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1. A life aged 38 wants to buy a 3-year term insurance policy. A life-table based on current-year mortality is:

T Uy d

38 10000.00 5.00
39  9995.00 5.14
40 9989.86 5.30
41 9984.56  5.47
42 9979.09 5.67
48 9973.42 5.87

The insurance company uses a single-factor scale function q(x,t) = q(x,0)(1 — ¢,

mortality. The insurance company uses the following values for ¢, :

r Qs

38 0.03
39 0.025
40 0.025
41 0.02
42 0.015
43 0.02

Calculate Aésé\ at interest rate i = 0.06, taking into account the change in mortality.

We have ggs = 0.0005, gso(1 — ¢h39) = 0.975 X 5osits = 0.00050140070035, qao(1 — ¢a0)* = 0.975% x %9533986
0.000504342653451. This gives A o = 0.0005(1.06)"" + (1 — 0.0005) x 0.00050140070035(1.06)* + (1 —

0.0005)(1 — 0.00050140070035) x 0.000504342653451(1.06) 2 = 0.00136613361588.

2. The following lifetable applied in 2016:

T . d

55 10000.00 10.63
56 9989.87 11.30
57  9978.07 12.02
58  9966.05 12.80
59  9953.25 13.66
60  9939.59 14.60

An insurance company uses the following mortality scale based on both age and year:

to model changes in



x 2017 2018 2019 2020 2021 2022
56 001 0.015 0.015 0.02 0.02 0.015
56 0.03 003 0.025 0.02 0.015 0.02
57 0.02 003 003 0.025 0.02 0.015
58 0.025 0.03 0.025 0.015 0.015 0.02
59 0.015 0.02 0.015 0.01 0.015 0.01
60 0.02 0015 0.01 0.015 0.02 0.025

1

551 at interest rate i = 0.03.

Use this mortality scale to calculate A

For this individual we have

gs5 = (1 —0.01)0.001063 = 0.00105237

11.30
= (1-0.03)(1 0. = 0.00106434840234
gs0 = (1= 0.03)(1 —0.03) x goeomr = 0.0010643484023
12.02
gs7 = (1= 0.02)(1 —0.03)(1  0.03) x o= = 0.00111077850125

12.80

= (1-0.025)(1 — 0.03)(1 — 0.025)(1 — 0.01
gss = (1= 0.025)(1 — 0.03)(1 — 0.025)(1 — 0.015) X 5o

= 0.00116655200405

This gives

Al

L) = 0.00105237(1.03) ™" + (1 — 0.00105237) (0.00106434840234(1.03) 2

+(1 — 0.00106434840234) (().00111077850125(1.03)73 + (1 —0.00111077850125) x 0.00116655200405))
= 0.00420107324841

3. A pensions company has the current mortality scale for 2017:

do(x,t) dp(x+t,t)
T 9@, 2017) dt |4 4=2017 dt |4 1=2017
51  0.016389776 0.00054272913 —0.0015000971
52 0.018738397 —0.00107674028 0.0012410504
58 0.028229446 0.00120650853 —0.0002976607

54 0.028011768 —0.00109930339 —0.0004183465
56 0.014334489 —0.00194027424  0.0023952205
56 0.016770205 0.00271342277 —0.0053102487

Mortality in 2016 is given in the following lifetable.

T ly dy

51 10000.00 15.29
52 9984.71 16.44
53 9968.27 17.70
54 9950.56  19.09
55  9931.48 20.60
56  9910.88 22.26




The company assumes that from 2030 onwards, we will have ¢(x,t) = 0.01 for all x and t. Calculate q(54,2018)

using the average of age-based and cohort-based effects.
We fit a cubic curve between the known points. For age 54, we have ¢(54,2017+1t) = f(t) = at® +bt> +ct +d,

and we get
£(0) = 0.028011768
1'(0) = —0.00109930339
f(13) =0.01
f(13)=0

We solve this to get

d = 0.028011768
¢ = —0.00109930339

1330 4+ 13?6+ 13c + d = 0.01
3x132a4+2x13b+c=0

X . 3 33 X U. . 3

133
.001 — 132 . 1 21
_ 0.00109930339 — 3 x 13% x 0.00000989193988621 _ 0.000150611928166

b 2x13

This gives f(1) = 0.00000989193988621—0.000150611928166—0.00109930339+0.028011768 = 0.0267717446217
For the cohort-based curve, we have ¢(53 +t,2017 +t) = g(t) = at® + bt + ét + d and we get

