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Background A

2010 Including Count Data in Claims Reserving LA
2011 Cash flow simulation for a model of a:,f"_l‘\l" o
outstanding liabilities based on claim amounts
and claim numbers
2012 Double Chain Ladder
2012 Statistical modelling and i
Know(éd:ge forecasting in Non-life insurance
loop ' ' \
Claims
! 2014 RBNS preserving Double Chain
Ladder (submitted)
Our aim: a package implementing recent research developments.
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the claims reserving exercise

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

accidenthappens accidentreported final payment made

H_J%(—J

reporting delay settlement delay

Three categories of claim:
Incurred but not reported, IBNR
Reported but not settled, RBNS
Reported and paid

23 September 2014

» claims process

. the claims reserving exercise

The objectives:

How large future claims payments are likely to be.

The timing of future claim payments.

The distribution of possible outcomes: future cash-flows.
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Double Chain Ladder

What is Double Chain Ladder?

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

Ocurrence
Why? Notification Payments Clousure
Connection with classical reserving (tacit knowledge) - ; | | { :
RBNS and IBNR claims hon bt 4G %
The distribution: full cash-flow IBNR RBNS

What is required?

It works on run-off triangles (adding expert knowledge if available).
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IBNR: Incurred But Not Reported
RBNS: Reported But Not Settled
Reserve =IBNR + RBNS

two run-off triangles

We model annual/quarterly run-off triangles:

A
C
Incremental aggregated payments (Paid triangle) C
|
D
E
N
T
A
C
C
Incremental aggregated counts data, which is !
assumed to be fully run off. (Counts triangle) E
N
T
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Parameters involved in the model:

Ultimate claim numbers: «;
Reporting delay: g/
Settlement delay: ;
Development delay: §;
Ultimate payment numbers: &;
Severity:

underwriting inflation: y;

delay mean dependencies: p
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The payments triangle

