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Disclaimer

Any views and opinions expressed in this presentation or any material 
distributed in conjunction with it solely reflect the views of the author(s) 
and nothing herein is intended to, or should be deemed, to reflect the 
views or opinions of the employer of the presenter.

The information, statements, opinions, documents or any other material 
which is made available to you during this presentation are without any 
warranty, express or implied, including, but not limited to, warranties of 
correctness, of completeness, of fitness for any particular purpose. 



3

Agenda

1 Introduction: Reinsurance and Risk modelling 

2 Risk identification and dependencies

3 Calibration of dependencies: PrObEx – a Bayesian model

4 Justification & Documentation

5 Conclusion



4

What is an Internal Model - Definition and purpose

1) From CEA-Groupe Consultatif glossary (Annex C.08d))

Purposes of an internal model

Capital Requirement Assessment

Unified Risk Communication

Strategic Decision Making

Portfolio Optimization

Understanding Economic 
Performance

 …a way to assess the need for capital to cover the risk assumed

 ... a unified way of communicating about risks within the company and with 
outside stakeholders (regulators, rating agencies, investors)

 ...a framework for taking strategic decisions, balancing risk and return: “Flight 
Simulator”

 …a tool for optimisation of both the asset and liability portfolios by modelling 
the diversification benefits

 ...a possibility to measure the economic performance of the various lines of 
business

Definition 1) 

“Internal Model: Risk management system of an insurer for the analysis of the overall risk situation of 
the insurance undertaking, to quantify risks and/or to determine the capital requirement on the basis of 
the company specific risk profile.”
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How does an internal  model produce a risk profile and the 
Solvency Capital Requirement (SCR)
 The risk of an undertaking is the change in its value
 The valuation principles used in the internal model are economic. 

This means that the values of assets and the liabilities are 
determined by the same underlying principles

 As a consequence, for assessing the risk of the company we have to 
start by modeling the economic balance sheet

Modelling the change in economic value

Scenario-based approach
 The value of the assets and liabilities change during the year due to both internal and external factors. The underlying drivers 

for these changes are called risk factors; for example movements in financial markets, occurrence of catastrophes and 
pandemics 

 The internal model tries to simulate scenarios for these risk factors and does a forecast of the economic balance sheet at t=1 
valuing the asset and liabilities under the influence of the risk factors

 We call the difference of the value of the company in a one-year time horizon the change in economic value. This is the basis 
for assessing the risk profile of the company as well as the Solvency Capital Requirement (SCR)

Main valuation principles of  the modeled Economic Balance Sheet

 Positions are valued as mark-to-market (if a liquid market exists), otherwise mark-to-model
 The main difference between the IFRS and economic balance are thus:

 Discounting of future cash flows
 Removal of goodwill
 Removal of the future dividend foreseen at year-end
 Tax on economic adjustments
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Modelling: time evolution in the internal model, scenarios
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tVaR	1%

Return Period in years (logscale)

Risk Profile

SCR

200

Average
over 

shortfall

“Centre of gravity” 
of the shortfall

Change in 
economic value

The distribution of the modeled annual change in economic value

Expected change in economic value

xtVaR	1%

Shortfall

 The simulated scenarios are sorted  (by change in economic value) and are plotted on the graph in 
relation to their likelihood - the horizontal axis shows the return periods in logarithmic scale, the 
vertical axis shows the respective change in economic value for the return period

 "SCR" is the worst 1-in-200-year (VaR 0.5%) event of the annual change in economic value
 tVaR 1% is the change in economic value averaged over the shortfall, which are the worst 1% 

results, and xtVaR 1% is the difference between tVaR 1% and the expected (average) change in 
economic value 
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Uses of the internal model

The analysis and understanding of risks, on a stand-alone and on a portfolio basis including their 
dependencies, and the use of the diversification effects form the basis of the (re)insurance business

