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Part A: MULTIPLE STATE MODELS

Transition probability: +p¥ is the probability that a life aged  who is currently in state i will be

in state j at time .

+p% is the probability that a life aged 2 who is currently in state i will be

in state ¢ at time t.

P is the probability that a life aged 2 who is currently in state i will be

in state ¢ until time ¢.

Pl < yph

g L i=j
opy =
0, i#j
Chapman-Kolmogorov equations: kP =" pis k—rpij-yr
S
y — g X uds
Forces of transition: sy — e =e i
Kolmogorov’s forward equations: 4, pil = 7”’1”;;’@;7 = ;g; (tpik Mii—t — pld M.ﬁ&-t>
J
A2. ESTIMATION OF TRANSITION INTENSITIES
Define the following: : T is the total waiting time in State i between ages x and z + 1

D% is the number of direct transitions from State i to State j between ages x and x + 1

y ) ~id Dij
MLE of p}J: by = T
. . “ii\ . D%
Variance: Var (49) ~ T
A3. INSURANCE & ANNUITIES
.. x .. .. —_— . o) . k :
Insurance functions: A = 3 ok (jap — pld) A = [0t S i g dt
k=0 k]
.. o0 .. .. [o'e) ..
Annuity functions: ay = kz oY ay = fo vtypid dt
=0
Relations: AY = A;Jm + Zk: v plF Aiﬂrn Al = Aij;m + zk: 0" plF Ag]ﬁin
ij i n ik ki i —ij n ik ki
am - a;p;m + Zk:v npz az+n a’x - agp;m + Zk: v npz az—i—n
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i : - fhre i [Tt it
Continuous sojourn annuity: Ay = fo vhpldt

Woolhouse formula, 2 terms: almi al alme all + 7
. e - (m)ij . —ij 1 i . (m)ii _ —g4 1 1 ij
Woolhouse formula, 3 terms: dg Ry — 1oz My Qy Nay + gt gz |0+ Z e
J#i
- (m)ij o wij . m2=1,ij (M)t wip  om—1 _ m2-1 ij
ay R Gy + o 1 ay ay — 5= — Tos o+ ; Iz
JF

A4. PREMIUMS & RESERVES

Let: V® be the reserve at time ¢ if the life is in state 7 at that time.

I be the premium (calculated using the equivalence principle) less benefit while the life is in state 4.

b(i9) be the (usually one-time) benefit when the life transitions from state i to state j.

Recursive formula:

(kV(i) 4 [(i)) (1414) = (b(ij) 4 k+1V(j)) pjchrk

J

(kv”) 4 51@) (1 414)° =3 (b9 + 44 VD) p  Where 0 < s < 1.

J
Thiele’s differential equations:

4,y = M =,v@ <5t + > M;J_H) + It(i) -> (bﬁ”) + tV(j)> N.Z—t Euler’s forward method
J#i J#i

4,y = M =,vV® ((5,5 +> u;ﬂ_t> + It(i) -3 (bgij) + tV(j)) N?th Euler’s backward method
i i

A5. DISABILITY INCOME INSURANCE MODEL

Discrete DII model:

Healthy Sick
0 1
Dead
2

pg’(-)‘rt p%rt pg%rt pgg—t pg}&-t pg%rt

oq . e (t) _ _
Transition matrix: P = p;&t pilﬂ p;a_t = p}cg_t p;}:%&-t palvgi-t

[ R e 0 0 1
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00,,00 02,20

Transition Probabilities: 2p2° = p2p%%, + pOlplo | + p22p2,

00 __ ,,00,,00
2p$ - pz px+1

pgoﬂ
10 _
2Py = (pio P! pf) Prr1
0
ng-l pgﬂ-l
3pid = (,10 11 12 10 11
z pz pm pm pz+l p?l:—‘rl
0 0
p2°+1 p?r}&-l
4pl0 = 10 11 12 10 11
z x Pz Pz pa;+1 pz+1
0 0

Continuous PD model:

Healthy Disable

~

pE

02
p:x—‘,—l

12
pm—i—l

02
px+1
12
p;c—i—l

1

ngﬂ
pi‘iz
0
p?c(-)s—Q
p;;(-)s—Q

0

A6. PERMANENT DISABILITY MODEL
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01 02 00
Prio2 Prio Pri3
11 12 10
Pzy2 Prio Pzi3
0 1 0