Vi V2 V3 V4 V5 V6 V7 Ve Vo Vio viiL vi2 Vi3 vi4 Vis V16 Vi7 vig V1o
1 51645 513857 747581 554656 426090 211996 212916 16199 9691 36933 -] -] e ] (] [ @ ] @
2 143607 1006115 910371 735878 593070 765997 614642 245482 116065 14633 36298 164636 14601 66826 6415 1148 @ ] NA
3 345758 1467254 1291694 1236995 1127e6@ 779156 391920 844780 94246 229871 12232 11218 20826 84329 9938 16898 @ NA NA
4 4esles 1875253 1809624 1859877  18e6412 1422161 76171 306739 109769 139582 53448 36557 e 6731 e @ NA NA NA
5 711788 3253701 2695979 2592558 3376797 2180946  923@45 434936 124256 29942 23826 324 58834 31188 12366 NA NA NA NA
6 041448 3614819 3273886 4479163 3841136 2632538 1241768 471996 128135 50847 5881 295 0393 @ NA NA NA NA NA
7 1221479 5814668 5084668 7112486 5320976 2425835 856998 106958 133568 48699 11797 65669 08728 NA NA NA NA NA NA
8 1684782 8163947 7669688 7722323 6298256 1981161 836186 588355 107581 124446 63687 28557 NA NA NA NA NA NA NA
9 2253183 49479779 7696767 8260402 5871622 2339555 1899420 363351 147355 43528 13782 NA NA NA NA NA NA NA NA
10 2042838 8791743 9169217 7864324 5804987 1977787 722425 245331 59786 -13%0 NA NA NA NA NA NA NA NA NA
11 1570388 9961564 9669606 8024282 6120733 2391815 617560 97794 70961 NA NA NA NA A NA NA NA NA NA
12 1455847 9182448 8261734 8373519 4094676 1885764 882915 241387 NA NA NA NA HA NA NA NA NA NA NA
13 1128853 7675536 8515497 6467241 4505204 1502376 460521 NA NA NA NA NA NA NA NA NA NA NA NA
14 138e818 11547624 8890421 7964629 4951638 1980364  NA NA NA NA NA NA NA NA NA NA NA NA NA
15 2195835 12381318 10396839 7516444 4968713 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
16 2068049 14178828 11164349 7748463 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
17 1747883 11500688 8868101 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
18 3204583 15218626 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
19 4664157 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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The payments triangle
vi v2 V3 ' V5 V6 V7 V8 Vo vio vii v12 vi3 vid V15 V16 viz vig V19
1 51645 513057 747581 554656 426698 211996 212916 16199 9091 36933 e e @ 8 8 ] ]
2 143607 1066115 918371 735878 593070 765997 614642 245482 116865 14633 36208 164636 14681 66826 6415 11486 @ NA
3 345758 1467254 1291694 1236995 11276668 779158 391920 844780 04346 220871 12232 11218 28826 84320 0938 16898 @ NA NA
4 4es1es 1875253 1869624 1850877 1886412 1422161 761761 306739 189768 139582 53448 36557 ] 6731 8 8 NA NA NA
5 711788 3253701 2695979 2592558 3376797 2188946 923845 434936 124256 29942 23826 324 58834 31188 12366 NA NA NA NA
6 941448 3614819 3273886 4479163 3841136 2032530 1241706 471996 120135 50047 5081 295 9393 ] NA NA NA NA NA
7 1221479 5814000 5904668 7112406 5320976 2425835 856998 196958 133568 40099 11797 65669 98728 NA NA NA NA NA NA
8 1684782 8163947 7609088 7722323 6298256 1981161 830186 586355 197501 124446 63687 28557 NA NA NA NA NA NA NA
9 2253183 9479779 7696767 8260492 5871622 2339555 1099429 363351 147355 43520 13782 NA NA NA NA NA NA NA NA
10 2042838 8791743 9169217 7864324 5804987  19777@7 722425 245391 59786 -139@ NA NA NA NA NA NA NA NA NA
11 1578388 9961564 9669606 8024282 6128733 2391815 617568 97794 70961 NA NA NA NA NA NA NA NA NA NA
12 1455847 0182448 8261734 8373510 40046768 1885764 882915 241387  NA NA NA NA NA NA NA NA NA NA NA
13 1128853 7675536 8515497 6467241 4565284 1562376 466521 NA NA NA NA NA NA NA NA NA NA NA NA
14 1388818 11547624 8890421 7964820 4951838 1088364 NA NA NA NA NA NA NA NA NA NA NA NA NA
15 2105835 12381318 10396830 7516444 4968713 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
16 7740463 NA NA NA NA NA NA NA NA NA A NA NA NA NA NA
1747083 11599608 NA NA NA NA NA NA NA NA NA HA NA NA NA NA NA NA
3204583 15210026 A NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
4664157 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
10
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reserve proportion of toal reserve
1 ©.000000e+00 .00
2 8.304134e+02 .00
3 1.973825e+02  ©.00
4 8.348906e+02 @.0@
5  4.007342e+83  0.00
The reserve per underwriting year 6  3.141223e:04 0.0
7  1.417988e+05  ©0.00
8 2.498179%e+05 @.0@
9  3.595187e+85 .00
10  3.824873e+85  ©.00
11 5.252174e+085  ©.00
12 6.315314e+05 @.0@
13 9.770538e+05 e.el
14  2.54925%e+86  ©.01
15  5.449377e+86  0.03
16 1.543851e+07 .08
17 2.174178e+07 e.11
18  4.445951e+87  ©.23
19  9.897478e+87  @.52
reserve proportion of toal reserve
1 ©.000000e+08  ©.00
2 8.304134e+02 @.0@
3 1.073025e+82 .00
4  8.348906e+02 ©.00
5  4.007342e+03  0.00
The reserve per underwriting year 6  3.141223e:04 .00
7  1.417988e+85  0.00
8  2.498179%e+85  0.00
9  3.595187e+05  ©0.00
10 3.824873e+05 @.0@
11 5.252174e+05 @.0@
12 6.315314e+85 ©.00
13 9.77@538e+085  0.01
14 2.549259%e+06 e.el
15 5.449377e+06 e.e2
16 1.543851e+87 _ ©.08
17  2.174178e+087  @.11
18  4.445951e+87  8.23 = 86% of total reserve
19 9.897470e+07 .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 Case estimates (expert knowledge):

Paid
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The incurred triangle:

It is not data, but a mixture of data and expert knowledge

It contains payments and case estimates of RBNS claimes
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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 via DCL
[}

The values of the severity inflation estimates 839
in the most recent calendar years resultin a
big difference between DCL and case
estimates based RBNS numbers
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RBNS via case estimates
[}

@

4811
-9524
365080
Saoa
1381
92278
57627
198335
241142
1444
1210062
2719667
6123466
9249185
130994880
24828896
31454377

diff/ultimate
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e
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e
e
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a
2]
]
e
e
]
a
2]
e

.B0eeR0EERD
.8081524044
.8084901895
.BBa9776366
.8019828617
.9012162334
.B046895341
.B842858333
.8@77738288

8848338287

.B067846411
.81670143947
.B089668533
.BB67768876
.8198287477
.1286529148
.18388002860
.2802813405
.4114369497
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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 also adjusted accordingly.

