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1
Calculating probability distributions takes time!

So far we’ve looked  
at how to calculate  
and use probability  

distributions, but  
wouldn’t it be nice  to 

have something  
easier to work with,  

or just quicker to  
calculate?

In this chapter, we’ll  
show you some  

special probability  
distributions that  

follow very definite  
patterns.

Once you know  
these patterns, you’ll  
be able to use them

to calculate
probabilities,  

expectations, and  
variances in record  

time.

We’ll Introduce  
Discrete Probability  

Distributions.
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In statistics, when we talk about distributions we usually mean probability distributions

Definition (informal): A distribution is a function that shows the possible values for a variable and how often 
they occur.

1.1

Which Statistical Distributions you know? If any.

The distributions considered in this chapter are all models for the number of something – eg number of 
“successes”, number of “trials”, number of deaths, number of claims. The values assumed by the variables are 
integers from the set {0, 1, 2, 3, …} – such variables are often referred to as counting variables.



Uniform Distribution
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The Probability function is p(x) = 1/k for x = 1,2,….,k and p(x) = 0 otherwise.

Probability measure: equal assignment (1/k) to all outcomes, ie all outcomes are equally likely.

2.1
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Negative Binomial Distribution
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Negative Binomial Distribution

15

2.5

 



Question
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CT3 April 2010 Question 9
The number of claims, N, arising over a period of five years for a particular policy is assumed to follow a “Type 2” 
negative binomial distribution (as in the book of Formulae and Tables page 9) with mean

Each claim amount, X (in units of £1,000), is assumed to follow an exponential distribution with parameter λ 
independently of each other claim amount and of the number of claims.
Let S be the total of the claim amounts for the period of five years, in the case k = 2, p = 0.8 and λ = 2.

Calculate the mean and the standard deviation of S based on the above assumptions.



Solution

17



Hypergeometric Distribution
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Poisson Distribution
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2.6
• This distribution models the number of events that occur in a specified interval of time, when the events 

occur one after another in time in a well-defined manner. This manner presumes that the events occur 
singly, at a constant rate, and that the numbers of events that occur in separate (ie non-overlapping) time 
intervals are independent of one another. These conditions can be described loosely by saying that the 
events occur “randomly, at a rate of ... per ...”, and such events are said to occur according to a Poisson 
process.

• Another approach to the Poisson distribution uses arguments which appear at first sight to be unrelated to 
the above. Consider a sequence of binomial (n, Ө ) distributions as n → ∞ and Ө → 0 together, such that the 
mean nӨ is held constant at the value λ . The limit leads to the distribution of the Poisson variable, with 
parameter λ .



Poisson Distribution
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Poisson Distribution
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2.6
Good Approximation to the Binomial

• The Poisson distribution provides a very good approximation to the binomial when n is large and  is 
small – typical applications have n = 100 or more and Ө = 0.05 or less. 

• The approximation depends only on the product n Ө (= λ ) – the individual values of n and Ө are 
irrelevant. 

• So, for example, the value of P(X = x) in the case n = 200 and Ө = 0.02 is effectively the same as the 
value of P(X = x) in the case n = 400 and Ө = 0.01. 

• When dealing with large numbers of opportunities for the occurrence of “rare” events (under “binomial 
assumptions”), the distribution of the number that occur depends only on the expected number.



Poisson Process
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2.6
• When events are described as occurring “as a Poisson process with rate λ ” or “randomly, at a rate of λ per 

unit time” then the number of events that occur in a time period of length t has a Poisson distribution with 
mean λt .
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Subject C1, April 1994, Q7

For a certain type of insurance business, the number of claims per policy in a year has a
Poisson distribution with mean 0.4

Consider a policy, which you know, has given rise to at least one claim in the last year.
The probability that this policy has in fact given rise to exactly two claims in the least
year is:

A 0.054 
B 0.163 
C 0.330 
D 0.992
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