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The Bayesian philosophy involves a completely different approach to statistics, compared to classical 
statistical methods. The Bayesian version of estimation is considered here for the basic situation concerning the 
estimation of a parameter given a random sample from a particular distribution. Classical estimation involves 
the method of maximum likelihood. 

The fundamental difference between Bayesian and classical methods is that the parameter θ is considered to 
be a random variable in Bayesian methods. 

In classical statistics, θ is a fixed but unknown quantity.
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Priors
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1.4
� Conjugate Prior

For a given likelihood, if the prior distribution leads to a posterior distribution belonging to the same family 
as the prior distribution, then this prior is called the conjugate prior for this likelihood.

� Uninformative prior distributions
An uninformative prior distribution assumes that an unknown parameter is equally likely to take any value 
from a given set. In other words, the parameter is modelled using a uniform distribution.

� Discrete prior distributions
When the prior distribution is discrete, the posterior distribution is also discrete. To determine the posterior 
distribution, we must calculate a set of conditional probabilities. This can be done using Bayes’ formula.
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The loss function
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The formula for the squared error loss implies that as we move further away from the true parameter value, 
the loss increases at an increasing rate. 

The graph of the loss function under the quadratic loss function is a parabola with a minimum of zero at the 
true parameter value. 
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Total losses in a particular company are modelled by a random variable 𝑌 with density function: 

An analyst wishes to estimate the unknown parameter 𝑐. 

(i) Derive the maximum likelihood estimate for parameter 𝑐: [3] 

The analyst assumes a gamma prior distribution for 𝑐 with parameters (𝑎, 𝑏). 

(ii) Determine the posterior distribution of 𝑐 with all its parameters. [6] 

(iii) Comment on the relationship between the prior distribution and the posterior distribution of 𝑐. [1] 

(iv) Determine the Bayesian estimate of parameter 𝑐 under quadratic loss. [2] [Total 12] 
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Revisiting Conditional expectations 
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Credibility Premium Formula
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Bayesian Credibility 
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3.1
The Bayesian approach to credibility involves the same steps as Bayesian estimation, described in the last 
chapter:

• We start with a prior distribution for the unknown parameter under consideration (eg the claim frequency), 
which summarizes any knowledge we have about its possible values. The form of the prior distribution 
should be derived from information provided by the collateral data.

• We then collect relevant data and use these values to obtain the likelihood function.

• The prior distribution and likelihood function are combined to produce the posterior distribution.

• A loss function is specified to quantify how serious misjudging the parameter value would be. The loss 
function should be based on commercial considerations of the financial effect on the insurer's business of 
incorrectly estimating the parameter (and hence the premium rates).

• The Bayesian estimate of the parameter value is then calculated.
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The Normal/normal model
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Empirical Bayes Credibility Theory
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In this section we will discuss two Empirical Bayes Credibility Theory (EBCT) models. These models can be 
used to estimate the annual claim frequency or risk premium based on the values recorded over the last n 
years. 

Model 1 gives equal weight to each risk in each year. 

Model 2 is more sophisticated and takes into account the volume of business written under each risk in each 
year. 



EBCT: Model 1
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6.1
Model 1: Specification

 



EBCT: Model 1
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6.1
Model 1: Assumptions

 



EBCT: Model 1
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6.1
Model 1: The credibility premium

 



EBCT: Model 1
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6.1
Model 1: Parameter estimation

 

Parameter Estimator

These formulae are given on page 29 of the Formulae and Tables for Examinations of the Faculty of 
Actuaries and the Institute of Actuaries.



EBCT: Model 2
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6.2
Model 2: Specification

 



EBCT: Model 2

47

6.2
Model 2: Assumptions

 



EBCT: Model 2
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6.2
Model 2: The credibility premium

 



EBCT: Model 2
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6.2
Model 2: Parameter estimation

 

Parameter Estimator

These formulae are given on page 30 of the Formulae and Tables for Examinations of the Faculty of 
Actuaries and the Institute of Actuaries.
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Number of policies Mean claim 
size

Risk type i Year 1 Year 2 Year 3 Year 4 Year 5

1 17 23 21 29 35  850

2 42 51 60 55 37 720

3 43 31 62 98 107 900
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