(0) = 0.028229446
' (0) = —0.0002976607
g(13) = 0.01
g'(13) =0



We solve this to get

1323 4+ 13%b + 13¢ + d = 0.01
3x132a4+2x13b+¢=0
133G — 13¢ — 2d = —0.02

d = 0.028229446
& = —0.0002976607

13 x —0.0002976607 4 2 x 0.028229446 — 0.02

Y
I

= 0.0000148335470642

S
I

133
0.0002976607 — 3 x 132 x 0.0000148335470642

= —0.00027780567929

2x13

This gives g(1) = 0.0000148335470642 — 0.00027780567929 — 0.0002976607 4 0.028229446 = 0.0276688131678.
Taking the average of the age-based and cohort-based improvement factors, we get

$(54,2018) =

0.0267717446217 + 0.0276688131678

We therefore have

2

= 0.0272202788948

q(54,2018) = ¢(54,2016)(1 — ¢(54,2017))(1 — ¢(54, 2018))

~19.09
"~ 9950.56

= (0.00181398595891

(1 —0.028011768)(1 — 0.0272202788948)

4. An insurance company uses a Lee-Carter model and fits the following parameters:

c=-0.6 or =14
And the following values of o, and By :

T 0y Ba

84 —5.314675 0.2697754
85 —5.234098 0.2504377
36 —5.043921 0.1782635
37 —4.892803 0.2889967
38 —4.637988 0.1460634
39 —4.413315 0.1174245
40 —4.261060 0.2078267

The insurance company simulates the following values of Zy:

' 7

2018 0.2525295
2019 —0.6276655
2020 —0.6007807

Ko7 = —4.83



Using these simulated values, calculate the probability that a life aged exactly 36 at the start of 2017 dies within
the next 4 years.

From the simulated values we have

Kop1s = —4.83 — 0.6 + 1.4 x 0.2525295 = —5.0764587
Kop19 = —5.0764587 — 0.6 4+ 1.4 x —0.6276655 = —6.5551904
Kop20 = —6.5551904 — 0.6 4+ 1.4 x —0.6007807 = —7.99628338

This gives us

log(m(36,2017)) = —5.043921 + 0.1782635 x —4.83 = —5.904933705
log(m(37,2018)) = —4.892803 4 0.2889967 x —5.0764587 = —6.35988281199
log(m(38,2019)) = —4.637988 + 0.1460634 x —6.5551904 = —5.59546139747
log(m(39,2020)) = —4.413315 + 0.1174245 x —7.99628338 = —5.35227457776

Under UDD, we have m, = 20 oo . = 22 This gives us
) 2—qq 24+my

26_5'904933705

2¢—6-35988281199

437, 2018) = 5= sy = 0001728074972

26_5'59546139747

9(38,2019) = 5= rorigragrsr = 0-00370779834235

2675‘35227457776

4(39,2020) = 5=y = 0.00472616844589

The probability that the life survives four years is therefore

(1—0.00272225211385)(1 — 0.001728074972)(1 — 0.00370779834235) (1 — 0.00472616844589) = 0.987175350394

. An insurance company uses a Lee-Carter model. One actuary fits the following parameters:

c=-0.13 O = 0.9 K2017 =—1.70 52 = —4.45 ﬁ52 =0.49

A second actuary fits the parameters

c=—0.14 O — 0.8 K2017 =—1.40 Q52 = —4.94 552 =0.37



The insurance company sets its life insurance premiums for 2025 so that under the first actuary’s model, it
has a 95% chance of an expected profit. What is the probability that these premiums lead to an expected profit
under the second actuary’s model?

