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Written Answer

This problem features a written answer component. Please write out your solution using your preferred method. When you are ready to

review your work and score yourself, click the following button.
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Written answers must be graded if you wish to include them in your GOAL Score during Practice sessions.

For a 10-year deferred 10-year term insurance issued to a life aged &, you are given:
e During the deferred priod:
o The net annual premium is P payable at the beginning of each year as long as the policyholder is healthy at that time.
o After the deferred period:
o The death benefit is 1000 payable at the end of the year of death.
o The sick benefit is 100 payable at the end of each year as long as the policyholder is sick at that time.

The insurer uses a multple state model to price the policy:

o State H: Healthy
s State S: Sick
s State D: Dead

Assume that transitions occur at the end of each year. The probabilities ,pZ¥ and ,pZ5 are given in the "Base" sheet.

In addition, the annual effective interest rate is 6%.
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Excel Workbook Base

k kpx*HH  kpx"HS Terminology

0 1.00000 0.00000 DB Death benefit
1 0.93143 0.04877 SB Sick benefit

2 0.92701 0.05121 P Net annual premium
3 092227 0.05377 L Loss-at-issue
4 091719 0.05646 CF Cash flow

5 0.91173 0.05928 NPV Net present value
6 0.90586 0.06224

7 0.89956 0.06536

8 0.89279 0.06863

9 0.88550 0.07206

10 0.87765 0.07566

11 0.86920 0.07944

12 0.86009 0.08341

13 0.85027 0.08758

14 0.83968 0.09196

15 0.82824 0.09656

16 0.81589 0.10135

17 0.80255 0.10646

18 0.78813 0.11178

19 0.77253 0.11737

20 0.75566 0.12324

Question - Part A Difficulty: Advanced e

[2 points]

1. Draw a transition diagram for the multiple state model.

Note: Draw a transition diagram.

Question - Part B Difficulty: Advanced €

[2 points]
ii. Calculate ;pP and Pr(Death in year k given that the policyholder is healthy at age ).

Note: You should edit the yellow cells and comment in the yellow box only.

k kpx*HH  kpx*HS kpx*HD Pr{Death in year k]‘
0 1.00000 0.00000
1 0.93143 0.04877
2 0.92701 0.05121
3 092227 0.05377
4 0.91719 0.05646
5 0.91173 0.05928
6 0.90586 0.06224
7 0.89956 0.06536
8 0.89279 0.06863
9 0.88550 0.07206
10 0.87765 0.07566
11 0.86920 0.07944
12 0.86009 0.08341
13 0.85027 0.08758
14 0.83968 0.09196
15 0.82824 0.09656
16 0.81589 0.10139
17 0.80255 0.10646
18 0.78813 0.11178
19 0.77253 0.11737
20 0.75566 0.12324

Question - Part C Difficulty: Advanced i ]

[2 points]

iii. Review the data and identify any questionable data values.

Note: Identify any questionable data values.

k kpxHH  kpx*HS kpx*HD Pr(Death in year k]‘
0 1.00000 0.00000 0.00000 0.00000
1 0.93143 0.04877 0.00000 0.00000
2 0.92701 0.05121 0.00000 0.00000
3 0.92227 0.05377 0.00000 0.00000
4 091719 0.05646 0.00000 0.00000
5 091173 0.05928 0.00000 0.00000
6 0.90586 0.06224 0.00000 0.00000
7 0.89956 0.06536 0.00000 0.00000
8 0.89279 0.06863 0.00000 0.00000
9 0.88550 0.07206 0.00000 0.00000
10 0.87765 0.07566 0.00000 0.00000
11 0.86920 0.07944 0.00000 0.00000
12 0.86009 0.08341 0.00000 0.00000
13 0.85027 0.08758 0.00000 0.00000
14 0.83968 0.09156 0.00000 0.00000
15 0.82824 0.09656 0.00000 0.00000
16 0.81589 0.10139 0.00000 0.00000
17 0.80255 0.10646 0.00000 0.00000
18 0.78813 0.11178 0.00000 0.00000
19 0.77253 011737 0.00000 0.00000
20 0.75566 0.12324 0.00000 0.00000

Question - Part D Difficulty: Advanced @

[12 points]

iv. Calculate the net annual premium P.

