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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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The Winner’s Curse — An Elephant Munich RE
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The Winner’s Curse:

= Assume pricing is done via an auction (multiple bids)

= Assume there is a random element in the pricing process for
each of the bidders

The portfolio written is not a random sample of risks.

Instead, the portfolio is the set of winning bids.




The Winner’s Curse — An Elephant
Simulation Example (Excel)
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Example of Winner's Curse
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Company A Company B Company C “Winner"
“Correct” Premium": 1,000,000 1,000,000 1,000,000 1,000,000
C.V. of Pricing: 0100 0100 0100
# Quoted: 1.000 1.000 1.000
Average Premium: 999 425 998,476 999 421 999,108
# Bound: 335 345 320 1,000
Average Premium: 924,096 917,561 916,579 919,436
Impact of Curse: -1.5% -8.1% -8.3% -8.0%
Scenario: 1 980,191 966,004 999,985 966,664
2 806,302 899,607 1,002,422 806,302
3 996.435 1,056,072 930,714 930,714
4 1,083,107 973.006 776,311 776.311
5 1,070,169 1,271,882 1,017,768 1,017,768
B 1,140,818 975,723 881,194 881,194
7 1,068,290 944 245 BE3,500 883,500
8 943,281 958,088 1,017,825 943,281
9 995775 846,034 954 583 846,034
10 1,043,841 1,228,726 1,144 771 1,043,841
11 1,171,744 913,867 1,014,210 913.867
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Example of Winner's Curse

Company A Company B Company C “Winner"
"Correct” Premium": 1,000,000 1,000,000 1,000,000
C. V. of Pricing: 0.100 0.100
# Quoted: 1,000 1,000 1,000
Average Premium: 1,000,115 1,000,025 1,001,051 1,000,397
# Bound: 278 354 368 1,000
Average Premium: 968,793 913,176 914,234 929,027
Impact of Curse: -3.1% -B8.7% -8.7% -1.1%
Scenario: 1 1,030,850 932,531 979,909 932,531
2 1,066,441 1,092,306 982,305 982,305
3 981,758 966,095 1,028,692 966,095
4 934,596 991,287 981.753 934,596
b 1,097,762 916,302 885,274 885,274
6 1,008,027 995,314 660,096 860,096
7 966,520 998,013 1,009,339 966,520
8 970,755 974 602 1,066,335 970,755
9 965,096 897,087 1,170,621 897,087
10 961.391 942,408 1,102,551 942,408
11 1,068,667 879,760 1,237,398 873,760
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The Winner’s Curse leads to downward bias in pricing.

The downward bias is due to variance in the pricing estimation
process. The greater the variance, the more the downward bias.

We can mitigate this downward bias by using minimum variance
estimators.

Credibility can help!



Basic Credibility Concepts - Preliminaries Munich RE
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Criteria for an estimator of future losses:

= Unbiased = the expected value of the estimator is equal to the “true” expected

loss E( A)
= Minimum Variance = on average the value produced by this estimator will be

closer to the true expected loss than other estimates

= Robust = the estimator behaves well even if model assumptions are not
exactly met; stable results even given outliers



Basic Credibility Concepts — Venter’s Munich RE
Credibility for Dummies
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Credibility theory that focuses on the goal of minimum variance is also
known as “least squares” or “greatest accuracy” credibility.

The goal is simple to state: We want to make use of all the
available and relevant information, giving the proper weight
to each piece of information.

“Credibility theory is all about weighted averages.”

-Gary Venter



Basic Credibility Concepts — Venter’s Munich RE
Credibility for Dummies
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A credibility-weighted (cw) average of two estimators is given as a
linear weighted average:

ey = w-lp+ (1—w)-uy
The two estimators are unbiased and independent:

E(iy) = E(iz) = 1

Cov(fiy, fiz) =0

The variance of the credibility-weighted average is written as:

Var(iiy,) = w? -Var(y) + (1 —w)? - Var(iy)

10



Basic Credibility Concepts Munich RE =

Improvement from Credibility Weighting (Independent)

Var{wtd avg) = (1-w)?*Var{Estimator #2) + w?*Var(Estimator #1)

Var(Estimator #2)

=

ar(Estimator #1)

Optimal Weighted /

\ Average /

— e _= T -——————rT . . o - e - - = = = -

Var({wtd avg)

Range where improvement is made

0% 10% 20% 30% 10% 50% 60% 70% 20% 20% 100%
Credibility Weight (w) to Estimator with Lower Variance
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We can find the “best” credibility weight as the w that minimizes the
variance of the credibility-weighted average.

o Var(fa,)
0 W1 B

0

The result is that the “best” weight is inversely proportional to the
variance of the estimator.

o ve@® Ve
V" Var(@) + Var(@) ~ Var(@)=1 + Var(im;) !
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A credibility-weighted (cw) average of multiple estimators:

n n
Hew — zwi'.ui zwi =1
=1 =1

If all estimators are assumed to be unbiased and independent:

n
Var(in,) = ) wi-Var(m)
=1
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Multivariate Case Munich RE
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Assuming independence among the various estimators, the “best”
weights are again inversely proportional to the individual
variances.

N

W; =

Var (@)™
j=1 Var(,a}-)_l

Substituting these weights back into the variance equation produces
the following:

1

1 1 1
bt
Var(py) = Var(pz) Var (i)

Var (e [W;) =




Multivariate Case Munich RE
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Where there is correlation between the estimators, we define a

covariance matrix containing the covariance between every pair of
estimators.

