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Claim reserves are funds set aside by insurance companies to pay for reported
claims (RBNS) as well as claims that have not yet been reported (IBNR), and they
are crucial because they directly affect the financial health of the company. In 2024,
there were customer complaints in Lampung regarding delays in claim payments
by general and life insurance companies. Therefore, this study uses claim data from
general insurance companies in Lampung for the period 2013-2024. The novelty
of this study lies in comparing the Mack Chain Ladder analytical method and the
Bootstrap simulation method for estimating claim reserves within the IFRS 17
framework using regional insurance data from Lampung, which has not been
widely explored in previous studies. This study aims to estimate claim reserves and
estimate the Liability for Incurred Claims (LIC), Best Estimate Liability (BEL), and
Risk Adjustment (RA) under IFRS 17. Accurate estimation of claim reserves and the
implementation of IFRS 17 play a vital role in ensuring the sustainability of
insurance companies. The Mack Chain-Ladder (MCL) method is used to obtain
equations for the expected value and variance of future claims as well as the
prediction error rate. Meanwhile, the Bootstrap method generates numerous
simulated claim datasets that reflect various possible scenarios. The advantage of
the simulation approach is its ability to provide a full predictive distribution, which
can be used to estimate the risk adjustment under IFRS 17. The empirical results
show that the estimated claim reserve using the Mack Chain-Ladder (MCL) method
is 234,740,644, while the Bootstrap method with 5.000 simulations produces a
reserve range of 233,158,004-236,320,156. These results provide empirical
insights into claim reserve estimation and support the implementation of IFRS 17
in regional insurance companies by calculating the BEL, RA, and LIC values, whose
results are based on the claim reserve calculation.

https://doi.org/10.31764 /jtam.v10i3.38485 This is an open access article under the CC-BY-SA license

A. INTRODUCTION

*

As time goes by, whether we realize it or not, everyone will inevitably face risks. Risk is the
possibility of an event that can be measured and may result in a loss. Therefore, one way to deal
with such risks is through risk transfer. One form of risk transfer available to individuals,
institutions, and companies is through insurance institutions. Basically, insurance is a form of
financial protection that aims to provide compensation or benefits when unexpected and

undesirable events occur that cause loss to the insured (Jabbar etal., 2024). There are two types

of insurance, these are life insurance and general insurance (Fang et al., 2020). Insurance

companies must provide insurance reserve funds to fulfill their obligations to the insured or

policyholders. These funds are called claim reserves (Cazzari & Moreira, 2022).
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In 2024, several customers in the Lampung region submitted complaints regarding delays
in claim payments by general and life insurance companies. These complaints have been
addressed by the OJK Regional Office 7 for Southern Sumatra, which has authority over the area.
The issue was caused by the lack of analysis and control in corporate governance, especially in
claim reserve calculations, resulting in financial sector instability, delayed claim payments,
claim defaults, and even bankruptcy. The urgency of this research is to calculate claim reserves,
as accurate claim reserve calculation is crucial and impacts the financial health of the company
(Yulita & Effendie, 2022). Poor reserve calculation can lead to bankruptcy, so claim reserves
must be calculated accurately neither excessive nor insufficient (Badounas & Pitselis, 2020).
The methods used in this study are the Mack CL and Bootstrap methods.

The Mack Chain-Ladder (MCL) method is the most popular method for calculating claim
reserves due to its simplicity and distribution-free nature (Zohry & Ahmed, 2020). Many
general and life insurance companies still use the Chain-Ladder (CL) method to calculate claim
reserves. The CL method utilizes historical data to estimate future claims by using development
patterns from one period to the next, processed in the form of a run-off triangle. This triangle
contains the number or amount claims reported in each period and the development of claims
in subsequent periods. The run-off triangle will eventually contain information on claim
reserves, which can be calculated in both incremental and cumulative forms. The purpose of
this method is to predict the future triangle using delay factors and the cumulative claim
amounts located on the main diagonal of the run-off triangle (Julianty et al., 2025). The
advantage of the CL method is that it provides formulas for both the expected value and
variance based on cumulative values. However, claim reserve value calculated using the CL
method is a fixed value, so a simulation-based method that provides a range of reserve values
to reflect various possible scenarios is needed. One such simulation-based method is the
Bootstrap method (Mack, 1993).

The Bootstrap technique is a method that essentially uses resampling techniques, where
samples are repeatedly drawn N times to produce Bootstrap samples. The advantage of the
Bootstrap method is that it provides a variety of possible reserve values to simulate different
scenarios that may occur based on the available data. The Bootstrap method is used to estimate
statistical parameters of an unknown underlying distribution, such as the mean and variance,
by resampling the data. Bootstrap has practical advantages over the MCL method because it can
explicitly measure uncertainty through the distribution of reserve results in the form of a range
of claim amounts, rather than just a point estimate, thus providing upper and lower bounds for
claim reserves. Although it requires repeated simulations (resampling), the computational
burden is justified because Bootstrap produces risk metrics such as confidence intervals, Value
at Risk (VaR), and Tail Value at Risk (TVaR), which are crucial for risk management and
regulatory compliance (solvency). In addition, Bootstrap enables model validation and scenario
analysis, and is more compatible with modern stochastic projection systems (Pinheiro et al.,
2003).

Under the Solvency Il regulations in Europe, a risk margin is required to account for reserve
risk in internal capital models and to use international standard calculations. Therefore, the
International Accounting Standards Board (IASB) requires a risk adjustment in liability
estimations, as stipulated in IFRS 17 (IFRS Foundation, 2017). IFRS 17 is an international
financial accounting standard that governs the accounting treatment of insurance contracts,
developed by the International Accounting Standards Board (IASB) (Treasury, 2025). The
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calculation of IFRS 17 is essential to ensure that the financial reporting of insurance contracts
is transparent, accurate, and consistent with global standards, thereby reflecting insurance
profitability and liabilities more realistically (Vazov & Hristozov, 2025). IFRS 17 introduces
several new concepts for measuring liabilities, including Liability for Incurred Claims (LIC),
Best Estimate Liability (BEL), and Risk Adjustment (RA). BEL refers to the present value of the
best estimate of insurance claim liabilities; RA is the compensation required by a company to
bear the uncertainty regarding the amount and timing of cash flows arising from non-financial
risks, calculated based on risk measures such as VaR. LIC represents the company’s liability for
claims that have already occurred. The LIC value is expected to provide an estimate of the
amount of funds that must be set aside by the company to settle claims that have already
occurred (Yousuf et al., 2021). The calculation of IFRS 17 is very important for the insurance
industry and its implementation has been mandated globally by the IASB and by the Financial
Services Authority (OJK) in Indonesia since 2021 (Sensi, 2022).

Although various studies have examined claim reserve estimation using either
deterministic or stochastic approaches, research comparing the Mack Chain-Ladder method
and the Bootstrap method within the IFRS 17 framework remains limited, particularly in the
context of regional insurance data in Indonesia. Therefore, this study aims to compare claim
reserve estimations using the MCL and Bootstrap methods and to evaluate their
implementation in the calculation of BEL, RA, and LIC under IFRS 17 using the Value at Risk
(VaR) risk measure. The novelty of this study lies in the quantitative comparison between the
analytical Mack Chain-Ladder method and the stochastic Bootstrap simulation method for
claim reserve estimation using regional insurance data from Lampung. Furthermore, this
research integrates claim reserve estimation with the calculation of IFRS 17 components,
namely BEL, RA, and LIC, based on risk measures derived from simulated claim distributions.
By combining traditional reserving methods with stochastic risk measurement under the IFRS
17 framework, this study is expected to contribute to improving claim reserve estimation,
financial reporting transparency, and risk management practices in the Indonesian insurance
industry.

