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Abstract—The most used method for the 

estimation of claims reserve is the Chain Ladder 
method. The actuaries apply the chain ladder method 
independently to the paid claims and to the incurred 
claims triangles. The Munich Chain Ladder method 
combine both triangles, by taking the paid-incurred 
ratios into account in projections.  
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I.  INTRODUCTION  

Using the Standard Chain Ladder (SCL) method 
the claims reserve is calculated based on the run-off 
triangles of paid claims and on the run-off triangles of 
the incurred claims. Many times the projections based 
on the paid claims are different that the projections 
based on the incurred claims. The solution for this 
problem is the Munich Chain Ladder (MCL) method. 
We apply MCL to an Albanian DMTPL portfolio. The 
paid (P) claims triangle and the incurred (I) claims 
triangle cover ten accident years and also ten 
development years. The values are in Albanian 
currency.  

 

II. MUNICH CHAIN LADDER METHOD 

A. Mack Chain Ladder Model  

We denote n∈N the number of accident years and T= 
{1,2,…m} the development years, m∈N and generally 
m=n;𝑃𝑖 = (𝑃𝑖,𝑡)𝑡∈𝑇 and 𝐼𝑖 = (𝐼𝑖,𝑡)𝑡∈𝑇 denote respectively 

the paid claims process and the incurred claims 
process. The processes Pi and Ii describe the 
development of the paid and the incurred claims.  
Pi(s)={Pi,1,…,Pi,s} represent the condition that the paid 
development of accident i is given until the end of 
development year s and Ii(s)={Ii,1,…,Ii,s} for the 
condition that the incurred development of accident i 
is given up to and including s. [2] 
The assumptions for the paid processes are: 

 Expectation assumption PE 

 Variance assumption PV 

 Independence assumption PU, that means 
the accident years are stochastically  
independent  

The assumptions for the incurred processes are: 
 
 

 Expectation assumption IE 

 Variance assumption IV 

 Independence assumption IU, that means the 
accident years are stochastically independent  

These assumptions does not say anything about the 
relationships between paid and incurred processes. If 
we knows the paid run-off triangle and the incurred 
run-off triangle, we can make projections based on the 
conditional expectations [2] 

𝐸 (
𝑃𝑖,𝑡

𝑃𝑖,𝑠
|ℬ𝑖(𝑠)) and 𝐸 (

𝐼𝑖,𝑡

𝐼𝑖,𝑠
|ℬ𝑖(𝑠)) 

where Ɓi(s)= {Pi,1,…,Pi,s; Ii,1,…,Ii,s } stand for the fact of  
the development of both processes up to the end of 
development year s.  
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B. Munich Chain Ladder Model 

In the MCL model we use PIU [1] instead of PU and 
IU. We denote the P/I process as  

𝑄𝑖 =
𝑃𝑖

𝐼𝑖

= (
𝑃𝑖,𝑡

𝐼𝑖,𝑡

)
𝑡𝜖𝑇

 

If X is a random variable, C a condition and the 
conditional standard deviation of X given C is σ(X|C), 
we call the conditional residual of X given C   

𝑅𝑒𝑠(𝑋|𝐶) =
𝑋 − 𝐸(𝑋|𝐶)

𝜎(𝑋|𝐶)
 

The standardization of the conditional residual is  

E(Res(X|C)|C)=0 and Var(Res(X|C)|C)=1 

The assumptions for the MCL model: 

 The conditional expectations for the paid 
development factors and their residuals are  

𝑅𝑒𝑠 (
𝑃𝑖,𝑡

𝑃𝑖,𝑠

|𝒫𝑖(𝑠)) 

 The conditional expectations for the incurred 
development factors and their residuals are 

  

𝑅𝑒𝑠 (
𝐼𝑖,𝑡

𝐼𝑖,𝑠

|𝕀𝑖(𝑠)) 

Hence we have 

  

𝐸 (𝑅𝑒𝑠 (
𝑃𝑖,𝑡

𝑃𝑖,𝑠

|𝒫𝑖(𝑠)) |ℬ𝑖(𝑠)) 

and 

𝐸 (𝑅𝑒𝑠 (
𝐼𝑖,𝑡

𝐼𝑖,𝑠

|𝕀𝑖(𝑠)) |ℬ𝑖(𝑠)) 

 Linear dependence of the expectations on the 
residuals of (P/I) or (I/P) ratios into an 
mathematical equation  