Capital 
Allocation

Economic and 
Solvency 
Capital 

Calculation 

Client Support 
in ModellingMulti-year views

Pricing and 
Valuation

Cash Flow 
projection

ALM

Risk 
Management 

Market 
Credibility

Education and 
Communication

Strategic 
Investment 
Allocation

Strategy Risks 
Assessment

Risk Profile and 
Appetite

Risk Mitigation

Capital 
Management

The Internal Model
A tool to optimise risk

and reward
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Use of model: publicly available examples1

1 Examples from Investors’ Day presentations e.g. 2013 Optimal Dynamics – available at www.scor.com
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Modelling change in economic value…

We model a complex mix from natural catastrophes, biometric 
events, economic indicators where we have limited and 
incomplete information for many of these in low frequency 
events

…with a good risk mix we can live with the 
incomplete information 

The combined occurrence of risks (especially in extremes) 
does have very limited to no statistical information and the 
rules are not clear

There may be a strange animal somewhere which 
decides what happens, and we only approximate the 
next step

How can we think that we know how things interact beyond a 
certain point? …we shouldn’t think that we know…

How do we know that we get it wrong? …when we have more data…which is potentially a 
bit too late…

Pa
nd

em
ic

s

 We plausibilise today’s impact of a severe 
pandemic e.g. with SIR models and assumptions 

 Everybody seems to trust mitigation action and 
preparedness plans, governments and a stable 
society

 We cannot prove a more than short term 
dependence to economic indicators

 At some point this may turn uncontrollable, e.g. 
leading to riots, wars,  fight for medication, food, 
and where we have follow-on effects on public 
health, GDP, complete change in behaviour?

Ea
rt

hq
ua

ke

 Well modeled in many ways, with lots of 
physics

 We think we know how large an earthquake 
will be, in which return period, and what it 
can destroy

 At some point this may turn uncontrollable, 
e.g. leading to riots, wars,  fight for 
medication, food, and where we have follow-
on effects on public health, GDP, complete 
change in behaviour?
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What is the comfort zone?

somehow observable
mix between
observations

and expert 
opinion

expert opinion

 Who is an expert? 
 We should never say “we survive a 1-in-x thousand year event” without specifying what this means
 What is the influence of  “unmodeled” risks (known unknowns and unknown unknowns) in the far tail?
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Identify risks
Risk identification and mapping in a nutshell

Risk factor Exposure Risk impact

 Variable associated with a 
change in the value of 
different EBS items. Impact 
of a risk factor can be both 
positive or negative

 One risk factor can include 
several underlying 
phenomena / events

 Specific asset and/or liability 
which value may change due 
to a risk factor

 Combination of a risk factor 
and an exposure. 
Theoretical impact of a risk 
factor on a specific EBS item 
the company is exposed to

Key Definitions

Objectives of a risk map

 The objective of a risk map is to complement the existing risk management tools with a tool providing 
a concise view of the undertaking’s risks and an analysis to ensure whether an Internal Model covers 
all material quantifiable risks within its scope.

 It has to be maintained in line with other existing risk management processes
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Identify risks
Construction process and governance

Risk factor

Impact on Assets Impact on liabilities

Investments Reinsurance
recoverables

Deposits,
receivables, 

cash and cash 
equivalents

P&C lines of 
business

Life and Health 
lines of 

business

Deposits from 
reinsurers

Subordinated 
Liabilities

Nat Cat Earthquake  … …  … … …

Step 1.2 – Bottom-up review with internal 
experts and identification of impacts on 
economic balance sheet (EBS) items

Step 1.1 – Top-down identification 
of risk factors based on existing 

risk management tools

Step 1.3 – Internal 
review 

Phase 1: Describe your  risk profile through a comprehensive list of risk factors and exposures

Step 2.3 – Internal 
review

Step 2.1 – Top-down overall 
assessment of inclusion of risk 

factors

Phase 2: Document whether these risks are modelled in the model

Step 3.2 – Internal 
review

Step 3.1 – Materiality 
assessment risk factors 

not included

Phase 3: Analyse risk factors not included in the model

Step 2.2 – Bottom-up 
review at EBS item level

Communication to 
teams

Risk Map Design Example

Typical sources
 Risk dashboards
 Risk analyses
 Public documents
 Internal model results
 External risk benchmarks
Involved
 Risk owners 
 Model owners
 Risk management
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Dependencies – Approaches for aggregation