B. METHODS

The data used in this study are secondary data, namely insurance data from PT Asuransi
Umum Jasa Raharja Putera Lampung for the period 2013-2024. This study used Microsoft Excel
and Rstudio as the main software tools. Microsoft Excel was used for data processing and run-
off triangle preparation, MCL method, while Rstuido was used for Bootstrap simulation and
further analysis in estimating BEL, RA, and LIC under IFRS 17. The following are the steps to
compare claim reserve estimates using the Mack Chain-Ladder (MCL) and Bootstrap methods
as implemented in [FRS 17 calculations.
1. Organizing Claim Data in the Form of a Run-Off Triangle

Run-off triangle data contains a summary of all claims (in aggregate) and serves as a
summary of individual claim data sets (Yulita et al.,, 2025). The data in the run-off triangle
usually consists of one of the following, the amounts of claims or the number of claims, both of
which are presented in incremental form (Julianty et al,, 2025). Suppose D;;; represents the
incremental claim that occurred in accident year (i) with i € {1, ...,n} and were reported in
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development year (j), with j € {0, ..., J}, thus the incremental run-off triangle can be obtained
in Table 1.

Table 1. Run-Off Incremental Triangle

Accident Development period (j)
period (i) 0 1 j . ]
i Diov  Djq .. Dy

n—1 Dy—1 Dn-1,1
n Dy.o

The data in the run-off triangle in incremental form is shown in Table 1 can be converted
into a cumulative run-off triangle using the following relationship (Kartikasari et al., 2017).

Cyj = Xhoo Dy (1)

2. Estimating Claim Reserves Using the Mack Chain-Ladder Method

The Mack Chain-Ladder (MCL) method is a technique for estimating future claim reserves
based on data presented in the aggregate run-off triangle. The initial step in determining claim
reserve estimates using the MCL method is to construct the run-off triangle using Equation (1).
The next step in claim reserve estimation using the MCL method is the calculation of
development factors. The development factor for j —period can be determined using the
following equation.

_ Z?=—1j—1 Ciij+1 (2)

n—-j-1 .
Xi—1  Cij

2
withj € {1,2,... ,n — 1}. These development factors are then used to estimate the claims in the
gray-shaded area of the cumulative run-off triangle up to development j —period, as follows

Cij = Cij-1hi (3)

fori € {2,3,...,n}andj € {n — i + 2,...,n}. Inaddition, the total claims for accident i —period,
i € {2,3,...,n} can also be obtained using the following equation.

Ri=C;—Cijy (4)

Thus, the total future claims can be obtained as follows (Tirta Julianty et al., 2025).

R=3L,R; (5)
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The purpose of reserve calculation is to fill in the lower part of the triangle that is still empty
and to perform extrapolation beyond the maximum development period if necessary. Mack
proposed a stochastic version of the MCL technique, focusing on cumulative claims with mean
and variance values for 0 < j < J (Bradlee, 2021). Thus, it can be concluded that the expected
value and variance of the cumulative claims are proportional to the cumulative claims of the
previous development period. According to Mack, MCL is a weighted normal regression method

with the dependent variable Y being C;,;,4, the independence variable X being C;;;, and the

weight being F (Saragih et al., 2023). Based on the weighted least squares estimation method
LJ

and the normal regression assumption, /Tj in Equation (2) can also be obtained from the
following equation for 0 < j </ and it is found that MCL does not take into account any
dependence between accident periods or {Ci;l, ...,Ci;]}, {Ck;l,...,Ck;]},i # k (England et al,
2019).

n—j-1,. .
_ Xim Cijfiy

j — n—j—1
J Zi=1] Ci;j

(6)
with the value of f;;; obtained from.
Cij+1
foj = (7)

The estimate of /1 is the weighted average of C;;;. The parameter value a can be obtained,
which is derived using the weighted sum of squared residuals method. Thus, the estimated

value of the parameter sz can be obtained using the following equation.

6’ = _1- ?1] ' lj(flj ) (8)

J n—j-2

for 0 < j <J — 2.1f the value /T]_l = 1 it can be concluded that claims are completed in | —

1period and 6; = 0, conversely if the value /1]_1 # 1, it can be assumed that the series

61, ....,0y_3.6;_, decreases exponentially by one additional member, where 6] = ? The
J-2 J-1

estimator for the final unknown variable 6;_; is given by the following equation (Bradlee,

2021).

U] 3
G] 1 —mUl(O'] 3,0-] 2,,\2 ) (9)

Oj—2

3. Simulating Claim Reserves Using Bootstrap Method

The Bootstrap technique is a resampling method with N replications, which produces a
predictive distribution consisting of the mean, prediction error, and percentile values (Pinheiro
et al., 2003). In claim reserves, the mean represents the claim amount, the prediction error
indicates the accuracy of the reserve estimation, and the percentile values provide insight into
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the reserve amount that the company needs to prepare. The data for resampling must be
independent and identically distributed; therefore, the Bootstrap technique is applied to the
residual data (England et al,, 2019). Residuals are determined based on the model used, after
which new data are generated through residual resampling, and the process is repeated until a
joint distribution of parameter estimates is obtained. The predictive distribution is then
derived from simulations that incorporate both process and parameter uncertainty. The
Bootstrap model in this study is MCL with a Generalized Linear Model (GLM) approach,
assuming Normal distribution and an identity link function (McCullagh, 2019). Next, the

Pearson residuals are derived based on the GLM approach with a normal distribution, and the
procedure continues within the Bootstrap framework as follows (England & Verrall, 2006):
Calculate the residuals to be used in the Bootstrap method and the non-constant scale
parameter, the residual values are obtained using the following equation.

a.

le -~
nj—l\lc»l(f 3] ]) (10)

adj A ~
Tij =Ty (fi 4y Cij 6) = 5

The Bootstrap process is repeated N times with the following steps:

1)
2)

3)

4)

5)

Perform scaled residual resampling to form a new residual triangle.
Each residual is recalculated using Equation (10), resulting in new data generated
through the following equation.

BiC _ ..B;C Oj 2
i =7 Tt (11)

The index C indicates the total number of simulations, while B refers to the B"
simulation, where B € {1,2, ..., C}.

The paid-to-date values (the diagonal of the cumulative triangle) are maintained to
calculate claim payments for previous periods based on Equation (7), resulting in
the following equation.

i = gEe (12)

Determine the new MCL development factors by applying Equation (6) to the
resampled data, resulting in the following equation.

n-j+1 .B;C -B;C
FB:C _ Yiog  Cyj fijj (13)
i,j = Zn—j+1CB;C
i=1 i;j

Use a parametric approach to estimate future claim amounts, with the Gamma
distribution as the process distribution. the values a and S can be calculated using
the following equation.
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5B;C2 <B;C =B;C
A" G 12
B;C __7j LJj B,C _"7j
Qi1 =~z —and B = — (14)

6) Calculate the Bootstrap claim reserve (RéB ‘) using the following equation, based on
the MCL method by applying Equation (4) and Equation (5) to the new dataset.