Dead
2
Transition Intensities: pok p2 Tt
Transition Probabilities: tpgo =e" Jo (uehstnc% o) ds tpgl = fg spgo Mgis tfsp;/»lds tPgQ =1- tpgo - tpgl
P =0 il = e Jontads ;2 =1-p}!
w20 =0 D>t =0 e =1

EPV of a benefit of 1 paid continuously while sick to a life currently aged x and healthy, with a waiting period of w years,

and a policy term of n > w years:

Yl = Jo o' Wl all ot If w = 0.
_ (r—w b 00 01 ( ZTT 1T
EPV = [ " vpd® udl, ( Uy g — am+tm)dt If w>0.
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Long Term Care Insurance:

A7. OTHER MARKOV CHAIN MODELS

Exam ALTAM
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Critical Illness and Chronic Illness Insurance:

Healthy
0

Dead

(a) Model 1

Continuing Care Retirement Communities:

ILU ALU
0 1
Dead
3

CCRC with no reentry

Structured Settlements:

www.ACTEXLearning.com

Active Impaired Severly Impaired
> 5 ADLs 4 ADLs <3 ADLs
0 1 2
Cognitive Dead
Impairment
3 4
Critically IIT Healthy Critically IIT Healthy Critically III
1 0 1 0 1
Dead Dead Dead
2 2 3
(B) Model 2 (C) Model 3
SNF ILU ALU SNF ILU ALU SNF
2 0 1 2 0 1 2
\\
STNF Dead STNF STNF Dead
4 3 4 5 3
CCRC with temporary SNF CCRC with temporary SNF from ILU and ALU
Disabled Recovered
uncertain prognosis
0
Permanently Dead
disabled
2

Reviewable annuity model

www.actuarialbookstore.com

www.studymanuals.com


https://www.actuarialuniversity.com/hub?tags=1ab5f716-5657-47b2-8793-d9cee3a3bb7b&1ab5f716-5657-47b2-8793-d9cee3a3bb7b
https://www.actuarialuniversity.com/hub?tags=6dea481f-0d7e-4d73-af08-dbf65942780c
https://www.actuarialuniversity.com/hub?tags=9fa0af6c-73ed-4e53-80f5-8bd4a31377e6
https://www.actuarialuniversity.com/hub?tags=f1ba0691-578e-491e-9619-a5b7d2e82438&f1ba0691-578e-491e-9619-a5b7d2e82438

©ACTEX Learning a/s/m Exam ALTAM Page 5

Part B: MULTIPLE DECREMENT MODELS

Forces of decrement: Mgf_&g Zﬂg‘i)rs N tpa: o= Jo ni) ds
— tqa(cT) fo spa(vT)/i(mTstdS — /%(z;)t = %

Multiple decrement probabilities: tpéj) does not exist.

i = [y pndlds - gl = b g’ - = df;?(;)
Associated single decrement probabilities:

/(J) — o Jon)ds - tpm H p(J)

i = [3 i) p) ds - ud), = %’(2)

Formulas: t+up:(L' 7= tpSLT)up;(;zt t+uCI£T) tqy) + tpa(n‘r)qu(c‘;)t

t+uCIa(cJ = tQa(ej) + tpgsT)qu(erZt

~

()N CORN )

tludz = = tPx uqx+t
Multiple decrement table: l:(;gt =17 " — dﬁfjt = l(T)tpgcT)qg(c:_)t

N d;j) léT)tpgT)qEEJlt

B2. FRACTIONAL AGE ASSUMPTIONS

CFD between integral ages, for 0 < s +t < 1:

- 0= ()

ai /a{" ; )
Sp;c(i)t = (Sp(;;zt) - %(cj) =g <lzgg[;(f>)

UDD between integral ages in multiple decrement table, for 0 < s +t < 1:

Sqéj) _ sq(
0 /a{” ; —
A= () = e = ()

UDD between integral ages in associated single decrement table, for 0 < s+t < 1:

