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Abstract

Insurance aims to protect a person from financial losses that may occur due to an unexpected event. On the determination of
insurance premiums used mortality tables. However, on the mortality table contains only a round age. While an event cannot be
ascertained when it occurs, it could be at the beginning of the year, in the middle, or at the end of the year. Therefore, to
determine insurance premiums at an age that is not round, a mortality table that contains fractional age is needed. In this study,
the mortality table used is the 2019 Indonesian Mortality Table (IMT) issued by the Indonesian Actuary Association (IAA). The
methods used for determining fractional age mortality tables are the Uniform Distribution of Death (UDD) approach and the
Constant Force of Mortality (CF) approach. In this study, the results of the 2019 TMI calculation were obtained for fractional
ages with male and female genders using two approaches, hamely the UDD and CF approaches. In both sexes, the result was
obtained that the chance of death calculated using the UDD approach was smaller compared to the CF approach. The resulting
graph shows that the 2019 TMI death chances with the UDD and CF approaches did not show significant differences for both
men and women, so both approaches can be used to calculate the chance of death at the fractional age of TMI 2019.
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1. Introduction

Every human being is certain that no one can be certain what events will be experienced in the future, for example
being hit by a natural disaster, having an accident or dying. However, from the uncertainty that has been mentioned
humans can minimize the risk. One of them with insurance. Insurance aims to protect someone from financial losses
that may occur due to an unexpected event.

Related to insurance, each insurance participant must pay a premium to the insurance company. In determining the
amount of the premium used mortality table. The mortality table is a table that shows the probability that a member of
the population will die at each age.

There are two types of mortality tables, namely complete mortality tables and abridged mortality tables. A complete
mortality table is made complete and detailed by one year of age. Meanwhile, the concise mortality table covers all
ages but is not detailed according to one year, usually five or ten years. Because it is not certain when an event will
occur, it could be at the beginning of the year, in the middle, or at the end of the year, a fractional age mortality table
is needed. In calculating fractional age mortality tables, there are two approaches, namely the uniform distribution of
death (UDD) approach and the constant force of mortality (CF) approach, and the mortality table used is the complete
mortality table.

Studies related to the UDD approach have been carried out by Usta, (2016) which states that the results of
calculating the net single premium with the distribution with Frank's copula yields a lower value compared to the
calculation of the assumption of freedom for all beneficiary cases. In this study, the marginal distribution of husbands
and wives directly used the mortality values in the Indonesian Mortality Table IV 2019 where the mortality values at
non-integer ages were calculated using the assumption of a uniform distribution of death (UDD). Another study was
conducted by Boyden, (2003) which stated that the premium reserve calculation value using the Premium Sufficiency
method for age fractions continues to increase each period. In this study, the assumption of the Uniform Distribution
of Death (UDD) was used.
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Likewise, research related to the CF approach has been carried out by Barber (1995) which states that the value of
the reserves generated in the case of a man and a woman aged 23, 30 and 35 years, with a long insurance coverage
period of five years and a long premium payment period for five years, then interest rates are 4, 5 and 6% and the
amount of compensation to be received is IDR 30,000,000 for the first year of IDR 4,151,101 with the value of
reserves generated per month, for the first month in the first year of IDR 368,076, - and increasing every month and
every year during the coverage period, so that the reserve value is the same as the compensation received by the
insured when the period ends. This study analyzes the amount of premium reserves for endowment life insurance
using the Fackler method based on the Constant Force assumption using the 2019 Indonesian Mortality Table.
Another study was also conducted by Grant (2008) which stated that in determining the last survivor life insurance
premium, premiums must be determined in advance. individual life insura9nce and premiums for joint life insurance.
This study discusses the calculation of premiums using constant force assumptions. The main objective of this study
was to obtain a table of fractional age mortality and to compare the two approaches, namely the uniform distribution
of death (UDD) approach and the constant force of mortality (CF) approach (Preston & Coale, 1982).

2. Literature Review
2.1 Mortality Table

The mortality table is a tabular description of the probability of death for each member of the population in the
form of positive integers and zeros (Coale & Li, 1991). In its development, mortality tables are divided into two types,
namely complete mortality tables and summary mortality tables. According to (Burden & Winkler, 1999), a complete
mortality table or a complete mortality table or a complete mortality table is a table that is detailed according to one
year's age and a summary mortality table is a mortality table that includes all ages but not detailed according to one
year. Mortality tables are usually used by actuaries to calculate accurate premiums.

