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EXAMPLE 1

% 12.7 TERMINAL RESERVE

A. General Computation

Terminal reserve is the value accumulated from the excess premiums and the interest on
the premiums. It represents the value of an insurance policy at the end of any policy year;
the premium then due is not included. For example, the fourth terminal reserve for an
insurance policy is the value of the policy at the end of the fourth year after the policy is
issued, but it does not include the net annual premium for the fifth year. The value of the
terminal reserve at the end of a particular policy year may be obtained in various ways.
Two methods are illustrated below.

I. RETROSPECTIVE METHOD

The retrospective method is based on the premiums collected in the past and the death
benefits paid in the past. Premiums are collected by the insurance company at the
beginning of each policy year and are invested at a given interest rate for accumulation.
The death benefits are paid from this accumulated sum. It is assumed here, as in the
previous discussion, that the death benefits are paid at the end of the year of death. The
remaining part (premiums and interest less death benefit payments) is the terminal
teserve, which is divided by the number of surviving policyholders in the 1958 CSO
Table to determine the terminal reserve per policyholder for the year.

The CSO Table shows that /- = 9,664,994, Assume that each of the 9,664,994
persons aged 20 is issued a $1,000, five-year term insurance policy and the annual
premiums are invested at 2 %. Find the terminal reserve per surviving policyholder
at the end of each policy year.

The terminal reserves are computed in the following table:

(5)
One
3) Year's (7) (8)
(2) Premiums ~ (4) Interest  (6) Reserve  Terminal
Surviving  Paid at Reserve  for the  Death Fund at  Reserve

Policy-  Beginning ~ Fund at Reserve Claims at  End of  per
(1) holders at of Year: Beginning  Fund:  End of Year: Year:  Survivor:
Policy Beginning (2) X of Year:  (4)x 31,000 Each (4) + (5) (7) +
Year” of Year — 1.8091584* (3)+ (7% 2% (of d) -(6) (2P

1 9,664,994 $17,485,505 $17,485,505 $437.138 $17,300,000 $622,643 $.064538
2 9,647,694 17,454,207 18,076,850 451,921 17,655,000 873,771 090734
3 9,630,039 17,422,266 18,296,037 457,401 17,912,000 841,438 087539
4
5

9,612,127 17,389,860 18,231,298 455,782 18,167,000 520,080 .054209
9,593,960 17,356,993 17,877,073 446,927 18,324,000 —0- —0—

*Net annual premium. See Section 20.6, Example 2(b).
**Of the preceding year. For example, $18,076,850 = 17,454,207 + 622,643.
##%0f the succeeding year. For example, $.064538 = 622,643 + 9.647,694.
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The preceding method may be used to compute the terminal reserves for any type of in-
surance. As shown below, the procedure used in this method may also be expressed sym-
bolically to obtain a formula. The formula can then be used to find the terminal reserve per
surviving policyholder at the end of any given policy year without constructing a table.

Let P = the net annual premium (or level premium) for a policy of $1
t = the number of years the policy is in force: the terminal reserve is desired at the end of
the rth policy year
V = 1th terminal reserve per surviving policyholder for a $1 policy
V' = V X Policy value = the total sth terminal reserve per surviving policyholder

If the 7th terminal reserve is on a date that is before or on the date of the last payment of

the n annual premiums, the formula for the value V is as follows:

_ PONe = Nev) = (M, = M)
Dx+t

Vv

, where f<n (12-14)10

WProof—Formula (12-14):
The number of years that the policy has been in force (¢) is smaller than or equal to the number of annual pre-
mium payments (1) (or, ¢ < n).

Letage x + £ be the comparison date and i be the interest rate compounded annually. The accumulated values
of the past annual premiums and the past death benefits at age x + ¢ are diagrammed, respectively, as follows:

Comparison
date
Age x x+1 x+2 x+t-2 x+t-1 x+t x+n
} \ e e n t o —
. ) T T T 1 DL T
Premium payments Pj, Plysq Plysg Ply+t-2 Plx+t-1 (Not

(P from each included)
living person) Pl +i)
Plrnp(l +i)?

..... E—— T
..... Pl 1+

..... — P {1 +i)
4 A 4 + — . o —}
T 1 T T L T
Death benefits dyx dx+1q dy+e-3 dytt-2 dy4e-9

($1 for each person
dying during year) dx+t—2(1 + ?)2
dx*th“ +i)
..... d. +1(1 + i,t—z
----- d:(1 +ipt!