¢ = sq;(l) _ é;q ) ’(2) Two decrements

oD = sq/(l) s> q;(l) (q;@) _|_q;(3)) 4+ 8 (1) 1(2) 1(3)

Tz G qx Three decrements
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Define the following:

MLE of p{:
Variance:

Assumption:
MLE of g/9):

Variance:

a’s/m

B3. ESTIMATION OF DECREMENT PROBABILITIES
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T© is the total waiting time in State 0 between ages = and z + 1

D% is the number of direct transitions from State 0 to State j between ages x and x + 1

(i 04
M.Scj) = ?(o])

~05\ o DY
Val" (ng) ~ (T(O))Q

(4)

Wy is constant between ages x and x 4 1

()

(j/(j) —1— e Hz

(7 ~ 0j
var (a7) = (1-4) " e

B4. TRANSITIONS AT EXACT AGES

For a double decrement model:

Decrement 1

occurs uniformly

throughout the year

Decrement 2
¢ = p/@ g
occurs only at the * o
L . (2) =q®
beginning of the year z
Decrement 2
q(l) - q/(l)
occurs only at the
(2) — (1) /(2)
end of the year Uo” =Pz Yo
Decrement 2 ¢ = 0505 + 050, 5%&20 5 = 050" + 0500050, 5(]37( )
occurs only at the qg(f) 0.5(13(5 ) =, 5ng( Jo. 5(]/(2)
middle of the year Note that 05@5;420.5 =0.

B5. INSURANCE AND ANNUITIES, PREMIUMS & RESERVES

Insurance functions:

Annuity functions:

Recursive formula:

()

AW _ Z o, p0g ), A9 = [ ot pD )t
iy = Z oFipl) a) = [ ot dt
k=0

(V4G 0)(141) =5 (60 + BD) gy + aV? pT,
J

WVI+G—e)(1+0) =3 (bYW + EU
j

D) g+ ks V DT
B6. NOTATION

where 0 < s < 1.

Multiple decrement model Multiple state model Statistics
oy P2 Pr(T, >t)
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tQO(CT) Z Dz Pr (T, <t)
g pY Pr(T, <t,J =j)
tqé(j) N/A Pr (ngj) < t)

Part C: MULTIPLE LIFE MODELS

Joint life probabilities:

Last survivor probabilities:

Formulas:

Contingent probabilities:

If the future lifetimes of (x)

Relations:

www.ACTEXLearning.com

C1l. MULTIPLE LIFE PROBABILITIES

tPzy = Pr(Tyy > t) = Pr(T, > t,T, > t) = Pr(Both lives survive ¢ years) = e~ Jo Hatsys dt

14wy = Pr(Tyy <t) = Pr(At least one life cannot survive ¢ years)

tqzy = Pr(Tey < t) = Pr(T, <t)Pr(T, <t) = Pr(Both lives die within ¢ years)

Pz = Pr(Tsy > t) = Pr(At least one life survive t years)

t+uPzy = tPzy uPz+ty+t

t+ulzy 7 tP7y wPreyTe

tludzy = tPzy — t+uPzy = tPzy uldz+t:y+t

tluldzy = tP7y — t+uP7y 7 tP77 ulaTigTt

tqp = Pr(T, < Ty, T, <t) = Pr((z) dies first and within ¢ years)

zy

14,1 = Pr(T, < T,,T, <t) = Pr((y) dies first and within ¢ years)

tqz, = Pr(T, < T, <t) = Pr((z) dies second and within ¢ years)

tq » = Pr(T, < T, <t) = Pr((y) dies second and within ¢ years)

Ty

and (y) are independent:
Matty+t = Paott + Hy+t

tPxy = tPx tDPy

tdzy = tqx tqy

tPoy + oy =1

tqzy + Py = 1

tPx + tPy = tPxy + tPzy

tqx + tdy = tqzxy + tqzy

www.actuarialbookstore.com

t
tq;:y = fO sPx sPy Ma:+td3

t
td2 = fO sPx sqy Mw+td$

Yy
tqzy = tq;y + thé
tdzy = tq%y + thé

tz = 14y + tdz,

ty = 19,2 + 14,2
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C2. INSURANCE, ANNUITIES, PREMIUMS & RESERVES

