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Introduction
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• We consider models for analyzing the surplus of an insurance portfolio. 

• Suppose an insurance business begins with a start-up capital, called the initial surplus.

• The insurance company receives premium payments and pays claim losses. 

• The premium payments and claim amounts are assumed to be coming in at a constant rate. 

• When there are claims, losses are paid out to policy holders. Unlike the constant premium payments, losses 
are random and uncertain, in both timing and amount.

 
• The net surplus through time is the excess of the initial capital and aggregate premiums received over the 

losses paid out. The insurance business is in ruin if the surplus falls to or below zero. 

• The main purpose of this chapter is to consider the probability of ruin as a function of time, the initial surplus 
and the claim distribution. 

1.1



Ruin Theory
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1.2

• They pay insurer a premium.
• And the insurer takes on the risk.

▪ To prevent ruin, people purchase insurance.

▪ If  the risk is realized, and the insurer cannot pay then they’re “ruined”

• Capital Reserves need to be calculated to cover these risks.

▪ Benefits of Ruin Theory Model

• Helps us calculate how much initial capital we need
• Helps us see the impact of various premium pricing strategies will have of ruin

i. Higher premiums could reduce the probability of ruin
ii. But higher premiums might result in less policyholders!

i. If reserves are too low, the probability of ruin will be high
ii. If reserves are too high, shareholders will get poor return. Will 

withdraw their capital and the insurer will close down



Aggregate Claims Process 
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Surplus Process
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• Suppose that at time 0 the insurer has an amount of money set aside for this portfolio. 
• This amount of money is called the initial surplus and is denoted U. It will always be assumed that U ≥ 0.
• The insurer needs this initial surplus because the future premium income on its own may not be sufficient 

to cover the future claims. Here we are ignoring expenses. 
• The insurer’s surplus at any future time t (> 0) is a random variable since its value depends on the claims 

experience up to time t. 
• The insurer’s surplus at time t is denoted by U(t). The following equation for U(t) can be written: 

U(t) = U +ct – S(t)

1.4



Poisson Process
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Compound Poisson Process
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Probability of Ruin
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1.7

Continuous time Discrete time

Infinite time • Compound Poisson Process
• Brownian Motion

• Poisson Process
• Counting Process

Finite time • General Random Walk
• Time Series

• No Claim Discount
• Random Walk



Effect of changing parameter values on 
ruin probabilities
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1.8

1) Ψ(U,t) as a function of t

Ψ(U,t) is the probability of ruin at some point of time between 0 and t.
This should increase with time t since longer the time period, more the chance there is of ruin.

2) Ψ(U,t) as a function of Initial Surplus

This should be a decreasing function. The bigger the initial surplus, the less chance there should 
be of ruin.

3) Ψ(U,t) as a function of Premium Loading

This should be a decreasing function. If everything else remains unchanged, then increasing the 
premium income will reduce the probability of ruin.



Effect of changing parameter values on 
ruin probabilities
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1.8

 



Question
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A general insurance company is planning to set up a new class of travel insurance. It plans to 
start the business with £2 million and expects claims to occur according to a Poisson process 
with parameter 50. Individual claims are thought to have a gamma distribution with parameters
α = 150 and λ = ¼ . A premium loading factor of 30% is applied.

Explain how each the following changes to the company’s model will affect the probability of
ultimate ruin:

(i) A 28% premium loading factor is applied instead.
(ii) Individual claims are found to have a gamma distribution with parameters α = 150 and λ =½ .
(iii) The Poisson parameter is now believed to be 60.



Question
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An insurer plans to issue 5,000 one-year policies at the start of a year. For each policy the
annual aggregate claims have a compound negative binomial distribution; the negative
binomial parameters are k = 0.5 and p = 0.5 , and individual claim amounts, in pounds,
have a lognormal distribution with parameters μ = 5.04 and σ = 1.15.

The premium for each policy is £160 and is payable at the start of the year. Claims are
assumed to be paid at the mid-point of the year. Calculate the minimum annual rate of
interest the insurer must earn throughout the year if the accumulation to the end of the
year of premiums minus claims is to exceed £52,500 with probability 90%. You may
assume that the distribution of total aggregate claims in the year may be approximated by
a normal distribution.



Adjustment Coefficient
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Lundberg’s Inequality
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Effect of Reinsurance on ruin probabilities 
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