At the end of the rth policy year, the comparison date, the total accumulated annual premiums (not consider-

ing the payments of the death benefits) are:

PIAL + 0 + Pleoy(1 + 0"+ oo+ Pl (1 + 1) [40]

The total accumulated annual death benefits (if they had been withheld and invested by the insurance com-

pany) at the end of the rth policy year are:

dl + YV Hdo (L + 02+ + de (]

The total accumulated annual death benefits are subtracted from the total accumulated annual premiums to ob-

tain the total terminal reserve at the end of the rth policy year. The total terminal reserve is divided by the I, +
(continued)
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If the rth terminal reserve is on a date that is after the last payment of the n annual
premiums [this may occur in a limited payment life insurance policy as in Example 5(b)
below], the formula for the value of V is as follows:

_ PN, — Nx+n) - M, - Mx+t)
V= >

where ¢>n ' (12-15)1
Dx+t

0Proof—(continued):
policyholders who are living at age x + ¢. The result is the terminal reserve per surviving policyholder and is
as follows:

I —
yo®=-an

Lews
(PUL+ O + LT+ Y7+ o e (D)
— [l + DY+ dey (L + Y24+ de])

L
Substitute v for (1 + i)™, orv™! = (1 +i).
(PUY ™+ Ly ™V + -+ L]

o T ey et de])

Lews
Multiply both the numerator and the denominator of the fraction by v***.
(POAT + v gy + -+ v T )

yo 0Tl VP + o 4 v e 1))

x+t
Vo et

Substitute the appropriate commutation symbols.
V= P(Dy+ Dysy + -+ Devym)) = (G + G + -+ Coimd)
Dyyy
_ PNy = Now) — (M, — Mo
- Doy ’
"Proof—Formula (20-15):
The number of years that the policy has been in force (1) is larger than the number of annual premium
payments (1), (or t > n).
If the tth terminal reserve is on a date after the last payment of the n annual premiums is made, the total
accumulated annual premiums at the end of the tth policy year (the comparison date) would be:

PL(L+ i) Ploa(l + Y7 4 o 4 Plegea(l + 0707+ Pl (L + 707D

where t=n (12-14)

= PUY "+ Loy D e Ly IO g oD
=Py H L v Ly LT Y (I1A)
Comparison
date
Age x x+1 x+n-2 x+n-1 x+n x+n+l X+t
Premium payments Py Plys1 Piy+n-2 Plx+n-1 None None None

(P from each
living person)

I—————- - Plx+"_1(1+i)“‘"“)

- P|x+n—2“ +)t-(n-2)

- P|x+1 ('1+i)"'
- P (14

(continued)
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EXAMPLE 2 | Whatis the third terminal reserve for a $1,000, five-year term policy issued (o a per-
) son aged 207

P = 0018091584 [for a 1$ policy, see Section 12.6, Example 2(b)], x = 20, n =5,
t=3x+t=23

Since t is smaller (<) than n, the above values are substituted in Formula (20-14) as
follows:

0018091584 = Np3) = (Myy — M-
Ve 8091584(Ny, . ) — My — Myy) _ 000087539
23

The third terminal reserve for a $1,000 policy is:
V' = 1,000V = 1,000(.000087539) = $.087539

The answer may be compared with that given in column (8) of the table in Example
1 of this section.

EXAMPLE3 | Find the seventh terminal reserve for a 10-year endowment policy of $1,000 issued
to a man aged 20.

x=20,n=10,t="7,x+ t =27, tis smaller than n

The net annual premium of a 10-year endowment policy of $1 issued to a man aged
20is:

Moy — My + Dy

P =Py = Moo N 087980555 [Formula (12-8)]

Substituting the above values in Formula (20-14),

087980555(Nog — Nap) — -M
V= (N D 1) — (M — My) _ 67169
2

The seventh terminal reserve for the $1,000 policy is:

V' = 1,000V = 1,000(.67169) = $671.69

EXAMPLE 4 | Find the tenth terminal reserve for a $1,000 straight whole life policy issued to a
person aged 25.

