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Abstract. Claims reserve is an important issue to be solved regularly in general insurance
companies. A chain-ladder is the most of method which is used to calculate claims reserve in
general insurance. In the chain-ladder method, the future claim amount or the claim number is
predicted with the development factors. However, the development factors contain a vague
conclusion. To overcome this, we use a triangular fuzzy chain-ladder which is a combination
between fuzzy number and chain-ladder method. We apply this method to the data of vehicle
insurance claims from an Indonesian general insurance company.

1. Introduction

To be able to fulfill the liabilities companies, general insurance companies set claims reserve routinely
at the moment evaluation. Generally, a calculation of claims reserve is based on a scheme of run off
triangle data [1,2]. There are different statistical methods to calculate claims reserve. One of the
methods used to calculate claims reserve is the chain-ladder method. A chain-ladder method [3] is the
most popular method for calculating claims reserve because the method is simple and reliable when
compared to other methods [4].

The claims reserve can be determined by making a calculation from the claim amount or the claim
number. Development factors in the chain-ladder method are needed to predict the number of claims.
Even though the development factors can be calculated based on the chain-ladder method, actuaries
intuitively tend to adjust the pattern of development factors based on their subjective assessment [5].
Therefore, the development factors are not crisp any longer but vague [5]. To overcome a vagueness
of development factors, Heberle and Thomas [5] propose a triangular fuzzy chain-ladder method. The
triangular fuzzy chain-ladder is a combination of fuzzy set theory [6] and a chain-ladder method. As
known, noted that the income premi of motor vehicle insurance has a large contribution in the
insurance industry in Indonesia so in this paper, we apply the triangular fuzzy chain-ladder method for
data of vehicle insurance claims from an Indonesian general insurance company. The performance of
this methods is compared to the original chain-ladder method. Where, in the triangular fuzzy chain-
ladder method is obtained the value of “decision maker risk parameter”.
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Following this section, in the next section we introduce the triangular fuzzy chain-ladder method
proposed by Heberle and Thomas [5]. Section 3 gives analysis using the triangular fuzzy chain-ladder
method. The conclusion based on the result is presented in section 4.

2. Triangular fuzzy chain-ladder method

The methods derived from a combination of fuzzy number and chain-ladder method are called
Triangular Fuzzy Chain-Ladder. The triangular fuzzy chain-ladder method procedure consists of six
parts which are described as follows [5]:

Step 1. Arrange a cumulative claims data C;; in the accident period i€ {1,2,---,1} and
development period j € {1,2,--+,J}. Up to time I, the observation data are denoted by 0O; =
{Ci,j|i +j< I}. The specification of the data called run-off triangle scheme is demonstrated in Table
1.

Table 1. Scheme of run-off triangle data.

Accident Period Developmg nt Period

1 2 j 71 I
1 C11 Ci2 Clj Cl(]—l) Cy
2 C21 sz C2j C2(]—1)
L Cix Ciz Cij

-1 Cu-11 Cu-1)2

Step 2: Compute the triangular fuzzy chain-ladder factors fj (fj,ifj,ffj) by using the following
formula

I—j—1
Yisl Cijer

fi =2 (1)
R Y
o Z;:{_lxijﬂ
pE=ETp =~ (2)
B s ey
where
Xij+1 = Cij1 —Cij ®)
fori e {1,2,--,1}andj € {1,2,---,]}.
Step 3: Predict the ultimate claims C”i,] with i € {2,3,---,1} by
Ci,} = Ci,1—1 Hf;}_lf] (4)
where
Wi = (RS L) (5)
j=1=iJj = \ =i o tpm o TR
with
~ _1 _1 ~
FI]—L' = H§=1—ifj (6)
iﬁl,__il =F'-1 (7)
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Pam = 2i(2f - 1) — BT ®
fori e {2,3,-,I}.
Step 4: Calculate claims reserve for a given accident period i € {1,2,---,1} by
Ri=Ciy—Cipy 9)
fori € {1,2,--,1} where C;;_; = (C;;—;, 0,0).
Step 5: Compute the aggregated claims reserve by

R=YI_,R: (10)

Step 6: Determine the expected values of the reserve Eg (Ri) with i € {1,2,---,1} for different
choices of the “decision-maker risk parameter” f with 0 < g < 1 by

E(Cijual Cij) = Cij (fi - %ij + gffj)' (11)

3. Results

The data used in this paper are data of vehicle insurance claims obtained from general insurance
company in Indonesia, with observation period January 2012 to December 2012. The data contains
22,144 claims. The cumulative run-off triangles for the data are given in Table 2.

