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ABSTRACT : Claim reserves are future obligations of a non-life insurance company classified as liabilities. 

The outstanding claim reserve is unknown until the company settles it. The company needs to estimate the total 

amount of fund in order to meet its liability. A claim that occurred but has not yet settled or reported (IBNR) is 

total debt owned by the company to registered claimants who have covered loss but it has not reported to the 

company yet. The accuracy of IBNR value estimation plays an important role because it affects company’s 

stabilities in some aspects. We modified the basic CL method by considering inclusion of LDTF. We used curve-

fitting Sherman’s method to predict LDTF. The goal of this study is to forecast the claim IBNR estimation using 

our modified Chain-Ladder-Sherman’s method (MCL-S) and then we calculate its mean squared error using 

elaborated MCL formula to see its perform. Result shows that MCL-S method produced higher standard error 

for every accident year. 

KEYWORDS IBNR, Modified Chain-Ladder-Sherman’s method, standard error. 

 

I. INTRODUCTION 
 The main duty of insurance company, either general or life, is to provide protection against uncertainty 

concerning loss to their clients. Total loss or total claim, in general insurance, is considered as sum of reported 

claim and claim that incurred but have not reported called IBNR. The reported claim known by the insurance 

company, but IBNR needs to be forecasted by actuaries. The process of estimating IBNR called loss reserving. 

Loss reserving is one of the main activities in insurance that plays an important role. The accuracy of IBNR 

estimation reserve affects three main aspects in company: management internal, investor, and regulator [1]. 

Inaccurate estimation may leads to misstated balance sheet. Loss reserving for general insurance usually based 

on aggregated data model in a run-off triangle. In practice, there is a long tradition of actuaries calculating 

reserve estimates according to deterministic methods without explicitly referenced to a stochastic model. The 

most widely known of claim reserving method is basic Chain-Ladder method (CL) [2], and Bornhuetter and 

Ferguson method (BF) [3], but BF is limited to work optimally only in small frequent data claim with high 

amount at each reported claim. Researchers have been improving CL method from year to year significantly. 

The basic CL assumption is that there are development factors f1 , … , fI−1 > 0 [2]. Mostly actuaries assumed that 

claim IBNR is fully developed in the latest year I, but it is not true because development factor hasn’t been 

closed enough to 1.00. There are possibilities for claims occurred after the eldest maturity in a given run-off  

triangle. 

 CAS Tail Factor Working Party in 2017, discussed about the inclusion of Loss Development Tail 

Factors (LDTF) in forecasting IBNR [4]. Predicting LDTF, which is an average of age-to-age factors, is the 

most important process in forecasting total claims for every development year (DY) other than that, they formed 

a portion of the loss development to each of accident years (AY). We use LDTF to control the development of 

estimated claim IBNR in below diagonal run-off  triangle.  

 In this paper, we are going to modify basic CL method by including tail factors. We use the class of 

Sherman’s curve-fitting method as our forecasting technique to estimate LDTF [4], and then use the result to 

squared the triangle. We also modified our run-off triangle to adapt Mack’s Chain-Ladder method, so that it will 

be possible to see the performance of our model. In the next section, we will calculate the Mean Squared Error 

(MSE). The standard error of Sherman’s ultimate claim formula will be have done by elaborating the formula of 

MSE given by [5]. Actuary normally uses MSE to see the performance estimation of total ultimate claim.  
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II. MODEL ASSUMPTION 
We follow the notation as in [2]. General form of cumulative run-off triangle is presented bellow. 

 
Table 1: Cumulative Run-Off Triangle 

AY 
DY 

1 2 ⋯ k ⋯ I − 1 I 
1 C1,1 C1,2 ⋯ C1,k ⋯ C1,I−1 C1,I 

2 C2,1 C2,2 ⋯ C2,k ⋯ C2,I−1  

⋮ ⋮ ⋮ ⋮ ⋮ ⋮   

I Ci,1 C2,2 ⋯ Ci,k    

⋮ ⋮ ⋮ ⋮     

I − 1 Ci−1,1 Ci−1,2      

I CI,1       

 

 We use cumulative run-off triangle sized I × I with considering indexes 1 ≤ i ≤ I for accident years 

(AY) and indexes 0 ≤ k ≤ I  for development years (DY) under consideration. Ci,k  denotes the cumulative 

payment for claim with AY i and DY k. We assume that Ci,k  where i ∈ {1,2, … , I} and k ∈ {1,2, … , I − i + 1} 

have been observed and Ci,k  where i ∈ {1,2, … , I}  and k ∈ {I − i + 1, … , I}  are claims that we are going to 

predict. The payment for claim used in this paper is restricted to be non-negative. The basic chain ladder 

algorithm consists of the stepwise prediction rule 

 

f k =
C i ,k +1

C i ,k
, 

for i ∈ {1,2, … , I} and k ∈ {1,2, … , I − 1} and remember that C i,I+1−i = Ci,I+1−i . 

