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ABSTRACT 

Article History: 
Combined life insurance is a type of insurance that protects two or more people who are 

related by family and is divided into two, namely joint-life life insurance and last-survivor 

life insurance. The last survivor life insurance is a condition of life insurance that will 
continue if there is at least one of all insurance participants who is still alive and will stop 

if all insurance participants die. The insurance company has to pay the benefit to the heirs 

of the insurance participant. When a claim occurs, the insurance company must prepare the 

reserve fee. The purpose of this research is to determine the amount of premium reserve of 
endowment last-survivor life insurance using prospective reserve and full preliminary term 

reserve. Full preliminary term reserve is one of the modified premium reserve calculations 

from Zillmer Reserve. To determine prospective reserve and full preliminary term reserve 

using the initial life annuity, single premium, and annual premium. Whereas the initial life 
annuity is influenced by the combined life and death opportunity of the insurance 

participants. Furthermore, the combined life and death opportunity of insurance 

participants will be obtained from Clayton copula and to obtain the parameter of Clayton 
copula, Rstudio software is used. Based on the result, the value of prospective reserves and 

full preliminary term reserves has increased every year and prospective reserves produce a 

greater value than full preliminary term reserves. If the insurance company uses this reserve 

calculation, the reserve that the company must prepare will increase every year. This is 
useful for insurance companies in predicting the amount of reserves they must have. 
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1. INTRODUCTION 

Humans cannot predict what will happen in their lives. Many risks can occur as humans live their lives. 

One thing that can minimize the impact of these risks is to take part in a life insurance program. Life insurance 

itself is an insurance program that provides a certain amount of money to the policyholder or heirs upon the 

policyholder's death or survival specified due date [7]. Endowment life insurance with last survivor status is 

a type of combined life insurance where premium payments are made until the last death of the insurance 

participant and payment of the benefit by the company is made after the death of the last insurance participant 

[3].  

When someone has signed an insurance policy, he or she should pay a certain amount of money to the 

insurance company which is called a premium. The premium will later be used to pay the insurance money 

to the heirs of the insurance participants if a claim occurs. When a claim occurs by an insurance participant, 

the insurance company must prepare reserve costs. Reserves have an important role for insurance companies 

because they can prevent insurance companies from having difficulty paying benefits to heirs or preventing 

losses. The reserve itself is the amount of money available to the company during the coverage period [9]. 

One of the reserve calculations that can be used is prospective reserves, the calculation of which is based on 

the present value of the total expenditure in the future and then reduced by the present value of total income 

in the future [9]. 

Insurance companies need to consider the inclusion of their operating costs such as closing costs, 

renewal fees, and claim fees. In the first year of the policy, quite large costs are required for various purposes 

such as costs when closing life insurance, including the insurance officer’s provision costs, policy costs, 

medical examinations, and others [11]. Modification of the premium reserve calculation must be done to 

avoid losses. One way is using full preliminary term reserve calculations which is a modification of the 

Zillmer reserve calculation by assuming the policy is valid for one year only so that the premium in the first 

year is only enough to cover the first year's loading costs [21]. In calculating the reserve value, it is necessary 

to know the value of the premium and life annuity which is influenced by the life and death opportunity of 

insurance participants [14]. In determining the combined life opportunity and the combined death opportunity 

in endowment last-survivor life insurance, Clayton copula is used, which was introduced by Clayton in 1978 

[5]. 

Research regarding the calculation of premiums and premium reserves for endowment last-survivor 

life insurance has been carried out by various researchers such as the calculation of premiums and benefit 

reserves using the Gamma-Gompertz Mortality Law for last survivor status [23]. Hasriati et al. [11] in their 

research, discussed calculating single premium and annual premium for endowment last-survivor life 

insurance using the Pareto distribution and can know that if participants join in one policy, so they pay less 

premium. Besides that, the calculation of life insurance premiums can not only be calculated using 

the Gamma-Gompertz Mortality Law or Pareto distribution but can also use another distribution. Hasriati et. 

al., [13] in their research used Makeham Law to calculate premiums on endowment life insurance for joint 

life and last survivor status. 

Okativan et al. [21] in their research discussed the comparison of prospective reserves, Zillmer 

reserves, full preliminary term reserves, and premium sufficiency reserves on individual life insurance or 

single status. It was found that in the first year, prospective reserves produced the highest value. In another 

case, Setianingsih et al. [24] in their research comparing prospective reserve and modification prospective 

reserve using the Zillmer method for men aged 48 and women aged 69. Moreover, prospective reserve 

calculations can also be determined on combined status. Hasriati et al. [12] in their research determined 

prospective reserves on endowment life insurance for joint life status and last survivor status and used 

Gompertz’s Law to determine the probability of life and death. 

