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ABSTRACT

Unit-linked endowment insurance with a minimum guarantee not only provides life protection to customers until the
end of the insurance contract period but also provides investment protection, especially stock investments that have
high returns and high investment risks, so call options are needed to protect investments. This study discusses
premiums' calculation along with the caps and floor limits of premiums on unit-linked endowment insurance products
with minimum guarantees using Monte Carlo simulations with stochastic and continuous model and numerical
methods. Unit-linked insurance with stock investment and mortality tables in this study shows that in addition to
gender, the customer's initial age has a policy, insurance contract, and amount minimum guarantee, the caps and floor
limits of the premium are influenced by the proportion of investment from the premium. The interval between the caps
and floor limits of the premium is more comprehensive if the premium's investment proportion is small so that the
insurance company can use the caps limits of the premium.
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1. INTRODUCTION the proportion of premiums invested in the portfolio,
call option prices, and death risk. The problem is the
lack of analytical capabilities outside of the Monte

Carlo method in calculating unit-linked premiums [2].

Unit-Linked is a life insurance product that provides
life protection and investment returns [1]. If life
insurance provides a minimum guarantee to the
policyholder, then the policyholder bears the investment
risk. If not, then the policyholder who bears the
investment risk. The benefits of unit-links with a
minimum guarantee combine the risk of death of
customers whose date of uncertain benefit payments and

This study aims to calculate the upper and lower
limits of premiums on unit-linked endowment insurance
products with minimum guarantees using Monte Carlo
simulations with stochastic and continuous model and
numerical methods. This study analyzes how stock

investment risk whose investment performance is
uncertain so that it has a random nature of unit-link
benefits [2].

Early research that examines unit-linked contracts is
carried out by [3], which discussed the equilibrium price
of life insurance policies related to equity or equity-
linked assets. [4] address the issue of endowment policy
pricing where benefits are associated with portfolio
effects and the minimum amount guaranteed is given at
the stochastic interest rate. [5] present a general
framework for setting life insurance contract prices with
surrender guarantees. [2] analyzes premiums by
considering stochastic interest rates, policy contracts,

investment, length of the contract, the age factor of the
insured, and the proportion of investment in the
premium affect the value of the caps and floor
premiums so that insurance companies have a premium
distance in determining premiums to the insured by
taking into account the proportion of investment in
premiums.

The Unit-Linked Endowment contract with a
guarantee

Value of benefit unit-linked endowment contract
with a guarantee at time ¢ stated as follows (1).
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B(t) = max{X(t),.6} =6 + max{X(t) - 6.0}

The unit-link benefit value is the maximum value
between the portfolio value that becomes the basic asset
of the investment ¥{t} and the minimum guarantee
value . So, the unit-linked benefit value consists of a
minimum guarantee value and a non-negative bonus
value. The bonus value represents the reference
portfolio's call option value with the minimum
guarantee value as the exercise price [2]. Value X(t) is
stochastic and depends on the price of the asset of the
investment per unit at time .

Caps and Floor Limits for Premium

According to the method of [6], the number of
portfolio stock price comparisons at ¢+1 is
proportional to the number of log-normal random
variables to analyze call option prices C,(¥{¢ + 1).5)
for t =0.1,....n— 1 follow (2).

®) k=1,23,...n

2

Where e;(k} is a non-negative constant and

(z,(k), Z,(K).....Z,_, (k) ) is a multivariate normally
distributed random vector with vector mean
wilk) = E[Z;(k)] and Cov covariance  matrix
Cov[Z;(k), Zj-{k]] = Var[2;(k)]. p;; (k) 5; (k) 5; (k).

For fixed &, consider the random variable
conditioning as follows (3) and (4).

k-1

:ZVi(k)Z

i=1

The calculation of the floor limit premium begins by
entering coefficient of 8' =0 and x(k) = 0 in the
equation (Hurlimann, 2010) follow (5).

iZ:l:yi(k)ez

s
= I3(0’1),k_1,2,...,n

1 (k)01 (k) +1 (K)o (K)x(K)

Furthermore, using numerical methods to get
coefficient of 8% and x (k). The next step is to enter the
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coefficient of 2" and x (k) into the equation (Hurlimann,
(12010) follow (6)

P (0,k), B, =P

1

a’ P(0,1)

|: P(O k)k 4 Pyl ( (k))
+P(0,n) ., p,®(x(n))

n-1| k-1 p qx+k—1'

kz ZP 0,i)d(r (k
+Mmgpmwwﬂna

:
= 3
H Il
- iR

Using numerical methods to get coefficient a n
approximation which proportion of investment in the
premium so that it approaches the a value that has been
determined at the beginning.

The last step is to enter the final value ' in the
equation [2] follow (7).

