirement death decrement: 2% at the beginning of each year.
Pre-retirement terminations other than deaths: None.

Retirement age: 65

Marital characteristics: 90% of participants are married at the time of death; spouses
are the same age as participants.

Data for sole participant:
Date of birth 1/1/26
Date of hire 1/1/59

Selected annuity values:
2 =985 92 =9.60 iD= 9.35
In what range is the present value of pre-retirement death benefits as of 1/1/897

(A)  Lessthan $1,135

(B)  $1,135 but less than $1,145
(C)  $1,145 but less than $1,155
(D)  $1,155 but less than $1,165
(E) $1.165 or more

Problem 8 - 16

Smith, age 60, is entitled to a pension payable under either Option A or Option B, which are
actuarially equivalent.
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Option A: A life annuity commencing immediately which pays (P + $500) per month for two
years, and P per month thereafter. .

Option B: A life annuity commencing immediately which pays $500 per month as long as
Smith and his spouse (also age 60) are both alive. Upon the death of Smith or his
spouse, the monthly payment is reduced to (3500 - .50 x P).
Selected commutation functions and annuity values:
Dy, = 147.804 4P =9.815
Dy, =125.296 ' 42 =9.394
g2 =8.094
In what range is P?
{A)  Lessthan $440
(B)  $440 but less than $540
(C)  $540 but less than $640
(D)  $640 but less than $740
()  $740 or more
Problem 8- 17

Normal retirement benefit: $1,000 per month.

Basis for conversion for early retirement and between optional forms of payment: Actuarial
equivalence.

Data for sole participant:

Date of birth 1/1/35
Date of retirement 1/1/90
Spouse's date of birth 1/1/38

Form of payment elected Monthly benefit for life, with 50% continuing to the
participant's surviving spouse for life.
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Selected commutation functions:

Age X Nx Nx:x-3
51 377 3,234
52 345 2,935
53 316 2,659
54 289 2,403
55 263 - 2,168
56 240 1,951
61 147 1,106
62 132 978
63 119 862
64 106 757
65 95 661
66 85 575

In what range is the spouse's monthly benefit if the participant dies first?

(A)  Less than $164

(B)  $164 but less than $165
(C)  $165 but less than $166
(D)  $166 but less than $167
(E) $167 or more

Problem 8§ - 18

A master trust contains the assets for Plans A, B, and C. Total investment income each year is
allocated to each plan in proportion to expected interest, using simple interest.
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Ti'ust values and transactions for 1989

Plan A

Value of assets as of 1/1/89 $100,000
Contributions for 1989:

3/31/89 20,000

6/30/89 20,000

9/30/89 20,000

12/31/89 20,000
Benefit payments for 1989:

6/30/89 10,000

12/31/89 10,000

Total investment income for 1989: $100,000

$60,000

40,000

40,000

15,000

In what range is the value of assets for Plan C as of 1/1/90?

(A)  Less than $320,750

(B)  $320,750 but less than $333,500
(C)  $333,500 but less than $346,250
(D)  $346,250 but less than $359,000

(E) $359,000 or more

Problem 8-19

Data for all retirees as of 1/1/90:

Smith
Age 60
Annual benefit $54,000
Status as of 12/31/90 Alive

Benefits are payable as of 1/1 of each year.

All deaths within a year are assumed to occur at the end of the year. |
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Brown

70
$24,000
Deceased

$0

100,000
0
0
200,000
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Selected probabilities of death and annuity values:

Age X Gx N
60 020 9.52
61 022 9.30
70 .040 7.28
71 044 7.00

In what range is the mortality experience gain for 1990 due to the two retirees?

(A)
(B)
©
(D)
(E)

Less than $140,000

$140,000 but less than $145,000
$145,000 but less than $150,000
$150,000 but less than $155,000
$155,000 or more

Problem 8 - 20

Normal retirement benefit: $2,500 per year, payable as of I/l of each year.
Normal form of payment: Annuity payable for the life of the retiree.

* For married participants, the plan provides for the following two optional forms of payment which
are actuarially equivalent to the normal form of payment.

Option A: Annuity payable for the life of the retiree. After the retiree's death, the surviving
spouse will receive an annual payment each 1/1 equal to 50% of the amount payable
to the retiree.

Option B: Annuity payable during the joint life of the retiree and the retiree's spouse. After
either's death, the survivor will receive an annual payment each 1/1 equal to 50%
of the amount payable during their joint lifetime.

Data for sole participant;

Date of birth . U126
Date of retirement 1/1/91
Spouse's date of birth - 11729
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Present value of future benefits as of 12/31/90: $26,000
Initial annual benefit under Option B: $2,376

Selected annuity value:
.00 = 9.42
In what range is the initial annual benefit under option A?
(A)  Less than $2,000
(B)  $2,000 but less than $2,100
(C)  $2,100 but less than $2,200
(D)  $2,200 but less than $2,300
(E)  $2,300 or more
Problem 8§ - 21

Assumed interest rate: 7% per year,
Age of sole retiree as of 1/1/90: 70

Retirement benefit: ~ $10,000 per year, payable as of 1/1 of each year for the life of th.e retiree.
Status of retiree as of 1/1/91: Alive,
Selected annuity value and life expectancies:
H3=7.326 e,=1380 e, =1325
In what range is the mortality experience loss for 1990 due to the retiree?
(A)  Less than $2,000
(B)  $2,000 but less than $2,300
(C) - $2,300 but less than $2,600

(D)  $2,600 but less than $2,900
(E)  $2,900 or more
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Problem 8 - 22

Preretirement death benefit: A lump sum payment of $5,000 for each year of service, payable at
the end of the year of death. A year of service is granted for the vear
of death regardless of when a participant dies in such year.

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement terminations other than deaths: None.
Retirement age: 65

Date for sole participant:
Date of birth 1/1/31
Date of hire 1/1/71
Status as of 1/1/91 Active

Selected commutation functions:

Agex D,
60 14,863
61 13,694
62 12,600
63 11,575
64 10,616
65 9,718
66 7,926

In what range is the present value of the future preretirement death benefits as of 1/1/917

(A)  Lessthan $7,600

B)  $7,600 but less than $7,700
) $7,700 but less than $7,800
(D)  $7,800 but less than $7,900
(E)  $7,900 or more
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Problem 8 - 23

Normal retirement benefit: $15 per month for each year of service up to 30 years.
Early retirement eligibility: Age 55.

Early retirement benefit:

Less than 30 years of service: Accrued benefit, reduced by 6% for each year by
which the benefit commencement date precedes the
normal retirement date.

30 or more years of service: Accrued benefit, unreduced for early commencement

of payments.
Actuarial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probability of retirement:

Less than 30 years service: 10% at beginning of each year.
30 or more years service: 40% at beginning of each year.
Age 65: 100%

Data for sole participant:
Date of birth 1/1/29
Date of hire 1/1/63

Status as of 1/1/91 Active

Selected commutation functions:

Age x D, N{2
62 3,704 34,796
63 3,403 31,230
64 3,121 27,956
65 2,857 24,956
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In what range is the present value of future benefits as of 1/1/91?

(A) Less than $39,100

(B)  $39,100 but less than $40,100
(C) 340,100 but less than $41,100
(D)  $41,100 but less than $42,100
(E)  $42,100 or more

Problem 8 - 24

Normal retirement benefit: $20 per month for each year of service.
Early retirement eligibility: Age 60.

Early retirement benefit: Accrued benefit, reduced by 1/15 for each year by which the benefit
commencement date precedes the normal retirement date.

Actuarial assumptions:
Interest rate: 7% per year.

Preretirement deaths and terminations: None.
Probability of retirement:

Age 62: 25%
Age 63: 50%
Age 64: 75%
Age 65: 100%
Data for sole participant:
Date of birth 1/1/30
Date of hire 1/1/80

Selected annuity values:
iP=918 #P=896

aP=874  #»=851
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In what range is the present value of future benefits as of 1/1/92?

(A)  Less than $22,000

B)  $22,000 but less than $23,000
(C)  $23,000 but less than $24,000
(D)  $24,000 but less than $25,000
(E)  $25,000 or more

Problem 8 - 25

Annual annuity: $10,000 payable each 1/1 for the life of retiree. Upon the death of the
retiree, $5,000 is payable each 1/1 to the surviving spouse.

Assumed interest rate: 7% per vear.
On 1/1/92, there are 100 retirees, all age 70. All are married with spouses age 67.
Mortality experience in 1992:

5 retirees die in 1992, and 3 of their spouses survive to 1/1/93.
95 retirees survive to 1/1/93, and 93 of their spouses survive to 1/1/93.

Selected annuity values:
ds;=8.74 7= 8.06 Hgp.70 = 6.51
gy = 8.52 4, =783
In what range is the experience gain or loss from mortality for 1992 as of 12/31/92?
(A)  Loss of $400,000 or more
(B)  Loss of $200,000 but less than $400,000
(C) 80 or loss of less than $200,000

(D)  Gain of more than $0 but less than $200,000
(E)  Gain of $200,000 or more
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Problem 8 - 26

Normal retirement benefit: $1,000 per month.
Normal form of payment: Life annuity with 5 years certain.

Actuarially equivalent optional forms of payment:

Option A: The initial monthly benefit is payable for 5 years certain and the remaining
lifetime of the participant, with 50% of the initial monthly benefit payable
for the surviving beneficiary's lifetime following the participant's death.
However, there is no reduction in the benefit paid to the surviving
beneficiary until the end of the 5-year certain period.

Option B: Same as Option A, except the percentage continuing to the surviving
beneficiary is 75%.

Initial monthly benefit under Option A: $840

In what range is the initial monthly benefit under Option B?
(A)  Lessthan $750
(B)  $750 but less than $760
(C)  $760 but less than $770

(D)  $770 but less than $780
(E)  $780 or more

Problem 8 - 27

Normal retirement benefit: $15 per month for each year of service.

Prerctirement death benefit: Lump sum equal to 100 times the monthly accrued benefit, payable
at the time of death.

Actuarial assumptions:
Interest rate: 7% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65
Deaths are assumed to occur at the beginning of each year.
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Data for sole participant:

Date of birth 1/1/30
Date of hire 1/1/60

Selected annuity value and probabilities of mortality:
Ai2=8.70 gg=.017 Ge; =019 ges = -021
In what range is the present value of future preretirement death benefits as of 1/1/927
(A)  Less than $2,500
B)  $2,500 but less than $2,600
(C)  $2,600 but less than $2,700
(D)  $2,700 but less than $2,800
(E)  $2,800 or more
Problem 8 - 28

Normal retirement benefit: $10,000 per year, payable on 1/1.

Form of payment: ~ Upon the death of the retiree, a reduced payment of $P will be payable on
1/1 of each subsequent year to the surviving spouse.

Assumed interest rate: 7% per year.

Valuation data for participant Smith:

Date of birth 1/1/23
Date of retirement 1/1/88
Spouse's date of birth 1/1/26

If Smith survives to 1/1/94, but Smith's spouse dies in 1993, the experience gain for 1993 due to
mortality will be $11,300.

If Smith dies in 1993, but Smith's spouse survives to 1/1/94, the experience gain for 1993 due to
mortality will be $K.

Selected annuity values:
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4, =8.287 Hg5=8.061 &, =7.603
8y, =7.368  Hgppp=6.056

In what range is $K?
(A)  Lessthan $23,000
(B)  $23,000 but less than $28,000
(C)  $28,000 but less than $33,000
(D)  $33,000 but less than $38,000
(E)  $38,000 or more

Problem 8 - 29

Type of plan:

Before 1993: Contributory.
After 1992: Noncontributory.

Preretirement death or termination benefits: Employee contributions with interest accumulated at
6% per year are returned at the end of the year of
death or termination.

Assumed interest rate; 6% per year.

Valuation data for sole participant:

Date of birth 1/1/32
Accumulated employee contributions .
with interest as of 12/31/92 $15,000

Retirements are assumed to occur at the beginning of the year.
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Selected commutation functions:

Agex

61
62
63
64
65

5 0
1,000 0.0
950 0.5
465 0.2
360 0.2
278 1.0

In what range is the present value of future preretirement death and termination benefits as of

1/1/937

(A)
(B)
©
(D)
(E)

Less than $1,200

$1,200 but less than $1,250
$1.250 but less than $1,300
$1,300 but less than $1,350
$1,350 or more

Problem 8 - 30

Consider the following actuarially equivalent benefit options available to a 58-year old retiring

employee:
L

iL

I

A monthly benefit of $4,000 for life.

A monthly benefit of $3,720 for life. Upon death of the retiree, the surviving spouse
will receive a monthly benefit of $1,860 for life.

A monthly benefit for life of $4,000 to age 62 and $3,500 thereafter. Upon death of
the retiree at any time, the surviving spouse will receive a monthly benefit of $K for

life.

Selected factor:

NUD /N = 6867
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in what range is $K?
(A)  Less than $2,000
(B)  $2,000 but less than $2,400
(C)  $2,400 but less than $2,800
(D)  $2,800 but less than $3,200
(E) $3,200 or more

Problem 8 - 31

Retirement benefit:  $20,000 payableeach 1/1 during the lifetime of the participant, with $10,000
' payable each 1/1 afier the participant's death to the surviving spouse.

Date of birth for sole participant Smith (retired): 1/1/23
Date of birth of Smith's spouse: 1/1/28
Smith's spouse dies during 1993.

Selected annuity values and probabilities of survival:

figs = 10.00 B =9.80  pgs=.9735
i, = 9.00 figsro=8.00  prp=.9636
4, = 8.80

In what range is the net mortality gain during 1993 as of 1/1/94?
{A)  Lessthan $14,000
(B)  $14,000 but less than $15,000
(C)  $15,000 but less than $16,000

(D)  $16,000 but less than $17,000
(E)  $17,000 or more

Problem 8§ - 32
Normal retirement benefit: $10 per month for each year of service.
Early retirement eligibility: Age 60.
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Early retirement benefit:

Accrued benefit, reduced by 3% for each year by which the benefit

commencement date precedes the normal retirement date.

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probability of retirement (retirements are assumed to occur at beginning of year):

Valuation data for sole participant (active as of 1/1/94);

Age x
60 20%
. 61 20%
62 50%
63 0%
64 0%
65 100%

Date of birth 1/1/44
Date of hire 1/1/84

Selected annuity values:

a9=93815 a2 =9.394

2= 9.607 a9=9178

a2 =8.958

42 = 8.736

In what rahge is the present value of future benefits as of 1/1/942

(A)
(B)
©)
)
E)

Less than $9,000

$9,000 but less than $10,000
$10,000 but less than $11,000
$11,000 but less than $12.000
$12,000 or more
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Problem 8 - 33

Normal retirement benefit: 2% of final year's compensation for each year of service.
Early refirement eligibility: Age 55.

Early retirernent benefit: Accrued benefit, reduced by 5% for each year by which the benefit

commencement date precedes the normal retirement date.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Preretirement deaths and terminations: None.

Probabilities of retirement (assumed to occur at beginning of year):

At age 62 23%
Atage 63 50%
Atage 64 75%
Atage 65 100%

Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/33

Date of hire 1/1/75

1994 compensation $50,000
Selected annuity values:

=918 412 =874

il =8.96 a2 = 8.51

In what range is the present value of future benefits as of 1/1/957

(A)
(B)
©
(D)
)

Less than $155,000

$155,000 but less than $165,000
$165,000 but less than $175,000
$175,000 but less than $185,000
$185,000 or more
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Problem 8 - 34
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the benefit
commencement date precedes the normal retirement date.

All optional forms of payment are actuarially equivalent to the normal form of payment.

Valuation data for participant Smith:

Date of birth 1/1/36
Date of hire 1/1/72
Date of retirement 12/31/95
Date of benefit commencement 1/1/96

Smith originally elected an optional form of payment under which, for each $100 of monthly early
retirement single life annuity benefit, he will receive a monthly benefit of $80 for his lifetime with
one-half of this amount continuing after his death to his surviving spouse for her remaining lifetime.

Under an early retirement program, Smith's retirement benefits are enhanced by determining his
- normal and early retirement benefits with his service increased by one year, and his early retirement
benefits reduced now by 3 % for each year by which commencement of payments precedes age 63.

Due to the early retirement program, Smith revises his election to an optional form of payment
under which he will receive a monthly benefit of $80 for his lifetime with X% of this amount
continuing afier his death to his surviving spouse for her remaining lifetime.

In what range is the value of X%?

(A) Lessthan 75%

(B)  75% but less than 81%
(C)  81% but less than 87%
(D)  87% but less than 93%
(E) 93% or more
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Problem 8 - 35
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.

Postponed retirement benefit: Greater of (a) the normal retirement benefit determined as of
the date of postponed retirement based on compensation and
service up to the date of postponed retirement, or (b) the
actuarial equivalent of the normal retirement benefit

determined at age 65.

Normal form of payment: Life annuity.
Optional form of payment
for married participants: Joint and 100% survivor annuity which is actuarially

equivalent to the normal form of payment.

Preretirement death benefit: None.
Data for participant Smith (active as of 12/31/94):

Date of birth 1/1/29
Date of hire 1/1/64
Date of retirement 1/1/95
Spouse's date of birth 1/1/29
Annual compensation:

1991 $30,000

1992 - 42,000

1993 45,000

1994 32,000

Selected commutation functions and annuity values:

Agex D, N(2)

65 94,414 824,779

&6 86,246 734,109
aD;=65  a@2=6.3
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In what range is Smith's annual benefit under the joint and 100% survivor annuity option?

(A)  Lessthan $20,000

(B)  $20,000 but less than $21,000
(C)  $21,000 but less than $22,000
(D)  $22,000 but less than $23,000
(E)  $23,000 or more

Problem 8 - 36
Age of retiree and spouse at date of retirement: 60.
Actuarially-equivalent annuity options available to retiree and spouse:

Option A: Monthly benefit of ($1,000 + $X} for first 5 years of lifetime of retiree, and
monthly benefit of $X for remaining lifetime of retiree.

Option B: Monthly benefit of $1,000 for joint lifetime of retiree and spouse, and
monthly benefit of (§1,000 - $X) for remaining lifetime of survivor after the
first death. '

Selected commutation functions and annuity values:

Dy, = 144,405 5 =9.815 A2, = 8.094
D = 94,414 402 = 8.736
In what range is $X?

(A}  Lessthan $500

(B)  $500 but less than $600
(C)  $600 but less than $700
(D)  $700 but less than $800
(E) 3800 or more
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Problem 8 - 37
Assumed interest rate: 7% per year.

Valuation data for all retired participants as of 1/1/95:

Smith Brown Green
Date of birth 1/1/35 1/1/30 1/1/25
Monthly benefit $4,000 $5,000 $6,000

(life annuity)
Brown died on 12/31/95. There were no other deaths or new retired participants during 1995.

Selected annuity values:

x #»
60 9.81
61  9.60
65  8.74
66 8.51
70 7.60
71 7.37

In what range is the experience gain during 1995 due to mortality for retired participants?
(A)  Less than $470,000
(B)  $470,000 but less than $475,000
(C)  $475,000 but less than $480,000

(D)  $480,000 but less than $485,000
(E)  $485,000 or more

Problem 8 - 38
Assumed interest rate: 7% per year.

Data as of 1/1/96 for a retiree:

Age of retiree: X.
Age of spouse: y.
Annual benefit: $10,000 payable each 1/1.
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Form of payment:  Life annuity for the retiree, with 50% continuing for the life of the
spouse if the retiree dies first.

Selected annuity values:
i =8.157 i, =10.301 i, = 7.281
8. =7915 . =10.059

In what range is the experience loss during 1996 due to mortality if both the retiree and the spouse
are still alive as of 12/31/967

(A)  Lessthan $1,350

(B)  $1,350 but less than $1,425

(C)  $1,425 but less than $1,500

(D) $1,500 but less than $1,575

(E)  $1,575 or more
Problem 8 - 39
Normal retirement benefit:  $1,000 per month.
Nommnal form of payment:  Life annuity.

Optional form of payment:  Joint and 100% survivor benefit equal to 88% of life annuity benefit.

Assumed form of payment: Life annuity.

Data for Smith:
Date of birth 1/1/32
Spouse’s date of birth 1/1/37

Date of retirement 1/1/97
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Selected annuity values:

X 502

60 9.8150

65 8.7358

X y ﬁ(JZ} + ﬁ{;ﬁ - ﬁ(,:)lf)
63 60 11.1165

65 65 10.5755

In what range is the experience loss as of 1/1/97 due to Smith’s election of the optional form of
payment?

(A)  Less than $12,700

(B)  $12,700 but less than $12,900

(C)  $12,900 but less than $13,100

(D)  $13,100 but less than $13,300
(E)  $13,300 or more

Problem 8 - 40
Normal retirement benefit:  $1,500 per month.
Normal form of payment:  Life annuity.
Actuarially-equivalen_t optional form of payment available to married participants:
Annuity certain of $X per month for the first 120 months, plus, after 120 months, an annui.ty
of $X per month for life of participant and $X/2 per month for life of spouse if participant
dies first.
Actuarial assumptions:
‘Interest rate: 7% per year.

Preretirement terminations other than deaths: None. |
Retirement age: 65.
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Date of birth of Smith: 11732
Date of birth of Smith’s spouse: 1/1/32

Selected commutation functions and annuity values on the valuation basis:

X D, N
65 965 8,872
75 344 2,379

H9=729 AP =874 A, =690 D =642 &2, =4.60
Smith retires on 1/1/97 and elects the optional form of payment for married participants.
In what range is $X for Smith?

(A)  Lessthan $1,225

(B)  $1,225 but less than $1,250

(C)  $1,250 but less than $1,275

(D)  $1,275 but less than $1,300

(E)  $1,300 or more
Problem 8 - 41

Retirement benefit:

$500 per month, reduced by 1/15 for each of the first 5 years and by 1/30 for each of the
next 5 years by which benefits commence before age 65.

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement decrements:  None.
Retirement age: 63.

Effective 1/1/97, two participants aged 56 and 63 retire and elect to commence receiving benefits
immediately.
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Selected annuity values:

1 5(12)

56  10.5993
63 9.1775
65 8.7358

In what range is the increase in the present value of benefits as of 1/1/97 due to the retirements?

(A)  Less than $6,000
(B)  $6,000 but less than $7,000
(Cy  $7,000 but less than $8,000
(D)  $8,000 but less than $9,000
(E)  $9,000 or more
Problem 8 - 42
Normal retirement benefit:  $500 per month.
Normal form of payment:  Life annuity.
Optional form of payment:

(A)  Lump sum of $60,000.

(B}  $400 per month for life of spouse, and $500 per month for life of retiree if spouse
dies first.

(C)  $K/12 per month for life of retiree, and $K/24 per month for life of spouse if retiree
dies first.

Each optional form of payment is actuanially equivalent to the normal form of payment.
Actuarial equivalence is based on unisex mortality.

The retiree and the spouse are the same age.
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In what range is $K?

(A)
(B)
©
(D)
(E)

Less than $4,200

$4,200 but less than $4,600
$4,600 but less than $5,000
$5,000 but less than $5,400
$5,400 or more
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8.3 Solutions to Problems

Problem 8-1

Key Concept: The mortality loss (it must be a loss because both individuals survived) is the
difference between the actual present value of future benefits and the expected
present value of future benefits.

The following formulae are used:

PVFB, = (Ben)[4, + 1/2(4, -4,)]and
ePVFB, = (PVFB,+ NC)(1 + {) - (Payments) - [

Step I: Determine the expected Accrued Liability at the end of the first year.

PVFB, = (Ben)[&, + (1/2)(d, - &,)]
= 10,000[8.157 + (1/2)(10.301 - 7.281)]
= 10,000(8.157 + 1.510) = 96,670

ePVFB, = (PVFB, + NC)(1 +{) - Payments - [
= (96,670 + 0)(1.07) - 10,000 - 700
= 103,437 - 10,700 = 92,737

Step II: Determine the actual Present Value of Future Benefits at the end of the first year.
However, since we are not given a value for 4,,,..,, , it must be calculated as shown below.

In general:
VP Xy = By- 1 -
or o= (8- D1+ 5+ iy

hence = (t- 1)(1.07) * iy,
=(8.157 - 1)(1.07) + 7.915 = .9675

and py, =(10.301 - 1)(1.07) ~ 10.059 = .9894

also  Hyppn = @y - D07+ (20,)
=(7.281 - 1)(1.07) + (.9675)(.9894) = 7.0208
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The Present Value of Future Benefits may now be calculated.

PVFB = Benefit{4,.; + 1/2(,; - Auryer)]
=10,000[7.915 + 1/2(10.059 - 7.0208)]
=10,000(7.915 + 1.5191) = 94,341

Loss = PVFB - ePVFB
=04341-92737=1,604

Answer is E.

Problem 8 - 2
Key Concept: The key to the solution of a problem involving the "level-income option” lies in the
recognition that Actuarial Equivalence means that Present Value of the Early
Retirement Benefit is equal to (i) Present value of the "level-income” payment less
(ii) the Present Value of the Social Security Benefit.
In this problem:
(ERBg5 )(d57) = (LIBsg)(&55) - (Soc. Sec. Benefit) (a7 YDy, / Dsy)

where  ERB = Early Retirement Benefit at age 58
LIB = Level Income Benefit equal to the total pension and Social Secunty

Step I Calculate the Early Retirement Benefit.

Accrued Benefit $450
Reduction for years 1 through 5 25%
Reduction for years 6 and 7 6%
Total reduction 31%

Early Retirement Benefit 450 - (31%)(450)=310.50
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Step II: Determine the Level income payment.
(ERBsp)(a47) = (LIBp) (452 ) - (Social Security Benefit)(d43’ )(Ds, /D)
and (LIBs3)(839) = (ERBy (349 ) + (Social Security Benefit)(a33 YD, /Dss)
(LIB,;) = ERB,; + (Social Security Benefit)[(842 D,) + (897 Dss))
= 310.50 + 300[(&(% Dy,) +(&52 Ds3)]
=310.50 + 300(N{?/ N{2)

Key Concept: The problem becomes one of determining the factors to be applied to the Social
Security Benefit. If the values for N{Pand N{? were given, this would be a simple
matter. Since they are not given, we must adopt a different approach. The problem
states that "actuarial equivalence” is based on the plan's early retirement factors.
With this information, we can compute the missing factors, N§? and N2

If  U2=100%, then NUJ/N{P= 100 - 3(.05) = 85%
and N/ NE =100-25-6=69%
Factor =N{2/N{® =69+ 85

Our equation can now be stated:

LIB,, = 310.50 + 300(69/85)
=310.50 + 243.53 = 554.03

Answer is C.

