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Background
2010 Including Count Data in Claims
Reserving \STIN
& 2011 Cash flow simulation for a model Fulletin
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°’2~6 claim amounts and claim numbers
2012 Double Chain Ladder
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Outline

(1) Introducing the problem: stochastic reserving

(2) Motivating a statistical model for stochastic reserving: the Double
Chain Ladder Model

(3) Incorporating expert knowledge: RBNS preserving Double Chain
Ladder

(4) The @-Package: DCL
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The problem: the claims reserving exercise

The life of an individual claim in the general claims process:

o0 O

I I I » claims process

accidenthappens accidentreported final payment made
\ J\ _J
Y Y
reporting delay settlement delay

Incurred but not reported, IBNR
Reported but not settled, RBNS
Reported and paid
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The problem: the claims reserving exercise

[ The objectives:
v" How large future claims payments are likely to be.
v The timing of future claim payments.
v The distribution of possible outcomes: future cash-flows.
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Framework: Double Chain Ladder

What is Double Chain Ladder?

A firm statistical model which breaks down the chain ladder estimates into
individual components.

WhY? Ocurrence
Notification Payments Clousure
v Connection with classical reserving Voo l l l '
(tacit knowledge) ¢ LY LY )
v RBNS and IBNR claims IBNR RENS
v’ The distribution: full cash-flow N

RENS: Reported But Not Settled
Reserve = IBNR + RBNS

What is required? It works on run-off triangles

(adding expert knowledge if available).
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The modelled data: two run-off triangles

DEVELOPMENT

We model annual/quarterly
run-off triangles:

Payment data
1 2 3 4 5 6 7

 Incremental aggregated
payments (paid triangle).

4Z2mo—-00>

Njoju s w N -

3 Incremental aggregated o o >

counts data, which is
assumed to have fully run

off.

Counts data
1 2 3 4 5 6 7

4Z2moO-—-00>

Njojulbjw]N |-
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The Double Chain Ladder Model

Parameters involved in the model:

Ultimate claim numbers: Q;
Reporting delay: ﬁ}- f
Settlement delay: TT;
Development delay: E i
Ultimate payment numbers: ;
Severity:

underwriting inflation: 7

delay mean dependencies: U
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The Double Chain Ladder Model

Severity inflation
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The Double Chain Ladder Model

Severity inflation

underwriting period
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The Double Chain Ladder Model

Payments triangle
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The Double Chain Ladder Model

Payments triangle
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The Double Chain Ladder Model

reserve proportion of toal reserve

1 B.888888e+20 B.ee

2 8.384134=+82 e.ee

3 1.873825e+82 e.ee

4 8.345986e+82 e.ee

The reserve per 5  4.007342e+03 0.0
underwriting year 6 3.141223e:+04  0.00
7 1.417988e+85 a.8a

8 2.498179e+85 B.ee

9 3.595187e+85 B.8e

10 3.824873e+85 B.ee

11 5.252174=+85 e.ee

12 6.315314=+85 e.ee

13 9.778538e+85 e8.81

14 2.549259e+86 8.91

15 5.449377e+86 a.83

16 1.543851e+87 8.838

17 2.174178e+87 a.11

18 4.445951e+87 B8.23

19 9.897478e+87 B8.52
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The Double Chain Ladder Model

reserve proportion of toal reserve
1  ©.000000e+00 ©.00
2  8.304134e:+02  0.00
3 1.073025e:02  0.00
4  8.348906e+02  0.00
The reserve per 5  4.007342e:83  ©8.00
underwriting year 6 3.141223c+84 .00
7  1.417988e:85 ©.00
8  2.498179e+05  ©.00
9  3.595187e+85  ©.00
10  3.824873e+85 0.00
11  5.252174e+85  0.00
12 6.315314e:85 0.00
13  9.770538e:05 0.01
14  2.549259e:+86  0.01
15 5.449377e+06  ©.03
16 1.543851e+87 ©.08
17  2.174178e+87 ©.11
18  4.445951e+07 .23 = 869 of total reserve
19  9.897470e+87  0.52
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The Double Chain Ladder Model

Summary of the major drawback of classical Chain Ladder (and thus the
basic Double Chain Ladder method):

The lack of sufficient data in the most recent underwriting years yields to a
severity inflation estimation being too instable and thus not trustable in
those most recent years.

