ACT 3230 Exam 2

1.

ACT 3230 Actuarial Models I

Exam 2 — Chapter 8

March 11, 2009
4:00 p.m. — 5:15 p.m.

Instructor: Sheldon Liu, FSA, FCIA

Rorschach purchases a special 4-year term insurance policy from the New-Insurance-To-Enhance-
Our-Wealth Life Insurance Company (NITE OWL). The benefit under this insurance, payable at the
end of the year of death, varies with the year of death. You are given the following information on
the benefit payment and the probability function for K(x), Rorschach’s curtate-future-lifetime:

K Benefit Payment | Probability of death: , ¢,
0 400 0.1
1 300 0.2
2 200 0.3
3 100 0.4

Solution:

Note that the unconditional probabilities of death (4 q.) are provided, and we need ¢4

Re: y gx = ipx G

Rorschach makes 4 level premium payments of 61.68 (calculated based on the equivalence principle)
at the beginning of each year he is alive, starting at policy issue. The effective interest rate is 6% per
year.

Assuming Rorschach is alive at the end of year 2, calculate the benefit reserve on this policy at that
time, just before he makes his third premium payment.

k K 9x ek = 1 dx ! ipx Perk = 1 —quuk WDx = 11 P
0 0.1 0.1 0.9 0.9

1 0.2 2/9 7/9 0.7

2 0.3 3/7 4/7 0.4

3 0.4 1 0 0

Since premiums are calculated based on the equivalence principle, oV = 0.
Re: (h 4 +7y, a+ )= b/:+] “Gxen that V. Pin

So (IIV +7[Iz)(1 + i) - bh+l "Dk

= ll+lV
Pisiy
Ve (0 +61.68)(1.06) —400(0.1) _ 28.2009
(1-0.1)
e (28.2009 +61.68)(1.06) —300(2/9) _ 36.78

(1-2/9)
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Alternatively, use the prospective method:

APV of FB = by V' qua+ b4V’ g3
(200)(1/1.06)(3/7) + (100)(1.06)*(4/7)(1)
= 131.72

APV of FP =M+ MV Peny
61.68 + 61.68(1/1.06)(4/7)
= 9493

2V = APV of FB~ APV of FP = 131.72-94.93 = 36.79

2. A 15-year term insurance policy has level benefit premiums payable during the lifetime of the policy.
The policy is issued at age 65 and has a death benefit of $1,000. You are given:
1) i=0.08 ‘
i) g5 =0.0645
i) Var[;;L|K 2131 =92,503.12
iv) Var[4LIK >14] =54,334.71

Calculate 1000,/ _ .
6515|

Solution:
VarlLIK >13] = (10001000 7, Y prs s + v prs VarliuLIK > 14]
6515

92,503.12 = (1.08) (1000 — 100077, _ * (1 —.0645)(.0645) + (1.08)2 (1 .0645)(54,334.71)
65:15]

(54,334.71)(.9355)

: = 27.51
(1.08)

2
> 10007, _ = 1000 |—L08
6515| (.0645)(.9355)

x {92,503.12 ~

3. For a special 3-year deferred life annuity-due on (x), you are given:
1) The first annual payment is 500.
i1) Subsequent annual payments increase 5% per year.
ii1) There are no death benefits.
iv) Level annual benefit premiums are payable for 3 years.

v} i=0.05

vi)
n Erin DPx+n
0 30.3 Not given
1 29.6 Not given
2 29.2 0.97

Calculate the benefit reserve at the end of year 2.

Hint: e, =p, (1 + ewy)



ACT 3230 Exam 2

Solution:
Let P = annual premium

At time 0, APV of FP = APV of FB:

Pii g =500v'p, Y (L0 v pyy =500v5p. D 4 prs = 500V, (1 + eis)

k=0 k=0

ex=p. (1 +ew) 2 p.=0.9902

err1 = Pet (1 e2) > pry =0.9801
P2 = 0.97

Wx = PxPxi " Pr2 = 09414

e =prr (1 +eyus) 2 eq; =291
iz =1+t viop, = 2.823

P =[500(1.05)*(.9414)(1 +29.1)] / 2.823 = 4,335.39

I+wp,

V=P 5 =4,33539
- Vi, p,

= 9,569

The above uses the retrospective formula, recognizing that COI = 0.

