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Summary  
In this article we reviewed the two-way crossed classification credibility model. This model is 
an extension of the hierarchical models of Jewell and Taylor. When the risk factors are not 
nested then a hierarchical model is not applicable. In the crossed classification credibility 
models, the risk factors are modelled without restrictions of a hierarchical structure and that 
makes them of great practical interest. In the two-way crossed classification credibility model 
the risks in a portfolio are classified based on two risk factors. In this model the credibility 
premium for a certain contract is equal to the overall mean for the portfolio plus adjustments 
for the risk experience within the contract itself and the risk experience within the class of the 
risk factors to which it belongs. The objective of this article is to show alternatives of an appli-
cation of crossed classification credibility models in third-party auto insurance in Slovak Re-
public. 
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1. Introduction 
In this article we discuss a calculation of the net 
premium in non-life insurance using crossed classi-
fication credibility models. The theory of credibility 
is based on assumption that the insurance subject 
wants to set the net premiums to compensate 
losses from insurance claims, i.e. the net premium 
amount should equal the average claim amount.  
 Two types of data are used in the process of 
estimation of average claim amount using models 
based on the theory of credibility: data about own 
insurance risk and data about comparable insur-
ance risks.  In the crossed classification credibility 
models the portfolio is classified by certain number 
of risk factors. In comparison to hierarchical credi-
bility models, the risk factors do not have to be 
nested, resulting in a broader range of possibilities 
of application of these models in real life.  

 
2. Assumptions of the multi-way 
crossed classification credibility 
models 
Let P  be a number of risk factors, according to 
which the portfolio is classified and let  p-th 
( P.,..,2,1p  ) risk factor have pJ  categories. 

Then the category  pp J.,..,2,1j   pertaining to 

the p-th factor is characterized by an unknown risk 

parameter )p(
jp

 . In addition, let’s assume that in the 

cell P21 j.,..,j,j  there are observed average claim 
amounts t,j.,..,j,j P21

X  (
P21 j.,..,j,jT.,..,2,1t  ) for 

P21 j.,..,j,jT  periods. The general multi-way crossed 

classification model consists of the following as-
sumptions:  
 

(i) For each p the )p(
jp

  are i.i.d.; all occurring 

 ’s are independent. The variances of the 
risks t,j.,..,j,j P21

X  are finite. 
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 is the Kronecker symbol 

which is equal to one if 11 kj  , . . . 

PP kj  , ut   and zero otherwise. 
 
 Note: In a special case, when there is an equal 
number of observations in all cells, 
i.e. TT

P21 j.,..,j,j   and all weights tjjj P
w ,.,..,, 21

 

equal one, we talk about a balanced model and all 
relations mentioned in the article can be simplified. 
In reality, a balanced set of observations is, howev-
er, unlikely.  
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3. Two-way crossed classification 
credibility model 
In the article we focus on the two-way crossed 
classification model, in which the portfolio is clas-
sified according to two qualitative risk factors 
( 2P  ). The credibility estimate of an average 
claim amount 1T,ij ij

X   ( I.,..,2,1i   and 

J.,..,2,1j ) is calculated as follows:  
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where m is a mean of claim amounts in the entire 
portfolio and its estimate is  
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ijwX  is an average claim amount on the i-th 

level of the first factor and simultaneously on the j-
th level of the second factor and is calculated as 
follows: 
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izwY  is an adjusted average claim amount on 
the i-th level of the first factor.  This statistic 
represents experience with insurance risk in the i-th 
class. Similarly zjwY  represents experience with 

insurance risk in the j-th class of the second factor. 
These characteristics are determined by the follow-
ing terms: 
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Random variables )1(

i  a )2(
j  are estimated by 

solving a system of  (I+J)-normal equations, which 
are obtained by modification of the following 
terms 
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)12(

ijz , )1(
iz , )2(

jz  are credibility factors and can 

reach values from the interval 1;0 . The credibili-

ty factor )12(
ijz  represents degree of credibility of 

insurance risk information in the cell  j,i . )1(
iz  

represents the credibility provided by information 
obtained on the  i-th level of the first risk factor. 
Similarly the credibility factor )2(

jz  represents the 

credibility of experiences, obtained from the j-th 
level of the second factor. The credibility factors 
are calculated as follows: 
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Where a degree of reliability 2s  is replaced with 
estimate 
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where 1T)1T( ijij    if 2Tij   and zero 

otherwise. 
Parameters )12(b , )1(b , )2(b  are obtained by 

solving the system of three equations of three un-
knowns.  The first one is  
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is an average claim amount in the  i-th class of the 
first factor.  