B;C __ ~B;C B;C
Ri - Ci;] - Ci;n—i

BiC _yn  pBiC (15)
R™™ = )= R;

7) The results are saved, and the process is repeated until N replication is generated.
Each simulation result is stored to form a predictive distribution, and then the mean
is compared with the MCL reserve estimate. The average reserve for accident
i —period (Rf) and the average total claim reserve (R®) are calculated using the
following equations (England et al., 2019).

c _1yc B;C
Ry = EZB=1RL‘

RC =13 REC (o)
4. Determining the Best Estimate of Claim Reserve
Prediction error is the difference between the predicted value and the actual value, one
measure of which is the Mean Squared Error of Prediction (MSEP) (England et al., 2019).
Process variance reflects the uncertainty related to the claim calculation process, while
estimation variance represents the uncertainty in parameter estimation, both are calculated
based on the model used. The model used in this study is the MCL model. The estimation
variance and process variance are summed to obtain the MSEP equation for accident i —period.
The MSEP equation is as follows.

~ 4 B8%(1 1
MSEP(Ri|D] ~ €%, ¥), ;= (A_ + W) 4
yi L;j

Ci;j =1

The calculation of the total claim reserve MSEP requires an adjustment for covariance
between years using a correlation factor, which is done by multiplying the correlation between
estimates for different years with the prediction variance. This adjustment aims to produce a
more accurate variance that reflects the actual uncertainty. The equation used is as follows.

2
MSEP[R|D] ~ ¥, {MSEP[RL-|D] +2C (TP 141 Cqy) X zj;;_iﬁ} (18)
j ~I=1 3]

In this study, the prediction error is measured using the Root Mean Squared Error of Prediction
(RMSEP), which is the square root of the sum of the two previous components and can be
considered as the standard deviation of the forecast that accounts for parameter uncertainty.
RMSEP is calculated using the following.
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RMSEP[R;|D] ~ /MSEP[IMD] and RMSEP|R|D] = |MSEP[R|D] (19)

In the Bootstrap process, the prediction error Root Mean Squared Error of Prediction (RMSEP)
is calculated using the standard deviation. The standard deviation of the claim reserve for
accident i —period is calculated using the following equation.

RMSEP(RE) = |155_, (RS — RE) -

RMSEP(R®) = \/%Z,@zl(RBiC — RC)2

5. Calculating the International Financial Reporting Standard (IFRS 17) Components
IFRS 17 is an international accounting standard for insurance contracts issued by the IASB,
replacing IFRS 4. This standard governs the recognition, measurement, and presentation of
financial statements by distinguishing three main approaches: the General Measurement Model
(GMM) as this research, which is used for long-term contracts; the simpler Premium Allocation
Approach (PAA) for short-term contracts; and the Variable Fee Approach (VFA), which is
applied to insurance products that depend on underlying items, such as unit-linked products
(Padoan, 2023). In addition, IFRS 17 distinguishes between two types of liabilities, these are
Liability for Remaining Coverage (LRC), which represents the risk of contracts still in force, and
Liability for Incurred Claims (LIC), which includes claims that have already occurred both those
not yet reported (IBNR) and those already reported but not yet settled (RBNS).
a. Calculating of Best Estimate Liability (BEL)
Best Estimate Liability (BEL) is the best estimate of expected future cash flows related
to insurance liabilities, in accordance with IFRS 17 accounting standards. In this study,
BEL will use the present value of claims from each accident period. The claim amount
for each accident period can be calculated using the following equation.

DE; = €8y~ €1y @)

This study will focus only on the calculation of claim reserves; therefore, the value of
cash inflows is not considered, as premium payments occur mid-year and only claim
reserve outflows are considered. The present value of claim reserves for accident i"
period and B*" simulation based on the present value of future claims, is calculated using
the following.

PV(R?) = PV(Dle_i) + .t PV(D{?]) (22)

The total claim reserve value in the B! simulation, based on future claim values
discounted to the last accident period, will be used as the BEL value for Bt simulation
because the present value of the total claim reserve represents the present value of cash
outflows. The BEL value in simulation B** simulations is calculated using the following
equation.
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BELPF = YT PV(RE) (23)

The BEL value to be used is the average BEL from all B simulations, as using the mean is
expected to represent the entire BEL data set, including values in the tail. It is calculated
using.

BEL =-%5_, BEL" (24)

with i+j>]+1,i €{2,..,n} and j € {1,...,]J} during the B simulation, with B €
{1,...,10.000} at the MCL method B = 1, also t represents the difference between the
settlement period and the current period (t =i +j — (J + 1)).

b. Calculating of Value at Risk (VaR)
Value at Risk (VaR) is a method used to measure the maximum potential loss at a certain
confidence level. VaR indicates the minimum reserve required for a company to avoid
bankruptcy with a high probability (Klugman et al., 2019). VaR for discrete data
distributed i.i.d. x4, x5, ..., X, VaR can be estimated as follows.
1) Sorting the data from largest to smallest x(y), X(2), ..., X(n)-
2) Determining the percentile p position from the sorted data using the equation k =

((n —Dp+ 1), where k is the floor (rounded down) value of k.

3) VaR value at position k is (Jorion, 2016).

VaR,(X) =~ xi + (k — k) (%41 — x7) (25)

VaR assumes the data are normally distributed, so a normality test is required. One
method used is the Kolmogorov-Smirnov test, which is simple and flexible for various
distributions. Hypothesis testing in Kolmogorov-Smirnov testing is as follows.

H,: the data are normally distributed

H;: the data are not normally distributed

The Kolmogorov-Smirnov test statistic (D,,,4,) is compared with the critical value from
the Kolmogorov-Smirnov table (D;4p;) Which depends on the sample size (n) and the
significance level («) using the equation (Klugman et al,, 2019).

Diax = maxlFs(xi) - Ft(xi)l
~n® (26)

2n

Diapie =

The decision rule is if p — value < «a or if D4 > Daper then Hy rejected

c. Calculating of Risk Adjustment (RA)
Risk Adjustment (RA) is the compensation required by an insurance company for
bearing the uncertainty of cash flows arising from non-financial risks. RA can be
calculated using various methods, however, in this study, a risk measure approach based
on a confidence level, namely Value at Risk (VaR), is used, with the confidence level
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determined according to the company’s policy (Julianty et al., 2025). The RA value is
calculated as the difference between the risk measure and the Best Estimate Liability
(BEL), as follows.

RAyagrp = VaR, — BEL (27)
Calculating of Liability for Incurred Claims (LIC)
Liability for Incurred Claims (LIC) is the company’s obligation to pay claims that have
already occurred but have not yet been settled. LIC consists of BEL and RA, so its value
is determined by adding these two components. The equation is as follows.

LICVaRp = RAVaRp + BEL (28)

Thus, the value of LIC will be aligned with the RA calculation method used, as both reflect
the estimated liability while taking risk at a certain confidence level into account.

C. RESULTS AND DISCUSSION
1. Organizing Claim Data in the Form of a Run-Off Triangle

The claim amount data in this study will be presented in two types of run-off triangles,
incremental and cumulative, as shown in Table 2.