There are several symbols in the mortality table, the symbol L, represents the number of people living at the age of
x years. The symbol d, represents the number of people aged x years who die before reaching the age of x + 1
years:

dy = by = s 1)
The probability that a person aged x years will survive age x + 1 is denoted by x + 1 and is defined by:
b, = bt
Ly ()
The probability that a person aged x years will survive to age x + t years:
— et
th - L (3)
The probability that a person aged x years will die before reaching the age of x+1 years:
Gx =1—py 4)

Referring to equation (2), the g, value is obtained:
=1- lxi _lx_lx+1
qx - lx - lx
d 5
=T ®)

X

The probability that a person aged x years will die or before reaching the age of x+1 years:
. . tdx = 1 - tPx
Referring to equation (3), the value of ;q, is obtained
lx_+t _lx_lx+t

tdy =1 — =" ==—— (6)

Ly Ly
2.2 Approaches to Fractional Ages

According to (Jouini et al., 2008), the mortality table (life table) contains the chances of life and the probability of
death based on age, it can also be interpreted as the number of people who live and die from the age of 0 years to the
age limit where the number of people living at that age is 0 people.

In this section, we will discuss the mortality tables with fractional ages used using the UDD and CF approaches.

2.3 Uniform Distribution of Death (UDD) Approach

According to Friedler (1986), the UDD approach is the assumption used for fractional ages using linear
interpolation or the so-called uniform distribution of death assumptions, where P, is a linear function.
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(Goldstein & Lee, (2020) states that if d, is the number of people aged x years who died before reaching the age of
x + 1 year, then the UDD assumption will have t.d, up to time t years with 0 < t < 1 and [,, denotes the number of
people living in x years old. As a result, under the UDD assumption the number of people alive at age x + t years is:

e ~ L — t.d, )

Referring to equation (1), the value of L, is obtained:
lx+t = lx -t (lx - lx+1)
lx+t = lx - t. lx + t. lx+1

Leve = (1= t)lx_ + ol . . . ]
For the UDD assumption, the value of g, is obtained from the relationship L, ; then

lx lx_lx
tdx =1 — thzl_f:TH
Referring to equation (7), the value of .q, is obtained:
Q= lx_lx+t _ lx_(lx_t-dx) _ t.%=t.qx (8)
L L L

2.4 Constant Force of Mortality (CF) Approach

The CF approach is the assumption of constant acceleration which results in the Constant Force of Mortality x + 1
for 0 < t < 1. In other words:

Uxs1 = U for 0<t<1 9)
The CF assumption formula for g, is obtained

1
Qe =1—px=1- <exp <_f 'ux+tdt>>
0

Referring to equation (9) obtained:
1
1
Q= 1-— (exp <—J U dt)) =1- (exp (—,ut|0)) =1—exp(—u)(1-0)
0

Then the g, value is obtained:
Qe = 1—e7# (10)
Dx=e# (11)

Referring to equation (11) obtained:
tPe = exp((=p). 1)
Asaresult, ( P)Yt = exp ((—,u)t.%) = exp(—LW)
Then the CF assumption for the p, value is obtained:
px = ( th)l/t (12)

Referring to equation (12) the CF assumption is obtained:

(px)t =( th)t/t

(px)t: tPx

tqx =1— (px)t

3. Materials and Methods

The data used in this study is the g, value, which is the probability that a person at the age of x will die before
reaching his x + 1 birthday in the 2019 Indonesian Mortality Table (TMI). This study used Microsoft Excel software
as a supporting software for data processing.

The steps in constructing a mortality table for fractional ages are as follows.

1. Determine the mathematical equations needed to produce a mortality table for fractional ages assuming UDD
and CF.

2. Calculating the g, value based on the equation on the UDD and CF assumptions.

3. Make a mortality table for fractional age with the UDD and CF approach.

4. Making a graphical illustration for the mortality table using the UDD and CF approaches.
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4. Results and Discussion
4.1 Probability of Death with the UDD Approach

Probability of dying to construct a fractional age mortality table can be done using the UDD approach. Calculation
of the probability of dying with the UDD approach can be solved using the formula in equation (8). The calculation of
the 2019 TMI mortality probability for fractional ages using the UDD approach is as follows.