"Proof—(continued):
The total accumulated annual death benefits are the same as shown in the diagram for equation (IT) in the proof
of Formula (12-14). Thus, the terminal reserve per surviving policyholder is as follows:
(TA) = (I
V= (A) - (n
Lt
Multiply both the numerator and the denominator of the fraction by v**, and substitute the appropriate
commutation symbols, as was done in the proof of Formula (12-14). Then
_ PN = Newo) = (M. — M)
Dvr

14 , where t>n (12-15)
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P = 0125450145 [for a $1 policy, see Example 3(b), Section 20.2], x = 25, ¢ = 10,
x + t = 35; t is smaller than the number of payments (n), since the premiums are
payable until the death of the insured.
Substituting the values in Formula (12-14),
V= 0125450145(Nos — N3s) — (Mas — Mss) = 12187
Dss
The tenth terminal reserve for the $1,000 policy is:
V' = 1,000V = 1,000(.12187) = $121.87
EXAMPLE 5 | A$1,000 whole life policy is issued to a person aged 25. If the policy is a 20-payment

life policy, find the (a) 15th and (b) 30th terminal reserves.

The net annual premium for a policy of $1 is $.02168152 (see Section 12.2, Exam-
ple 3(c)], or P = 02168152

(a) x = 25;n = 20;t = 15, which is smaller than the value of n;
x+tt=25+15=40
The 15th terminal reserve is computed by using Formula (12-14) as follows:

_ P(N; = Nysy) — M, - M+

v
Dy

_02168152(Nas — Nag) = (Mas — Myo)
Dy

= .36465

The terminal reserve for a $1,000 policy is:
V' = 1,000V = 1,000(.36465) = $364.65
(b) x = 25; n = 20; ¢ = 30, which is greater (>>) than the value of n;
x+n=25+20=45x+t=25+30=55
Substituting the values in Formula (12-15),

_ P(Nx - Nx+n) — (Mr = M)
Dyst

v

02168152(Nys — — (Mys — M.
_ (Nas 11)‘145) (Mys — Mss) _ €455
ss

The terminal reserve for a $1,000 policy is:

V' = 1,000V = 1,000(.62455) = $624.55

*EXERCISE [2-6 REFERENCE: SECTION 20.7A

1. A 15-year term insurance policy of $1,000 was issued to a person aged 25. Find
(a) the 5th and (b) the 15th terminal reserves.
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. What are (a) the 8th and (b) the 12th terminal reserves for a 20-year term insurance
policy of $2,000 issued to a person aged 30?

3. Find (a) the 6th and (b) the 25th terminal reserve for a 25-year endowment policy of
$1,000 issued to someone aged 22,

4. A 15-year endowment policy of $2,000 was issued to someone aged 3. Find (a) the
4th and (b) the 10th terminal reserves.

5. What are (a) the 12th and (b) the S0th terminal reserves for a $1,000 straight life
policy issued to a person aged 30?

6. A §1,000 straight life policy was issued to a person aged 20. Find (a) the 15th and
(b) the 65th terminal reserves.

7. A $1,000 whole life policy is issued to someone aged 26. If the policy is a
25-payment life policy, find (a) the 10th and (b) the 34th terminal reserves.

8. A $1,000 whole life policy is issued to someone aged 30. If the policy is a

15-payment life policy, find (a) the 5th and (b) the 25th terminal reserves.

PROSPECTIVE METHOD

The prospective method is based on the annual premiums to be collected in the fiture
and the annual death benefits to be paid in the future.
Let age x +  be the comparison date. Values at age x + ¢ may be written as follows:

Present value Present value
{tth terminal | _ (atagex + f)of | | (atagex + 1) of (12:16)
reserve (V') future death future net annual
benefits premiums

Atage x + 1, the present value of the future death benefits is the net single premium for
the benefits. The present value (at age x + #) of the future net annual premiums is the
present value of a life annuity due formed by the future annual premiums.

EXAMPLE 6 | Find the third terminal reserve for a $1,000, five-year term policy issued to a person
aged 20.

x=20,1=3,x+ =20+ 3 = 23. The future or remaining term from age x + ¢, or
23,is (5 — 3) = 2 (years).