Problem 8 - 3
Key Concepts: (1)  The present value of the return of employee contributions is based upon the
probability of a "returning event” times the amount to be returned, all

discounted to its present value.

(2)  The value for all decrements other than death is equal to the value for all
decrements, minus the value for occurrence of death.

(3) Note that the refund is made at the end of the year of death or termination.
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Step I: Determine the Present Value of the return for all causes.
(a) Probability of decrement = (4§ - AP)/ I
= (842 - 830) ~ 842
=12+ 842

(b) Amount to be returned = 1,000 x 1.05 = 1,050
(Interest credited to date of payment)

(c) Present value = (1,050)(12 + 842)(1.07)" = 13.99
Step II: Determine Present Value of retumn from death only.

(a)  Probability of death ={F-I'§)/I'"Y
=(1,091 - 1,088) + 1,091 =3 + 1,091

(b) Present Value = (1,050)(3 + 1,091)(1.07)! =2.70
Step III: Calculate the difference.

Present Value of return of Employee contributions plus interest for decrements other than
death:

PV(Refunds) = 13.99 -2.70 = 11.29

Answeris C.-

357



Problem 8 - 4

Key Concepts:

(D

The dollar-weighted rate of return for a fund, if one assumes all
principal cash flows occur uniformly during the year (1.e. on the

average at mid-year), can be written as:

i=21+(Ag+A-])

For this case, the only principal cash flow (the contribution) was made at

mid-year.

(2)  This problem calls for the rate of return on the actuarial value of assets

which is the average of book and market values.
Step I: Determine the actuarial value.
At the beginning of the year:
Ay = (1,000,000 + 800,000) + 2 = 900,000
At the end of the year:
A; =(1,150,000 + 1,050,000) + 2 = 1,100,000
Step II: Determine investment earnings on actuarial value.

I=A, - A, - Contribution + Benefits
= 1,100,000 - 900,000 - 100,000 + 0 = 100,000

Step I1I: Determine the rate of return.
i=2I+(Ap+A -1
= 200,000 + (900,000 + 1,100,000 - 100,000)
= 200,000 = 1,900,000 = .1053 = 10.53%

Answer is B.

Problem 8 - 4 (Alternative solution)

The more general method of detexmini.ng a dollar-weighted rate of return is to divide the
investment return by the time-weighted principal balance and cash flows.
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In this case, A and I are determined as above. The time-weighted principal (which can be
thought of as an "average balance" during the year) is calculated. :

Ag x 1 year = 900,000 x 1 900,000
C x 1/2 year = 100,000 x ‘% +50,000
Total = Average principal balance - 956,000

i =1 + average principal balance = 100,000 + 950,000 = 10.53%

Problem 8 - 5

Key Concept: As in all problems involving experience gains or losses, the comparison of actual
Accrued Liability to the expected Accrued Liability must be made. (Refer to
problem 8-1 which is similar.)

Step I: Compute Accrued Liability as of 1/1/86 and 1/1/87.

Al g = (Benefit)[dy, + (Hy - dy0.70)]
= (6,000)[8.80 + (8.80 - 6.11)] = 68,940

AL, = (6,000) x [8.46 + (8.46 - 5.83)] = 66,540
Step II: Determine the expected Accrued Liability as of 1/1/87.
eAlg =(ALy + NCq)(1 + 1) - (BP - Igp)

where BP represents Benefit Payments and Iy, represents interest on benefit
payments.

All of the terms are known except the assumed interest return which we can calculate from the
formula:

VPl = 8y -
v(1 -.05)(8.46)=8.80-1

v =(7.80) + [(.95)(8.46)]
—7.80 + 8.037

and (1 +#)=8.037 + 7.80 = 1.03038
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eAL,, = (68,940 + 0)(1.03038) - (6,000 + 182)
= 71,034 - 6,182 = 64,852

Step III: Determine mortality loss.

Loss = ALy - eALy;
= 66,540 - 64,852 = 1,688

Answer is B.

Problem 8 - 5 (Alternative Solution)

Key Concept: The Expected Accrued Liability is calculated as the probability-weightedsum of the
Accrued Liabilities which would result under each of the possible combinations of
survival or death of the participant and spouse. These probability combinations are:

{A) Probability of both participant and spouse living;
(B) Probability of participant living and spouse dying;
{C) Probability of participant dying and spouse living:
(D) Probability of both participant and spouse dying.
Each combination may be calculated as follows:
(A (4 =4, + 8y -8y, =846+846-583=11.09
(L)) Emn) = (95)(.95)(11.09) = 10.0087

(B) (P g )(Eg) = (95X.05)(8.46) = 0.4019

(C)  (gE)Es) = (.05).95)8.46) = 0.4019

@) (@)g)0) =00

Total probability of all events A through D = 10.8125.
Therefore, the Accrued Liability = 6000 x 11.09 = 66,540
The expected Accrued Liability = 10.8125 x 6,000 = 64,875
Actuarial Loss = 66,540 - 64,875 = 1,665
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Problem 8 - 6

Key Concept: Expressions can be written for present value of benefit under the normal form as
well as the optional form. Since actuarial equivalence is required, the expressions
can be equated and reduced in form.

Using the principles of actuarial equivalence:

P,(55) x N¢2/Dys = Py(55) x [543 + N¢P /Dy

Therefore, P,(55)/P,(55) =N{2 /Dy, + [a(llél) + N2 fDﬁ]

= (NP /Dys) +| 44 Doy * NP |
DSS
= N@
&} Dy + N
Answer is E.
Problem 8 -7

Key Concept: The only variable affected by the plan amendment is #;. By adopting the
postretirement adjustment of 3%, the adjusted &, is equal to &; calculated using
an interest return of 1.07 / 1.03.
Step I: Calculate the Present Value of Future Benefits prior to the plan amendment.
PVFB = (Ben)(#:)(Dgs + Ds;)
= (1,000)(8.74)(96 ~ 219) = 3,831
Step I1: Calculate the Present Value of Future Benefits after the plan amendment.

For interest only at 7%:

figs = 2 (1.07)"
. n=0
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With interest at 7% and annual adjustment of 3%:

fs = E (1.07)" (1.03)" = 2 (1.0388)"
n=0 =0
By interpolation, we can calculate a value for ;.5 gg0,°

Hgs.30, = 11.70

Hgs:388% = 7
fig, = 10.82
From which 8¢5 gg0, = 10.92
Step III: Present Value of Future Benefits after amendment can now be calculated.
PVFB = (1,000)(10.92)(96 ~ 219) = 4,787
and the difference is 4,787 - 3,831 = 956.

Answer is B.

Problem 8 - 8
Step I Determine the amount of interest earned during 1987.
I =(Value at 1/1/88) - Contribution + Distributions - (Value at 1/1/87)
= 63,651 - 22,700 + 15,300 - 50,000 = 6,251

Step II: Let i equal the rate of return. Set up the equation of principal multiplied by interest
prorated over each quarter.

6,251 = 50,000 - (5,2004)(3/4) + (20,0009)(1/4)
6,251 = 50,000i - 3,900i + 5,000i
6,251 = 51,100i

i=12.23%

Answer is D.
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Problem8-9
Key Concept: This problem is réally an exercise in manipulation of actuarial symbols. The
Present Value of Accrued Benefit at age 42 must be calculated, then discounted to
age 40; then, follow the same procedure for. age 43, 44, and so on.
Consider age 42 only:
Acérued Benefit = (15 x 12 months x 7 years) = 180 x 7
PV Accrued Benefit at age 42 = (180 x 7) x (N{2' /D,,)
Vested Accrued Ben at age 42 = .25(180 x 7) x N /Dy,)
= (180NED /Dp)(:25)7)(1)
This expression can be discounted to age 40 as foliows:
PVAB,, (age 40) = g%, (l;;+ L) (P)(180NY2 /D ,,)(.25)(7X1)
~(180N$? / 1o} 25)(g5 )X TN(D(P) i/ Do)
It's beginning to look a lot like answer E.
In a similar way, we can discount the Present Value of Accrued Benefit at age 43 back to age 40:
PVAB,; (age 40) = (180N{2 / LW (.25)(g:) 82X v (U43/Diys)
and PVAB,,(age 40) = (180NL? / L)(25X )G )(1/Dys)

By summing all three and using summation symbols, the expression becomes:

44

PV Vested Accrued Benefit = (180N{2 / 1,))[.25 ;2 g (t-35)(t-4 1)) (1/D)]

This is the first term of E.

It is a relatively easy problem to show that the second term of E is the Present Value at age 40 for
the vested termination benefits for those years when the sole participant is fuily vested.

Answeris E.
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Problem 8 - 9 (Alternative solution)

Not many students in a test situation would work out a detailed proof as presented above. When
faced with a problem of this kind, it would be wiser to seek methods to eliminate answers that are
patently false. Some, though by no means all, of the possibilitiesto accomplish this are as follows:

(180NY? /D,,) implies that benefits are valued at age 40 via mortality and interest only.
Hence, formulas A, B, C are probably incorrect.

It should be apparent after some thought that the first term of each answer pertains to those
years of partial vesting and the second term to those years of full vesting. The second term of A and
- B is discounting the full vesting years on mortality only. Hence, A and B can be eliminated on this
count.

It should also be apparent that (t - 40) and/or (t - 41) pertain to the years of partial vesting.
Since vesting does not begin until age 42, those answers involving (t - 40) can be eliminated. These
are A, Cand D. '

Finally, since we have eliminated all answers except E, review that answer and verify that
all components match the problem's conditions.

Problem 8 - 10

Key Concept: Actuarial equivalence for early retirement may be expressed as (N /N, ) where er
represents early retirement age and nr represents normal age. This can be
demonstrated as follows:

PV of Accrued Benefit at age er = AB(N, /D )(D,./D.,)
= AB(N,/D.,)

If actuarially equivalent:

Ben=AB(N,/D.,)/ (N/D)
=AB (N/N,)

Assume a Normal Retirement Age of 65 and early Retirement Age of 64, We can do this
without any loss of generality since, if our argument holds for age 64, it will hold for age 63, 62 and
so on. :

Actuarial equivalence = Ng; /Ng,
Ngs/Ngy = Ngs/(Ngs + Dy,)
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Divide numerator and denominator by N

=1+[1 + Dy / Nes]
=1=+[1+1/ag]

Now consider statement I. If mortality is set back three years, a;; will increase and the entire
expression will increase. Therefore Statement I is true.

Consider Statement II. If the interest assumption is increased, ags will decrease and the entire
expression will decrease. Therefore statement II is false. :

Consider Statement III. For the purpose of our argument, the only difference between a life only
benefit and a ten year certain and life optional form is the addition of the factor &y. Therefore, if
statement I is true, statement I11 is true.

Answer 1s B.

Problem 8 -~ 10 (Alternative solution):

The problem is more easily dealt with intuitively rather than by mathematical proof as done
in the previous solution.

The change in mortality assumption of setting ages back three years operates to increase the
number of lifetime payments commencing at any age. In other words, an age 65 retiree will expect
fewer payments under 1971 GAM than under 1971 GAM set back three years. Statement I is true.

The change in interest rate from 6% to 8% operates to make the Early Retirement payments
relatively more valuable. At 6%, the payment (ignoring mortality)ten years after retirement is 34%
more valuable than the payment 15 years after retirement. At 8%, the ten year payment is worth
47% more than the 15 year payment. Statement II is false.

Following the logic to show that Statement I is true, a decrease in mortality rates tends to
(relatively speaking) stretch the payment stream over a longer period of time. An increase in
interest rates tends to compress the payment stream. Statement I1I is true.

Answer 1s B.
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Problem 8 - 11

Key Concept: As in most problems involving gains or losses, it is necessary to compare the actual
accrued liability with the expected accrued hiability.

In this problem, the expected accrued llablhty is developed based upon the sum of
the probabilities that:

1. Both employee and spouse live for one year;
2. Employee lives and spouse dies during year;
3. Employee dies during year and spouse lives;
4, Both die during year. '

The actual accrued liability is the sum of accrued liabilities based upon (1) both
living, (2) employee only lives, and (3) spouse only lives.

Step I: Expected Accrued Liability based upon condition that both live.

eAL = (e X(Pss)lgs + (1/2)(8g; - Hg3.66)1(1,000)
= (.985)(.980)[8.409 + (1/2)(9.024 - 7.205))(1,000) = 8,995.15

Step II: Expected Accrued Liability based upon condition that employee lives and spouse dies.

eAL = (Pes)(ge)(66)(1,000)
= (.980)(.015)(8.409)(1,000) = 123.61

Step III: Expected Accrued Liability based upon condition that employee dies and spouse lives.

eAL = (ges) (P )86, )(500)
= (.020){.985)(5.024))(500) = 88.89

eAL = 8,995.15 + 123.61 + 88.89 = 9,207.65
(for one employee/spouse)

eAL =9,207.65 x 100 (for 100 employees and spouses) = 920,765

Step IV: Actual Accrued Liability for 95 couples who both live.

AL = (95 couples)[#ige + (1/2)(8s; - 8es.66)1(1,000)
= (95)[8.409 + (1/2)(9.024 - 7.205)](1,000) = 885,258
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Step V: Actual Accrued Liability for 2 employees who survive spouses.

AL = (2 retirees)(d,,)(1,000)
= (2)(8.409)(1,000) = 16,818

Step VI: Actual Accrued Liability for three spouses who survive retirees.

AL = (3 spouses)(#;)(500)
= (3)(9.024)(500) == 13,536

Step VII: Calculate total Accrued Liability and gain/loss.

Total Accrued Liability = 885,258 + 16,818 + 13,536 = 915,612
~ Gain = 920,765 - 915,612 = 5,153

Answer is E.

Problem § - 12

Key Concepts: (1)  Accrued Liability under a 50% Joint and Survivor Annuity is
determined by the formula:

AL = (Benefit)[4, + (50%)(4, - &,)]

(2)  The expected Accrued Liability in the following year is determined
by applying a factor (explained below) made up of interest and
probability of living.

Step I: Determine Accrued Liability at 1/1/87. From the above formula:

ALy = (12,000){(4 65} + (50%)(dg, - ﬁm;es)]
= (12,000)[(8.95) + (50%)(10.15 - 8.05)]
={12,000)(10.00)=120,000

Step II: Determine expected Accrued Liability at 1/1/88. The expected Accrued Liability at 1/1/88
is calculated by applying a commutation factor of interest and probabilities of the occurrence of all
possible events.

Case 1: Assume both live =6 X Py X Pgs

=6x.99x.98=75.8212
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Case 2: Assume Smith lives, spouse dies =6 X pes X (1 - Pgo)
=6 x .98 x (1 -.99)=.0588

Case 3: Assume Smith dies and spouse lives. Since spouse receives only half the benefit,
the factor is only one half;
= (.5)[6 % peo % (1 - pgs)]
=(.5)[6 x .99 x (1 - 98)] =.0594
Factor to be used is 5.8212 + .0588 + .0594 = 59394

eALg = (ALg, - payments)(1 +.059394)
= (120,000 - 12,000)(1.059394) = 114,415

Step III: Determine actual Accrued Liability at 1/1/88.

ALgq = (payment)(és,)
= (12,000)(8.60) = 103,200

Step IV: Determine Mortality gain.
Gain = eAL - AL
= 114,415 - 103,200 = 11,215
Answer is B.

Problem 8 - 12 (Alternative solution)

Step II: Prospective method. If both Smith and his spouse live, the accrued liability on 1/1/38
would egual:

12,0008, + 6,004, - 6,004,

To determine the expected Accrued Liability, simply multiply each annuity due by the probability
that the individuals live from 1/1/87 to 1/1/88. Therefore, the expected accrued liability is:
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eAL = (12,000)(Es)(Pss) + (6,000)(61)(Pso) - (6,000)(Eg1.66)(Peclss)
= (12,000)(8.60)(.98) + (6,000)(9.80)(.99) - (6,000)(7.70)(.99)(.98)
= 101,136 + 58,212 - 44,823 = 114,525
Mortality gain = 114,525 - 103,200 = 11,325
Answer is still in range of B. Difference due to rounding.
Problem § - 13
Key Concept: The participant will reach retirement age in 5 years. In determining the present
value of the retirement benefit, the life annuity portion of the benefit is only payable
if the participant survives to retirement, and the survivor portion of the benefit is
only payable if both the participant and the spouse survive to retirement.
PVFB;, = Present value of life annuity + present value of survivor annuity.

= [spsovs x 12 x 600‘5‘-&152)“ [spﬁo:ssvs x 12 x 300(55':12)_52132:;0)]

= [per’ * 12857 x 6001+ pv° *x 30001245 -12457 )]
= 46,176+3,228 = 49,404
Note that 0.6 = Pe0 X Pss = 10060
and P = P + Pes = -8/.87 = 91954

Answeris A.

Problem 8 - 14

Key Concept: The total Present Value of Future Benefits is équal to the sum of the Present Value
of Future Benefits at each possible retirement age multiplied by the probability of
retirement at that age.

StepI: Calculate the Present Value of Future Benefits if retirement occurs at age 63.

Accrued Benefit at age 63 = 15 x 16 Years of Service x (1 - (.06)(2)) = 211.20

PVFB,; = (211.2)(12)(&2) = 24,837
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Step II: Calculate PVFB if retirement occurs at age 64.
Accrued Benefit at age 64 = 15 x 17 Years of Service x (1 - .06) =239.70
PVFB,, = (239.70)(12)EIP)(v) = 26,050
Step III: Calculate PVFB if retirement occurs at age 65.
Accrued Benefit at 65 = 15 x 18 Years of Service = 270.00
PVFBy; = (270)(12)(E2)(v*) = 26,962
Step IV: Calculate the probability of retirement at each agé.
=5
= (1 - g)ald) = (5X2)= .1
a9= (1 - g1 - (g = (5)(.8)1) = 4
Step V: Calculate the total PVFB.
PVFBy, = (24.837)(.5) + (26,050)(.1) + (26,962)(.4) = 25,808

Answer is C.

Problem 8 - 15

Since death occurs on the first day of the year, we must look at benefits if death occurs on 1/1/89
or 1/1/90.

Valuation  Att. Accrued Early Ret. Reduced Death
Year Age Benefit Reduction Acc. Ben. Benefit
1989 63 600 .90 540 270.00
1990 64 620 .95 589 294.50
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Present Value of Death Benefit if death occurs 1/1/89:
= (270)(12457)(g45 X9

= (270)(12)(9.85)(.02)(.9) = 574

Note that the present value is multiplied by .9 since only 90% of the participants are assumed to be
married. Unmarried participants receive no death benefit.

Present Value of Death Benefit if death occurs 1/1/90:

294.50 x 1235 x (MG * a5 * (9)

(294.50)(12)(9.6)(-1-—!63-)(.98)(.02)(.9)= 565

Total PV =574 + 565 = 1,139

Answer is B.

Problem 8 - 16

Option A can be described as an life annuity of $P plus a temporary life annuity of $500 payable
from age 60 to age 62:

D
(P)(12d57) + (12)(500)[aé32’—aé§2’£
D50
= (12P)(9.815) + (6,000)| 9.815 —(9.394) x 123:296
147.804

= 117.78P + 11,109

Option B can be described as a life annuity of $500 payable as long as both Smith and his spouse
are both alive plus a reduced pension payable to Smith if his spouse dies, and a reduced pension
payable to his spouse if Smith dies:
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(500)(128 52y +(2)(500-.5PX124 5712852

= (6,000)(8.094)+(24)(500 -.5P)9.815 -8.094)

= 69,216-20.652P

Since the two options are actuarially equivalent,
117.78P + 11,109 = 69,216 - 20.652P
P =420

Answer is A.

Problem 8-17

Since the early retirement benefit at age 55 is actuarially equivalent to the benefit at age 65, we can
determine B as follows:

D
By x a7 = 1,000 x 422

55
53
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We are given Ny but we need Ni? The approximation for Nj?derived from Ni; is

N2 on-Yp gna D =N - N

x x x x x+1

N3P = 95 110y = 90.417 and NP = 263 -1l 93y = 252.458
24 24 _

B = 1,000 x (20417
52.458

) = 358.15

55

(Note that Dgs = Nys - Ngg and Dy = Ns - Nig.)

The joint and survivor benefit (B,,) can be determined as follows:

12y _ Lan g .ap
By X dss” = By X [“ss "';(asz ass:sz)}

Developing the Commutation Functions:
D55 = Nss = Nsﬁ = 263 = 240 = 23

Dis.s = Nigisy - Nogsz = 2,168 - 1,951 = 217

N = w -Lp - 345 -_(29) = 331.708
24 24

12 11
}\1’5(5:5)2 = Nss:sz_a 5582 2, 168—2—(217) 2,068.54

Bjes = 358.15 x (252.458/23)
(252.458/23) + (.5)[(331.708/29) - (2,068.54/217)]

=_358.15 x10.976 =329.54
10.976 + (.5)(1.906)
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Since one-half is payable to the spouse, the spousal benefit is
Survivor Benefit = 329.54/2 = 164.77

Answer is B.

Problem § - 18

Key Concept: This trust uses a Dollar Weighted Rate of Return. The relative weight of interest for
each plan must be determined.

We must write an expression describing the expected interest for each plan. Note that transactions
occurring on 12/31/89 do not receive interest credit. '

Plan A:

100,000 x i + 20,000 x [~3—i T li] - 10,000 (é] = 125,000:
4 2 4

Plan B:

60,000 x i + 40,000 (i + %:) - 15,000 (%] = §2,500{

Plan C:

100,000 (»i—z) = 75,000{

In total,

100,000 = 125,0007 + 92,500 + 75,0007 = 100,000
i =.34188

Income for fund C = 75,000:
= (75,000)(.34188) = 25,641
Total value of fund C as of 1/1/90 = 100,000 + 200,000 - 5,000 + 25,641 = 320,641
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Answer is A.

Problem 8 - 19

Key Concept: The experience gain is equal to the difference between the expected Accrued
Liability and the actual Accrued Liability.

Step I Calcuiate the expected liability.

Note that the expected liability as of 12/31/90 is the Present Value of Future Benefits as of 12/31/90
(assuming the participant has survived) times the probability the participant survived in 1990,

eALgny = 34,000 &, x pg,
= 54,000 x 9.30 x ((98) =492,156

eALBmwn = 24’000 X 5’:‘1 X D
= 24,000 x 7.00 x (.96) = 161,280

eALqp,y = 492,156 + 161,280 = 653,436
Step II: Calculate the actual liability.

ALgpim = 54,000 x &g,
= 54,000 x 9.30 = 502,200

ALg o = 0, since Brown is deceased.
Al = 502,200
Step III: Calculate Gain.

Gain = eALyyy - Algou
= 653,436 - 502,200 = 151,236

Answer is D.
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Problem 8 - 20
The formulas for each of the benefit options are as follows:

Option A: Joint and 50% Survivor.

Option B: Joint and Survivor on a joint payment basis.
Note that this annuity is represented by &, + 2 (4, - 4,,) + ¥4(4, - 4,) = Ya(d, + &)
2500 x 4 = B ( %(a;r + a'y)]
25004,

Thes

The Normal form of benefit is Life only.
2,500 4, = 26,000 (Retiree only)
4,=104

Now solve for 4, using the formula for Option B.

2,376 = _2.500(10.4)
15(10.4 +4)

d,=11.4855
Since x = 65 and y = 62 from the data, tyy = Bgs.pp = 9,42

A= 2500(10.4) =27274
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10.4+14(11.4855-9.42)

Answer is D.

Problem 8 - 21

Key Concept: The experience loss is equal to the difference between the actual Accrued Liability
' and the expected Accrued Liability.

Actual Accrued Liability = 10,000 x 4,
Expected Accrued Liability = 10,000 x &;, X py,

We must now solve for p,, and 4.

€10 = Pyo ToPy TiP7o * o
=Py t Py (p'n TPt )

=Pyt Py (e.”)

13.8 = p,, + p,, (13.25)

Py = 9684
Also,
g =1+ (v P, d‘xﬂ)
. [ 9684
25 1.07 an
4, = 6.9897

Mortality Gain/Loss = Actual Accrued Liability less Expected Accrued Liability
= 10,000 x &;, - 10,000 x &;, X poy
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= (10,000)(6.9897) - (10,000)(6.9897)(.9684) = 2,208

Answer is B.

Problem § - 22
| The sole participant will have 21 Years of Service at the end of 1991,
The Death Benefit in 1991 is 21 Years of Service x 5,000 = 105,000.
For years 1992-1995, add 5,000 of additional lump sum payment for each year,
Recall, from Life Contingencies,
C,=v"'x d,=vD, - D,

Ceo = vDygp - Dy, = 196.65

Ce1 =vDy; - D, = 198.13

Cgr = VD¢, - Dyg; = 200.70

Cs =vDg; - Dy, =201.76

Cgs =Dy, - D5 = 203.50
Present Value of Future Death Benefits as of 1/1/91:

= (105,000 Cg, + 110,000 Cq; + 115,000 Cqp + 120,000 Cy; +125,000 Cy,) =~ Dy

= 115,171,750 =7,749
14,863
Answer is C.

Problem §-23
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Key Concept: PVFB is equal to the sum of the present value of benefits if retirement occurs in
each year between now and Normal Retirement Age times the probability of

retirement at that age.

Since the participant is active as of 1/1/91, the first possible date of retirement is 1/ 1/92.

