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e Review common stochastic reserving techniques
e Understand how the methods are applied
e Appreciate assumptions underlying the models

e Consider when it Is appropriate to apply
judgement

o Appreciate what the results tell us
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| Review of Method
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e Stochastic reserving provides
— Mean
— Variance

e Mean = Ultimate cost of claims for origin period
e Variance = Measure of prediction error
e Prediction error = Estimation Error + Process Error

e Estimation Error (or Parameter Error) = The error due to
the choice of model & parameters used to estimate the
mean value

e Process Error = The error due to the actual claims
generation & settlement process

e Other errors
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Notation

-
LS =
.

e

| = Origin period index

J = Development period index

n = Number of data pointsinthetriangle

n; = Number of data pointsindevelopment period |

C; = Cumulative payments at dev period jinrespectof origin period |
D, = Incremental paymentsat dev period jinrespectof origin period i
A = Estimator for development factor

o = Estimator for volatility
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e Calculate development factors to determine
mean value of ultimate claims

e MLE is equal to the volume weighted chain
ladder factors

e Can choose different averaging periods

e Can remove development factors (but impact
later on)

e Assume that claims are fully run off by latest
development period in the triangle
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42 ODP Model
e The sum of incremental amounts in any column must

exceed O
2 D)o

e All projected future incremental amounts are positive
e Origin periods are independent

e Incremental movements within the same origin period are
Independent
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e Equations above use all the information available, but
you can use different averaging period & development
factors



= ODP Model — Paid Data
2 Example

779

77 782

711 724 728

636 655 667 671

535 558 575 585 588

509 544 567 584 595 598
641 685 714 736 749 754
893 955 996 1,025 1,044 1,050

1,346 1,439 1,500 1,545 1,572 1,582
1.573 1.201 1.205 1.117 1.069 1.042 1.030 1.018 1.006

Ult all years = 8,050
Ult 2 years = 7,717
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| ODP Model
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e Variance is a measure of the prediction error
e Variance is proportional to the mean

V[D.j]:02 E-D']

L 1)

e Variance must be positive

e Variance is a function of the incremental amount

e Therefore the incremental amounts must be positive
e Variance is estimated from data by back casting



“mﬁ ODP Model

e The scale parameter can be calculated for the whole
triangle (constant scale) or calculated for each
development period (variable scale)

Z (Dij B [’5ij )2

o’ = Bias Adj x "}

> (D, -

o? =Bias Adjx



% ODP Model — Paid Data
a2 Example

Constant 2.666
Vary 5.723 2.717 5844 1376 0.612 1677 2995 0.035 0.091



12 ODP Model - Judgement

e Selection of Mean
— Choice of development profile
— Removing outliers

o Volatility
— Consider the pattern of volatility
— Would you over write
— Impact of over writing

e Tall
— Adding a tall factor



42z ODP Model - Bootstrapping
e Bootstrapping is a technique to provide simulations
e Calculate residuals

(Dij B [Sij )

/5,

e Assumes that incremental claims within an origin period
are independent

e Claims are not “path dependent”



12 ODP Model - Bootstrapping

e Standardise residuals

Bias Adj x _(D” - 6” )\ﬁ_ |o

e Sample from residuals with replacement

e Back forecast from leading diagonal to create pseudo
Incremental data triangle

e Projected increments have to be positive
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e Calculate development factors to determine
mean value of ultimate claims (use cumulative
data)

e LSE is equal to the volume weighted chain
ladder factors

e Can choose different averaging periods

e Can remove development factors (but impact
later on)

e Assume that claims are fully run off by latest
development period in the triangle
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e Negative increments allowed

e Origin periods are independent

e Claims are path dependent

e Mack Model is distribution free (?)



22 Mack Model

E{Cij / Cij—ljz ACi

Ci =4,Ci +0,,Ciis;
Where,

& ~1i.d.N(0,1)and

2.Ci

A=

J

ZCij—l




@ Mack Model — Example

1.235 1.126 1.088 1.054 1.034 1.034 1.012 0.988 0.998

Ult all years = 7,682
Ult 2 years = 7,407



22 Mack Model
e Variance calculation

Z Cijax (fij - /ij)2

o’ = x Bias Adj
n, -1




) Mack Model — Example

Sigma’2 7.712 2.737 1.269 0.347 0.265 0.102 0.176 0.988



12 Mack Model - Judgement

e Selection of Mean
— Choice of development profile
— Removing outliers

o Volatility
— Consider the pattern of volatility
— Would you over write
— Impact of over writing

e Tall
— Adding a tall factor



12 Mack Model - Bootstrapping

e Bootstrapping is a technique to provide simulations
e Calculate residuals

(Cij B iiCij—l)

e Incremental movements within an origin period are
correlated

e Claims are path dependent



Bias Adj x (C‘J' B AJC‘H)

e Sample from residuals with replacement

e Project forward from the previous (actual) development
period to create pseudo cumulative data triangle

e Projected increments do not have to be positive



e Additive
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e Multiplicative

e Question scaling

Paid Incurred

€m €m

2 year 7,717 7,407
Alll 8,050 7,682




f ; f” Process

Select Model

Select development factors to determine mean

Determine weighted (Actual — Expected)

Calculate volatility / variance

Calculate residuals

Simulation




Process with Judgement

Select Model — What model

Select development factors to determine mean —
What averaging period / dev factors, tail factor

Determine weighted (Actual — Expected)

Calculate volatility / variance — Does the variance
look reasonable, would you overwrite

Calculate residuals

Simulation — Prevent negative results & SCALING
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