Bintoro and Sudding [2] in their research calculated New Jersey and full preliminary term reserve on 

endowment life insurance for male and female insurance participants using the Indonesian Mortality Table 

2019. In other research, Ramadani et al. [22] calculated full preliminary terms using Gompertz Law and 

without Gompertz Law. Meanwhile, Tarigas et. al., [25] in their research calculated full preliminary term 

reserve and premium sufficiency reserve for male insurance participants aged 30 years and a coverage period 

of 25 years.  

The distribution function can be used to determine a person's probability of survival and chance of 

death. Copula is one method that can be used for combined insurance cases. Several researchers have used 
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copulas in actuarial science, such as Erawati and Subhan [8] in their research using GFGM Type II copula in 

determining term life insurance premiums for last survivor status. Meanwhile, Lestari and Dzakiya [17] in 

their research compare the calculation of life insurance premiums for joint life status using Frank copula, 

Clayton copula, Gumbel copula, and without using copula. Clayton copula itself is a type of copula that is 

quite often used not only in the field of actuarial science but also in other fields of science. 

The research and application of the Clayton copula have been widely discussed by several researchers. 

Among them is the application of the Clayton copula to identify the dependency structure of the Covid-19 

outbreak and the average temperature in Jakarta which was discussed by Novianti et al. [19], application of 

the Clayton copula in the world of investment to determine portfolio-optimization by Darabi and Baghban 

[6], and estimate the Clayton copula parameters using the Kendall’s tau 𝜏 correlation [20]. Besides that, the 

Clayton copula is also one of the considerations in modeling dependence on wind power in Karakas's research 

[15].  

Based on the background that has been developed and the references cited, this research aims to 

determine premium reserves for last survivor endowment life insurance. In determining premium reserves, 

the prospective reserve method and full preliminary term reserves are used. The combined probability of life 

and probability of death are determined by using the Clayton copula. 

 

2. RESEARCH METHODS 

This research used a qualitative method based on relevant literature studies and journals. This section 

will discuss statistical and actuarial theories used to analyze the problems such as the last survivor survival 

function and Clayton copula. 

2.1 Last Survivor Survival Function 

Determining the amount of premium for combined life insurance required survival function for 

combined status [3], which is obtained from the combination of survival function on individual status. A 

random variable 𝑋 is said to be a continuous random variable if there is a function 𝑓(𝑥) so that the cumulative 

distribution function can be expressed [26] 

𝐹(𝑥) = 𝑃(X ≤ 𝑥) = ∫ 𝑓(𝑡)
𝑥

−∞

𝑑𝑡 

Survival function of a continuous random variable 𝑋 is denoted by 𝑆(𝑥), i.e 

𝑆(𝑥) = 𝑃(X > 𝑥), 
𝑆(𝑥) = 1 −  𝑃(X ≤ 𝑥) 

The relationship between the survival function and distribution function can be obtained as follows. 

𝑆(𝑥) = 1 − 𝐹(𝑥) (1) 

Suppose that 𝑇(𝑥) is a continuous random variable that represents the remaining age of a person who 

is 𝑥 years old. The distribution function of variable 𝑇(𝑥) is 

𝐹𝑇(𝑥)(𝑡) = 𝑃(𝑇(𝑥) ≤ 𝑡), 𝑡 ≥ 0 

In actuarial science, the distribution function represents someone’s probability of death, and 

the survival function represents someone’s probability of life. Distribution function 𝐹𝑇(𝑥)(𝑡) represents 

the probability that someone who aged 𝑥 will die within a period of 𝑡 years (𝑡 ≥ 0) and denoted by 𝑞𝑥𝑡 , i.e., 

𝑞𝑥𝑡 = 𝑃(𝑇(𝑥) ≤ 𝑡), 

𝐹𝑇(𝑥)(𝑡) = 𝑞𝑥𝑡  (2) 

Survival function of a continuous random variable 𝑇(𝑥) is 𝑆𝑇(𝑥)(𝑡) which represents the probability 

that someone aged 𝑥 years can survive for a period 𝑡 years (𝑡 ≥ 0), denoted by 𝑝𝑥𝑡  i.e., 

𝑆𝑇(𝑥)(𝑡) = 𝑃(𝑇(𝑥) > 𝑡), 
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𝑆𝑇(𝑥)(𝑡) = 𝑝𝑥𝑡 (3) 