At age 23, the future death benefits of the policy are equal to a two-year term in-
surance policy of $1,000. The present value, or the net single premium, of the two-
year policy is:

1000443
The net annual premium of the five-year term policy is computed as follows:
1,000P}. 5] = 1.8091584  [see Section 12.6, Example 2(b)]

At age 23, the two future annual premium payments of $1.8091584 per year form a
two-year life annuity due. The present value of the annuity is:

A(tem. due) = 1.8091584d;.7)

AN RY)
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Thus,
V' = 1,000A%.7] = 1.8091584d.3]
My — M Ny — N,
= 1,000 - —2—22 — 1 8091584 - ————==
Dy Do
= $.087539
The above answer may be compared with that given in Section 12.7, Example 2.
Example 6 is diagrammed as follows:
Comparison date
| Future term, 2 years ——m|
Age  20(x) 211 2]2 23(x.+t) 24
} I T T
1,000 - Al Death benefits
Net annual
Less: 1.8001584 - i, 7] DI UMS
Remainder = V'
EXAMPLE 7 | Find the seventh terminal reserve for a 10-year endowment policy of $1,000 issued

to a person aged 20.

x=20,t=7, x+t=20+7=27. The future (remaining term) = 10 -7 =13
(years).

The future death benefits of the policy at age 27 are equivalent to a three-year
endowment insurance policy of $1,000 for a person aged 27. The present value, or
net single premium, of the three-year policy is:

1,000A27.3)
The net annual premium of the 10-year endowment policy is:
1,000P, 5] = 1,000(.087980555) = $87.980555  (See Section 127, Example 3.)

The future net annual premiums at age 27 form a three-year temporary life annuity
due of $87.980555 per year. The present value of the annuity at age 27 is:

87.980555477. 3]
Thus,
V' = 1,000Ay.3) — 87.980555d2.7]

My — M. +D Ny; — N:
= 1,000 - Mg — Mores T 2743 07 980555+~ 0
Dy 27

= $671.69
The above answer may be compared with that given in Section 12.7, Example 3.
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EXAMPLE 8

EXAMPLE 9

Find the tenth terminal reserve for a $1,000 straight whole life policy issued to a per-
son aged 25. )

x=25;t=10; x + = 35; the future (remaining term) = age 35 to 99 (the end of
the CSO Table)

The future death benefits of the policy at age 35 are equivalent to a whole life policy
of $1,000 for a person aged 35. The net single premium (present value) of the new
whole life policy is

1,000455
The net annual premium of the original whole life policy is:
1,000Ps = $12.545  [See Example 3(b), Section 12.2.]

The future net annual premiums at age 35 form a whole life annuity due of $12.545
per year. The present value of this annuity is:

12.545iy5
Thus,

" P Mss Nss
V' = 1,000A35 — 12.545d35 = 1,000 + e 12.545 —

35 35
=$121.87
The above answer may be compared with that given in Example 4.

Find the 30th terminal reserve for a $1,000, 20-payment life policy issued to a
person aged 25.

X =25,1=30; x + ¢ = 55; the future (remaining term of the life policy) = age 55
to 99 (the end of the CSO Table)

The future death benefits of the policy at age 55 are equivalent to a whole life policy
of $1,000 for age 55. The net single premium of the policy for a person aged 55 is:

M
1,000Ass = 1,000 - =2 = $624 55
Dss

There are no future net annual premiums at age 55, since the original policy is paid
up in 20 annual premium payments. Thus,

V' = 624.55 — 0 = $624.55

The above answer may be compared with that given in Example 5(b).

*EXERCISE 12-7 REFERENCE: SECTION 12.7A

Use the prospective method to compute the following problems:
1. Alife insurance policy was issued to a person aged 30. The value of future death

benefits at age 40 is $467.13. Find the tenth terminal reserve by assuming that the net
annual premium is $14.80 payable for life.
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EXAMPLE 10

3
4

. Alife insurance policy was issued to a person aged 20. The value of future death
benefits at the end of the 18th policy year is $895.72. If the net annual premium is
$21.51 payable for life, what is the 18th terminal reserve?

. Compute Problems 1, 3, 5, and 7 in Exercise 12-6.

. Compute Problems 2, 4, 6, and 8 in Exercise 12-6.

B. Uses of the Terminal Reserve
The value of an insurance policy in any policy year is based on the terminal reserve. A

P

L.

olicyholder may use the reserve for any one of the following purposes:

The policyholder may surrender the policy to the insurance company and receive the

cash value of the reserve.

