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Outline

• Introduction / Overview

• Fault Tree Analysis (FTA)

• Method of quantitative risk analysis

• Results of Monte Carlo Simulation
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Introduction

Perspective:
• Risk quantification of complex technical systems: 

device, process.
• Risk management / ERM.
• Risk adequate pricing.
• Underwriting.
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Introduction

Challenge:
• New risks � no data for statistical analysis.
• Highly inhomogeneous portfolios � methods of classical data 

analysis fail.
• High severity claims
• Not enough data for statistical analysis.
• Critical interaction / dependence of technical components.
• Special knowledge of technicians and engineers is needed.
• Different risk culture:

safety/quality control (eng.)           quantitative risk management (act.)  
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Overview

Method:

Combination of
• Fault Tree Analysis (FTA) / classical engineering method
• Actuarial methods for claim sizes and risk aggregation.

� Stochastic approach on a tree – structure network
� Collective model of risk theory

� Generation of total claim distribution

Here: Application to an example / medical device: The dentist’s chair.
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Risk Measures

For the quantification of risks it is not sufficient to know the
expectation (mean value) of the loss!

Other important questions are…

What is the size of deviations from the mean?

What is the probability that a loss exceeds a given threshold?

What is the expected loss, if a given threshold is exceeded?
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Risk Measures

For the quantification of risks it is not sufficient to know the
expectation (mean value) of the loss!

Other important questions are…

What is the size of deviations from the mean?
���� Standarddeviation

What is the probability that a claim size exceeds a given 
threshold?
���� Value at Risk (VaR) / Quantile of claim distribution

What is the expected loss, if a given threshold is exceeded?
�Expected Shortfall / Contingent expectation of 

claim distribution

Distribution of claim sizes has to be generated.
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Fault Tree Analysis (FTA)

FTA: classical engineering method …
• is designed to detect all possible sources of faults of technical 

systems .
• provides the probability of a claim event as quantitative result.

Aims of the FTA:
• Revealing all possible problems or faults of the technical system.
• Showing critical interaction mechanisms of the (sub)system(s).
• Detecting external conditions or influences that cause a fault of the 

system.
• Explaining the causes and/or sources of the system fault.

Construction of a FTA:
• Start: Unexpected “Top Event”
• Find all (probabilistic) paths that lead to the “top event”
• Stepwise analysis with logical structure
• Graphic representation of result: Tree structure
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Fault Tree Analysis (FTA)

FTA:
Tree structure for the example
“dentist’s chair”

Top event:
Damage or fault of the
Dentist’s chair

Tree:
• 5 levels
• 22 single events
• probabilities at every node
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Internal
Source

15%

FTA:
Tree structure for the example
“dentist’s chair”

… for example: The first levels:

External

Source
85%

Damage or fault 
of the dentist’s 
chair

Top event

Fault Tree Analysis (FTA)
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FTA:
Tree structure for the example
“dentist’s chair”

… some detail…

Fault Tree Analysis (FTA)
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Method of Quantitative Risk Management

Combination of FTA and methods 
of stochastic modelling: 

• Claim numbers according to the 
dependence structure of FTA-tree

• Single claim size distribution at the
end of every branch of the tree

• Aggregation to total claim

• Use Monte Carlo (MC) methods to 
implement the model.

Result: 
Claim size distribution of the total 
claim
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Method of Quantitative Risk Management
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Possible quantities to be aggregated:
• claim sizes
• costs
• working time (ext. engineers)
� high flexibility of method
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Method of Quantitative Risk Management

Formal Representation:

The total claim number N:

with n
i
the claim number of branch i distributed according to tree structure and 

probability of claim event

and I the number of the FTA tree’s branches.

N is either a constant or a random variable.

The total claim size S can be calculated as:

Where         is a single claim size of branch i and  

counts the claims of branch i.

���� Implementation via Monte Carlo simulation technique.

∑
=

=
I

i

inN
1

( )∑ ∑
= =











=

N

i

n

j

i

j

i

sS
1 1

( )i

js
jnj ,...,1=

ASTIN Colloquium 2013



M. Schiegl 15

Simulation / Input

Single Claim Distributions 
-Overview

Methods:
- Estimation of distribution 

parameters. (Standard

actuarial method)

- Piecewise constant 

distribution (expert judgement:

engineers).
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Simulation / Input

Distribution type “special”: means piecewise constant density 
function.

In our example, the total destruction of the chair 
(for instance due to fire).

The corresponding claim size density is: 

2% of the claims cost less than 2500 EUR,
2% of the claims cost between 2500EUR and 10000EUR,
3% of the claims cost between 10000EUR and 56600EUR,
93% of the claims cost between 56600EUR and 70000EUR.

Especially useful for the “judgement of experts”
in cases with not enough data.

ASTIN Colloquium 2013



M. Schiegl 17

Simulation / Results
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The simulated total claim distribution (black) compared to a Normal distribution 

(red) with fitted first and second moment and the expectation (blue line). 

• Clear deviation from normal distribution

due to inhomogeneous single claim

distribution types

• 60% of the claims are higher than the 

mean value

• Major claim branches cause the skew to

the right.

N = 1
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N = 15
E[N] = 15

Simulation / Results

The simulated total claim distribution for a claim portfolio with 15 claims:

Comparison of the cases with constant (black) and Poisson- distributed (green) 

claim number.

• Approaches normal distribution

• Central Limit Theorem!
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Simulation / Results

VaR calculation of the total claim on the basis of the claim size distribution for 

Poisson – distributed claim numbers with an expectation of 15.

For a claim portfolio with an 

expectation of 15 claims,

the 95%-VaR is 680 T €,

the 99%-VaR is 785 T€.

ASTIN Colloquium 2013

Small Portfolio



M. Schiegl 20

3. µ106 3.5 µ106 4. µ106 4.5µ106 5. µ106 5.5 µ106 6.µ106
0.0

0.2

0.4

0.6

0.8

1.0

N = 150
E[N] = 150

Simulation / Results

The simulated total claim distribution for a claim portfolio with 150 claims:

Comparison of the cases with constant (black) and Poisson- distributed (green) 

claim number.

• Approaches normal distribution

• Central Limit Theorem!
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Simulation / Results

5.2 µ10
6

5.4 µ10
6

5.6 µ10
6

5.8µ10
6

6.µ10
6

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1.00
E[N] = 150

VaR calculation of the total claim on the basis of the claim size distribution for 

Poisson – distributed claim numbers with an expectation of 150.

For a claim portfolio with an 

expectation of 150 claims,

the 95%-VaR is 5.25 Mio.€,

the 99%-VaR is 5.55 Mio.€.
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Summary
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Combination of
• Fault Tree Analysis (FTA)
• actuarial methods

���� risk quantification of technical systems

• includes engineering knowledge.
• includes critical interdependence of technical systems.
• highly flexible.
• application to insurance practice demonstrated.
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Thank you for your 

attention !

I look forward to your 
questions and our 

discussion…