(1) 

 

III. INCLUSSION OF SHERMAN’S METHOD 
 We extended eq. (1) to include tail factor. Actuaries use tail factors to estimate the additional 

development that will occur after k = I or after the eldest maturity in a given loss development triangle. Along 

with survey that had been done and published in [4] several method has been purposed, but among all those 

methods,  we tend to choose Sherman’s curve-fitting due to their simplicity and good perform. 

 The basic idea of this method is to explore some relationship between the development factors at 

various DY, and use that relationship as an main assumption to fit a curve to the development factors. Then the 

projected development factors in DY, which covered by the tail factor, can be multiplied together to provide an 

estimate of the tail factor. 

 Sherman’s method use inverse power curve 1 + akb , where k represents DY in f k . Let  

f k = 1 + akb , 

we get 

ln(f k − 1) = ln a + b ln(k) = f k
∗ 

for k ∈ {1,2, … , I − 1} . Where b  is a slope of regression equation and a  refers to exponential of 

intercept form. In this paper, we denote the extrapolation of f k  by f k
∗. 

(2) 

 

(3) 

 

From eq. (3), we will forecast LDTF using  

 

f k
exp

= exp f k
∗ + 1, 

f tail =  f k
exp

n+1

k=1

 

 

n ∈ {1, … ,100}. The number n is desired number of extrapolation iteration. For instance, we choose 

n = k − I + 1 to calculate f 56 . The basic idea of our MCL-S is that we differentiate our development 

factors into two before calculating the MSE and standard error s.e..  

f k =
 Cj,k+1

I−k
j=1

 Cj,k
I−k
j=1

, for 1 ≤ k ≤ I − 2 

 

and 

f k =
 Cj,k+1

I−k
j=1

 Cj,k
I−k
j=1

× f tail , for k = I − 1 

 

(4) 

 

(5) 

 

 

 

 

 

 

 

(6) 

 

 

 

(7) 
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 Finally to calculate C i
ult , we use 

C i,ult = Ci,I+1−i × f I+1−i × … × f I−1. (8) 

Estimation of claim IBNR can be calculated by 

R i
cl = C i,ult − Ci,I+1−i . 

 

For 1 ∈ {1,2, … , I}. Total claim reserve IBNR can be predicted by  

 

R cl =  R i
clI

i=1 . 

(9) 

 

 

 

(10) 

 

IV. MEAN SQUARED ERROR AND STANDARD ERROR OF CHAIN-LADDER 

SHERMAN’S METHOD 
 We modified run-off triangle in order to cope modified model. To simplify our calculation in the next 

step, we change the  C i,I by C i,ult  in run-off triangle, we get  

 
Table 2: Cumulative Run-Off Triangle For Modified Method 

AY 
DY 

1 2 ⋯ k ⋯ I − 1 Ult 
1 C1,1 C1,2 ⋯ C1,k ⋯ C1,I−1 C1,ult  

2 C2,1 C2,2 ⋯ C2,k ⋯ C2,I−1  

⋮ ⋮ ⋮ ⋮ ⋮ ⋮   

I Ci,1 C2,2 ⋯ Ci,k    

⋮ ⋮ ⋮ ⋮     

I − 1 Ci−1,1 Ci−1,2      

I CI,1       

  

We provide our method with Mean Squared Error (MSE) for each AY. We extend the formula given by [2] part 

3 to get our new MSE model. The mse(C i,ult ) of the estimator  C i,ult  of Ci,ult  is defined to be 

 

mse C i,ult  = E   C i,ult − Ci,ult   
2
 D , (11) 

 

hence 

mse R i = E   R i − Ri 
2
 D = E   C i,ult − Ci,ult   D = mse C i,ult  , (12) 

 

 where D = {Ci,k|I + k ≤ I + 1} is the set off all observed data given by run-off triangle. For the rest of 

our method, we will follow Mack’s (1993). In addition, to calculate s. e. C i,ult , we substitute f ult with f tail that we 

have already estimated using Sherman’s method, so that f ult and f tail are interchangeable.  

  As a plausibility consideration, we will able to find an index k < I, ult = I. Therefore, to simplify our 

model we assume there are three conditions of f tail . 

 

 f tail > f k > f k−1; s. e. (f tail )  > s. e. (f k) > s. e. (f k−1) 

 f k > f tail > f k−1; s. e. (f k) > s. e. (f tail ) > s. e. (f k−1) 

 f k > f k−1 > f tail ; s. e. (f k) > s. e. (f k−1) > s. e. (f tail ) 

(13) 

(14) 

(15) 

 

for s. e.  Fi,ult  , we still use the same inequality presented in Mack’s (1999). 

s. e.  Fi,k−1 > s. e.  Fi,ult  > s. e. (Fi,k). (16) 

 

 We briefly follow Mack’s (1993) for the parameter f k−1, f k , s. e. (f k−1), s. e. (f k ),  s. e.  Fi,k−1 , and 

s. e. (Fi,k). As stated in [7] about the possibility of  s. e.  Fi,ult  , it is reasonable to calculate our s. e.  Fi,ult   as 

follows 

 

s. e.  Fi,ult  =
s. e.  Fi,m + s. e. (Fi,n)

2
 

 

(17) 

 

 

m and n are respectively left and right index of DY where our Fi,ult  belongs to. 