Since expected profit is a decreasing function of m(z,t), we need to calculate the probability under the second
actuary’s model that log(m(52,2025)) is less than the 95th percentile of the first actuary’s distribution for
log(m(52,2025)).

The first actuary’s model gives log(m(52,2025)) = —4.45 + 0.49K 595, where Kapos5 = —1.70 — 0.13 x 8 +
0.9(Z2018 + 22019 + ZQQQQ + 22021 + Z2022 + 22023 + 22024 + 22025) ~ N(—274, 648) The 95th percentile
of this model is therefore log(m(52,2025)) = —4.45 + 0.49(—2.74 + 1.96v/6.48) = —3.34782073046. The
second actuary’s model gives log(m(52,2025)) = —4.94 + 0.37Ka025, where Kogos = —1.40 — 0.14 x 8 +
0.8(22018 + Zg()lg -+ Z2020 -+ Z2021 -+ 22022 -+ 22023 + 22024 + 22025) ~ N(7252, 512) Under thlS model
log(m(52,2025)) ~ N(—5.8724,5.12 x 0.37%). The probability that log(m(52,2025)) < —3.34782073046 is
therefore

o (—3.34782073046 — (—5.8724)
0.37v/5.12

. An insurance company uses a Cairns-Blake-Dowd model with the following parameters:

) = $(3.01545121813) = 0.998717

K. =329 K. =0.38 W =017 c® =0.01
opy = 0.5 Ty = 0.08 p=03 T =47

What is the probability that the mortality for an individual currently (in 2017) aged 39 will be higher in 2025
than in 20307

The mortality in 2025 satisfies

log [ 4(47,2025) \ _
S\ 1 q(@7,2025) ) ~ 2025

while mortality in 2030 satisfies

q(52, 2030) (1) (2)
1 — | =K + 5K.
o8 <1 — ¢(52,2030) 2030 + 22030

Since log (ﬁ) is an increasing function of ¢, we are asking, what is the probability that Ké(l))zs > Ké(l);,o +

2 1 1 1 1 1 1 1 2
5K§02°,0- We have that K2(0)30 = K2(0)25 —5x0.17+ 0'5(250)26 + Z£0)27 + 22(0)28 + Z§0)29 + Z§0)30) and Kéo?&o =

Kz(g)n + 13 x 0.01 + 0.08(Z§3)18 + o4 Z%%O). The probability that we are interested in is therefore the
probability that

1 1 1 1 1 2 2
085+ 0.5(Z3hs + Z8thr + Ziohs + Ziiho + Zitho) + 5 (0.51 + 0.08(ZF)s + -+ + Z83)) <0

1 1 1 1 1 2 2
L7+ 0'5(Z§0)26 + Z§0)27 + ZQ(O)QS + Z§0)29 + ZéO?SO) + 0'4(Z§0)18 +ooee Tt Zéo?ao) <0



We have that Cov(Z", Z®) = 0.3, so Var(0.52" +0.42%) = 0.52 +0.42 + 2 x 0.3 x 0.4 x 0.5 = 0.53. We

therefore get that
q(52,2030) q(47,2025)
1 —— ) —1 ——————— )~ N(1.7,3.91
i (1 ~4(52,2030) )~ °8 \ 1 ¢(a7,2025) )~ N(.7,3.91)

e o . 1.7\ _ _
The probability that it is less than 0 is therefore ® (\/ﬁ) = ®(—0.85972695362) = 0.1949698.

7. An individual aged 42 has a current salary of $76,000 for the coming year. The salary scale is s, = 1.05Y.
Estimate the individual’s final average salary (average of last 3 years working) assuming the individual retires
at exact age 65.

If the individual retires at age 65, the final average salary is 7600()((1'()5)20+(1'O?)5)21+(1'05)22) = $211,901.20.

