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The loss triangle

Dimensions: two
Variables: just the one



Construction of model factors

• Diligent copying of formulae
• Use of the OFFSET function
• VBA
• Change the data



The most important 3 words in the
history of the actuarial profession ever

"Abandon your triangles!"

- Dave Clark



The long format

Dimensions: two?
Variables: ??



Plotting a long triangle
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Grouping the plot
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A plot looks like a model
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Most reserving methods are linear
models

Y = α+ β1X1 + ε

1 Linear model with specified parameters
• Significance of individual model factors
• Significance of model

2 Functional form of errors
3 Independence of errors

• (Serial) correlation of errors
• Homoskedasticity



Link ratio estimates are variables
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Residual plots
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Loads more we could do with linear regression:
• Heteroskedasticity
• Serial correlation
• Form of error term (skewed normal?)



The long format again



Multi-dimensional vs. multivariate

• Dimensions = specification of where something happens
• Variable = what happens there



Multivariate regression

Multivariate regression is EASY.
Multi-dimensional, not so much.



Multivariate regression in reserving

This is difficult:
• Very few degrees of freedom
• Stochastic regressors
• Claim report latency



Regression



Multi-dimensional regression

yi ∼ N(αj[i] + βj[i]xi, σ
2
y)

αj ∼ N(µα, σ
2
α)

βj ∼ N(µβ, σ
2
α)



12-24 Months for 92 Auto companies
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Grouped
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3 ways to fit multi-dimensional data

1 Lump all the data together - Pooled
2 Model each group separately - Individual
3 Weight both estimates together - Mixed



Pooled

IncrementalPaid = α+ βPriorPaid+ ε

Estimate Std. Error t value Pr(>|t|)
(Intercept) 100.6437 30.4961 3.30 0.0010
PriorPaid 0.9597 0.0095 100.97 0.0000



Individual

This is effectively 90 different regressions. Here are results for
the first 5.

Estimate Std..Error t.value
Agway Ins Co 0.61 0.91 0.66

Alaska Nat Ins Co 0.76 0.24 3.20
Alliance Mut Ins Co 1.75 10.94 0.16

American Contractors Ins Grp 1.22 1.28 0.95
American Resources Ins Co Inc 0.78 0.91 0.86

Antilles Ins Co 0.85 0.97 0.87



Multi-dimensional regression

αj ∼ N(µα, σ
2
α)

α̂j ≈
nj

σ2y
ȳj+

1

σ2α
ȳall

nj

σ2y
+ 1

σ2α



Mixed model fit

(Intercept) PriorPaid
Agway Ins Co -20.13 0.88

Alaska Nat Ins Co 48.26 0.78
Alliance Mut Ins Co 33.62 0.90

American Contractors Ins Grp 75.99 0.90
American Resources Ins Co Inc 9.14 0.89

Antilles Ins Co 12.02 0.89



Model comparison

Pooled Absolute Error
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How about another predictor?



Additive method results

Pooled Absolute Error
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Model comparison

Multiplicative Additive
Pooled 439.90 362.75

Individual 262.20 251.07
Mixed 256.85 236.89



Thoughts

• How much data are you throwing away?
• How often do statistical diagnostics drive model decisions?
• How often does technology dictate what’s in your statistical

toolkit?



Thanks!