Table 2. Run-Off Incremental Triangle

Accident
period

(i

Development period (j)

0 1 2 3 4 5 6 7 8 9 10 11

2013

15,769,865 13,612,669 13,125,941 13,514,443 9,613,903 7,149,602 5,192,397 3,544,559 2,015,477 872,640 406,087 129,162

2014

15,631,782 13,915,669 13,356,986 13,292,663 9,410,345 6,993,769 5,124,768 3,527,311 2,168,234 996,475 457,441

2015

15,732,025 13,662,692 13,268,126 13,303,964 9,425,834 6,834,782 4,943,520 3,400,145 2,060,594 876,087

2016

16,419,582 13,857,784 13,370,404 13,439,949 9,506,550 7,011,825 5,060,268 3,430,817 2,023,272

2017

16,015,570 13,487,368 13,348,196 13,214,893 9,554,587 7,064,060 5,073,351 3,428,920

2018

16,392,254 13,679,144 13,010,970 13,283,552 9,394,250 6,808,423 4,821,429

2019

16,221,255 13,762,777 13,205,531 13,496,065 9,543,657 7,012,777

2020

15,945,949 13,471,488 12,600,193 12,805,433 9,266,417

2021

15,983,906 13,448,777 13,167,069 13,100,399

2022

15,553,069 13,092,127 13,022,130

2023

16,565,092 13,584,335

2024

15,657,777

The value of D;.; shows that the claim amount that occurred in 2013 and was reported in
2014 is 13,612,669, while the value of D,., indicates that the claim amount that occurred in
2014 and was reported in 2016 is 13,356,986. The incremental run-off triangle in Table 2 is
converted into a cumulative run-off triangle using Equation (1) and can be seen in Table 3.
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Table 3. Run-Off Cumulative Triangle

Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 8 9 10 11
2013 15,769,865 29,382,534 42,508,475 56,022,918 65,636,821 72,786,423 77,978,820 81,523,379 83,538,856 84,411,496 84,817,583 84,946,745
2014 15,631,782 29,547,451 42,904,437 56,197,100 65,607,445 72,601,214 77,725,982 81,253,293 83,421,527 84,418,002 84,875,443
2015 15,732,025 29,394,717 42,662,843 55,966,807 65,392,641 72,227,423 77,170,943 80,571,088 82,631,682 83,507,769
2016 16,419,582 30,277,366 43,647,770 57,087,719 66,594,269 73,606,094 78,666,362 82,097,179 84,120,451
2017 16,015,570 29,502,938 42,851,134 56,066,027 65,620,614 72,684,674 77,758,025 81,186,945
2018 16,392,254 30,071,398 43,082,368 56,365,920 65,760,170 72,568,593 77,390,022
2019 16,221,255 29,984,032 43,189,563 56,685,628 66,229,285 73,242,062
2020 15,945,949 29,417,437 42,017,630 54,823,063 64,089,480
2021 15,983,906 29,432,683 42,599,752 55,700,151
2022 15,553,069 28,645,196 41,667,326
2023 16,565,092 30,149,427
2024 15,657,777

The value C;.; shows that the cumulative claim amount that occurred in 2013 and had been

reported up to 2014 is 29,382,534, the value C,,, shows that the claim amount that occurred in
2014 and had been reported up to 2016 is 42,904,437.

2. Estimating Claim Reserves Using the Mack Chain-Ladder Method

The calculation of claim reserves using the MCL method, after obtaining the cumulative run-
off triangle data in

Table 3 involves calculating the development factor using Equation (2), and the results are
shown in Table 4 below.

Table 4. Chain-Ladder Development Factor

j 0 1 2 3 4 5 6 7 8 9 10

;11- 1.8487 1.4447 1.3099 1.1686 1.1061 1.0692 1.0445 1.0254 1.0110 1.0051 1.0015

The value of the development factor for 0 —period (},) is 1.8487, this value indicates that
the number of claims reported in period 1 is about 1.8 times the amount reported in 0 —period.

Based on the cumulative claims (C;;;) in Table 3 and the development factor (ij) in Table 4

above can be used to predict the number of claims that happen in the future (f‘i;j) using

Equation (3). The complete values of Ci;j are presented in the following Table 5.

Table 5. Chain-Ladder Claim Prediction

Accident Development period (j)

period (i) 0 1 2 3 4 5 6 7 8 9 10 11
2013 15,769,865 29,382,534 42,508,475 56,022,918 65,636,821 72,786,423 77,978,820 81,523,379 83,538,856 84,411,496 84,817,583 84,946,745
2014 15,631,782 29,547,451 42,904,437 56,197,100 65,607,445 72,601,214 77,725,982 81,253,293 83,421,527 84,418,002 84,875,443 85,004,693
2015 15,732,025 29,394,717 42,662,843 55,966,807 65,392,641 72,227,423 77,170,943 80,571,088 82,631,682 83,507,769 83,934,894 84,062,712
2016 16,419,582 30,277,366 43,647,770 57,087,719 66,594,269 73,606,094 78,666,362 82,097,179 84,120,451 85,045,671 85,480,662 85,610,834
2017 16,015,570 29,502,938 42,851,134 56,066,027 65,620,614 72,684,674 77,758,025 81,186,945 83,249,412 84,165,051 84,595,538 84,724,362
2018 16,392,254 30,071,398 43,082,368 56,365,920 65,760,170 72,568,593 77,390,022 80,835,448 82,888,985 83,800,661 84,229,284 84,357,550
2019 16,221,255 29,984,032 43,189,563 56,685,628 66,229,285 73,242,062 78,312,377 81,798,866 83,876,877 84,799,419 85,233,150 85,362,945
2020 15,945,949 29,417,437 42,017,630 54,823,063 64,089,480 70,886,590 75,793,843 79,168,206 81,179,389 82,072,261 82,492,043 82,617,664

2021

15,983,906 29,432,683 42,599,752 55,700,151 65,088,452 71,991,509 76,975,252 80,402,212 82,444,743 83,351,533 83,777,858 83,905,437
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Accident Development period (j)

period (i) 0 1 2 3 4 5 6 7 8 9 10 11
2022 15,553,069 28,645,196 41,667,326 54,579,606 63,779,038 70,543,224 75,426,706 78,784,724 80,786,165 81,674,713 82,092,462 82,217,474
2023 16,565,092 30,149,427 43,556,615 57,054,367 66,670,922 73,741,811 78,846,721 82,356,999 84,449,190 85,378,026 85,814,717 85,945,397
2024 15,657,777 28,947,255 41,819,848 54,779,393 64,012,499 70,801,445 75,702,803 79,073,113 81,081,880 81,973,680 82,392,959 82,518,428

The predicted claim amount value 512;1 for accident 12¢" period and development period 1 is
28,947,255. The predicted claim reserve for i*" accident period (ﬁi) is calculated using
Equation (4), while the predicted total claim reserve (R) is calculated using Equation (5), and
value of éi;j in Table 5 with the following results, as shown in Table 6.

Table 6. Claim Reserve Using Chain-Ladder Method

i 1 2 3 4 5 6 7 8 9 10 11 12 Total (R)
R, 0 129,250 554,942 1,490,383 3,537,417 6,967,527 12,120,883 18,528,184 28,205,286 40,550,147 55,795,970 66,860,651 234,740,644

The predicted total claim reserve is 234,740,644, this value represents the amount of claim
reserves that the company must prepare for all future claims. The calculated claim reserve will
then be evaluated for prediction error using the Root Mean Squared Error of Prediction
(RMSEP). To calculate RMSEP, the variance parameter for j —period (6]-2) and f;,;. The value f;; ;
values are calculated using Equation (7) from value of C;;; in

Table 3 and are presented in Table 7.