8. An employer sets up a DC pension plan for its employees. The target replacement ratio is 60% of final average
salary for an employee who enters the plan at exact age 30, with the following assumptions:

o At age 65, the employee will purchase a continuous life annuity, plus a continuous reversionary annuity
for the employee’s spouse, valued at 60% of the life annuity.

o At age 65, the employee is married to someone aged 63.
e The salary scale is s, = 1.04Y.

e Mortalities are independent and given by p, = 0.0000016(1.092)*. The value of the life annuity is based
on § = 0.045. This gives ags = 19.63036, Ggz = 19.83656 and ags,63 = 18.7867.

o A fized percentage of salary is payable annually in arrear.

e Contributions earn an annual rate of 7%.

Calculate the percentage of salary payable annually to achieve the target replacement rate under these assump-
tions.

Suppose the employee has a current salary at age 30 for the coming year of 1. At retirement, the employee’s
final average salary is i: 04%41. 0433+1 04 _ 3.650252. With a replacement ratio of 60%, this leads to an
annuity of 0.6 x 3.650252 = 2. 1901512 and a reversionary annuity of 0.6 x 2.1901512 = 1.31409072. For the
reversionary annuity, Ges63 = G63 — 065,63 = 19.83656 — 18.7867 = 1.04986, so the total EPV of the annuities
at age 65 is 2.1901512 x 19.63036 + 1.31409072 x 1.04986 = 44.37307.

The contributions should therefore be chosen so that the accumulated value of contributions by age 65 is

44.37307. If the employee pays all salary into the pension plan, the accumulated value will be % =

224.3497. The percentage of salary that needs to be paid into the plan is therefore 3343528; 19.78%.

9. The salary scale is given in the following table:

Y Sy Y Sy Y Sy Y Sy

30 1.000000 | 39 1.350398 | 48 1.845766 | 57 2.553877
31 1.033333 | 40 1.397268 | 49 1.912422 | 58 2.64969
32  1.067933 | 41 1.445983 | 50 1.981785 | 59 2.749515
38 1.103853 | 42 1.496620 | 51 2.053975 | 60 2.853522
34 1.141149 | 48 1.549263 | 52 2.129115 | 61 2.961903
35  1.179879 | 44 1.604000 | 53 2.207337 | 62 3.074855
36 1.220103 | 45 1.660921 | 54 2.288777 | 63 3.192585
37 1.261887 | 46 1.720122 | 55 2.8373580 | 64 3.315310
38  1.805295 | 47 1.781702 | 56 2.461894 | 65 3.443256




An employee aged 42 and 4 months has 12 years of service, and a current salary of $106,000 (for the coming
year). She has a defined benefit pension plan with o = 0.02 and Spyy, is the average of her last 3 years’ salary.

The employee’s mortality is given by p, = 0. 00000195(1 102)*. The pension benefit is payable monthly in
advance. The interest rate is i = 0.05. This results in ags = 17.15373 and 22.66666667P42.33333333 = 0.9901951.

There is no death benefit, and there are no exits other than death or retirement at age 65.

(a) Calculate the EPV of the accrued benefit using the projected unit method under the assumption that the
employee retires at age 65. [C’alculate the salary scale at non-integer ages by linear interpolation.]

We interpolate s42.33333 = = X 1.496620 + L % 1.549263 = 1.514168. The employee’s final average salary
is therefore 106000 x 2: 19258%+3 315310% 443256 — 939211.57. The accrued benefit is a pension with annual
payment rate 0.02 x 12 x 232211 57>< = $55,730.78. The EPV of this benefit when the employee reaches age
65 is therefore 55730.78 x 17.15373 = 955990.75. The current EPV is 955990.75 x 0.9901951(1.05) ~22-666667 —
$313,244.67.

(b) Calculate the employer’s contribution for this employee for the year. |21 .66666667P43.33333333 = 0.9903189./

In a year’s time, the accrued benefit will be a pension with annual payment rate 0.02 x 13 x 232211.57x =
$60,375.01. The EPV of this is 60375.01 x 17.15373 x 0.9903189(1.05)~21:666666667 — 35636(0.35. Discounting
to the start of year, and multiplying by the probability of surviving gives 356360.35(1.05)"% x gjgggé?gé =

339348.38. The annual contribution is therefore 339348.38 — 313,244.67 = $26, 103.71.

The accumulated value of the previous contributions is 313244.67x1.05 = 328906.90, so this year’s contribution
is 356360.35 — 328906.90 = $27,453.45.