090 = qo = 0.00524
0190 = (0.1).q, = (0.1).0.00524 = 0.000524
0200 = (0.2).q0 = (0.2).0.00524 = 0.001048

08021 = (0.8).¢4; = (0.8).0.00193 = 0.001544
09Ga1 = (0.9).q4; = (0.9).0.00193 = 0.001737

0_9(1110 = (0'9)'q110 = (0.9). 0.59244 = 0.533196
09111 = G111 =1

The calculation above is a calculation of the probability of dying at TMI 2019 for the age fraction of the male sex,
the same thing is done to calculate the population age fraction for the female sex. The results of calculating the 2019
TMI mortality probability for fractional age using the UDD approach will then be displayed in the form of a fractional
mortality table.

4.2 Probability of Death with the CF Approach

The probability of dying to construct a fractional age mortality table can be calculated using the CF approach as in
equation (13). The calculation of the 2019 TMI mortality probability for fractional ages using the CF approach is as
follows.

090 = qo = 0.00524
0190 =1—(pe)** =1—(1-0.00524)%' = 0.000525
0200 =1— ()% =1—-(1-0.00524)%2 = 0.001050

08041 =1 — (p41)°®=1—-(1-0.00193)%8 = 0.001544
000a1 =1 — (p41)%° =1-(1-0.00193)%° = 0.001737

0111 = q111 =1

The calculation above is a calculation of the probability of dying at TMI 2019 for the age fraction of the male sex,
the same thing is done to calculate the population age fraction for the female sex. The results of the 2019 TMI
calculation for fractional age using the CF approach will then be displayed in the form of a fractional mortality table.

4.3 TMI 2019 Construction Results with the UUD and CF Approaches

The mortality table for fractional ages using the UDD and CF approaches based on the 2019 TMI can be seen in
the following Table 1.

Male
Table 1: 2019 TMI and its Adjustments
4k (TMI 2019) 0« (UDD) dx (CF) 0« (TMI 2019) g« (UDD) A« (CF)
Male Female
0 0.00524 0.00524 0.005240 0.00266 0.00266 0.002660
0.1 - 0.000524 0.000525 - 0.000266 0.000266
0.2 - 0.001048 0.001050 - 0.000532 0.000533
0.3 - 0.001572 0.001575 - 0.000798 0.000799
0.4 - 0.002096 0.002099 - 0.001064 0.001065
0.5 - 0.00262 0.002623 - 0.00133 0.001331
0.6 - 0.003144 0.003147 - 0.001596 0.001597
0.7 - 0.003668 0.003671 - 0.001862 0.001863
0.8 - 0.004192 0.004194 - 0.002128 0.002129

0.9 - 0.004716 0.004717 - 0.002394 0.002394
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1 0.00053 0.00053 0.000530 0.00041 0.00041 0.000410
11 - 0.000053 0.000053 - 0.000041 0.000041
1.2 - 0.000106 0.000106 - 0.000082 0.000082
13 - 0.000159 0.000159 - 0.000123 0.000123
14 - 0.000212 0.000212 - 0.000164 0.000164
1.5 - 0.000265 0.000265 - 0.000205 0.000205
1.6 - 0.000318 0.000318 - 0.000246 0.000246

110.8 - 0.473952 0.512299 - 0.469616 0.507118
110.9 - 0.533196 0.554167 - 0.528318 0.548834
111 1 1 1 1 1 1

4.4 Graphical Illustration for Mortality Tables

Graphical illustrations for the 2019 Indonesian Mortality Table using the UDD and CF approaches can be seen in
Figure 1, Figure 2, Figure 3, and Figure 4.

TMI 2019 Death Probability and UDD Approach for Men
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Figure 1: TMI 2019 Death Probability and UDD Approach for Men
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TMI 2019 Death Probability and CF Approach for Man
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Figure 2: TMI 2019 Death Probability and CF Approach for Men
TMI 2019 Death Probability and UDD Approach for Women
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Figure 3: TMI 2019 Death Probability and UDD Approach for Women
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Figure 4: TMI 2019 Death Probability and CF Approach for Women
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The four graphs above show relatively the same pattern. This shows that the 2019 TMI mortality probability with
the UDD and CF approaches does not show significant differences for both men and women, so that both approaches
can be used to calculate the probability of death at the 2019 TMI fractional age.