Note: You should edit the yellow cells only.

k kpx*HH = kpx"HS  kpx"HD  Pr{Death in year k)‘ k Ak DB SB P DB*Ak*Pr{Death in yeark) = SB*vAk*kpx"HS = P*vAk*kpx"HH
) 1.00000 0.00000 0.00000 0.00000 [

1 0.93143 0.04877 0.00000 0.00000 1 Expected Loss at Issue =
2 0.92701 0.05121 0.00000 0.00000 2

3 0.92227 0.05377 0.00000 0.00000 3

4 091719 0.05646 0.00000 0.00000 4

5 0.91173 0.05928 0.00000 0.00000 5

6 0.90586 0.06224 0.00000 0.00000 6

7 0.89956 0.06536 0.00000 0.00000 7 I .I
8 0.89279 0.06863 0.00000 0.00000 8

9 0.88550 0.07206 0.00000 0.00000 9

10 0.87765 0.07566 0.00000 0.00000 10

11 0.86920 0.07944 0.00000 0.00000 11

12 0.86009 0.08341 0.00000 0.00000 12

13 0.85027 0.08758 0.00000 0.00000 13

14 0.83968 0.09196 0.00000 0.00000 14

15 0.82824 0.09656 0.00000 0.00000 15

16 0.81589 0.10139 0.00000 0.00000 16

17 0.80255 0.10646 0.00000 0.00000 17

18 0.78813 0.11178 0.00000 0.00000 18

19 0.77253 0.11737 0.00000 0.00000 19

20 075566 0.12324 0.00000 0.00000 20

Consider the following scenario:

« The policyholder is healthy for 13 years.
« And then she is sick at ages « + 13 and = + 14.
e And then she dies at age  + 15.

Question - Part E Difficulty: Advanced o

[4 points]

v. Calculate the loss at issue for the above scenario.

Note: You should edit the yellow cells only.

k kpx*HH = kpx*HS kpx*HD Pr(Death in year k)‘ k vk CF CF*vhk
0 1.00000 0.00000 0.00000 0.00000 0 0.00000
1 093143 0.04877 0.00000 0.00000 1 0.00000 Loss at Issue =
2 0.92701 0.05121 0.00000 0.00000 2 0.00000
3 092227 0.05377 0.00000 0.00000 3 0.00000
4 091719 0.05646 0.00000 0.00000 4 0.00000
5 0.91173 0.05928 0.00000 0.00000 5 0.00000
6 0.90586 0.06224 0.00000 0.00000 6 0.00000
7 0.89956 0.06536 0.00000 0.00000 7 0.00000
8 0.89279 0.06863 0.00000 0.00000 8 0.00000
9 0.88550 0.07206 0.00000 0.00000 9 0.00000
10 0.87765 0.07566 0.00000 0.00000 10 0.00000
11 0.86920 0.07944 0.00000 0.00000 11 0.00000
12 0.86009 0.08341 0.00000 0.00000 12 0.00000
13 0.85027 0.08758 0.00000 0.00000 13 0.00000
14 0.83968 0.09196 0.00000 0.00000 14 0.00000
15 0.82824 0.09656 0.00000 0.00000 15 0.00000
16 0.81589 0.10139 0.00000 0.00000 16 0.00000
17 0.80255 0.10646 0.00000 0.00000 17 0.00000
18 0.78813 0.11178 0.00000 0.00000 18 0.00000
19 0.77253  0.11737 0.00000 0.00000 19 0.00000
20 0.75566 0.12324 0.00000 0.00000 20 0.00000
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Written Answer

This problem features a written answer component. Please write out your solution using your preferred method. When you are ready to
review your work and score yourself, click the following button.

Reveal / Review Written Answer Scoring

Written answers must be graded if you wish to include them in your GOAL Score during Practice sessions.

For a 10-year deferred 10-year term insurance issued to a life aged %, you are given:

e During the deferred priod:

o The net annual premium is P payable at the beginning of each year as long as the policyholder is healthy at that time.
o After the deferred period:

o The death benefit is 1000 payable at the end of the year of death.

o The sick benefit is 100 payable at the end of each year as long as the policyholder is sick at that time.

The insurer uses a multple state model to price the policy:

« State H: Healthy
« State S: Sick
o State D: Dead

Assume that transitions occur at the end of each year. The probabilities ypZH and ,pES are given in the "Base" sheet.

In addition, the annual effective interest rate is 6%.
Please download this “Workbook’

Question - Part A Difficulty: Advanced (i ]

[2 points]

1. Draw a transition diagram for the multiple state model.

Self Assessment & Solution - Part A F
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See the solution and marking scheme in tab i of ‘Solution Workbook® j

Self Assessment Score:  2.00 %

Note: Draw a transition diagram.