We distinguish three approaches applied in the aggregation of risk factors, namely modelling 
dependence using
 Direct use of empirical data (e.g. sampling)
 Causation
 Copula
Adequately parameterizing the dependencies is a challenging task and resource intense, in the areas of 
research, processing and documentation

 Aggregation using empirical data
 Generally, if there is sufficient historical data which we deem to be representative of the future, 

this is the preferred method for calibrating dependencies in the belly of the distribution as no 
further assumptions or expert input are required. In order to justify this method, evidence for the 
representativeness of the data for the future needs to be provided, for example by back testing.

 Assessing the tail dependencies entirely by data is typically not sufficient, therefore e.g. this 
method can be complemented with a so-called tail correction
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Dependencies – Approaches for aggregation

 Aggregation by causation
 If there is strong evidence for a causal relationship between various risk factors, then the 

modelling choice is called causation. Having such strong evidence, for example, as derived 
from laws of nature, facilitates the justification of using such a dependence model

 For example, the occurrence of severe NatCat losses may trigger downgrading or even default 
of retrocessionaires

 Aggregation by Copulas 
 Copulas are tools for modelling dependence between several random variables. From a 

practical point of view, the advantage of the copula-based approach to modelling is that 
appropriate marginal distributions for the components of a multivariate system can be selected 
and then linked through a suitable copula. That is, copula functions allow us to model the 
dependence structure independently of the marginal distributions. 

 Generally, we investigate more than one type of copula and then decide on which the best fit is 
– the main types of copulas used are the Gaussian copula and the flipped Clayton copula

 We use different methods to parameterise the copulas used in the aggregation of risks 
depending on the nature of the risks, though all are inspired by PrObEx, which we will outline in 
the following
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How to structure the business? Which dependencies to apply?

Dependency structures

Modelling of tail dependencies is a key component for appropriate calculation of capital requirements.

And how to calibrate the model?

Sources: EIOPA: Technical Specifications for the Solvency II valuation and Solvency Capital Requirements calculations, 2012
M.-P. Côté and Chr. Genest: A copula based risk aggregation model, Canadian Journal of Statistics vol 43, No 1,
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Dependencies & Hierarchical Tree

If correlations or in general dependencies have to be defined between all risk baskets this would lead to 
the following issues:

 Around 800 * (800 – 1) / 2 dependency parameters to calibrate
 Risk factors to determine some dependencies are difficult to explore

Example Dimensions

10 Lines of business 10

New business and reserves 2 * 10

Direct and reinsurance 2 * 20

Proportional and non-proportional 2 * 40

10 regions 10 * 80
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Example risk aggregation tree for Non-Life Lines of business

LoB 1

Business Maturity

Line of Business (LoB)

ReservesPremium Risk

Fac Treaty
NonProp

Treaty
PropReinsurance/Cover Type

Reg 1 Reg 2 Reg 3Region Reg n

Treaty for a certain LoB Treaty 2 Treaty 3Treaty 1 Treaty n

Group Level

LoB 2 LoB 3 LoB n

Group
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The aggregation tree for Non-Life 

Once the tree is defined, the dependencies have to be calibrated. In the following slides we outline 
the PrObEx approach using prior information, observations and expert judgment.
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The model copula family and dependence measure

Let denote a family of bivariate copulas, with parameter set     and density 
We assume that

where  is an unknown but fixed parameter. Our aim is to estimate     .

