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1. In the TV commercials for “Guaranteed Life Plus”, they say “if you're between 50 and 75,
you cannot be turned down, we won’t ask you any health questions, and no sales person will
visit.” How can they offer this type of simplified issue policy? Would you purchase it?
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2. Think Like an Actuary: if your company offers both life insurance (payable on policyholder’s
death) and life annuities (annual benefit payable while policyholder is alive), which policy-

holders would you require to provide stronger evidence of good health? Why?
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3. Given Sy(z) = 1_+x, z > 0, find expressions for the following, simplifying as far as possible: &L R J
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L S,(e) = == =1V 4. dif Cerentiable v
o o . ' —L _
2w S(y) 2 im0V S\l‘MXS‘,(x}:Ejﬁ;\«Lx*\#O
T oxevoee T T w>oo L4 X% Yo ) X
3 S‘/(_ Y = - \ <9 s ot SQ'\\SﬁP_dS xy_
PO T T / ° 6.|1MX1§°(X):(1£TR=@#O
ron nsreariog “Shot st

e prodel 1s volid bt not Nery realish



ACTSC 232 - WINTER 2018 - TUTORIAL 2

First (or preferred) Name: _O09L U TION § Last (family) Name:
ID #: UserID:

1. Determine 19pag if e = 0.01€%90'% for all z > 0
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2. Using a modified De Moivre model ;p, = (1 - Wot—_z) g, find g9 and q110. Approximate these

quantities by p90.5 and pi10.5, respectively. Why is one less accurate than the other?
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3. Given p; = 0.99, pz41 = 0.985, 3pz41 = 0.95, gz43 = 0.02, calculate to 5 decimal places:

(@) pe43 = | - Clu—% =  0.9%
(b) 2z = (Px><Px+\> - (O-o‘o()(o-c\<55) = 093515
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2 Px ~ 3Px 099 - 0.95969 = 0.03\

4. Think Like an Actuary: discuss some advantages and disadvantages of using a simple mor-
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tality model (e.g. De Moivre, Gompertz, etc) rather than the actual human mortality curve.
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(‘b) Calculate &5. . U i) 200 ZF e
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cars, ¢pz = 1 — Lt then find w*, the new limiting age thanks to self-driving cars. :

3. Think Like an Actuary: briefly discuss what effects (both positive and negative) self- driving
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2. Think Like an Actuary: The advent of relatively cheap genetic testing (e.g. 23andme, Ances-

tryDNA, etc) gives people information about their genetic predisposition for certain diseases.

Come up with as many arguments as you can to support the position that insurance companies

should ﬁ\l OT)be allowed to require genetic testing results from policyholders.
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First (or preferred) Name: Last (family) Name:

ID #: UserID:

This tutorial is review of the material for Test 1 next week.

1. Define the following terms in as much detail as possible: (try without looking at your notes)

e survival function
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2. You are given the following extract from a select-and-ultimate life table with D = 4:

[2] | U o1 lUolsz  lojys  lova | T+4
[40] | 100,000 99,899 99,724 99,520 99,288 44
[41] | 99,802 99,689 99,502 99,283 99,033 45
[42] | 99,507 99,471 99,268 99,030 98,752 | 46
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Calculate ¢ 4)2.19[40)+2.6 t0 5 decimal places using both UDD and CFM.
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3. Calculate the EPV of an insurance which pays $1 immediately on the death of a life age z, if
the life follows a De Moivre maodel with w = 100, and § = 0.05. Also calculate the variance of
the present value. Are these increasing/decreasing/constant functions of 27 Is that realistic?
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Last (family) Name:
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1. Describe in words the benefits payable under the insurances with the present values given
below. Also write down E[Z;] and E[Z;] using actuarial functions.
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2. Given pgzy¢ = p for all t > 0, derive expressions (and simplify as far as possible) for the
following functions, assuming a constant force of interest 4.
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3. Think Like an Actuary:
Without doing any calculations, would the covariance between pairs of benefits be positive,

pr AC ?‘ e . negative, or 07 Fill in the following chart with “+”, “=", or “0”

Ceoni st A covariance | whole ins | term ins | pure end | end ins | def whole ins | whole annuity
et e O whole ins +

shorbITE ehwe term ins -+ +

wu‘d e pure 'end — - + »

o Bl end ins + + - +-

? : Lo, def whole ins = = + - +

V,:/T:, Sie/—\fi ‘uvé".' whole annuity — — + — + +

fov Lo Yl
pve docts.

