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The basic model 

Many forms of non-life insurance can be regarded as short-term contracts, for example motor insurance. Some 
forms of life insurance also fall into this category, for example group life and one-year term assurance policies. A 
short-term insurance contract can be defined as having the following attributes: 

• The policy lasts for a fixed, and relatively short, period of time, typically one year. 
• The insurance company receives from the policyholder(s) a premium. 
• In return, the insurer pays claims that arise during the term of the policy. 

At the end of the policy’s term the policyholder may or may not renew the policy. If it is renewed, the premium 
payable by the policyholder may or may not be the same as in the previous period.
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An important feature of a short-term insurance contract is that the premium is set at a level to cover claims 
arising during the (short) term of the policy only. 
This contrasts with life assurance policies where mortality rates increasing with age mean that the (level) annual 
premium in the early years would be more than sufficient to cover the expected claims in the early years and 
insufficient may be in the later years.

Developing the model
A short-term insurance contract covering a risk will be considered. A risk includes either a single policy or a 
specified group of policies. For ease of terminology the term of the contract is assumed to be one year, but it 
could equally well be any other short period, for example six months. 

The random variable S denotes the aggregate claims paid by the insurer in the year in respect of this risk. Models 
will be constructed for this random variable S – The Collective Risk Model.

Later, in the next chapter, the idea of a collective risk model is extended to an individual risk model.
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The collective risk model
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Distribution functions
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Finding a convolution
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Moments of compound distributions - Expectation
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Moments of compound distributions - Variance
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Moment generating function
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Compound Poisson Distribution
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Sums of independent compound Poisson random variables
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Compound Binomial Distribution
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Compound Negative Binomial Distribution
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Compound Negative Binomial Distribution
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In case of large portfolios or large N, we use an aggregate distribution.

By CLT we approximate the distribution to Normal.

Sometimes, a Lognormal approximation is also applied due to its advantages over normal in loss 
distribution modelling and insurance modelling.
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The number of claims, N, in a given year on a particular type of insurance policy is given by: 

Individual claim amounts are independent from claim to claim and follow a Pareto distribution with 
parameters α = 5 and λ = 1,000. 

(i) Calculate the mean and variance of the aggregate annual claims per policy. [4] 

(ii) Calculate the probability that aggregate annual claims exceed 400 using: 

        (a) a Normal approximation. 

        (b) a Lognormal approximation. [6] 

(iii)  Explain which approximation in part (ii) you believe is more reliable. [2] [Total 12] 
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Assumptions
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Moments and MGF

 



Parameter variability / 
uncertainty 

28

6
So far risk models have been studied assuming that the parameters, that is the moments and, in some 
cases, even the distributions, of the number of claims and of the amount of individual claims are known 
with certainty. In general, these parameters would not be known but would have to be estimated from 
appropriate sets of data. 

In this section it will be seen how the models introduced earlier can be extended to allow for parameter 
uncertainty / variability.
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Variability in heterogeneous portfolio

It may be helpful to think of this as a model of part of a motor insurance portfolio. The policies in the whole 
portfolio have been subdivided according to their values for rating factors such as ‘age of driver’, ‘type of 
car’ and even ‘past claims experience’. The policies in the part of the portfolio being considered have 
identical values for these rating factors. 

However, there are some factors, such as ‘driving ability’, that cannot easily be measured and so they 
cannot be taken explicitly into account. It is supposed that some of the policyholders in this part of the 
portfolio are ‘good’ drivers and the remainder are ‘bad’ drivers. 

The individual claim amount distribution is the same for all drivers but ‘good’ drivers make fewer claims (0.1 
pa on average) than ‘bad’ drivers (0.3 pa on average). It is assumed that it is known, possibly from national 
data, that a policyholder in this part of the portfolio is equally likely to be a ‘good’ driver or a ‘bad’ driver but 
that it cannot be known whether a particular policyholder is a ‘good’ driver or a ‘bad’ driver.
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Variability in homogeneous portfolio

Now a different example is considered. 
Suppose, as before, there is a portfolio of n policies. The aggregate claims from a single policy have a 
compound Poisson distribution with parameters λ, and the CDF of the individual claim amounts random 
variable is F(x) . The Poisson parameters are the same for all policies in the portfolio. 

If the value of λ were known, the aggregate claims from different policies would be independent of each 
other. It is assumed that the value of λ is not known, possibly because it changes from year to year, but that 
there is some indication of the probability that λ will be in any given range of values. 

The uncertainty about the value of λ can be modelled by regarding λ as a random variable (with a known 
distribution). 