Based on Equation (𝟏), Equation (𝟐), and Equation (𝟑) can be obtained a relationship between 

the probability of life 𝑝𝑥𝑡  and probability of death 𝑞𝑥𝑡  for life insurance who is 𝑥 years old as follows 

𝑝𝑥𝑡 = 1 − 𝑞𝑥𝑡 (4) 

Next, will be discussed the probability of life and the probability of death for two insurance participants 

aged 𝑥 and 𝑦 years for the last survivor status. Suppose that 𝑇(𝑥) is a continuous random variable that 

represents the remaining age of a person who is 𝑥 years old and 𝑇(𝑦) is a continuous random variable that 

represents the remaining age of a person who is 𝑦 years. Continuous random variable last-survivor life 

insurance denoted by 𝑇(𝑥𝑦̅̅ ̅) = max[𝑇(𝑥), 𝑇(𝑦)] and its distributive function [3], [4], namely 

𝐹𝑇(𝑥𝑦̅̅ ̅̅ )(𝑡) = 𝑃(max[𝑇(𝑥), 𝑇(𝑦)] ≤ 𝑡) 

= 𝑃(𝑇(𝑥) ≤ 𝑡 and 𝑇(𝑦) ≤ 𝑡) 
𝐹𝑇(𝑥𝑦̅̅ ̅̅ )(𝑡) = 𝑃(𝑇(𝑥) ≤ 𝑡) ∙ 𝑃(𝑇(𝑦) ≤ 𝑡) 

Based on Equation (𝟐), we can obtain the probability of death for the last survivor status as 

𝑞𝑥𝑦̅̅ ̅̅𝑡 = 𝑞𝑥𝑡 ∙ 𝑞𝑦𝑡  

Based on Equation (𝟒), then 

1 − 𝑝𝑥𝑦̅̅ ̅̅𝑡 = (1 − 𝑝𝑥𝑡 )(1 − 𝑝𝑦𝑡 ) 

1 − 𝑝𝑥𝑦̅̅ ̅̅𝑡 = 1 − 𝑝𝑥𝑡 − 𝑝𝑦𝑡 + 𝑝𝑥𝑡 ∙ 𝑝𝑦𝑡  

1 − 𝑝𝑥𝑦̅̅ ̅̅𝑡 = 1 − ( 𝑝𝑥𝑡 + 𝑝𝑦𝑡 − 𝑝𝑥𝑡 ∙ 𝑝𝑦𝑡 ) 

So, the probability of life of last-survivor life insurance and its relationship with the probability of life for 

joint-life life insurance can be obtained as follows: 

𝑝𝑥𝑦̅̅ ̅̅𝑡 = 𝑝𝑥𝑡 + 𝑝𝑦𝑡 − 𝑝𝑥𝑦𝑡 (5) 

2.2 Clayton Copula 

One class of copula that is well-known and often used in finance, insurance, and risk management is 

the Archimedean copula. The Archimedean copula function is expressed as follows: 

𝐶(𝑢1, 𝑢2, … , 𝑢𝑗) = 𝜙
−1 (𝜙(𝑢1) + 𝜙(𝑢2) + ⋯+ 𝜙(𝑢𝑗)) (6)

where 𝜙 is generator function for copula, 𝐶 is the copula, 𝑢1, … , 𝑢𝑗 is the random variable, and 𝑗 is the number 

of random variables where 𝑗 is a natural number described in [1], [5], and [18].  

Clayton copula was introduced for the first time by Clayton in 1978 [5] and belongs to the 

Archimedean copula family. The generator function of Clayton copula is described in [1], [5], [15], [18], that 

is 

𝜙(𝑢) =
1

𝜃
(𝑢−𝜃 − 1), 

where 𝜃 is the parameter and 𝜃 > 0. The inverse of Clayton copula’s generator function as follows: 

𝜙−1(𝑢) = (𝜃𝑢 + 1)−
1
𝜃 (7) 

By using Equation (𝟔) for 𝑗 = 2 and Equation (𝟕), Clayton copula function can be obtained as follows: 

𝐶(𝑢1, 𝑢2) = 𝜙
−1(𝜙(𝑢1) + 𝜙(𝑢2)) 

= (𝜃(𝜙(𝑢1) + 𝜙(𝑢2)) + 1)
−
1
𝜃  

= (𝜃((
1

𝜃
(𝑢1
−𝜃 − 1)) + (

1

𝜃
(𝑢2
−𝜃 − 1))) + 1)

−
1
𝜃

 

= (𝜃 (
1

𝜃
(𝑢1
−𝜃 + 𝑢2

−𝜃 − 2)) + 1)