Insurance functions: Ay or Ay = EPV of 1 per year until the first death

Azy or Azy = EPV of 1 per year until the second death

fl;y or Aalty = EPV of 1 paid upon (x)'s death if (z) dies first

fl%y or A;y = EPV of 1 paid upon (z)'s death if (z) dies second

Relations: A, + Ay = flzy + fl—y Ar + Ay = Ayy + Azy
Amy:AI +A1 ATy:A1 +A1
Yy Yy Ty Ty
A@:AQ +A2 A@:AQ +A2
Ty zy Ty zy
szﬁl +A2 Ax:Al +A2
zy zy zy Ty
Annuity functions: Qzy OT Ggy = EPV of 1 per year until the first death

Gzy Or Gz = EPV of 1 per year until the second death

Qy|y OF dy|y = EPV of 1 per year until (y) dies — payments begin only after () dies

Relations: Uz + Gy = Qgy + Qzy (g + Ay = gy + dzy
Ugly = Ay = Ozy Ugly = Ay = Agy
. 1—-a 1—a
Insurance to annuities: Azy =" Azy ="
) d
Ty — Ty —
Y ) Y d
o . Toy 0Tz — (A _ A A 2
Covariance: Cov(v'=v,v'#) = (A — Azy)(Ay — Asy)

Cov(dm, am) = (Gz — Gay)(ay — Gay)

C3. MULTIPLE LIFE MODELS

The “classical” multiple life model: The “classical” common shock model:

State 0
(x) Alive
(y) Alive

State 0
(x) Alive

02 02
Hrtt:y+t Hrtt:y+t

State 2
(x) Dead

State 2
(x) Dead

State 1
(x) Alive

State 1
(x) Alive

03
Matthy+t
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Notation and formulas, assuming the “classical” multiple life model:

Multiple life model | Multiple state model Statistics

Dy Dy Pr(T, > t,T, > t)

tdzy ot + ep0? + pl? Pr(T, > t, T, <t)+Pr(T, <t,T, >t) + Pr(T, <t,T, <1
tqzy D2 Pr (T, <t,T,<t)

Dy 20 + 4 pOt + 1 p2? Pr(T, > t,T, <t)+Pr(T, <t,T, >t) +Pr(T, >t,T, >t)
Pz D%y + 1%y Pr (T, > t)

tqx Doy + % Pr(T, <t)

tDy ey + Y Pr(T, >1t)

tqy tpgly + tpg?; Pr(T, <t)

1, Jo 9% 192 siysls # 092 Pr(T, <t,T, <T,)

9,3 Jo P2 18 sy ads # Pl Pr(T, < t,T, <T.)

s, ) 10 sy eplds £ 5 | Pr(T, <6, > T)

4,2 fot DY MO s t—sP2S ods #pYs | Pr(T, <t,T, > T,)

Part D: PROFIT ANALYSIS

Recall: Net premiums are always calculated using the equivalence principle.

Equivalence principle —  Net premiums are expected to cover benefits.
But gross premiums may not be calculated using the equivalence principle.

Equivalence principle —  Gross premiums are expected to cover benefits and expenses.

Otherwise —  Gross premiums are expected to cover benefits, expenses and profits (or losses).
Reserve assumptions: Assumptions imposed by government to determine reserves.
Pricing assumptions: Assumptions the company uses to determine premiums.
Profit test assumptions: Assumptions the company uses to conduct profit testing.
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For traditional policies, assumptions are mortality (or decrements/transitions), interest rate, expenses, and lapse.

Premiums and reserves are pre-determined or “fixed”.
Define the following: +V is the reserve at time ¢
G is the premium collected at time ¢
FE is the annual expenses incurred at time ¢
1; is the interest rate earned on the investments from time ¢ to time ¢ + 1
DB; is the death benefit payable at time ¢
EPB is the expenses associated with death benefit incurred at time ¢
Expected profit: Prigi = ((V+Gi— E) (1+4) — (DBiyy + EER) quyr — 141V Doyt

This formula is for alive-dead model and can be modified for MS/MD/ML models.