Even worse, those most recent underwriting years account for the very
major part of the reserve.
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RBNS preserving Double Chain Ladder

Solution: Incorperate expert knowledge

Paid Incurred
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RBNS preserving Double Chain Ladder

The incurred triangle:
Incurred

» Itis not data, but a mixture of data and expert knowledge

» It contains payments and case estimates of RBNS claimes
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RBNS preserving Double Chain Ladder

» From the incurred triangle, one can extract the RBNS part estimated by
the case department.

> The RBNS case estimates differ from the DCL RBNS estimates
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RBNS preserving Double Chain Ladder

RBNS via DCL RBNS via case estimates diff /ultimate

1 e 8 2. egegeae0e0
2 838 5 B.8881524844
3 187 4811 B.8884981895
4 835 -9524 B.8B889776366
5 4ea7 365848 8.8819828617
6 29477 5eae 8.8812162334
7 138978 1381 2.88465895341
8 244558 92278 B.8842858333
9 352419 57627 B.8877738288
10 369966 198335 B.8848338287
11 586266 241142 B.8867846411
12 682866 1444 8.8167814947
13 9249374 1218862 B.88589668533
14 2453783 2719667 B.8867768876
15 5381958 6l23466 B.8198287477
16 15198286 9249185 B.1286529148
17 21248288 138994388 B.18580882860
18 42539789 24828896 B.28082813485
19 74894249 31454377 8.4114369497
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RBNS preserving Double Chain Ladder

RBNS via DCL RBNS via case estimates diff /ultimate

1 @ e 0. 0000000000
2 830 8 9.0001524044
3 107 4011 ©.8004901895
4 835 -9524 0.8009776366
5 4007 36500 0.0019828617
6 29477 5000 9.0012162334
7 138978 1381 8.0046895341 The values of the severity
8 244550 92278 ©.0042858333 inflation estimates in the
9 352419 57627 ©.0077738288 most recent calendar years
10 369966 190335 ©.0048338207 result in a big difference
L e et between DCLand case
13 929374 1210062 0.0089660533 estimates based RBNS
14 2453703 2719667 0.0067760876 numbers
15 5301958 6123466 ©.0190207477
16 15190206 9249185 ©.1206529140
17 21248200 13099480 ©.1888002860
18 42539709 24828096 ©.2802813405
19 74094249 31454377 0.4114369497
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RBNS preserving Double Chain Ladder

What does RBNS preserving Double Chain Ladder (PDCL) do?
» PDCL preserves the RBNS case estimates.
> Hereby, the RBNS reserve part is not just replaced by the case estimates.

» The DCL parameters estimates are adjusted by the use of the incurred
triangle.

» Therefore, PDCL estimates the the exact RBNS case estimates but also
corrects the IBNR estimates.
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RBNS preserving Double Chain Ladder

Severity inflation

- - DCL ,

©- -+ BDCL /
— PDCL '
+++ IDCL K
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The Double Chain Ladder package

The kernel: . Expert
calibrating the model knowledge

L
| @

Full cash-flow Best estimate

J (RBNS/IBNR)
(RBNS/IBNR) | )
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Visualizing the data: the histogram

R R Graphics: Device 2 (ACTIVE) =0 OR[>
DEVELOPMENT e _
» - 1.4e+07
A Payment data
C 1 2 3 4 5 6 7

C 1 - 1.0e+07

I 2 - 8.0e+06

D 3 I
E 4

N ; I o

Tv 6 2oee

7 0.06+00

REPORTING . - e LS
A Counts data
C 1 2 3 4 5 6 7

C 1 - 4000
| 2

D 3 [

E 4 2000
N 5

T 4 6 Imoo
7
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The kernel: parameter estimation using DCL

Settlement delay

d dcl.estimation () ,bdcl.estimation(),

idcl.estimation () ,pdcl.prediction() .

L

dcl.estimation {DCL} R Documentation

Parameter estimation - Double Chain Ladder model == Severity mean: Vi X /!
variance: ’}7) x o?