Table 7. fi;j
Accident Development period (j)
iod
pe(ril)o 0 1 2 3 4 5 6 7 8 9 10

2013 1.8632 1.4467 1.3179 1.1716 1.1089 1.0713 1.0455 1.0247 1.0104 1.0048 1.0015
2014 1.8902 1.4521 1.3098 1.1675 1.1066 1.0706 1.0454 1.0267 1.0119 1.0054
2015 1.8685 1.4514 1.3118 1.1684 1.1045 1.0684 1.0441 1.0256 1.0106

2016  1.8440 1.4416 1.3079 1.1665 1.1053 1.0687 1.0436 1.0246

2017  1.8421 1.4524 1.3084 1.1704 1.1077 1.0698 1.0441

2018 1.8345 1.4327 1.3083 1.1667 1.1035 1.0664

2019 1.8484 1.4404 1.3125 1.1684 1.1059

2020  1.8448 1.4283 1.3048 1.1690

2021 1.8414 1.4474 1.3075

2022  1.8418 1.4546

2023 1.8201

The variance parameter values 6]-2 are calculated using Equation (8) and Equation (9) and

value of C;;; in Table 3, /i]- in Table 4, and f;;; in Table 7. The complete variance parameter values
are presented in Table 8.
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Table 8. Value of the Variance Parameter

j 0 1 2 3 4 5 6 7 8 9 10
~2

6 5,6203 23215 6138 176.6 223.4 2215 552 73.6 56.6 15.6 4.3

The calculation of RMSEP requires the value of MSEP first. The prediction error of claim
reserves in the i*" accident period (MSEP|[R;|D]) is calculated using Equation (17) and the total

prediction error of claim reserves (MSEP [1§|D]) is calculated using Equation (18), as presented
in the following Table 9.

Table 9. Chain-Ladder MSEP Value

i 1 2 3 4 5 6 7 8 9 10 11 12 Total (MSEP[R|D])
MSEP[R;|D] 0 7.3-10% 2.7-10° 9.2-10° 1.7-10%° 2.2-10 4.5-10' 6.6-10'° 8.5-10° 1.5-10" 4.6-10'! 1.2-10" 2.7-102

The total prediction error of claim reserves MSEP[R|D] is 2.663420 - 10'2, This value
represents the expected squared difference between the actual value and the predicted value
of the total claim reserves, along with the addition of the covariance adjustment. The MSEP
value will be converted into RMSEP using Equation (19) with the MSEP value in Table 9,
resulting in the following outcome, as shown in Table 10.

Table 10. Chain-Ladder RMSEP Value

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

Total
(RMSEP[R|D])
RMSEP[R,|D] 0 27,019 51,682 95870 129,623 149,306 212436 256,070 291,773 384022 674,792 1,101,812 1,631,999

The prediction error for the total claim reserve RMSEP [ﬁ|D] is1,631,999. A smaller RMSEP

value indicates that the prediction is closer to the actual value. The RMSEP value will be
compared with the standard deviation of claim reserves calculated using the Bootstrap method
to determine the best reserve estimate.

3. Simulating Claim Reserve Using the Bootstrap Method

The calculation of claim reserves using the Bootstrap method begins by determining the
Pearson residuals (7;;;) of the MCL method using the cumulative claim values C;;; in Table 3, ij
in Table 4, f;,; in Table 7 and 0]-2 in Table 8. The residual values are calculated using Equation
(10) and the results can be obtained as shown in Table 11.

Table 11. Residual r;

Accident Development period (j)

period (i) 0 1 2 3 4 5 6 7 8 9 10
2013 0.803 0.241 2242 1.840 1.680 1325 1.242 -0.828 -0.823 -0.707 0.000
2014 2294 0875 -0.020 -0.662 0.318 0.854 1.142 1,554 1407 0.707
2015 1.094 0.793 0.545 -0.080 -0.898 -0.490 -0.608 0.207 -0.587

2016  -0.270 -0.372 -0.558 -1.231 -0.451 -0.302 -1.212 -0.926

2017 -0.370 0920 -0.420 1124 0933 0.359 -0.561

2018 -0.808 -1.442 -0.439 -1.139 -1478 -1.748

2019 -0.017 -0.512 0.730 -0.115 -0.100

2020 -0.219 -1.942 -1.423 0.282

2021  -0411 0.317 -0.661
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Accident Development period (j)

period (i) 0 1 2 3 4 5 6 7 8 9 10
2022 -0.385 1.160
2023  -1.633

a. The residual resampling process to obtain the Bootstrap residuals (rl-l?j‘c) is carried out
using R Studio software, based on the residual data 73 in Table 11. The result of the first
simulation from a total of 5,000 simulations is presented in Table 12 below.

Table 12. Bootstrap Residual

Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 8 9 10
15t simulation out of 5,000 simulations
2013 -0,302 0,317 -0,828 -0,823 0,282 -0,115 -0,661 -1,442 1,554 0,920 0,000
2014 -0,115 -0,608 1,840 -0,561 0,793 -1,942 -1,212 0,207 0,359 -0,587
2015 -0,808 0,875 -0,302 -0,808 -1,478 -0,661 1,407 2,242 0,875
2016 0,707 0,207 0,318 -0,587 -0,370 -1,478 -0,490 0,854
2017 -1,139 -0,823 -0,115 0,803 2,294 -1,423 0,359
2018 1,407 -0,451 -0,558 0,318 0,920 0,207
2019 0,318 1,160 0,241 0,854 -0,608
2020 0,359 0,241 0,933 -0,370
2021 1,680 -0,100 0,545
2022 -1,478 0,793
2023 0,207

The residual value rf.éf"’"" for accident period 1, development period 0, and the first
simulation out of 5,000 simulations is -0.302, this value indicates that the actual claim
amount is about 30% of a standard deviation below the MCL model’s predicted value in
the first simulation (out of 5,000) for accident period 15¢ and development period 1°5¢,
b. Calculate the Bootstrap ratio value f which is determined using Equation (11). Based on

the values of Ci;jin Table 3, ij in Table 4, ajz in Table 8, and value of ri}fj‘c in Table 12, can

be calculated the Bootstrap ratio value for accident i —period, development j —period,
and the first simulation out of 5,000 simulations can be calculated as shown in Table 13.

Table 13. Bootstrap Ratio
Accident Development period (j)
period (i) O 1 2 3 4 5 6 7 8 9 10
15t simulation out of 5,000 simulations
2013  1.8430 1.4475 1.3067 1.1671 1.1066 1.0690 1.0440 1.0240 1.0123 1.0055 1.0015
2014 1.8466 1.4393 1.3169 1.1676 1.1075 1.0658 1.0435 1.0256 1.0113 1.0049
2015 1.8335 1.4525 1.3087 1.1671 1.1033 1.0681 1.0457 1.0275 1.0117
2016 1.8618 1.4465 1.3111 1.1675 1.1054 1.0667 1.0441 1.0262
2017 1.8274 1.4374 1.3095 1.1700 1.1103 1.0667 1.0448
2018 1.8748 1.4407 1.3078 1.1691 1.1078 1.0696
2019 1.8547 1.4549 1.3108 1.1701 1.1049
2020 1.8555 1.4468 1.3135 1.1679
2021 1.8803 1.4438 1.3120
2022 1.8206 1.4518
2023 1.8526
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The ratio value flf(‘)s’ooo for accident 15¢ period, development 0 period, and the first
simulation out of 5,000 simulations is 1.8430, this value indicates that, in the first
simulation, the amount claims reported in accident period 1 and development period 1
is approximately 1.84 times the amount reported in accident period 1 and development
period 0.