10. The service table is given below:



T I 1 2 3
40 | 10000.00 | 118.76 01 0.51
41 9880.75 | 112.29 0l 0.58
42 | 9767.86 | 107.16 0| 0.65
43 | 9660.05 | 101.84 01 0.73
14 9557.49 | 96.80 0l 0.82
45 | 9459.86 | 92.02 01 0.93
46 | 9366.91 | 87.50 0l 1.04
47 | 9278.37| 83.19 01 1.18
48 | 9193.99 | 80.11 0| 1.52
49 | 9112.57 | 75.21 0149
50 | 9035.87| 71.48 0| 1.68
51 8962.71 | 67.92 0l 1.89
52 | 8892.90 | 64.51 0l 212
53 | 8826.26 | 61.23 0| 239
5/ 8762.64 | 58.07 0| 2.69
55 | 8701.88 | 55.03 0| 5.08
56 | 8643.83| 52.06 0| 3541
57 | 8588.36 | 49.18 0| 3.8
58 | 8535.84 | 46.37 0| 4.52
59 | 8484.64 | 43.62 0| 4.86
60— | 8484.6/ 1098.8/

60 7385.80 | 21.70 | 819.91 | 5.79
61 6538.40 | 18.30 | 611.98 | 6.38
62 | 59017 | 10.81| 384.29 | 5.86
65 | 550078 | 9.14 | 639.20 | 6.15
6/ 4846.29 | 7.73 | 3851.32 | 6.10
65~ | 4481.1/ 4481.14

The salary scale is s, = 1.05Y. The accrual rate is 0.02. The benefit for employees who withdraw is a deferred
annual pension with COLA 2%, starting from age 65. For an individual aged 65, we have dgs = 12.85. The

interest rate is i = 0.04. The lifetable for an individual who has withdrawn is

Calculate the EPV of deferred pension benefits made to an individual aged exactly 57, with 16 years of service,

T ly dy

57 10000.00  7.54
58  9992.46  8.22
59  9984.24  8.95
60  9975.29  9.76
61  9965.52 10.65
62  9954.87 11.63
63  9943.25 12.69
64  9930.55 13.86
65  9916.69 15.15

whose salary for the past year was $121,000.

The current final average salary is 121,0001 + 1.057! 4+ 1.05723 = 115329.55, so if the individual withdraws
at age t, then the annual accrued pension benefits are 0.32 x 115329.55(1.05)%(1.02)3~" = 43240.62(




11.

The EPV of the accrued deferred pension benefits is therefore

1.05\" .,
43240.62 | — _
<1.02> 8—tP57+t I

We calculate

12.85 x 43240.62 x x 9916.69(1.04) % = 468796.998406

1
8588.36
Then we calculate the following table

t dgl I (%)t EPV of accrued withdrawl benefit
0.5 49.18 9996.23 1.01459931239  2340.085

1.5 46.37 9988.35 1.04444046863 2273.065

2.5 43.62 9979.765 1.07515930594 2203.043

3.5 21.70 9970.405 1.10678163847 1129.259

4.5 18.30 9960.195 1.13933403959 981.339

55 10.81 9949.06 1.17284386428 597.405

6.5 9.14  9936.90  1.20733927205 520.606

7.5 7.73  9923.62 1.24284925064  453.850

The total EPV of accrued deferred pension benefits is therefore

2340.09 + 2273.07 + 2203.04 + 1129.26 + 981.34 4 597.40 + 520.61 + 453.85 = $10498.65

12.85 x 43240.62 x

1
16. 49.1
3533.36 x 99 669( 9.18 x

1 1.05\°° 1 1.05\*°
20 46.
9996.23 (1.02) +46.37 % 558535 (1.02) +

2.5 3.5 4.5
1 1.05 1 1.05 1 1.05
21.70 0 18.30
( ) * 8 x (1.02) * " 9959.20 <1.02) *

9979.77 ~ \ 1.02 997041
1.05\%° 1 1.05\"°

1 1.05\°° 1

X | —= + 9.14 x —
9949.06 1.02 9936.90 1.02 9923.62

An insurance company sells a 5-year annual life insurance policy to a life aged 53, for whom the lifetable below

1S appropriate.

