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Exercise 1

1. You are given p, = 1003% for 0 < x < 100. Determine the probability that an indwidual aged
50 dies within ONE YEAR. (Hint [ 725dt = In(a® —t?) for 0 <t < a).

2. The force of mortality is

0 <z <100

e = 40100 — 2)’

Calculate y5q30. (Hint: p, = e~ Jo poradu — o= [T Hudu ),
Solution:

1. The required probability is g50. We know

x+1 x+1 2t
¢ = 1—exp (—/x utdt> =1—exp (—/x T00r — 2 dt>

100> — (x +1)*>  (z+1)°—2> 2241
1002 — 22 10,000 — 22 1002 — 22

1

hence
101 101

= = = 0.01346.
1002 — 502 7500

q50

2. This is beta with a = }1, w = 100, we have

45930 = 4P30 — 9P30

but

1 1
100 — 30 — 4\ 7 100 — 30 — 9\ 7
= (0 2 0.08540 and = (=) = 0.96618.
P30 ( 100 — 30 ) and  obso ( 100 — 30 )

So
45930 = 0.98540 — 0.96618 = 0.01922.

Exercise 2

1. 20—year pure endowment insurance of 5000 on (z)
2. Whole life annuity immediate with annual payments of 5000 on (z).

3. Whole life annuity due with annual payments of 5000 on (x).



4. 20—year temporary life annuity immediate with annual payments of 5000 on (z).
Wrrite the formulas of the actuarial present value of each option then rank the APV of each
option from the largest to the smallest. (Hint: use the number 1., 2., 3., 4. to order the
APV)

Solution: APV are given as follows

1. 5000 50E, = 5000 v*° yp,

2. 5000 a, = 5000 7% v* ip,
3. 5000 d, = 5000 > 2>, v* rps
4. 5000 a,z5 = 5000 S0, 0% ks

The annuity—due provides one more payment than the whole life annuity immediate, which provides
more payments than a 20-year annuity. The pure endowment provides the least payments, only 2000
at duration 20. The order is 3. > 2. > 4. > 1.

Exercise 3 For a special fully discrete 3—year term insurance on (x) i = 0.03 level net premiums are
paid at the beginning of each year. The death benefit in year k is byy1, as listed below.

k 0 1 2
b1 | 60000 | 40000 | 20000
gz+x | 0.02 | 0.06 | 0.10

1. Calculate the net premium

2. Calculate the initial net premium reserve for year 2. (initial reserve includes premium)
Solution:

1. The APV of future benefits is

_60000(0.02)  40000(0.98)(0.06) | 20000(0.98)(0.94)(0.10)

A
1.03 (1.03)? (1.03)3

= 5068.0911

and APV of future annuities of 1 is

0.98  (0.98)(0.94)

iy = 1 — 2.8197
%3 = T3 T T (1.03)2

thus the net premium is P = % = 1797.3866.

2. We will calculate the net premium reserve at time 1 sung recursion

0V +P)A+17) = ge br + 1V po

P)(1+414)—q, b 1797. 1.03) —0.02
1V:(0v+ )(p—H) G 1:(7973866)(1 8330200 X60000:664.6OO2

So the initial net premium reserve for year 2 is

1V + P =664.6002 + 1797.3866 = 2461.9868.



Exercise 4 For a fully continuous whole life insurance of 50000 on (40), you are given

| [ 0.004 t <30
(Z) Mot = 0.00460.25(1‘/730) t > 30

(ii) 6 = 0.03 (iii) The net premium is Py for the first 30 years and Py after 30 years. (iv) The net
premium reserve at time t = 30 s 16250.

1. Find P, using retrospective formula for the reserve.

2. Calculate the net premium reserve at time t = 20.
Solution:

1. Let us calculate P; using the net premium reserve at ¢ = 30 We have

30

30E40
but 50E0 = e 903430 = (.36055,
- 0.004 _ - 1 — o—0-034(30)
Adozg = 00 (1— e 003460) = 0.075224 and @037 = —oo3 — 18:80603
therefroe

18.80603 P, — 50000 x 0.075224
0.36055 '

16250 =

Solving for P; we get P, = 511.54537

2. Now let us calculate the net premium reserve at ¢t = 20 with the retrospective formula also.

0.004 | — 0034(20)

Abay = 0031 (1— e 20%1C0) = 0.058045 and a9 = —oo3 451126
hence
—  Pyay.55 — 50000 AL, 11.54 14.51126 — .05804
7 Poam 100 _ 511.54537 x 14.51126 — 50000 x 0.058045 _ o ao

20 E10 ©—0.034(20)

Exercise 5

For a special 20—year term life insurance of 80000 on (40), you are given: (i) The death benefit is
payable at the moment of death. (ii) During the 5* year the gross premium is 1200 paid continuously
at a constant rate (iii) The force of mortality follows Gompertz’s law p, = Be* with B = 0.0004 and
c=1.12. (iv) The force of interest is 4%. (v) Expenses are: - 5% of premium payable continuously -
200 payable at the moment of death (vi) At the end of the 5" year the expected value of the present
value of future losses random variable is 8000.

1. Use Euler’s method
t+th ~ th + h (Gt — (et + Cth> + <5t + ,LLert) th — (bt + Et) l’[’ert)

with steps of h = 0.25 to calculate the expected value of the present value of future losses random
variable at the end of 4.5 years.



2. For a fully discrete whole life insurance of 35000 on (z): (i) Death is the only decrement. (ii)
The annual net premium is 2800. (iii) The annual contract premium is 3000. (iv) Expenses
in year 1, payable at the start of the year, are 40% of contract premiums. (v)i = 0.05 (vi)
1V = 1400. Calculate the asset share at the end of the first year assuming ¢AS = 0. (Hint:
use recursion for net premium 1V and annual net premium to find the unknown death rate
assuming oV =0).

Solution:

1. The term "expected value of present value of future losses” is used instead of "reserve”. The
Euler’s method leads to

nVI—h (Gt — (er + Gy) — (b + Ey) Mx+t)
14+h (5t + Mz+t)

th ~

In our situaton we need to compute 475V¢ and 4 5V9 hence have first to compute fi4 75 and fiyy 5
[hag 75 = 0.0004(1.12)**™ = 0.06376 and j1,, 5, = 0.0004(1.12)**°° = 0.06198

therefore

VI — 1 (1= 0.05)G = (b+ E) ftagya75)
1+ N (0.04 4 p1y95475)

8000 — 0.25(0.95 x 1200 — 80200 x (0.06376))
_ — 8765.998
1 + 0.25(0.04 + 0.06376)

8765.998 — 0.25(0.95 x 1200 — 80200 x (0.06198
oV = (095 il ) _ 9481.9546.
1+ 0.25(0.04 1 0.06193)

2. We have
(0AS + G — c,G —ep) (1 +14) = 35000 g, + 1AS p,
hence
A4S (0AS + G — c,G —ep) (1 +14) — 35000 g,
1 p—
Dz
B (0 + 3000 — 0.4 x 3000) (1.05) — 35000 g,

Thus we need back out ¢q,: the first—year death rate. Set 1V = 1400, by the recursive relation
for net premium reserve,

(oV 4+ P)(1+14) =35000 ¢, + 1V p, = 1V + (35000 — V) ¢,

oV +P)(1+1i)— 1V 2800 x 1.05 — 1400
= = = 0.04583.
e 35000 — V 35000 — 1400
Then,

(0.6 x 3000) (1.05) — 35000 x 0.04583 (100 — 40) (1.1) — 1000 ¢

AS =
! 1 — 0.04583 1 —q,

= 299.68454