Why might it be useful for an insurer to offer pairs of products with negative covariance?
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1. Describe in words the annuity with the PVRV given (try without consulting your notes) and

write down the actuarial notation for the expected present value.
e (YY)

..(4) (4)
G/——‘ Ko~ £19:75 . =
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2. You are given: (i) The force of interest and force of mortality are constant and equal. (6 = )
(ii) @, = 12.50. Calculate the following:

(a) the force of interest \
= @r _ St _at e ’ : 12.50 § = 0.0y
@ x o }'Q & c '{ " Z‘ /‘/'l(/‘ z g} C -
(b) Aq — - -
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3. Think Like an Actuary: A good skill to have is to be able to quickly judge your numerical
answers using logic to see if they make sense. Without doing any calculations, indicate
whether each of the following results make sense, and explain why or why not.
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4. Using the Illustrative Life Table with 6% interest per year effective, calculate the expected

present value and the standard deviation of an annuity of $20,000 per year paid annually in

advance for a maximum of 3 years, contingent on the survival of a life currently age 40.
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This tutorial is review of the material for Test 2 next week.

1. Define the following terms in as much detail as possible: (try without looking at your notes)
o deferred insurance '-“)O«xa S on deatfl owl ¥ i ofder yees
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2. First cross out any items below that are not valid actuarial notation. Then rearrange the
valid ones into order from smallest to largest within each group, assuming a positive interest
rate. Explain your reasoning.

o i, o, &, o, 80, 5, 0, ya

(2) ) ) v C2)

Ay <A <o, <a g T, < 0. < o

7 . ”
- ) . .
P YQ_JMM s corlier Fat] Wiz b5 Rawvoe !/u Srom PV )
v kb Ok & Recove post d oA s {_ o ok i Fe

° Ag?) ;};ﬂ’ ‘K_Ia Ty (IA)-’E nh Ams Ag; ol A;(gl'z‘%a % .

= FENTY) LG e
/\:‘;’\\ /\’IA;M_’ = /\)& \/-%L;— < /'\/)T( = /’\“X:m—( = (\“L//\)

Rl
cis YW\}S erwa g ewd. iny. 'S Fhomeist u wux
Fome red pey atall Pou > seoves e 31 |
) Zanegi }
PO (12) (1) (2) D
® am, Sz:mh am:m, ax ) Qg Ty a—:-—, Seap @
L n n < . . E)\ . <\(2) < 5:
< y i < = < &
kalm - &X il = O\V‘\ - O\X..I/T\ XAl 2y iaml T Kl
? p T 1 1 K.
“* -k’.'(m.ma\.) ‘a‘k’ﬂ-d Fq_‘).: * G5 (.ew\.l. az oty
o o] al\ ,LLL‘)@M.; Ciyor-at Bl l;-rj,
w o yeors Kov S cec. (alve = PV

3. Using the Illustrative Life Table and 6% interest, calculate dgy.15) and estimate ago)ﬁl using

all three approximations (UDD, Woolhouse, and simplified.) If you still have time left, also
calculate the standard deviation of an annual 15-year term annuity immediate issued to (80).
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1. Lo is the loss random variable for a fully discrete 2-year term insurance of 1 issued to (z).
The level annual premium is calculated using the equivalence principle.
You are given: (i) gz = 0.1, (ii) gz41 = 0.2, and (iii) v = 0.9. Calculate Var(Lg).

Fest find P10 0\v + o\l%\/z = P(l+04av) . P= 0130727y

Loz (v =P wibhpeb 9 5o L) = (059297 wp oo owd Valll)
2 P(lrv) W opwb 1 9x 0.3]639 wp 0.3 :E(LJ]—
SP(v) Fopeh L 0.0612% vp. 072 _ 0.[( 03]

2. Consider an annual premium 20-year deferred annuity issued to (40).
Benefits: Annuity of $70,000 per year paid monthly in advance, for a minimum of 3.
If p/h dies in deferral period, return of premiums plus 2% interest plus $10,000, pd at EYOD.
Initial Expenses: 25% of first premium plus $150.
Renewal expenses during deferral: 2% of 2nd and subsequent premium plus $30.
Annuity expenses: $100 at end of deferral period, plus 0.5% of each annuity payment.
Basis: 6% int per year and Makeham mortality with A=0.0001, B=0.00035, c=1.075 gives:
dgo = 13.521185, dgo = 9.596383, des = 8.455129, 20pso = 0.751546, 5peo = 0.850360,
and for UDD approximation, use o(12) = 1.000281 and $(12) = 0.468120

(a) Find the EPV of the premiums (in terms of P).

Pogozst = PO ~NPu Geo) = 1127241 P
(b) Find the EPV of the fixed expenses (initial and renewal).

120+ 30 Guerzm = 453.19233
(c) Find the EPV of the %-of-premium expenses (initial and renewal, in terms of P).