Therefore, PDCL estimates the exact RBNS case estimates but also corrects the IBNR estimates.

23 September 2014

18

23/09/2014



The Double Chain Ladder package

The kernel: Expert
calibrating the model knowledge

[ — '
Full cash-flow ‘ H Best estimate
(RBNS/IBNR) ' (RBNS/IBNR)

23 September 2014

19

Visualizing the data: the histogram

DEVELOPMENT

Payment data
1 2 3 4 5 3 7
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Counts data
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parameter estimation using DCL

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

idcl.estimation(), pdcl.prediction()

del.estimation {DCL} R Documentation

Parameter estimation - Double Chain Ladder model

Description

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

Usage

dcl.estimation( Xtriangle , Ntriangle , adj = 1 , Tables = TRUE , num.dec = % )

Arguments

Xeriangle 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.

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

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

Tables  Logical If TRUE (default) it is showed a table with the estimated parameters

num.dec  Number of decimal places used to report numbers in the tables (if Tables=TRUE).

Settlement delay

! N
ﬁjf 31

y

== Severity mean: Vi X [

. 2 2
variance: Vi X O
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parameter estimation using DCL
The function Plot.dcl.par() to visualize the break down of the classical chain
ladder parameters
Plot dcl par {DCL} R Documentation Srmlemint delay
B ———— i

Plotting the estimated parameters in the DCL model

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

del.par Alist object with the estimated parameters: the value retuned by the functions dcl.estimation,
bdcl.estimationoridcl.estimation.

type.inflat Method used to estimate the inflation . Possible values are: 'DCL’ (default) if it was used
dcl.estimation, 'BDCL'if bdcl.estimation, and IDCL' if idcl.estimation

23 September 2014

a;

==} Severity mean: Vi X [t

. 2 2
variance: 7 X O

22
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an example

R R Console

ay.prob inflat:
0.0582 1

8433881 1 4 7 10 13 16 19 0

3 6 9 12 15 18

underwriting period

1169918179 undenwriting period development period
122937307
p Severity inflation Delay parameters
2
o ’ o7 + general
‘ B " adjusted
o] | 5
< 4 “
LS 2
ol setegearete s !
ey g
TTTTTTITII T IT S T
1 4 7 10 13 16 19 0 3 6 9 12 15 18

setflement delay

Parameter estimates in two cases: the basic DCL model (only mean specifications) and the distributional model.

23 September 2014
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RBNS/IBNR split using DCL

The function dcl.predict()

del.predict {DCL} R Documentation

Pointwise predictions (RBNS/IBNR split)

Description

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

Usage

dcl.predict( dcl.par , Neriangle , Model = 2 , Tail = TRUE , Tables = TRUE , summ.by="diag”, num.dec = 2 )
Arguments

dcl.paz  Alist object with the estimated parameters: the value retumed by the functions dol.escimation, bdol,escimation of
1dcl.estimation

Neraangle Optional. The counts data triangle: incremental number of reported claims. It should be a matrix with the observed counts located in
the pper triangle and the lower triangle consisting in missing or zero values. It should has the same dimension as the Xcziangle
(both in the same aggregation level (quarters, years,etc.)) used to derive del.pax

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

Ta11 Logical. If TRUE (default) the tail is provided.

Tables  Logical. If TRUE (default) it is shown a table with the predicted outstanding liabilities in the future calendar periods
(surm. by=naiag”) or by undenwiiting period (summ. by="zow").

summ.by A character value such as "diag", "row" of "cell"

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

Details

If Mode1=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 Veall 2012). Ifode1=2 the adjusted delay probabiliies (distributional model D1-D4) are considered. B;