. A policyholder who has no intention of surrendering the policy may borrow money
on the reserve at a low interest rate from the insurance company, the reserve being
regarded as security for the loan.

. The policyholder may also use the reserve as a single premium payment to exiend the
original policy for a period of time, or to convert the original policy to a reduced
amount of paid-up insurance. In fact, if a person stops paying the annual premium and
fails to do anything about the policy, the company usually continues to keep the pol-
icy in force for an extended period of time based on the amount of the terminal reserve.

The annual premium payment on a $1,000 straight whole life policy issued to a person
aged 25 is discontinued at age 35. The policyholder wishes to use the reserve as the pre-
mium payment. Find (a) the extended term of the policy with the original face value
($1,000), and (b) the new policy face value for the same type of policy (whole life policy).

First, find the tenth terminal reserve of the original policy. In Example 4 of this sec-

tion, the tenth terminal reserve for a $1,000 straight life policy issued to a person

aged 25 is $121.87.

(a) The net single premium on a $1,000, n-year policy issued at age 35 is now equal
to the tenth terminal reserve, or

1,000A%s, 71 = 121.87

- 12187 e
T 000

Thus,

Mis — Misen
Al = =220 = gy

35

1,659.440.36 — Mss..,
DT T e aqg7

3,949,851.09
Mis i, = 1,178,072.01
The following nearest values are obtained from Table 12:

Mgy = 1,187,445.01
Masy, = 1,178,072.01
Mgy = 1,152,722.42
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When the interpolation method is used, the value of 1,178,072.01 is found to be
Me0.26994, as follows:

x(age) M,

60 1,187,445.15 (1)

35+n 1,178,072.01 (2)

61 1,152,722.42 (3)
2)—@3) (B5+n)—61= 2534959 (4)
-3 - 34,722.73 (5)

Solve for n from the proportion formed by the differences on lines (4) and (5).

25,349.59
34,722.73

35 + n = —.73006 + 61 = 60.26994

(35+n)—61=(—1)-

n = 60.26994 — 35

= 2526994, or 25 years and 99 days
[.26994 X 365 (days a year) = 99 days]

(b) The net single premium of a $1 whole life policy at age 35 is:
M _
Ass = Dss = $.420127

The face value of the new whole life policy at age 35 is:

121.87
420127

= $290.08

*EXERCISE 12-8 REFERENCE: SECTION 20.7B

1. A 15-year term insurance policy of $1,000 was issued to a person at age 25. The
policyholder stopped making annual premium payments at age 30. (a) What is the
term of the new policy if the policyholder wishes to use the reserve to buy a term
insurance policy with the same face value? (b)What is the amount of the new policy
if the policyholder wishes to use the reserve to buy a 10-year term insurance policy?
(Also see Problem 1, Exercise 12-6.)

2. Refer to Problem 1. Assume that the policyholder stopped making annual pre-
mium payments at age 32. What is the answer to (a)? What is the answer to (b) if
the policyholder now wishes to use the reserve to buy a five-year term insurance
policy?

3. A person now aged 28 is unable to maintain the annual premium payments on a
$1,000, 25-year endowment insurance policy, which was issued at age 22. If the
policyholder wishes to use the reserve as the premium payment, find (a) the term of
the new policy for a term insurance policy with a face value of $1,000, and (b) the
face value of the new policy for a 15-year endowment insurance policy. (Also see
Problem 3, Exercise 12-6.)

v
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EXAMPLE 1

SOLUTION

4. Refer to Problem 3. If the policyholder is now 35 and is unable to maintain the an-
nual premium payments, what is the answer to (a)? What is the answer to (b) for a
10-year endowment insurance policy?

5. Astraight life policy of $1,000 issued to someone aged 30 is discontinued at age 42.
(a) Find the term of the new policy if the policyholder wishes to use the reserve to
purchase an extended insurance policy of the same face value. (b) Find the amount
of the whole new policy if the policyholder wishes to keep the same type of policy,
the whole life policy. (Also see Problem 5, Exercise 12-6.)

6. Refer to Problem 5. Find the answers to (a) and (b) if the policy is discontinued at
age 50.

* 12.8 COMPUTING COMMUTATION FUNCTIONS BY
COMPUTERS

As stated before a properly written computer program can extend its applica-
tions to any mortality table at any interest rate. Example I in that section illustrated the
computation of commutation functions D, and N, by computers. Here we shall illustrate
the computation of C, and M..

