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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.
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What is an Internal Model - Definition and purpose

Definition V

“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.”

Purposes of an internal model

Capital Requirement Assessment O ...away to assess the need for capital to cover the risk assumed

U ... aunified way of communicating about risks within the company and with

Slilliigel B deeinhl ey outside stakeholders (regulators, rating agencies, investors)

U ...aframework for taking strategic decisions, balancing risk and return: “Flight

Strategic Decision Making Simulator”

O ...atool for optimisation of both the asset and liability portfolios by modelling

Ferdelle Cplizien the diversification benefits

Understanding Economic O ...a possibility to measure the economic performance of the various lines of
Performance business

S%R 1) From CEA-Groupe Consultatif glossary (Annex C.08d)) 4



Modelling the change in economic value

How does an internal model produce arisk profile and the
Solvency Capital Requirement (SCR) IFRS Balance Sheet Economic Balance Sheet

Shareholders’ Economic

O The risk of an undertaking is the change in its value Equity -

U The valuation principles used in the internal model are economic.
This means that the values of assets and the liabilities are Liabilities
determined by the same underlying principles

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

Liabilities

Scenario-based approach

U 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

U 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

U 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

0 Positions are valued as mark-to-market (if a liquid market exists), otherwise mark-to-model
U 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

Scenarlos Events Change in economic value

Closing Economic

Balance sheet
L | »

Opening Economic
Balance sheet

- 100, 000 scenarios

- January December ’;



The distribution of the modeled annual change in economic value

Risk Profile Change in economic value

— = 00
ange in
economigcvalue 0

) ) Shortfall
Expected change in economic value 1

[ \
— 1 1

xtVaR 1% _

SCR

tVaR 1%

1 10 100 200 1000

O 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

O "SCR" is the worst 1-in-200-year (VaR 0.5%) event of the annual change in economic value

O 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

Economic and
Solvency Capital Capital
Capital Allocation Management
Calculation

Strategic
Investment
Allocation

Strategy Risks Risk Profile and
Assessment Appetite

The Internal Model

A tool to optimise risk
Pricing and and reward Management

Valuation Market
Credibility

Risk

Cash Flow Client Support Education and

Multi-year views L ’ ; L
y projection in Modelling Communication

Risk Mitigation

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

SCOR




Use of model: publicly available examples’

SCOR b on ack

escalation framework

SCOR's solvency is actively monitored through a clear and flexible

Escalation
level

anuters =
S QThe optimal capital
Soorisnt
Redeploy capital Board/AGM 2 oplimal caplial rangs
enables the Group to
achieve maximum
profitability and satisfy the
Fine-tune underwriting Executive
Sowsar and investment strategy Committee. level of solvency which
8COR aims to offer its
1.7 but Re-orient underwriting and = clients
Rt investment strategy st
ti rds timal
SR QSCOR aims to make
1 utrer
150 8R! optimal use of the
Improve efficiency of N
12 butter = i BoardiAGM numerous options at its
Mon butrer - .
~i28%5RY disposal to manage its
TN Restore capital position  Board/AGM capital position
1) As per Group itermal Mode1, ato of Avalable Captal over SCR
SCOR Hikaatomli e e T e

21

SCOR defines its optimal solvency and profitability level for Optimal
Dynamics in the 185% - 220% solvency range

Probability of
the 2014 SR

4 buffers =
Max buffer
~300% SR

JSCOR aims for an optimal range of
solvency between 185% and 220%

| 1fbuttees, over the plan period
Optimal
Dynamics
11’3';;";:;; = JThis optimal solvency range is fully
in line with SCOR's capital shield
strategy, combining the right level of
71'5';;";;,, solvency with SCOR'’s profitability
172 buter = target of 1 000 bps above the risk-free
2% min butter rate over the cycle
~126% SR
0.5% | 100% SRV
T ——
SCOR 125