𝑅𝑒𝑠(𝑄𝑖,𝑠|𝕀𝑖(𝑠))    or    𝑅𝑒𝑠(𝑄𝑖,𝑠
−1|𝒫𝑖(𝑠)) 

 

 PQ – there exist a constant θ
P
 such that for all 

s, t 𝜖T with t=s+1 and i=1,2,….,n 

𝐸 (𝑅𝑒𝑠 (
𝑃𝑖,𝑡

𝑃𝑖,𝑠

|𝒫𝑖(𝑠)) |ℬ𝑖(𝑠))

= 𝜃𝑃  𝑅𝑒𝑠(𝑄𝑖,𝑠
−1|𝒫𝑖(𝑠)) 

 IQ - there exist a constant θ
I
 such that for all s, 

t 𝜖T with t=s+1 and i=1,2,….,n 

𝐸 (𝑅𝑒𝑠 (
𝐼𝑖,𝑡

𝐼𝑖,𝑠

|𝕀𝑖(𝑠)) |ℬ𝑖(𝑠)) = 𝜃𝐼 𝑅𝑒𝑠(𝑄𝑖,𝑠|𝕀𝑖(𝑠)) 

The parameters θ
P
 and θ

I  
represent the slopes of 

the regression lines in the residuals plots and are not 
independent on development year s.  

 

III. ANALYSIS OF THE MCL MODEL  

The factor θ
I 
is the coefficient of correlation of the 

residuals of the development factors and the residuals 
of the P/I ratios. The factor θ

P
 is the coefficient of 

correlation of the residuals of the development factors 
and the residuals of the I/P ratios. The values of 
factors θ

I  
and θ

P   
are between 0 and 1. The correlation 

parameters θ
I  

and θ
P   

represent the link between the 
incurred and the paid triangles.  

𝜃𝑃 = 𝑐𝑜𝑟𝑟 (𝑄𝑖,𝑠
−1,

𝑃𝑖,𝑡

𝑃𝑖,𝑠

|𝒫𝑖(𝑠)) 

𝜃𝐼 = 𝑐𝑜𝑟𝑟 (𝑄𝑖,𝑠 ,
𝐼𝑖,𝑡

𝐼𝑖,𝑠

|𝕀𝑖(𝑠)) 

For the conditional correlation coefficients 

𝜃𝑃 = 𝑐𝑜𝑟𝑟 (𝑅𝑒𝑠 (𝑄𝑖,𝑠
−1|𝒫𝑖(𝑠)), 𝑅𝑒𝑠 (

𝑃𝑖,𝑡

𝑃𝑖,𝑠

|𝒫𝑖(𝑠))) 

𝜃𝐼 = 𝑐𝑜𝑟𝑟 (𝑅𝑒𝑠(𝑄𝑖,𝑠|𝕀𝑖(𝑠)), 𝑅𝑒𝑠 (
𝐼𝑖,𝑡

𝐼𝑖,𝑠

|𝕀𝑖(𝑠))) 

 

A. Estimation of claims reserve using MCL 

 
The appearance of the paid claims before the 

application of MCL 
 

 
 

       The appearance of the incurred claims before the 
application of MCL 
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Using MCL method we can project the total claims 
reserve and also the paid and incurred triangles.  

Totals 

Claims 

Paid Incurred P/I Ratio 

Latest 464488517 636606298 0.7296323 

Ultimate 534960659 687394853 0.7782436 

 

The incurred residual plot shows a correlation of 
58% and the paid residuals shows a correlation of 
26%. The regression lines for the two plots are flat.  

 

 

 

 

B. Results of projections  

The results of the projection are the paid and the 
incurred quadrangle. 
 
The projections for paid claims 

 
 

The projections for incurred claims 

 
 

 
The Munich Chain Ladder results 

 
 
 

The comparison of level of concurrence between paid 
and incurred projections by comparing the ultimate P/I 
ratios calculated using the Standard Chain Ladder 
and the Munich Chain Ladder. 

 

 
 

IV. CONCLUSIONS  

The standards chain ladder method don’t consider 
the correlation between paid claims and incurred 
claims. The Munich chain ladder seeks to resolve the 
differences that arise between the standard paid 
claims and the incurred chain ladder indications. MCL 
provides separate estimations for paid and incurred, 
but they are closer to one another.  In the cases where 
the correlations are not significant the MCL method 
provides the same results as the SCL method.  
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The implementation of MCL method is more 
complex that the other reserving methods. It may be 
not respond very well to the small data and sometimes 
the parameters may need smoothing or extrapolation.  
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