The following summarizes the benefits at each possible retirement age:

Benefit Years Accrued Reduced
Age of Service Benefit Acc, Ben. g9
63 29 435 382.80 10
64 30 | 450 450.00 40

65 30 450 450.00 1.00

PVFBy, = E v x . pP ¢80 B 124,

=382.80 x (.10) x v x 12d5°

+ 450 x (1 - .10)(.40) x v? x 1256(:2)

+ 450 x (1 - .10)(1 ~ .40) x v* x 1245

_459.36 (31230 . 1944 [27956) 2,916 (24956
1.07 3403 (1.07)% 3121 (1.07)° 2857

= 3,940 + 15,209 + 20,792 = 39,941
Answer is B.
Problem 8 - 24

Key Concept: PVFB is equal to the sum of the present value of benefits if retirement occurs in
each year between now and NRA times the probability of retirement at that age.
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Early

Accrued  Retirement Benefit

NRA & Benefit  Reduction Payable
62 25 240 3/15 192

63 .50 260 2/15 225
64 5 280 1/15 261

65 1.00 300 0/15 300

PVFB,, = 192 x 124(2 x (.25) + (1-.25)(.5)(225 x 124{2) x v
+(1-.25)(1 - 5)(.75)(261 x 12a(12) x 12
+(1 - 25)(1 - .5)(1 - .75)(300 x 125(2) x 17
=588+ 8,478 + 6,724 + 2,345 = 22,835

Answer is B.

Problem 8 - 25

Key Concept: The experience gain or loss is the difference between the expected and actual
liabilities,

Step I: Determine the value of 4,
Recall from life contingencies:
ﬁx =1+ prﬁxH

and a'xy = 1 + pxyvaxﬂ:y—r'i

80, dg; =1+ pgViigs Pe7 = 972042
gy = 1 + pooviiy, P = 964777
Hg7.20 = 1 * Dez-r0Vigam lggry = 6.2867
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Step II: Calculate the Actual Liabilitf.
PVFB of 93 surviving retirees and spouses
= (10,000)(93)(&;,+4(8gs-845.71)) = 8,320,385
PVFB of 2 surviving retirees without spouses
= (10,000)(2)(&,,) = 156,600
PVFB of 3 surviving spouses of deceased retires
= (5,000)(3)(4.5) = 127,800
Actual Liability
= 8,320,385 + 156,600 + 127,800 = 8,604,785
Step III: Calculate the Expected Liability.
Expected Liability = (1/1/92 Actual Liability - 1/1/92 Payments) x 1.07
1/1/92 Actual Liability = [10,0004,, + 5,000(8,, - 4s7.40)] * 100 retirees = 9,175,000
1/1/92 Payments = 10,000 x 100 retirees = 1,000,000
Expected Liability = (9,175,000 - 1,000,000) x 1.07 = 8,747,250
Step IV: Calculate the Gain or Loss.
Since the expected liability is more than the actual liability, there is a gain.
Gain = 8,747,250 - 8,604,785 = 142,465

Answer is D.
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Problem 8 - 25 (Alternative Solution)
We can also calculate the Expected Liability using a prospective method.
Expected Liability per dollar of benefit = 4;,py + Y2(8430¢7 - Egs.1P6770) = 8.747257
Expected Liability = (10,000)(100 retirees)(8.747257) = 8,747,257

Gain = 8,747,257 - 8,604,785 = 142,472

Problem 8§ - 26

Present value at retirement of Normal form:

12)
N_,
= 1,000 x 12 x [ff“” + = ’]

Option A: Life with 5 year certain on 50% survivor basis

Present value at retirement

N(u) 1
- (12} x+5 (12} . (12)
a3 * M E (5|ay Slax:y )

Option B: Calculate Present Value at retirement of Life with 5 year certain on 75% survivor basis.

=B x 12 x

—_ ay

(12}

-12) N . 3 |..(12) _ . (12)
aﬂ' D 4 Siax:y
x
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Since Option A has the same value as the normal form,

1,000 x 12 x asL;z’ + =

N,
= 840 x 12 x &;—Fz) + ;)5 +%( 5[ é.;;u) —5] ﬁ:;z))

e
160 x | ag” + _1’;*5 = 420 x [ sla? - 5[&;;2)]

2.625 = x

o (F2) - (12}
[Slay - Slax:y }

Since Option B has the same value as the normal form,

L0000 x 12 x

N(‘Z) 3
=B x 12 x| 4 + ;5 + ;»( sl @ -l dff))

Dividing both sides of the equation by 12 x (5|4 - ;|4(?) and substituting 2.625 from the above
equation, we arrive at

1000 x 2.625 =B x (2.625 + 3/4)
B=778

Answer is D.
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Problem 8- 27

The Present Value of Death Benefits (PVDB) are equal to

SSotx  p® x g x 43

X+

The following table represents the Death Benefits:

Accrued Lump Sum @
Age x Benefit Benefit 9
62 480 48,000 .017
63 495 49,500 D19
64 510 51,000 021

PVDB,, = 48,000 x .017 + (1 - .017)(.019) x v x 49,500
+(1-.017)(1 - .019)(.021) x v x 51,000

=816 + 864 + 902 =2,582

Answer is B.

Problem 8 - 28

Key Concept: Mortality gains or losses are computed by comparing the actual liability with th
expected liability. :

Expected Liability = (Prior liability - prior payment) x (1+7)
= [(10,000 &y, - P(&g; - 8g740)) - 10,000] x (1.07)
= 70,652 +2.38717P
Actual Liability (if spouse only dies) = 10,000 &,, = 73,680
Since there is a gain (expected liability exceeds the actual liability),
11,300 = (70,652 + 2.38717P) - 73,680
P=46,002
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Therefore,

Expected Liability = 70,652 + 2.38717P
= 70,651 + (2.38717)(6,002) = 84,980

Actual Liability (if Smith only dies) = 6,002 3, = 48,382
The gain is 84,980 - 48,382 = 36,598

Answer is D.

Problem 8 - 29

Key Concept: The Present value of preretirement death and termination benefits is simply the
present value of the benefit to be paid upon death or termination in each year before
retirement multiplied by the probability that the participant dies or terminates while
still alive.

Since there are no future empioyee contributions and the preretirement death or
termination benefit is equal to the return of employee contributions with 6% interest
while the assumed interest rate for calculating present values is 6%, the present
value of the death or termination benefit is $15,000 (for each year in which death
or termination could occur).

It remains to determine the probability that death or termination occurs each year.

Since no retirements occur at age 61, this probability is:

lg 950
-2 - 222 - 05
1o 1,000

I _ T
451 =1 — pg =1

In order to determine the probability of death or termination at age 62, the participant must first
survive to age 62. This probability is . Since retirements occur on the first day of the year and
g9=5, exactly (.5) x (950) = 475 of the KDpeople retire at age 62. Therefore, since ! {'= 465, there
must be 10 deaths or terminations. This means the probability of a life age 62 dying or terminating
(95™) is 10/950. To summarize, the probability of death or termination at age 62 for a participant
currently age 61 is:
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(M, (-7} 950 10
= (. ._) = .01
(Ps1 Mdgs ) (1,000)( 950

Using similar logic, the probability of death or termination at age 63, for a participant currently age
61 is:

) = .012

Dy, (- _ 465 . (.8){(465)-360
GPsi Hags ) (13000)( 165

and the probability of death or termination at age 64, for a participant currently age 61 is:

-0y _ , 360 . (B)360)-278
(P61 Wggs ) (1’000)( 360

) = .01

Since the total probability of death or termination before age 65 is
.082=.05+.01+.012+.01
the total Liability can now be calculated as
Total PV = (15,000)(.082) = 1,230

Answer is B,
Problem 8 - 30

Since actuarial equivalence means equal present values, this problem is merely an exercise in
algebra.
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The present values can be described a follows:

Option I:
(4,000)(12457)
Option II:
3,720)1235™) + (1,860)(12d{"” - 128>
Option III:

(4,000)(12457y - (500)(12,]a8D) + (K)(1261'P-1245)

where s is the attained age of the spouse.

Setting options [ and I1 equal to each other,

. (12)

(4,000)(12d iy

) = (3.720)(12a57) + (1,860)(1265(12’ - 124, -

273

= 1505384557

Setting options I and III equal to each other and substituting the previous resulit,
(4,000)(12657) = (4,000)(12457) = (500)(12, |G ) +xy(12a1 P -12a4D)

= (4,000)(1235)-(500)(12, |65™) + (150538)(KN(12457)

(500)(, |dgs™) = (150538)K)(dss

(500)NSVID.) = (150538 K)WN S /D)

K = WEPIv{Py(500/.150538)

= (.6867)(500/.150538) = 2,281

Answer is B.
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Problem 8 - 31

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

Step I: Calculate the actual Accrued Liability. Since Smith's spouse died during the year, the
benefit is now a life annuity of $20,000 payable on 1/1 of each year.

Actual AL, = (20,000)(4;)
= (20,000)(8.8) = 176,000

Step II: The expected Accrued Liability on 1/1/94 is equal to the Accrued Liability on 1/1/93 less
the expected payment on 1/1/93, increased with interest. Since both Smith and Smith's spouse were

alive on 1/1/93, $20,000 must have been paid on that date.

AlLg; = (20,000)(E5,) + 10,000(4s5 - 85.7)
= (20,000)(9) + 10,000(10 - 8) = 200,000

eALq, = (AL,, - Benefit paid 1/1/93)(1 + i)

However, the interest agsumption / is not given, and must be calculated. Note that the formula for
successive annuities due is

4 =1+vp, &,
Therefore, =1+ vpgs g
10 =1+ v(.9735)9.8)
i=.06
eAL,, = (200,000 - 20,000)(1.06) = 190,300

Step III: Calculate the mortality gain, which is the difference between the actual and expected
Accrued Liabilities.

Gain = eAL,, - actual AL,
= 190,800 - 176,000 = 14,800

Answer is B.
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Alternative Solution:

The expected Accrued Liability can also be calculated using a prospective method. If both Smith
and his spouse live, the accrued liability on 1/1/94 would be:

To determine the expected Accrued Liability, multiply each annuity due by the probability that the
individuals live from 1/1/93 to 1/1/94. Therefore, the expected Accrued Liability is:

eALq, = 20,0008, pyy + 10,000(8s pgs - 86671 Pss Pro)

The value of #4;, and &, can be calculated using the formula for successive annuities due.

=1+ vpyiy
9=1+v(9636)4;
i,=88

Hesqo= 1+ VDgs Pro e
8=1+v(.9735)(.9636)4.1
861 = 7.91

Therefore,

eAL = (20,000)(8.8)(.9636) + (10,000)[(9.8)(.9735) - (7.91)(.9735)(.9636)]
= 190,796

The difference between this result and the result from the retrospective method in Step II is due to
rounding.

. Gain = 190,796 - 176,000 = 14,796

Answer is B.
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Problem 8 - 32

Step I Calculate the probability of retirement at each age.

Retirement Probability of
_Age —Retirement
60 gR=.2
61 EDE) = (8)(2)= .16
62 EDGD D = (8)(.8)(.5) = .32
63 ENE BN GD) = (B)-8)(5)(1) = .32

Step II: Calculate the retirement benefit at each retirement age.
Benefit at age 60: (10)(20 years of service)(1 - (.03)(5 years)) = $170.00
Benefit at age 61: (10)(21 years of service)(1 - (.03)(4 years)) = $184.80
Benefit at age 62: (10)(22 years of service)(1 - (.03)(3 years)) = $§200.20
Benefit at age 65: (10)(25 years of service) = $250.000
Step III: Calculate the Present Value of Future Benefits.
PVFB,, = (170)(124¢M)(»'%)(.2) + (184.80)(128{(v!")(.16) +
(200.20)(12a8)(v12)(.32) + (250)(128¢2)(v"°)(.32)
= 2,036 + 1,619 + 3,207 + 3,040 = 9,902

Answer is B.

Problem 8 - 33
Key Concept: The total Present Value of Future Benefits is equal to the sum of the Present Value
of Future Benefits at each possible retirement age multiplied by the probability of
retirement at that age.
Step I: Calculate the Present Value of Future Benefits if retirement occurs at age 62.
Final Compensation = $50,000
Accrued Benefit at age 62 = (.02)($50,000)(20 years of service)(1 - (.05)(3)) = 17,000

PVFB,, = (17,000)(i4? ) = 156,060
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Step II: Calculate the Present Value of Future Benefits if retirement occurs at age 63.
Final Compensation = $50,000 x 1.05 = §52,500
Accrued Benefit at age 63 = (.02)($52,500)(21 years of service)(1 - (.05)(2)) = 19,845
PVFBy; = (19,845)(3{ }(v) = 166,179
Step I1I: Calculate the Present Value of Future Benefits if retirement occurs at age 64.
Final Compensation = $50,000 x (1.05)? = 55,125
Accrued Benefit at age 64 = (.02)($55,125)(22 years of service)(1 - .05) = 23,042
PVFB, = (23,042)(#{2)(v) = 175,899
Step IV: Calculate the Present Value of Future Benefits if retirement occurs at age 65.
Final Compensation = $50,000 x (1.05)* = 57,881
Accrued Benefit at age 65 = (.02)($57,881)(23 years of service) = 26,625
PVFBq; = (26,625)(3{2 )(v*) = 184,956
Step V: Calculate the probability of retirement at each age.
q9= 25
ay= (1 - g2 Nald) = (75)(.5) = .375
gr=(1- g2 )1 - g )g) = (55N 75) = 28125
@?=(1 - )1 - g )1 - g Xald) = (T5)(.5)(:25)(1) = .09375
Step VI: Calculate the total Present Value of Future Benefits.

PVFBy,, = (156,060)(.25) + (166,179)(.375) + (175,899)(.28125) +
(184,956)(.09375) = 168,143

Answer is C,
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Problem 8 - 34
Under the original option,
100 (124(2 ) = 80 (12449 ) + 40 (124" - 12852, ) where y is the age of
the spouse.
20843 = 40(12- &13),)
5= @P- E@QEE)

We must determine the amount of benefit Smith is due under the early retirement program.

Amount of benefit under the old program = (.02)(Salary)(24 years of service)(1- (.03)(5))
= .408(Salary)

Amount of benefit under the new program = (.02)(Salary)(25 years of service){1- {.03)(3))
= .455(Salary)

So, the life annuity benefit under the early retirement program is

100 x (.455/.408) =111.52

And,
111.52 (12442 ) = 80(124¢2) + 80()()(12&(}2’ - 125%:),, )
31.52 42 = SO(X)(E{}?’ - ﬁ(éﬁ!y )
31.52 = 80()()(21‘.(;2) - ﬁ‘}sﬁ?y Y &2 =40X
X =.788, or 78.8%
Answer is B.

Problem 8 - 35
Step I: Calculate the benefit on the postponed retirement date of 1/1/95.
Final 3-year average salary = (42,000 + 45,000 + 32,000)/3 = 39,667
Benefit = (39,667)(.02)(31 years of service) = 24,594
Step II: Calculate the actuarial equivaient of the normal retirement benefit.

Final 3-year average salary on the normal retirement
date of 1/1/94 = (42,000 + 45,000 + 30,000)/3 = 39,000
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Benefit = (39,000)(.03)(30 years of service)(N¢2 /N2 )
= (23,400)(824,779/734,109) = 26,290

Step I11: Calculaté the postponed retirement benefit. This is the greater of the benefits calculated
in Steps I and II, which is $26,290.

Step IV: Calculate the 100% joint and survivor annuity.
a2 =N{U2 /D, = 734,109/86,246 = 8.5118

26,290 x #12 =X (512 +4D -4
X = 20,868

Answer is B.

Problem 8 - 36

Option A can be described as a life annuity of $X, plus a temporary life annuity of $1,000 payable
from age 60 to age 65:

(X)(124%P ) + (12)(1,000)[853 - (&4 }Dss / Deo)]

= (12X)(9.815) + (12,000)[9.815 - (8.716)(94,414/144,405)]

=117.78X + 49,239
Option B can be described as a life annuity of $1,000 payable as long as both the retiree and the
spouse are alive, plus a reduced pension of $1,000 - $X payable to the retiree if the spouse dies or
to the spouse if the retiree dies:

(1,000)(12a435) + (2)(12)(1,000-X)[aCP - (3%,

= (12,000)(8.094) + (24,000 - 24X)[9.815 - 8.094]

=138,432 - 41.304X
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.Since the two options are actuarially equivalent,
117.78X + 49,239 = 138,432 - 41.304X
X =561

Answer is B.

Problem 8 - 37

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

StepI: Calculate the actual Accrued Liability. Since Brown died at the end of the year, only Smith
and Green will continue to receive benefits.

Actual ALy, = (4,000)(12407 ) + (6,000)(1242 )
= (4,000)(12)(9.60) + (6,000)(12)(7.37)
= 460,800 + 530,640 = 991,440

Step II: Calculate the expected Accrued Liability. If each retired participant were still alive on
1/1/96, the Accrued Liability would be:

AL (all live until 1/1/96) = (4,000)(12442 ) + (5,000)(124(2 ) + (6,000)(1244?)

To determine the expected Accrued Liability, multiply each annuity due by the probability that the
individual lives from 1/1/95 to 1/1/96. Therefore, the expected Accrued Liability is:

eAL96 = (4,000)(1285P )pey + (5,000)(1285 )pes + (6,0001(12857 )pag

The values of pg;, pes, and py, can be calculated using the formula for successive annuities due.

o =1+ pg &
10.26833 = 1 + (1/1.07)(p4, X10. 05833)
Pec = 98596

des= 1+ v pes s
9.19833 =1 + (1/1.07)(ps )(8.96833)
Pes = .97813
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Gy =1+ v py iy
8.05833 =1+ (1/1.07)py )(7.82833)
Dy = 96475

Note the use of the formula #? =i - 11/24.

Therefore,

eALq, = (4.000)(12)(9.60)(.98596) + (5,000)(12)(8.51)(.97813)
+ (6,000)(12)(7.37)(.96475)
= 454,330 + 499,433 + 511,935 = 1,465,698

Step III: Calculate the mortality gain. This 1s the diﬁ"erence between the actual and expected
Accrued Liabilities.

Gaill = eAL% = ACtLlal AL%
= 1,465,698 - 991,440
= 474,258

Answer i1s B,

Problem 8 - 38

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

Step I: Calculate the actual Accrued Liability. Since both the retiree and the spouse are alive as
of 12/31/96, both are entitled to benefits.

Actual AL97 = (103000)(%1) + (5,000)(2.31)”_[ - ﬁx+l:y+1)

The value of 4,, can be calculated using the formula for successive annuities due.
h=1+vp, b
8.157=1+(1/1.07)p)(7.915)
p. = .96753 -

i,=l+vp i,
10301 = 1 + (1/1.07)(p,)(10.059)
p,= 98937
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axy = 1 + vpxy éi'x+l:)f+1
7.281 =1 + (1/1.07)(.96753)(.98937 )t 1.p01)
Berpyrt = 7.021

Therefore,

Actual AL,, = (10,000)(7.915) + (5,000)(10.059 - 7.021)
= 94,340

Step II: Calculate the expected Accrued Liability. If the retiree and the spouse were both still alive
on 1/1/97, the Accrued Liability would be:

AL (both live until 1/1/97) = (10,000)(t,..) + (5,000)(Eys - feryer)

To determine the expected Accrued Liability, multiply each annuity due by the probability that the
individual survives from 1/1/96 to 1/1/97. Therefore, the expected Accrued Liability is:

¢ALg; = (10,000)(&,.)px + (5,000)[(E,1)py - Eer1ye1)P]
| = (10,000)(7.915)(.96753)
+ (5,000)[(10.059)(.98937) - (7.021)(.96753)(.98937)]
~ 92,736

Step III: Calculate the mortality loss. This is the difference between the actual and expected
Accrued Liabilities.

Loss = Actual AL, - eAL,,
=94.340 - 92,736
=1,604

Answer is E.

Problem 8 - 38 (Alternative Solution)
The expected Accrued Liability could have been calculated using a retrospective method.
¢AL,; = (Prior liability - prior payment) x {1+i)

= [10,0004, +5,000(3, - &,,) - 10,000)(1.07)
= 92,736
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LOSS = Acmal ALg’? - eALg'?
=94,340 - 92,736
= 1,604

Answer is E.

Problem 8 - 39
Step I: Calculate the Accrued Liability using the normal form of payment.
ALyormar = (1,000)(12592) = (1,000)(12)(8.7358) = 104,830
Step II: Calculate the Accrued Liability using the optional form of payment.
AL gprionar = (.88)(1,000)(12)(#2 + a3 - &%)
= (880)(12)(11.1165)
=117,390 .
Step III: Calculate the experience loss.

Loss = 117,390 - 104,830 = 12,560

Answer is A.

Problem 8 - 40

The present value of the normal form (life annuity) can be set equal to the present value of the
optional form as follows: :

(1500)(124%2) = (X)(124Gg) + (X)(12857)(D1s/Des)
+ (12)(X2)[(@59)(D15/Dss)- (@535 HD15/Dis)(1aPss)]

It is necessary to solve for ;.

Dy5/Dgs = mepss = 346/965 = "wmpes
-  10Pes = 7053
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We can now solve for X in the original equation.

(1500)(1 2442 = (XX1 25(1%’) + 0(12459)(D75/Des)
+ (12)X2)(E9(D15/Des)- (85255)Drs/Dis)sales)]

= X=1,290

Answer is D.

Problem 8 - 41
Step I: Calculate the PVFB before the early retirement election.

The participants are currently 9 and 2 years from the assumed retirerent age of 65, respectively.
The Present Value of Future Benefits is:

PVFB (before election) = (500)(12 &{#)(° + %)
= (500)(12)(8.7358)(.5439 + .8734)
= 74,287
Step I1: Calculate the PVFB after the early retirement election.

There is no discount factor used, but the early retirement reductions must be applied. The reduction
for the participant currently age 56 is:

5/15 +4/30 =14/30 = Multiply benefit by a 16/30 factor.
The reduction for the participant currently age 63 is:
2/15+0/30=2/15 = Multiply benefit by a 13/15 factor.
PVFB (after election) = (500)(16/30)(12 842 + (500)(13/15)(12 &7
= (500)(16/30)(12)(10.5993) + (500)(13/15)(12)(9.1775)

=33,918 + 47,723
= 81,641
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Step III: Calculate the increase in the PVFB.
PVFBpcrease = PVFB (after election) - PVFB (before electibn)
= 81,641 - 74,287
=7,354

Answeris C.

Problem 8 - 42
StepI: Set the present value of the normal form equal to the present value of option B.
Assume the participant an(i spouse are age x.
(500)(124(?) = (400)(12457) + (S00)(12)(&? - 442)
= (100)(12a(%) = (500)(12)(a{> - &82)
= (@P-dQ)yaP =2
Step II: Set the present value of the normal form equal to the present value of option C.

(500)(12&(?) = (K/12)(12a(?) + (K/24)(12)(a{? - 5(2)

- 500 = K/12 + (K/24)(82 - 50250
- 500 = K/12 HK/24)(.2)

- K = 5,455

Answer is E.
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Guide to Problems

The problems herein were taken from the May, 1994 EA-1(B) Examination. For those
students wishing to use this material in conjunction with this examination, the following cross
reference list should be helpful.

1 Chap. 6 - 28
2 Chap. 4 - 53
3 - Chap. 2 - 37
4 Chap. 1 - 42
5 Chap. 1 - 43
6 Chap. 1 - 44
7 Chap. 4 - 54
8 Chap. 4 - 55
9 Chap. 4 - 56
10 Chap. 1 - 45
11 Chap. 8 - 31
12 Chap. 4 - 57
13 Chap. 7 - 14
14 Chap. 6 - 29
15 Chap. 3 - 15
16 Chap. 5 - 25
17 Chap. 2 - 38
18 Chap. 6 - 30
19 Chap. 8 - 32
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Glossary of Abbreviations

Since many actuarial terms are lengthy, we will use abbreviations in equations and in the text
for the sake of brevity. Listed below are many of the abbreviations which will be seen here:

i Present value of an annuity due at age x
AA,aao0rx Attained Age

Assets Actuarial Value of Assets

AL Accrued Liability

ATA Average Temporary Annuity

B(x) Benefit at age x

BP Benefit Payments

C, Contributions for year t

Ccv Cash Value

DB Death Benefit

eAssets Expected Value of Assets

eAL Expected Accrued Liability

¢PVFB Expected Present Value of Future Benefits
ePVFNC Expected Present Value of Future Normal Cost
eUAL Expected Unfunded Accrued Liability
eUL Expected Unfunded Liability

EA orea Entry Age

EAN Entry Age Normal

FIL Frozen Initial Liability

Eap Interest on Benefit Payments

I Interest on contributions

ILP Individual Level Premium

J&S or J+8 Joint and Survivor

NC Normal Cost

NRA Normal Retirement Age

NRD Normal Retirement Date

PVAB Present Value of Accrued Benefits
PVFB Present Value of Future Benefits
PVFENC Present Value of Future Normal Costs
PVFS Present Value of Future Salary

PVFY Present Value of Future Years

RA, raory Retirement Age

S, Salary Salary or Compensation

TA Temporary Annuity

UAL Unfunded Accrued Liability

uc Unit Credit

UL Unfunded Liability






Introduction

This Supplement 1s designed to assist students who are preparing for the EA-1(B)
Examination, Basic Pension Mathematics, which is offered jointly by the American Society
of Pension Actuaries, the Society of Actuaries and the Joint Board for the Enrollment of
Actuaries. The problems and solutions in this Supplement are from the May, 1994, EA-1(B)
Examination. Material is arranged according to the recognized actuarial cost methods, with
 the last section dealing with those principles common to all cost methods.

Actuarial Cost Methods, A Review, in conjunction with this supplement, provides a complete,

up to date review of the principles of the various pension cost methods and related actuarial
topics.
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Chapter 1

Unit Credit Cost Method (Accrued Benefif)

1.4 Problems

Probiem 1 - 42

Normal retirement benefit: 2% of final 3-year average compensation for each year of
service up to 20 years, plus 1% of final 3-year average
compensation for each additional year of service.

