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Bootstrap Model

Page III.2

Bootstrap Overview
Assume a model for loss development (the model assumes 
Chain Ladder)

Need some GLM assumptions to compute residual

Use model to calculate expected or “fitted” values triangle

Compute incremental residuals

Bootstrap residuals with replacement and calculate sample 
historical triangle

Compute ultimates for sample triangle

Add process variance to projected incremental values

Repeat many times...
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“Fitted” Incremental Triangle

Work Backwards from observations on 
diagonal to create estimated cumulative 
triangle
ĉ(w,n-1) = c(w,n)/F(n-1)
ĉ(w,n-2) = ĉ(w,n-1)/F(n-2)
Fill in all cumulative entries on triangle

Compute estimated or “fitted” incremental 
triangle

Page III.4

Exercises

Compute fitted incremental triangle from 
Mack data

Use weighted average loss development 
factors
Compute fitted cumulative triangle
Compute fitted incremental triangle
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Standardized Residuals

In “Diagnostics” section, we used 
standardized residual:

More general Pearson Residual used with 
GLM models:
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Exercise

Compute Pearson Residuals from Mack 
incremental data

Assume Var(x) = E(x) = fitted 
incremental value
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Pearson Residuals

If data assumed Normally distributed, 
Pearson Residual = standardized residual
If data assumed Poisson, then:
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Over-Dispersed Poisson

Often Poisson distributed:  Var > Mean
One of the “Over-Dispersed Poisson”
models uses the constant     to inflate 
Variance:
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Scale Parameter

Using the Chi-Squared statistic:
N = sample size, p = # parameters

Scaled Residual is: ( )
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Poisson Triangles

The Poisson has been a useful Parametric 
assumption in modeling loss development 
triangles

The “semi” Parametric bootstrap does not 
require a distribution assumption but

It uses a Pearson Residual

The Scaled Pearson Residual follows the 
Poisson assumption
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Triangle of Residuals

Using actual and “fitted” incremental 
triangles, compute Unscaled Pearson 
Residuals:

Calculate Degrees of Freedom Adjustment:

Calculate Scaled Pearson Residuals:

),(ˆ/)],(ˆ),([),( dwqdwqdwqdweU −=

pN
Ndf
−

=Δ

Δ×= dfdwedwe US ),(),(

Page III.12

Scale Parameter

Use Unscaled Pearson Residuals and 
Degrees of Freedom to calculate the Scale 
Parameter:
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Exercise

Using Mack data and results of prior 
exercises

1. Compute triangle of square of Unscaled
Pearson Residuals

2. Compute the triangle’s degrees of 
freedom

3. Using 1. and 2. compute the Scale 
Parameter for Mack data
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Bootstrap Residuals

For each cell in the triangle, randomly select 
a Scaled Pearson Residual (with 
replacement)
Transform residual into an incremental 
value for the triangle

Calculate cumulative sample triangle
Compute age-to-age factors
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Exercise

Create a table of Scaled Pearson Residuals, 
using results of previous exercise
Simulate a bootstrap triangle of residuals
Create a triangle of incremental values from 
bootstrapped residuals
Compute a cumulative triangle
Compute age-to-age factors and weighted 
average age-to-age factors

Page III.16

Process Variance

Use Age-to-Age factors to compute ultimate 
for sample data
Calculate incremental values for completed 
triangle
Use the Gamma distribution to simulate 
random incremental values with:

Mean = sample incremental
Variance = sample incremental x Scale 
Parameter
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Distribution of Estimates

Add incremental values after process 
variance to get ultimate and unpaid 
estimates

Sum the unpaid amounts to get total 
unpaid

Repeat many times...
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Distribution of Estimates

A “trick” is needed to easily compute a 
distribution of unpaid amounts

Use the Data Table (menu) function of 
Excel

={Table(,input cell=a constant)}
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Data Table Function
Select Range and then
Start with Data Menu

Set Column Input 
to Zero cell

Page III.20

Exercise
Review bootstrap calculation in Bootstrap 
spreadsheet
Where is the calculation of 

The fitted cumulative triangle?
The fitted incremental triangle?
The residuals?

What formula is used to resample residuals?
Where is estimation of bootstrapped unpaid?
Paste value a new triangle into the Data sheet 
and run a new model for 100-250 simulations
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GLM Residuals

With GLM, Unscaled Pearson Residuals 
need another adjustment to standardize:

where     is the corresponding diagonal of:

X = Design Matrix
W = Weight Matrix
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Questions on Bootstrap Model? 