Risk profile stable from 2013 to 2014

Estimated Change in Ecanomic Valus in € billons

Rk profe & sstienty e in e st OO

In 2014, SCOR confirms the strength of its capital position

SCOR reaffirms its solvency po n

Stable SCR after acquisition and business groy

It € billiores frournded)
20130
2 —2014 —2013"
Avallable capital (ACYY 72 75
Retum Period
g SCOR Solvency Capital
33 200 g oS 82 33
a ; : (SCR)
0 100 P
Buffer? SCR ncy ratio
(SR =ACISCR) el
-z
anges in interest and FX rates have a
limited impact on SCOR’s Solvency Ratio
§ 2014 salvency ratio
21%

+100 bps in interest rate 49 %pts
100 bps in interest rate | 10

2} T
i} Avatabie capital as of 31412 of the previous year

LI Risk profile remains stable, as eeanomic environment dampened the effect ik i
from the increase in business volume. 0% in USD R
0 Risk profile of acquired Generali US business largely in line with due diligence
i +10% in Exuity Retums =1
1) 2013 fig r the 2013 1R Day the impaet of the acquisition of Generl US
SCOR 2 m Copital 1 Goned 95 e 97% VIR Of e CNange In economic value wsmouton 129

The new plan leverages an excellent starting position to further benefit
from risk-taking, whilst seeking low results volatility

Balanced increase in risk and retum Capital position throughout the plan is in the optimal
range
s 4 Estimated change in Economic Value in € bilion |
I & bt groanded) 2013E incl. | 2016E inc)
[ R TR e veraii US| Generali LS

' Solvency Capital
Requirement (SCR) e =0
' Buffer Capital (BC} 16 -20
i
| | Distribution 2013 Threshold Capital (TC) 45 50
| Solvency ratio (AC/SCR) 221% ~200%

'
!
L 0 Over the course of the plan, SCOR self finances its growth

. with selected increases in risk taking, together with
increased economic profitability

= alarge part of the risk increase will be driven by natural
A5% 3% i

99 2013 was | growth, in-ine with the undering business volume
= asmaller part will be driven by special initiatives to
soan Sy s optimize retums over marginal increases in tail risk

U Divisional diversification remains stable at a high level

PACUW  LfeUW  lwvestment Operational  Other
Hisk

7 s 1 2073 3 G U5 [Em——
SCOR 121

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 ...with a good risk mix we can live with the
incomplete information for many of these in low frequency incomplete information

events

The combined occurrence of risks (especially in extremes) There may be a strange animal somewhere which
does have very limited to no statistical information and the decides what happens, and we only approximate the
rules are not clear next step

How can we think that we know how things interact beyond a

. . ...we shouldn’t think that we know...
certain point?

...when we have more data...which is potentially a

i ”
How do we know that we get it wrong” bit too late. ..

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

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

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

O 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?

U Well modeled in many ways, with lots of
physics

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

U 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?

O Who is an expert?
O We should never say “we survive a 1-in-x thousand year event” without specifying what this means

O Whatis the influence of “unmodeled” risks (known unknowns and unknown unknowns) in the far tail?

SCOR
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Introduction: Reinsurance and Risk modelling

2 Risk identification and dependencies

Calibration of dependencies: PrObEx — a Bayesian model

Justification & Documentation

5) Conclusion
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|dentify risks
Risk identification and mapping in a nutshell

Objectives of arisk map

U 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.

U It has to be maintained in line with other existing risk management processes

Key Definitions

U Variable associated with a

U Specific asset and/or liability 0 Combination of a risk factor

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

U One risk factor can include
several underlying
phenomena / events

which value may change due
to a risk factor

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

SCOR
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|dentify risks

Construction process and governance

Step 1.1 — Top-down identification
of risk factors based on existing
risk management tools

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

Step 1.3 — Internal

review

Typical sources

U Risk dashboards

U Risk analyses

U Public documents

U Internal model results

O External risk benchmarks

Involved
O Risk owners

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

Step 2.1 — Top-down overall
Ba assessment of inclusion of risk
factors

Step 2.2 — Bottom-up Step 2.3 — Internal
review at EBS item level review

Phase 3: Analyse risk factors not included in the model

U Model owners
U Risk management

Risk Map Design Example

Nat Cat Earthquake

\

— iali \
> Step 3.1 Materlallty Step 3.2 — Internal Communication to \
assessment risk factors . !
. review teams /

not included /

1

DERSES) Life and Health
Reinsurance receivables, P&C lines of . Deposits from Subordinated
Investments . lines of . e
recoverables cash and cash business . reinsurers Liabilities
. business
equivalents



