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Chapter 5. Life annuities. Section 5.5. Contingencies paid m times a year.

Contingencies paid m times a year

In this section, we will consider the case of life insurance paid m
times a year. In the unit case, a payment of $1 is made each year.
Hence, each m—thly payment is #

For a period of length %

) the interest factor is (1 4+ /)Y/™ =1+ ﬂ

(i

(ii) the effective rate of interest is (1 + 1)1/’" —1=££,
(iii) the discount factor is

(L4 i)Ym= y/m = (1 —d)t/m =1 - 42
(i

m -

iv) the effective rate of discount is 1 — v1/™ = %.
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Whole life annuity due paid m times a year

Definition 1

A whole life due annuity with payments paid m times year is a
series payments made at the beginning m—thly time interval while
an individual is alive.

Let J™ = [mTy } i.e. J™ is the integer such that if

m

(m) (m
Ty € (J -1 Jx } A whole life due annuity paid m times a year

A1

makes payments at times 0, # =

Definition 2

The present value of a whole life due annuity for (x) with unit
annual payment paid m times a year is denoted by Y’)Sm).
Definition 3

The actuarial present value of a whole life due annuity for (x) with

unit annual payment paid m times a year is denoted by a(m).

(©2009. Miguel A. Arcones. All rights reserved. Manual for SOA Exam MLC.



Chapter 5. Life annuities.

Section 5.5. Contingencies paid m times a year.

Theorem 1
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Theorem 1
pm L _1—ZX(’")_1§:Z
X a@|% dim) m = x:El
oo (m) o0
my 1 . R | B
ax = = ; Zaﬂi(,:) %’#qx - d(m) E vm %an
k=1 k=0
2 A(m) (m)y2
o (m) Ax (Ax )
Var(Yyx ) (dm)2
Proof: The present value of level payments of % at times
0,% 2 . L1 is
om _ 1, 11—z
e R N )

m
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Chapter 5. Life annuities.

Theorem 1

(m)
om) 1. _1-Z
Y T | = ()

(m _ 1 E :
a - a— (m) * k— =
x ) k‘l(m) k 1’ %

2A£<m) o (A(m))Z

X

Var(Vi™) = (d(m)2

Proof: Since the payment of % at time

= LY.z 2

Al
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Chapter 5. Life annuities. Section 5.5. Contingencies paid m times a year.

Whole life annuity due paid m times a year.

Definition 4

A whole life immediate annuity with payments paid m times year is
a series payments made at the end m—thly time interval while an
individual is alive.

A whole life immediate annuity paid m times a year makes
(m)
12 S _1

payments at times -, =, ... =
Definition 5
The present value of a whole life immediate annuity for (x) with

unit annual payment paid m times a year is denoted by Y)Sm).

Definition 6
The actuarial present value of a whole life immediate annuity for

(x) with unit annual payment paid m times a year is denoted by
(m)
ax .
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Theorem 2

Y)Sm): S-/)Sm)— 1 1

B yl/m Z)Em)
m S g A g (m)
1. 1
= 22|
k=1
o0 m (m)
(m) _ym 1 _ 1 _vimeA
dx ' =adx = — m_m Z 271‘ ,(,’:) L;l’%qx - d(m)
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Chapter 5. Life annuities.

Proof: The present value of level payments of % at times

(m)
12 Jm_q .
memy o m IS
)
Y(m):l ' :ll_(l—i_’) m
* m M 1]im T m i(m) /m

1— (14 )Y/mz{m  yi/m_ zim)

i(m) N d(m)

Since the payment of % at time % k > 1, is made if T, > %

Y)Sm):% 1 Z -

“m
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n—year term life annuity due paid m times a year..

Definition 7
The present value of a n—year life due annuity for (x) with unit

annual payment paid m times a year is denoted by Y)E'%)
Definition 8
The actuarial present value of a n—year life due annuity for (x)

with unit annual payment paid m times a year is denoted by af("%
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Theorem 3
(m) -
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Proof: The last beginning of the m—thly period of period where

(m)
Jf The last beginning of the m—thly period of

am=1  Payments are made at most until

(x) is alive is
period before t|me nis

1 nm—l) _ mln(Jim),nm)—l

(m) _
time m|n(JXm , . The present value of

m
s y(m)
I nm)—1 .
level payments of L at times 0,1, 2 . ., min( % nm)—=1 m"m) is

min(J>((m) ,nm) 1 _ Z(m)

m 1. 11—-(144) m x:
vim_ 2y 2 (1+1i) _ 7
x:n m min(Jx ,nm)‘ﬂ m d(m)/m d(m)

Since the payment of i at time K, 0< k< nm-—1, is made if

Xn\ |
‘m
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n—year term annuity immediate paid m times a year..

Definition 9
The present value of an n—year life immediate annuity for (x) with
unit annual payment paid m times a year is denoted by y(m

x| -
Definition 10

The actuarial present value of an n—year life immediate annuity for

(x) with unit annual payment paid m times a year is denoted by
(m)
ax:ﬁ|'
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Theorem 4
nm
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Proof: The last end of the m-thly period of period where (x) is

Y U : :
alive is inml The last end of the m—thly period of period before
time nis 77t Payments are made at most until time
Jﬁm)fl M) _ min(J)Em)fl,nm)

min(=——, 7 — . The present value of level
Com)
payments of % at times %, %, ceey w is
yim = 1

aa N | -
m min(J)((m)—l,nm)‘ m

. 1 - k - -
Since the payment of —attime -, 1< k < nm, is made if
T, > &,

(m) 1 nm 1 nm—1 1 1
m) _ 1 _ 1 1
W=y Z =) 2t 2
k=1 m k=0 m
m_1 1.1
— x| _E—’_EZX:M
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Due n—year deferred annuity paid m times a year..

Definition 11
The present value of a due n—year deferred annuity for (x) with
unit annual payment paid m times a year is denoted by ,| Y’)Em)

Definition 12
The actuarial present value of a due n—year deferred annuity for (x)
with unit annual payment paid m times a year is denoted by ,,|'é)(<m).
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Theorem 5
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Proof: The last beginning of the m—thly period of period where

J(

(x) is alive is . The first beginning of the m—thly penod of

period after time n years is 7. If J)(< m s nm, payments of o, are

(m)_
am "mmH, e JXm L Hence,

made at times

o ™ = m" 3J<>7‘Am)’(J£m) > nm)

m
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Si?c;a the payment of % at time % k > nm, is made if T, > %
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Immediate n—year deferred annuity paid m times a year..

Definition 13
The present value of an immediate n—year deferred annuity for (x)
with unit annual payment paid m times a year is denoted by

A YA,

Definition 14
The actuarial present value of an immediate n—year deferred
annuity for (x) with unit annual payment paid m times a year is

denoted by ,,]a)(<m).
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Theorem 6
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Proof: If J,Sm) > nm + 2, payments of # are made at times

nm+1 nm+42 J)((m)—l
o s
(m _ 1 (m) 1<
m _ —.,n -
,,|YX = V&m|@I(J >nm—|—1 = Z _i
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