Figure 1 and Figure 2 provide graphs of the probability of dying at age x + t or livingtoage x + t with0 <t < 1
using the UDD and CF approaches at TMI 2019 for men. It can be seen that the probability of dying at age x + ¢t
using the UDD approach is smaller than the CF approach. Significant differences in the calculation of fractional age
with the UDD and CF approaches occur at the age of 101.1 to 110.9. This also happens in Figure 3 and Figure 4,
namely the graph of the probability of dying at age x + t with 0 < t < 1 using the UDD and CF approaches in the
2019 TMI for women. The graphs in Figure 3 and Figure 4 show that the probability of dying at age x + t using the
UDD approach is smaller than the CF approach.

5. Conclusions and Recommendations

The conclusion in this discussion is the result of calculating the probability of dying at age x + t or living to age
x + t with 0 < t < 1 using the UDD and CF approaches in TMI 2019. It can be seen from the calculation results and
graphic images that the probability of death in TMI 2019 with the UDD and CF approaches do not show significant
differences for both men and women, so that both approaches can be used to calculate the probability of death at the
age of the 2019 TMI fraction. In graphic images 1 and 2 of the 2019 TMI for men it states that the probability value
die at age x + t with 0 < t < 1 using the UDD approach is smaller than the CF approach. This also happened in the
calculation of graphs 3 and 4, namely the graph of the probability of dying at age x + t with 0 <t < 1 using the
UDD and CF approaches in the 2019 TMI for women.
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Appendix

TMI 2019 Construction with the UDD Approach

Table 2: 2019 TMI and Adjustments (Complete)

gx (TMI 2019) gy (UDD) gy (CF) gy (TMI 2019) gy (UDD) gx (CF)
X Male Female
0 0.00524 0.00524 0.005240 0.00266 0.00266 0.002660
0.1 - 0.000524 0.000525 - 0.000266 0.000266
0.2 - 0.001048 0.001050 - 0.000532 0.000533
0.3 - 0.001572 0.001575 - 0.000798 0.000799
0.4 - 0.002096 0.002099 - 0.001064 0.001065
0.5 - 0.00262 0.002623 - 0.00133 0.001331
0.6 - 0.003144 0.003147 - 0.001596 0.001597
0.7 - 0.003668 0.003671 - 0.001862 0.001863
0.8 - 0.004192 0.004194 - 0.002128 0.002129
0.9 - 0.004716 0.004717 - 0.002394 0.002394
1 0.00053 0.00053 0.000530 0.00041 0.00041 0.000410
11 - 0.000053 0.000053 - 0.000041 0.000041
1.2 - 0.000106 0.000106 - 0.000082 0.000082
1.3 - 0.000159 0.000159 - 0.000123 0.000123
1.4 - 0.000212 0.000212 - 0.000164 0.000164
15 - 0.000265 0.000265 - 0.000205 0.000205
1.6 - 0.000318 0.000318 - 0.000246 0.000246
1.7 - 0.000371 0.000371 - 0.000287 0.000287
1.8 - 0.000424 0.000424 - 0.000328 0.000328
1.9 - 0.000477 0.000477 - 0.000369 0.000369
2 0.00042 0.00042 0.000420 0.00031 0.00031 0.000310
2.1 - 0.000042 0.000042 - 0.000031 0.000031
2.2 - 0.000084 0.000084 - 0.000062 0.000062
2.3 - 0.000126 0.000126 - 0.000093 0.000093
2.4 - 0.000168 0.000168 - 0.000124 0.000124
25 - 0.00021 0.000210 - 0.000155 0.000155
2.6 - 0.000252 0.000252 - 0.000186 0.000186
2.7 - 0.000294 0.000294 - 0.000217 0.000217
2.8 - 0.000336 0.000336 - 0.000248 0.000248
2.9 - 0.000378 0.000378 - 0.000279 0.000279
3 0.00034 0.00034 0.000340 0.00024 0.00024 0.000240
3.1 - 0.000034 0.000034 - 0.000024 0.000024
32 - 0.000068 0.000068 - 0.000048 0.000048
33 - 0.000102 0.000102 - 0.000072 0.000072
3.4 - 0.000136 0.000136 - 0.000096 0.000096
35 - 0.00017 0.000170 - 0.00012 0.000120
36 - 0.000204 0.000204 - 0.000144 0.000144
37 - 0.000238 0.000238 - 0.000168 0.000168
3.8 - 0.000272 0.000272 - 0.000192 0.000192
39 - 0.000306 0.000306 - 0.000216 0.000216
4 0.00029 0.00029 0.000290 0.00021 0.00021 0.000210
4.1 - 0.000029 0.000029 - 0.000021 0.000021
4.2 - 0.000058 0.000058 - 0.000042 0.000042
43 - 0.000087 0.000087 - 0.000063 0.000063
44 - 0.000116 0.000116 - 0.000084 0.000084
45 - 0.000145 0.000145 - 0.000105 0.000105
46 - 0.000174 0.000174 - 0.000126 0.000126
47 - 0.000203 0.000203 - 0.000147 0.000147
4.8 - 0.000232 0.000232 - 0.000168 0.000168
49 - 0.000261 0.000261 - 0.000189 0.000189
5 0.00026 0.00026 0.000260 0.0002 0.0002 0.000200
5.1 - 0.000026 0.000026 - 0.00002 0.000020
5.2 - 0.000052 0.000052 - 0.00004 0.000040
5.3 - 0.000078 0.000078 - 0.00006 0.000060
5.4 - 0.000104 0.000104 - 0.00008 0.000080
5.5 - 0.00013 0.000130 - 0.0001 0.000100
5.6 - 0.000156 0.000156 - 0.00012 0.000120
5.7 - 0.000182 0.000182 - 0.00014 0.000140
5.8 - 0.000208 0.000208 - 0.00016 0.000160
5.9 - 0.000234 0.000234 - 0.00018 0.000180
6 0.00023 0.00023 0.000230 0.00022 0.00022 0.000220
6.1 - 0.000023 0.000023 - 0.000022 0.000022
6.2 - 0.000046 0.000046 - 0.000044 0.000044
6.3 - 0.000069 0.000069 - 0.000066 0.000066
6.4 - 0.000092 0.000092 - 0.000088 0.000088
6.5 - 0.000115 0.000115 - 0.00011 0.000110
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0.00021