Dependencies — Approaches for aggregation

We distinguish three approaches applied in the aggregation of risk factors, namely modelling
dependence using

U Direct use of empirical data (e.g. sampling)
U Causation
0 Copula

Adequately parameterizing the dependencies is a challenging task and resource intense, in the areas of
research, processing and documentation

U 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

SCOR 15



Dependencies — Approaches for aggregation

L 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

O 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 PrObEXx, which we will outline in
the following

SCOR



Dependency structures

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

How to structure the business? Which dependencies to apply?

Student

And how to calibrate the model?

SCOR

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



Dependencies & Hierarchical Tree

Example Dimensions
10 Lines of business 10
New business and reserves 2710
Direct and reinsurance 2*20
Proportional and non-proportional 2*40
10 regions 10 * 80

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

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

SCOR



Example risk aggregation tree for Non-Life Lines of business

Group Level

Line of Business (LoB)

Business Maturity

Premium Risk Reserves

Region Reg2 | Reg3 -« "Regn

N > Y < Y
Treaty for a certain LoB Treaty 1 | | Treaty 2 || Treaty 3

SCOR 19



The aggregation tree for Non-Life

W GIM new LE (Assembly Tree Collection) - 2011Q1 Operational Run (Scor Global PALC) (new LE structurel - NORMA f/' o o
File Tools Window Help V@ x
EE35vO @
Overvisw | Edit Tree | Assign Collsctions | Assian Mocels | Planning Data | Edit Dependsncy/Corelation | Reports | Divenification Functions | Users | *a
Narme = Modeling Unit Reinsurance Type Cover Tipe Business Vaturty Legd Entity Egion / }7
=1 CE Al AL AL AL Al hone; Al Al Al Al Al ne 0
B CACASUALTY RE_ATED Al Al A Al Al ne @
O 3 Auto_All ind Uuyds Syrndicales Audu_All Al Al All All e
1 3 Auto SCOR ASIS PACF. fuio Al A Al SC03 ASIA PACIF ne
[ [2d Auto SCOR ASIA PACIF. (Bellng branch of Scor SE)  Aute All Al All SCO3 ASIA PACIF, (Belirg branch of Scor SEY ne
1 [ Ato SCOR CAHADA Auto Al A Al SCO3 CANADA ne
E 3 Ato SCOR GERMANY Auto All Al All SCO3 GERMANY ne
1 23 Auto SCOR ITALIA fuio Al A Al SCO3ITALA ne
a8 [j!ewEusmEs: Auo All Al NewBusiress SCORITAUA ne
] Treaty NenProportional futo Treaty NorProportionzl NewEBusiress SCORITALA ne
]| treaty Froportional Ato Irzaty Hoportional MewHusiress SUUA ALA ne
1 [ PriorYearBusness fuio Al A FrorYearBusiness SCORITALA ne
1+ [ Reserves fuio Al A Reserves SCO3 ITALA ne
5 Ao SCOR REUS fuio N A N SCO3 RE US ne
M GIM new LE (Assembly Tree Collection) - 2011Q1 Cperaticnal Run (Scor Glebal P8.C) (new LE structure) - NORMA
File  Tools Window Help
EEd20 Y0 E
IJ Overview | Edit Tree | Assign Collections: | Assign Modelz | Planning Data | Edit Dependency,/Comelation | Reports | Diversfication Functions | Users |
Name Modelling Uinit Reinsurance Type Cover Type Business Maturity Legal Entity
=1 A0 Al AL AL AL None; Al Al Al Al Al
B [CACASUALTY RELATED Al Al Al Al Al
= Auto_Ml imel Lloyds Syndicates Puta_All Al Al Al Al
[ Auto SCOR ASIA PACIF. Auto Al Al Al SCOR ASIA PACIF.
[Z Auto SCOR ASIA PACIF, (Beiing branch of Scor SE)  Auto Al Al Al SCOR ASIA PACIF. (Beiing branch of Scor SE)
[Z3 Auto SCOR CANADA Auto Al Al Al SCOR CAMADA
& [ Auto SCOR GERMANY Auto Al Al Al SCOR GERMAMY
El [ Auto SCOR ITALIA Auto Al Al Al SCOR ITALIA
B3 NewBusiness Auto Al Al NewBusiness SCOR ITALIA
J| Treaty NonProportional Auto Treaty MNonProportional MewBusiness SCOR ITALIA
_T| Treaty Proportional Auto Treaty Proportional MNewBusiness SCOR ITALIA
[# [ PriorYearBusiness Puto Al Al PriorfearBusiness SCOR ITALIA
[# 1 Reserves HAuto Al Al Reserves SCOR ITALIA
[ [ Auto SCOR RE US Auto Al Al Al SCORRE US
@ [ Reserves Credit and Surety_All Al Al Reserves Al MNaone
& [ Decemial Decenria Al A Al Al None
# 4 Miscellaneous_Al Miscellaneous_All All Al All Al None
) [ Space Space Al A Al Al Nne