D2. PROFIT MEASURES

Profit vector: Pry Prg usually contains pre-contract expenses only.
Profit signature: Iy = k_1p: Prg Note that IIy = Prg.
Internal rate of ret IRR Shthtz L
nternal rate of return: uch tha —_—
0 (1+IRR)*
i .
Net present value: NPV = Z T Where r is the hurdle rate.
r

t
Partial NPV: NPV(t) = > ( + " Where r is the hurdle rate.

=0 r
Discounted payback period: Smallest m Such that NPV(m) = E (1 + G > 0.

. NPV . . .
Profit margin: M = - Where EPV (Premiums) is calculated using r, the hurdle rate.
EPV(Premiums)

Premiums can be determined using a desired profit margin.

Reserves can be determined using a process called zeroization.
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Expected profit:

Actual profit:

Overall gain:

a’s/m

D3. ACTUAL PROFIT & GAIN BY SOURCE

Exam ALTAM Page 11

Profit(Expected interest, Expected expense, Expected mortality)

Profit(Actual interest, Actual expense, Actual mortality)

Overall gain = Actual profit - Expected profit

The usual order of gain by source: Interest — Expense — Mortality

Gain from interest = Profit(A.interest, E.expense, E.mortality) — Profit(E.interest, E.expense, E.mortality)

Gain from expense = Profit(A.interest, A.expense, E.mortality) — Profit(A.interest, E.expense, E.mortality)

Gain from mortality = Profit(A.interest, A.expense, A.mortality) — Profit(A.interest, A.expense, E.mortality)

Overall gain = Gain due to interest + Gain due to expense + Gain due to mortality

Part E: UNIVERSAL LIFE INSURANCE

Define the following:

AV is the account value at time ¢

P, is the premium collected at time ¢

El. UL ACCOUNT VALUES

EC; is the expense charge deducted from the account value at time ¢

15 is the credited interest rate earned on the investments time ¢ to time ¢ + 1

Col; is the cost of insurance charge at time ¢

qy+4 is the Col mortality rate
1* is the Col interest rate

FA is the face amount

SC} is the surrender charge deducted from account value at time ¢

Type A UL

Type B UL

Account Value

(AVy+ P, — EC;) (1 +1if)
1 +ag

14
= Ty e

1+ oyt

P+ (1 ) AVias

(AVy+ P, — ECy) (1 + 1)
1+,

quHFA + AVipa

Cost of Insurance

1
Coliy = mqiﬂ (FA— AViya)

1 *
Colpyq = quﬂFA

Additional Death Benefit

ADBi = FA— AV

ADBt+1 == FA

Death Benefit

DB, = FA

DBt-‘rl - FA + AVt+1

Surrender Benefit

SBt = AVt+1 - Sct-i,-l

SBt = AVt+1 - Sct-i,-l
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E2. UL CORRIDOR REQUIREMENT

Corridor factor: ~

Type A UL Type B UL

1. Calculate AV;y; using the above formula.
1. Calculate AV, using the above formula.

2. IfyAVi1 < FA, good.
2. If ’YAVt+1 S FA + AVt+1, gOOd.

3. If yAViy1 > FA, replace FA with yAVy 4
3. IfyAViy1 > FA+ AVyyq, replace FA + AV with
in the formula and calculate AV, again.
YAViy1 in the formula and calculate AVyy; again.
The revised death benefit is YAV, 1.
The revised death benefit is yAV;4;.

E3. UL RESERVES

EPYV of Type A UL death benefit: (FAA
I+tim
Type A UL no lapse guarantee reserve: VLG — max (0, (FA)A — AVt)
z+t:n—t]
E4. UL PROFIT TESTING
Define the following: FE; is the annual expenses incurred at time ¢

EPB is the expenses associated with death benefit incurred at time ¢
E7B is the expenses associated with surrender benefit incurred at time ¢
1; 1s the interest rate earned on the investment from time t to time ¢ + 1

Expected profit: Prij1 = (AViei+ P — Ey) (1 +4) — (DBtH + Et[ﬁ) qi‘?t — (SBt+1 + Etsfl) qi}i)t — AVthg;)t

Part F: EMBEDDED OPTIONS AND
EQUITY-LINKED INSURANCE

Four popular guarantees: Guaranteed minimum death benefit (GMDB)