Table 2. Cumulative run-off triangles (in million rupiahs)

Accident Development Period

Period 1 2 3 4 5 6 7 8 9 10 11 12
551 2,859 5,018 6,229 6,861 7,548 8,013 8,080 8,478 8,630 8,840 8,903
353 3,064 4547 5,403 6,451 6,865 6,975 7,435 7,663 7,942 8,122

522 2,723 4,711 5954 6,575 7,050 7,425 7,635 7,784 8,080

218 2,479 4,425 5,403 5,763 6,270 6,613 6,813 6,935

342 2502 4,150 4,984 5,635 6,254 6,835 7,238

342 2981 4591 5,706 6,568 7,375 7,768

294 1947 3594 5160 6,167 6,771

49 758 2,402 3,667 4,302

102 1,494 3,787 4,955

106 1,998 4,153

136 1,713

156
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e
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For the data, the calculated triangular fuzzy chain-ladder factors f]-(j =1,-,] —1) are given in
Table 3.

Table 3. Triangular fuzzy chain-ladder factors.

a

Development Period
fi 1 2 3 4 5 6 7 8 9 10 11
fj 8.1325 1.8143 1.2750 1.1369 1.0934 1.0548 1.0374 1.0300 1.0304 1.0235 1.0071
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Zf,- 7.1325 0.8143 0.2750 0.1369 0.0934 0.0548 0.0374 0.0300 0.0304 0.0235 0.0071
7af,- 7.1325 0.8143 0.2750 0.1369 0.0934 0.0548 0.0374 0.0300 0.0304 0.0235 0.0071

We are able to predict the unobservable triangle that are located in the lower right part of the run-off
triangle given Table 2. By using (4) and calculated triangular fuzzy chain-ladder factors in Table 3, the
result of run-off triangle prediction is displayed in Table 4.

Table 4. Cumulative run-off triangle prediction (in million rupiahs).

Development Period

G 712 3 4 5 6 7 8 9 10 11 12

C,; 551 2,859 5018 6229 6,861 7,548 8013 8,080 8478 8630 8840 8,903
e, 0 0 0 0 0 0 0 0 0 0 0 0
fe,; 0 0 0 0 0 0 0 0 0 0 0 0
C,; 353 3,064 4547 5403 6,451 6,865 6975 7,435 7,663 7,942 8122 8,180
le,;, 0 0 0 0 0 0 0 0 0 0 0 58
fe,; 0 0 0 0 0 0 0 0 0 0 0 58
C3; 522 2,723 4,711 5954 6,575 7,050 7,425 7,635 7,784 8,080 8270 8329
le,, 0 0 0 0 0 0 0 0 0 0 190 249
fea; 0 0 0 0 0 0 0 0 0 0 190 252
C,j 218 2,479 4425 5403 5763 6,270 6613 6813 6,935 7,146 7,315 7,367
e, 0 0 0 0 0 0 0 0 0 211 379 431
Feo; 0 0 0 0 0 0 0 0 0 211 389 447
Cs; 342 2,502 4,150 4,984 5635 6,254 6,835 7,238 7,455 7,682 7,863 7,919
e, o0 0 0 0 0 0 0 0 217 444 625 681
Fes; 0 0 0 0 0 0 0 0 217 457 659 725
Csj 342 2,981 4591 5706 6,568 7,375 7,768 8059 8,300 8553 8754 8817
le,; 0 0 0 0 0 0 0 290 532 784 986 1,048
fee; 0 0 0 0 0 0 0 290 549 835 1076 1,153
C,; 294 1,947 3594 5160 6,167 6,771 7,142 7,409 7,631 7,863 8,048 8,106
le,, 0 0 0 0 0 0 371 638 80 1,092 1277 1,335
fe,; 0 0 0 0 0 0 371 666 928 1,217 1459 1537
Csj 49 758 2,402 3,667 4,302 4,704 4962 5147 5302 5463 5592 5631
le,, 0 0 0 0 0 402 660 845 999 1,161 1,289 1,329
Fee; 0 0 0 0 0 402 704 942 1152 1,384 1577 1640
Co; 102 1,494 3,787 4955 5633 6,159 6,496 6,739 6,941 7,152 7,320 7,373
le,; 0 0 0 0 678 1,204 1542 1,784 1,986 2,198 2366 2,418
feo; 0 0 0 0 678 1,331 1814 2193 2526 2,891 3195 3,293
Cio; 106 1,998 4,153 5296 6,020 6582 6,943 7,203 7,419 7,644 7,824 7,880
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lAAlo,, 0 0 0 1,142 1,867 2,429 2,790 3,049 3,265 3,491 3,671 3,727
féwj 0 0 0 1,142 2,180 3,149 3,855 4,402 4,882 5,405 5,839 5,978
611] 136 1,713 3,108 3,963 4,505 4,926 5,196 5,390 5,552 5,721 5,855 5,897
Z611, 0 0 1,395 2,250 2,792 3,213 3,483 3,677 3,839 4,007 4,142 4,184
ACAMJ 0 0 1,39 3,017 4,385 5,625 6,511 7,192 7,785 8,428 8,959 9,128
612, 156 1,266 2,297 2,929 3,330 3,640 3,840 3,984 4,103 4,228 4,327 4,358
Z612, 0 1,110 2,141 2,773 3,174 3,485 3,684 3,828 3,947 4,072 4,172 4,202
7ac‘lz, 0 1,110 3,950 6,754 9,003 10,995 12,401 13,471 14,398 15,399 16,223 16,485