Preretitrement death benefit: None.

Actuarial cost method: Projected unit credit (based on actual accrual percentages as of
valuation date).

Actuarial assumptions:
Interest rate. 7% per year.
Compensation increases: 5% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65

Valuation data for only participants (both active as of 1/1/94):

Smith Brown
Date of birth | 1/1/44 1/1/44
Date of hire 1/1/69 1/1/84

1994 valuation compensation $50,000 $50,000



Selected commutation functions:

Age x D, N,
50 310,647 3,752,218
65 94414 868,052

In what range

(A)
(B)
©
®)
(E)

1s the accrued liability as of 1/1/94?

Less than $140,000

$140,600 but less than $150,000
$150,000 but less than $160,000
$160,000 but less than $170,000
$170,000 or more '



Problem 1 - 43
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Early retirement eligibility: Age 55

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the
benefit commencement date precedes the normal retirement
date.

Actuarial cost method: Projected unit credit.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations; None.

Probability of retirement (retirements are assumed to occur at beginning of year):

Before 1994; 100% at age 65,
After 1993:  50% at age 62, 0% at ages 63 and 64, and 100% at age 65.

Valuation data for sole participant:

Date of birth 1/1/44
Date of hire 1/1/74
1994 valuation compensation $50,000

Selected annuity values:
402 = 9394 al? = 8.736

In what range is the change in the accrued hability as of 1/1/94 due to the change in the
retirement age assumption?

(A)  Less than $2,150

(B)  $2,150 but less than $2,200
) $2,200 but less than $2,250
(D) 82,250 but less than $2,300
(E)  $2,300 or more



Probiem 1 - 44

Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Early retirement eligibility: Age 60.

Early retirement benefit: Unreduced accrued benefit.

Actuarial cost method: Projected unit credit.

Optional form of payment. 95% of accrued benefit, payable until the last death of the
participant and his surviving spouse.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Form of payment: Life annuity.

Valuation data for sole participant Smith:

Date of birth 1/1/34
Date of hire 1/1/74
1993 valuation compensation $40,000
Actual annual compensation:
1991 $36,281
1992 38,095
1993 40,000
Spouse's date of birth 1/1/34

Selected annuity values:
45 = 9.815 Ao = 8.094
il = 8.736 03, = 6.896

On 12/31/93, Smith retires and elects to receive his annuity under the optional form of
payment commencing 1/1/94.

In what range is the experience loss as of 1/1/94 due to Smith's retirement?

(A)  Less than $30,000

(B)  $30,000 but less than $40,000
(C)  $40,000 but less than $50,000
(D) $50,000 but less than $60,000
(E)  $60,000 or more



‘Problem 1 - 45
Normal retirement benefit: $20 per month for each year of service.

Pbstponed retirement benefit: Actuarial equivalent of normal retirement benefit, based
on postretirement valuation assumptions.

Preretirement death benefit: None.
Actuarial cost method: Unit credit.
Actuarnial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probabilities of retirement (retirements are assumed to occur at beginning of year}):

Age x
65 60%
66 80%
67 100%

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1729
Date of hire 1/1/70

Selected commutation functions based on postretirement valuation assumptions:

Age x D, - N
65 94 825
66 86 734
67 79 651

In what range i1s the accrued liability as of 1/1/947?

(A)  Less than $50,000

(B)  $50,000 but less than $51,000
(C)  $51,000 but less than $52,000
(D)  $52,000 but less than $53,000
(E) $53,000 or more



Problem 1 - 46

Normal retirement benefit: $20 per month for each year of service.
Termination benefit: Accrued benefit payable at normal retirement age.
Vesting: Full and immediate.

Preretirement death benefit: None.

Actuarial cost method: Unit credit.

* Actuarial assumptions:

Interest rate: 7% per year.

Pretermination deaths: None.

Post-termination deaths: Included in commutation functions below.

Preretirement terminations: 10% at age 50 only (terminations are assumed to occur
at beginning of year).

Retirement age: 65

Valuation data for sole participant {(active as of 1/1/94);

Date of birth 1/1/54
Date of hire 1/1/84

Selected commutation functions based on post-termination assumptions:

Age x D,
30 1,262
40 632
50 311
63 94

Selected annuity value:
al? = 8.7
In what range is the accrued liability as of 1/1/947

(A) Less than 33,700

(B)  $3,700 but less than $3,800
(C)  $3,800 but less than $3,900
(D)  $3,900 but less than $4,000
(BE) $4,000 or more



1.5 Solutions to Problems

Problem 1 - 42

Kev Concept: The Accrued Liability determined using the Projected Unit Credit method is
equal to the present value of the accrued benefit using projected salary.

Step I: Calculate the Final Average Salary. Note that since Smith and Brown have the same
salary and date of birth, they will have the same Final Average Salary.

Final Average Salary = 50,000[(1.05)" + (1.05)"® + (1.05)"%)/3
= 64,357

Step II: Calculate the accrued benefits using the Final Average Salary.
Smith: '(94,357){(.02)(20 years of service} + (.01)(5 years of service)] = 42,461
Brown: (94,357).02)(10 years of service) = 18,871

Step IH: Since 40 was not provided, this factor must be calculated.

5%’52) = (Ngs - ‘;711 Dys)/Dygs
= 873577

Step IV: Calculate the Present Value of the Accrued Benefits.
Smith: 42,461 x 4{2? x (D/D,,) = 112,735
Brown: 18,871 x 402 x (D4/D,,) = 50,103
Total Accrued Liability = 112,735 + 50,103 = 162,838

Answer is D,



Problem 1 - 43

Step I: Caiculate the Final Average Salary at each retirement age. See Problem 4 - 53 for
a discussion of Final Average Salary.

Final Average Salary RA = 65: (50,000)[(1.05)" + (1.05)"* + (1.05)'?] /3 = 94,357
Final Average Salary RA = 62:  (50,000)[(1.05)"" + (1.05)" + (1.05)°] /3 = 81,509

Step II. Calculate the Accrued Liability under the old retirement age assumptions {100% at
age 65).

Projected Accrued Benefit = (94,357)(.02)(20 years of service) = 37,743

AL (RA 65) = PVAB = (37,743)(&{?)(v*")
= (37,743)(8.736)(.362446) = 119,507

Step III: Calculate the Accrued Liability at retirement age 62.

Projected Accrued Benefit = (81,509)(.02)(20 years of service)(1 - (.03)(3 vears))
= 29,669

AL (RA 62) = PVAB = (29,669)(a{?)(v?)
= (29,669)(9.394)(.444012) = 123,751

Step IV: Calculate the Accrued Liability under the new retirement age assumptions (50%
at age 62, 100% at age 65).

AL = (123,751)(.5) + (119,507)(.5) = 121,629
Step V: Calculate the increase in the Accrued Liability due to the change in assumptions.
Increase = 121,629 - 119,507 = 2,122

Answer is A.
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Probiem 1 - 44
. Key Concept: The experience loss due to early retirement is the difference between the actual
liability and the Accrued Liability determined using the funding assumptions
“and cost method.
Step 1. Calculate the Projected Unit Credit Accrued Liability as of 1/1/94.
Final Average Salary = (40,000)[(1.05)° + (1.05)* + (1.05)°] /3 = 48,659

Note that 1993, not 1994, salary is given. See Problem 4 - 53 for a discussion of Final
Average Salary.

Projected Accrued Benefit = (48,659)(.02)(20 years of service) = 19,464

AL = PVAB = (19,464)(3%%)(v")
= (19,464)(8.736)(.712986) = 121,234

Step II: Calculate the value of the early retirement benefit.
Actual Final Average Salary = (36,281 + 38,095 + 40,000)/3 = 38,125
Actual Accrued Benefit = (38,125)(.02)(20 years of service) = 15,250

The actual liability is the present value of the actual accrued benefit, calculated at age 60
using the optional form of benefit, since that is the benefit which was elected.

PVAB = (15,250)(.95)(a%Z;)
= (15,250)(.95)(&w’ + 85 - 4o
= (15,250)(.95)(9.815 + 9.815 - 8.094) = 167,128

Step IV: Calculate the difference between the Accrued Liability and the actual liability,
which is the actuarial loss.

Actuartal Loss = 167,128 - 121,234 = 45894

Answer is C,

L1



Problem 1 - 45

Key Concept: The Accrued Liability is equal to the sum of the liabilities for each possible
retirement age, each multiplied by the probability of retirement at that age.

Step I: Calculate the retirement benefit at each possible retirement age. Since there is no
preretirement death benefit, actuarial equivalence includes both interest and mortality.

Benefit at RA 65 = (20)(24 years of service) = 480

Benefit at RA 66 = Benefit at 65 x (N{Z/NGD)
= 480 x (825/734) = 539.51

Benefit at RA 67 = Benefit at 65 x (NIZ/NY?)
= 480 x {825/651) = 608.29

Step II: Calculate the liability assuming retirement at each age. Since there are no assumed
preretirement decrements, the discount is done on an interest only basts.

Retirement at age 65: = (Benefit)(12)(NIZ/Dy;)
= (480)(12)(825/94) = 50,553

Retirement at age 66: = (Benefit)(12)(N§2/Dg)(v)
= (539.51)(12)(734/86)(.934579) = 51,641

Retirement at age 67: = (Benefit)(12)(N{P/Dg,)(v?)
= (608.29)(12)(651/79)(.873439) = 52,539

Step III: Calculate the Accrued Liability.

AL = (g%)(50,553) + () (g0)(51,641) +  (p)(1)(467)(52,539)
= (.6)(50,553) + (4)(.8)(51,641) + (4)(.2)(1)(52,539)
= 30,332 + 16,525 + 4,203 = 51,060

Answer is C.
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Problem 1 - 46
Key Concept: The Accrued Liability determined using the Unit Credit method is the sum of
the present value of the accrued termination benefit plus the present value of
the accrued retirement benefit.
Step I. Calculate the accrued monthly benefit.
Accrued Benefit = (20)(10 years of servicé) =200
Step II:  Calculate the present value of the retirement benefit. Note that the only
preretirement decrement assumed is the 10% termination assumption at age 50. There is no

preretirement mortality assumed for retirement benefits.

* PVFB = (200(1262)(*)ospu)
= (200)(12)(8.7)(.18425)(.9) = 3,462

Step INI: Calculate the present value of the termination benefit. Note that for the -
termination benefit, the post-termination mortality assumption is in effect from age 50 to 65.

PVFB = (200)(125(5‘52 ))("’m)(qg:))(Des/Dso)
= (200)(12)(8.7)(.50835)(.1)(94/311) = 321

Step I'V: Calculate the Accrued Liability as of 1/1/94,
AL, = 3,462 + 321 = 3,783

Answer is B,

13
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Chapter 2 |

Aggregate Cost Method

2.4 Problems

Problem 2 - 37

Normal retirement benefit: 50% of 5-year final average compensation.

Actuarial cost method: Aggregate (level percentage of compensation).
Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases:

Before 1994; 5% per year.
After 1993: 6% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant:

Date of birth 1/1/34
Date of hire 1/1/69
1994 valuation compensation $100,000

Selected valuation results as of 1/1/94 before change in assumptions:

Normal cost as of 1/1 $ 38,120
Value of assets $200.000

17



In what range is the normal cost for 1994 as of 1/1/94 after the change in actuarial
assumptions? '

(A)  Less than $38,800

(B)  $38,800 but less than $39,200

(C)  $39,200 but less than $39,600

(D)  $39,600 but less than $40,000
(E)  $40,000 or more

Problem 2 - 38
Normal retirement benefit: $2,000 per month.
Actuarial cost method: Aggregate with side fund and life insurance (split—funded).
Actuanal assumpﬁons: |
Compensation increases: None.
Preretirement terminations other than deaths: None.

Retirement age: 65

Valuation data as of 1/1/94:

Value of assets in side fund $10,000
Annual premium for life insurance 2,000
Cash value of life insurance at age 65 50,000

Date of birth for sole participant (active as of 1/1/94): 1/1/49

Selected commutation functions based on preretirement assumptions:

Age x D, | _ N,
45 445 5,691
55 214 2,405
65 94 868

18



Selected annuity value:
a2 =878
In what range is the total normal cost for 1994 as of 1/1/94?

(A)  Less than $4,000

(B)  $4,000 but less than $4,300
(C)  $4,300 but less than $4,600
(D)  $4,600 but less than $4,900
(E)  $4,900 or more

19



2.5 Solutions to Problems

Problem 2 - 37

Key Concept: As in Problem 6 - 28, we must determine the value of 4 in order to solve
this problem.

Step I. Calculate the Final Average Salary at each salary scale rate,
Using 5% salary scale,

Final Average Salary = (100,000)[(1.05)* + (1.05) + (1.05)* + (1.05) + 1] /5
| = 110,513

Using 6% salary scale,

Final Average Salary = (100,000){(1.06)' + (1.06) + (1.06)* + (1.06) + 1} /5
= 112,742

See the discussion in Problem 4 - 53 concerning the calculation of Final Average Salary.

Step II. To determine the single sum value of the retirement benefit at age 65, calculate the
annuity purchase rate using the valuation results before the salary scale was increased to 6%.

Retirement Benefit = (.5)(110,513) = 55,256

PVFNC = NC x 43,  where j = 1.07/1.05 - 1 = .0190476
= 38,120 x 48165 = 183,605

PVFB = PVFNC + Assets
= 183,605 + 200,000 = 383,605

Also, PVFB = (Benefit)(a{)*
383,605 = (55,256)(a{P)°

Therefore, 4(° = 9.737

20



Step II: Determine the new normal cost using the 6% salary scale.
Retirement Benefit = ((5)(112,742) = 56,371

PVFB = (Benefit)(a{?)v’
= (56,371)(9.737)(.712986) = 391,347

PVFNC = PVFB - assets
= 391,347 - 200,000 = 191,347

NC = PVFNC/&y; , where j = 1.07/1.06 - 1 = .009434
=191,347/4.9074 = 38,992

Answeris B.

Problem 2 - 38
Step I Calculate the Present Value of Future Benefits for the side fund.

PVFB,, = (Benefit)(12aZ
= (2,000)(12)(8.78) = 210,720

Side Fund PVFB,, = (PVFB,, - Cash Value)(D¢,/D,;)
=(210,720 - 50,000)(94/445) = 33,950

Step H: Calculate the side fund Normal Cost.

Side Fund NC = (PVFB,; - assets)/[(N,s - Ng5)/D]
= (33,950 - 10,000){(5,691 - 868)/445] = 2,210

Step III: Calculate the total Normal Cost.

Total NC = Side Fund NC + Premium
= 2,210 + 2,000 = 4,210

© . Answer 15 B,
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Chapter 3

Individual Aggregate Cost Method

3.3 Problems
Problem 3 - 15

. Plan effective date: 1/1/94
Normal retirement benefit: $900 per month.
Early retirement eligibility: Age 60.

‘Early retirement benefit: Normal retirement benefit minus $50 per month for each year
by which the benefit commencement date precedes the normal
retirement date.

Actuarial cost method: Individual aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probability of retirement (retirements are assumed to occur at beginning of year):

Age x
63 33.33%
64 66.67%

65 100.00%
Valuation data for sole participant:

Date of birth 1149
Date of hire 1/1/94

25



Selected annuity values:

402 = 8.96 300 =874

P =851

In what range is the normal cost for 1994 as of 1/1/94?

(A)
(B)
©)
(D}
(E)

Less than $2,200
$2,200 but less than $2 300

$2,300 but less than $2,400 .

$2,400 but less than $2,500
$2,500 or more
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3.4 Solutions to Problems

Problem 3 - 15
Step I Calculate the Present Value of Future Benefits for each retirement age.

For RA = 63, Retirement Benefit = 900 - (50)(2 years of service) = 800
For RA = 64, Retirement Benefit = %00 - 50 = 850
For RA = 65, Retirement Benefit = 900

For RA = 63, PVFB,; = (Benefit)(124{2)(v'*)
= (800)(12)(8.96)(.29586) = 25,449

For RA = 64, PVFB,, = (Benefit)(12a{7)(v'"*)
= (850)(12)(8.74)(.27651) = 24,650

For RA = 65, PVFB, = (Benefit)(12a{2)(v*")
= (900)(12)(8.51)(.25842) = 23,751

Step II: Calculate the total Present Value of Future Benefits. The total Present Value of
Future Benefits is equal to the sum of the individual Present Value of Future Benefits at each
retirement age, each multiplied by the probability of retirement at that age.

PVFB = (PVFB)(45) + (PVFB Y)Y + (PVFB )PP aE)
= (25,449)(1/3) + (24,650)(2/3)(2/3) + (23,751)(2/3)(1/3)(1)
= 24,717

Step III: Calculate the Normal Cost. The temporary annuity used to calculate the Normal

Cost 1s equal to the sum of the individual temporary annuities at each retirement age, each
multiplied by the probability of retirement at that age.

Temporary Annuity = 4v7(453) + 875 (PE)(@%) + &m (D)@ &)
= a(173) + &7(23)(273) + a5 (2/3)(1/3)(1)
= 3.58774 + 4.91515 + 2.51902 = 11.02191

NC = PVFB/(Temporary Annuity)
= 24,717/11.02191 = 2,243

Answer is B.

27



Altemative Solution:

The temporary annwity factor determined in Step III above could also be calculated as the
present value of future annual payments of $1, with each payment multiplied by the
probability that the participant is still active.

Temporary Annuity = i+ + v + v @)@ + v @DEED
= &g + V'E(.6667) + v'°(.6667)(.3333) + v (.6667)(.3333)(0)
= 107632 + .1973 + .0614 = 11.0219

NC = PVFB/(Temporary Annuity)
= 24,717/11.0219 = 2,243

Answer 15 B.
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Chapter 4

Entry Age Normal Cost Method

4.5 Problems
Problem 4 - 53

Normal retirement benefit:

Before 1994: 50% of final 5-year average compensation.
After 1993; 60% of final 5-year average compensation.

Actuarial cost method: Entry age normal (level percentage of compensation).

Actuarial assumptions:

Compensation increases: 3% per year,

Preretirement terminations other than death: None.

Retirement age: 65

Valuation data for sole participant

Date of birth 1/1/60
Date of hire 1/1/90
1994 valuation compensation $25,000

Selected commutation functions:

Age x D, D, N,
30 1,262 5.454 17,888
34 958 5.033 13,323
65 94 2.241 868

31

N,

X

164,704

143,532

30,013



Selected annuity value:

402 = 8.776

In what range is the change in the accrued liability as of 1/1/94 due to the plan amendment?

(A) Less than $1,350
(B)  $1,350 but less than $1,450
(C)  $1,450 but less than $1,550
(D)  $1,550 but less than $1,650
(E)  $1,650 or more

Problem 4 - 54

Vesting: 100% after 5 years of service.

Actuarial cost method: Individual entry age normal (level percentage of compensation).

Actuarial assumptions;

Interest rate: 7% per year.
Compensation increases: 4% per year.
Preretirement deaths: None.
Retirement age: 65

Valuation data for only participants (both active as of 1/1/94):

Date of birth
Date of hire

Smith

Normal cost for 1994 as of 1/1/94:

For Smith: $17,000
For Brown: $16,000

1/1/59
1/1/94

12

Brown

1/1/56
1/1/91



Selected probabilities of termination:

Age x q™
35 0.25
36 ' 0.20
37 0.15
38 0.10
35 0.05

In what range is the accrued liability as of 1/1/947

(A) Less than $65,000

(B)  $65,000 but less than $30,000
(C) 380,000 but less than $95,000
(D) $95,000 but less than $110,000
(E) $110,000 or more '
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Problem 4 - 55
Normal retirement benefit:

Effective 1/1/93: $15 per month for each year of service.
Effective 1/1/94: $18 per month for each year of service.

Actuarial cost method: Entry age normal.
Actuarial assuinptions:
Interest rate:

Before 1994: 7% per year.
After 1993: 6% per year.

Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant {active as of 1/1/94):

Date of birth 1/1/53
Date of hire 1/1/80

. Selected annuity values:
6% 7%

12402 112.14 104.83

As of 1/1/94, the increase in the accrued liability due to the change in the assumed interest
rate is determined before the increase in the accrued liability due to the plan amendment.

In what range is the absolute value of the difference between (a) the increase in the accrued
liability as of 1/1/94 due to the change in the assumed interest rate, and (b) the increase in
the accrued liability due to the plan amendment?

(A)  Less than $100

(B)  $100 but less than $200
(C)  $200 but less than $300
(D)  $400 but less than $500
(E)  $500 or more
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Probiem 4 - 56

Normal retirement benefit: $50 per month for each year of service.
Termination benefit: Accrued benefit payable at normal retirement date.

Vesting: Full and immediate.

Preretirement death benefit: None.

. Actuanal cost method: Entry age normal (level doliar amount).
Actuarial assumptions:

Interest rate: 7% per year. .

Pretermination deaths: None.

Post-termination deaths: Included in commutation functions below.

Preretirement terminations: 30% at age 50 only (terminations are assumed to occur
. at beginning of year).

Retirement age: 65

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/54
Date of hire 1/1/84

~ Selected commutation functions based on post-termination assumptions:

Age x D,
30 1,262
40 632
50 311
65 94

Selected annuity value:
al? =87
In what range is the normal cost for 1994 as of 1/1/94?

(A)  Less than $950

(B)  $950 but less than $1,000
(C)  $1,000 but less than $1,050
(D)  $1,050 but less than $1,100
(E)  $1,100 or more
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Problem 4 - 57
Normal retirement benefit. 50% of final S-year average compensation.
Actuarial cost method: Entry age normal (level pércentage of compensation).
Actuarial assumptions;

Compensation increases: 6% per year.

Preretirement terminations other than deaths: None.

Retirement age: 65

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/44
Date of hire 1/1/84
1994 valuation compensation $53,000

Selected commutation functions:

Age x D, ‘D, N, Ny
40 49,876 513,015 666,789 15,607,843
50 24,505 451,387 205,992 10,748,428
65 7,448 328,780 68,476 4,770,425

Selected annuity value:
a5 = 8.74
In what range is the accrued hability as of 1/1/94?

(A)  Less than $60,000
(B) $60,000 but less than $62,500
(C) $62,500 but less than $65,000
(D)  $65,000 but less than $67,500
(E)  $67,500 or more
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4.6 Solutions to Problems

Problem 4 - 83

Key Concept: In problems involving salary scales, it is necessary to count the number of

salary changes. In this problem, the participant's attained age is 34. Since his
1994 valuation compensation is given, there will only be 30 salary changes
before retirement, with the last change occurring on the valuation date as of

1/1/2024.

Step I Calculate the Final Average Salary.

Final Average Salary = (25,000)[(1.05)30 + (1.05)® + (1.05)® + (1.05)” + (1.05)”] /5

= 98,237

Note that other formulas could be used to determine Final Average Salary. For example,

Final Average Salary = (25,000)(355 - §57)/5 = 98,237

Final Average Salary = (Final Salary)(4y /5)
= (25,000)(1.05)*(a5 /5) = 98,237

Step II: Calculate the increase in the retirement benefit.
Increase = (.1)(98,237) = 9,823.70
Step III: Determine the increase in the Normal Cost at entry age.

PVFB,, = (9,823.70)(&{2)(Dy/D;,)
= (9,823.70)(8.776)(94/1,262) = 6,422

NC,;, = PVFB;, + [(sNao - "Ngs)* Dso]
= 6422 + [(164,704 - 30,013)!5,454] = 260

Step IV: Determine the increase in the Accrued Liability.

AL,, = NC,x (1-05)‘t X [(sto - "Ny )P D34]
=260 x 12155 x [(164,?04 - 143,532);’5,033]2 1,329

Answer is A.
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Problem 4 - 54

Key Concept: The Accrued Liability is defined as either the accumulation of prior Normal
Costs or the difference between the Present Value of Future Benefits and the
Present Value of Future Normal Costs. Since Normal Cost is given in this
problem, the Accrued Liability should be calculated by accumulating the prior
Normal Costs. Note that Smith was just hired on 1/1/94 and therefore has no
prior Normal Cost.

Step I: Calculate the Normal Cost for Brown for each prior year.
Since the Normal Costs increase by the 4% salary scale rate each year,

NC,, = 16,000 + (1.04)* = 14,224
NC,, = 16,000 = (1.04)* = 14,793
NC,; = 16,000 + (1.04) = 15,385

Step II: Calculate the Accrued Liability.

AL = NCy, x (1.07) x (1/,p57) + |
NC,, x (1.07)° x (1"‘21’3(:)) + NGy, x (1.07) x (UPJ(:))

= (14,224)(1.225043)[1/ {(.75)(.8)(.85)]] +
(14,793)(1.1449)[1/ [(.8)(.85)]] + (15,385)(1.07)(1/.85)
= 34,167 + 24,906 + 19,367 = 78,440

Answer 1s B.

Problem 4 - 55

Step I. Calculate the Accrued Liability based upon the original plan provisions and
assumptions.

Monthly Retirement Benefit = (15)(38 years of service) = 570

NC = (Benefit)(12a0?)/s5 (i = 7%)
= (570)(104.83)/184.64 = 323.62
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AL = (Normal Cost)($71)
= (323.62)(24.129) = 7,809

-Step II: Calculate the Accrued Liabality with the new 6% interest rate assumption,

NC = (Benefit)(12482)/857 (i = 6%)
= (570)(112.14)/144.058 = 44371

AL = (NC)(&q)
= (443.71)(22.276) = 9,884

Step ITl: Calculate the Accrued Liability with both the new benefit formula and the new .
interest rate.

Monthly Retirement Benefit = (18)(38 years of service} = 684

NC = (Benefit)(124{)/$:1 (i = 6%)
= (684)(112.14)/144.058 = 532.45

AL = (NC)(&71)
= (532.45)(22.276) = 11,861

Step IV: Calculate the difference between the increase in the Accrued Liability due to the
change in the interest rate and the increase due to the plan amendment.

