Antitrust Notice Munich RE §

1. The Casualty Actuarial Society is committed to adhering strictly to the letter and
spirit of the antitrust laws. Seminars conducted under the auspices of the CAS
are designed solely to provide a forum for the expression of various points of
view on topics described in the programs or agendas for such meetings.

2. Under no circumstances shall CAS seminars be used as a means for competing
companies or firms to reach any understanding — expressed or implied — that
restricts competition or in any way impairs the ability of members to exercise
independent business judgment regarding matters affecting competition.

3. ltis the responsibility of all seminar participants to be aware of antitrust
regulations, to prevent any written or verbal discussions that appear to violate
these laws, and to adhere in every respect to the CAS antitrust compliance

policy.
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PROPERTY AND CASUALTY:
SEPARATED AT BIRTH
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Agenda Munich RE 3

1. Property and Casualty wear different masks
2. How to “correct” the loss ratios by LOB

3. Modelling the correlation in ERM

Separated at Birth Munich RE 3

Property and Casualty lines of business are often sold together and are subject to

similar market forces. However, published results do not always show a strong
correlation.

=  Small commercial insurance is often explicitly “packaged” as BOP or CMP

= Large account businesses purchase separate policies, but often involve the
same buyers, sellers and intermediaries.

=  For (re)insurers, we often hear “you need to think about the whole account”




Separated at Birth Munich RE 3

Property results are subject to the market cycle, but this is masked by catastrophes
and other large loss events.

Casualty results are subject to the market cycle, but this is masked by the very slow
recognition of ultimate results in the reserving process.

Similar patterns — covered by different masks.

Separated at Birth - Property Loss Ratios including Munich RE 28
catastrophes

Industry Fire & Allied Loss+LAE Ratios (calendar year)
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Separated at Birth - Property Loss Ratios excluding
catastrophes (via median)
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Industry Fire & Allied Loss+LAE Ratios
Median Paid Loss Ratio of 50 States
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Separated at Birth — Casualty Loss Ratios Munich RE 5
Industry Other Liability - Occurrence Carried Ultimate Loss+LAE
120%
o M
80% |
60%
40%
20%
0% T T T T T T T T T T T T T T 1
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
—#—Carried Ultimate at 12 Months —fl-Latest Carried Ultimate 8




Separated at Birth — Liability and Property Loss Ratios Munich RE 38

Comparison of Liability and "Non-Cat" Property Loss Ratios
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Separated at Birth Munich RE 5

Correlation coefficient for the “true” ultimate loss ratio for Other Liability with the non-

catastrophe portion of Fire & Allied is about .926. Other lines of business show

similarly strong correlation.

The primary reason for this correlation is the common market cycle affecting all lines

of business.

A secondary reason for the correlation may be that economic costs will be co-
integrated over the long term.
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Separated at Birth — CIAB Rate Changes
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CIAB - Rate Changes for Commercial Insurance

ZT0ZDE

210201

TT0ZDE

200ZDE

200207

L0D0ZDE

L00ZDT

£00ZDE

£00ZD7

Z00ZDE

200207

T00ZDE

T00Z0T

000ZDE

000207

GE6TDE

6E6TDT

50.0%

40.0%

30.0%
20.0%
10.0%

3
=}
o

23, Jolid Wody 38uey) ud.iad

-10.0%

-20.0%

-=-Commercial Casualty

——Commercial Property

——
Munich RE ==

Separated at Birth — Market Scout “Barometer”
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for Commercial Insurance

"Barometer"

MarketScout
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Separated at Birth - Two Methods for including LOB Munich RE 3
Correlation in Enterprise Risk Models

Implicit:
= Do not adjust historical results to current level
= Estimate correlations based on historical loss ratios
=  Model correlation via copula

Explicit:
=  Adjust historical results to current cost and rate level
=  Explicitly model market cycle and economic forces

= Apply the market cycle and economic forces as separate level of simulation,
applicable to all lines of business

=  Scatter Plot of results can be used to show the dependence (copula is output,
not input)
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Dependence of Correlation Coefficient on Volume and Munich RE 3
Grouping

Suppose we have a company writing twelve identical risks (policies).