Description

Compute the estimated parameters in the model (delay parameters, severity underwriting inflation, severity mean and variance)
using the Double Chain Ladder method.

Usage
del.estimation| Xtriangle , Ntriangle , adj = 1 , Tabkles = TREUE , num.dec = 4 )
Arguments

Xtriangle The paid run-off triangle: incremental aggregated payments. It should be a matrix with incremental aggregated
payments located in the upper triangle and the lower triangle consisting in missing or zero values.

Htriangle The counts data triangle: incremental number of reported claims. It should be a matrix with the observed counts
located in the upper triangle and the lower triangle consisting in missing or zero values. It should has the same
dimension as ¥Xtriangle (both in the same aggregation level (quarters, years,etc.))

adj Method to adjust the estimated delay parameters for the distributional model. It should be 1 (default value) or 2.
See maore in details below.

Tables Logical. If TRUE (default) it is showed a table with the estimated parameters.
num.dec  Mumber of decimal places used to report numbers in the tables (if Tables=TRUE).
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The kernel: parameter estimation using DCL

Settlement delay

O The function Plot.dcl.par () to visualize

the break down of the classical chain
ladder parameters

Plot.dcl.par {DCL} R Documentation — Severity mean: Vi X J
Plotting the estimated parameters in the DCL model variance: Vg X o
Description

Show a two by two plot with the estimated parameters in the Double Chain Ladder model

Usage

Plot.dcl.par( dcl.par , type.inflat = 'DCL' )

Arguments

dcl.par A list object with the estimated parameters: the value returned by the functions dcl.estimation,

bdcl.estimation oridel.estimation

type.inflat Method used to estimate the inflation . Possible values are: 'DCL' (default) if it was used
dcl.estimation, 'BDCL ifbdcl.estimation, and'IDCL'if idcl.estimation
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The functions in action: an example

286808926
358036053
640756811
874432486
1273824141
1257099346
1451371123
1255126156
1038433681
1169918179
1225373075
1473474578
1537953134
1756425648
1628530112
2311867264
2503127034
49985447592
13068274219

R R Console
> my.dcl.par<-dcl.estimation (¥triangleBDCL, NtriangleBDCL)
delay.par delay.prob inflation severity.mean severity.var
1 0.0592 0.0592 1.0000 257%.064
2 0.30098 0.3098 1.1173 2881.570
3 0.2032 0.2032 1.4947 3855.014
4 0.15%%¢ 0.155%6 1.7461 4503.280
5 0.1388 0.1388 2.1075 5435.263
6 0.0440 0.0440 2.0936 5355.464
7 0.0227 0.0227 2.2455 5801.6597
8 0.0085 0.0085 2.1250 5480.521
9 0.0018 0.0018 1.5028 4507.442
10 0.0029 0.0029 2.0187 5208.871
11 0.0002 0.0002 2.0704 5335.587
12 0.0026 0.0026 2.2666 5845.709
13 0.0019 0.0019 2.3157 5972.242
14 0.0032 0.0032 2.4747 6382.359
15 -0.0002 0.0006 2.3829 6145.592
16 0.0013 0.0000 2.8351 7322.296
17 -0.0004 0.0000 3.1815 8205.383
18 0.0000 0.0000 4.1747 10766.824
19 0.0000 0.0000 6.7501 17405.045
mean. factor mean. factor.adj variance.factor
1 2579.002 2579.064 286808926
> Plot.dcl.par (my.dcl.par)
>

R

R Graphics: Device 2 (ACTIVE) =t =N %"
CL underwriting parameters CL development parameters
] 0 — e
5 [ &)
8 °1/ 3
_ ® — hd
. o/ o
e
*® o s
% .0'. 8__ .0.ooooooo.o
2 TTTTTTTTTTTTITTITITTTT o TTTTTTTTTTTTTITTITITTT
1 4 7 10 13 16 19 0 3 6 9 12 15 18
underwriting period development period
Severity inflation Delay parameters
[}
o — ? al * general
N T adjusted
1w — ) R_
-+ L4 ]
o] o o]
cu— PON TIe L e °_
o e
TTTTT T I T T I T T I TTT 1] S TTTTTTIITTITTIITTTTT]
1 4 7 10 13 16 19 0 3 6 9 15 18

underwriting period

seftlement delay

Parameter estimates in two cases: the basic DCL model (only mean

specifications) and the distributional model.
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The best estimate: RBNS/IBNR split using DCL

O The function del.predict ()

dcl_predict {DCL} R Documentation

Pointwise predictions (RBNS/IBNR split)

Description

Puointwise predictions by calendar years and rows of the outstanding liabilities. The predictions are splitted between RBNS and IBNR. claims.