−
1
𝜃

, 

𝐶(𝑢1, 𝑢2) = (𝑢1
−𝜃 + 𝑢2

−𝜃 − 1)
−
1
𝜃 (8) 
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If 𝑢1 taken as 𝐹𝑇(𝑥)(𝑡) and 𝑢2 taken as 𝐹𝑇(𝑦)(𝑡), then Equation (𝟖) can be written as 

𝐶(𝐹𝑇(𝑥)(𝑡) , 𝐹𝑇(𝑦)(𝑡) ) = (𝐹𝑇(𝑥)(𝑡)
−𝜃 + 𝐹𝑇(𝑦)(𝑡)

−𝜃 − 1)
−
1
𝜃 (9) 

Combined survival function using copula for random variables 𝐴 and 𝐵 can be expressed as [5], [18] 

𝑆𝐴,𝐵(𝑎, 𝑏) = 𝑆𝐴(𝑎) + 𝑆𝐵(𝑏) − 1 + 𝐶(1 − 𝑆𝐴(𝑎), 1 − 𝑆𝐵(𝑏)) (10) 

Based on Equation (𝟏𝟎), can be obtained combined survival function using copula for continuous 

variables 𝑇(𝑥) and 𝑇(𝑦) as follows 

𝑆𝑇(𝑥)𝑇(𝑦)(𝑡, 𝑡) = 𝑆𝑇(𝑥)(𝑡) + 𝑆𝑇(𝑦)(𝑡) − 1 + 𝐶 (1 − 𝑆𝑇(𝑥)(𝑡), 1 − 𝑆𝑇(𝑦)(𝑡)). 

By relationship on Equation (𝟏) can be written as 

𝑆𝑇(𝑥)𝑇(𝑦)(𝑡, 𝑡) = 𝑆𝑇(𝑥)(𝑡) + 𝑆𝑇(𝑦)(𝑡) − 1 + 𝐶 (𝐹𝑇(𝑥)(𝑡), 𝐹𝑇(𝑦)(𝑡)) (11) 

Then by substituting the Equation (𝟗) into Equation (𝟏𝟏) we obtained a combined survival function 

Clayton copula namely 

𝑆𝑇(𝑥)𝑇(𝑦)(𝑡, 𝑡) = 𝑆𝑇(𝑥)(𝑡) + 𝑆𝑇(𝑦)(𝑡) − 1 + (𝐹𝑇(𝑥)(𝑡)
−𝜃 + 𝐹𝑇(𝑦)(𝑡)

−𝜃 − 1)
−
1
𝜃 (12) 

Function 𝑆𝑇(𝑥)𝑇(𝑦)(𝑡, 𝑡) represents the combined probability of life for joint life insurance and 

is denoted by 𝑝𝑥𝑦𝑡 . Then based on the Equation (𝟐) and Equation (𝟑), Equation (𝟏𝟐) can be written as 

𝑝𝑥𝑦𝑡 = 𝑝𝑥𝑡 + 𝑝𝑦𝑡 − 1 + ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃

(13) 

Next by substituting Equation (𝟏𝟐) into Equation (𝟓) can be obtained probability of life for last-

survivor life insurance using Clayton copula, namely 

𝑝𝑥𝑦̅̅̅̅𝑡 = 1 − ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃

(14) 

and based on the Equation (𝟒) and Equation (𝟏𝟒) we obtained the probability of death for last-survivor life 

insurance using Clayton copula, namely 

𝑞𝑥𝑦̅̅ ̅̅𝑡 = ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃
 (15) 

 

2.3 Life Annuity and Premium Endowment Last-Survivor Life Insurance 

An annuity is a sustainable series of payments in a certain amount within a certain period as long as 

the insurance participant is still alive [16] and annuity payments that are influenced by the insurance 

participant’s probability of life are called life annuity [9]. In an initial life annuity, the first payment is made 

at the time of signature of the policy, and the last payment at 𝑛 − 1 period. In determining initial life annuity 

is strongly influenced by the interest rate and discount factor. There is a function called discount factors, that 

is  

𝑣 =
1

1 + 𝑖
, 

where 𝑖 is the interest. Apart from that, there is a function called the discount rate can be expressed [9] 

𝑑 = 1 − 𝑣. 
The cash value of term initial life annuity last survivor for two insurance participants aged 𝑥 years and 

𝑦 years with 𝑛 years coverage period is denoted by �̈�𝑥𝑦:𝑛|, which is influenced by a discount factor 𝑣 and 

probability of life of the last survivor's life insurance 𝑝𝑥𝑦̅̅ ̅̅𝑡  , namely [10] 