This is done indirectly through using a dependence measure (which is familiar to the business experts 
and can be linked to the copula parameter)

Let             denote a fixed dependence measure. The set of attainable values of for copulas in  
Is defined by

We assume that     is an interval, i.e. 
We focus on             which satisfy 

We assume there exists                       a bijective link function such that   
for all 

Calculating an estimate       of      l leads to an estimate                     of       .   
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PrObEx – Combining three sources of information

 (Up to) three sources of information can be combined:

A prior density          :                       e.g. from previous years or from regulators

N independent observations (Un ,Vn), n=1,…,N of independent observations  
of (U,V) ~ .The set of observation is denoted by    

K experts, each providing one point estimate      , k=1,…, K  of the dependence 
measure              . The set of expert assessments is denoted by  

 Using Bayes‘ Theorem, we replace the prior density by a posterior density given both the 
observations and the expert opinions

 Assuming independence between expert assessment and observation leads to

Observation

Prior

Experts
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 We make the following assumptions:
 The expert assessments and the observations are independent
 The observations are independent
 The experts form their opinion independently of each other

 Under these assumptions, the posterior distribution of the value of the dependence measure reads 
as:

Where                                                and               is the conditional density, given    of k-th expert assessment 

 Through this posterior distribution we can:
 Estimate the value of the dependence measure
 Assess the uncertainty of our estimate

PrObEx continued

ObservationPrior Experts
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Prior information

 Suppose we can infer a point estimate        of       from the prior source of information.
 We then model            with a shifted Beta distribution with mean                    .

 If the source of information leading to       does not specify a measure of uncertainty, we determine 
var through a qualitative approach:

 If no prior belief is available then           can be set uninformative.
 The four mentioned qualitative approaches:

Confidence in the prior information

Uninformative Low Intermediate High
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The elicitation of expert opinions

 An expert elicitation procedure needs to satisfy five principles in order to reach rational consensus, 
namely:

 Reproducibility
 Accountability
 Empirical control
 Neutrality
 Fairness

 Psychological effects are involved and have to be considered carefully

 The literature distinguishes between behavioral vs. mathematical approaches
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 The conditional density of the k-th expert is modeled via a shifted Beta distribution.

 We model the expert estimates to be conditionally unbiased, i.e.                      .

 To reflect the expert uncertainty we assign each expert a variance        , which is assumed to be 
independent of    , i.e. 

 Three possible approaches to calculate estimates        of        are considered:

 Subjective variances
 Homogeneous experts
 Seed variables

The modeling of expert opinions
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PrObEx Example (1/3) 
With two experts equally certain and no prior information
Combining different sources of information

Combining two experts’ opinions reduces the 
uncertainty around the estimator
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PrObEx Example (2/3) 
With an informative prior
Combining different sources of information

Adding prior information 
further reduces the 
uncertainty around the 
estimator
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PrObEx Example (3/3) 
With confident experts - increasing further the precision
Combining different sources of information

The uncertainty around the estimator reduces further using reliable experts.
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The calibration process at SCOR

Workshop

Risk aggregation

Dependence parameters

Overview Training Brainstorming Questionnaire

e.g. Solvency Capital Requirement (SCR)

PrObEx

Prior information Observation Experts opinion
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Dependence measure – what we asked the SCOR experts

 The experts were asked to answer a question like:

 This is equivalent to quantify the so called Quantile Exceedance Probability:

X+Y

X Y

How to measure 
dependence?

“Suppose Y exceeds the 1-in-100 year threshold.
What is the probability that also X exceeds its 1-in-100 year threshold?”

 )()( 99.099.0 YVaRYXVaRXP 



33

Workshop agenda
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Expert judgment and heuristics1 (1/4)

 Representativeness (1)

Linda is 31 years old, single, outspoken and very bright. She majored in
philosopy. As a student, she was deeply concerned with issues of
discrimination and social justice, and also participated in antinuclear
demostrations.

Is it more likely that:

(A) Linda is a bank teller?

(B) Linda is a bank teller and active in the feminist movement?

1 Examples in this section following D. Kahneman & A. Tversky, full references can be found in the first reference at the end of the
presentation
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Expert judgment and heuristics (2/4)

 Representativeness (2)

Linda is 31 years old, single, outspoken and very bright. She majored in
philosopy. As a student, she was deeply concerned with issues of
discrimination and social justice, and also participated in antinuclear
demostrations.

There are 100 people who fit the description above. How many of them are:

(A) bank tellers?