State H > State S State H > State S
Healthy Sick Healthy * Sick
. L OR . -
h 4 StateD & - 4 StateD &
Dead Dead [2]
[2 points]
ii. Calculate ;pfP and Pr(Death in year k given that the policyholder is healthy at age z)-
Self Assessment & Solution - Part B A
See the solution and marking scheme in tab ii of ‘Solution Workbook’
Self Assessment Score:  2.00 §
Note: You should edit the yellow cells and comment in the yellow box only.
[1] [1]
k kpxHH  kpx*HS kpx*HD Pr(Death in year k]‘
0 1.00000 0.00000 | 0.00000 0.00000
1 093143 0.04877 | 0.01980 0.01980
2 0.92701 0.05121 | 0.02178 0.00198
3 0.92227 0.05377 | 0.02396 0.00218
4 091719 0.05646 | 0.02636 0.00240
5 091173 0.05928 | 0.02899 0.00264
6 0.90586 0.06224 | 0.03189 0.00290
7 0.89956 0.06536 | 0.03508 0.00319
8 0.89279 0.06863 | 0.03859 0.00351
9 0.88550 0.07206 | 0.04245 0.00386
10 0.87765 0.07566 | 0.04669 0.00424
11 0.86920 0.07944 | 0.05136 0.00467
12 0.86009 0.08341 | 0.05650 0.00514
13 0.85027 0.08758 | 0.06215 0.00565
14 0.83968 0.09196 @ 0.06836 0.00621
15 0.82824 0.09656 | 0.07520 0.00684
16 0.81589 0.10139 | 0.08272 0.00752
17 0.80255 0.10646 | 0.09099 0.00827
18 0.78813 0.11178 | 0.10009 0.00910
19 0.77253 0.11737 | 0.11009 0.01001
20 0.75566 0.12324 | 0.12110 0.01101
[2 points]
iii. Review the data and identify any questionable data values.
Self Assessment & Solution - Part C A
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See the solution and marking scheme in tab iii of ‘Solution Workbook” j

Self Assessment Score: | 200 4

Note: Identify any questionable data values.

k kpx"HH = kpx"HS  kpx"HD Pr(Death in year k)‘
0 1.00000 0.00000 0.00000 0.00000
1 0.93143 0.04877 0.01980 0.01980
2 092701 005121 002178 0.00198 Pr(Death in year k)
3 092227 0.05377 0.02396 0.00218 002500
4 091719 0.05646 0.02636 0.00240
5 091173 0.05928 0.02899 0.00264 002000
6 0.90586 0.06224 0.03189 0.00290
7 0.89956 0.06536 0.03508 0.00319 001500
8 0.89279 0.06863 0.03859 0.00351
E] 0.88550 0.07206 0.04245 0.00386 001000
10 0.87765 0.07566 0.04669 0.00424
11 0.86920 0.07944 0.05136 0.00467 200500
12 0.86009 0.08341 0.05650 0.00514
13 0.85027 0.08758 0.06215 0.00565
14 083968 0.09196 0.06836 0.00621 oooma
1 3 5 7 9 11 13 15 17 19 21
15 0.82824 0.09656 0.07520 0.00684
16 0.81589 0.10139 0.08272 0.00752
17 0.80255 0.10646 0.09099 0.00827 The probability of death is around 0.02 in year 1, and then it drops to around 0.002 in year 2.
18 0.78813  0.11178 0.10009 0.00910 And then the probability is steadily increasing from year 2 to year 20.
19 0.77253  0.11737 0.11009 0.01001 So the probability of death in year 1 could be questionable. 12]
20 0.75566 0.12324 0.12110 0.01101

Question - Part D Difficulty: Advanced (i ]

[12 points]

iv. Calculate the net annual premium P.
Self Assessment & Solution - Part D rs
See the solution and marking scheme in tab iv of ‘Solution Workbook’

Self Assessment Score:  12.00 4

Note: You should edit the yellow cells only.

n 21 [21 [31 [1] [1] 11

k kpx"HH  kpx"HS  kpx"HD Pr(Death in year k)‘ k vk DB SB [d DB*vrk*Pr(Death in yeark)  SB*w k*kpx"HS  P*wrk*kpx"HH

0 1.00000 0.00000 0.00000 0.00000 0 1.00000 0.00 0.00 9.62 0.00 0.00 9.62

1 093143 0.04877 0.01980 0.01980 1 0.94340 0.00 0.00 9.62 0.00 0.00 8.45 Expected Loss at Issue =|  0.00 11