Guaranteed minimum accumulation/maturity benefit (GMAB/GMMB)
Guaranteed minimum withdrawal benefit (GMWB)

Guaranteed minimum income benefit (GMIB)
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Payoff and value of guarantee

Where

GMDB with a return

of premium guarantee

Time-T payoff = max (0, K — Sr)
Time-0 value = [;° P(K, t)fr(t)dt

T is the future lifetime of policyholder
St is the AV at time T

K is the amount invested

P(K,t) is the price of a K-strike put option expired at time ¢

Earnings-enhanced

death benefit

Time-T payoff = amax (0, Sy — K)
Time-0 value = « fooo C(K,t) fr(t)dt

T is the future lifetime of policyholder
« is the guarantee percentage
St is the AV at time T

K is the amount invested

C(K,t) is the price of a K-strike call option expired at time ¢

GMAB/GMMB
with a return of

premium guarantee

Time-7 payoff = max (0, K — S,)
for T" > 7
Time-0 value = P(K,7) x Pr(T* > 1)

T* is the future lifetime of policy
7 is the guarantee period
S, is the AV at time 7

K is the amount invested

P(K,7) is the price of a K-strike put option expired at time 7

Define the following:

GMMB

Time 0 value:

www.ACTEXLearning.com

F; is the policyholder’s fund at time ¢

n is the maturity of the contract

P is the single premium

e is the expense charge

m is the management charge

S; is the stock index, with Sy =1

E=(1—e)(1—m)!

h(t) is the option payoff at time ¢

v(0,t) = E2[e~"th(t)]

77(0) = Pnp:z: (e—rnq)(_dz) - 5‘1’(—011))

d
! ov/n

d2:d1—0'\/ﬁ

~ In&+ (r+0.50%)n
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Time ¢ value (reserve) :

GMDB
Time 0 value (continuous):

Time 0 value (monthly):

F2. HEDGING AND REBALANCING

GMMB

Time ¢ value

Stock part

Zero-coupon bond part

GMDB

Time ¢ value

Stock part

Zero-coupon bond part

a’s/m

7(t) = Pr—tpass (77" R(=da) — Si£P(—dh))

_ InS¢+ (r+0.50%)(n —t)

dy

ovn —1
dgzdl—dx/n—t

77(0) = fon U(O, t) tPx Hx+t dt

12n—1

tz::O U(Ovt/12) %pz 1—12qm+%
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Hedge Portfolio

() = noipert EG e O R(n)] = nipayiv(t,n)
weipest (5 v(E)) S,

T(t) = n—tPutt (dlstu(t,n)) St

Hedge Portfolio

n(t) = fo " vt w + wpattpatiswdw

fon_t St (d%tu(t, w+ t)) wPa+tHatt4wdw

fon_t (u(t, w+t)— S (d%tzx(t, w+ t))) wPz+t P +t+wdw

F3. PROFIT TESTING

Columns of profit test if company purchases options:

www.ACTEXLearning.com

+ Initial expense charge in the first period, if any
+ Management charge
- Expenses

— Risk premium
+ Release of beginning reserve, if any
+ Interest, if any

— Reserve per survivor at end of period, if any
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Columns of profit test if company hedges internally:

Define the following:

General Formula:

Define the following:

Expected profit:

www.ACTEXLearning.com

F4. EQUITY-LINKED INSURANCE

+ Initial expense charge in the first period, if any
+ Management charge

— Expenses

+ Release of beginning reserve, if any

+ Interest, if any

— GMxB cost

— Hedging/rehedging cost

— Reserve per survivor at end of period, if any

Page 15

F; is the policyholder’s fund at time ¢

P, is the premium paid at time ¢

AP, is allocated premium - the part of P; that is invested in the fund
z{ is the interest rate earned on the fund from time ¢ to time ¢t + 1
MC; is the management charge deducted from the fund at time ¢
Frp1 = (F, + AP,) (1 + i{) — MCiys

+V is the reserve at time t

UAP; = P, — AP, is the unallocated premium

FE; is the expenses incurred at time ¢

i¢ is the interest rate earned on the insurer’s assets from time ¢ to time ¢ + 1
DB; is the death benefit payable at time ¢

C'V; is the cash value at time ¢

PI‘t+1 = (tV + UAPt — Et) (1 + Z?) + MCt+1 — (DBt+1 — Ft+1) q;ﬁgt

— (CVig1 — Fita) qgi)t - t+1Vp2;0+t
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Part G: PENSIONS

ALTAM service table:

Salary rate:

Salary scale:
Approximation:
Salary:
Replacement ratio:

Define the following:

Final average salary:

Career average salary:

G2. SALARY SCALE & REPLACEMENT RATIO

Death d,
Disability i,
Withdrawal w,,

Retirement 7, The service table is a multiple decrement table.