The second equation (9b) is analogical and is 
obtained by consistent replacement of indices i a j. 
The third equation has form 
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It can be proved, that term (1) can be expressed 

in the form  
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4. Application 
We applied the two-way crossed classification 
model to a database of claim amounts and a num-
ber of insured vehicles from 2002 to 2004 in third-
party auto insurance of an anonymous insurance 
company in Slovak Republic. In this article we con-
sider two risk factors that impact claim amounts – 
engine power (kW) and region (districts of Slovak 
Republic that reflect regional classification at the 
level NUTS 2). The first risk factor consists of six 
categories ( 6.,.,2,1i  ) and the second factor 
consists of eight categories ( 8.,..,2,1j ). For 
individual categories of vehicles we calculated the 
average claim amount per one vehicle and the total 
number of insured vehicles, which are listed in Ta-
ble 1. The column Total represents the calculated 
average claim amount per one vehicle and the total 

number of insured vehicles at individual levels of 
engine power. The row Total represents these sta-
tistics calculated for vehicles from the same district 
of Slovak Republic. The bottom right corner of 
Table 1 shows the calculated average claim amount 
per one vehicle for the entire portfolio 
( SKK3702Xwww  ) and the total number of in-
sured vehicles ( 30648w  ). 

Parameter 2s  was estimated using the term (8): 
 

43.715898149s
2^
 . 

 
Parameters )12(b , )1(b , )2(b  were obtained by 

solving the system of three equations (9a), (9b) and 
(11): 

98.508161b
)12(^
 , 

95.348211b
)1(^
 , 53.65719b

)2(^
 . 

 
We used these estimates for the calculation of 

credibility factors )12(
ijz  using the term (6). Based 

on these factors using the terms (7a) and (7b) we 
calculated credibility factors )1(

iz  and )2(
jz  for indi-

vidual classes of the first and the second risk fac-
tors. All credibility factors are summarized in Ta-
ble 2. 

Data from the category )7,6()j,i(   have the 
least credibility (11.2 %). This is due to the lowest 
number of insured vehicles in this category 
( 117w ij  ). On the other hand, when calculating 

net premiums the own information about vehicles 
with engine power from 41 kW to 55 kW from 
Bratislava district are the most credible (90 %) 
where we also maintain the largest database – 8 337 
insured vehicles.  

Within the first factor, the most credible  
(87.7%) are data from its second class (engine  
power from 41kW to 55kW) and the least credible  
(73.5%) are data from last class of engine power  
(engine power over 112 kW). These results corre- 
spond with the number of insured vehicles ( iw )  

in individual classes of the engine power. In the last  
row of Table 2 are listed credibility factors for in- 
dividual classes of the second risk factor – districts  
of Slovak Republic. According to the results when  
calculating net premiums the data about vehicles  
from the same district are less credible (17.1 % to  
34.7 %) than the data about vehicles with the same  
class of engine power (73.5% to 87.7%). This is  
mainly due to a greater variability of claims within  
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one district in comparison to the variability of 
claims related to vehicles of the same engine 
power.    

Estimates of credibility net premiums for indi-
vidual categories of vehicles were determined using 
the term (12). Components )1(

i  and )2(
j  were 

estimated by solving a system of fourteen normal 
equations which are obtained using the terms (5a) 
and (5b). 

Subsequently we estimated components )12(
ij  

using the term (13). The values of the estimated 
components are tabulated in Table 3.   

The resulting credibility premium is then sum 

of four elements - 
^
m , 

)1(

i

^
 , 

)2(

j

^
  and 

)12(

ij

^
 . For 

example, the credibility premium for the vehicles in 
the category (1, 1), i.e. vehicles with engine power 
from 27 kW to 40 kW and from BA district, is:  

 

SKK11122751606943702X 2005,1,1

^
 . 

The first component ( SKK3702m
^
 ) is the 

overall average of claim amounts as an estimate of 
m. Vehicles with engine power from 27 kW to 
40 kW get a bonus of 694 SKK, vehicles from Bra-
tislava district are penalized by amount of 160 SKK 
and finally the vehicles with the above mentioned 
engine power and from Bratislava district get an 
additional malus of 275 SKK. From the last row of 
Table 3 we can see that drivers from Bratislava, 
Košice, Banská Bystrica and Žilina districts should 
pay above average premiums. The results in the last 
row confirm that the claim amount caused by a 
vehicle rises with the increasing engine power of 
this vehicle. 

The credibility net premium can be also esti-
mated using the credibility formula (1), which uses 
adjusted average claim amount for the i-th class of 
the first factor or the j-th class of the second fac-
tor. Statistics for the category (1, 1) are as follows 
  

5001
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Y zw1
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8302
365.4

240.35212
Y

.

w1z  . 

 
 According to the credibility formula (1) the 
credibility premium for the vehicles from the cate-
gory )1,1(  is then:   
 


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)37025001(798.0)579.01(

)37023102(579.03702X 2005,1,1

^

Sk1102)37028302(347.0)579.01(  . 
 

The credibility premiums for individual catego-
ries of vehicles are calculated in Table 4. 
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