Based on calculation of cumulative run-off triangle prediction in Table 4, we can determine claims
reserve prediction of vehicle insurance claims R;. Table 5 shows the claims reserve prediction for this
study. Furthermore, we calculate expected value for the claims reserve prediction Eg (}?i) for different

choices of the “decision-maker risk parameter” . The results are shown in Table 6 and compared with
the claims reserve prediction from chain-ladder method.

Table 5. Claims reserve prediction (in million rupiahs).

Accident Period

R l ",
1 0.00 0.00 0.00
2 57.92 57.92 57.92
3 249.00 249.00 251.71
4 431.23 431.23 446.70
5 680.59 680.59 724.70
6 1,048.03 1,048.03  1,153.50
7 1,334.78 1,334.78 1,536.95
8 1,329.02 1,329.02 1,639.84
9 2,418.05 2,418.05 3,292.90
10 3,726.66  3,726.66  5,978.29
11 4,183.69 4,183.69 9,128.15
12 4,202.41 4,202.41 16,485.21

Total 19,661.37 19,661.37 40,695.86

Table 6. Expected values of the claims reserve prediction for different choices of the
“decision maker risk parameter” and the claims reserve prediction from chain-ladder
method (in million rupiahs).

Eg (ﬁi)

Acci_dent Chain-
Period 5 _01 =025 B=05 B=075 B=09 ladder
Reserve

1 0.00 0.00 0.00 0.00 0.00 0.00

2 34.75 43.44 57.92 72.40 81.09 57.92

3 14953  187.09 24967 31226  349.81  249.00
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4 259.51 325.35 435.09 544.83 610.68 431.23
5 410.56 515.96 691.62 867.28 972.68 680.59
6 634.09 799.21 1,07440 1,34959 151470  1,048.03
7 81098 1,026.36  1,385.32 1,744.29  1,959.67 1,334.78
8 81295 1,0385.62 1,406.73 1,777.83  2,000.50  1,329.02
9 1,49457  1,922.89 2,636.76  3,350.63  3,778.95  2,418.05

10 2,348.58 3,076.45 4,289.57 5502.69 6,230.56  3,726.66
11 2,757.44  3,755.82  5,419.80  7,083.78 8082.17  4,183.69
12 3,135.58 4,687.15 7,273.11 9,859.06 11,410.63  4,202.41

Total 12,848.55 17,375.34 24,919.99 32,464.64 36,991.44 19,661.37

Table 6 shows, the predicted values of claims reserve using triangular fuzzy chain-ladder method for
different choices of the “decision maker risk parameter” and the predicted values of claims reserve
from the chain-ladder method. In the Triangular Fuzzy Chain-Ladder method “decision maker risk
parameter” are the parameters used in determining the best claim reserve value. The result obtained
are compared with the chain-ladder method. A choice of “decision maker risk parameter” £ < 0.5
gives a fewer predicted value than chain-ladder reserve, and vice versa. As in [5], a choice of
“decision maker risk parameter” £ > 0.5 indicates risk-free of claims reserve prediction. Therefore,
the predicted value of claims reserve in this study with § = 0.5 in Table 6 is preferred. As a result, the
predicted value of claims reserve using fuzzy chain ladder method higher than the predicted value of
claims reserve using chain ladder method.

4. Conclusion

Triangular fuzzy chain-ladder method is a method derived from a combination of fuzzy number and
chain-ladder method. By using this method, we have compared the predicted value of claims reserve
for different choices of the “decision maker risk parameter” and the predicted value of claims reserve
from chain-ladder method. Based on these comparisons, the predicted value of claims reserve using
fuzzy chain ladder method higher than the predicted value of claims reserve using chain ladder
method.
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