And the correlation coefficient between any two risks is .2.
Risk 1 Risk?2 Risk3 Risk4 Risk& Risk6 Risk7 Riskd Risk8 Risk10 Risk11 Risk12

Risk 1 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Risk 2 0.2 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Risk 3 0.2 0.2 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Risk 4 0.2 0.2 0.2 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Risk 5 0.2 0.2 0.2 0.2 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Risk 6 0.2 0.2 0.2 0.2 0.2 1 0.2 0.2 0.2 0.2 0.2 0.2
Risk 7 0.2 0.2 0.2 0.2 0.2 0.2 1 0.2 0.2 0.2 0.2 0.2
Risk 8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1 0.2 0.2 0.2 0.2
Risk 9 02 02 02 02 02 02 02 02 1 02 02 0.2
Risk 10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02 1 0.2 0.2
Risk 11 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1 0.2
Risk 12 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1
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Dependence of Correlation Coefficient on Volume and Munich RE 38
Grouping

Next we will group these risks into two business segments.

What is the correlation coefficient between the two segments?

Business Segment 1 Business Segment 2

1 02 02 02 02 02 02 02 02 02 02 02
" - 02 1 02 0.2 0.2 0.2 02 02 02 02 02 02
85 0.2 0.2 1 0.2 0.2 0.2 02 0.2 02 02 02 02
§ & 0.2 0.2 0.2 1 0.2 0.2 02 02 02 02 02 02
o 0.2 0.2 0.2 0.2 1 0.2 02 02 02 02 02 02
0.2 0.2 0.2 0.2 0.2 1 02 02 02 02 02 02
02 02 02 02 02 02 1 02 02 02 02 02
- O 02 02 02 02 02 02 02 1 02 02 02 02
85 02 0.2 02 0.2 02 0.2 02 0.2 1 02 02 02
§ = 02 02 02 02 02 02 02 02 02 1 02 02
@ 02 02 02 02 0.2 0.2 02 0.2 02 02 1 02

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1

Dependence of Correlation Coefficient on Volume and Munich RE B8
Grouping

The correlation between any two risks (policies) is .2; but the correlation
between the two business segments is .6.

Business Segment 1 Business Segment 2

0.6

Business
Segment 1
—A

0.6 1

Business
Segment 2
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Separated at Birth - Modelling Correlation Munich RE 38

In an explicit model of market cycle, rate/price movement is treated as a secondary
random variable. This is sometimes described as a “mixing” variable or a
“common shock” model.

The form of this secondary variable creates a copula.
X, and X, are random variables for two lines of business
Y is a random variable for the market cycle (affecting premium)
If X,, X, are lognormal and Y is also lognormal, then
F(X, 1Y, X,/Y) follows a Gaussian (bivariate normal) copula
If X,, X, are exponential and Y is gamma, then

F(X, 1Y, X,/Y) follows a Heavy-Right-Tailed (bivariate Pareto) copula

17

Scatter Plot from Copula: Gaussian Munich RE 3
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Scatter Plot from Copula: Heavy Right-Tail (HRT)
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Heavy-Right-Tailed Copula (Bivariate Pareto)
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Scatter Plot from Copula: Scenario Testing
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Copula Implied by Low/Medium/High Scenarios
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Separated at Birth - Mitigating Correlation Risk Munich RE 3

Correlation due to market cycle is not a diversifiable risk.

However, the market cycle is largely an epistemic rather than an aleatoric (random)
risk. Thatis, the risk is due to the fact that we do not really know what is being
charged for the underlying risks.

While this risk cannot be diversified away, it can be mitigated. The mitigation of the
risk is done by improving our knowledge of price adequacy via monitors, audits and
controls.
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THANK YOU VERY MUCH FOR YOUR
ATTENTION.
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Dave Clark Munich RE ==
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© Copyright 2011 Munich Reinsurance America, Inc. All rights reserved. "Munich Re" and the Munich Re logo are
internationally protected registered trademarks. The material in this presentation is provided for your information only, and
is not permitted to be further distributed without the express written permission of Munich Reinsurance America, Inc. or
Munich Re. This material is not intended to be legal, underwriting, financial, or any other type of professional advice.
Examples given are for illustrative purposes only. Each reader should consult an attorney and other appropriate advisors
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to determine the applicability of any particular contract language to the reader's specific circumstances. Munld'. RE ;