�̈�𝑥𝑦:𝑛| = 𝑣
0 𝑝𝑥𝑦0 + 𝑣1 𝑝𝑥𝑦1 + 𝑣2 𝑝𝑥𝑦2 +⋯+ 𝑣𝑛−1 𝑝𝑥𝑦𝑛−1   

�̈�𝑥𝑦:𝑛| = ∑𝑣𝑡
𝑛−1

𝑡=0

𝑝𝑥𝑦𝑡 .  (16) 

In life insurance, the premium amount depends on the benefit received in the future.  A premium is a 

series of payments with a certain amount made by an insurance participant to the insurance company over a 
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predetermined time. Endowment life insurance is a combination of pure endowment insurance and term life 

insurance. Therefore, the premium for endowment last-survivor life insurance is the sum of the single 

premium for pure endowment last-survivor life insurance and the premium for term last-survivor life 

insurance. The single premium of endowment last-survivor life insurance can be expressed as [12], [13] 

𝐴𝑥𝑦:𝑛| = 𝐴𝑥𝑦:𝑛|
       1 + 𝐴𝑥𝑦:𝑛|

 1 . 

It can be rewritten as 

𝐴𝑥𝑦:𝑛| = ∑𝑣𝑡+1 𝑞𝑥𝑦̅̅ ̅̅𝑡|

𝑛−1

𝑡=0

+ 𝑅𝑣𝑛 𝑝𝑥𝑦̅̅ ̅̅𝑛  

= ∑𝑣𝑡+1( 𝑝𝑥𝑦̅̅̅̅𝑡 − 𝑝𝑥𝑦̅̅ ̅̅𝑡+1 )

𝑛−1

𝑡=0

+ 𝑅𝑣𝑛 𝑝𝑥𝑦̅̅ ̅̅𝑛  

= 𝑣∑𝑣𝑡 𝑝𝑥𝑦̅̅̅̅𝑡

𝑛−1

𝑡=0

− (∑𝑣𝑡 𝑝𝑥𝑦̅̅ ̅̅𝑡

𝑛−1

𝑡=0

+ 𝑣𝑛 𝑝𝑥𝑦̅̅̅̅𝑛 − 1) + 𝑣𝑛 𝑝𝑥𝑦̅̅ ̅̅𝑛  

= 𝑣∑𝑣𝑡 𝑝𝑥𝑦̅̅̅̅𝑡

𝑛−1

𝑡=0

−∑𝑣𝑡 𝑝𝑥𝑦̅̅ ̅̅𝑡

𝑛−1

𝑡=0

+ 1 

= 1 − (1 − 𝑣)∑ 𝑣𝑡 𝑝𝑥𝑦̅̅ ̅̅𝑡

𝑛−1

𝑡=0

, 

𝐴𝑥𝑦:𝑛| = 1 − 𝑑�̈�𝑥𝑦:𝑛|, 

where 𝑑 is the discount rate and �̈�𝑥𝑦:𝑛| is term initial life annuity last survivor. If 𝑅 is the benefit that is paid 

at the end of the policy year, then a single premium for endowment last-survivor life insurance is obtained, 

namely 

𝐴𝑥𝑦:𝑛| = 𝑅(1 − 𝑑�̈�𝑥𝑦:𝑛|) (17) 

The annual premium is a premium paid at the beginning of each year and the amount can be the same 

or change every year [9]. The annual premium of endowment last-survivor life insurance with 𝑛 years 

coverage period and 𝑚 times the payment and also the benefit of 𝑅 are denoted by 𝑃𝑥𝑦:𝑛|𝑚  can be expressed 

as 

𝑃𝑥𝑦:𝑛|𝑚 = 𝑅
𝐴𝑥𝑦:𝑛|

�̈�𝑥𝑦:𝑚|
 (18) 

 

3. RESULTS AND DISCUSSION 

3.1 Life Annuity and Premium Endowment Last-Survivor Life Insurance Using Clayton Copula 

Term initial life annuity last survivor using Clayton copula can be obtained by substituting Equation 

(𝟏𝟒) into Equation (𝟏𝟔), namely 

�̈�𝑥𝑦:𝑛| = ∑𝑣𝑡 (1 − ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃
)

𝑛−1

𝑡=0

(19) 

The single premium for endowment last-survivor life insurance with 𝑛 years coverage period and the 

benefit of 𝑅 using Clayton copula can be obtained by substituting Equation (𝟏𝟗) into Equation (𝟏𝟕) as 

follows: 