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.

| opepitdl ALM

SCOR
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The model copula family and dependence measure

Let 6p= {C], Y€1} denote a family of bivariate copulas, with parameter set " and density c(-ly)
We assume that

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

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 p[-. ) denote a fixed dependence measure. The set of attainable values of £ for copulas in g

Is defined by
eO={p(U",V*): (U, V")~ C" e6p}

We assume that @ is an interval, i.e. © =[a,b] cR
We focus on p(-,-) which satisfy p(U,V)=p(X,Y)

W

We assume there exists g : [a,b] — T" a bijective link function such that g (p(U*,V*)) =y
forall (U, V")~ (-

Calculating an estimate fo of 0y leads to an estimate o= g(fo) of Yo.

SCOR
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PrObEx — Combining three sources of information

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

A prior density m(8):[a,b] — [0,00) e.g. from previous years or from regulators

i N independent observations (U,, ,V,), n=1,...,N of independent observations

of (U,V) ~ Gy, .The set of observation is denoted by &

K experts, each providing one point estimate @k , k=1,..., K of the dependence
Experts measure p(U, V). The set of expert assessments is denoted by &

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

n(0|6,8)h(6,8) = h(G,&818)n(80),
O Assuming independence between expert assessment and observation leads to

h(6,810) = ho(610)he (£10)

SCOR
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PrObEx continued

0 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

L Under these assumptions, the posterior distribution of the value of the dependence measure reads

as: N K
n(016,8)xn(0) [ | c(Un, Valg(0)) | ] ex(kl6)
W/knzl g = y y,
ho( me}  he(818)

P

Where c(u,v|y)= ,_.g.i,jic-[u. v) and eg(-18) is the conditional density, given @ of k-th expert assessment

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

SCOR

24



Prior information

L Suppose we can infer a point estimate éfp of Bg from the prior source of information.

O We then model 7(6) with a shifted Beta distribution with mean E[f] = 8.

U If the source of information leading to §p does not specify a measure of uncertainty, we determine

var(6) through a qualitative approach:

(0.005(b—a)? for high confidence,

var(0) =< 0.02(b—a)?  for intermediate confidence,

0.05(b—a)?  for low confidence.

O If no prior belief is available then H(Q) can be set uninformative.
0 The four mentioned qualitative approaches:

Uninformative Low Intermediate High
5 A
o 4
moe)3 [
(0)3 -
1 -_’__’______.---' - /
0
0 05 10 0.5 10 0.5 10 0.5
0 0 8 0

Confidence in the prior information

SCOR
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The elicitation of expert opinions

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

= Reproducibility

= Accountability

= Empirical control
= Neutrality

= Fairness

U Psychological effects are involved and have to be considered carefully

U The literature distinguishes between behavioral vs. mathematical approaches

SCOR
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The modeling of expert opinions

L The conditional density of the k-th expert is modeled via a shifted Beta distribution.
L We model the expert estimates to be conditionally unbiased, i.e. [E[(kaH] =0.