c¢. Construct the Bootstrap run-off triangle using Equation (12). Based on the values of C;;;

in Table 3 and the Bootstrap ratio fiﬁ-"c in Table 13 the simulated Bootstrap claim values

are obtained as shown in Table 14.
Table 14. Bootstrap Claim Simulation

Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 8 9 10 11
15! simulation out of 5,000 simulations
2013 16,194,943 29,847,886 43,205,086 56,457,988 65,891,583 72,914,095 77,947,100 81,373,938 83,329,635 84,352,762 84,817,583 84,946,745
2014 16,179,139 29,875,893 43,000,335 56,624,991 66,112,858 73,221,324 78,041,817 81,436,554 83,521,368 84,464,723 84,875,443
2015 16,024,968 29,381,487 42,675,739 55,851,567 65,185,272 71,920,501 76,816,030 80,327,335 82,540,128 83,507,769
2016 16,152,052 30,072,345 43,499,635 57,031,638 66,585,524 73,602,254 78,508,780 81,971,791 84,120,451
2017 16,302,957 29,792,255 42,823,247 56,075,123 65,606,577 72,842,270 77,704,006 81,186,945
2018 15,815,978 29,651,750 42,720,122 55,868,738 65,316,920 72,355,010 77,390,022
2019 16,016,916 29,706,083 43,219,410 56,651,977 66,286,059 73,242,062
2020 15,562,975 28,876,983 41,780,223 54,876,437 64,089,480
2021 15,639,098 29,405,478 42,455,697 55,700,151
2022 15,763,530 28,699,841 41,667,326
2023 16,274,555 30,149,427
2024 15,657,777

The simulated claim value 611;;56000 for 15 accident period, 10" development period, and
the first simulation out of 5,000 simulations is 84,817,583, this value represents the
claim amount for 15¢ accident period and 10" development period in the first
simulation out of 5,000.

d. Calculate the Bootstrap development factor using Equation (13). Based on the
Bootstrap ratio values fi?C in Table 13 the simulated claim values Cf]fc in Table 14 can

be computed the values i}a;c in Table 15.

Table 15. Bootstrap Development Factor

0 1 2 3 4 5 6 7 8 9 10
15t simulation out of 5,000 simulations

A0 18500 1.4461 1.3108 1.1683 1.1065 1.0676 1.0444 1.0258 1.0118 1.0052 1.0015

5,000" out of 5,000 simulations
ZJ.S'°°°;5'°°° 1.8526 1.4429 1.3105 1.1681 1.1060 1.0706 1.0448 1.0260 1.0100 1.0047 1.0015

In Table 15 shows the Bootstrap development factor values for the first simulation and
the C*" simulation, illustrating a decreasing pattern across each development j¢* period.
The Bootstrap development factor for development period 0 in the first simulation out
of 5,000 simulations (1(1);5’000) is 1.8500, this value indicates that the estimated claims
reported in development period 1 are approximately 1.8 times the amount reported in
development period 0 in the first simulation out of 5,000 simulations.

e. The future claim values are estimated using a parametric approach, starting by
B;C
i;j+1

Table 8, ij‘-c in Table 14, Z}?:C in Table 15, the calculation results for afﬁl are as shown
in Table 16.

calculating the values of « and Bﬁ}il using Equation (14). Based on value of 0]-2 in



Tiara Yulita, Comparison of Mack Chain-Ladder and... 859

Table 16. Bootstrap Parameter ag 1€r1
Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 8 9 10 11
15t simulation out of 5,000 simulations

2013
2014 19,802,950
2015 5,408,574 19,580,819
2016 1,521,109 5,512,534 19,960,990
2017 1,160,751 1502576 5439,163 19,686,027
2018 1,528,272 1,157,639 1,499,728 5,425,529 19,651,561
2019 376,918 1,543,094 1,166,649 1,513,548 5,475,094 19,838,013
2020 351227 365443 1495619 1,130579 1466769 5312,077 19,235,349
2021 430564 357,086 371447 1520644 1,149,225 1492103 5411,020 19,611,956
2022 116,630 423039 351,566 365252 1492547 1,128250 1462661 5300542 19,204,907
2023 27159 122,200 443,090 367241 381951 1,563,610 1,182,055 1530245 5545298 20,090,469
2024 9,535 26,431 117,645 426,280 353,081 367,540 1,503,192 1,137,035 1,476,318 5,356,015 19,377,804

Meanwhile, the value of ,ij;-c for accident i*" period, development jt* period, at the

5,000t" simulation.

Table 17. Bootstrap Parameter ﬂg}il
Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 9 10 11
15t simulation out of 5,000 simulations
2013
2014 0.232963
2015 0.0644331 0.232963
2016 0.0178722 0.0644331 0.232963
2017 0.0139371 0.0178722 0.0644331 0.232963
2018 0.0189078 0.0139371 00178722 0.0644331 0.232963
2019 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
2020 0.0049526 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
2021 0.0066165 0.0049526 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
2022 0.0021355 0.0066165 0.0049526 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
2023 0.0006229 0.0021355 0.0066165 0.0049526 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
2024 0.0003292 0.0006229 0.0021355 0.0066165 0.0049526 0.0048201 0.0189078 0.0139371 0.0178722 0.0644331 0.232963
f. The distribution parameter values a};zs;,looo and 311;;5,1000 for 12" accident period, 15

development period, and the first simulation out of 5,000 simulations are 9,535 and
0.0003292, respectively. These values are used to calculate the estimated claim amount

for 12t" accident period and 15¢ development period in the first simulation from 5,000
simulations. Next, the predicted future claim amount is calculated based on the alpha

parameter (af]"-c) in Table 16 and ,ij;-c in Table 17 the predicted future claim amount

can be calculated as shown in Table 18.

Table 18. Bootstrap Claim Prediction

Accident Development period (j)
pe(ri‘)"d 0 1 2 3 4 5 6 7 8 9 10 11
15 simulation out of 5,000 simulations

2013 16,194,943 29,847,886 43,205,086 56,457,988 65,891,583 72,914,095 77,947,100 81,373,938 83,329,635 84,352,762 84,817,583 84,946,745
2014 16,179,139 29,875,893 43,000,335 56,624,991 66,112,858 73,221,324 78,041,817 81,436,554 83,521,368 84,464,723 84,875,443 84,995,493
2015 16,024,968 29,381,487 42,675,739 55,851,567 65,185,272 71,920,501 76,816,030 80,327,335 82,540,128 83,507,769 83,923,387 84,094,366
2016 16,152,052 30,072,345 43,499,635 57,031,638 66,585,524 73,602,254 78,508,780 81,971,791 84,120,451 85,112,890 85,552,801 85,684,698
2017 16,302,957 29,792,255 42,823,247 56,075,123 65,606,577 72,842,270 77,704,006 81,186,945 83,095,509 83,980,049 84,374,311 84,495,486
2018 15,815,978 29,651,750 42,720,122 55,868,738 65,316,920 72,355,010 77,390,022 80,969,280 82,938,014 83,769,544 84,226,590 84,333,007
2019 16,016,916 29,706,083 43,219,410 56,651,977 66,286,059 73,242,062 78,140,634 81,599,450 83,702,283 84,534,826 85,025,722 85,112,504
2020 15,562,975 28,876,983 41,780,223 54,876,437 64,089,480 71,012,312 75,736,556 79,076,578 81,115,293 82,017,853 82,442,704 82,565,800
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Accident Development period (j)

pe(ri‘)"d 0 1 2 3 4 5 6 7 8 9 10 11

15 simulation out of 5,000 simulations
2021 15,639,098 29,405,478 42,455,697 55,700,151 65,158,632 72,178,971 77,003,796 80,380,759 82,516,335 83,545,523 84,056,840 84,175,444
2022 15,763,530 28,699,841 41,667,326 54,726,577 64,151,309 70,975,108 75,580,970 78,913,700 80,888,140 81,839,762 82,312,232 82,428,232
2023 16,274,555 30,149,427 43,657,218 57,320,461 67,011,712 74,220,077 79,179,506 82,677,029 84,625,685 85,618,768 86,107,747 86,266,154
2024 15,657,777 29,342,028 42,029,987 55,145,838 64,427,869 71,419,828 76,120,031 79,528,146 81,643,371 82,696,263 83,053,267 83,171,852

C~11£s;;iooo’ for 12" accident period, 15¢ development period,

and the first simulation out of 5,000 simulations is 29,342,028. This indicates that the
zth

The simulated claim value

claim amount for12®" accident period, 15¢ development period in the first simulation
increased by 13,684,251 compared to period 0.

g. Next, the Bootstrap claim reserve is calculated. The Bootstrap claim reserve value is
determined using Equations (15). Based on the simulated Bootstrap claim values (ff]fc)

in Table 18 the Bootstrap claim reserve for it" accident period from 5,000 simulations
can be calculated as Table 19.