43.62 x

10.81 x

T Iy dy

58 10000.00 49.24
54 9950.76  54.62
55 9896.14 60.60
56  9835.55 67.22
57  9768.32 74.56
58  9693.76 82.68

The annual gross premium is $685. Initial expenses are $400. The death benefits are $90,000. Renewal costs
are 2% of each subsequent premium. The interest rate is i = 0.05

(a) Calculate the profit vector for the policy.

10



t Premium Expenses Interest Expected Death Net Cash

(at t—1) Benefits Flow
0 400 —400
1 685 0.00 34.250 443.16 276.09
2 685 13.70 33.565 494.01 210.85
3 685 13.70 33.565 551.12 153.74
4 685 13.70 33.565 615.10 89.77
) 685 13.70 33.565 686.96 17.91

The profit vector is the last column of this table.
(b) Calculate the discounted payback period of the policy using a risk discount rate i = 0.07.
Using a risk discount rate of ¢« = 0.07, we get the following partial NPVs:

t P(in force) Discounted Pr; NPV(¥)

0 1 —400.00 —400.00
1 1.000000 258.02 —141.98
2 0.995076 183.26 41.28
3 0.989614 124.20 164.19
4 0.983554 67.36 230.44
5 0.976832 12.47 242.62

So the discounted payback period is 2 years.

. An insurance company sells a 5-year endowment insurance policy to a life aged 35 for whom the lifetable below
1S appropriate.

T Iy dy

35 10000.00  8.74
36 9991.26 9.45
37 9981.81 10.24
38  9971.57 11.12
39  9960.45 12.11
40 9948.35 13.22

The benefit is $300,000. The annual premium is $60,000, and the interest rate is ¢ = 0.03. Initial expenses
are $2,400 and renewal expenses are $80 at the start of each year after the first. Use a profit test to calculate
the reserves at the start of each year. There are no exits other than death or maturity.

We first perform a profit test without reserves.

t Premium Expenses Interest Expected Death Expected Maturity Net Cash

(at t—1) Benefits Benefit Flow
0 2400 —2400
1 60000 0 1800.00 262.20 0.00 61537.80
2 60000 80 1797.60 283.75 0.00 61433.85
3 60000 80 1797.60 307.76 0.00 61409.84
4 60000 80 1797.60 334.55 0.00 61383.05
5 60000 80 1797.60 364.74 299635.26 —238282.40

The reserves at the begining of the fifth year are therefore 238282.40(1.03)~! = 231342.14. The expected

reserve payments at the end of the fourth year are 231342.14 x gg?g:g? = 231084.15. This makes the net

11



13.

cash flow at end of fourth year with no reserve 61383.05 — 231084.15 = —169701.10, so the reserve for the
fourth year is 169701.10(1.03)~! = 164758.35. The expected reserve payment at the end of the third year
is 164758.35 x 990-0 = 164589.33. This makes a net cash flow of 61409.84 — 164589.33 = —103179.49 at
the end of the third year, so the reserve for the third year is 103179.49(1.03)~! = 100174.26. The expected
reserve payment at the end of the second year is therefore 100174.26 x gggigé = 100079.51, and the expected
cash-flow at the end of the second year is 61433.85 — 100079.51 = —38645.66. This means that the reserve at
the beginning of the second year is 38645.66(1.03) "% = 37520.06. The expected reserve payment at the end

of the first year is therefore 37520.06 x 0.999126 = 37487.27. We therefore have the following table:
t Premium Reserve Expenses Interest Exp. Death Exp. Mat. Exp. Res. Net Cash