O To reflect the expert uncertainty we assign each expert a variance Ui , Which is assumed to be
independent of O, i.e.var(¢,|0) = O'i

U Three possible approaches to calculate estimates Ui of Ui are considered:
= Subjective variances
= Homogeneous experts

= Seed variables

SCOR 27



PrObEx Example (1/3)

With two experts equally certain and no prior information

Combining different sources of information

s
| E==Epert]

Uninformative prior density
T T r T

5
=5

0 0.4 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Quantile exceedance probability

By

>
Ka
’

Expert 1 likelihood function

",
-
‘..
.,
.,

Quantile exceedance probability

B

= = Expert2

Expert 2 likelihood function
T T T T

s Y
0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9

Quantile exceedance probability

1

Uninformative prior, experts 20% std

....... Prior
45| ==+ Expert1
= = = Expert 2
e PTOBEX
4
3.5F
3k
225
2k
1.5+
1p
0.5’-
i , , : . , <L %
o 01 02 03 04 05 06 07 08 09 1

Quantile exceedance probability

SCOR

Combining two experts’ opinions reduces the
uncertainty around the estimator




PrObEx Example (2/3)

With an informative prior

Combining different sources of information

Informative prior density

451

F1s

3.5

L
0.1

n L . . s L PRCLITTIN
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
‘Quantile exceedance probability

Expert 1 likelihood function

5

4.5

.

01 0.2

0.3 0.4 0.5 0.6 0.7 0.8
Quantile exceedance probability

Expert 2 likelihood function
5 T T T T
= = Expert 2

451

aF
35r

3k

2 25
Y aaiie
2+ v ™
4 .
o’ 3
3 )
1.5+ ‘.' "
- .
- .
1 i Ly
g L)
g
05 ot %
- "
-------- ;)
0 e Y
0 0.1 0.2 03 0.5 0.6 0.7 08 0.9 1
Quantile exceedance probability

Uninformative prior, experts 20% std

5
~
02 03 04 05 06 07 08 0 1

Quantile exceedance probability

SCOR

Informative prior, experts 20% std

Prior

Expert 1
- = = Expert 2
= PrObEX

03 04 05 06 07
Quantile exceedance probability

0.8

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

_ Informative prior density Expert 1 likelihood function
[t prior]
4.5 - 45+
4 E 4
st 4 35k
3| B 3 4
2
225 4 2 25+ g
s -
2t 4 2F » e 4
a 5,
E " [ l“ .,
15 4 15 ’!| e
o o .,
13 i 1+ .'4-’ , “
el -,
\’. - -~
05| 4 o5 o .
." . -
o L n L n L N N ,.""Hn., 0! ra L L L L L L L L P
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0 01 02 03 ulll:ﬂ 05 pn'.s “%r 08 08 1 Bantie oxconionce X~
Uninformative prior, experts 20% std Informative prior, experts 20% std
5 5 T :
4.5/
4 4
35 35
3 3
Z
;35 €25
2 2
15 150
1 1k
0.5 05
e ; 0
6 01 03 63 04 w5 66 8y 0E 09 1
Quantile exceedance probability

Expert 2 likelihood function — 10% std
5
----- Expert 2

4.5

4 s

LA
35F I 1
H 3
! [
3t i 3
z i '
5 25- ] A
! !
1
2r H A
s 1
1.5+ ] '|’
4 %
1 kY
1+ H Y
q Y
0.5- ¢ s,
o .,
- N,
- LY
) 01 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
Quantile exceedance probability

Informative prior, left expert 20% std, right expert 10% std

0 el - L s N N LY
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Quantile exceedance probability

The uncertainty around the estimator reduces further using reliable experts.

SCOR
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The calibration process at SCOR

’
| . .-_ ! -
o | e, 3
| -

: Worksh
06\\005 Orksnop
1\0 4o ne
‘ Overview Training » Brainstorming Questionnaire |
N —
—
PrObEx l

Dependence parameters

Risk aggregation l

e.g. Solvency Capital Requirement (SCR)
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Dependence measure — what we asked the SCOR experts

o

How to measure
dependence?