Using (,V +2,)A+1)=b,,1 - Geun+pnV - Prsy Would get to the same result:

(V+n)A+i)y=b,-q .+ V- p, /1 6;=0,,V=0
ﬂ(l—i—l‘): IV'p.\'
a(l+1 7
PRI
P, VD

(V+n)1+)=b, q .\ +V P

7 .
SancICUDE SIS

X

N
(— +71)
Vp. .. g
=P =gs = 433530 L2 2 g 569
1/p.\'+1 o Vo2 Px

4. For a special fully discrete life insurance on (45), you are given:
1) i=6%
i1) Mortality follows the Illustrative Life Table
ii1) The death benefit is 1000 until age 65, and 500 thereafter
1v) Benefit premiums of 12.51 are payable at the beginning of each year for 20 years.

Calculate o7, the benefit reserve at time £ = 19 (the instant before the premium payment is made).
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Solution:
19V = APV of future benefit — APV of future premium

Future benefit diagram:

500 |
500 :

Age (x) 45 64 65
Time 0 19 20

APV of future benefit = 500vgq + 500444
= 500(1/1.06)(.01952) + 500(.42522) = 221.82

APV of future premium = 12.51 (only 1 more premium payment left; due immediately)

¥V = 221.82-12.51 = 209.31

5. A fully discrete whole life insurance with face amount 100,000 and level premiums is issued at age
80. Mortality follows the Illustrative Life Table at 6% interest.

Let osVg"" = the benefit reserve at time 10.5 assuming UDD over the age interval,

10.57anC = the benefit reserve at time 10.5 assuming i = 0 and ggp =0

Calculate 15 sVg”? — 105V’ (the difference between the two approximations).

Solution:
From the Illustrative Life Table,
Agy = 0.66575, dgy =5.9050, dgy =3.6488, dg, =3.4611, ggo=.18877

a 3.6488
Vg = 1 - 20 =1 222722
10780 g 5.9050
a 34611

Vee = 1 - 2L =1
e s 5.9050
Note: Each of these is multiplied by 100,000 below.

=.3820830

=.4138696

Prem = 100,000 Py, = 100,000 ( Agy/éigy) = 100,000 (.66575 / 5.9050) = 11,274.34

Under UDD,
0.5P90 = 1—0'5Q(}0 = 1—05(q:;0) = 1“05(18877) = .905615

V03 0.5790 ;o.sVsléDD = (10V5o + Prem)(1 — 0.5) + (11 V0 v p90)(0.5)
105VebP = [(38,208.30 + 11,274.34)(0.5) + (41,386.96)(1.06) (1 — .18877)(0.5)]
[0.905615 / (1.06)*]

= 46,132.07
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Under the approximation where i = 0 and ggo = 0,
IO.SVSI(;rO = (05)( 10 Vgo + Prem) + (05)( HVgo)
(0.5)[38,208.30 + 11,274.34 + 41,386.96]
45,434.80

10578077 = 105Vl = 46,132.07 — 45,434.80 = 697.27

6. For a special fully discrete whole life insurance on (40), you are given:
1) The level premium for this insurance is equal to Py.
11) kV:kV207 k=0,l,...,l9
lli) 1]V: ”Vzo = 0.08154
1V) Quorx = G20+ 0.01, k=0,1,...,19
V) gz — 0.008427

Calculate by, the death benefit in year 11.

Solution:
Re: (/l v +7zh )(1 + l) = b/H—l "Gy +/l+] V. P

For the regular fully discrete whole life insurance on (20),
(1020 + Pyo)(1 + 1) = (1)(0.008427) + (0.08154)(1 —0.008427)
GoVao + Pag)(1 +1) = 0.089280

For the special fully discrete whole life insurance on (40),
(1oV + Pyo)(1 +1) = (5;,)(0.018427) + (0.08154)(1 - 0.018427)
0.089280 = (5,;)(0.018427) + 0.080037
b” = 0.501576

7. Assuming a uniform distribution of deaths in each year of age, you are given:
i VP =03
i /P =05
i)y 7' =04
iv) v=0.95
V) Pyeen=0.90

Determine the benefit reserve at the end of the first month of the year, , .,/ "’
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Solution:
Re: Under UDD, g, = s-¢q

2 Pin = 1= 1129 = 1 - (]Lz).qx-%h = 1-(1/12)(1 - 0.90) =0.99166
05Pern = 1= 5@ = 1= (0.5) -9, = 1 -(0.5)(1 - 0.90) =0.95

(2) (2)