0.000138
0.000161
0.000184
0.000207
0.00021
0.000021
0.000042
0.000063
0.000084
0.000105
0.000126
0.000147
0.000168
0.000189
0.0002
0.00002
0.00004
0.00006
0.00008
0.0001
0.00012
0.00014
0.00016
0.00018
0.0002
0.00002
0.00004
0.00006
0.00008
0.0001
0.00012
0.00014
0.00016
0.00018
0.00019
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.00019
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.00019
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.0002
0.00002
0.00004
0.00006
0.00008
0.0001
0.00012
0.00014
0.00016
0.00018

0.000138
0.000161
0.000184
0.000207
0.000210
0.000021
0.000042
0.000063
0.000084
0.000105
0.000126
0.000147
0.000168
0.000189
0.000200
0.000020
0.000040
0.000060
0.000080
0.000100
0.000120
0.000140
0.000160
0.000180
0.000200
0.000020
0.000040
0.000060
0.000080
0.000100
0.000120
0.000140
0.000160
0.000180
0.000190
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.000190
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.000190
0.000019
0.000038
0.000057
0.000076
0.000095
0.000114
0.000133
0.000152
0.000171
0.000200
0.000020
0.000040
0.000060
0.000080
0.000100
0.000120
0.000140
0.000160
0.000180

0.00023

0.000132
0.000154
0.000176
0.000198
0.00023
0.000023
0.000046
0.000069
0.000092
0.000115
0.000138
0.000161
0.000184
0.000207
0.00022
0.000022
0.000044
0.000066
0.000088
0.00011
0.000132
0.000154
0.000176
0.000198
0.00021
0.000021
0.000042
0.000063
0.000084
0.000105
0.000126
0.000147
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0.000635
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0.000556
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0.001112
0.001251
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0.00031
0.000465
0.00062
0.000775
0.00093
0.001085
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0.00173
0.000173
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0.000692
0.000865
0.001038
0.001211
0.001384
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0.000756
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0.00077
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0.00054
0.000648
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0.000864
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0.00118
0.000118
0.000236
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0.00059
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0.000826
0.000944
0.001062
0.00128
0.000128
0.000256
0.000384
0.000512
0.00064
0.000768
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0.001024
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0.000141
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0.000423
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0.000987
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0.001269
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0.000462
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0.00077
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