For the three variable case, we have:

Var(ty)  Cov(iig,iiz) Cov(iiy, ii3)
X= (Cov(piz,in) Var(pz)  Cov(ly, z)
Cov(usz, py) Cov(uz, fiz)  Var(usz)
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The weights to be applied to the estimators are represented as a
vector of numbers.

—

W = <W1,W2, "°'Wn>T

The “best” value for the weights, constrained so that they sum to
unity, is found by matrix operations.

W_ z—1°1n
1T .x-1.1

This is calculated by taking the inverse of the covariance matrix and
then dividing each column total by the overall total.
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Interesting Tangent:

The math is equivalent to minimum variance portfolio optimization.

Portfolio Asset Allocation Credibility Weights
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The experience rate is an estimator of the future loss. i
exper

With variance based on:

= Number of years and losses in the historical period

= Attachment Point and Limit of layer being priced

= Changing operations of the client company
The exposure rate is an estimator of the future loss. Hexpos

With variance based on:

=  Volume of loss experience in the industry

= Relevance of industry experience to a specific client
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Credibility — Market Heterogeneity
(variance in exposure rate)
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Traditional Credibility Weighted Average Munich RE =
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Example of Standard Credibility Procedure

2,000,000 / /\\ / /\\ ; /\\
Layer 2 xW + Layer 2 X( 1 —W) — Layer 2
1Mxs1M 1Mxs1M 1Mxs1M
1,000,000 ~—— —— ~——
Layer 1 Layer 1 Layer 1
500xs500 500xs500 500xs500
500,000

Experience Rating Exposure Rating Credibility-Weighted
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Our goal is to produce an unbiased, minimum variance estimator of
the expected loss in the prospective period.

The traditional credibility weighting can bring us part of the way, but it
does not make use of all the available information. Namely, the
experience in lower layers is ignored.

An additional estimate can be produced using exposure-rating
relativities applied to a lower layer (e.g., 500,000 xs 500,000).

A A Hexpos 1Mx1M
Hrel = Hexper 500x500 " ) A
Mexpos _500x500

21



Estimating Higher Layer based on Exposure-Rating Munich RE =
Relativities Applied to Lower Layer

A
Using Exposure-Rating Relativities

2,000,000 N\ AN
Layer 2 Layer 2 _ Layer 2
1Mxs1M 1Mxs1M 1Mxs1M
1,000,000 7 \ ~——
Layer 1 X Layer 1 Layer 1
500xs500 500xs500 / 500xs500
500,000 N / \
> ~__— \/

Experience Rating Exposure Ratings Lower Layer times Relativity



Calculating Variances - For Numerical Example Munich RE
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For a numerical example in the paper, we estimate variances for the
three methods:

= EXperience Rate — based on loss volume in historical period
(ignores uncertainty for changing exposures, etc)

= EXxposure Rate — based on uncertainty in Pareto distribution used
for size-of-loss and on uncertainty in overall frequency

= Relativity Method — based on Pareto distribution in size-of-loss
curve and on variance of experience rate for lower layer

Note: The covariances between the methods are set by the structure of the model
and do not have to be separately estimated.
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Calculating Variances - Covariance Matrix
Exposure Experience Relativity
Covariance 1.573E+11 0 3. 790E+10
Matrix: 0 1.716E+11 7.322E+10
3.790E+10 7.322E+10 8.788E+10
Inverse: 7.580E-12 2.165E-12 -5.073E-12
2.165E-12 9.663E-12 -8.986E-12
-5.073E-12 -8.986E-12 2.105E-11
Row Total: 4.672E-12 2.843E-12 6.996E-12
Weights: 32.2% 19.6% 48.2%
Total Variance: 6.891E+10
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The result is a three-factor credibility formula.
Hew = W1 * Hexpos _1Mx1M
Tw,; - Hexper 1Mx1M

TW3 * Uy
We can rearrange this expression into a recursive form:

; W1 B g -
Hewsooxsoo — Wy + ws " Hexpo ssooxs0 T Wy + s " Hexpe 500500

~
~

<
~
A

. n Hexpo s1uy 1M
Hew iy = (wy +ws) - Hewsgoxs00

T wy - .uexper 1 Mx 1M
'uexpo S500x500
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Recursive Credibility Form Munich RE =
Numerical Example
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Alternative Recursive Form

Experience Rating Exposure Rating Credibility-Weighted
Loss Cost Cred% Loss Cost Relativity Cred% Loss Cost Cred%
500 xs 500 5,000,000 60.0% 4,000,000 1.000 40.0% | 4,600,000 100.0%|
1M xs 1M 4,000,000 3,000,000 0.750 Pt
Experience Rating Complement gtCFédibility Credibility-Weighted
Loss Cost Cred% Loss Cost,.-Relativity Cred% Loss Cost  Cred%
500 xs 500 5,000,000 4,600,000 1.000
1M xs 1M 4,000,000 19.6% 3,450,000 0.750 80.4% | 3,557,800 100.0%|

Numbers for illustration only
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= |tis desirable to have a price based on a minimum variance
estimator, so as to mitigate the “Winner’s Curse”

=  Minimum variance credibility is a good framework for combining
all sources of information

= For towers of excess layers, the minimum variance credibility
formula is equivalent to a recursive application of exposure-
rating relativities
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