(B) bank tellers and active in the feminist movement?

Answer:

Ω

A B



36

Expert judgment and heuristics (3/4)

 Availability

Are there more words in the English language that begin with R or have R as 
their third letter?

Which hazard claims more lives in the United States: lightning or
tornadoes?
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Expert judgment and heuristics (4/4)

 Anchoring

Is the population of Chicago more or less than 200,000?
Estimate the population.

Is the population of Chicago more or less than 5 million?
Estimate the population.
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Questionnaire (example) (1/2)

Given that an extremely bad outcome is observed in the Current Underwriting Year
(CUY), what is your estimate of the probability that also Reserve will need to be
strengthened in an extreme manner?

A
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Questionnaire (example) (2/2)
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Dependence parameters – illustrative results
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Documentation and justification

Important aspects for the documentation and justification:

 Appropriate list of risk drivers enables the identification of dependencies

 Even though the experts’ opinions have to be treated with a certain confidentiality, who the experts 
are is relevant for judging the quality of the exercise. In particular, no bias should be introduced 
through overlapping roles of experts and members of the management validation

 The right balance has to be found for update of such a calibration exercise. Some aspects may be 
relevance of the risk factors for changing portfolio, uncertainty around experts’ opinions



Expert Judgement under Solvency II

From EIOPA Guidelines on Pre-Application of Internal Models (EIOPA-CP-13/011)  - Chapter 4: Assumption setting and expert 
judgement:

Through the pre-application process national competent authorities should for a view on:
Guideline 18 – Assumptions setting
 How assumptions are set and expert judgement is used
 How materiality is assessed, taking into account both quantitative and qualitative indicators
Guideline 19 – Governance
 How it is ensured that the use of expert judgement follows a validated and documented process
 That assumptions are derived and used consistently over time an fit for intended use
 How assumptions are signed off at levels of sufficient seniority according to their materiality, for most material assumptions up to 

and including their administrative, management or supervisory body
Guideline 20 – Communication and uncertainty
 How it is ensured that processes mitigate the risk of misunderstanding or miscommunication
 How a formal and documented feedback process between providers and users of material expert judgement is ensured
 How the uncertainty is made transparent around the assumptions as well as associated variations in final results  
Guideline 21 – Documentation
 How process is documented in a transparent way including materiality, experts involved, intended use and period of validity
Guideline 22 – Validation
 How process for choosing assumptions and using expert judgement is being validated, including where appropriate stress 

testing and sensitivity testing, relying on independent internal and external expertise
 How changes in material assumptions in response to new information is tracked 
 How occurrence of circumstances under which assumptions would be considered as false are detected,

43

The more material the impact the higher the requirements on expertise of the 
expert as well as on process, documentation and governance.  



Justification & Validation

The calibrated hierarchical tree needs to be validated with the following techniques:

 Sensitivity Analysis: Define different scenarios to confirm robustness of results
 Use different definitions of variance by expert
 Exclude prior information 
 Use simple average of expert’s views

 Aggregation: 
 Analyses of combined effects for partially aggregated risk elements

 Back-testing:
 Historical performance of risk elements combined and checked against the modelled loss curve

 Benchmarking:
 Comparison against published benchmarks as well as analysis and explanation of differences.

 Tail dependency test
 Review of output quantile exceedance probabilities

44
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Conclusion

 An internal model can be at the center of or supporting a variety of business and risk management
decisions. Modelling dependencies is an essential component of an internal model.

 Three methods applied in the hierarchical aggregation of risk factors, namely modelling dependence 
using: Empirical data, Causation, Copula. Adequately parameterizing the dependencies is a 
challenging task and resource intense, in the areas of research, processing and documentation

 PrObEx provides a sound mathematical framework for estimating copula parameters and allows to
reduce the parameter uncertainty when estimating copula parameters

 PrObEx can be used to calibrate dependencies also in other contexts (e.g. Life, Economy, etc.)

 A scientific paper on PrObEx has been published in the ASTIN Bulletin
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Thank you! 
…for your attention
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