Table 19. Bootstrap Claim Reserve per Simulation
i 1 2 3 4 5 6 7 8 9 10 11 12 Total (R°%)
RISO 0 120,050 586,597 1,564,247 3308541 6942,985 11,870,442 18476320 28475293 40,760,906 >>116727 67514075 235736184

RFUOSO0 o 128844 495362 1,327,995 3255124 6,789,090 12,082,508 18361270 28,361,192 40,604,908 *> 1>7>* 6g 865,209 236018343

The predicted claim reserve value R;‘S’OOO for 3t" accident period in the first simulation
out of 5,000 simulations is 586,597. This indicates the amount of claim reserve that the
company must set aside to pay for future claims occurring in 3** accident period during
the first simulation. Additionally, the predicted total Bootstrap claim reserve for the first
simulation out of 5,000 is 235,736,184, this value represents the amount of claim
reserves that the company must prepare for all future claims in the 1st simulation out
of 5,000 simulations. The overall average value of Bootstrap claim reserves per accident
period i*" and the total value is calculated using Equation (16). Based on the values of
R?*“and RP¢ in Table 19, the values of R;"°°° and R%°°° can be calculated as shown in
Table 20.

Table 20. Total Bootstrap Claim Reserve
i 1 2 3 4 5 6 7 8 9 10 11 12 Total (R°)

RS 0 129,158 554,735 1489414 3538974 6,966,056 12,124510 18,530,503 28,200,435 40,554,616 >>795699 cgg549g0 234739080

The predicted total claim reserve value based on 5,000 simulations is 234,739,080, this
value indicates the amount of claim reserves the company should prepare for all future
claims, according to the results of 5,000 simulations. Based on Table 20 the overall
values of the Bootstrap claim reserve R;°°° and R>° illustrate the distribution of
Bootstrap reserve values from the 5,000 simulations. For example, for 37 accident
period, the distribution is shown as shown in Figure 1.
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Figure 1. Bootstrap claim reserve value
for N = 5,000 in 374 accident period

The Bootstrap claim reserve distribution for the 3"¢ accident period is symmetrical, as
the mean value is close to the median. The characteristics of the Bootstrap claim reserve
data for the 3"¢ accident period are as follows: the minimum value is 398,670, the
maximum value is 738,606, the mean is 554,735, and the median is 553,929. The range
of the Bootstrap claim reserve for the 3¢ accident period is 339,936, This range
increases due to the addition of reserve predictions in the 10" development period
compared to the Bootstrap reserve for the 2™¢ accident period. This pattern will
continue in subsequent accident periods, where the range will consistently increase
because of adding future claim predictions for each accident period.

Calculating the Bootstrap prediction error value (RMSEP). The claim reserve prediction
error value, RMSEDP, is calculated using Equation (20). Based on Table 19 and Table 20,
the overall RMSEP prediction error values for all i** accident periods as well as the total
claim reserve are presented in the following Table 21.

Table 21. Bootstrap RMSEP Value

Total

i 1 2 3 4 5 6 7 8 9 10 11 12 (RMSEP(R®))

RMSEP(R?'OOO) 0 18,779 47,899 91,903 127,883 148,025 210,490 256,692 288,614 378,603 672,805 1,071,405 1,581,076

The prediction error value for the total claim reserve RMSEP(R>°°%) from 5,000
simulations is 1,581,076, This value indicates that, based on 5,000 simulations, the
average spread of the simulated total claim reserve data relative to the total claim
reserve amount results in the total claim reserve value falling within the range of
233,158,004 to 236,320,156.

4. Determining the Best Estimate of Claim Reserve
A comparison of the claim reserve prediction error values using the MCL method and the
Bootstrap method is shown in the following Table 22.

Table 22. Chain-Ladder and Bootstrap RMSEP Value

i

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

RMSEP[IMD] 0 27,019 51,682 95870 129,623 149,306 212436 256,070 291,773 384,022 674,792 1,101,812 1,631,999

RMSEP(R?°*®) 0 18,779 47,899 91,903 127,883 148,025 210,490 256,692 288,614 378,603 672,805 1,071,405 1,581,076
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The prediction error value for the MCL method appears to be higher than that of the
Bootstrap method, indicating that the claim reserve predictions using the Bootstrap method
are closer to the actual outcomes compared to those using the MCL method. Therefore, the
Bootstrap method provides a better claim reserve estimate than the MCL method.

5. Calculating of International Financial Reporting Standard (IFRS 17) Components
a. Calculating of Best Estimate Liability (BEL)

The initial step in calculating the BEL value is to reconstruct the cumulative run-off
triangle of the best estimate claim reserve into an incremental run-off triangle,
representing claims that occurred in the i*" accident period and were reported in the j¢"
development period, for the first simulation through 5,000 simulations use Equation
(21). Subsequently, the present value of claim reserves is calculated for accident period
i and reported in development period j with simulations up to 5,000 using Equation (22)
and an interest rate of 6%, yielding the following, as shown in Table 23.

Table 23. Present Value of Claim

Accident Development period (j)
period (i) 0 1 2 3 4 5 6 7 8 9 10 11
15 simulation out of 5,000 simulations

2013

2014 113,255
2015 392,093 152,170
2016 936,263 391,519 110,743
2017 1,800,532 787,237 331,031 95,982
2018 3,376,658 1,752,167 698,169 362,023 79,521
2019 4,621,294 3,078,334 1,765,579 659,452 366,826 61,178
2020 6,530,974 4,204,561 2,804,347 1,614,853 674,446 299,503 81,866
2021 8,923,095 6,248,076 4,051,016 2,674,871 1,595,827 725,538 340,055 74,413
2022 12,320,048 8,387,978 5,729,393 3,648,274 2,490,410 1,391,902 632,883 296,433 68,661
2023 12,743,200 12,160,237 8,136,961 5,709,701 3,705,973 2,465,616 1,295967 623,073 289,426 88,454
2024 12,909,671 11,292,238 11,012,321 7,352,239 5,224,799 3,313,458 2,266,591 1,327,118 623,205 199,349 62,469

The BEL value in the B" iteration simulation is calculated using Equation (23) and
Table 23 with the results obtained as follows.

Table 24. Present Value of Claim Per Simulation
i 1 2 3 4 5 6 7 8 9 10 11 12 Total

RUSO0 0 113,255 544,263 1,438,526 3,014,781 6,268,537 10,552,663 16,210,548 24,632,891 34,965,982 47:218,607 55 583 457 200,543,513

RO0005000 (121551 460,956 1,221,817 2,970,598 6,130,328 10,776,117 16,133,588 24,576,661 34,891,824 *6:850.567 56 701 360 200,835,373

The present value of the claim reservePV (R}) for the 2™ accident period from the 15
simulation is 113,255. This value represents the present value of the claim reserve that
the company must set aside to pay future claims arising from the 2"* accident period.
Meanwhile, the Best Estimate Liability (BEL), which represents the amount of funds the
company needs to prepare to meet its financial obligations or liabilities, is calculated
using Equation (24) resulting in a value of 199,711,615. The distribution of BEL values
based on 5,000 simulations can be illustrated as shown on Figure 2.
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Figure 2. BEL

The BEL value is symmetrically distributed, as the mean is close to the median. The
characteristics of the BEL data are as follows: the minimum value is 195,205,536, the
maximum value is 204,105,485, the mean is 199,711,615, the median is 199,702,734,
and the range is 8,899,949.