Increase due to interest rate = 9,884 -~ 7,809 = 2. 075
Increase due to plan amendment = 11,861 - 9,884 = 1 977
Difference = 2,075 - 1,977 = 98

Answer is A.

Problem 4 - 56
Key Concept: In situations where decrements are assumed to occur preretirement, the Present
Value of Future Benefits is equal to the present value of each type of benefit

(retirement, termination, death, for example).

Step I: Calculate the present value of the termination benefit at entry age.
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Termination Benefit = (50)(20 years of service) = 1,000

PVFB,, = (1,000)(1 2555]52))(4:5:))(]365/]) 50XV’
= (1,0003(12}(8.7)(.3)(94/311)(.2584) = 2,446

Note that commutation functions are used to discount only from age 65 to age 50, since
preretirement mortality 1s assumed to occur only after termination.

Step II: Calculate the present value of the retirement benefit at entry age.
Retirement Benefit = (50)(35 years of service) = 1,750

PVFB,, = (1,750)(1245}p5 ) (v*)
= (1,750)(12)(8.7)(.7)(.0937) = 11,983

Step III: Calculate the value of the temporary annuity from entry age to retirement age.

Bz = (L v+ vt v+ VT + L+ v
=(L+v+... +v%)+pBW01 +v+. .. +vY)
=& + (VY &
= 11.3356 + (.7)(.2584)(9.7455) = 13.0984

Step IV: Calculate the Normal Cost.

NC = PVFB,, + 4,33
= (2,446 + 11,983) ~ 13.0984 = 1,101

Answer 15 E.

Problem 4 - §7

Step I Calculate the final five year average salary. See the discussion in Problem 4 - 53
concerning the calculation of Final Average Salary.

Final Average Salary = (53,000)[(1.06)' + (1.06)"* + (1.06)"* + (1.06)" + (1.06)'°] /5
= 107,009
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Step II: Calculate the Accrued Liability.

PVFB,, = (107,009)(.5)(&")(Dss/D.o)
= (107,009)(.5)(8.74)(7,448/49,876) = 69,831

NC,, = (PVFB,Y [(sNao - ’Nss)mm]
= (69,831)/[(15,607,843 - 4,770,425)[513,015] = 3,306

ALy = (NC,o)(1 + 8)"|(N,, - *Nyo)/Dy]
= (3,306)(1.06)"(15,607,843 - 10,748,428)/451,387]
= 63,738

Answer is C.

Altemative Solution:

An alternative way to calculate the Accrued Liability is to determine the Normal Cost as a
rate of salary at entry age. The Present Value of Future Benefits at entry age is calculated

as shown in Step II above. Then the Normal Cost rate at entry age is determined as follows:

NC Rate,, = (PVFB/A(N,, - Ne;)D,o] = [(53,000)/(1 + )]
= (69,831/21.12495) = (53,000/1.79085) = .1117

The Normal Cost rate can now be multiplied by the current salary, and accumulated from
entry age to attained age to determine the Accrued Liability.

AL, = NC Rate,, x 53,000 x (*N,, - "N,,)""D,
= (.1117)(53,000)[(15,607,843 - 10,748 428)/451,387)
= 63,733

Answer 15 C.
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Chapter 5

Individual Level Premium Cost Method

5.3 Problems

Problem 5 - 25

Plan effective date: 1/1/90

Normal retirement benefit. 50% of highest 3-year average compensation.

Compensation: Base rate of pay as of 1/1.

Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases; None.

Preretirement deaths and terminations: None.

Retirement age: 65
Valuation data for sole participant:

Date of birth

Date of hire

Base rate of pay as of 1/1/90
Base rate of pay as of 1/1/91
Base rate of pay as of 1/1/92
Base rate of pay as of 1/1/93
Base rate of pay as of 1/1/94

Selected annuity value:

al? = 8.786

1/1/30
1/1/90
$60,000
60,000
80,000
80,000
65,000
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In what range is the normal cost for 1994 as of 1/1/94?

(A)
- (B)
©
D)
®

Less than $45,000

$45,000 but less than $47,500
$47,500 but less than $50,000
$50,000 but less than $52,500
$52,500 or more
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5.4 Solutions to Problems

Problem 5 - 25

Key Concept: The Normal Cost under the Individual Level Premium method is the sum of
the Normal Cost determined to fund the initial benefit at the time the plan is
established, plus the Normal Costs determined to fund the increases (decreases)
in the projected retirement benefit each year. If the projected retirement
benefit decreases in a given year, the Norma! Cost determined to "fund" the
decrease will be negative, and the total Normal Cost for that participant will
decrease for the year.

Step I. Calculate the Norma! Cost as of 1/1/90.

Benefit = (60,000)(.5) = 30,000

NC,, = (Benefit)(i{?)/55
= (30,000)(8.786)/6.15329 = 42,836

Step II: Calculate the increase in the Normal Cost due to the increase in benefits as of
1/1/92.

Benefit Increase = (80,000 - 60,000)(.5) = 10,000

aNC,, = (Benefit Increase)}(al?)/s3
= (10,000)(8.786)/3.43994 = 25,541

Step HOI: Calculate the decrease in Normal Cost due to the benefit decrease in benefits as of
1/1/94.

3 year average salary = (80,000 + 80,000 + 65,000)/3 = 75,000
Benefit Decrease = (75,000 - 80,000)(.5) = (2,500)

ANC,, = (Benefit Decrease)({?)/s;
= (2,500)(8.786)/1.07 = (20,528)
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Step IV: Calculate the total Normal Cost as of 1/1/94.

NC,, = NC,y + aNC,, + aNC,,
= 42,836 + 25,541 - 20,528 = 47,849

Answer is C.
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Chapter 6

Frozen Initial Liability Cost Method

6.3 Problems

Problem 6 - 28
Plan effective date: 1/1/94

Normal retirement benefit: $20 per month for each year of service.
Actuarial cost method: Frozen initial liability (entry age is age at hire).

Actuarial assumptions:

Preretirement interest rate: 8% per year,
Postretirement interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/34
Date of hire 1/1/84

Accrued liability under unit credit method as of 1/1/94, based on a 7% rate for preretirement
and postretirement interest: $14,900 :

In what range is the normal cost for 1994 as of 1/1/94?

(A)  Less than $1,100

(B)  $1,100 but less than $1,200
(C)  $1,200 but less than $1,300
(D)  $1,300 but less than $1,400
(E)  $1,400 or more '
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Problem 6 - 29
Normal retirement benefit: $15 per month for each year of service.
Actuarial cost method: Frozen initial liability.
Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 65

Date of birth for only participant ever covered by plan (active as of 1/1/94):

Selected valuation results:

1/1/93
Present value of future benefits $122,000
Value of assets
Unfunded liability _
Value of assets pius unfunded liability 65,000

In what range is the investment experience gain or loss during 1993?

(A) Loss of $200 or more

(B) Loss of less than $200

(C) %0 or gain of less than $200
(D}  Gain of $200 but less than $400
(E)  Gain of $400 or more
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Problem 6 - 30

Normal retirement benefit: 50% of final 5-year average compensation.
Actuarial cost method: Frozen initial liability.

Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.

Retirement age: 65, but not before 1/1/98.

Selected valuation results as of 1/1/93:

Present value of future benefits $ 500,000
Unfunded liability 100,000
Value of assets : 100,000
Present value of future compensation 3,000,000
Valuation compensation 200,000

Contribution for 1993: $30,000 paid on 1/1/93.
There were no experience gains or losses from any source during 1993,

There were no terminations, deaths, or retirements during 1993, and there were no new
entrants on or before 1/1/94.

In what range is the normal cost for 1994 as of 1/1/94?

(A)  Less than $20,940

(B)  $20,940 but less than $20,980
(C)  $20,980 but less than $21,020
(D)  $21,020 but less than $21,060
(E) $21,060 or more
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6.4 Solutions to Problems

 Problem 6 - 28

Key concept: In a plan with just one participant, the first year Normal Cost calculated under
the Frozen Initial Liability method is identical to the Normal Cost calculated
under the Entry Age Normal method.

Step I: Calculate the annuity purchase rate at age 65, using the value of the Accrued
Liability determined under the Unit Credit method. The monthly accrued benefit as of 1/1/94
1S;

Accrued Benefit,, = {20)(10 years of service) = 200
Since the Unit Credit Accrued Liability is equal to the present value of the accrued benefit,
14,900 = (200)(12a{)(v")
and 124(? = 104.49
Step 2: Calculate the Normal Cost under the Entry Age Normal method.
Monthly Normal Retirement Benefit = (20)(15 years of service) = 300
NCp.n = 300 x 1282/
= 300 x 104.49/29.3243 = 1,069

Answer 1s A,

Problem 6 - 29

Key Concepts: Since there is only one participant and no deaths or terminations were
assumed, the only experience gains or losses could have come from
investments. Under the Frozen Initial Liability method, gains and
losses are spread over future Normal Costs. Therefore, the difference
between the expected and actual Present Value of Future Normal Costs
must be the experience gain or loss.
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Step I. Caiculate the expected Present Value of Future Normal Costs.

PVFNC,, = PVFB,, - Assets,, - UL,,
= 122,000 - 65,000 = 57,000

NC,, = 57,000 = &
= 57,000 + 9.35765 = 6,091

= (57,000 - 6,091) x 1.07 = 54,473

Step I: Calculate the actual Present Value of Future Normal Costs.

PVFB,, = PVFB,, x 1.07
= 122,000 x 1.07 = 130,540

=130,540 - 27,500 - 48,500 = 54,540

Step HI: Calculate the experience gain or loss by subtracting the actual Present Value of
Future Normal Costs from the expected Present Value of Future Normal Costs.

Expertence Gain/Loss = ePVFNC,, - PVFNC,,
= 54,473 - 54,540 = (67) Loss

Answer is B,

Problem 6 - 30

Key Concept: Since there were no gains or losses and the plan population has remained the
same, the Normal Cost as of 1/1/94 is equal to the Normal Cost as of 1/1/93,
increased by the 5% salary scale (in order to keep the Normal Cost a level
percent of salary). '

Step I. Calculate the Normal Cost as of 1/1/93.

NC,; = (PVFB,, - Assets,; - UL,,)/(PVFS,,/Salary,,)
= (500,000 - 100,000 - 100,000)/(3,000,000/200,000) = 20,000
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Step II: Calculate the Normal Cost as of 1/1/94.

NG, = NCy; x (1 + )
= 20,000 x (1.05) = 21,000

Answer is C.
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Chapter 7

Attained Age Normal Cost Method

7.3 Problems

Problem 7 - 14
Plan effective date: 1/1/93
Normal retirement benefit. $20 per month for each year of service.
Preretirement death benefit. None.
Actuarial cost method: Attained age normal.
Actuarial assumptions:
Interest rate: 7% per year.
Preretirement terminations other than deaths: None.
Retirement age: 65

Valuation data for sole partictpant (active as of 1/1/94):

Date of birth 1/1/44
Date of hire 1/1/92

Contribution for 1993: $1,125 paid on 12/31/93.

Selected commutation functions:

Age x D, _ N,
49 101,241 1,238,268
50 94,135 1,137,027
65 28,610 263,044
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In what range is the unfunded liability as of 1/1/94?

(A)
B)
(C)
(D)
(E)

Less than $550

$550 but less than $565
$565 but less than $580
$580 but less than $595
$595 or more
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7.4 Solutions to Problems

Problem 7 - 14

Key Concept: The initial unfunded liability determined using the Attained Age Normal cost
method is equal to the Accrued Liability determined using the Unit Credit cost
method.

Step I. Calculate the initial unfunded liability as of 1/1/93. Since the sole participant was
hired on 1/1/92, there is only one year of past service, so the accrued benefit is $20 as of
1/1/93.

Unit Credit AL,; = (20)(12N%’52)1D49)
= (20)(12)(Ngs - % Dg;)Dyy
= (240)(263,044 - (% ¥(28,610))/101,241 = 592

Step H: Calculate the Normal Cost as of 1/1/93.
- Monthly retirement benefit = (20)(17 years of service) = 340

PVFB,, = (Benefit)(12N?)/D,,
= (340)(12)(N,; - 1_2.11 Dy)/Dy
= (340)(12)(263,044 - (*'271‘)(28,610))/101,241 = 10,072

NC93 = (PVFB93 - Unlt Cred]t AL93)fa-49m

= (10,072 - 592)(N,;, - Ne5)/Dy)
= (10,072 - 592)1(1,238,268 - 263,044)/101,241] = 984

Step III: Calculate the Unfunded Accrued Liability as of 1/1/94.

UAL,, = (ALy; - NC,;)(1.07) - Contrib,,
' = (592 + 984)(1.07) - 1,125 = 561

Answer 1s B.
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Chapter 8

Miscellaneous

8.2 Problems

Problem 8 - 31

Retirement benefit:  $20,000 payable each 1/1 during the lifetime of the participant, with
$10,000 payable each 1/1 after the participant's death to the surviving
spouse.

Date of birth for sole participant Smith (retired). 1/1/23

Date of birth of Smith's spouse: 1/1/28

Smith's spouse dies during 1993.

Selected annuity values and probabilities of survival:

g = 10.00 s = 9.80  pg =.9735
a70 = 9'00 ﬁ'ﬁS:?O = 8'00 p'm = .9636
i; = 8.80

In what range is the net mortality gain during 1993 as of 1/1/94?

{(A) Less than $14,000

- (B)  $14,000 but less than $15,000
(C)  $15,000 but less than $16,000
(D)  $16,000 but less than $17,000
(E) $17,000 or more
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Problem 8 - 32

Normal retirement benefit: $10 per month for each year of service.

Early retirement eligibility: Age 60.

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the

benefit commencement date precedes the normal retirement
date. :

Actuarial assumptions:

Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Probability of retirement (retirements are assumed to occur at beginning of year):

Age x
60 20%
61 20%
62 50%
63 0%
64 0%
65 100%

Valuation data for sole participant (active as of 1/1/94):

Date of birth 1/1/44
Date of hire 1/1/84

Selected annuity values:

02 = 9,815 837 = 9.394 i) = 8.958

a0 = 9.607 a4y = 9.178 a5y = 8.736

In what range is the present value of future benefits as of 1/1/94?

(A)
(B)
<
(D)

E)

Less than $9,000

$9,000 but less than $10,000
$10,000 but less than $11,000
$11,000 but less than $12,000
$12,000 or more
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8.3 Solufions to Problems

Problem 8 - 31

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

Step I Calculate the actual Accrued Liability. Since Smith's spouse died during the year,
the benefit i1s now a life annuity of $20,000 payable on 1/1 of each year.

Actual AL, = (20,000,
= (20,000)(8.8) = 176,000

Step II: The expected Accrued Liability on 1/1/94 is equal to the Accrued Liability on 1/1/93
less the expected payment on 1/1/93, increased with interest. Since both Smith and Smith's
spouse were alive on 1/1/93, $20,000 must have been paid on that date.

ALg; = (20,000)(3,) + 10,000(d; - &g5.90)
= (20,000)(9) + 10,000(10 - 8) = 200,000

eAL;, = (AL,; - Benefit paid 1/1/93)(1 + #)

However, the interest assumption i is not given, and must be calculated. Note that the
formula for successive annuities due is

i =1+vp i,

Therefore, &g, =1+ vp, iy
10 =1 + v(.9735)(9.8)
i=.06

eAL,, = (200,000 - 20,000)(1.06) = 190,800

Step II: Calculate the mortality gain, which is the difference between the actual and
expected Accrued Liabilities.

- Gain = eAL,, - actual AL,,
190,800 - 176,000 = 14,800

Answer is B.
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Alternative Solution:

The expected Accrued Liability can also be calculated using a prospective method. If both
Smith and his spouse live, the accrued liability on 1/1/94 would be:

AL (both live untif 1/1/94) = 20,0004, + 10,000(4s - 44511 )

To determine the expected Accrued Liability, multiply each annuity due by the probability
that the individuals live from 1/1/93 to 1/1/94. Therefore, the expected Accrued Liability is:

eALy, = 20,0004,, p,, + 10,000(44 pes - dss1 Pes Pro)

The value of &, and &, can be caiculated using the formula for successive annuities due.

=1+ vpydy |
9 =1+ v(9636)i,,
4, =88

dgs90 = 1 + VPes Pro desm
8 =1 + v(.9735)(.9636)4.

a"66:71 = 791
Therefore,

eAL = (20,000)(3.8)(.9636) + (10,000)[(9.8)(.9735) - (7.91)(.9735)(.9636)]
= 190,796

The difference between this result and the result from the retrospective method in Step II 1s
due to rounding.

Gain = 190,796 - 176,000 = 14,796

Answer 1s B.
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Problem 8 - 32

- Step I: Calculate the probability of retirement at each age.

Retirement
Age

60
61
62
65

Probability of

_Retirement
ge = .2

EDE) = (8)(2) = .16
NN = (8)(8)(.5) = 32
EDGEENGD) = (8)(8)(.S)(1) = .32

Step H: Calculate the retirement benefit at each retirement age.

Benefit at age 60:
Benefit at age 61:
Benefit at age 62:
Benefit at age 65:

(10)(20 years of service)(1 - (.03)(5 years)) = $170.00
(10)(21 years of service)(l - ((03)(4 years)) = $184 80
(10)(22 years of service)(1 - (.03)(3 years)) = $200.20
(10)(25 years of service) = $250.000

Step III: Calculate the Present Value of Future Benefits.

PVFB,, = (170)(12502)(v'°)(.2) + (184.80)(125(2)(»")(.16) +

Answer is B.

(200.20)(12a52)(v'*)(.32) + (250)(12a2)(v"*)(.32)
= 2,036 + 1,619 + 3,207 + 3,040 = 9,902
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The problems herein were taken from the May, 1995 EA-1(B) Examination. For those
students wishing to use this material in conjunction with this examination, the following cross
reference list should be helpful. Problems and solutions for the May, 1994 EA-1(B)
Examination are contained in the 1995 Supplement. The cross reference to those problems is

Guide to Problems

provided here for your convenience.

1995 Supplement 1996 Supplement
Problem | May, 1994 Examination | May, 1995 Examination
1 6-28 2-39 |
2 4-53 8§-33
3 2-37 3-16
4 1-42 1-47
5 1-43 5-26
6 1-44 2-40
7 4-54 8-34
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11 8-31 2-41
12 4 .57 4-59
13 7-14 2-42
14 6-29 6-32
15 3-15 1-48
16 5-25 2-43
17 2-38 8-35
18 6-30 4 - 60
19 8§-32 6-33
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Glossary of Abbreviations

Since many actuarial terms are lengthy, we will use abbreviations in equations and in the text
for the sake of brevity. Listed below are many of the abbreviations which will be seen here:

Present value of an annuity due at age x

dy

AA,aaorx Attained Age

Assets Actuarial Value of Assets

AL Accrued Liability

ATA Average Temporary Annuity

B(x) Benefit at age x

BP Benefit Payments

C, Contributions for year t

Cv Cash Value

DB Death Benefit

eAssets Expected Value of Assets

eAL Expected Accrued Liability

e¢PVFB Expected Present Value of Future Benefits
ePVFNC Expected Present Value of Future Normal Cost
eUAL Expected Unfunded Accrued Liability
eUL Expected Unfunded Liability
EAorea Entry Age

EAN Entry Age Normal

ERB Early Retirement Benefit

FIL Frozen Initial Liability

Igp Interest on Benefit Payments

I Interest on contributions’

ILP Individual Level Premium

J&S or HS Joint and Survivor

NC Normal Cost

NRA Normal Retirement Age

NRD Normal Retirement Date

PVAB Present Value of Accrued Benefits
FPVFB Present Value of Future Benefits
PVFNC Present Value of Future Normal Costs
PVFS Present Value of Future Salary

PVFY Present Value of Future Years
RA,raory Retirement Age

S, Salary Salary or Compensation

TA Temporary Annuity

UAL Unfunded Accrued Liability

ucC Unit Credit '

UL Unfunded Liability
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Introduction

This Supplement is designed to assist students who are preparing for the EA-1(B)

. Examination, Basic Pension Mathematics, which is offered jointly by the American Society of

Pension Actuaries, the Society of Actuaries and the Joint Board for the Enrollment of Actuaries.

The problems and solutions in this Supplement are from the May, 1995, EA-1(B) Examination.

Material is arranged according to the recognized actuarial cost methods, with the last section
dealing with those principles common to all cost methods.

Actuarial Cost Methods, A Review, in conjunction with the 1995 and 1996 supplements,
provides a complete, up to date review of the principles of the various pensxon cost methods and

related actuarlal topics.
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Chapter 1

Unit Credit Cost Method (Accrued Benefit)

1.4 Problems

Problem 1 - 47

Normal retirement benefit: $20 per month for each year of service.
Preretirement death benefit: None.

Termination benefit: Vested accrued benefit, payable at normal retirement date.
Vesting eligibility: 100% after 5 years.

Actuarial cost method: Unit credit.

Actuarial assumptions:
Interest rate: 6% per year. _
Preretirement terminations other than deaths and withdrawals: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/62
Date of hire 1/1/92

Selected values from preretirement single-decrement tables:

Agex [@ [0
30 10,000 10,000
31 9,985 9,500
32 9,969 9,000
33 9,952 8,500
34 9,934 8,000
35 9,915 7,500

65 7,900 2,000



Selected anmuity value:

412 =9.439

In what range is the accrued liability for preretirement vested termination benefits as of 1/1/957

(A)
(B)
()
D)
(E)

Less than $200

$200 but less than $400
$400 but less than $600
$600 but less than $800
$800 or more.

Problem 1 - 48

Normal retirement benefit: 2% of final year's compensation for each year of service.

Early retirement eligibility: Age 55.

Early retirement benefit: Accrued benefit, reduced by 1/15 for each of the first 5 years and

1/30 for each of the next 5 years by which the benefit
commencement date precedes the normal retirement date.

Actuarial cost method: Projected unit credit.

Actuarial assumptions:

Interest rate: 9% per year.

Compensation increases: 3% per year.
Preretirement deaths and terminations: None.
Retirement age: 65. '

Date of birth for selected participants (all active as of 12/31/94):

Smith Brown Green
1/1/39 1/1/35 1/1/32

Smith, Brown, and Green all retire and elect to commence receiving benefits as of 1/1/95,

Selected annuity values:

a1P=9.84 i =871

42 =925 2= 8.39



Which, if any, of the participantsgenerated an experience gain as of 1/1/95 due to his retirement?

(A)  Smith only

(B) Brown only

(C}  Smith and Brown only

(D)  Brown and Green only

(E)  The correct answer is not given by (A), (B), (C), or (D) above.



1.5 Solutions to Problems

Problem 1 - 47

The benefit to be used to determine the Accrued Liability in the Unit Credit method is the
accrued benefit as of the beginning plan year.

Accrued Benefit, ;s = 20 x 3 years of service = 60
This benefit will not become vested until 1/1/97, when the participant will be 35 years old.

The Accrued Liability to be determined is the present value of the Accrued Benefit at 1/1/95,
payable if the participant terminates employment between ages 35 and 65. Note that the
participant must still survive to age 65 in order to receive a benefit.

AL(due to vested termination) = (60)(1 28{2) (5.0 ) $N0g st (72)
= (60)(12342) L@@ ien - Len(viz)
Ggs) T

= (60)(12)(9.439)(7900/9952)(7500/8500)
((7500-2000)/7500)(.155) = 541

Answer is C.

Problem 1 - 48
Key Concept: An experience loss is created if the actual Hability due to the early retirement
election exceeds the Accrued Liability under the funding method. We must look
at each participant individually.
Smith: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03°(#{>n°
= (.02)(Years of service)(Salary)(5.04)

Early Retirement Liability

= (.02)(Years of service)(Salary)(1 - 5/15 - 4/30)(#4)
= (.02)(Years of service)(Salary)(5.248)



Experience Loss, since early retirement yields a larger liability.
Brown: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03)°’(E8{2n°
= ((.02)(Years of service)(Salary)(6.32)

Early Retirement Liability

= (.02)(Years of service)(Salary)(1 - 5/15)(ED)
= (.02)(Years of service)(Salary)}(6.17)

Experience Gain, since early retirement yields a smaller liability.
Green: Projected Unit Credit Accrued Liability

= (.02)(Years of service)(Salary)(1.03)* (&0’
= (.02)(Years of service)(Salary)}(7.49)

Early Retirement Liability

= (.02)(Years of service)(Salary)(1 - 2/15)(&EP)
= (.02)(Years of service)(Salary)}(7.55)

Experience Loss, since early retirement vields a larger liability.

Answer is B,
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Chapter 2

Aggregate Cost Method

2.4 Problems

Problem 2 - 39

Plan effeciive date: 1/1/95.

Normal retirement benefit:  $10 per month for each year of service since date of hire.
Preretirement death benefit: None.

Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 7% per year.
Preretirement terminations other than deaths: None.

Retirement age: 65.

Selected valuation data for only participants (all active as of 1/1/95):

Smith Brown Green
Date of birth  1/1/60 1/1/60 1/1/50
Date of hire 1/1/81 1/1/81 1/1/71

Selected commutation functions and annuity value:

Agex D, N,
35 894,190 12,364,650
45 445,008 5,690,850

65 94,414 368,052
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4l =8.74
In what range is the normal cost for 1995 as of 1/1/957

(A)  Less than $1,600

(B) $1,600 but less than $1,700
(9] $1,700 but less than $1,800
(D)  $1,800 but less than $1,900
(E)  $1,900 or more

Problem 2 - 40

| Mandatory employee contribution: 0.5% of compensation, paid on 1/1.
Actuarial cost method: Aggregate.

Present value of future benefits (excluding any benefits due to voluntary employee contributions)
as of 1/1/95:

Retirement benefits $1,000,000
Return of mandatory employee contributions

at death or termination 20,000
Employer-provided termination benefits 80,000

Present value of future compensation as of 1/1/9%4,800,000

Total valuation compensation for 1995: $600,000

Mandatory employee contributions for 1995: $3,000 paid on 1/1/95.
Voluntary employee contributions for 1995: $2,000 paid on 1/1/95.

