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AC T.?Z_?Q FExam 3

r’fl A special fully discrete 2-year-endowment insurance with a maturity valuc of 1000 is

- issued to (x). The death benefit in each year 1s 1000 plus the benefit reserve at the end of
that year.
You are given:
i) i=.05 1) gee=.10(1.10), k=0, 1

< Calculate the net level annual premium. f S UYG {/f

™~
é /) A fully discrete $1,000 whole life policy is issued to (40). The mean and standard

deviation of the prospective loss variable after 2 years are $100 and $546.31,
respectively. The mean and standard deviation of the prospective loss variable after 11
years are $300 and $300, respectively.

You are given:
o i} Ga1 = 40
11) Ga1+ = gay (1.01)'

o
1i1) d=6% COFRD 3
Find Var(mL]KZIO).
Var((L|K > 1)
3. Assuming a uniform distribution of deaths in each year of age, you are given:
- 1702) _ Ao
1) & =03

P =05
X i)  zP=04

iv)  v=0095 o c GOTRYLE

V) Pers =090 " g |

Determine the benefit reserve at the end of the first month of the year, ,,,,, V%

é?’ A fully discrete $100,000 endowment-to-age-100 policy is issued to (40). The death
L/ benefit is defined as follows:

Orey = iV + 1009
" [S202007 e
Find the level benefit premium if i = 10%. — A
BT Ehagey
[OOT 27
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Let Z denote the insurer’s loss for a fully discrete annual premium two-year endowment
of $10 issued to (x). Premiums are determined by the equivalence principle, but are not
necessarily level.

You are given:

1) d=10%

i1) Var(L)=3.24
1) V=15.00

V) pe>qx

%

;]%%D\_} ?

Calculate the first year premium.

&L 1s the prospective-loss-at-time-k random variable for a fully discrete, level premium,
3-year endowment insurance of 15 issued to ().

You are given:

1) i=20%
i) = The reserve at the end of the first year is 3.30.
1ii) The reserve at the end of the second year is 7.80. G %f

Calculate Var(;L} K(x)>1).

For a fully continuous whole life insurance issued to (40), you are given:

1) The death benefit of 100,000 is payable at the moment of death.
11) Benefit premiums are payable continuously at ¢ at the annual rate z,= met?

1i1) Mortality follows De Moivre’s law with z (x) = 1/(100 —X)
1v) o =0.05

Calculate 7. 50 2.89¢




ACT 3230 Exam 3

(&)

W)

For a fully discrete 5-year-deferred life annuity-due on (25), level premiums arc payable
at the beginning of each year for the next 5 years. Assume aggregate mortality (i.e. there
1s no select period).

You are given:

i} dys = 12
o v=093 Do 1. 267
1) 3 I 5 3 7 5

Calculate the reserve at the end of the 4™ policy year, denoted 4 V.

For a fully discrete 10-payment whole life insurance of 1000 on (x), you are given:

1) i=.06

1) Grro = .01262

1i1) The annual benefit premium is 32.88

1v) The benefit reserve at the end of year 9 is 322.87

Calculate 1000P,., the benefit premium for a fully discrete whole life insurance of 1000

on (x+10). 33,10

A fully discrete 10-year decreasing term insurance is issued to (40) and pays a death
benefit of $10,000 in the first year, $9000 in the second year, and so on. The level annual
premium is $80.

You are given that v = .95, gup = ga; , and the benefit reserve at the end of the second
policy year is 0.

Find the benefit reserve at the end of the first policy year.

— 4 3304
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ACT 3230 Actuarial Models 11

Exam 3 Solutions — Chapter 8

March 17, 2008
4:00 p.m. — 5:15 p.m.

Instructor: Sheldon Liu, FSA, FCIA

Note that o7 = 0 (equivalence principle) and ;¥ = 1000 (since the maturity value is
payable and no more premiums are expected).