A $1 whole life policy is 1ssued to a man aged 95. Find the net single premium. Use
(a) the 1958 CSO Table at 2 % interest, and (b) the 1980 CSO Table at 4% interest.

The formula for finding the net single premium of a $1 whole life insurance policy,
issued at age x is [Formula (20-1)]:

:%:%7C95+C%+C97+Cgs+c99

A D, D Dys

C,= (1 +)t+b g (footnote 1, Chapter 12)
D= (1 + )%

We shall use the spreadsheet to compute.

COMPUTER USING SPREADSHEET
(a) Based on the 1958 CSO Table (Table 12) at 2%%

1. Entering Data and Formulas

Spreadsheet Display (Find the net single premium)

Cl17:  +CI5/Cl6

A B C
1 i 0.025
2 x 100—(x+1) dy
3 95 4 34128
4 96 3 25250
5 97 2 18456

PAVAES
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6 98 1 12916
7 99 0 6415
8 (100—x), Los 5 97165
o
10 C95 +C3*(1+C1)AB3
11 C96 +C4*(1+C1)AB4
12 c97 +C5*(1+C1)ABS5
13 C98 +C6*(1+C1)AB6
14 Cc99 +C7*(1+C1)AB7
15 M95 @SUM(C10...C14)
16 D95 +C8*(1+C1)AB8
17 Ax +C15/C16

II. Finding the Answer

Print the spreadsheet display: Ax = Ags = 0.945179

i 0.025

x 100—(x+1) dy

95 4 34128
96 3 25250
97 2 18456
98 1 12916
99 0 6415
(100—x), Los 5 97165
C95 37670.93
C96 27191.49
Cc97 19390.34
C98 132389
C99 6415
M95 103906.6
D95 109933.3
Ax = 0.945179

1. Entering Data and Formulas

Spreadsheet Display (Find the net single premium)

Cl17: +C15/C16

A B C
1 i 0.04
2 x 100—(x+1) dx
3 95 4 900
4 96 3 703

i

Note: The d, values
are computed from
Table 14:

= 2728 — 1828
= 1828 — 1125

Note: When the definition C; = v**!d, is used in the computer pro]gram, the C, values will
be different from the above answers. For example, Cos = (1 + 23%)“’%95 = (.09343486
(34128) = 3188.7449 (Table 13), not 37670.93 as above.

(b)1 Based on the 1980 CSO Table—Male (Table 14) at 4%
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5 97 2 540 = 1125 — 585

6 98 1 385 = 585 — 200

7 99 0 200 =200

8 (100—x), Los 5 2728

9

The entries in Columns A and C in rows 10 to 17 are
identical to those in (a)l.

II. Finding the Answer

Print the spreadsheet display: A, = A¢s = 0.91235

i 0.04
x 100—(x+1) d,

95 4 900
96 3 703
97 2 540
98 1 385
99 0 200
(100—x), Los 5 2728
95 1052.873
C96 790.7794
97 584.064
C98 400.4
€99 200
M95 3028.116
D95 3319.029
Ac= 0.91235

(b)2 Based on the 1980 CSO Table—Female (Table 14) at 4%

L. Entering Data and Formulas

Spreadsheet Display (Find the net single premium)

C17: +CI15/C16

A B C
I i 100 0.04
2 X 100—(x+1) de
3 95 4 824
4 96 3 666
5 97 2 526
6 98 1 381
7 99 0 200
3 (100—x), Los 5 2597
9

The entries in Columns A and C in rows 10 to 17 are identical
to those in (a)l.

o

Note: The d, values
are computed from
Table 14:

=2597 — 1773
= 1773 — 1107
= 1107 — 581
= 581 — 200
=200
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Il. Finding the Answer

Print the spreadsheet display: A, = Ags = 0.910951
i 0.04
x 100—(x+1) d,
95 4 824
96 3 666
97 2 526
98 1 381
99 0 200
(100—x), Los 5 2597
C9s 963.9635
C96 749.1594
C97 568.9216
C98 396.24
C99 200
M95 2878.284
D95 3159.648
A= 0.910951