(at t—1) Benefits Benefit ~ Payment Flow
0 2400 —2400
1 60000 0.00 0 1800.00 262.20 0.00  37487.27  24050.53
2 60000  37520.06 80 1797.60 283.75 0.00 100079.51 0.00
3 60000 100174.26 80 1797.60 307.76 0.00 164589.33 0.00
4 60000 164758.35 80 1797.60 334.55 0.00 231084.15 0.00
5 60000 231342.14 80 1797.60 364.74  299635.26 0.00 0.00

An insurance company offers a 5-year critical illness insurance policy. The policy has 3 states — alive,

critically ill, and dead. The possible transitions are as shown in the following diagram.:

Critically ill

Premiums are payable at the start of each year while in the alive state.

For a life aged 37, transitions are as shown in the following lifetable:

age Alive  Critically Il | Death (direct) Death (critically ill) — CI and Death
37 | 10000.00 0.00 6.95 0.00 0.03
38 9990.20 2.82 747 0.03 0.04
39 9979.47 6.01 8.03 0.08 0.03
40 9967.71 9.63 8.66 0.15 0.04
41 9954.78 13.75 9.56 0.22 0.03

At the end of 5 years, the expected number of lives who are critically ill is 18.42.

Initial expenses are 28% of the first premium, and rencwal expenses are 4% of subsequent premiums while the
life is in the alive state. There are also renewal expenses of $80 at the start of each year if the life is in the
critically ill state. Premiums are payable at the start of each year when the life is in the healthy state. There
is a death benfit of $250,000 at the end of the year in which the life dies, and a benefit of $100,000 at the
end of the year in which the life becomes critically ill. (If the life becomes critically ill and then dies later in
the same year, both benefits are payable at the end of the year.) The interest rate is i = 0.04. Use a profit
test without reserves to determine the premium for this policy which achieves a profit margin of 5% at a risk
discount rate of i = 0.10.

We first perform a profit test for lives which start the year in the critically ill state, and in the alive state
alive state, with the premium set as P.

Critically Il
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t Premium Expenses Interest Expected Death Net Cash

(at t—1) Benefits Flow

2 0 80 -3.20 2659.57  —2742.77

3 0 80 -3.20 3327.79  —3410.99

4 0 80 -3.20 3894.08 —3977.28

5 0 80 -3.20 4000.00 —4083.20

Alive:
t  Premium Expenses Interest Expected Death Expected CI Net Cash
(at t—1) Benefits Benefits Flow
0 0.28P —0.28P

1 P 0 0.04P 174.50 28.50 1.04P — 203.00
2 P 0.04P 0.0384P 187.93 32.63 0.9984P — 220.57
3 P 0.04P 0.0384P 201.91 37.38 0.9984P — 239.29
4 P 0.04P 0.0384P 218.20 43.24  0.9984P — 261.44
5 P 0.04P 0.0384P 235.82 49.42  0.9984P — 285.24

At a risk discount rate of i = 0.10, the NPV of the policy is

—0.28P + (1.04P — 203.00)(1.1)~* + 0.999020(0.9984 P — 220.57)(1.1) "% — 0.000282 x 2742.77(1.1) 2
4 0.997947(0.9984 P — 239.29)(1.1) ™2 — 0.000601 x 3410.99(1.1) 3

+0.996771(0.9984P — 261.44)(1.1)~* — 0.000963 x 3977.28(1.1)*

4 0.995478(0.9984 P — 285.24)(1.1)~® — 0.001375 x 4083.20(1.1)°

= 3.535186 P — 908.6518

The NPV of premium payments is P(140.999020(1.1) 1 40.997947(1.1)~240.996771(1.1)~340.995478(1.1) %) =
4.161763P

The profit margin is therefore 3.535186 P—937.607908.6518

T161763P . Setting this equal to 0.05 gives

3.535186P — 908.6518

4.161763P
3.535186 P — 908.6518 = 0.20808815PF

3.327098P = 908.6518
P =$273.11

=0.05
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