P(O,l)E

to get floor
insurance.

premiums unit-linked endowment

The same way to calculate the caps limit premium,
but what distinguishes the lower limit premium is the
alue (k) = 1. So after getting the final value g%, the
quation caps premiums unit-linked endowment
insurance is follow (8).

3

o P(01) G
‘a

2. METHODS

In calculating premiums, the factors are proportion,
minimum guarantee value, length of the contract, call
option, and mortality rates (age and gender). This
research begins by determining the unit link product,
assumptions, and limitations in calculations. Unit link

(Sinsurance product from PT ABC, a life insurance
company, is a unit link product with a stock investment
strategy. The data sample used is secondary data, the
daily closing price data for one year in the period 1 May
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2017, until 30 April 2018, which consists of 76 stocks.
The limitation in this study is to use a minimum
guarantee fixed value of Rp 125 million, benefit
payments made at the end of the year of death, using the
age of the insured from 20 years to 50 years, the length
of the insurance contract is 5, 10 and 15 years and
periodic annual premiums. Mortality rates are calculated
using the Indonesian Death Table (TMI 2011) issued by
the Indonesian Life Insurance Association (AAJI) for
every male and female. The upper and lower limits'
premium values are calculated using numerical and
Monte Carlo methods, using R software.

3. RESULTS AND DISCUSSION

Floor Premium

Six larger stocks in portfolio stock used as an
investment instrument in unit-linked insurance are the
BBCA 11.72%, BBRI 8.29%, HMSP 7.66%, and
TLKM 7.54%, ASCII 6.54%, and BMRI 6.48%.

In calculating the floor limit premium unit-linked
insurance with a minimum guarantee that uses
numerical and Monte Carlo methods, the author uses an
error value of 0.005. After calculating with numerical
methods in equations (5), (6), and (7), get the results of
the floor limit unit link insurance premium with a
minimum guarantee.
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Figure 1. Graph of the floor limit of premiums for men
and the 5-year period.
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Figure 2 Graph of the floor limit of premiums for men
and the 10-year period.
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Figure 3. Graph of the floor limit of premiums for men
and the 15-year period.

From the graph above fig. 1., fig. 2., and fig. 3.,
besides being influenced by the gender of the insured,
the initial age of the insured when entering the insurance
policy, the duration of the contract, and the amount of
the minimum guarantee, the premium floor limit is also
influenced by the large proportion of investment from
premium (). The greater the proportion of investment
from premiums (&), the floor the premium value
greater. The smaller the proportion of investment from
premiums (a}, the floor the premium value smaller.

Caps Premium

The process of calculating the caps limit premium
unit-linked insurance with a minimum guarantee is the
same as the floor limit. Only what applies to this case
uses the »; (k) = 1 coefficient.
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Figure 4. Graph of the caps limit of premiums for men
and the 5-year period.
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Figure 5. Graph of the caps limit of premiums for men
and the 10-year period.
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Fugure 6. Graph of the caps limit of premiums for men
and the 15-year period.

From the graph above on fig. 4., fig. 5., and fig. 6.,
same as the floor limit premium value, the premium
caps limit is also influenced by the large proportion of
investment from premium {a). The difference is the
greater the proportion of investment from premiums
{a), the caps the premium value smaller. The smaller
the proportion of investment from premiums {a), the
caps the premium value greater. So the smaller the
proportion of investment from premiums, the wider the
interval of premium prices. Conversely, the greater the
proportion of investment from premiums, the narrower
the premium price interval.

4. CONCLUSIONS

From the calculation of the caps and floor limit of
unit-linked insurance premiums with a minimum
guarantee, the authors conclude that the distance of the
premium price from the caps limit of the premium to the
floor premium limit is influenced by the large
proportion of investment from premiums (a)}. The
smaller the proportion of investment from premiums,
the wider the interval of premium prices. Conversely,
the greater the proportion of investment from premiums,
the narrower the premium price interval at PT ABC life
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insurance company. Besides being influenced by the
large proportion of investment from premiums, it is also
influenced by age, gender, and contract length.

The difference in premiums influenced by gender is
caused by the mortality value of each gender. In the
mortality table, men are less likely to live than women
at the same age, so male premiums are more expensive.
The difference in premiums influenced by age is caused
by the mortality value of each age. The mortality table
shows that young people can live for the next year
greater than old age so that premiums for young people
are cheaper. The difference in premiums is influenced
by the length of the insurance contract. The longer the
insurance contract, the cheaper the premium for the
minimum fixed-guarantee value.

Suppose the insured or insurance company wants the
investment proportion of the premium to be small. In
that case, this means the opportunity for the total
investment value exceeds the minimum guarantee at the
end of the contract so that the life insurance company
can provide caps premiums to the insured for unit-
linked insurance products with a minimum guarantee.
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