12.9 SUMMARY OF LIFE INSURANCE FORMULAS

Symbols: A = the net single premium (or present value) of a $1 life insurance policy (see note
for symbol A on page 626)
P = the net annual premium of a $1 life insurance policy
V = terminal reserve for #th policy year of a $1 life insurance policy
V' = total terminal reserve for rth policy year of a life insurance policy

x = age of the insured on the date the policy is issued
n = number of net annual premium payments, also number of years in the length of
a term or an endowment insurance policy
y = number of net annual premium payments for a term insurance or an
endowment insurance policy; y is used only when the number of
premium payments (y) does not equal the number of years in the length
of a policy (n),ory # n
k = number of years that a life policy is deferred
D, =v,
Ny=D,+ Deiy + Deyy + -+ + Dy
Cx . vx+l d)(

M=Ci+ Coy + Cia+ -+ 4+ Cyg

Note: As modified by the Society of Actuaries in 1983 for the use of 1980 CSO Table:
D.=(1+ )%
Co=(1 + )06+ g

Also, see footnote 1 of this chapter.
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Whole Life Insurance
. . M,
Net Single Premium A = D, (12-1)
. M,
Net Annual Premium P, = I (12-2)
po=—th (12-3)
" Nx - N,Hn
Term Insurance
‘ . M- M,
Net Single Premium A= . 12-4)
. M, — My,
Net Annual Premium P}.ﬂ = —_— 12-5)
N = Nein
Pl = M, — My, (26)
el N, — Nx+y
Endowment Insurance
. . Mt - MX-rL + Dx+n
Net Single Premium A= B (12-7)
Mt - MX‘U + Dx n
Net Annual Premium Py = T e (12-8)
Ny = Nita
My = Mysn + Disn
Py =———— 12-9
- Nx - N,Hv ( )
Deferred Life Insurance
. M
Deferred Whole Life Insurance k|Ax =D (12-10)
Mk = Mispsn .
Deferred Term Insurance k‘A,{;;\ = —k——D—+H (12-11)
Mesx = Mysien + Dision
Deferred Endowment Insurance k‘A(;ﬂ = %——L (12-12)
. G
Natural Premium Al =c = o (12-13)

Note: In general (gither the insurance protection beginning on the date the policy is issued or deferred for a number

of years), the above formulas may be summarized in the following manner:

The net single premium
of a $1 whole life or term insurance policy is:

Mugs when insurance protection begins Mz\g: when insurance protection ends

A=

Dugc on the policy date
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of a $1 endowment insurance policy is:

Mage wheninsurance  Mage when insurance | Dlage when insurance

protection begins protection ends protection ends

Dage on the policy date

The net annual premium
of a $1 whole life or term insurance policy is:

— Mige when insurance protection beging ~ Mage when insurance protection cods

Nage an the poiey date ™ Mage when annual premium payment ends

of a $1 endowment insurance policy is:

Dhige when insurance
protection ends

Mage wheninsurance  Mage when insurance +

protection begins protection ends

pP=

Nugs on the policy date — Nugc when annual premium payment cods

The value of M, D, and N for the age larger than the highest age (99) given in Table 13 is zero. Thus, the first and

third general formulas above are also valid for whole life insurance policies.

Terminal Reserves

PO~ Now) = (M, = M)

Retrospective Method 1% D (t=n) (12-14)
X+t

PNy = Nova) = (My = M) <

yo Pz N 2 Do a2
Dyt

Prospective Method

(12-16)

fth terminal | _ | Present value (atage x + 1) | _ | Present value (at age x + 1) of
reserve (V') of future death benefits future net annual premiums

EXERCISE 12-9 REVIEW OF CHAPTER 12

1. A $20.000 whole life policy is issued to a person aged 32. Find (a) the net single
premium, (b) the net annual premium if the policy is a straight life policy, and

(c) the net annual premium if the policy is a 25-payment life policy.

[

. A $100,000 whole life policy is issued to a person at age 20. What are (a) the

net single premium, (b) the net annual premium if the policy is a straight life
policy, and (c) the net annual premium if the policy is a 30-payment life

policy?

3. Refer to Problem 1. If the policy is issued to someone at age 22, what are the

answers to (a), (b), and (¢)?

4. Refer to Problem 2. If the policy is issued to a child at age 10, what are the

answers to (a), (b), and (¢)?
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*14.

*17.

*18.

*19.

