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INTRODUCTION

Everyone in their life has many risks of
occurrence that maybe happen
themselves that causes loss, such as
accidents, damage, health, loss of life, and
other unexpected events. According to
(Sembiring, 1986), life is full of
uncertainty. Everyone wants to have
prospered; life prosperity will be
disturbed if he is sick, disability, or died.
Welfare guarantee can be obtained if he
insures himself, guaranteeing that is given
like compensation, so it can be concluded
that insurance is a guarantee against the
unexpected event that possibly happened
to minimize risk. Insurance that

guarantees a person's life is called life
insurance.

Life insurance protects against the risk
of someone's life who becomes an insured
(Bhuanaetal., 2015). Life insurance can be
divided into two: life insurance for an
individual is called single life insurance,
while for more than one person is joint-life
insurance (Futami, 1994). One type of
combined life insurance is joint-life life
insurance. Joint-life is a condition where
the death rule of his life is a combination
of two or more factors, such as husband
and wife, parents, and children (Futami,
1994). An institution that provides various
protection for its customer is called an
insurance company.
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According to (Bowers et al., 1987), the
insurance company will publish a contract
that will promise to pay a specified
amount, equal to or less from the loss
during the policy period. Then it is started
from the signing of the insurance policy. It
means that it is started to switch the
insured (customer) to the guarantor
(company). Both sides in the insurance
policy must obey the rule that each
customer must pay a premium, while the
company must provide rights to the
suspended family (heirs) if a risk occurs,
the right is called a benefit. The premium
paid directly at the insurance contract
time is agreed at once is called a single
premium (Futami, 1993), but in reality,
they are rarely used because they are too
expensive to be paid at once. Premium
payments can be made every year to
facilitate customers. This payment is
called the annual premium.

According to (Matvejevs & Matvejevs,
2001), family insurance contracts have
applied more than individual insurance,
and family insurance is joint-life
insurance. Therefore, they determine the
annual premium for two people on
discrete joint-life life insurance, and
(Bhuana et al, 2015) also research to
determine the annual premium for three
people with the same type of insurance.
The discrete premium calculation means
that the insured's provided the benefit is
carried out at the end of the year the
insured dies, whereas for deaths that
occur at the beginning of the year is very
long to receive the provided benefit at the
end of the year. Moreover, other research
related to determining the annual
premium by discrete calculations can be
seen in (Ihsan et al.,, 2014) and (Bizaini et
al,, 2016).

Therefore, the author is motivated to
determine the formulation of annual
premiums with a type of joint-life
insurance for two and three people
continuously. The continuous premium
calculation means that the benefit can be

given directly when the insured dies but
with the same amount of benefit if he dies
within the specified policy, different from
two previous journals with many bepgfits
with premiums that have been paid."This
study aims to determine the annual
premium continuously from joint-life
insurance for two people (husband and
wife) and three people (husband, wife, and
son).

METHOD

An insurance contract for two people
consists of a married couple, with their
ages, namely husband (x) and wife (y).
Suppose both remain alive until the
insurance contract expiration for n years
or reach x +n and y +n years. In that
case, they get a benefit Q.

If one of the couples dies before the
contract expires, for example, x dies, then
vy, who remains alive until the end of the
contract, starts in the n year during a
lifetime each year gets a benefit of Ry, and
vice-versa if y died then x gets a benefit of
Rx.If the couple both (x and y) dies before
the contract expires, then the heir will
receive a ] benefit as soon as they both die.

Furthermore, the insurance contract
for three people consists of husband, wife,
and son, with their age, namely husband
(x), wife (y), and son (z).

Suppose all three remain alive until the
end of the contract for n years or reach x +
n, y+n, and n years. Then, they get
benefits of Q. Furthermore, if one of three
participants dies before the contract
period ends, for example, x died, y and z
are still alive until the end of the contract,
then y and z gets a benefit of Ryz. If y dies,
then x and z get a benefit of Rxz, and so if
z dies, then x and y get a benefit of Rxy.
Meanwhile, if x and y die, while z is still
alive until the end of the contract, then
starts in the n year during a lifetime every
year, gets a benefit of Rz. If x and z die,
then y get a benefit of Ry, and so if y and z
die, then x get a benefit of Rx. If all their
participant dies in the same year before
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the contract expires, then the heirs will
receive a | benefit as soon as three of them
died.