O The experts were asked to answer a question like:

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

SCOR

P[X >VaR, g5(X) |Y >VaRg(Y)]

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

SOOR
o vjc““" | B
\(a re s P—
i \\\"r’ LoB 1 LoB 2 LoB 3| LoBn
P O R Fal
/ T~
Cument Underwriting Year Reserves
S i
o Ty ,,,, \\
Pl A /' K —
.......... ——

lrs‘aw Treaty 2 | | Treaty 3 T’l\asl\f
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Workshop agenda

PrObEx and Dependence Calibration PrObEx and Dependence Calibration

Stage 0 — WORKSHOP AGENDA Stage 1- OVERVIEW

Paris, September 29, 2011 Paris, September 29, 2011

PrObEx and Dependence Calibration PrObEx and Dependence Calibration PrObEx and Dependence Calibration

Stage 2 — TRAINING SESSION Stage 3 — BRAINSTORMING Stage 4 — QUESTIONNAIRE

Paris, September 29, 2011 Paris, September 29, 2011 Paris, September 29, 2011
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Expert judgment and heuristics? (1/4)

0 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?

T Examples in this section following D. Kahneman & A. Tversky, full references can be found in the first reference at the end of the

S%R presentation
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Expert judgment and heuristics (2/4)

U 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:

SCOR
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Expert judgment and heuristics (3/4)

O 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?

SCOR
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Expert judgment and heuristics (4/4)

4 Anchoring

Is the population of Chicago more or less than 200,0007
Estimate the population.

Is the population of Chicago more or less than 5 million?
Estimate the population.

SCOR
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Questionnaire (example) (1/2)

Model Unit {LoB) Property

rd %,
y,
I
# lx
&

Business Maturity

CurrentUnderwriting Year Reserves

L

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?
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Questionnaire (example) (2/2)

Risk Driver Categories

Risk Driver

Category 1

Risk Driver

Category 2

Risk Driver

Category 3

Risk Driver

Category 4

Risk Driver
Category 5

Step 1

|5 this RD capable of producing & 1-in-100 or
worse outcome in the CUY?

Yes

Mo

No

Yes

Mo

Step 2

Out of 100 scenarios where a 1-in-100 or
worse outcome is ochserved in the CUY, how
many are due to this RO?

70

30

Check

OF

Step 3

If @ 1-in-100 or worse outcome is cbhserved in
the CUY due to this RD, would you deem
possible that also Reserves would need to be
strenghtened in an extreme manner due to
this RD?

No

Yes

Step 4

Given that a 1-in-100 or worse cutcome is
ohserved in the CUY due to this RD, how likely
it iz that also Reserves will need to be
strengthened in an extreme manner due to
this RO?

20%

Answer

Given that a 1-in-100 or worse outcome is ochserved in the CUY, your estimate of the probahility that also Reserves will need to be strengthened in an

extreme manner is:

Confidence

Mot so confident

[ £

~

Wery confident

SCOR

39



Dependence parameters — illustrative results

Modelngunit Y Legalfotity 7 CoverType V Remssrance o Busicss o, 7 Copuls oy Thets  beccedance

Type Maturity Type Parameter  Probability
1262 Ao Scor Swizedand AG Scor Seitredand AG Al A AN Norw Clsytan o8 o4
1263  Fessrves Scor Swiredard AG M M Faserves. More B 022

1265
1266
1267
1268
1269
1270
121
1272
1273
1274
1275
1276
1277

1278
1279 Bei
1280 Name Modelling Unit Y LegalEntity W CoverType W T
1281 ype
fana 1262  Auto Scor Switzedand AG Auto Scor Switzedand AG ~ All Al
12683

