Antitrust Notice Munich RE i'

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.

LARGE LOSS TREND VIA PARAMETRIC MODEL

CAS Seminar on Reinsurance 2012

David R. Clark =
Munich RE ==




W

Agenda Munich RE

1. Introduction
2. Parametric Model for Large Loss Trend
3. Advantages & Disadvantages

4. Example

Introduction: Trend on Aggregate Losses Munich RE 3

Trend is usually calculated on aggregate losses by dividing
total losses by total claim counts.

» Calendar Year basis — all losses closed in a given year
» Report Year basis — all losses reported in a given year
= Accident Year basis — all losses occurring in a given year

If we are estimating a long-term average trend, then all the
methods should produce similar results.

We also generally assume that the same inflation trend
applies to all sizes of loss.




Introduction: Trend on Large Losses Munich RE

Question is easy to ask: What trend factor should be applied to
large losses?

But it is difficult to answer!

= Credibility of large losses due to high skewness

Data quality

Impact of policy limits and excess attachment points

Handling case reserves and loss IBNER

Interaction of frequency trend and severity trend

Introduction: Parametric Trend Munich RE

Outline of the approach:

We will assume that losses come from a continuous
distribution, the shape of which is constant over time but the
scale changes with an inflation trend.

The parameters of this continuous distribution, including this
trend, are what we will try to estimate.
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Scale parameter B, Shape parameters, Q and w,
in dollar units. unaffected by change in
scale.
X w
Weibull: F(x) =1 — exp (- (_) )
B
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with trend on Scale Parameter

Allow the “scale” parameter to change each year based
on a constant trend factor, “g”, while holding the “shape”
of the distribution the same over time.

x \—0
Pareto: F,(x) =1-— (1 + )

t-ew(- (57 )

Weibull: E, (x)
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on losses available to the reinsurer

We do not have every possible loss from the distribution.

We only have large losses, above some threshold T.
(truncated from below)

Some losses are capped at historical Policy Limit (PL).
(censored from above)

(0 0<x<T
1—F(x)
Fx|x=>T)= 11— T < PL
(x| ) = A« = F (D) X
. 1 PL<x
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Curve-Fitting Strategy

We can use Maximum Likelihood Estimation to find the model
parameters:

Qor w Shape parameter; constant for all years
B Scale parameter for base year
g Trend factor (g=1.06 means 6% annual trend)
Other inputs supplied by the user, for each loss record:
k Yearindex k=1,2,3, ...
T;

PL,

I

Truncation point or reporting threshold

Policy Limit
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Continuous Distributions Munich RE
Advantages

Advantages of Parametric Approach:

= Can work with loss data as received, subject to reporting
thresholds and policy limits

= Can produce standard errors for trend estimators
= Other diagnostics

= Likelihood Ratio Tests

= Q/Q Plots

= Residual Plots
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Continuous Distributions Munich RE
Advantages — Standard Error Calculation

Large Loss Trend - Pareto Model

Truncation 50,000
B 20.000
Q 1.2600
Trend 6.50%

Mumber of Losses per Year
10 20 25 A0
A h3.23% 37.64% 33.67% 23.81%
10 17.14% 12.12% 10.84% 7.67%

=

T =

é @ 15 8.73% 6.17% 5.52% 3.90%

=2 - 20 h.36% 3.79% 3.39% 2.40%
25 3.656% 2.58% 2.31% 1.63%

Numbers for illustration only. %
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Continuous Distributions Munich RE
Disadvantages / Challenges

Disadvantages of Parametric Approach:
= Data Quality Issues
= Changing case reserve adequacy
» “Clustering” and precautionary reserves

= Small sample distortions on likelihood ratios and standard
errors

» Dependence on curve form (Pareto problem...)

Continuous Distributions Munich RE §'
Pareto Problems...

Q
Standard Pareto: F(x)=1- (B m x)
B+ T\
Lower-Truncated Fixlx>T)=1- ( )
Pareto: o B+ x

Q

Pareto: X

No “scale” parameter; no way to estimate trend.

Single Parameter F(xlx > T) -1 — (Z)




Continuous Distributions Munich RE
Pareto Problems...

Similarly, for Lower-Truncated Weibull:

T\® /x\®
F(x|x=>T)=1—exp ((E) _(E) >
This becomes a single parameter Pareto when the B,w—0
_ T\  ,x\® T\“
Jm e ((z) -(3)) = ()

The “scale” parameter disappears; so again no way to
estimate trend.

Continuous Distributions Munich RE
Disadvantage

Estimate of Trend is dependent on the form of the loss
distribution.

If losses really do follow a single parameter Pareto, then
there is no way to estimate inflation trend without additional
information.

[N.B. This is not a problem with “Dave’s method,” it is a
problem inherent in the nature of insurance losses.]

See article “When Inflation Causes No Increase in Claims Amounts” by
Brazauskas, Jones & Zitikis; Journal of Probability and Statistics.




Example for Report Year Data
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Sample of GL losses for report years 2001-2010.

Total of 713 claims at one

Limitations:

» Small sample

time reserved > 25,000

» Some losses missing accident year or policy limit

= No split of paid and case reserve or status (open/closed)

= No split of loss and alae (harder to identify capped losses)
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Example for Report Year Data
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We fit the Pareto model to the large loss data and calculate parameters values and
the covariance matrix for the parameters. This allows the estimate of the standard

error on our estimated annual trend.

Parameter
Shape Q
Base Scale B
Annual Trend

Large Loss Trend Fit

Value Std Error
1.1509 01059
16,208 7,363
6.5% 6.1%

Parameter Covariance Matrix

Annual Trend

Shape Q 0.01121891 550.512052 -0.0008056
Base Scale B 550.512052 5421016592 -319.21595

-0.0008056 -319.215698 0.00370542

Numbers for illustration only.
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Average Large Loss Severities
250,000
200,000
150,000
100,000 -
50,000
]
2001 2U02 2003 Juu4 JUU5 JU0B FLNN 2008 2uug
N Historical Severity  ==@=Fitted Pareto
Number of Losses > 25,000 at second report year
2001 2002 2003 2004 2005 2006 2007 2008 2009 Total
47 93 90 79 55 45 51 54 55 569
19
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Quantile-Quantile Plot
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© Copyright 2012 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
to determine the applicability of any particular contract language to the reader's specific circumstances.
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THANK YOU FOR YOUR ATTENTION

David R. Clark

daveclark@munichreamerica.com
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