GV )L+ D) = bt gan + pesn vV

Year I: (V+P)1+1) = (1000 + V) g, + py |V
P(1.05) = .1(1000 + V) + .9, )
1.O5P - 100 = V

Year2: . (VA PY1+0) = (1000 + 27) guey + peat oV _
(1.05P - 100 + P)(1.05) = .11(1000 + 1000) + .89(1000)

2.05P—-100 = 1110/1.05
P = (1110/1.05+100)/2.05 = 564.46

EGLIK(40)>2) = 100 = ¥, Var(,L|K(40)>2) = (546.31)*
E(,LIK(@0)>11) = 300 = ,, Vo - Var(,, L] K(40)>11) = (300)?

gso = (.40)(1.01)° = 0.437474109
Var(,LIK(x)2 k) = Var(A, [ K(x) 2 h) +V prpVar(,, L] K(x) = h+1)

Var(o LK (40)>10) = Var(a, 1K(40)210) )2 provioVar(, L1 K(40) =11
= (b *11V40) P4(}r10f14(}+w +v P50(300)

= (1-.06)" (1000 - 300)* (1 - .437474)(.437474) + (1 - .06)* (1 437474)(300)?

151,282.64

Var( LIK(40)>1) = Var(A, |K(40)>l) +y p40+;Var(2L]K(4O)>2)
=y (bz-2V40) Pa1qay +V: pay Var(,L] K(40) > 2)
= (:94Y’ (1000 - 100)” (1 — .40)(.40) + (.94) (1 — .40)(546.31)?
= 330,000.54
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Var(,,L|K 210) _ 151,282.64
Var(L]1K 21)  330,000.54

= 0.458431

Re: Under UDD, ¢, = s-¢q,
2 Pas = L @an= 1 () @y = 1~ (1/12)(1 - 0.90) = 0.99166
05Pas = 1= 0540s= 1-(0.5)-q,,, = 1 - (0.5)(1 - 0.90) =0.95

(2

) {2}
vssp,r-rh 1:+5V(2) = (4 v 4 A )(1 —s)+ [.&+]V( )Vpnh

(VO'S) 05 Prin J5)

(.95)"1(0.99166) ,,,,,V > = (0.3 + ?)(1 — 1/12) + [0.5(.95)(.90) —

%‘5 (:95)°(0.95))(1/12)

(0.987436892) ,,,,,V > = (0.5)(11/12) + (0.242310907)(1/12) -
weaV ) =0.478525909 / 0.987436892 = 0.484614169

-
L

= [ 72, — (bus1 — wer V) vgean] (1 + Y

™

T
-~
=

! 1000
sV = [ — (¥ +

h=0 Q40+h
59 59
100,000 =5 z (1 +H%" — " 1000w(1 + %"

h=0 h=0

59 59
100,000 = ;:Z (1L.10)%* — 1000 (1.10)°*
A=0

— a1V ) vgapm) (1 + f)k_k

100,000 = 7 5~ — 10005

80)i=.1 60]i=.1

100,000 = 7z [(1 D ~la. 1)} - 1000{%]

160,000 = 3,338.298 7 — 3,034,816.395
77 =939.05
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Var(,LIK(x)=h) = Far(A, | K(x)> h) + vzpj;;, Var(,, LT K(x)>h+1)
Note that Var( 1| K{x) =1} =0 since 10 will be paid whether the life dies or survives.

Vm(oLlK(r)>()) = Var(A, |K(1)>0) +v p V. ar(,L|K(x)=1)
3.24 V (bf* IV) Prfh + V Px (0)
324 = (1-.1)" (10 -5 p.q.

016 = prgqe = p(1 —py)
2> pe = 080r0.2

I

If this is not immediately obvious, you can use the quadratic formula:

_ —b++b? —4ac

2a

And since by (iv) pr> ¢, pr = 0.8

WA, = Vbt Gan YV pxan eV

oV +my = vb g tvp ¥V

0+m, = (1-.1)10)(.2) + (1 - .1)(.8)(5)
7y = 5.4

Alternatively, you could recognize:

|V+JZ'] = vbh Gxe1 t V Py 2V
5+ =1~ .1)(10)gxs) + pre1) -note that 7 = by =10 and gy + pyey = |
T, =4

And by equivalence principle,

APV of FP = APV of FB

7y + v px = 10vg, +10vp,

7y + (A1 = 1)(8) = 10(1 —.1)(.2) + 10(1 = .1)*(.8)
7, =54

WV, = Vb Gun TV pean iV

First, calculate the premium, using the fact that there is no mortality risk in the third year.