Value of assets as of 12/31/94;

Mandatory employee contributions with interest $30,000
Voluntary employee contributions with interest 20,000
Other assets 150,000
Total assets 200,000

In what range is the employer normal cost for 1995 as of 1/1/957?

(A)  Less than $109,500

(B)  $109,500 but less than $111,000
(C)  $111,000 but less than $112,500
(D)  $112,500 but less than $114,000
(E)  $114,000 or more

12



Problem 2 - 41
Normal retiremenf benefit:

Before 1995:  $30 per month for each year of service.
After 1994:  $35 per month for each year of service.

Actuarial cost method: Aggregate.

Actuarial assumptions:
Interest rate: 7% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

As of 1/1/94, all participants were active and under age 63.

Selected valuation results as of 1/1/94:

Present value of future benefits $900,000
Value of assets : 500,000
Average present value of fitture working

lifetime of active participants 11

The contribution for 1994 was paid on 1/1/94 in an amount equal to the normal cost for 1994 as
of 1/1/94.

There were no deaths, terminations, or retirements during 1994, and there are no new participants
on 1/1/95.

There were no investment experience gains or losses during 1994.
In what range is the normal cost for 1995 as of 1/1/95?

(A)  Lessthan $43,300

(B)  $43,300 but less than $47,300
{(C)  $47.,300 but less than $51,300
(D)  $51,300 but less than $54,300
(E)  $54,300 or more

Problem 2 - 42

Normal retirement benefit: 50% of final year's compensation.
Actuarial cost method: Aggregate.
Assumed compensation increases: 3% per year.

13



Selected valuation results as of 1/1/95:

Present value of future benefits $ 149,000
Value of assets 20,000
Present value of future compensation 1,200,000
Annual compensation 150,000

Investment gain during 1994: $1,600.
Actual compensation increases during 1994: 10%.
There were no other experience gains or losses during 1994.

There have never been any inactive participants.

In what range is the change in the normal cost for 1995 as of 1/1/95 due to experience gains and
losses?

(A)  Lessthan $1,000

(B)  $1,000 but less than $1,100
(C)  $1,100 but less than $1,200
(D)  $1,200 but less than $1,300
(E)  $1,300 or more

Problem 2 - 43

Actuarial cost method: Aggregate.
Assumed interest rate: 7% per year.

Selected valuation results as of 1/1/95:

Present value of future benefits $1,200,000
Present value of future compensation 9,500,000
Annual compensation 750,000

The plan's assets earned a 4% return in 1994; the resulting investment experience loss increased
the normal cost for 1995 as of 1/1/95 by $100.

There were no contributions or disbursements during 1994.
In what range is the value of assets as of 1/1/957

(A)  Lessthan $34,000

(B)  $34,000 but less than $37,000
(C)  $37,000 but less than $40,000
(D)  $40,000 but less than $43,000
(E)  $43,000 or more

14



15



2.5 Solutions to Problems

Problem 2 - 39

StepI: Calculatethe retirement benefit. Each participant will have a total of 44 years of service
at retirement.

Benefit = $10 x 44 years of service = 440

- Step IT: Calculate the Present Value of Future Benefits. Note that the calculationis identical for
Smith and Brown, since they each have the same date of birth.

Smith/Brown PVFB = $440 x 1240 x Dgs/Ds;
= $440 x 12 x 8.74 x 94,414/894,190 = 4,873

Green PVFB = $440 x 1242 x D,/D,;
' =8$440 x 12 x 8.74 x 94,414/445,008 = 9,791

Total PVFB =4,873 + 4,873 + 9,791 = 19,537

Step III: Calculate the Average Temporary Annuity. Again, the calculation is identical for
Smith and Brown.

Smith/Brown TA = (Nss - Ngs)/Dis
= (12,364,650 - 868,052)/894,190 = 12.857

Green TA = (Ny; - Ngs)/Dys
= (5,690,850 - 868,052)/445,008 = 10.8376

Average TA = (12.857 + 12.857 + 10.8376)/3 = 12.1839
Step IV: Calculate the Normal Cost.

NC = Total PVFB/ATA
=19,537/12.1839 = 1,604

Answer is B.
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" Problem 2 - 40
Key Concept: The employer’sNormal Cost is the total Normal Cost adjusted by the employees’
mandatory contributions. The actual amount of employees’ voluntary
contributions and the assets associated with the employees’ voluntary
contributions are irrelevant as they are kept as a separate account.
PVFB = 1,000,000 + 20,000 + 80,000 = 1,100,000
Assets = 30,000 + 150,000 = 180,000

PVENC = PVEB - Assets
= 1,100,000 - 180,000 = 920,000

NC % = PVENC + PVFS
= 920,000 + 4,800,000 = 19.1667%

NC =NC% x Salary
=19.1667% x 600,000 = 115 ,000

Employer NC = NC - Mandatory employee contributions
=115,000 - 3,000 = 112,000

Answeris C.

Problem 2 - 40 (Alternative Solution)

Key Concept: Present Value of Future Benefits equals Present Value of Future Employer Costs
plus Present Value of Future Employee Costs plus Assets.

PVFB =-PVFNCER + PVFNCy; + Assets
Where PVFNCpy = NC%pz X PVFS
And PVFNCg; = .5% x PVFS
We will use the above relationship to sotve for NC%g:

1,100,000 = (NC%g)(4,800,000) + (.005)(4,800,000) + 180,000
896,000 = NC%g, x 4,800,000

17



NC%gx = 18.6667%
NCyp = (.186667)(600,000) = 112,000

Answer is C.

Problem 2 - 40 (Alternative Solution)
The following equation of value can be written:
Total PVFB = PVFNC + PVFNC,; + Assets

The total PVFB includes retirement benefits, return of mandatory employee contributions, and
employer-provided termination benefits.

The Assets inchude both employer and mandatory employee contributions with interest.

Also, PVENCg; = (.005)(PVFES)
= (.005)(4,800,000) = 24,000

So, 1,100,000 = PVFNCy + 24,000 + 180,000
and PVFNC, = 896,000

NC Rategg = PVFNCye/PVFS
= 896,000/4,800,000 = .186667

NCgg = (NC Rateg)(Salary)
= (.186667)(600,000) = 112,000

Answer is C.

Problem 2 - 41

Key Concept: The Normal Cost under the Aggregate method remains the same each year (since
the benefit formula is a flat dollar amount), unless there are gains or losses.
Since the benefit formula increased in 1995, the 1995 Normal Cost is equal to the
1994 Normal Cost plus an amount to fund the increased benefit.

Step I: Calculate the increase in the PVFB due to the plan amendment. Note that the benefit
increased by a factor of 5/30.

Expected PVFB,, = PVFB,, x (1 + 1)
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= 900,000 x 1.07 = 963,000
APVFB,; = 963,000 x 5/30 = 160,500
Step II: Calculate the Temporary Annuity as of 1/1/95.

TAgs = (TAy, - 1)(1 +1)
=(11 - 1(1.07) = 10.7

Step I1I: Calculate the increase in Normal Cost for 1995.

ANCgs = APVFBgS fTA.gs
- =160,500/10.7 = 15,000

Step IV: Calculate the Normal Cost for 1994,

NCqy = (PVEB,, - Assetsg,)/ TAq,
= (900,000 - 500,000)/11 = 36,364

Step V: Calculate the total Normal Cost for 1995.

NCys = NCgy + aNCg
=36,364 + 15,000 = 51,364

Answer is D.

Problem 2 - 41 (Alternative Solution)
The total Normal Cost for 1995 could have been calculated directly, as follows.
The total PVFB for 1995 is:

PVFEB,; = Expected PVFBy, x 35/30 (due to amendment)
=963,000 x 35/30 = 1,123,500

The Assets as of 1/1/95 are;

Assetsgs = (Assetsy, + Contributiong, )(1 + i)
= (500,000 + 36,364)(1.07) = 573,909
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And,

NCgs = (PVFBys - Assetsys)/ TAos
= (1,123,500 - 573,909)/10.7 = 51,364

Answer is D.

Problem 2 - 42

Step I Calculate the 1995 Normal Cost.

Present Value of Future Benefits $149,000
Less Value of Assets __(20,000)

Equals Present Value of Future Normal Costs 129,000
Divided by Present Value of Future Salary +1,200.000
Eguals Normal Cost Rate 10.75%
Multiplied by Annual Salary x 150,000

Equals Normal Cost 16,125

Step I1I: Calculate the expected 1995 Normal Cost. Since compensation increased by 10%
instead of the expected 3%, the Present Value of Future Benefits increased by a ratio of 1.1/1.03.

PVFB =¢PVFEB x (1.1/1.03)
149,000 = ¢PVFB x (1.1/1.03)
ePVFB = 139,518
eAssets = 20,000 - 1,600 = 18,400

Expected NC = (ePVFB - eAssets)/(PVFS/Salary)
= (139,518 - 18.400)/(1,200,000/150,000) = 15,140

Increase in NC = 16,125 -15,140 = 985
Answer is A.
Note: The ratio of PVFS/Salary is unchanged due to the 10% salary increase even though the

individual amounts (PVFS and Salary) have changed since both have increased by the
ratio 1.1/1.03.
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Problem 2 - 42 (AHternative Solution)
The solution can be found more quickly by direct calculation of the experience gain/loss.
Expected Compensation = {150,000/1.1) x 1.03 = 140,455

ePVFB = (PVFB) x (Expected Compensatioanctual Compensation)
= (149,000)x (140.455/150,000) = 139,519

The loss due to the 10% compensation increase can be calculated as:

Loss = Actual PVFB - ePVFB
= 149,000 - 139,519 = 9,481

The total experience loss is

Total Loss = Compensation loss - Investment gain
=9,481 - 1,600 = 7,881

The difference in the Normal Cost is

aNC = (Experience loss)/(PVFS/Salary)
= (7,881)/(1,200,000/150,000) = 985

Answer is A.

Problem 2 - 43
The increased Normal Cost also increased the Present Value of Future Normal Costs by
100 x (PVFS/Salary) = 100 x (9,500,000/750,000) = 1,267

This amount also represents the asset loss. Since the assets were expected to earn 7% and only
carned 4%, the loss amounted to 3% of the 1/1/94 assets.

1,267 = (.03)(Asset3””94)
ASSetS”Ug,; = 42’233

Therefore,
Assets ;s = 42,233 x 1.04 = 43,922

Answeris E.
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Chapter 3

Individual Aggregate Cost Method

3.3 Problems

Problem 3 - 16
Lump sum death benefit: $100,000, payable at end of year of death.
Actuarial cost method for all benefits: Individual aggregate.
Actuarial assumptions:
Interest rate: 7% per year.
Probability of mortality at each age from 50 through 64: .005
Preretirement terminations other than deaths: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/95):

Date of birth 1/1/45
Projected monthly retirement benefit $5,000

Value of assets as of 1/1/95: $71,500.
Selected annuity value:

4012 =18.74
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In what range is the normal cost for 1995 as of 1/1/95?

(A) Lessthan $11,500

(B)  $11,500 but less than $11,550
(C) 811,550 but less than $11,600
(D)  $11,600 but less than $11,650
(E)  $11,650 or more

Problem 3 - 17
Normal retirement benefit:  60% of final year's compensation.
Actuarial cost method: Individual aggregate.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 3% per year.
Preretirement deaths and terminations: None.

Retirement age: 65,

Valuation data for participant Smith (active as of 1/1/95):

Date of birth : 1/1/40
1994 compensation $90,000
Allocated assets as of 1/1/95 18,000

Selected annuity value:
P =874
In what range is the normal cost attributable to Smith for 1995 as of 1/1/95?

(A) Less than $35,000

(B)Y  $35,000 but less than $36,500
(C)  $36,500 but less than $38,000
(D)  $38,000 but less than $39,500
(E)  $39,500 or more
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3.4 Solutions to Problems

Problem 3 - 16

Key Concept: The Present Value of Future Benefits is equal to the Present Value of the
retirement benefits plus the Present Value of the death benefits.

Step I Calculate the Present Value of the Retirement Benefit:

- PV of Retirement Benefit = (5,000)(1258(v")(\s050)
= (5,000)(12)(8.74)(.3624)(.9276) = 176,283

Note that since ¢, = .005 at each age from 50 through 64,
P, =.995 at each age from 50 through 64.

Step II: Calculate the Present Value of the death benefit.

PV of death benefit = (100,000)(gs)(¥) + (11g50)(") + - - - + Ga @se)("">)]
= (100,0000(.005)(v) + (995)(005)(?) +. . T (:995)14( g05)(v15))

= (100,000)(.005)/(.995).995v + (995v)* + . . . +(.995%)13]

= 502.51(ari;) where j = 107092 - 1= 07538
= (502.51)(8.8063) = 4,425

Step II: Calculate the Normal Cost.
PVFNC =PVEB - Assets
PVFB - Assets = NC(1 + vpg + vipsp +. . . + v, 050)

176,283 + 4,425 - 71,500 = NC(1 + .995v + (.995v)* +. . . + (.9951)")

(NC)(iip;) = 109,208
NC = 109,208/9.4701 = 11,532

Answer is B.
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Problem 3 - 16 (additional information)

The correct numerical solution is also obtained if the death benefit is funded using a one-year
term cost.

The Normal Cost associated with the death benefit would be

NCpeah Benesit = 100,000vg5,
= (100,000)(.9346)(.005) = 467

The Normal Cost associated with the retirement benefit would be

= (176,283 - 71,500)/9.4701 = 11,065

The total Normal Cost would be
NC=11,065+467=11,532
Note that while coincidentally this produces the same result as the previous solution, the

methodology is incorrect since the problem states that Individual Aggregate is the cost method
for all benefits.

Problem 3 - 17
Step I: Calculate the final Salary.

Satary = 90,000 x (1.03)° = 120,952
Step II: Calculate the Present Value of Future Benefits.

PVFB = (120,952)(.6)(&)(v')
=(120,952)(.6)(8.74)(.5083) = 322,401

Step III: Calculate the Normal Cost.

NC = (PVFB - Assets) ap; where j = 1.07/1.03 - 1 = .038835
=(322,401 - 18,000)/8.475 = 35,918 '

Answer is B.
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Chapter 4

Entry Age Normal Cost Method

4.5 Problems

Problem 4 - 58
Normal retirement benefit:

Before 1995: $150 per year for each year of service.
After 1994:  $200 per year for each year of service.

Actuarial cost method: Individual entry age normal.
Actuarial assumptions:
Interest rate: 7 % per year.
Compensation increases: None.
Preretirement deaths and terminations: None.

Retirement age: 65.

Valuation data and selected valuation results for only participants (both active as of 1/1/95):

Smith Brown

Date of birth = 1/1/65 1/1/40

Date of hire 1/1/90 1/1/80
Normal cost per $1,000 of

projected annual benefit $43.04 $135.85
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In what range is the increase in the accrued liability as of 1/1/95 due to the plan amendment?

(A)  Less than $4,500

(B)  $4,500 but less than $5,000
(C)  $5,000 but less than $5,500
(D)  $5,500 but less than $6,000
(E)  $6,000 or more

Problem 4 - 59
Normal retirement benefit:

Before 1995: 30.0% of final year's compensation.
After 1994:  37.5% of final year's compensation.

Actuarial cost method: Individual entry age normal.
Assumed compensation increases: None.

Selected valuation results for sole participant (active as of 1/1/95), before plan amendment:

Present value of future benefits $41,000
Unfunded accrued liability 8,000
Value of assets 10,000
Present value of future compensation 460,000

Increase in annual projected retirement benefit due to plan amendment: $3,000.
In what range is the normal cost for 1995 as of 1/1/95 after the plan amendment?
(A)  Less than $2,200

(B)  $2,200 but less than $2,700

(C)  $2,700 but less than $3,200

(D)  $3,200 but less than $3,700
(E)  $3,700 or more

Problem 4 - 60

Actuarial cost method: Entry age normal (level doliar amount).
Assumed retirement age: 65.
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Valuation data for sole participant (active as of 1/1/93):

Date of birth 1/1/50
Date of hire 1/1/80

Projected monthly benefit as of 1/1/95: $2,500.

Selected commutation functions and annuity value:

Age X D, N,
30 1,261,611 ' 17,887,840
45 445 008 5,690,850
65 94 414 868,052
402 8.74

In what range is the accrued liability for retirement benefits as of 1/1/95?

(A)  Less than $35,000

(B)  $35,000 but less than $37,000
(C)  $37,000 but less than $39,000
(D)  $39,000 but less than $41,000
(E)  $41,000 or more

Problem 4 - 61

Normal retirement benefit:  $10 per month for each year of service.
Early retirement benefit: Accrued benefit, reduced by 0.5 % for each month by which the
benefit commencement date precedes the normal retirement date.,

Nommal form of payment:  Fully subsidized 100% joint and survivor annuity for married
participants; life annuity for unmarried participants.

Actuarial cost method: Individual entry age normal.
Actuarial assumptions:

Interest rate: 7% per year.

Preretirement deaths and terminations: None.

Retirement age: 62.

Marital characteristics: 80% of participants at the assumed retirement age are
married with a spouse the same age.

Valuation data for participant Smith:
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Date of birth 1/1/35

Date of hire - 1/1/85
Date of retirement 12/31/94
Date of benefit commencement 1/1/95
Spouse's date of birth 1/1/35

Selected annuity values:

502=10.0 502=9.0 42=8.0

=(12) 5 - = a
447, = 8.0 i, =75 d42;=1.0

In what range is the absolute value of the experience gain or loss as of 1/1/95 due to Smith's
early retirement?

(A) Lessthan $450

(B)  $450 but less than $900
{(C)  $900 but less than $1,350
(D)  $1,350 but less than $1,800
(E)  $1,800 or more
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4.6 Solutions to Problems

Problem 4 - 58

Step I: Calculate the Accrued Liability per $1,000 of projected annual benefit for each
participant.

Smith43.04sy = (43.04)(6.1533) = 264.84
Brown: 135.85 sp= (135.85)(26.8881) = 3,652.75

Step II: Calculate the increase in projected annual benefit for each partictpant. Note that the
benefit increases by $50 per year for each year of service.

Smitth0 x 40 years of service = 2,000
Brown: 50 x 25 years of service = 1,250

Step III: Calculate the increase in the Accrued Liability.

Increase in AL = (264.84)(2,000/1,000) + (3,652.75)(1,250/1,000)
= 529.68 + 4,565.94 = 5,095.62 '

Answer is C.

Problem 4 - 59

Key Concept: Since the Entry Age Normal Normal Cost is independent of the plan assets, the
Normal Cost after the amendment is proportionally increased over the Normal
Cost before the amendment.

We can use the relationship PVFB = AL + PVFNC to determine the Normal Cost.

Since PVFNC = NC x (PVFS/Salary), we need to find the salary for the 1995 valuation. The
benefit formula increased by 25%, so the benefit before the increase was 12,000 (3,000 x 4).

Salary,; = 12,000/.3 = 40,000
So, ' PVENC =NC x (460,000/40,000)

Also AL =UAL + Assets
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Therefore, PVFB = AL + PVFNC
41,000 = (8,000 + 10,000) + NC x (460,000/40,000)

NC (before amendment) = 2,000
and NC (afier amendment) = 2,000 x 37.5/30 = 2,500

Answer 1s B.

Problem 4 - 60
Step I: Calculate the Normal Cost.

=(2,500)(128¢2WIN, - N yD ]
= (2,500)(12)(8.74)/[(17,887,840 - 868,052)/94,414] = 1,454.50

Step II: Calculate the Accrued Liability.

AL =NC x §3,13
- = 145450 X [Ny - N)/Dyy)
= 1454.50 x [(17,887,840 - 5,690,850)/445,008] = 39,866

Answer is .

Problem 4 - 60 (Alternative Solution)

Use the relationship PVFB = AL + PVFNC, or alternatively, AL = PVFB - PVENC.

PVFB = (2,500)(128()(Dgs/Dys)
=(2,500)(12)(8.74)(94,414/445,008) = 55,629

PVFNC = NC x 5.45:'2'9
=1,454.50 X [(Nys - Nesy/D]
= 1,454.50 x [(5,690,850 - 868,052)/445,008] = 15,763

AL =PVFB - PVFNC
= 53,629 - 15763 = 39,866

Answer is D.
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Problem 4 - 61

Key Concept: The experience gain (loss) is determined by calculating the difference between
the Accrued Liability under the funding method to the actual liability due to early
retirement.

Step I Calculate the Entry Age Normal Accrued Liability.

Projected Retirement Benefit = (10)(12 years of service)(1 - (.005)(36)) = 98.40

Value at Retirement of the
Projected Retirement Benefit = (98.40)(12)[.8(a(}? + &2 - a2y + .2(alP)] = 12,044

. The value of the Projected Retirement Benefit is determined using the assumption that 80% of
the participants receive a joint and survivor annuity and 20% receive a life annuity.

NC = 12,044/5,
= 12,044/19.1406 = 629.24

AL =629.24 &y
=(629.24)(14.7836) = 9,302

Step II: Calculate the actual Iiability.
Early Retirement Benefit = (10)(10 years of service)(1 - (.005)(60)) = 70
Value of ERB = (70)(12)(#{?+ &2 - 402,) = 10,080
Step III: Calculate the experience loss.

Loss = Value of ERB - AL
= 10,0680 - 9,302 = 778

Answer is B.
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Chapter 5

Individ_ual Level Premium Cost Method

5.3 Problems

Problem 5 - 26
Plan effective date: 1/1/95.
Funding medium: Individual whole life insurance policies and a side fund.
Actuarial cost method: Individual level premium with normal cost for side fund
determined for benefits not provided by cash values of insurance
policies at age 65.
The amount of whole life insurance is 60 times the expected monthly retirement benefit.
Actuarial assumptions for side fund:
Interest rate: 6% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

Date of birth for sole participant (active as of 1/1/95): 1/1/56.

Expected monthly retirement benefit: $400.
Cash value at age 65 per $1,000 of insurance: $550.

Selected annuity value:

402=10
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In what range is the normal cost for 1995 as of 12/31/95 for the side fund?

(A)  Lessthan $480

(B)  $480 but less than $510
(C)  $510 but less than $540
(D)  $540 but less than $570
(E)  $570 or more
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5.4 Solutions to_ Problems

Problem 5 - 26

Key Concept: The cash value at retirement of the life insurance policy must be subtracted from
the value of the benefit at retirement in order to determine the normal cost for the
side fund. Alternatively,the present value of the cash value at retirement can be
subtracted from the present value of future benefits.

Face amount of insurance = 60 x Monthly retirement benefit
=60 x 400 = 24,000

Cash Value at 65 = 24 x 550 {(per thousand of face amount) = 13,200
PVFB = [(400)(124{2) - 13,200](+v*) = 7,649

Side Fund NC, s = PVFB/(iz)
=7,649/13.7834 = 555

Side Fund NC,p,5 = 555 * 1.06 = 588

Answer is E.

Problem 5 - 26 (Alternative Solution)

Since it is the first year of the plan and there are no assets, the normal cost can be calculated
using the Present Value of benefits at retirement.

Present Value of benefits at retirement = (400)(124{2) - 13,200 = 34,800

Side Fund NC,y5, 95 = 34,800/s5
= 34,800/59.1564 = 588

Note that s was used instead of sydue to the end of year valuation date.

Answer is E.
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Chapter 6

Frozen Initial Liability Cost Method

6.3 Problems

Problem 6 - 31
Actuarial cost method: Frozen initial liability.
Actuarial assumptions:
Interest rate: 7% per year.
Compensation increases: 5% per year.
Preretirement deaths and terminations: None.
Retirement age: 65.

As of 1/1/94, all participants were active and under age 63.

Selected valuation results as of 1/1/94:

Normal cost as of 1/1 $ 150,000

Present value of future benefits 2,500,000
Unfunded liability 750,000
Value of assets 250,000
Total valuation compensation for 1994 4,000,000

Contribution for 1994: $225,000 paid on 12/31/94.

There were no deaths, terminations, or retirements during 1994. There was one new entrant as
of 1/1/95 who was age 50 with valuation compensation for 1995 of $50,000.

Value of assets as of 1/1/95: $510,000.

Experience gains or losses due to compensation increases during 1994: $0.
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In what range is the absolute value of the change in the normal cost for 1995 as of 1/1/95 due to
investment experience gains or losses during 19947

(A)  Lessthan $1,900

(B)  $1,900 but less than $1,910
(C)  $1,910 but less than $1,920
(D)  $1,920 but less than $1,930
(E) $1,930 or more

Problem 6 - 32

Plan effective date: 1/1/90.

Actuarial cost method: Frozen initial liability.
Initial accrued liability: $150,000.

Assumed interest rate: 7 % per year.

Selected valuation results as of 1/1/95:

Present value of future benefits $300,000
Value of assets 200,000
Present value of future compensation 600,000
Annual compensation 60,000

The contribution for 1995 1s paid on 12/31/95 in an amount equal to the normal cost for 1995
as of 12/31/95 plus a 10-year amortization payment as of 12/31/95 of the initial accrued liability.

Contribution for 1995: $25,000.
In what range is the unfunded liability as of 1/1/95?

(A)  Less than $50,000

(B)  $50,000 but less than $55,000
(Cy  $55,000 but less than $60,000
(D)}  $60,000 but less than $65,000
(E)  $65,000 or more

Problem 6 - 33

Plan effective date: 1/1/92.
Actuarial cost method: Frozen initial liability.

Assumed interest rate: 6% per year.
Initial accrued liability: $10,000,000.
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Normal cost for 1992 as of 1/1/92: $3,000,000.

Normal cost for 1993 as of 1/1/93: $3,200,000.

Normal cost for 1994 as of 1/1/94 (after plan amendment): $3,500,000.
Increase in unfunded liability as of 1/1/94 due to plan amendment: $5,000,000.