Sz Salary rate at exact age x.

Sp = fol Spaedt Salary rate during the year [z, x + 1).

Sac ~ Oz—0.5

Sy = sz—z Salary received during the year [y,y + 1).

R Pension income in the year after retirement

Salary in the year before retirement

xe is the age the member enters the plan
xr is the age the member retires
N = xr — e is the total number of years of service

TPE,, = Sze + Szet1 + -+ + Szr—1 is the total pensionable earnings.

Sa:r—k +---+ Satr—Z + Szr—l

- The average of salaries during the final k years.

F _
er*

TPE,,
nZET‘

S =

o The average of salaries during the whole career.

Accrual rate of DB plan:

DB plan annual benefit:

Sponsor of DB plan:

www.ACTEXLearning.com

G3. DEFINED BENEFIT PLANS

— F inal averace salar
B = ngraSE, Final average salary

B = nmaSgr = aTPE,, Career average salary

If B = n,,.aSE. is payable per year right after retirement and until the member dies,
then the sponsor has to purchase an annuity worth B, for the member.

Early retirement benefits may be subject to a reduction factor RF},,..
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APV of DB plan:

AL of DB plan, PUC method:

AL of DB plan, TUC method:

Normal contribution:

No exit benefits, PUC method:

No exit benefits, TUC method:

Premium for healthcare plan:

Benefit premium annuity:

Simplification:

EPYV of retiree healthcare plan:

AVTHB:

APBO:

Normal cost:

www.ACTEXLearning.com

G4. RETIREE HEALTHCARE PLANS

a’s/m

— F ) - T
APV =3 nar X a X S5, X (1 = RFyp) X gy X 0™777 x T2

x
xTr

APV =3 ax TPE, x (1 — RFy;) X g X 07777 X

xT

AL =Y"n, x ax SE x (1 — RF,,) X Gzr X ™% x

(1 = RFy) X Gy X 0F77% x L2z

Iy

_ TPEy,
AL =3 ng x o x =2
T

AL =Y n, x a x SF x (1 — RF,;) X {gr X 077 X

xTr

Ter
Iz

AL =3 axTPE, x (1 = RFyy) X dgp X ™77 x T2

xTr

C =v p¥ 1V — (V+ EPV(Benefits for mid-year exits)

C=oV(3)

_ Sz41 ntl
C =V (Grott

Y
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Final average salary
Career average salary
Final average salary
Career average salary
Final average salary

Career average salary

No exit benefits, and ;V calculated using PUC method.

No exit benefits, and ;V calculated using TUC method.

B(x,t) Premium paid at time ¢ for a person aged x
X Bla+k, t+k
ap(x,t) = > %Ukkpx This is an increasing annuity-due.
k=0 ’
. e k N - B(x+1,t)
ap(x,t) = kz_:oc (T4 5)" v*kps Where: ¢ = Bt
. . . B(x, t
ip(z,t) = drair 1+7= %
Sk 1412
1+ =055
EPV = B(z,t)ip(z,t)
For someone retires at age x and time ¢.
65—z
AVTHB = ) B(x+t,t)ip(z+1t,t) x vt x 5+
t=0 “
65—z
AVTHB = B(fE,O) Z dz+t@i* X ’U*t X "‘alvé
t=0 “

Assume retirement must occur no later than age 65.

65—x
oV = ;O (x+t)ap(x +1,1) x vb x S x At

Where zg is the age the employer begins working.

C =wvp; 1V — oV+ EPV(Benefits for mid-year exits)
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No exit benefits. C= OV(%)

Where n is the number of years of service
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