In this research, the calculation of the
formulation is based on the 2011
Indonesian mortality table. Then the
formulation uses the symbols in the table.
The chance of living a joint-life or the
chance of survival for people aged x4, x,,
X3, ... Xy, Will remain alive until they are x
+ n years old.

nPxy,%5,%3,..xm — nPxy. nPx,- nPxg e

nPxpm (1)
For a joint-life, the chance of living for

two people is denoted by ,p,,, and

formulated as follows:

lX+n,'y+n
nPxy = nPx- nPy = Ty (2)

Whereas, for three people is denoted
by ,Dxyz and formulated as follows:

Letn ;y+n;z+n
nPxyz = nPx- nPy- nPz = (3)

lxyz

The rate of death is the chance of
person currently aged x years will die
sometime later or die between the ages of
x and x + Ax with the condition of life at
age x is denoted by uy (1), and formulated

as follows:

Ix+t—1—Ix+t

21x+t

Meanwhile, for two people, age x and y
years and three people, age x, y, and z
years are denoted each py, (nand pyy; 1),
and formulated as follggys:

Lert—1;y+t-1— I+t Py +t+1
Py (£)= 5
xy (t) 2lx+t;y+1.‘ ( )
(5)
Uxyz ()=
Lert—1y+t—1z4t—1— It e+ 1y +t+ 124041 (6)

2lx+ ty+t;z+t

A single premium is a premium that is paid
directly when an insurance contract is
agreed upon. Term life insurance is
insurance with the benefit provided if the
insured dies as long as the contract is not
over. If he is still alive, then he does not get
anything (Sembiring, 1986). Single life

term joint-life insurance premium for two
people age x and y years, with the contract
for n years, is denoted by Ziyﬂ, and
formulated as follows:

- n

A ylcy;n_| = f() vt ‘t Pxy .uxy(t) dt (7)

(7)

Meanwhile, for three people age x, y, and
z years, with insurance contract for n
years is denoted by A }Cyz:;l, and
formulated as follows:

K?{yz:lﬂ = fon v Pxyz Hyy, (t) d¢ (8)

Pure endowment life insurance is
insurance with the benefit provided if the
insured remains alive until the end of the
insurance contract. If he dies, then he does
not get anything (Sembiring, 1986). The
single premium of pure joint-life
endowment life insurance for two people
age x and y years with a contract for n

years is denoted by A xy:rll_|’ and formulated
as follows:
A xy:rlﬂ = Vn' npxy (9)

Meanwhile, for three people age x, y, and
z years with an insurance contract for n
years is denoted by A, .. and
formulated as follows:

_ Vn.lx+n ;y+n ;z+n(1 O)

— 1 _ n
Axyz;n| = V. I’leyZ - lxyz

An annuity is a series of payments for a
certain period. A life annuity is a series of
payments done during a person who is still
alive, so this payment is associated with
someone's life or death (Sembiring, 1986).
Joint-life term annuity for two people age
x and y for n years is denoted by a A

formulated as follows:
— n
Axy:q) = fo tPxy vtdt (11)

Meanwhile, for three people aged x, y, and
z years, with insurance contract for n
years are denoted by a 4y, ] formulated

as follows:
— n
Axyz:p] = fo tPxyz vtdt (12)

Copyright © 2020, Desimal, Print ISSN: 2613-9073, Online ISSN: 2613-9081



Desimal, 3 (3), 2020 - 266
Stacia Litha Suryani, Rudi Ruswandi, Ahmad Faisol

An annuity paid after a while is called a
deferred annuity (Futami, 1993). An
annuity which is postponed n years of
joint-life for two people age x and y years
is denoted by 5 dy,, and formulated as
follows:

— 0
n|Axy = fn tPxy vtdt

0 Lyt t;y+t
= [Pl g
nooly

(13)

Meanwhile, for three people age x, y, and
z years, with an insurance contract for n
years is denoted by ,jayy,, and formulated
as follows:

_ 0
n|axyz = fn tPxyz vt dt
Loyt vtt:
— f°° x+t;y+t;z+t 'Ut dt (14)
n

Lyyz

The premium amount sought in this study
is determined by the principle of
equivalence as follows:

E(L)=0 (15)

L states that the amount of loss the
guarantor is defined as a random variable
from the cash benefit. According to
(Sembiring, 1986), there is a healthy and
fair guideline that "the value of future
premiums = the value of future benefit"
does not harm/benefit the insured or the
guarantor. The translation of loss
functions using the equivalence principle
is as follows:

E(L)= BE(VT)—P.E( ag)=0
P.E( ag)=B. EWVT)
information:

B.E(VT)= Output (the insurer pays the

value of the benefit).
P. E( @z )= Input (annual premium value).
B = Amount of benefit (the company pays
the amount of coverage).