Investment fund activity for 1992 through 1994:

Actual
_ Date of Investment

Year Contribution Contribution Return
1992 $£4,500,000 1/1/92 8.0%
1993 5,000,000 4/1/93 _ 7.5%

1994 5,500,000 4/1/94 5.5%
In what range is the unfunded liability as of 1/1/957 |

(A)  Lessthan $11,050,000

(B)  $11,050,000 but less than $11,200,000
(C)  $11,200,000 but less than $11,350,000
(D)  $11,350,000 but less than $11,500,000
(E)  $11,500,000 or more
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6.4 Solutions to Problems

Problem 6 - 31

Key Concept: The increase (decrease) in Normal Cost due to investment loss (gain) can be
found by multiplying the amount of the investment loss (gain) by the ratio of
Present Value of Future Salary to current Salary.

Step I: Calculate the investment gain or loss.

Expected Assets, ;s = (250,000 x 1.07) + 225,000
= 267,500 + 225,000 = 492,500

Actual Assets, ;s = 510,000
Asset Gain = 510,000 - 492,500 = 17,500

Step 11: Calculate the Present Value of Future Salary as of 1/1/95. First, use the 1/1/94 valuation
results to determine the PVFS as of 1/1/94.

NC = (PVFB - UL - Assets)/(PVFS/Salary)
150,000 = (2,500,000 - 750,000 - 250,000)/(PVFS,,/4,000-000)
PVFS,, = 40,000,000

The expected PVFS for 1995 is

Expected PVFS,; = (PVFS,, - Salaryg,) x 1.07
= (40,000,000 - 4,000,000) x 1.07 = 38,520,000

The PVFS for the new entrant must be added to the expected PVFS,; to get the actual PVFS,,.

New Entrant PVFS = 50,0004y; where j = 1.07/1.05 - 1 = .0190476
= (50,000)(13.1878) = 659,390

PVFS,; = 38,520,000 + 659,390 = 39,179,390
Step III: Calculate the total salary at of 1/1/95.
Expected Salaryy; = Salary,, x 1.05

= 4,000,000 x 1.05 = 4,200,000
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The salary for the new participant must be added.
Actual Salaryy = 4,200,000 + 50,000 = 4,250,000
Step 1V: Calculate the decrease in the Normal Cost due to the investment gain.

aNC = Gain/(PVFS,,/Salaryss)
=17,500/(39,179,390/4,250,000) = 1,898

Answer is A.

Problem 6 - 32
The 10-year amortization payment as of 12/31/95 1s
150,000/an, = 21,357
Note the use of ap, instead of &y, because the payment is made at the end of the year.
Since the total contribution paid 12/31/95 was 25,000, the Normal Cost as of 12/31/95 is:
25,000 - 21,357 = 3,643
and the Normal Cost as of 1/1/95 is:
3,643/1.07 =3,405
Now we can use the formula for developing Normal Cost:

NC = (PVFB - UL - Assets)/(PVFS/Salary)
3,405 = (300,000 - UL - 200,000)/(600,000/60,000)
UL = 65,950

Answeris E.

Problem 6 - 33

Key Concept: The unfunded Hability is developed by increasing the sum of the unfunded
Iiability and Normal Cost as of the prior valuation date with interest to the current
valuation date and subtracting the contributionmade for the prior plan year with
interest from the date the contribution was made.
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Step I: Calculate the Unfunded Liability as of 1/1/93.

{_]—L93 = (UL92 + Nng) x (1 + i) - Contributiongz X (1 + I)
= (10,000,000 + 3,000,000)x1.06- 4,500,000 x 1.06 = 9,010,000

Step II: Calculate the Unfunded Liability as of 1/1/94.

ULs, = (UL, + NCyy) x (1 + i) - Contribution; x (1 + 3/4)
= 9,010,000+ 3,200,000)x1.06- 5,000,000 x 1.045 = 7,717,600

Because the contribution was paid on April 1, 1993, the contribution was increased with interest
for only 9 months. The interest accumulation used here was based upon simple interest, but
could have reflected compound interest by using (1.06)** as the interest factor.

Step III: Calculate the Unfunded Liability as of 1/1/95.

ULgs = (ULgy + ULpjap am, T NCoy)X(1 + i) - Contributiong, x (1 + 3/41)
=(7,717,600+ 3,500,000+ 5,000,000)x1.06- 5,500,000 x 1.045
= 11,443,156

Answer is D.
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Chapter 7

Attained Age Normal Cost Method

7.3 Problems

There were no problems on this cost method on the 1995 exam.
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7.4 Solutions to Problems

There were no problems on this cost method on the 1995 exam.
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Chapter 8

Miscellaneous

8.2 Problems

Problem 8 - 33

Normal retirement benefit: 2% of final year's compensation for each year of service.
Early retirement eligibility: Age 55.

Early retirement benefit: Accrued benefit, reduced by 5% for each year by which the
benefit commencement date precedes the normal retirement date..

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Preretirement deaths and terminations: None.

Probabilities of retirement (assumed to occur at beginning of year):

Atage 62 25%
At age 63 50%
At age 64 75%
At age 65 100%

Valuation data for sole participant (active as of 1/1/95 )

Date of birth 1/1/33
Date of hire 1/1/75
1994 compensation $50,000
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Selected annuity values:
ii9=9.18 ilP=8.74
allP=138.96 alP=_8.51
In what range is the present value of future benefits as of 1/1/957
(A)  Less than $155,000
(B)  $155,000 but less than $165,000
(C)  $165,000 but less than $175,000

(D)  $175,000 but less than $185,000
(E)  $185,000 or more

Problem 8 - 34
Normal retirement benefit: 2% of final 3-year average compensation for each year of service.

Early retirement benefit: Accrued benefit, reduced by 3% for each year by which the
benefit commencement date precedes the normal retirement date.

All optional forms of payment are actuarially equivalent to the normal form of payment.

Valuation data for participant Smith:

Date of birth 1/1/36
Date of hire 1/1/72
Date of retirement 12/31/95
Date of benefit commencement 1/1/96

Smith originally elected an optional form of payment under which, for each $100 of monthly
early retirement single lIife annuity benefit, he will receive a monthly benefit of $80 for his
lifetime with one-half of this amount continuing after his death to his surviving spouse for her
remaining lifetime.

Under an early retirement program, Smith's retirement benefits are enhanced by determining his
normal and early retirement benefits with his service increased by one year, and his early
retirement benefits reduced now by 3 % for each year by which commencement of payments
precedes age 63.

Due to the early retirement program, Smith revises his election to an optional form of payment

under which he will receive a monthly benefit of $80 for his lifetime with X% of this amount
continuing after his death to his surviving spouse for her remaining lifetime.
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In what range is the value of X%?7?

A)
B)
©)
(D)

B

Less than 75%

75% but less than 81%
81% but less than 87%
87% but less than 93%
93% or more

Problem 8 - 35

Normal retirement benefit:

Postponed retirement benefit:

Normal form of payment:

Optional form of payment
for married participants:

Preretirement death benefit; None.

2% of final 3-year average compensation for each year of service.

Greater of (a) the normal retirement benefit determined as
of the date of postponed retirement based on-
compensation and service up to the date of postponed
retirement, or (b) the actuarial equivalent of the normal
retirement benefit determined at age 65.

Life annuity,

Joint and 100% survivor annuity which is actuarially
equivalent to the normal form of payment.

Data for participant Smith (active as of 12/31/94):

Date of birth

Date of hire

Date of retirement

Spouse's date of birth  1/1/29
Annual compensation:

1991 $30,000
1992 42,000
1993 45,000
1994 32,000

1/1/29
1/1/64
1/1/95

Selected commutation functions and annuity values:

Agex D, N{2
635 94,414 824,779
66 86,246 734,109
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a3k = 6.5 80k = 6.3
" In what range is Smith's annual benefit under the joint and 100% survivor annuity option?

(A)  Less than $20,000

(B)  $20,000 but less than $21,000
(C)  $21,000 but less than $22,000
(D)  $22,000 but less than $23,000
(E)  $23,000 or more
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8.3 Solutions to Problems

Problem 8 - 33
Key Concept: The total Present Value of Future Benefits is equal to the sum of the Present.
Value of Future Benefits at each possible retirement age multiplied by the
probability of retirement at that age.
Step I: Calculate the Present Value of Future Benefits if retirement occurs at age 62.
Final Compensation = $50,000
Accrued Benefit at age 62 = (.02)($50,000)(20 years of service)(1 - (.03)(3)) = 17,000
PVFB,, = (17,000)(52) = 156,060
Step H: Calculate the Present Value of Future Benefits if retirement occurs at age 63.
Final Compensation = $50,000 x 1.05 = $52,500
Accrued Benefit at age 63 = (.02)(852,500)(21 years of service)(1 - (.05)(2)) = 19,845
PVFBg; = (19,845)(3(2 )(v) = 166,179
Step III: Calculate the Present Value of Future Benefits if retirement occurs at age 64.
Final Compensation = $50,000 x (1.05)?= 55,125
Accrued Benefit at age 64 = (.02)($55,125)(22 years of service)(1 - .05) = 23,042
PVFB,, = (23,042)(a{? )(.vz) = 175,899
Step I'V: Calculate the Present Value of Future Benefits if retirement occurs at age 65.
Final Compensation = $50,000 x (1.05)° = 57.881
Accrued Benefit at age 65 = (.02)($57,881)(23 years of service) = 26,625

PVFBys = (26,625)(802)(»") = 184,956
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Step V: Calculate the proBability of retirement at each age.

gH=.25

g= (1 - 99Yqw) = (75)-3) = 375

g=(1-99)1 994y = (75)(.5)(-73) = 28125

2= "¢ ¥ -9y Y90y = (_75)(_5)('25)(1) =.09375

Step VI: Calculate the total Present Value of Future Benefits.

PVFBy,,, = (156,060)(.25) + (166,179)(.375) + (175,899)(.28125) +
(184,956)(.09375) = 168,143

Answer is C.

Problem 8 - 34
Under the original option,
100 (12a(P) = 80 (12&() + 40 (12407 - 1244 ) where y is the age of the

spouse.
2047 = 40(- 32)

5 = @ )
We must determine the amount of benefit Smith is due under the early retirement program.

Amount of benefit under the old program = (.02)(Salary)(24 years of service)(1- (.03)(5))
= .408(Salary)

Amount of benefit under the new program = (.02)(Salary)(25 years of service)(1- (L03)(3))
= .455(Salary) _

So, the life annuity benefit under the early retirement program is

100 x (.455/.408)=111.52



And,

111.52 (12467) = 80(12863") + 80CK)(124™ - 124(7) )
31.52 g = gOX)(Ew - da)
31.52 = 80(X)(a0? - 12 y/ 80> = 40X
X =.788, 0r 78.8%

Answer is B.

Problem 8 - 35
Step I: Calculate the benefit on the postponed retirément date of 1/1/95.
Fmal 3-year average salary = (42,000 + 45,000 + 32,000)/3 = 39,667
Benefit = (39,667)(.02)(31 years of service) = 24,594
Step II: Calculate the actuarial equivalent of the normal retirement benefit.

Final 3-year average salary on the normal retirement
date of 1/1/94 = (42,000 + 45,000 + 30,000)/3 = 39,000

Benefit = (39,000)(.03)(30 years of service)(N{P /NE2)
=(23,400)(824,779/734,109) = 26,290

Step III: Calculate the postponed retirement benefit. This is the greater of the benefits calculated
in Steps I and 11, which is $26,290.

Step IV: Calculate the 100% joint and survivor annuity.
AP = NUD/D,, = 734,109/86,246 = 8.5118

26,290 x 842 = X (82 + 402 - {2
X = 20,868

Answer is B.
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Guide to Problems

The problems herein were taken from the May, 1996 EA-1(B) Examination. For those
students wishing to use this material in conjunction with this examination, the following cross
reference list should be helpful. Problems and solutions for the May, 1994 and May, 1995 EA-
1(B) Examinations are contained in the 1995 and 1996 Supplements, respectively. The cross
reference to those problems is provided here for your convenience.

1995 Supplement 1996 Supplement 1997 Supplement
Problem May, 1994 May, 1995 May, 1996
Examination Examination Examination
1 6-28 2-39 1-49
2 4-53 8-33 2-44
3 2-37 3-16 4-062
4 1-42 1-47 3-18
5 1-43 5-26 5.27
6 1-44 2-40 7-15
7 4-54 8-34 2-45
8 4-55 4-58 8-36
9 4-56 3-17 8 -37
10 1-45 6-31 4-63
11 8-31 2-41 6-34
12 4-57 4-59 1-50
13 7-14 2-42 5-28
14 6-29 6-32 4 -64
15 3-15 1-48 8-38
16 5-25 2-43 4-65
17 2-38 8-35 2-46
18 6-30 4 - 60 I-51
19 8-32 6-33 2-47
20 1-46 4 -6l 4 - 66
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Glossary of Abbreviations

Since many actuarial terms are lengthy, we will use abbreviations in equations and in the text
for the sake of brevity. Listed below are many of the abbreviations which will be seen here:

Present value of an annuity due at age x

ay

AA aaorx Attained Age

Assets Actuanal Value of Assets

AL Accrued Liability

ATA Average Temporary Annuity

B(x) Benefit at age x

BP Benefit Payments

C, Contributions for year t

CcvV Cash Value

DB Death Benefit

eAssets Expected Value of Assets

eAL Expected Accrued Liability

¢PVFB Expected Present Value of Future Benefits
ePVENC Expected Present Value of Future Normal Cost
¢UAL Expected Unfunded Accrued Liability
eUL Expected Unfunded Liability

EA orea Entry Age

EAN Entry Age Normal

ERB Early Retirement Benefit

FIL Frozen Initial Liability

Igp Interest on Benefit Payments

I, Interest on contributions

ILP Individual Level Premium

J&S or J+8 Joint and Survivor

NC Normal Cost

NRA Normal Retirement Age

NRD Normal Retirement Date

PVAB Present Value of Accrued Benefits
PVFB Present Value of Future Benefits
PVFEC Present Value of Future Employee Contributions
PVFNC Present Value of Future Normal Costs
PVFS Present Value of Future Salary

PVFY Present Value of Future Years

RA raory Retirement Age

S, Salary Salary or Compensation

TA Temporary Annuity

UAL Unfunded Accrued Liability

ucC Unit Credit

UL Unfunded Liability

x



Introduction

This Supplement is designed to assist students who are preparing for the EA-1(B)
Examination, Basic Pension Mathematics, which is offered jointly by the American Society of
Pension Actuaries, the Society of Actuaries and the Joint Board for the Enroliment of Actuaries.
The problems and solutions in this Supplement are from the May, 1996, EA-1(B) Examination.
Material is arranged according to the recognized actuarial cost methods, with the last section
dealing with those principles common to all cost methods.

Actuarial Cost Methods, A Review, in conjunction with the 1995, 1996 and 1997 supplements,
provides a complete, up to date review of the principles of the various pension cost methods and
related actuarial topics.
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1.4 Problems

Problem 1 - 49

Normal retirement benefit:

Early retirement eligibility:

Early retirement benefit:

Actuarial cost method:

Actuarial assumptions:

Interest rate:

Chapter 1

Unit Credit Cost Method (Accrued Benefit)

2% of final 3-year average compensation for each year of service
up to 25 years.

Age 62.

Accrued benefit, reduced by 3% for each year by which the
benefit commencement date precedes the normal retirement date,

Projected unit credit (based upon actual accrual
percentages as of the valuation date).

7% per year.

Compensation increases: 4% per year.
Pre-retirement decrements: None.
Probability of retirement (assumed to occur at beginning of the year):

At age 62
At age 63
At age 64
At age 65

20%
0%
0%

100%



Valuation data for sole participant:

Date of birth 1/1/46
Date of hire 1/1/84
1996 valuation compensation $50,000

Selected annuity values:

#(12) _ 12y
a.7=939 aé's ' =8.74

In what range is the accrued liability as of 1/1/967

(A)
(B)
©)
D)
(E)

Less than $60,000

$60,000 but less than $62,500
$62.500 but less than $65,000
$65,000 but less than $67,500
$67,500 or more

Problem 1 - 50

Normal retirement benefit:  2/12% of final 3-year average compensation for each month of

service up to 120 months plus 1/12% of final 3-year average
compensation for each additional month of service.

Actuarial cost method: Projected unit credit (based upon actual accrual percentages as of

the valuation date).

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases: 4% per year.
Pre-retirement decrements:  None.
Retirement age: 65.

Valuation data for sole participant:

Date of birth 1/1/43
Date of hire 10/1/86
1996 valuation compensation $£50,000

Selected annuity value:

5012y
4. = 8.74



In what range is the normal cost for 1996 as of 1/1/96?

(A)
(B)
©)
D)
(E)

Less than $4,000

$4,000 but less than $4,500
$4,500 but less than $5,000
$5,006 but less than $5,500
$5,500 or more

Problem 1 - 51

Normal retirement benefit: 2% of final 3-year average compensation for each year of service.
Termination benefit: Accrued benefit payable at normal retirement date.
Vesting: Full and immediate.

Actuarial cost method: Projected unit credit.

Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 4% per year.

Pre-retirement decrements other than withdrawals: None.
Probability of withdrawal (assumed to occur at beginning of year):

1/1/95 valuation: 40% at age 50

25% at age 55

20% at age 60

0% at all other ages
1/1/96 valuation: 50% at age 50

20% at age 55

0% at all other ages

Retirement age: 65.

As of 1/1/96, all participants were active and under age 45.

In what range is the ratio of the accrued liability as of 1/1/96 under the revised withdrawal
assumptions to the accrued liability as of 1/1/96 under the original withdrawal assumptions?

(A)
(B)
(€
(D)
(E)

Less than 0.990

0.990 but less than 1.000
1.000 but less than 1.010
1.010 but less than 1.020
1.020 or more



1.5 Solutions to Problems

Problem 1 - 49
Step I: Calculate the Final Average Salary at each retirement age.
Final Average Salary RA = 65: (50,000)[(1.04)™ + (1.04)" + (1.04)"*]/3 = 83,296
Final Average Salary RA = 62: (50,000)[(1.04)"! + (1.04)!" + (1.04)°)/3 = 74,050
Step II: Calculate the Accrued Liability at retirement age 63.
Projected Accrued Benefit = (83,296)(.02)(12 years of service) = 19.991

AL (RA 65)=PVAB = (19,991)(E2)(')
— (19,991)(8.74)(.362446) = 63,327

Step III: Calculate the Accrued Liability at retirement age 62.

Projected Accrued Benefit = (74,050)(.02)(12 years of service)(1 - (.03)(3 years))
=16,173

AL (RA 62) =PVAB = (16,173)(@)(v")
= (16,173)(9.39)(.444012) = 67,430

Step IV: Calculate the Accrued Liability under the actual retirement age assumptions (20%
probability at age 62, 100% probability at age 65)

AL = (67,430)(.2) + (63,327)(.8) = 64,148

Answer is C.

Problem 1 - 50
Step I: Calculate the projected Final Average Salary.

Final Average Salary = (50,000)[(1.04)'" + (1.04)'° + (1.04)°}/3 = 74,050



Step II: Calculate the projected 1996 accrual.

The participant has worked 111 months prior to 1996. So, the benefit to be accrued in 1996 will
be based upon 9 months of service at 2/12% of final average salary plus 3 months of service at
1/12% of final average salary.

Projected 1996 Accrual = [(2/12% % 9 months) + (1/12% x 3 months})](74,050)
=1,295.88

Step Iil: Calculate the Normal Cost.

NC = (1,295.88)(#)(v')
= 5,029

Answer is D.

Problem 1 - 51

Key Concept: The Accrued Liability is equal to the sum of the liability attributableto retirement
benefits plus the Liability attributable to withdrawal benefits.

Step I: Calculate the Accrued Liability attributable to retirement benefits.
Under the 1/1/95 valuation assumptions,
Retirement Benefit ALy, =PV x pia? x plt? x pf¥
= (PV)(.6)(.75)(.8)
= 36PV

where PV represents the present value of the projected accrued benefit as of 1/1/96,
discounting with interest only.

Under the 1/1/96 vaiuation assumptions,
Retirement Benefit AL,,,, =PV x pf¥ x pi¥

= (PV)(.5)(.8)
= 4PV



Step II: Calculate the Accrued Liability attributable to withdrawal benefits.

Under the 1/1/95 valuation assumptions,

Withdrawal Benefit ALy, = (PV)(1/1.04)55(g%”) + (PV)(1/1.04)"°(p")(q¥)
+ (PV)(1/1.04Y (0} (pés M ae”)
= (PV)(1/1.08)5(.4) + (PV)(1/1.04)°(.6)(.25)
+ (PVY(1/1.047°(.6)(.75)(.2)
= 3974PV

Note that since termination would occur, the participant would not have the impact of
future salary increases from termination to retirement. This explains the multiplication
of the present value by 1/1.04 for the number of years from termination to retirement.

Under the 1/1/96 valuation assumptions,

Withdrawal Benefit ALy, = (PV)(1/1.04)%(q) + (PV)(1/1.04) °(p{)(al)
= (PVY(1/1.08)5(.5) + (PVY(1/1.04)1%(.5)(.2)
= 3452PV

Step I1I: Calculate the ratio of the revised Accrued Liability to the original Accrued Liability.
Ratio = (.4PV + .3452PV)/(.36PV + .3974PV)

.7452/.7574
9839

Answer i1s A.
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Chapter 2

Aggregate Cost Method

2.4 Problems

Problem 2 - 44
Normal retirement benefit:

Before 1996: 60% of final 5-year average compensation.
After 1995:  70% of final 5-year average compensation.

Actuarial cost method: Aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Compensation increases: 4% per year.
Pre-retirement decrements: None.
Retirement age: 63.

Selected valuation results as of 1/1/95:

Present value of future benefits $1,500,000
Value of assets 300,000
Normal cost as of 1/1 96,000

As of 1/1/95, all participants were active and under age 55.

There were no deaths, terminations, retirements, or new participants during 1995, and there are
no new participants as of 1/1/96.
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For each participant, 1996 valuation compensation is 6% higher than 1995 valuation
compensation.

Normal cost for 1996 as of 1/1/96: $122,650.

In what range is the value of assets as of 1/1/967
(A)  Less than $200,000
(B)  $200,000 but less than $300,000
(C)  $300,000 but less than $400,000

(D)  $400,000 but less than $500,000
(E)  $500,000 or more

Problem 2 - 45

Normal retirement benefit:  $50 per month for each year of service.
Normal form of payment:  Life annuity with 120 months certain.
Actuarial cost method: Aggregate.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements:  None.
Retirement age: 65.

Value of assets as of 1/1/96: $110,000.

Valuation data for all participants as of 1/1/96;

Smith Brown
Date of birth 1/1/29 1/1/51
Date of hire 1/1/74 1/1/86
Status Retired on 1/1/94 Active



Selected commutation functions:

X D, NO2

65 94,414 824,780
67 78,601 651,367
75 33,855 217,236
77 25,541 153,955

After preparing the 1/1/96 valuation, the actuary was mformed that Smith died on 12/15/95. The
actuary prepared a revised 1/1/96 valuation based upon this information.

In what range is the difference in the normal cost for 1996 as of 1/1/96 under the two valuations?
(A)  Lessthan $2,450
(B)  $2.450 but less than $2,600
(C)  $2,600 but less than $2,750

(D)  $2,750 but less than $2,900
(E)  $2,900 or more

Problem 2 - 46
Normal retirement benefit: 1% of final year's compensation for each year of service.
Actuarial cost method: Aggregate.
Actuarial assumptions:
Interest rate: 6% per year.
Compensation increases: 5% per year.
Pre-retirement decrements other than deaths: None.

Retirement age: 65.

Value of assets as of 1/1/96: $60,000.



Valuation data for all participants as of 1/1/96:

Smith Brown
Status Active Terminated Vested
Age at hire 25 -
Attained age 35 50
1996 valuation compensation $48,000 -
Monthly accrued benefit $375 $200

Selected commutation functions and annuity values:

serx - SNGS
X *Dy 6S-x| 5)((”-)
25 16.7 0.4
30 14.3 0.7
35 12.5 1.0
50 11.1 4.0
65 0.0 10.0

In what range is the normal cost for 1996 as of 1/1/967
(A)  Less than $5,000
(B)  $5.000 but less than $5,200
(C)  $5,200 but less than $5,400

(D)  $5,400 but less than $5,600
(E)  $5,600 or more

Problem 2 - 47
Type of plan: Contributory.
Normal retirement benefit:  $50 per month for each year of service.
Actuarial cost method: Aggregate.
Actuarial assumptions:
Interest rate: 7% per year.

Pre-retirement decrements: None.
Retirement age: 65.
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As of 1/1/95, all participants were active and under age 63.

Selected valuation results:

1/1/95 1/1/96
Employer's normal cost as of 1/1 § 7,200
Present value of future benefits 100,000
Present value of all future employee contributions 25,000 $ 24 500
Value of plan assets 10,000 22,000

There were no deaths, terminations, retirements, or new participants during 1995, and there are
no new participants as of 1/1/96.

In what range is the employer's normal cost for 1996 as of 1/1/967

(A)  Less than $7,000

(B)  $7,000 but less than $7,200
(C)  $7,200 but less than $7,400
(D)  $7.400 but less than $7,600
(E)  $7,600 or more
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2.5 Solutions to Problems

Problem 2 - 45
Key Concept: The gain due to Smith’s death will be the vatue of the life portion of the benefit.
Under the Aggregate method, the gain will be amortized over the 20 year future
working lifetime of Brown, the sole active participant.
Step I: Calculate the present value of the decrease in Smith’s benefit.
Smith Monthly Benefit = (50)(20 years of service) = 1,000
Decrease in Present Value = (1,000)(12)(NY2/ D,,) = 33,165
Step II: Calculate the decrease in the Normal Cost

Decrease in Normat Cost = 33,165/ i = 2,926

Answer is E.

Problem 2 - 46

Key Concept: Since Smith is the only active participants, the Present Value of Future Benefits
will be amortized over Smith’s future working lifetime.