2 092701 0.05121 0.02178 0.00198 2 0.89000 0.00 0.00 9.62 0.00 0.00 7.94

3 092227 0.05377 0.02396 0.00218 3 0.83962 0.00 0.00 9.62 0.00 0.00 745

4 091719 0.05646 0.02636 0.00240 4 0.79209 0.00 0.00 9.62 0.00 0.00 6.99

5 091173 0.05928 0.02899 0.00264 5 0.74726 0.00 0.00 9.62 0.00 0.00 6.55

6 0.90586 0.06224 0.03189 0.00290 6 0.70496 0.00 0.00 9.62 0.00 0.00 6.14 I .I

7 0.89956 0.06536 0.03508 0.00319 7 0.66506 0.00 0.00 9.62 0.00 0.00 576

8 0.89279 0.06863 0.03859 0.00351 8 0.62741 0.00 0.00 9.62 0.00 0.00 539

9 0.88550 0.07206 0.04245 0.00386 9 0.59190 0.00 0.00 9.62 0.00 0.00 5.04

10 0.87765 0.07566 0.04669 0.00424 10 0.55839 0.00 0.00 0.00 0.00 0.00 0.00

11 0.86920 0.07944 0.05136 0.00467 11 0.52679 | 1000.00 | 100.00 0.00 2.46 4.18 0.00

12 0.86009 0.08341 0.05650 0.00514 12 0.49697 | 1000.00 | 100.00 0.00 2.55 4.15 0.00

13 0.85027 0.08758 0.06215 0.00565 13 0.46884 | 1000.00 | 100.00 0.00 2.65 411 0.00

14 0.83968 0.09196 0.06836 0.00621 14 0.44230 | 1000.00 = 100.00 0.00 2.75 4.07 0.00

1s 0.82824 0.09656 0.07520 0.00684 15 0.41727 | 1000.00 = 100.00 0.00 2.85 4.03 0.00

16 0.81589 0.10139 0.08272 0.00752 16 0.39365 | 1000.00 = 100.00 0.00 2.96 3.99 0.00

17 0.80255 0.10646 0.09099 0.00827 17 0.37136 | 1000.00 | 100.00 0.00 3.07 3.95 0.00

18 0.78813 0.11178 0.10009 0.00910 18 0.35034 | 1000.00 | 100.00 0.00 3.19 3.92 0.00

19 0.77253  0.11737 0.11009 0.01001 19 0.33051 | 1000.00 | 100.00 0.00 3.31 3.88 0.00

20 0.75566 012324 0.12110 0.01101 20 0.31180 | 1000.00 = 100.00 0.00 3.43 3.84 0.00
29.22 40.12 69.34

Consider the following scenario:

¢ The policyholder is healthy for 13 years.
« And then she is sick at ages  + 13 and = + 14.
« And then she dies at age @ -+ 15.

Question - Part E Difficulty: Advanced (i ]

[4 points]

v. Calculate the loss at issue for the above scenario.

Self Assessment & Solution - Part E Fs
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See the solution and marking scheme in tab v of ‘Solution Workbook’ j

Self Assessment Score: | 400 4
Note: You should edit the yellow cells only.

[2] [1]

k kpx"HH  kpx™HS kpx*HD Pr(Death in year I:)‘ k vk CF CF*whk
0 1.00000 0.00000 0.00000 0.00000 4] 1.00000 9.62 9.62
1 0.93143 0.04877 0.01980 0.01980 1 0.94340 9.62 9.08 Loss at Issue =I 433.32 .I 1]
2 0.92701 0.05121 0.02178 0.00198 2 0.89000 9.62 8.56
3 0.92227 0.05377 0.02396 0.00218 3 0.83962 9.62 8.08
4 0.91719 0.05646 0.02636 0.00240 4 0.79209 9.62 7.62
5 0.91173 0.05928 0.02899 0.00264 5 0.74726 9.62 7.19
6 0.90586 0.06224 0.03189 0.00290 6 0.70496 9.62 6.78
7 0.89956 0.06536 0.03508 0.00319 7 0.66506 9.62 6.40
8 0.89279 0.06863 0.03859 0.00351 8 0.62741 9.62 6.04
9 0.88550 0.07206 0.04245 0.00386 9 0.59190 9.62 5.69
10 0.87765 0.07566 0.04669 0.00424 10 0.55839 0.00 0.00
11 0.86920 0.07944 0.05136 0.00467 11 0.52679 0.00 0.00
12 0.86009 0.08341 0.05650 0.00514 12 0.49697 0.00 0.00
13 0.85027 0.08758 0.06215 0.00565 13 0.46884 | -100.00 | -46.88
14 0.83968 0.09196 0.06836 0.00621 14 0.44230 | -100.00 | -44.23
15 0.82824 0.09656 0.07520 0.00684 15 0.41727 |-1000.00 | -417.27
16 0.81589 0.10139 0.08272 0.00752 16 0.39365 0.00 0.00
17 0.80255 0.10646 0.09099 0.00827 17 0.37136 0.00 0.00
18 0.78813 0.11178 0.10009 0.00910 18 0.35034 0.00 0.00
19 0.77253 0.11737 0.11009 0.01001 19 0.33051 0.00 0.00
20 0.75566 0.12324 0.12110 0.01101 20 0.31180 0.00 0.00
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