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Introduction
• multivariate tariffs

– tariffs depending on several rating factors common since a long 
time  

– in recent years, tendency to more and more refined tariffs using 
more and more rating factors

• "standard" actuarial techniques for multivariate tariffs
– data cross classified  
– additive or multiplicative tariff structure
– estimation of tariff parameters:

• weighted least squares, marginal totals, etc.
• multivariate statistical techniques, in particular generalized 

linear models (GLM)
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Introduction
• Credibility: another established technique for ratemaking

– Credibility = linear Bayes estimator
– individual risk embedded into a collective of similar risk, 

credibility estimate = weighted mean between individual and 
collective claims experience

– in particular suited for scarce data
– However 

credibility hardly used so far for multivariate rate-making, 
although problem of scarce data also in this case; 
main reason: suitable credibility models for this case not available 

(or not known by actuaries)  

• Aim of the paper
– to fill this gap
– to show how credibility can be used for cross-classified tariffs 

(development of the models, derivation of the cred. estimators) 
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Introduction
• For didactical reasons: consider the case with 2 rating factors. 

However, generalisation to any number of rating factors obvious.
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classical additive model
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classical additive model
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Bayesian additive model
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Credibility Estimators additive model
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Credibility Estimators additive model
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Credibility Estimators additive model
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numerical example: additive model

Observed average claim size
Factor B

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 Total
Factor A A1 4'330 4'432 3'883 3'540 3'324 3'206 3'062 3'117 3'182 3'197 3'738 3'267 3'460

A2 1'871 4'733 3'379 3'501 3'769 3'426 3'818 4'335 2'800 2'657 5'765 2'200 3'619
A3 1'246 4'729 3'923 3'575 3'265 2'484 2'896 2'764 9'169 3'553 1'592 3'575
A4 5'066 4'866 3'966 3'652 3'769 4'830 3'939 2'780 3'103 1'974 6'674 2'211 3'903
Total 4'252 4'536 3'855 3'551 3'390 3'262 3'156 3'186 3'181 3'169 3'771 3'226 3'514

Number of claims
Factor B

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 Total
Factor A A1 204 1'397 2'161 10'650 6'239 2'746 1'870 1'478 1'306 974 620 252 2'451

A2 12 89 251 864 501 228 209 103 48 31 9 9 193
A3 9 108 184 644 261 64 23 15 3 2 3 0 112
A4 49 327 427 1'427 683 105 56 24 9 10 3 1 266
Total 68 475 745 3'330 1'879 764 525 393 331 246 154 63 3'022
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numerical example: additive model

Third-party Motor Liability
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numerical example: additive model

GLM and Credibility Estimator of Factor A
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classical multiplicative model
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classical multiplicative model
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Bayesian multiplicative model
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Credibility estimator multiplicative model
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Credibility estimator multiplicative model
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Credibility estimator multiplicative model
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Thank you for your attention
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