𝐴𝑥𝑦:𝑛| = 𝑅 (1 − 𝑑∑𝑣𝑡 (1 − ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃
)

𝑛−1

𝑡=0

) (20) 
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Based on Equation (𝟏𝟗) and by substituting the Equation (𝟐𝟎) into Equation (𝟏𝟖) we can obtain 

the annual premium of endowment last-survivor life insurance with 𝑛 years coverage period and 𝑚 times the 

payment and also the benefit of 𝑅 using Clayton copula as follows: 

𝑃𝑥𝑦:𝑛|𝑚 =

𝑅 (1 − 𝑑 ∑ 𝑣𝑡 (1 − ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃
)𝑛−1

𝑡=0 )

∑ 𝑣𝑡 (1 − ( 𝑞𝑥𝑡

−𝜃
+ 𝑞𝑦𝑡

−𝜃
− 1)

−
1
𝜃
)𝑚−1

𝑡=0

(21) 

 

3.2 Prospective Reserve on Endowment Last-Survivor Life Insurance Using Clayton Copula 

In endowment last-survivor life insurance, the calculation of prospective reserve can be expressed in 

three cases [9], [12] 

(i) Both insurance participants alive until the end of the policy year 

(ii) Insurance participant aged 𝑥 years died and insurance participant 𝑦 years alive 

(iii) Insurance participant aged 𝑥 years alive and insurance participant 𝑦 years died. 

In this research will be discussed if both insurance participants live until the end of the year policy. 

Prospective reserve on endowment last survivor life if both insurance participants live until the end of the 

year policy can be expressed [9] 

𝑉𝑥𝑦:𝑛|𝑡
𝑚 = 𝐴𝑥+𝑡,𝑦+𝑡:𝑛−𝑡|−𝑚𝑃𝑥𝑦:𝑛|�̈�𝑥+𝑡,𝑦+𝑡:𝑚−𝑡| (22) 

Based on Equation (𝟏𝟗), Equation (𝟐𝟎), and Equation (𝟐𝟏) for insurance participants aged (𝑥 + 𝑡) 
and (𝑦 + 𝑡) years with (𝑛 − 𝑡) years coverage period and 𝑚 times the payment premium can be obtained 

prospective reserve of endowment last-survivor life insurance in Equation (𝟐𝟐) using Clayton Copula as 

𝑉𝑥𝑦:𝑛|𝑡
𝑚 = 𝑅(1 − 𝑑 ∑ 𝑣𝑘 (1 − ( 𝑞𝑥+𝑡𝑘

−𝜃
+ 𝑞𝑦+𝑡𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑛−𝑡)−1

𝑘=0

) 

−

(

  
 
𝑅 (1 − 𝑑 ∑ 𝑣𝑘 (1 − ( 𝑞𝑥𝑘

−𝜃
+ 𝑞𝑦𝑘

−𝜃
− 1)

−
1
𝜃
)𝑛−1

𝑘=0 )

∑ 𝑣𝑘 (1 − ( 𝑞𝑥𝑘

−𝜃
+ 𝑞𝑦𝑘

−𝜃
− 1)

−
1
𝜃
)𝑚−1

𝑘=0
)

  
 

 

( ∑ 𝑣𝑘 (1 − ( 𝑞𝑥+𝑡𝑘

−𝜃
+ 𝑞𝑦+𝑡𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑚−𝑡)−1

𝑘=0

) 

 

3.3 Full Preliminary Term Reserve on Endowment Last-Survivor Life Insurance Using Clayton 

Copula 

Full preliminary reserves are a modification of Zillmer's reserve calculation. The premium in the first 

year is only enough to cover the first year's loading costs, or in other words, the reserve in the first year is 

zero [21]. As previously mentioned, the full preliminary reserve is a modification of the Zillmer reserve by 

assuming 𝑡 = 1 the value of the Zillmer reserve is zero. This is done to avoid a negative reserve value [10]. 