T w
vsspx+h /I+SV(2) = (/IV(z) + —é-—)(] _S)+ [/1+1V(2)Vpx+h - ; (‘)0'5)0.5 p,r+h](s)

(.95)"%(0.99166) , ..,/ ® = (0.3 + %—4 )1 = 1/12) + [0.5(.95)(.90) —

0.4

- (.95)*°(0.95)](1/12)

(0.987436892) ...,V ” = (0.5)(11/12) + (0.242310907)(1/12)
eV P =0.478525909 / 0.987436892 = 0.484614169

Generic graph:
(10 7 OF Gost)

Think about which

2 points you are
interpolating between
(depending on which
half of the year you are
in), and then factor in

i and/or ¢, as necessary.

h h+ 4 h+1 T(x)

8. A special 20-year fully discrete endowment insurance policy is paid for annually by 10 level benefit
premiums starting on the policy issue date. The death benefit is the terminal benefit reserve for that
year, and the endowment is $1000. If i = 0.04, what is 5?7

Solution:

k-1

Re: /\‘V: Z[ﬂh - (b/l+l Thl V)VQ:HII ](1 + i)k_h

5i=0
And 7, = (b =3V W p + V=4 V)

Since by; = ji VY,

= vpaV=V

Multiply by v': zv'= ", v " ¥
k-1

On both sides, do Z Tnd

h=0

I;I = Vk kV_VO()I/
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10.

zoV =1000 = z S~—

2004
7 =54.107
sV = 7§50, = (54.107)(5.633) = 304.78

For a fully discrete whole life insurance with level annual premiums and level death benefit on the
life of (x), you are given:

i) i=0.05

1) g = 0.004

1ii) The initial benefit reserve for policy year 4 is 200

iv) The net amount at risk for policy year 4 is 1295

v) 4, =162

Calculate the terminal reserve for policy year 4 — 1.
Solution:

iV Hm) (L + D) = byqea + 3V Pesiny
= (b/l "'IIV) q.ﬁlz-l + I:V
> V= (200)(1.05) - 1295(0.004) = 204.82

NAAR = b,—,V = 1295 2> b,=1500

Atissue, 15004, = na

¥

> 7= 15007, = 1500 ( - —d) = 2]
a..

X

iV, =200 > .V = 200-21 = 179

On January 1, 2007, Insurance Izz Us (ITU) issued a fully discrete whole life insurance policy to (x).
Investing a majority of its money in mortgage-backed securities, ITU was in trouble 2 years later as
the world economy collapsed. ITU decided to close, so deleted all policyholder information from its
systems.

A day later, the government promised $30 billion to ITU as bailout relief. ITU quickly decided to open
its doors again. Thankfully, a summer student found some paper copies containing information on
(x)’s policy, to be used to set up the proper reserve at March 31, 2009:

1) Benefit = 1000

1) This year’s annual premium = 50

11) Initial benefit reserve on January 1, 2009 = 500

Assuming i = 6%, g.> = 0.1, and a uniform distribution of deaths over each year of age, find 5,5V
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Solution:
Re: Under UDD, (qy+s = ($)(qx+s)

(/1V+7r/; )(1+i)s =bh+l 'vl-—s.s q.x+h+ll+sV'sp.\'+h

(500)(1.06)*% = (1000)(1.06)°7(25)(.1) + [1 = .25(.1)] (2s¥)
507.3369231 = 23.93098694 + (.975) (2257)

225V = 495.8009602

Note: This year’s annual premium is not necessary, as it is already included in the initial benefit
reserve.

Alternative:

(/l V+n It )(] + l) = b/H—] "G xah +Il-HV " Pyin
(500)(1.06) = (1000)(.1) + (NG ¥)
iV = 4777777777

Re: Under UDD, i = - > 'th
—_— 'q_x

_ I-s 1-s
/:+5V = bl:+l Vs Darhis T oles Paatas Y /:+lV

VsV = (1000(1.06)"’75{_15_('&] + {1——’7—5('—12——}(1.06)'0'75(477.7777777)
1-25(1) 1= 25(1)
= 73.63380596 + 422.1671542
— 495.8009602
Alternative:

As above, solve for:
w Vo= 4777777777

Under UDD,

VsDvn s = GV 2,00 =)+ GV v pead(s)

(1.06)%[1 - 0.25(.1)] ..V = (500)(1 —0.25) + (477.777)(1/1.06)(1 — 0.1)(0.25)
V' = (375+101.4150943)/0.960899903 = 495.8009602

Ii+s