 Finally, the formula for the total reserve of all accident years with its inclusion of tail factors given by 
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 s. e.   C i,k+1
I
i=I+1−k   

2

=  s. e.   C i,k
I
i=I+2−k   

2

⋅ f k
2 +  C i,k

2 ⋅  s. e.  Fi,k  
2

I
i=I+1−k +   C i,k

I
i=I+1k  

2
⋅

 s. e.  f k  
2

 

 

 

(18) 

 

V. RESULT 
We use secondary data taken from [6] for LoB 1. 

Table 3: Cumulative Run-Off Triangle Line of Business 1 (in 1.000) 

 
 

Our model is fully calibrated. The visualizing of data presented bellow 

 
(a) in one graph 

 
 

(b) each AY 

Fig. 1. Visualization of Cumulative run-off Triangle 
 

 From Fig. 1, we can see that for each claims that reported or settled follows exponential growth 

distribution. It means that in the early of DY, the claims came to company tends to decrease in frequency and 

value for older DY. Our first step is calculating f k .  

 
Table 4: Development Factors 𝐤 ∈  𝟏, 𝟐, … , 𝐈 − 𝟏  

 
Using eq. (3), we get 

Table 4:  𝐟 𝐤
∗ = 𝐥𝐧⁡(𝐟 𝐤 − 𝟏) 
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 Let  f k
∗ = β0 + β1xk  where f k

∗  is dependent variable, and xk ∈ DY  as independent variable. β0  is 

intercept of regression formula and β1is coefficient of  xk . Using Ordinary Least Square (OLS) technique and 

eq. (3), we get f k
∗ = −1,4949 − 0,3755xk , the Log-linear extrapolation of f k  visualization presents bellow 

 

 
Fig. 2. Extrapolation Log-Linear of Development Factor 

 

Table 4: Result of  𝐟 k
exp

with 𝐧 = 𝟏𝟎𝟎 

 
 

Then, from selected f k
exp

 we use eq. (5) to find f tail ,  k ∈ {12,13, … ,112}. 

f tail =  f k
exp

= 1,007939112
k=12 .  

 
Fig. 3. Expected Development of Claim IBNR 

 

 Fig. 3 presents the visualization of developed claim IBNR until k = 20. Actuaries use that to see the 

development of claim IBNR, whether the claim is fully developed or it needs another development process. we 

decided to bound our development factor until k = 20. From Fig. 3 we can see that our chosen development 

factor is close enough to 100%. 
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Table 5: Full Cumulative Run-Off Triangle Line of Business 1 (in 1.000) 

 
 

Here is our final result of Chain-Ladder Sherman’s method. 

 
Table 6: Estimated Reserve Claim IBNR (in 1.000) 

i Ci,I+1−i 
Basic Chain-Ladder Modified Chain-Ladder Sherman 

IBNR s.e. (%) s. e. C i,I  IBNR s.e. (%) s. e. C i,ult  

1 191.335 0,000 - - 1.519,009 - - 

2 205.478 1.230,517 37,88% 78.297,21 2.872,576 43,44% 90.507,06 

3 189.919 2.606,313 23,93% 46.073,08 4.135,771 29,12% 56.508,46 

4 180.230 4.179,832 16,74% 30.871,84 5.644,862 20,22% 37.583,69 

5 186.212 6.330,644 13,42% 25.840,63 7.859,240 16,23% 31.497,76 

6 201.198 9.310,995 10,87% 22.880,81 10.982,226 12,49% 26.501,31 

7 197.865 12.179,088 10,33% 21.692,27 13.847,628 11,43% 24.198,64 

8 209.208 16.978,984 8,77% 19.831,06 18.775,683 8,99% 20.495,64 

9 198.164 21.627,188 8,13% 17.873,39 23.372,110 8,35% 18.498,27 

10 196.305 30.962,882 7,36% 16.719,00 32.767,162 7,78% 17.821,81 

11 184.382 50.949,580 6,90% 16.231,52 52.817,878 7,56% 17.932,31 

12 109.294 133.213,489 6,35% 15.404,94 135.138,756 7,29% 17.819,15 

Total  289.569,514 4,02% 102.088,32 309.727,902 4,21% 107.747,31 

 

VI. CONCLUSION 
 We have extended basic Chain-Ladder method by including Sherman’s curve fitting method to forecast 

LDTF. This extension was done by extrapolating the development factor. This extended model has the 

advantage that the actuary can predict the claim that occurred after the oldest DY. The issue we faced here was 

to predict the s.e. for the first AY. 

 The difference between two estimated total claim IBNR given by basic Chain-Ladder and Modified 

Chain-Ladder Sherman is 20.158,388.  MCL-S method produced higher standard error for each AY. Our 

method produce the same pattern in s.e, which decreased in older AY.  
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