Zillmer reserve for individual life insurance or single status can be expressed [21] 

𝑉
𝑥:𝑛|

(𝑧)
𝑡
𝑚 = 𝐴𝑥+𝑡:𝑛−𝑡| − ( 𝑃𝑥:𝑛|𝑚 +

𝛼

�̈�𝑥:𝑚|
) �̈�𝑥+𝑡:𝑚−𝑡|, 

then, Zillmer reserves on endowment last-survivor life insurance if both insurance participants live until the 

end of the policy year is 
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𝑉𝑥𝑦:𝑛|
(𝑧)

𝑡
𝑚 = 𝐴𝑥+𝑡,𝑦+𝑡:𝑛−𝑡| − ( 𝑃𝑥𝑦:𝑛|𝑚 +

𝛼

�̈�𝑥𝑦:𝑚|
) �̈�𝑥+𝑡,𝑦+𝑡:𝑚−𝑡| (23) 

For 𝑡 = 1, in Equation (𝟐𝟑) it is assumed to be zero, 𝑉
𝑥𝑦:𝑛|

(𝑧)
1
𝑚 = 0, then can be obtained 𝛼 is 

0 = 𝐴𝑥+1,𝑦+1:𝑛−1| − ( 𝑃𝑥𝑦:𝑛|𝑚 +
𝛼

�̈�𝑥𝑦:𝑚|
) �̈�𝑥+𝑡,𝑦+𝑡:𝑚−1|, 

𝛼 = (
𝐴𝑥+1,𝑦+1:𝑛−1|

�̈�𝑥+𝑡,𝑦+𝑡:𝑚−1|
− 𝑃𝑥𝑦:𝑛|𝑚 ) �̈�𝑥𝑦:𝑚|, 

𝛼 = ( 𝑃𝑥𝑦:𝑛−1|𝑚−1 − 𝑃𝑥𝑦:𝑛|𝑚 )�̈�𝑥𝑦:𝑚| (24) 

Next, by substituting the 𝛼 in Equation (𝟐𝟒) into Equation (𝟐𝟑), can be obtained full preliminary 

term on endowment last-survivor life insurance which is denoted by 𝑉
𝑥𝑦:𝑛|

(𝐹)
𝑡
𝑚  as follows [10]: 

𝑉𝑥𝑦:𝑛|
(𝐹)

𝑡
𝑚 = 𝐴𝑥+𝑡,𝑦+𝑡:𝑛−𝑡| − ( 𝑃𝑥𝑦:𝑛|𝑚 +

( 𝑃𝑥𝑦:𝑛−1|𝑚−1 − 𝑃𝑥𝑦:𝑛|𝑚 )�̈�𝑥𝑦:𝑚|

�̈�𝑥𝑦:𝑚|
) �̈�𝑥+𝑡,𝑦+𝑡:𝑚−𝑡| 

𝑉
𝑥𝑦:𝑛|
(𝐹)

𝑡
𝑚 = 𝐴𝑥+𝑡,𝑦+𝑡:𝑛−𝑡| − 𝑃𝑥𝑦:𝑛−1|𝑚−1 ∙ �̈�𝑥+𝑡,𝑦+𝑡:𝑚−𝑡| (25) 

Based on Equation (𝟏𝟗), Equation (𝟐𝟎), and Equation (𝟐𝟏) for insurance participants aged (𝑥 + 𝑡) and 
(𝑦 + 𝑡) years with (𝑛 − 𝑡) years coverage period and 𝑚 times the payment premium can be obtained full 

preliminary term reserve of endowment last-survivor life insurance in Equation (𝟐𝟓) using Clayton copula 

as 

𝑉𝑥𝑦:𝑛|
(𝐹)

𝑡
𝑚 = 𝑅(1 − 𝑑 ∑ 𝑣𝑘 (1 − ( 𝑞𝑥+𝑡𝑘

−𝜃
+ 𝑞𝑦+𝑡𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑛−𝑡)−1

𝑘=0

) 

−

(

  
 
𝑅 (1 − 𝑑 ∑ 𝑣𝑘 (1 − ( 𝑞𝑥𝑘

−𝜃
+ 𝑞𝑦𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑛−1)−1
𝑘=0 )

∑ 𝑣𝑘 (1 − ( 𝑞𝑥𝑘

−𝜃
+ 𝑞𝑦𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑛−1)−1
𝑘=0

)

  
 

 

( ∑ 𝑣𝑘 (1 − ( 𝑞𝑥+𝑡𝑘

−𝜃
+ 𝑞𝑦+𝑡𝑘

−𝜃
− 1)

−
1
𝜃
)

(𝑚−𝑡)−1

𝑘=0

) 

As an example, A husband and wife who are 35 years old and 33 years old respectively take part in 

the last-survivor endowment life insurance program with a coverage period of 20 years. If the benefit received 

by the heirs is Rp150,000,000, the applicable interest rate is 5%, and the premium payment period is 15 

years, then determine the following cases if both insurance participants live until the end of the policy year: 

(i) Prospective reserve 

(ii) Full preliminary term reserve 

Using the package VineCopula in the Rstudio software, the combined probability of death for 

insurance participants aged 35 years and 33 years based on the Indonesian Mortality Table IV (2019) 

obtained a parameter value is 𝜃 = 28. 