Vo= (1.20)° (15) gera + (1.20)" (15) pxs2
7T =15/120-78=47

s bt
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» Then, calculate gy4.
W o= (1420)‘] (15) gy + (1.20)’] (7.80) pxsy
330447 = 12,5 gxe1 + 6.5(1 ~ gyr1)
g1 = (8.0-6.5)Y/6 = 0.25

If death occurs in year 2,
iL=vby—m=15/120-47= 7.8

If death does not occur in year 2 (benefit will be paid at end of year 3 regardless of
death/survival in year 3),
L=V by—m—va=15/120"-47-47/120 = 1.8

EGL | K(x)=1) = (25)(7.8) + (1 — .25)(1.8) = 3.3
EGLY | K(x)> 1) = (25)(7.8)2 + (1 - .25)(1.8) > = 17.64

Var(,L] K(x)> 1) = EQL” | K(x)> 1) - E(,L | K(x) > 1)?
=17.64—(3.3)"= 6.75

Alternatively, recognizing that ;L |K(x)>1 is a Bernoulli random variable,
Var(,L| K(x)=1) = (0.25)(0.75)(7.8 — 1.8)* = 6.75

7.
— EE_[ .
Re: Under DML, 4, = —= and  ew =(w —x)/2
@—x
- . __—05(60)
A, = oo (=e TS o er376a4
100 -40 60
APV of FP: @, = fjr,v’,pxdr = fﬂeo‘os'e'ws‘[pmdt =7 f,pqodt ~ 7 ew
ew = (@ —x)12=(100—40)/2 =30
Equivalence principle: 100,000 /_440 =y = T ew
> 7= (100,000)(0.316737644) / 30 = 1055.79
8.

2 3 4
a =lL+vipe+ v v ap v gpy

=1+ (.93)(.99) + (.93)%(.98) + (.93)’(.97) + (.93)*(.96)
= 4.26665822

25:5]
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10.

s£25 = v spe = (093)°(.95) = 0.66090395 | A
4l =y = iy = 12 - 426665822 = 7.73334178

Pga5) = gty ! a,o = 1.73334178/ 4.26665822 = 1 812505568

5]

Ay = gy [ sEas = 7.73334178 7/ 0.660903951 = 1170115835

Py = 4P (1P,x+;.~)
P = splape = 95/ .96

VHPd5) = vaasia(bs) + v prses (V) /I sV = dy, since no more premiums
WVH 1812 = (93)(1 - 95/.96)(0) + (93)(95/.96)(d,y )
4V = (93)(.95/.96)(1 1.701) - 1.812 = 8.956216722

:ng = Ax+10 SINCE no premium is due after age x+10.
WV +m,) (A +1) = bury Gesn + prsn V.

Work with unit benefit first (can multiply by face amount later, since level):
(5 + 10PY1+1) = (1) guao + prss (1975)

(:32287 + .03288)(1.06) = .01262 + (1 —.01262)(4,+10)

Axrio = 0.369133

T 06
o £ (369133
1000Pcrio = 1000 (yaro/ dxv10) = (1000)- 24110 = (1000) w30139)

33.12
1— Ax+0 1-.369133
bV, = Vb Gan FV peay na ¥V
V= (oV + )1 +i)~bgq, _ (0+80)(.95)™ —10,000¢,
Py P
y— GEmUe)-bg., _ [BO)(.95)" ~10,000q, +80)(95)" 90004, .
2 - == - =

px«}l p.I
> g, =0.00885

o (80)(-95)™' —10,000(.00885)
! 1-.00885

= —4.33
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Alternative:

WVt = v by qaonr YV pagn 2V
V180 = (L95)5000)ga1 + (:95)psi(0)
WV +80
8550

qgar = Jap =

oV + 7 = vbygatvpaV

04380 = (.95)(10,000) L7801 (95~ X +80

8550 8550
684,000 = 9500(, ¥ + 80) + .95(8550 — |V — 80) ¥/
684,000 = 9500, + 760,000 + 8046.5 ¥ — 95 ,1*
95,1*—17,546.5,V — 76,000 =0

ny

~ 17,546.5iJ(~17,546_5)2~4(.95)(—76,000) _17,546.5+17,554.72763
2(.95) 2(.95)
=18,47433 or 433

¥ +80 _ 18,474.33+80

8550 8550
V480  —433+80

8550 8550

Check: If V= 18,474.33, then g40 = =217 but 0 < g40<1

If {#=-4.33, then g40 = =0.00885 // more reasonable

Note also that by the retrospective approach, the reserve at time 1 is the accumulation of
the 1 premium (80) less the cost of insurance (which is never negative). It is hard to
tmagine $80 accumulating to some amount greater than 18,474 33.

SV =-433