Calculating of Value at Risk (VaR)

The assumption that must be met to use the VaR risk measure is that the data to be used
is normally distributed; therefore, the Kolmogorov-Smirnov test is applied. The value of
a used is 5% or 0,05 (OJK, 2017). The D;,p;. value is resulting in a value of 0.0192. The
p — value and D,,,, were computed with the assistance of R Studio software, and the
results are presented as Table 25.

Table 25. Normality Test

Dnax Diabel p —value a Decision Conclusion
0.00756  0.0192 0.9375 0.05 AcceptH, Data are normally ditributed

Based on Table 25 all critical values where the p — value (0.9375) > a (0.05) and D, 44
(0.00756) < Digpie (0.0192) the result is to accept Hy meaning the data are normally
distributed. The calculation of the VaR risk measure for the distribution of BEL values
begins by sorting the BEL data from each simulation from smallest to largest. Based on
Table 24 the BEL value distribution data can be ordered as Table 26.

Table 26. Ordered BEL Value

Order 1 2 3 4,998 4,999 5,000
BEL Value 195,205,536 195,333,853 195,404,248 .. 203,846,630 204,046,690 204,105,485

The second step in calculating the VaR risk measure is to determine the index k. Based
on the formula k = ((n - Dp+ 1) with a confidence level of p =95% the result s 4,750.
Therefore, the calculation of the VaR value at a 95% confidence level is as follows.

VaRys(X) =~ 201,828,878 + 0.05- 1,705 = 201,828,963.
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This means that the VaR risk measure at the 95% confidence level is a BEL value of
201,828,963, indicating that the company can handle 95% of possible claims, with only
a 5% chance of incurring a loss.

c. Calculating of Risk Adjustment (RA)
The RA value using the VaR risk measure is calculated based on Equation (27) using the
previously calculated Best Estimate Liability (BEL) and VaR values, thus the RA value at
a confidence level of p = 95% is calculated as follows.

RAyar,,s = 201,828,963 — 199,711,615 = 2,117,349

This value represents the amount by which the BEL is increased as a risk adjustment
above the initial estimate, used to address potential losses according to the VaR risk
measure at a 95% confidence level which is approximately 1,06 % of the initial BEL
estimate.
d. Calculating of Liability for Incurred Claims

The LIC value using the VaR risk measure is calculated based on Equation (28) using the
previously calculated Best Estimate Liability (BEL) and Risk Adjustment (RA) values.
Thus, the LIC value at a confidence level of p = 95% is calculated as follows.

LICyqg, ., = 2,117,349 + 199,711,615 = 201,828,963

The LIC value based on the VaR risk measure at a 95% confidence level is 201,828,963,
this value represents the total amount of funds the company must set aside to pay claim
obligations that have occurred, including an additional risk adjustment based on the VaR
risk measure at a 95% confidence level. Overall, the findings of this study are consistent
with previous research indicating that the Mack Chain Ladder (MCL) method is capable
of estimating the expected value and variance based on cumulative claim amounts, as
well as deriving claim reserve estimates from the lower section of the cumulative run-
off triangle. However, the reserve estimate produced by the MCL method is
deterministic in nature, meaning that it yields a fixed estimate without explicitly
capturing uncertainty. By contrast, the Bootstrap method applied in this study is in line
with the work of England, showing that repeated resampling N times can generate a
distribution of possible reserve values in the form of a claim range, thereby reflecting
various plausible scenarios based on the observed data. Furthermore, the Bootstrap
approach provides additional risk information, such as Value at Risk (VaR), which is
particularly useful for the estimation of IFRS 17 components in the insurance industry.
The resulting BEL, RA, and LIC values are also consistent with the conceptual framework
established by the IASB, whereby the BEL represents the present value of future claim
payments after discounting, the RA captures the level of non-financial risk adjustment
at a specified confidence level based on VaR, and the LIC reflects the amount of funds
that the insurer needs to set aside to settle incurred claims.
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D. CONCLUSION

That both methods produce consistent estimates but Bootstrap provides a more
comprehensive measure of uncertainty in the context of IFRS17. The estimated claim reserve
value using the Mack Chain-Ladder (MCL) method is 234,740,644. The estimated claim reserve
value using the Bootstrap method with N = 5.000 simulations are 234,739,080. The close
similarity between these values indicates that the Bootstrap method is able to produce reserve
estimates that are consistent with the traditional MCL approach. However, the main advantage
of the Bootstrap method lies in its ability to generate a full predictive distribution of reserve
estimates, providing additional information on uncertainty such as variance, confidence
intervals, and Value at Risk. In this study, the simulated reserve distribution ranges from
233,158,004-236,320,156, offering a more comprehensive view of the uncertainty surrounding
claim reserve estimation. From a predictive accuracy perspective, the Bootstrap method also
performs slightly better. The Root Mean Squared Error of Prediction (RMSEP) for the MCL
method is 1,631,999. While the Bootstrap method with N = 5.000 produces a lower prediction
error of 1,581,076. This result indicates that the Bootstrap approach can better capture the
variability in claim development data through repeated resampling of residuals, allowing it to
account for uncertainty and complex variations in the data more effectively than the
deterministic MCL method.

Within the IFRS 17 framework, the estimated, Best Estimate Liability (BEL) value is
199,711,615, which is lower than the previously calculated claim reserve by
approximately 35,027,465. This difference arises because the BEL represents the present value
of future claim payments, meaning that future cash flows are discounted using the applicable
interest rate. The positive BEL value indicates that the present value of claim obligations
exceeds the present value of expected inflows, reflecting the insurer’s liability for incurred
claims. The Risk Adjustment (RA) value at a 95% confidence level for the Value at Risk (VaR)
risk measure is 2,117,349 or about 1,06 % of the BEL value. The Liability for Incurred Claims
(LIC) at a 95% confidence level for the VaR risk measure is 201,828,963. The RA and LIC values
are always directly proportional to the confidence level; thus, as the confidence level increases,
the risk adjustment value also increases, and vice versa. The RA is expected to provide an
overview of the magnitude of risk adjustments based on various risk measures and confidence
levels for the company, which should assist in determining the funds allocated for the
company’s risk adjustment. The LIC is expected to provide an estimate of the funds the
company needs to prepare to settle incurred claims, based on various risk measures and
confidence levels, which should help in determining the funds allocated by the company for
settling incurred claims.

Overall, this study shows that the Bootstrap method not only provides reserve estimates
comparable to the Mack Chain-Ladder method but also offers additional insights into the
uncertainty of claim reserves. These findings provide methodological and practical insights for
insurance companies in implementing IFRS 17, particularly in estimating BEL, RA, and LIC
based on stochastic claim reserve modeling. However, several 17 components have not yet
been incorporate in this study, particularly the Liability for Remaining Coverage (LRC) and
Contractual Service Margin (CSM). Moreover, this research is limited to general insurance
products and does not consider investment components. Therefore, future studies are
recommended to extend the IFRS 17 measurement framework to other insurance products,
such as Unit Link, as well as approaches including PAA and VFA.
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