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.,‘\,D,,u meore
m This has become a new Google scholar search for "Stochastic claims reserving”

academic dicipline

= Numerous papers appeare in

academic journals claims reserving

methods

in insurance

m A book has appeared

m There is a Wikipedia page v
MARIO V. WUTHRICH
MICHAEL MERZ

Mario V. Wiithrich Wiithrich & Merz(2008)
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Bootstrapping: the last 20 years(England,2

The holy grail of stochastic reserving
techniques is to obtain a predictive

distribution of outstanding liabilities.
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One method that has been proposed
to produce a simulated predictive

distribution is Bootstrapping.
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Bootstrapping ODP Model
m ODP model
m Bootstrapping ODP model

m A practical problem



The over-dispersed Poisson model
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Gao Lel m ODP model assumption(Renshaw & Verall,1998)

ODP model Xi j,incremental payments.
Xi,j ~ ODP(m;, ¢;)
E[Xijl = mij = xi*y;
Var[Xi ] = ¢j* mjj

log(m,-yj) =c+ oo+ IBJ'.

R function:glm()
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Bootstrapping ODP model

m Step of bootstrapping ODP model(England & Verall, 1999, 2002, 2006).

Fit the model and obtain fitted values

Calculate the residuals
Xij — mi;

fij = = .
T Vi

* « [ N

Refit ODP model to estimate the future incremental payments
@A Simulate forecast incremental payments from process distribution

Resample residual r;
Obtain pseudo data

Repeate many times and store the simulated forecast payment



A practical problem:violation of independence assumption
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m A synthetic example(Joseph,2011).

0 1 2 3 4 5 6 7
1167 6544 16689 33506 57307 84796 116127 146842
13639 47608 117523 213809 328127 457809 602945
11392 53394 130296 248022 401575 588795
20546 72208 159786 287992 448246
22147 77021 163717 282129
23313 97398 215608
34009 103645
21972
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Violation of independence assumption
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m Scaled Pearson Residuals.

0 1 2 3 4 5 6 7
-1.22 -0.76 -0.72 -0.17 0.44 0.22 0.73 0
0.07 -0.32 1.40 0.93 -0.19 -1.04 -0.32
-2.00 -0.77 -0.50 0.17 0.42 0.83
0.47 0.31 -0.02 0.10 -0.40
1.03 1.01 -0.06 -0.99
-0.78 0.88 -0.30
1.41 -0.87
0.00

A practical

problem
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Violation of independence assumption
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0 e m '+':residual is greater than 0; '—'": residual is less than 0.
Gao Lei
0 1 2 3 4 5 [ 7
0 - - - - + + + o
1+ - + + - - -
2 - - - + + +
A practical 3+ + - + -
problem
4+ + - -
5 - + -
&+ -
7 o
m '+ and '—' appear consecutively, which means the residuals are non-random

or non-independent.
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Multiple runs test, FDR control and block bootstrap

m Runs test
m BH's FDR Control Algorithm
Multiple runs m Block bootstrapping
test, FDR
control and
block

bootstrap



Runs-test of residual sequence
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m P-value of runs-test.

I~ ] @ - o
o - - & =z
@ - o o] 1 -
o o o o =
001 - - + +
0.358 + + +
0.034 + +
0.063 +
0.11 +
0.24 +
+

m This process is called multiple testing.FWER:

1—(1—0.05)"2 =0.46 > 0.05
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Control Algorithm

Multiple testing:BH's FDR Control Algorithm

m Benjamini & Hochberg(1995)

Order p-values in increasing order and denote them by
P(1) Sp(z) < ~~§P(f) <... SP(N)~
For a fixed value of «, find the largest kmax for which
< k
—a.
Pw =

Then reject the null hypothesis corresponding to Pk if k < kmax-
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Control Algorithm

Multiple testing:BH's FDR Control Algorithm

m The result of FDR control.

0 1 pd 3 4 5 [
] + + +
1 + + +
2 + + +
3 + + +
4 + +
5 +
6 +
7 o

m The accident year i = 2 is excluded.



Block bootstrapping
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0 1 2 3 4 5 [ 7
0 - - - - + + + o
1 + - + + - - -
2 - - - + + +
3 + + - + -
4 + + - -
5 - + -
[ + -
T o

- m The following procedure are as same as the original bootstrap method.

bootstrapping
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A real data example
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m '+':residual is greater than 0; '—'": residual is less than 0.
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A real example
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Multiple testing:BH's FDR Control Algorithm

Multiple
Testing in

Loss Reserving

Liu Lepin m The result of FDR control.

Lei
01 2 3 4 5 & 7 8 % 10 11 12 13 14 15 16 17 18 1% 20 21
o[+ ]+ [-1- -[-]1- -+ - - - + - - + + - - - + o0
1T+ |+ -]+ -|-|- - - - - - - - + - - + - - -
B e e N I R R
RIS I R I = A = R
Al -+ |- -[+]- + - - - + + - - + - -
I 1 I e I e T I I
El+|-|-|+ -[+]|- -+ + + + + - + -
FE I S e I S I SR S S S o
Bl+|-|-1- +[+]|+ -+ - - - + -
g l-J--]+ +{+]|+ + + + - + -
1ol == =] - -0+ + 1+ + - +
M- |-[+|+ +[+|- + |- + -
FF-3 N I S R A I S N P
R R 10 I I R I
14 - |+[+ ]+ +|-|- -
18- |+ [+ |+ -|[- |+
16+ |+ [+ |+ - L=
AT+ [+ ] -+
18+ [+ - |-
19| - |+ =
20| - |+
21| 0

m The accident years i = 3,10, 13 and development years j = 1,8 are excluded.

A real example



Block bootstrapping
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m The following procedure are as same as the original bootstrap method.

A real example



Numerical result
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1300000 1400000 1500000 1600000

m Five-number summary, mean and standard error

Min. 1st Qu. Median 3rd Qu. Max. Mean Std.
bootstrap 1298000 1430000 1463000 1494000 1636000 1463000 48972
A real example block bootstrap 1282000 1402000 1432000 1463000 1569000 1432000 44977
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Thank you!
A/Q?

A real example
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