23 September 2014
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Bootstrapping using DCL

The function dcl.boot()

del boot (DCL) R Dacumentation
Bootstrap distribution: the full cashflow

Description

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

Usage

dci.boot( del.par , sigma? , Nerisngle , bost.type = 2 , B = 899 , Tail = TRUE , summ.by = "diag” , Tsbles = TRUE , num.dec = 2 )
Arguments

dcl.par  Alist object with the estimated parameters: the value retumed by the functions del. estimation bdcl.estimation of idel.estimation

sigmaz  Optional The variance of the individual payments in the first underwriting period
Heriangle The counts data triangle: incremental number of reported clsims. It should be a matrix with the observed counts located in the upper triangle and the lower triangle
consisting in missing or zera values. It should be the same triangle used to get the value passed by the argument dc1 .par

oot type Choose between values 1, to provide only the variance process, or 2 (defaul), to take into account the uncertainty of the parameters

s The number of simulations in the bootstrap algorithm. The defaul value is 999

Tai1 Logical. If TRUE (default) the tail is provided

summ.by A character value such as "diag®, "row" of "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 periads (if surm . by=""diag") or by underwriting period (if summ . by="rou")

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

Details

The function Plot.cashflow()
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an example

R R Console == ]

> boot2<-dcl.boot (my.dcl.par,Ntriangle=NtriangleBDCL)
[1] "Please wait, simulating the distribution.
[1] "Donel!"

period rbns mean.rbns sd.rbns Ql.rbns Q5.rbns

1 59845052.596 60104635.86 15073076.18 33597995.93 40915229.26
2 2 41447058.01 41675263.34 11015105.71 22154274.56 27730524.16
3 3 31016087.53 31146075.93 5826146.21 14528552.44 18278582.396
4 4 17542089.42 17251007.40 6356163.95 4358809.18 8595612.19
5 5 €443018.76 6403003.15 3843801.55 1016332.33 2071798.34
3 3 3152176.74 3510417.33 2623285.36 177136.11 762554.18
7 7 1445598.60 1597%09.78 1873572.33 2517.46 84721.67
8 8 675017.48 852208.53 1174755.22 0.00 412.15
E S 642274.45 536551.31 1424260.00 0.00 0.00
1o 10 423522.65 376713.73 8272393.75 0.00 0.00
11 11 535548.94 164627.71 503755.34 0.00 0.00
12 12 404459.01 96801.19 355413.76 0.00 0.00
13 13 3343564.95 56362.35 324013.16 0.00 0.00
14 14 €0022.59 13651.87 137771.8% 0.00 0.00
15 15 0.00 95.42 2144.22 0.00 0.00
1le 1e 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
19 1s 0.00 0.00 0.00 0.00 0.00
20 20 e oo oo e oo
21 21 - H H H .
22 > A table showing a summary of the distribution: mean,
23 23

24 24

R std. deviation, quantiles.

26 26

w » Arrays and matrices with the full simulated distributions
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an example

R R Console

> names (boot2)

[1] "array.rbns.boot" "array.ibnr.boot"
[3] "Mat.rbns" "Mat.ibnr"

[5] "Mat.total"

> plot.cashflow (boot2)

>

=S

RBNS reserve

R Graphics: Device 2 (ACTIVE)
RBNS

8 %
& 5 1
™ i i i 5 8
all; 8o
o7 TE=l o 29
FRK-J S TOPEN o
o TT T T T T T T T T T T T T T TTT T T T T T T 1
o 1 3 &8 7T 9 M 13 15 17 1.0e+08 2.0e+08 3.0e+08 4.0e+08
Future calendar
IBNR cashflow IBNR reserve
=7 o =35 Nh
T s
LI | o o
1w P 224
%7+??%?‘%‘%1\I\1'\i\\\:7\|\|\\ o7 T T T 1
S 13 5 7 9 11131517 19 21 0e+00 2e+07 4e+07 Ge+07 8e+07 1e+08
Future calendar
- RBNS+IBNR cashflow Total reserve
2 o y
818 527
- ;ii éc,
g9
o1 Tealy 7] A
IR T T o]
=1 TTTTTITTTTTI T I T T TTTTITTITITT T T T 1
o 1 3 5 7 9 1131517 19 2 1e+08 2e+08 3e+08 4e+08

Future calendar
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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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1 periods cut

4 periods cut
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the content of the package
3 run-off triangles
Plot.triangle
Aggregate,get.incremental, get.cumulative
dcl.estimation
bdcl.estimation
idcl.estimation The kernel: E t
Plot.dcl.par calibrating the . Xﬁe{j
cim model nlehEe el
Plot.cim.par extract.prior
' Best estimate
Full cash-flow (RBNS/IBNR)
| (RBNS/IBNR)
dcl.predict
dcl.boot pdcl.predict
dcl.boot.prior dcl.predict.prior
Plot.cashflow validating.incurred
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Questions

Expressions of individual views by members of the Institute and Faculty
of Actuaries and its staff are encouraged.

The views expressed in this presentation are those of the presenter.
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