. A$1,000, 15-year term policy is issued to someone aged 30. Find (a) the net sin-

gle premium, (b) the net annual premium if the policy is a 15-payment policy, and
(c) the net annual premium if the policy is a 10-payment policy.

. A $1,000, 20-year term policy is issued to someone aged 24. Find (a) the net

single premium, (b) the net annual premium if the policy is a 20-payment policy,
and (c) the net annual premium if the policy is a 15-payment policy.

. Refer to Problem 5. Assuming that the policy is issued at age 40, what are the

answers to (a), (b), and (c)?

. Refer to Problem 6. Assuming that the policy is issued at age 14, what are the

answers to (a), (b), and (¢)?

. A $1,000, 40-year endowment insurance policy was bought by a person aged 25.

Find (a) the net single premium, (b) the net annual premium if the policy is a 40-
payment policy, and (c) the net annual premium if the policy is a 35-payment policy.

. A'$1,000, 25-year endowment insurance policy was issued to a person at age 30.

Find (a) the net single premium, (b) the net annual premium if the policy is a 25-
payment policy, and (c) the net annual premium if the policy is a five-payment
policy.

. Refer to Problem 9. If the policy is bought by a person at age 18, what are the

answers to (a), (b), and (¢)?

. Refer to Problem 10. If the policy is issued to a person aged 35, what are the

answers to (a), (b), and (c)?

. A policy issued to a man at age 22 promises that the insurance company will pay

$1,000 if the insured dies before reaching age 40, $2,000 if he dies after reaching
40 but before 50, $3,000 if he dies after reaching 50 but before 65 or if he is alive
at 65, and $1,000 if he dies after 65. Find the net annual premiums if (a) the pre-
mium of the policy is payable annually for life, and (b) the premium is payable in
15 equal annual payments.

Refer to Problem 13. Assume that the policy is issued to a boy at age 12. (a) What
is the annual premium if the premium of the policy is payable annually for life?
(b) What is the annual premium if the premium of the policy is payable in 25 equal
annual payments?

. A$1,000, 10-year term policy is issued to a woman aged 30. (a) What is the level

premium? (b) What are the natural premiums for age 30, 33, 36, and 39?

. A$1,000, 15-year term policy is issued to a woman at age 50. (a) What is the level

premium? (b) Find the natural premiums for ages 50, 55, 60, and 64.

Find the 15th terminal reserve for a $1,000 policy issued at age 22. Assume that
the policy is (a) a 25-year term insurance policy, (b) a 20-year endowment insur-
ance policy, (¢) a straight life policy, (d) a 40-payment life policy.

Find the 10th terminal reserve for a $1,000 policy issued at age 28. Assume that
the policy is (a) a 30-year term insurance policy, (b) a 25-year endowment insur-
ance policy, (c) a straight life policy, (d) a 30-payment life policy.

Refer to Problem 17. Suppose that the insured stops paying the annual premium
at age 37 but wishes to buy a new term insurance policy of $1,000. What is the
term of the new policy if the insured buys the policy with the reserve obtained
from assumption (a)? (b)? (¢)? (d)?
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*20.

*21.

*22.

Refer to Problem 18. Suppose that the insured is unable to maintain the annual
premium payment at age 38, but wants to buy a new term insurance policy of
$1,000. What is the term of the new policy if the insured buys the policy with the
10th terminal reserve obtained from assumption (a)? (b)? (c)? (d)?

Refer to Problem 17. Suppose that the insured stops paying the annual premium
at age 37 but wishes to buy a new policy of reduced face value. What is the face
value of the new policy if the reserve obtained from assumption (a) is used to buy
a 10-year term insurance policy? If the reserve obtained from assumption (b) is
used to buy a five-year endowment insurance policy? If the reserve obtained from
assumption (c) is used to buy a whole life insurance policy? If the reserve obtained
from assumption (d) is used to buy a whole life insurance policy?

Refer to Problem 18. Suppose that the insured is unable to maintain the annual pre-
mium payment at age 38, but wants to buy a new policy of reduced tace value.
What is the face value of the new policy if the reserve obtained from assumption
(a) is used to buy a 20-year term insurance policy? If the reserve obtained from as-
sumption (b) is used to buy a I5-year endowment insurance policy? If the reserve
obtained from assumption (c) is used to buy a whole life insurance policy? If the
reserve obtained from assumption (d) is used to buy a whole life insurance policy?
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