Usage

del.predicc( del.par , Htriangle , Model = 2 , Tail = TRUE , Takles = TRUE , summ.by="diag", num.dec = 2 }
Arguments

del.par  Alist object with the estimated parameters: the value returned by the functions dcl.estimation, bdcl.estimation of
idcl.estimation.

Ntriangle Optional. The counts data triangle: incremental number of reported claims. It should be a matrix with the observed counts located in
the upper triangle and the lower triangle consisting in missing or zero values. It should has the same dimension as the Xtriangle

(both in the same aggregation level (quarters, years,etc )) used to derive del .par

Model Possible values are 0, 1 or 2 (default). See more details below.

Tail Logical. If TRUE (default) the tail is provided.

Takbles Logical. If TRUE (default) it is shown a table with the predicted outstanding liabilities in the future calendar periods
(surm. by="diag") or by undemnwriting period (summ. by="row").

surm.ky A character value such as "diag", "row™ of "cell"™.

num.dec  MNumber of decimal places used to report numbers in the tables. Used only if Takles=TRUE

Details

[f Model=0 or Model=1 then the predictions are calculated using the DCL model parameters in assumptions M1-M3 (general delay parameters,
see Martinez-Miranda, Nielsen and Verrall 2012). If Mode1=2 the adjusted delay probabilities (distributional model D1-D4) are considered. By

DCL model
TR Yi

.

RBNS claims

IBNR claims

DCL model
Ty
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The full cash-flow: Bootstrapping using DCL

O The function del .boot ()

del.boot {DCL} R Documentation

Bootstrap distribution: the full cashflow

Description

Provide the distribution of the IBMR., RBNS and total (RBNS+IBRN) reserves by calendar years and rows using bootstrapping.

Usage

del.boot | del.par , sigma2 , Htriangle , boot.type = 2 , B = 8999 , Tail = TRUE , summ.by = "diag" , Takles = TRUE , num.dec = 2 )
Arguments

dcl.par  Alist object with the estimated parameters: the value returned by the functions del.estimation, bdcl.estimation or idcl.estimation.

sigma2 Optional. The variance of the individual payments in the first underwriting period.

Ntriangle The counts data triangle: incremental number of reported claims. It should be a matrix with the observed counts located in the upper triangle and the lower triangle
consisting in missing or zero values. It should be the same triangle used to get the value passed by the argument del.par.

boot . type Choose between values 1, to provide only the variance process, or 2 (default), to take into account the uncertainty of the parameters.
B The number of simulations in the bootstrap algorithm. The defaul value is 999.

Tail Logical. If TRUE (default) the tail is provided.

summ.kby A character value such as "diag"”, "row" or "cell"™.

Tables Logical. If TRUE (default) it is showed a table with the summary (mean, standard deviation, 1%, 5%, 50%, 95%, 99%) of the distribution of the outstanding liabilities
in the future calendar periods (if summ. by="diag") or by underwriting period (if sumwm. by="row").

num.dec  Mumber of decimal places used to report numbers in the tables. Used only if Tables=TRUE

Details

O The function Plot.cashflow ()
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The functions in action: an example