P= Annual premium amount (the
customer pays the amount of premium
each year).

The formulation above can be
concluded that the value of the benefit
must be equal to the annual premium
value. There is an equivalence principle
that can be determined the amount of the
annual premium of insurance. The

(16)

?rocedure and data analysis technique
should be emphasized in the literature
review article.

RESULTS AND DISCUSSION

This chapter will determine the value of
the annual premium and the value of the
benefit paid by the guarantor because
both of them are used to obtain the annual
premium formulation of joint-life life
insurance for two and three people based
on the principle of equivalence with
continuous calculation.

The annual premium for joint-life life
insurance for two people is as follows:
1. Annual premium value (Input)
PE(az)=P.ayyq

= P. f: tDxy - V' dL.

2. The value of the benefit is paid by the
insurer (Output)

B. E(VT):[(Q (/Txy :;11‘|D+ (RX-n| Ay .nCIy)
+ (Ry. n|dy 2qx) + (.( /Txglz n| I

3. By using the equivalence principle, the
annual premium formulation is
obtained

p'axy:ﬂ = (Q (/Txy : nl|))+(Rx n|C_lx .quy)
+(Ry. @y .nCIx)"'U-(/Tle; n_l)P:

(Q(Axy 7)) + (RX. ) x ndy) N

Axym]

(RY. n|Gy ndx) + (]-(ijlz ;nv|)

Ayey:m]

Thus, the annual premium formula is

denoted by P,,.,, and formulated as

Vi

follows:

— (Q-(Axy nip) + (RX. n|x nqy)
ny:n= —

Ayy:n]

. (Ry. n)Gy ndx) + (](Ale/ n_l)

17)

Axyn]
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Meanwhile, for the annual premium
formulation of joint-life insurance for
three people as follows:

1. Annual premium value (Input)
P. E( ] ) = P. Axyzin] = P. fon tPxyz
vt dt.
2. Thevalue of benefit paid by the insurer
(Output)
B. E(VT) = [(Q. (/Txyz nll))
(Ryz. n|Qyz n4x)
(Rxz. n|Axz .nCIy)
(Rxy. n|%xy n4z )
(Rx. n| @y .nQyz) + (Ry. n|®y nGxz
) + (Rz. n|az .nqu) + (J.( /Txy% m|
)1

3. By using the equivalence principle, the
annual premium formulation is

+ + + 4+

obtained

P Gy = 1@ (Aaysin)) +
(Ryz. n|Qyz n4x) +
(RXZ. | Gxz nqy) +
(Rxy. n|Gxy nq ) +

(Rx- n|dx .nCIyz) + (Ry- n|ay nYxz
)+ (RZ-n|az .any) + (. (Axy% |
ik

p=

(Q-(A_xyz ni|)) + (Ryz. n|qyz nqx)

T

Axyzn]

(RXZ. |0xz nqy) + (RXY. n|Gxy nlz)

Axyzm|

(Rx. n|Gx ndyz )+ (RY. n|0y nlxz)

+

dxyz:ﬂ
. (Rz. 0|8z ndxy) + (]-(Axy% ﬂ)

T

Ayyzn]

Thus, the annual premium formula is
denoted by nyzm, and formulated as
follows:

nyz:n=

(Q-(Axyz nil)) + (Ryz. n|Ayz ndx)

— +
Axyzn]

(Rxz. n|0xz .nCIy) + (Rxy. n|8xy ndz )

Axyzn]

(RX. n|Gx nyz ) +(RY. 0|0y nlxz )

Ayyzm|

(RZ. @z nqxy) + (](Axy% n| )] (18)

Axyzm]

Case examples will be provided to
facilitate  understanding of the
formulation as follows:

Insurance starting age

Insurance starting age is the age when
he registers his self to join insurance.
In this case, for two people (husband
and wife) and three people (husband
and wife and son), the detail of ages is
a husband (x) 50 years, wife (y) 45
years, and son (z) 15 years.