0.25P * 0,02 Pozn = 0,4559S P -
(d) Find the EPV of the deferred annuity benefit, assuming UDD 30,000V UP [ -V

3o 900 20) OC!z) = - :}O 0 E ( \ (m LLO ()z)> A“D
(e) Find the EPV of the arsmulty expenses. PV ?“’ (oL(n_) Ogs™ ((rb}

180 5, E4e  + 0.005 v rsdhbomld) = 344 4324 ¥ 159599 1§27

(f) Find the EPV of the death benefit. (The return of premium part has EPV 1.55402P.
You could find this using the spreadsheet if you had a computer.)
A = (154840 - B (1-d8,) = 00236039 50 1276034 +1.55902f

(g) Finally, write down the equation given by the equivalence principle (EPV benefits +
EPV expenses = EPV premiums) and use it to solve for P. (o) = (&) +(c) +(2) +(e) + (O

123291 P = 45803 + 0.9554s P +154599 7% + 396.43 + 123603+ 554aP

S P oo A5 4 1545938 + 39643 + 127693 | 6 %334}
3. Think Like an Actuary brtadl - 0 ‘«l?qu ~[§S‘-t02 S

When selling insurance, it is common for a large commission to be paid by the insurer to
the agent who sold the policy. Sometimes this amount can even be as much as 200% of the
first year’s premium. Name TWO different issues this practice could cause. (Hint: consider
financial as well as ethical concerns.)

*New Busimess Shain ¢ & costs o Hﬁk@r in Yle first ycor fraan

e Prewi bun ey Yoke wn, i IO A lbd ok policies (pwich
Yo ke Ao 40 e ¥ wink IJ\:-} Pv‘o‘p\ 4 T) con lose Yt comn “V\j le
e,\AO‘( 0\\ \'\0&20‘(4 0‘6@\/&’{ ) Mo‘)}\'*‘ Y¢g (ovv\w\Q/V\A 30‘(0( e ’*l/\a'\' 'Q_'("
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ACTSC 232 - WINTER 2018 - TUuTORIAL 10

First (or preferred) Name: SoLUTIONS Last (family) Name:

ID #: UserlD:

1. An impaired life age 35 is trying to purchase a fully discrete whole life insurance policy of
$100,000, with premiums payable for 30 years. They have two options:
- Company A will give them a reduced sum insured according to a 4-year age rating, but
charge the same premiums as a non-impaired life would pay.
- Company B will give them the full sum insured, but charge higher premiums according to
a constant addition to the force of mortality of 0.00939.
Both companies use the Illustrative Life Table at 6% interest, and assume expenses of 20%
of the first premium and 5% of all subsequent premiums.

(a) Calculate the gross premium a non-impaired life would pay.
Need Po.”ﬂ = (60,000 /3\3Y £ OUISP + 005 Pd.m
Wt Bgsizm T Oas T éfj G = 14019580 oud A, = 0,125 7194
se P o= _Mr——j h’-‘,’ﬁt %g

AS v |4 . D1HS
(b) Calculate the reduction that Company A would apply to the sum insured.

need (\oO.ooQ-—X)Am = 973.%3 (0.9 Ogaizn — O SP)
Wbt Oegatgs) = Qgq - v %ﬂ Soq = V3. 314057 ad A= 00592434
S G %‘4% “40.49)
(c) Calculate the gross premium the impaired life would pay under Company B’s policy.
(You will need some values that are not on the ILT - ask and we’ll give them to you. )

fo i covporate A meveosed worteliby | use (¥ < (108) ST - gy
a—\qv/,,'ol:s = )3, :1'63‘\5 A,s= 022062 6 d(;: 413 %39
T S A S STk
o d PJ« - IOOAO\O? /J\*s_ . ﬂ%%?%‘f
0AS Gl —01S S

2. Think Like an Actuary
(This is a true story) A few years ago my friend was trying to buy term life insurance with a
sum insured of $400,000. She wanted the beneficiary to be a charity, since she has no family
and has dedicated much of her time and effort to charitable work. She was in excellent health,
and a non-smoker aged 30. The insurance company offerred her a policy of $100,000 if she
paid “high-risk” premiums. Why would the insurer consider this to be a high risk policy? If
you were the insurer, what information would you want if you were going to issue this policy?
T\/\L(L VV\CL) oo\ 6\((51(' o D e/\/uou . wisnee ble i ee 5"\'

< Wovi woul d er be” l’\orvv%d L He deod e o e

16 e
neliculholder . & AL Swe wodd woert Ao T kuswo Hre ’\"“{C‘HC"“TI"”F—
22-6| .15 \Q . %ﬁ C\/\Cﬂj\":)lj Loorré? ) AlSo, +Lu s (S WUSua( Lekowi\ow

50t inSrer moy wont o vie weve core ful i der i 4-\,\3) .
3. Calculate the standard deviation of Lg for a 3-year fully discrete endowment insurance issued
o (50), using the ILT at 6% interest. Assume: equivalence principle premlum no expenses.

Fircl fnd P2 Aswd Gsomy L v e T 2UFILES T
O.‘S"’:’“—\ A;o—;\ = ""0\5\50:‘;\ ‘ 2 \): 0108(—102‘

Loz v~V = 0. 44994 w Al ‘);cg\ éso/[n S"j(to} = JEfL) - E[Lb/].vnw

= - = . 2leo %Y YN o L dq, -
VPO ) = 9 { Ve, . T
B'\3(11\/4\1"):~O‘0<)S§s‘?}0 D o o s :\]\5-003“ “.jD\O SS?:}}
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