R R Console =X
> boot2<-decl.boot (my.dcl.par,Ntriangle=NtriangleBDCL) ”
[1] "Please wait, simulating the distribution..."
[1] "Done!"
period rbns mean.rons =sd.rbns 2l .rbn= 25 .rbns=
1 1 5984535052.56 60104635.86c 15073076.18 33597955.93 4051522%.26
2 2 41447058.01 41675%263.34 11015105.71 22154274.56 27730524.16
3 3 3101e057.53 31146075.53 5826146.21 14528552.44 18278582.9%96
4 4 17542085.42 172531007.40 &556163.95 4558805.18 8555612.19
3 5 6443018.7¢6 £403003.15 3843801.59% 1016332.33 2071758.34
<) = 3152176.74 3510417.33 2623285.5¢6 177136.11 Te2554 .18
7 7T 14455598.60 1557905.78 1873572.33 2517.46 B4721.67
a a 675017 .48 852208.53 1174755.22 0.00 412.15
] 5 642274 .45 336551.31 1424260.00 0.00 0.00
10 10 423522.63 376713.73 8272%3.75 0.00 0.00
11 11 335548.54 le4g27.71 303755.34 0.00 0.00
12 12 404455.01 56801.15 355413.76 0.00 0.00
13 13 334564 .93 S69262.35 324013.1¢ 0.00 0.00
14 14 60022.95 13651.87 137771.85 0.00 0.00
15 13 0.00 95.42 2144 .22 0.00 0.00
le 1le 0.00 0.00 0.00 0.00 0.00
17 17 0.00 0.00 0.00 0.00 0.00
18 18 0.00 0.00 0.00 0.00 0.00
15 15 0.00 0.00 0.00 0.00 0.00
20 20 G.0G G.00 0.00 G.00 0.00 —
21
22 > A table showing a summary of the distribution: mean, std.
24 [ [ [l
25 deviation, quantiles.
26
27 . . . . . .
o > Arrays and matrices with the full simulated distributions
1
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The functions in action: an example

R R Console R R Graphics: Device 2 (ACTIVE) = REE X"
> names (bootd)
[1] "array.rbns.boot" "array.ibnr.boot" % = RBNS cashflow g RBNS reserve
[3] "Mat.rbns" "Mat.ibnr" =] =
[5] "Mat.total" — i - §%
> plot.cashflow (boot2) $l i o ‘3’:::
— ik}
> | o é_EEi & [
%_ v *TL-L-I-J--I-.I..I..I..I....____ o
=] I'TT T T TT T T T T T T T T T T [ I I I I I 1
o 1 i 58 F 9 1M 13 15 AT 1.0e+08 2 0e+08 3.0e+08 4 0e+08
Future calendar
IBNR cashflow IBENR reserve
[ o }‘%
L 5,0 - &=
a o @
i a
d & 2 § Lq'—: a2
o
3 +?$$?¥%%++++ff%‘|’777777 ST T T T T i
© 1 3 5 7 9 1113 15 17 19 21 0e+00 2e+07 4e+07 6Ge+07 8e+07 1e+08
Future calendar
@ RBNS+IBNR cashflow Total reserve
3] o
w | B g®e
—_] i i " E
18k ES
[a] @ [T
%_ ¢ %Tiliilliiﬂpﬂp&‘***—** [
o T T TT T T T TTTTT TT T T TTIT T I I T T 1
o 1 3 & 7 9 1113 16 17 19 2 1e+08 2e+08 3e+08 42+08
Future calendar
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Validation

O The function validating.incurred()

Testing results against experience:
1. Cutc=1,2,.... diagonals (periods) from the observed triangle.
2. Apply the estimation methods.

3. Compare forecasts and actual values.
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Validation

PDCL

4 periods cut
BDCL

CLM

_ _ _ I _ _ I
90+20°¢ S0+90°S 90+30° L -

PAAISSQO SNUIW UoIoIpald

T
PDCL

1 periods cut
|
BDCL

|
CLM

90+20°¢ G0+e0'g 90+30°L -
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Summary: the content of the package

(8 run-off triangles

[ Data J< Plot.triangle
Aggregate,get.incremental,

\get.cumulative

dcl.estimation
bdcl.estimation I
idcl.estimation The kernel:

Plot.dcl.par calibrating the ( Expert J
clm model Lknowledge

Plot.clm.par
P // extract.prior

" Best estimate ~Talidati
(RBNS/IBNR) | —&!dation

Full cash-flow

(RBNS/IBNR)
| dcl.predict A
dcl.boot _ pdcl.predict .
dcl.boot.prior dcl.predict.prior

Plot.cashflow validating.incurred



