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Agenda e

« Reserve model requirements for Economic Capital (DFA) model
« Describe modeling problems for reserving

* Why use a Mixed Model when estimating reserves?

« What is a Mixed Model?

« Example of application of Linear Mixed Model to Work Comp

« Conclusion
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Economic Capital Reserve Model
Application e

« Input to financial simulation model
« Economic Capital Model requirements
— Distribution functions that describe variability
— By payment period
— For each accident year total (excluding inflation)
— Linkage between interest rates, CPI & loss costs
— One year spot rates linked to CPI change (separate model)

— Formula linking calendar year loss cost change to CPI (developed within
reserve model)

— Correlation between lines estimate
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Modeling Loss Triangle Issues pir

Non-constant variance by
development or correlation
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Bootstrapping Option for Reserve
Payment Distribution e

« Bootstrapping paid link ratio option
— Re-sample triangle error terms from paid link ratios
— Repeat re-sampling and projection process many times
— Create empirical forecast distribution
« Bootstrapping assumption
— Model (paid link ratios) is a good fit to the data
— Error terms are randomly distributed
— Assumptions may not be met leading to questions on bootstrap

results
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Mixed Model vs. GLM e
¢ GLM assumes « Mixed Model
— Variance function of mean — Models variance explicitly
— No correlation between — Handles correlation between
observations observations
— Only covers fixed effect — Includes both random and fixed
explanatory variables effects
— Linear model (after link function) — Linear model (after link function)
— Data distribution is part of — Data distribution is part of
exponential family exponential family
— Assumptions don’t match reserve — Assumptions may match reserve
modeling requirements modeling requirements
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What is a Mixed Model it

« Includes Fixed & Random effects
— Fixed effect completely contains variable levels

— Random effect recognizes one has a sample of possible values for a
variable

« Two Covariance Matrixes

— Fixed & Random each have own matrix (matrices are interconnected
with each other)

— Iterative approach to solve: freeze one and optimize other until
convergence

« Matrix structure options
— Correlation description options
— Grouping effects (related to modeling varying variance)
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Work Comp Linear Mixed
Model Example
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Live Work Comp Example Description e

« Sample of live experience
« Review model set up
« Examine graphs of experience

« Walk through SAS EG screen shots from setting up Linear Mixed
Model run
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Linear Mixed Model (LMM)
Example Description pir

¢ Model incremental counts X amounts

— Count is number of claims with positive payment in one development
period by accident year (Poisson Distribution used with GLM)

— Amount is Natural Log of average incremental payment by accident
year & development (transformed to Normal & use LMM)

* Exposure Base
— Reported claim count at 12 months for each accident year
« Random vs. Fixed Effects
— Fixed Effects: development time & log of CPI change
— Random Effect: accident year
« Variance Model
— Grouped effect: development time to solve for variance
« Model by payment type (gross, ceded, salvage & subrogation)
« Sample groups
— Split claim numbers into 20 random groups

‘Copyright ©2013 by The Hartord. Confidental
i ight ed. No partof eproduced. published or The Hartord.

Incremental Calendar Year Average
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Data Screen for LMM

THE
MARTFORD

13
Define Fixed Effect LMM e

Fixed Effect Model Options LMM e
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Define Random Effects Covariance it
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Defined Fixed Effect Covariance e
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Linear Mixed Model

Variance by Development Time e
Covariance Parameter Estimates
Subject Group Estimate
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Linear Mixed Model
Fixed Effect Parameters it

Solution for Fixed Effects
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Random Effects
Partial Solution (1st Dvip Period) e

Solution for Random Effects
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Linear Mixed Model
Residual Diagnostics it
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Apply Frequency & Severity Model pir

Actual Vs. Predicted for Work Comp Sample Acc Yr 1986
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Concluding Remarks e

« Technology is changing
* Move beyond Linear Mixed Model
— Distributions may be more skewed than Lognormal
— Underlying may not be linear
— Simplest form of Hierarchical Model (good starting point)
* Bayesian MCMC
— Offers wider range of distributions
— Facilitates updating model estimate vs. ignoring last model and
refitting
— More complex environment
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