Insurance coverage period

The insurance coverage period is the
length of time the insurance contract
valid. In this case, the insurance
coverage period is n = 1-10 years.
Interest Rates

The interest rate that is used in this
case is 5%.

Benefit

The amount of benefit for two or three
people, if all of the participants still
alive until the contract end, they are
given benefit, namely a sum of 1 rupiah
(Q = 1). If one of the participant
members dies, the premium payment
is stopped. The participant who
remains alive until the end of the
contract will get the benefit of money,
that is, the amount of 1 rupiah every
year for the rest of his life (Ry =1, Rx =
1, Rz=1,Ryz=1,Rxz =1, Rxy = 1).
Also, if all of the participants die before
the contract ends, the expert
inheritance will get a benefit of 1
rupiah (J = 1).

Based on the annual premium

formulation for two and three people and
the case example above is obtained, the
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value of the annual joint-life insurance
premium for two and three people can be
seen in Table 1 below and can compare the
result.

Tabel 1. Annual premiums for two and

three people contract

Contract P50;45:n P50;45;15:n
nyears (two people) (three people)
1 1.1228250 1.1288090

2 0.6293587 0.6355765

3 0.4695112 0.4760903

4 0.3929323 0.4000484

5 0.3495403 0.3573477

6 0.3226249 0.3313351

7 0.3050462 0.3148549

8 0.2932705 0.3043200

9 0.2852671 0.2976445
10 0.2797692 0.2935317

If it is stated in the graph of the value
of the annual joint-life insurance
premiums for two and three people, it can
be seen in Figure 1.

Annual Premium For xy (two)
dan

1 3 5 7 9 xyz

Duration of insurance contract
(years)

E xyz (three) People
]

> 15

5 1

£ 05 1

g LITTTITI T
©

>

c

c

<

Figure 1. Annual premium for two and
three people

Based on Table 1, it can be seen that
the amount of the joint-life annual
premium with the benefit of each
possibility is the duration of the insurance
contract strongly influences 1 rupiah, and
the number of people is covered. It can be
seen that the annual premium for three
people is slightly more expensive than for
two people, and the shorter the period, so
the more significant the annual premium
must be paid. For example, a 10-year

contract period for two people must pay a
premium each year of 0.2797692. For
three people to amount to 0.2935317 with
the same benefit amount, if considered, it
is more profitable to pay for three people
than for two people because of the
difference it is the amount of a small
annual premium.

Meanwhile, based on Figure 1, with
the duration of the insurance contract (n =
1-10 years), it can be seen that the annual
premium value decreases every year. For
a short term insurance contract, the
annual premium is much greater than the
long term, and after that, the annual
premium is the age of a person. The
number of insurance participants, because
of the annual premium for three people, is
slightly greater than for two people.
However, it does not look much different
because of the life opportunity that affects
it; this can be considered in choosing the
type of insurance needed or more profit
than a joint-life insurance case for 2 (two)
or 3 (three) people.

CONCLUSIONS AND SUGGESTIONS

Based on the results and discussion in
the previous chapter, it can be concluded
that the principle of continuous
equivalence determines the annual joint-
life premium for two and three people. It
can be obtained from the formulation of
the joint-life insurance annual premium as
follows:

1. Formulation of annual joint-life
premium for 2 (two) people as follows:

= (QUAxy ) + (RX.yx ny)

xym — = B
axy:nl

(RY. |Gy n0x) + (J.(Axy )

Ayy:m]

2. Joint-life annual premium formulation
for 3 (three) people as follows:
(Q-(Axyz nll)) + (RYz. n|Qyz ndx)

nyz:n= +

Ayyz:n|
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(RxZ. |Gxz nqy) + (RXY. n|0xy ndz)

dxyz:n_|
(Rx. n)Gx nyz ) +(RY. n|0y nlxz )

Axyzn]

. (Rz. n|dz _any) + U(Axy% n| )]

Axyzm]

The result of calculations implies
that the amount of the annual premium
joint-life for two people and three people

ill affect the table value mortality,
%nuity, and single premium. Moreover, to
determine the annual premium for joint-
life life insurance, which causes three
people is slightly greater than for two
people, this can be a consideration to
choose the type of insurance that is
desired or which is more profit. It can be
concluded that the factors influence the
amount of the annual premium are the
number of insured, the duration of the
insurance contract (period), the age when
the policy is signed, the interest rate, life
chances, the rate of death, and also the
number of benefits to be provided.
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