Step I: Calculate the final compensation for Smith.
Final Compensation = 48,000 x (1.05)* = 197,575
Step II: Calculate the Present Value of Future Benefits for each participant.
PVFBg = (197,575)(.01)(40 years of service)(;,497
= (197,575)(.01)(40)(1)
= 79,030
PVFBg o = (200)(12)(15|5(51§])

=(200)(12)(4)
=9,600
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PVFB ... = (300)(12)(52
= (300)(12)(10)
= 36,000

PVFBqy = 79,030 + 9,600 + 36,000
= 124,630

Step HI: Calculate the Normal Cost,
Normal Cost = (PVFB - Assets)/[("N;s. *Ngs)/*Dss)
=(124,630 - 60,000)/12.5
=5,170

Answer is B.

Problem 2 - 47

Key Concept: The employer’sNormal Cost is the total Normal Cost adjusted by the employees’
mandatory contributions. Note that it is assumed that the employee contribution
does not change from 1995 to 1996 since the employee base does not change.

Step I: Calculate the employee contribution.

The equation representing successive years Present Value of Future Employee
Contributions (PVFEC) is:

PVFEC,, = (PVFEC,; - Employee Contribution)(1 + #)
24,500 = (25,000 - Employee Contribution)(1.07)

Therefore,
Employee Contribution = 2,103
Step II: Calculate the average temporary annuity for the 1995 valuation.
The equation representing the 1/1/95 Normal Cost is:

NCys = (PVFBg; - Assetsys) &
7,200 + 2,103 = (100,000 - 10,000)/ &

Therefore,
& =9.673
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Step III: Calculate the average temporary annuity for the 1996 valuation.
G = (& - 1X(1.07) =(9.673 - 1){(1.07) =9.2815
Step I'V: Calculate the Normal Cost.
PVFB, = (PVFBys )1 + i)

= (100,000)(1.07)

= 107,000

= (107,000 - 22,000)/9.2815

=9,158

Employer NCq = 9,158 - 2,103 = 7,055

Answer is B.

Problem 2 - 47 (Alternative Solution)

The Present Value of Future Benefits are funded through the existing assets, the future employer
contributions (normal cost), and the future employee contrtbuttons.

The average temporary annuity for 1995 can be calculated from the equation representing the
1/1/95 employer Normal Cost:

Employer NCys = (PVFBy; - PVFEC;, - Assetsys)/ag
7,200 = (100,000 - 25,000 - 10,000)/45

Therefore,
&y =9.0278
The average temporary annuity for the 1996 valuation 1s:

i = (8 - 1)(1.07)=(9.0278 - 1)(1.07) = 8.5897
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Now calculate the employer Normal Cost for 1996:

Employer NCys = (PVFBy, - PVFEC,, - Assetsog)/dz;
= (107,000 - 24,500 - 22,000)/8.8597
= 17,043

Answer is B.
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Chapter 3

Individual Aggregate Cost Method

3.3 Problems

Problem 3 - 18
Benefit: $20 per month for each year of service.
Actuarial cost method:
Before 1996: Aggregate.
After 1995:  Individual aggregate with assets allocated in proportion to the entry age

normal accrued liability.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements:  None.
Retirement age: 65.

Value of assets as of 1/1/96: $20,000.

Valuation data for all participants (both active as of 1/1/96):

Smiith Brown
Date of birth 1/1/56 1/1/41
Date of hire 1/1/91 1/1/81
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Selected annuity value:
#{12) _
g, =10
In what range is the normal cost for 1996 for Brown as of 1/1/96?

(A)  Lessthan $1,500

(B)  $1,500 but less than $1,700
(C)  $1,700 but less than $1,900
(D)  $1,900 but less than $2,100
(E)  $2,100 or more '
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3.4 Solutions to Problems

Problem 3 - 18

Key Concept: Since the Individual Aggregate funding method is to be used for the first time in
1996, a reasonable method of allocating assets must be used. The description of
the funding method indicates that the method to be used in this problem is to
allocate the assets in proportion to Entry Age Normal Accrued Liability.

Step I: Calculate the Present Value of Future Benefits.

Projected Retirement Benefit = (20)(25 years of service) = 500.00
Value at Retirement = (500.00)(12)(4{2) = 60,000
PVFB = (60,000)(+'*) = 30,501

Step II: Calculate the Entry Age Normal Accrued Liability for each participant.

Smith Accrued Liability = (20)(30 years of service)(12)(A¢)( 55/ $m)
=4 383

Brown Accrued Liability = (20)(25 years of service)(12)(@53)( $m/ 853)
=23,838

Total Accrued Liability = 4,383 + 23,838 = 28,221
Step II1: Calculate the allocation of assets for Brown.

Asset Allocationy,,, = (Total Assets(EANALg, o, /TEANAL;,.)
= (20,000)(23,838/28,221) = 16,894

Step IV: Calculate the Normal Cost for Brown.

Normal Costy,,,, = (PVFB - Assets)/ 4y
= (30,501 - 16,894)/ 7.515232 = 1,811

Answer is C.

25



26



Chapter Four

Entry Age Normal
Cost Method






Chapter 4

Entry Age Normal Cost Method

4.5 Problems

Problem 4 - 62

Normal retirement benefit:  $25 per month for each year of service.

Eligibility for early retirement: Age 55,

Early retirement benefit: Accrued beneftt, reduced for commencement of payments
before age 65.

Early retirement adjustment factor at age 55: 0412,

Actuarial cost method: Individual entry age normal.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for participant Smith (active as of 1/1/95):

Date of birth 1/1/41
Date of hire 1/1/70
Date of retirement 12/31/85
Date of benefit commencement 1/1/96
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Selected annuity values:
éi?sz} =10.78 Eifs? =8.74
In what range is the decrease in the accrued liability as of 1/1/96 due to Smith's retirement?
(A)  Less than $9,000
(B)  $9,000 but less than $18,000
(C)  $18,000 but less than $27,000

(D)  $27,000 but less than $36,000
(E)  $36,000 or more

Problem 4 - 63

Nomal retirement benefit:  $20 per month for each year of service up to 25 years.
Actuarial cost method:

Before 1996: Entry age normal.
After 1995:  Unit credit.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth  1/1/36
Date of hire 1/1/56

Selected annuity value:

5(12) —
i = 9.24
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In what range is the absolute value of the change in the normal cost for 1996 as of 1/1/96 due to
the change in the actuarial cost method?

(A)  Less than $500

(B)  $500 but less than $1,000
{(C)  $1,000 but less than $1,500
(D) $1,500 but less than $2,000
(E)  $2.000 or more

Problem 4 - 64

Vesting eligibility: 0% if less than 5 years of service; 100% if 5 or more years of
service.
Actuarial cost method: Entry age normal.

Actuarial assumptions:

Interest rate: 8% per year.

Compensation increases: None.

Pre-retirement decrements other than withdrawals: None.
Selected withdrawal rates:

x q™
35

5

36 4
37 3
2

1

0

38

39

40 and over
Retirement age: 65.

Valuation data for sole participant Smith (active as of 1/1/96):

Entry age 35
Attained age 38

Normal cost for Smith for 1996 as of 1/1/96: $10,000.

In what range is the accrued liability as of 1/1/967
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(A)  Less than $30,000

(B)  $30,000 but less than $50,000
(C)  $50,000 but less than $70,000
(D)  $70,000 but less than $90,000
(E)  $90,000 or more

Problem 4 - 65
Normal retirement benefit;

Before 1996: 1.25% of final 5-year average compensation for each year of service.
After 1995:  1.75% of final 3-year average compensation for each year of service.

Actuarial cost method: Entry age normal (level percentage of compensation).
Actuarial assumptions:

Interest rate: 7% per vear.

Compensation increases: 5% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant Smith (active as of 1/1/96):

Date of birth  1/1/50
Date of hire 1/1/88

Normal cost for Smith for 1988 as of 1/1/88: $6,500.

In what range is the increase in the accrued liability for Smith as of 1/1/96 due to the plan
amendment?

(A)  Less than $34,000

(B)  $34,000 but less than $36,000
(C)  $36,000 but less than $38,000
(D)  $38,000 but less than $40,000
(E)  $40,000 or more

Problem 4 - 66
Normal retirement benefit: 60% of final 3-year average compensation.
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Actuarial cost method: Entry age normal (level percentage of compensation).
Actuarial assumptions:

Interest rate: 7% per year.

Compensation increases: 5% per year.

Pre-retirement decrements: None.

Retirement age: 65.

Valuation data for sole participant:

Date of birth 1/1/50
Date of hire 1/1/80
1995 valuation compensation

for 1/1/95 valuation $50,000
1996 valuation compensation

for 1/1/96 valuation 50,000

Selected annuity value:
=12
4 =8736
In what range is the experience gain in 1995 due to a compensation increase other than assumed?

(A) Less than $4,000

(B)  $4,000 but less than $4,700
(C)  $4,700 but iess than $5,400
(D)  $5,400 but less than $6,100
(E)  $6,100 or more
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4.6 Solutions to Problems

Problem 4 - 62
Key Concept: The decrease in the accrued liability is determined by calculating the difference
between the accrued liability under the funding method had early retirement not
been elected and the actual liability due to early retirement.
Step I Calculate the Entry Age Normal Accrued Liability.
Projected Retirement Benefit = (25)(36 years of service) = 900.00
Value at Retirement = (900.00)(12)(d{2) = 94,392
Normal Cost = 94,392/ 85 = 94,392/159.3374 = 592
Accrued Liability = (592} x §z = (592)(73.4838) = 43,502
Step II: Calculate the actual liability.
Early Retirement Benefit = (25)(26 years of service)(.412) = 267.80
Value of ERB = (267.80)(12)(442) = (267.80)(12)(10.78) = 34,643
Step I1I: Calculate the decrease in the accrued liability
Decrease = Accrued Liability - Value of ERB
= 43,502 - 34,643
= 8,859

Answer 1s A.

Problem 4 - 63

Key concept: The Unit Credit Normal Cost is $0 since the participant has more than 25 years
of past service. So, the change in the Normal Cost will just be equal to the Entry
Age Normal Normal Cost.

Projected Retirement Benefit = (20)(25 years of service) = 500
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EAN Normal Cost = (S00)( 12)(&02) &
= (6,000)(9.24)/(305.75176)
=181

Answeris A,

Problem 4 - 64

Key Concept: The Entry Age Normal Accrued Liability is equal to the accumulated value of the
past Normal Costs. Since the Normal Cost each year was $10,000, each Normal
Cost must be accumulated with interest and by the withdrawal decrement (the
probability that withdrawal did not occur).

Accrued Liability = (10,000)((1.08 (/s Lo 1/ps?)
+ (LOBY(1/pSN(1ipd5) + (1.08)(1/p$y))

= (10,000)((1.08Y(1/.5)(17.6)(1/.7)
+ (1.08Y2(17.6)(17.7) + (1.08)(1/.7)

= (10,000)(5.9986 + 2.7771 + 1.5429)
= 103,186

Answer s E.

Problem 4 - 65

Key Concept: There is only one participant in the plan. Therefore, the Accrued Liability will
increase in proportion to the increase in the normal retirement benefit.

Step I: Calculate the benefit per dollar of salary and year of service under the old formula.

Unit of Benefit (Old) = (.0125){(1.05)!" + (1.05)' + (1.05)"" + (1.05)* + (1.05))/5
= 0287185

Step II: Calculate the benefit per dollar of salary and year of service under the new formula,

Unit of Benefit (New) = (.0175)[(1.05)" + (1.05)" + (1.05)"}/3
= 0421493

35



Step II: Calculate the Accrued Liability under the old benefit formula. Note that since there
have been no gains or losses (this must be assumed since there is no information to the contrary),
the normal cost would have increased at the salary scale rate each year.

Normal Costy, = (6,500)(1.05)* = 9,603

Accrued Liabilityy, = (9,603)(8y,) where j = (1.07/1.05)-1
= 83,714

Step IV: Calculate the increase in the Accrued Liability.

AL Increase = (83,714)[(.0421493 - .0287185)/.0287185)]
= 39,151

Answeris D.

Problem 4 - 66

Key Concept: The experience gain can be calculated from the decrease in the projected benefit
due to the actual compensation experience.

StepI: Calculate the projected Final Average Compensation (FAC) for each of the 1/1/95 and
1/1/96 valuations.

FACo = (50,000)[(1.05)"° + (1.05)"® + (1.05)""]/3
= 120426

FAC,, = (50,000)[(1.05)® + (1.05)!7 + (1.05)']/3
= 114,692

Note that FAC, could have been calculated by dividing FAC,s by 1.05 since the
compensation remained the same in 1996 as it was in 1995.

Step II: Calculate the benefit decrease.

Benefit Decrease = (120,426 - 114,692)(.6) = 3,440
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Step III: Calculate the Accrued Liability decrease.
decrease in PVFB,, = (3,440)(&{ZN(*%) = 2,815
decrease in NC;, = (2.815)/dyg,; = 109 where j = (1.07/1.05) - 1
decrease in AL, = (109)(1.05)"%(3r,) = 4,486

Answer is B.
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Chapter 5

Individual Level Premium Cost Method

5.3 Problems

Problem 5 - 27
Plan effective date: 1/1/87.

Normal retirement benefit;

Effective 1/1/87: $15 per month for each year of service.
Effective 1/1/96: $18 per month for each year of service.

Actuarial cost method: Individual level premium.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements:  None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth 1/1/57
Date of hire 1/1/82

Value of assets as of 1/1/96: $5,000.
Selected annuity value:

#0123y _
a- = 104.83
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In what range is the normal cost for 1996 as of 1/1/967
(A)  Less than $500
(B)  $500 but less than $550
(C)  $550 but less than $600

(D)  $600 but less than $650
(E)  $650 or more

Problem 5 - 28

Plan effective date: 1/1/96.

Normal retirement benefit: ~ $1,000 per month.

Pre-retirement death benefit: $100,000, payable at end of year of death.

Actuarial cost method:

Method A:  Individual level premum for all benefits other than death benefits, plus
one year term cost for death benefit.

Method B:  Aggregate for all benefits other than death benefits and benefits provided
by cash value, plus insurance premium (split funded).

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements other than deaths: None.
Retirement age: 65.

Date of birth for sole participant (active as of 1/1/96): 1/1/56.
Provisions of life insurance policy (purchased on 1/1/96):

Level annual premium $1,585
Projected cash value as of 1/1/2021 41,900
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Selected commutation functtons and annuity values:

X
40
4]
65

In what range is the absolute value of the difference in the normal cost for 1996 as of 1/1/96

between Method A and Method B?

(A)
(B)
©)
D)
(E)

Less than $750

$750 but less than $825
$825 but less than $900
$900 but less than $973
$975 or more

D, M, N,
632,275 79,292 8,452,729
589,655 78,036 7,820,454

94,414 37,625 868,052
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5.4 Solutions to Problems

Problem 5 - 27

Key Concept: An increase in the benefit formula results in a normal cost increase associated
with the benefit increase.

Step I: Calculate the original Normal Cost.

Original Normal Cost = (15)(40 years of service)(12)(d47)/ 55
=425

Step II: Calculate the Normal Cost increase.

Normal Cost Increase = (3)(40 years of service)(12)(4¢2)/ 8,
=171

Note that the benefit increase was $3 per month per year of service and that the value of
the benefit due to the increase was amortized over the remaining 26 years of service.

Step III: Calculate the total Normal Cost.
Total Normal Cost =425 + 171 = 596

Answer is C.

Problem 5 - 28
Step I: Cailculate the Individual Level Premium Normal Cost using Method A.

Normal Cost (other than death) = (1,000)(12)(EL7Y Si0.05
= (12,000)(8.74)/[(N4; - Ngs)/Des)
= (12,000)(8.74)/[(8,452,729 - 868,052)/94,414]
= 1,305

One Year Term Cost = (100,000)(C,, / Dyg)
= (100,000)((My, - M1} Dy)
= (100,000)((79,292 - 78,036)/632,275)
= 199
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Total Nommal Cost = 1,305 + 199 = 1,504
Step H: Calculate the Aggregate Normal Cost using Method B.
Value of Benefit at Retirement = (1000)(12)(&{7) = 104,880

Normal Cost = (104,880 - 41,900)/ §45.m
=784

Total Normal Cost =784 + 1,585 = 2,369
Step III: Calculate the difference in the Normal Costs
Difference = 2,369 - 1,504 = 865

Answer is C.
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Chapter 6

Frozen Initial Liability Cost Method

6.3 Problems

Problem 6 - 34

Plan effective date: 1/1/95.

Normal retirement benefit:  $50 per month for each year of service.

Actuarial cost method: Frozen initial liability.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age; 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth  1/1/46
Date of hire  1/1/66

Contribution for 1995 $5,000 paid on 1/1/95.

Value of assets as of 1/1/96:  $6,000.
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Selected annuity value:

#0123y _
i = 0.24

In what range is the unfunded liability as of 1/1/967

(A)
(B)
©)
D)
(E)

Less than $76,000

$76,000 but less than $77,000
$77,000 but less than $78,000
$78,000 but less than $79,000
$79,000 or more
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6.4 Solutions to Problems

Problem 6 - 34

Key Concept: The initial unfunded liability determined using the Frozen Initial Liability cost
method is equal to the Accrued Liability determined using the Entry Age Normal
cost method.

Step I: Calculate the initial unfunded hability as of 1/1/95.

Entry Age Normal ALy = (50)(45 years of service)(12Xa42) 8/ 843)
= 76,260

Step II: Calculate the Normal Cost as of 1/1/95.

NCy; = (50)(45 years of service)(12)(352)/ 5
=816

Step III: Calculate the Unfunded Liability as of 1/1/96.
UALg = (ALgs + NCy; - Contriby,}(1.07)
= (76,260 + 816 - 5,000)(1.07)
=177,121

Answeris C.
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Chapter 7

Attained Age Normal Cost Method

7.3 Problems

Problem 7 - 15
Plan effective date: 1/1/96.
Normal retirement benefit:  $10 per month for each year of service.

Actuarial assumptions:

Interest rate: 7% per year.
Pre-retirement decrements: None.
Retirement age: 65.

Valuation data for sole participant (active as of 1/1/96):

Date of birth 1/1/51
Date of hire 1/1/86

Selected annuity value:

512y
a7 =874
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In what range is the absolute value of the difference in the unfunded liability as of 1/1/96 under
the attained age normal cost method and the entry age normal cost method?

(A)  Less than $1,600

(B)  $1,600 but less than $1,700
(C)  $1,700 but less than $1,800
(D)  $1,800 but less than $1,900
(E)  $1,900 or more
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7.4 Solutions to Problems

Problem 7 - 15
Step I: Calculate the Attained Age Normal Unfunded Liability.

Note that this is the Unit Credit Accrued Liability, which is just the present value of the
accrued benefit.

Unfunded Liability = (10)(10 years of service){(12)(a{#)(v*")
=2,710

Step II: Calculate the Entry Age Normal Unfunded Liability.

Unfunded Liability = (10)(30 years of service)(12)(&{)( 3/ 3)
=4,602

Step II1: Calculate the difference between the unfunded liabilities.
Difference = 4,602 - 2,710 = 1,892

Answeris D.
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Chapter 8

Miscellaneous

8.2 Problems

Problem 8 - 36
Age of retiree and spouse at date of retirement: 60.
Actuarially-equivalent annuity options available to retiree and spouse:

Option A: Monthly benefit of ($1,000 + $X) for first 5 years of lifetime of retiree,
and monthly benefit of $X for remaining lifetime of retiree.

Option B: Monthly benefit of $1,000 for joint lifetime of retiree and spouse, and
monthly benefit of ($1,000 - $X) for remaining lifetime of survivor after
the first death.

Selected commutation functions and annuity values:

D, = 144,405 415 = 9 815 412 = 8.094

60:60

Des = 94,414 éig‘f} =8.736
In what range is $X?

{A)  Lessthan $500

(B)  §$500 but less than $600
(C) 8600 but less than $700
(D)  $700 but less than $800
(E)  $800 or more
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Problem 8 - 37
Assumed interest rate: 7% per year.

Valuation data for all retired participants as of 1/1/95:

Smith Brown Green
Date of birth 1/1/35 1/1/30 1/1/25
Monthly benefit $4,000 $5,000 $6,000

(life annuity)

Brown died on 12/31/95. There were no other deaths or new retired participants during 1995.

Selected annuity values:

x  &®
60  9.81
61 9.60
65  8.74
66 8.51
70 7.60
71 737

In what range is the experience gain during 1995 due to mortality for retired participants?

(A)  Lessthan $470,000

(B)  $470,000 but less than $475,000
(C)  $475,000 but less than $480,000
(D)  $480,000 but less than $485,000
(E)  $485,000 or more

Problem 8 - 38
Agssumed interest rate: 7% per vear.

Data as of 1/1/96 for a retiree:

Age of retiree; X.
Age of spouse: y.
Annual benefit: $10,000 payable each 1/1.
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Form of payment:  Life annuity for the retiree, with 50% continuing for the life of the
spouse if the retiree dies first.

Selected annuity values:
g, =8.157 i,=10.301 i, =7.281
., =70915 4., = 10.059

In what range is the experience loss during 1996 due to mortality if both the retiree and the
spouse are still alive as of 12/31/967

(A)  Lessthan $1,350

(B)  $1,350 but less than $1,425
(C)  $1,425 but less than $1,500
(D)  $1,500 but less than $1,575
(E)  $1,575 or more
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8.3 Solutions to Problems

Problem 8 - 36

Option A can be described as a life annuity of $X, plus a temporary life annuity of $1,000
payable from age 60 to age 65:

(O(12448) + (12)(1,000)[343 - (847} Des / Deo)]
= (12X)(9.815) + (12,000)[9.815 - (8.716)(94,414/144,405)]
=117.78X + 49,239

Option B can be described as a life annuity of $1,000 payable as long as both the retiree and the

spouse are alive, ptus a reduced pension of $1,000 - $X payable to the retiree if the spouse dies
or to the spouse if the retiree dies:

(1,000)(12a42% ) + (2)(12)(1,000-X)[a53 - a5k, 1
= (12,000)(8.094) + (24,000 - 24X)[9.815 - 8.094}
= 138,432 - 41.304X
Since the two options are actuarially equivalent,
117.78X + 49,239 = 138,432 - 41.304X
X =561

Answer is B.

Problem 8 - 37

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

Step I: Calculate the actual Accrued Liability. Since Brown died at the end of the year, only
Smith and Green will continue to receive benefits.
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Actual AL, = (4,000)(1282) + (6,000)(12412)
= (4,000)(12)(9.60} + (6,000)(12)(7.37)
= 460,800 + 530,640 = 991,440

Step II: Calculate the expected Accrued Liability. If each retired participant were still alive on
1/1/96, the Accrued Liability would be:

AL (all live until 1/1/96) = (4,000)(124¢2) + (5,000)(1244?) + (6,000)(1244}

To determine the expected Accrued Liability, multiply each annuity due by the probability that
the individual lives from 1/1/95 to 1/1/96. Therefore, the expected Accrued Liability is:

eALqgs = (4,000)(124(7)pg, + (5,000)(128()pes + (6,0001(1285)py,
The values of pgy pgs. and py, can be calculated using the formula for successive annuities due.

Heo = 1 + v pgo g,
10.26833 = 1 + (1/1.07)( pyo )(10.05833)
oo = 98596

s = 1 + v pgs g6
9.19833 =1 + (1/1.07)( pgs (8.96833)
Des = 97813

=1 +vpy iy,
8.05833 =1+ (1/1.07) p+, X7.82833)
Dro = 96475

Note the use of the formula &}*= 4, - 11/24,

Therefore,

AL = (4,000)(12)(9.60)(.98596) + (5,000)(12)(8.51)(.97813)
+ (6,000)(12)(7.37)(.96475)
= 454,330 + 499,433 + 511,935 = 1,465,698

Step II: Calculate the mortality gain. This is the difference between the actual and expected
Accrued Liabilities.

Gain = eAL% = ACtllal ALgé

= 1,465,698 - 991,440
=474,258
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Answer is B.

Problem 8 - 38

Key Concept: The mortality gain is equal to the difference between the expected and actual
liabilities.

Stepl: Calculate the actual Accrued Liability. Since both the retiree and the spouse are alive
as of 12/31/96, both are entitled to benefits.

Actual ALQ? = (109000)(37;+1) + (55000)(3'\&] - §x+l:y+l )

The value of &, can be calculated using the formula for successive annuities due.

a,=1+vp i,
8.157 =1+ (1/1.07) p, X(7.915)
P, =.96753

&=1+vp i,
10.301 =1+ (1/1.07)( p, )(10.059)
p, = 98937

axy = 1 + vpxy é’x*l:yﬂ
7.281 = 1 + (1/1.07)(.96753)(.9893 7){(tes 1.41)
Herge = 7.021

Therefore,

Actual ALy, = (10,000)(7.915) + (5,000)(10.059 - 7.021)
= 94,340

Step {I: Calculate the expected Accrued Liability. If the retiree and the spouse were both still
alive on 1/1/97, the Accrued Liability would be:

AL (both live until 1/1/97) = (10,000)(&,..) + (5,000)(&,,; - &, 1,yu1)

To determine the expected Accrued Liability, multiply each annuity due by the probability that
the individual lives from 1/1/96 to 1/1/97. Therefore, the expected Accrued Liability is:

eAl; = (10,000)(&,., )p, + (5,000)[(&,+ )Py - (Erya )Py
= (10,000%(7.915)(.96753)
+ (5,000)[(10.059)(.98937) - (7.021)(.96753)(.98937)]
- 92,736
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Step I11: Calculate the mortality loss. This is the difference between the actual and expected
Accrued Liabilities.

Loss = Actual ALg; - eAlLy,
= 04,340 - 92,736
= 1,604

Answer is E.

Problem 8 - 38 (Alternative Solution)
The expected Accrued Liability could have been calculated using a retrospective method.
eAL,, = (Prior liability - prior payment) x (1+i)
= [10,0004, +5,000(4, - 4,,) - 10,000](1.07)
=92,736
Loss = Actual ALy, - eAL,,
= 94340 - 92,736
= 1,604

Answer is E.
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