 

Table 1. Prospective and Full Preliminary Term Reserve of Last-Survivor Endowment Life Insurance 

𝒕th year 
Prospective 

Reserve 

Full Preliminary 

Term Reserve 

1 Rp 5.461.129 Rp 0 

2 Rp 11.192.328 Rp 6.009.257 
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𝒕th year 
Prospective 

Reserve 

Full Preliminary 

Term Reserve 

3 Rp 17.206.570 Rp 12.315.382 

4 Rp 23.518.985 Rp 18.934.244 

5 Rp 30.144.329 Rp 25.881.336 

6 Rp 37.099.505 Rp 33.174.387 

7 Rp 44.401.294 Rp 40.831.014 

8 Rp 52.066.658 Rp 48.869.040 

9 Rp 60.115.799 Rp 57.309.658 

10 Rp 68.567.630 Rp 66.172.754 

11 Rp 77.445.138 Rp 75.482.445 

12 Rp 86.771.398 Rp 85.262.971 

13 Rp 96.570.916 Rp 95.540.090 

14 Rp 106.870.181 Rp 106.341.658 

The comparison of prospective reserves and the full preliminary term of the last survivor endowment 

life insurance in Table 1 can be illustrated in Figure 1 to see their differences. 

 

Figure 1. Prospective and Full Preliminary Term Reserve of Last-Survivor Endowment Life Insurance 

Table 1 and Figure 1 show the prospective reserves and full preliminary term of the last survivor 

endowment life insurance using Clayton copula. The value of prospective reserves and full preliminary term 

reserves has increased every year and has almost the same rate of increase as seen in Figure 1. However, the 

calculation of prospective reserves has a greater value than full preliminary term reserves for 𝑡 = 1 to 𝑡 =
10, so it can be seen quite a significant difference. As the period increases, prospective reserves and full 

preliminary term reserves have almost the same value, because in Figure 1 for 𝑡 = 11 to 𝑡 = 14 it can be 

seen that the lines overlap. However, calculating for 𝑡 = 11 to 𝑡 = 14, prospective reserves have a slightly 

larger value than full preliminary term reserves, this is shown in Table 1.  

Based on Table 1 and Figure 1, by using the Clayton copula in calculating premium reserves, the 

calculation of prospective reserves produces a greater value than full preliminary term reserves. When 

compared with other cases, Oktavian et. al., [21] in their research assuming a single insurance participant, 

prospective reserves have a greater value than full preliminary term reserves. This can happen because, in 

full preliminary term reserves, the reserve value in the first year is assumed to be zero. But in reality, the 

value of the first year's reserves is not always completely used up to cover operational costs. 

As the 𝑡 value increases the value of the reserves obtained increases. On the other hand, the age of 

insurance participants is also increasing. Increasing the age of insurance participants can increase the 

probability of death of the insurance participant. This can happen because as a person's age increases, the 

 Rp-

 Rp20.000.000

 Rp40.000.000

 Rp60.000.000

 Rp80.000.000

 Rp100.000.000

 Rp120.000.000

1 2 3 4 5 6 7 8 9 10 11 12 13 14

R
es

er
v
e

𝑡th Reserve Year

Prospective Reserve Full Preliminary Term Reserve



2488 Hasriati, et. al.    PROSPECTIVE RESERVE AND FULL PRELIMINARY TERM RESERVE ON ENDOWMENT…  

risks he or she will face also become greater, such as declining health. This is one of the reasons why the 

value of 𝑡 increases, and the premium reserve also increases. 

4. CONCLUSIONS 

Clayton copula can be used to model the inequalities of probability of life and probability of death for 

combined life insurance participants and can be used to determine the amount of premium reserves. One of 

the reserve calculations that is widely used is prospective reserves. Moreover, an alternative method for 

calculating premium reserves is the use of a full preliminary term reserve. The full preliminary term reserve 

itself is a modification of the Zillmer reserve by setting the value of the Zillmer reserve in the first year to 

zero. In this case, the Clayton copula is used to determine the probability of life and death, annuity, premiums, 

and also reserves for last survivor endowment life insurance. By using 𝜃 =  28, it is obtained that prospective 

reserves and preliminary term reserves increase every year. Also, prospective reserves with the Clayton 

copula produce a greater value than full preliminary term reserves. So, if the insurance company uses 

prospective reserve and full preliminary term reserve last-survivor life insurance using Clayton copula, the 

reserve that the company must prepare will increase every year. This is useful for insurance companies in 

predicting the amount of reserves they must have. 
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