1284 1263 Reserves Auto Scor Switzedand AG Al Al
1284 E— = =

1286 Troaty NonPropertional Ato SCOR ITALIA MonPropesionad  Treaty Reserves Mere

1287  Facubstve NonProporional Ato SCOR ITALIA MonPropotonal Facutatren Feterier

1288  ProrYearBusress Ao SCOR ITALIA N L ProrYewBusness None

1289  Traty Propomional Ats SCOR ITALIA Proportonsl Treaty ProrfearBusress Nore

1290  Ato SCORRE US Ato SCORREUS ] ] N Hone

1251 NewBlsness Standand Ines tempiate Ao SCOR RE LS A N NewBusness  Nere

1292 Troaty Propodional Ao SCORREUS Proportional Treaty NewBsness  Mere

1293 Treaty NonProportional Ato SCOR RE US MenPropoioral  Treaty NewBuaress  Nore

1294 Reserves Standand bnes terplate Ato SCORREUS N L] Reserves Heore

1295  Teeaty Proposional Ao SCOR RE US Fropotonsl Treaty Reserves More

1296  Tematy NonPropoional Mt SCOR RE US MenFropotienal Tty Faserves Meone

1297  Facubstve NonProportonal Ao SCOR REUS MonProposionsl  Facutatve Feserves Hiore

1298 ProrToarBusress Sandard Ines template Ato SCORREUS A A ProrYoarusrsn None

1299 Treaty Propostional Ato SCOR REUS Proportional Treaty Pror YearBuainess None

1300  Treaty NonFroponionsl Ao SCOR RE US NorPropomoral  Treaty ProrYeaBusness None

1301 Auto SCOR REASS exl UK. Raly, Gemnary ar Auto SCOR REASS. excd. ULAN A N Tiare

1302 MewBusness Sandand Ines temgiste At SCOR REASS encl. UIAN N NewBuaness  Nome

1303 Treaty Propomonal Ado SCOR REASS excd Ul Proportional Treaty NewBianess  Nore

1304 Treaty NonProgortional Ads SCOR REASS esed Ul NorPrepeicnsl  Tomaty NewBusrass  More

1305 Reserves Standard inss terplate Ao SOOR REASS. e, ULAL N Feverves Hore

1306  Treaty Propontionsl Ao SO0R REASS. el Ul Propostional Treaty Reserves

1307  Teeaty NonPropomanal Ato SCOR REASS e U HonPropomonsl Treaty Reserves More:

1308  ProrYearfusness Standard Ines tomplate Ado SCOR REASS excl UIAL N ProcYearBlaness Nore

1309  Treaty Progostional Ato SCOR REASS. excl. Ul Propertional Treaty ProrYewBusiness Nore




Agenda

. Introduction: Reinsurance and Risk modelling
- Risk identification and dependencies

- Calibration of dependencies: PrObEx — a Bayesian model

Justification & Documentation

- Conclusion

SCOR
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Documentation and justification

Important aspects for the documentation and justification:
U Appropriate list of risk drivers enables the identification of dependencies

U 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

U 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

SCOR
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Expert Judgement under Solvency Il

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

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

U How assumptions are set and expert judgement is used

U How materiality is assessed, taking into account both quantitative and qualitative indicators
Guideline 19 — Governance

O How itis ensured that the use of expert judgement follows a validated and documented process
O  That assumptions are derived and used consistently over time an fit for intended use

O  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
O How itis ensured that processes mitigate the risk of misunderstanding or miscommunication
O How a formal and documented feedback process between providers and users of material expert judgement is ensured
O  How the uncertainty is made transparent around the assumptions as well as associated variations in final results
Guideline 21 — Documentation
O How process is documented in a transparent way including materiality, experts involved, intended use and period of validity
Guideline 22 — Validation

O  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

0  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,

SCOR
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Justification & Validation

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

U 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
4 Aggregation:

= Analyses of combined effects for partially aggregated risk elements
U Back-testing:

= Historical performance of risk elements combined and checked against the modelled loss curve
U Benchmarking:

= Comparison against published benchmarks as well as analysis and explanation of differences.
U Tail dependency test

= Review of output quantile exceedance probabilities
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Agenda

. Introduction: Reinsurance and Risk modelling
- Risk identification and dependencies

- Calibration of dependencies: PrObEx — a Bayesian model

n Justification & Documentation

Conclusion
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Conclusion

O 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.

U 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

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

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

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

47

SCOR



References

O Arbenz, P. and Canestraro, D. (2010): PrObEx - A new method for the calibration of copula parameters
from prior information, observations and expert opinions. SCOR Paper n. 10

O Arbenz, P. and Canestraro, D. (2012): Estimating copula for insurance from scarce observations, expert
opinion and prior information: a Bayesian approach. ASTIN Bulletin, 42 (1): 271-290

O  Dacorogna, M.D. and Canestraro, D. (2010): The Influence of Risk Measures and Tail Dependencies on
Capital Allocation. SCOR Paper n. 7

SCOR 48



