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Napln prednasky

— Jednolety vs. ,ultimate” horizont

. BE budoucich zavazku jako stochasticky proces
= Pristupy k modelovani jednoletého rizika

. Bootstrap — ukazkovy priklad
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Jednolety vs. ,ultimate” horizont
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,Ultimate” horizont

= Tradicni pristup
— Vypocet technickych rezerv jako best estimate

budoucich zavazku a odhad variability (miry rizika)
této rezervy

— Kvantifikace rizika toho, ze vytvorena technicka
rezerva nepokryje budouci vyplaty pojistnych plnéni

. Stanoveni rezervy podle zvolené hladiny spolehlivosti

.
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= Analyzovanou ndhodnou veli¢inou je rozdil BEultimate loss(t) - BEultimate loss(())

=2 Nejcastéji pouzivanou mirou rizika je VaR (99.5% kvantil)

2 Standardni pripad: VaR(1-year) < VaR(ultimate)

BE celkové
Skody
(ultimate
loss)

7z

Ing. Lucie Hronova

ultimate t

—®
]




k-lety horizont

. Strategickée a taktické planovani

= srovnani dostupného kapitalu a budoucich zavazkt pro
rizné horizonty a rGzné hladiny spolehlivosti

— Udrzeni solventnosti na viceletém horizontu

. Strategie zajisténi

— Alokace aktiv

. Tvorba produktd — napf. nastaveni vyse spoluucasti

— Jednolety horizont: SCR podle Solvency Il

.
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Proces vyporadani pojistnych
udalosti
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,Handling times”“

(Tj)jzo

T, - ohlaSeni Skody;

T, <T, <...<T - vyplaty/rove informace;

Ty =Ty = =00,
| | | | >
TO . Tl T2 TN=3
Ohlaseni Castecné Dodatec¢na Dodatecné
plnéni informace plnéni

Ing. Lucie Hronova




,Payment process”

(T, X)

j>0
X, 20-vyplatav case T;;
Knag = Kyjo = =0.
X, =0 X, X;=0 l X3
¢ ¢ >
TO . Tl T2 TN=3
Ohlaseni CastecCné Dodatecna Dodatecné
plnéni informace plnéni
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,Payment process”
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(X(®): X(®) = > X, ...kumulativni vyplaty

j:TJ— <t
- rostouci skokova funkce
X +X5

- X(t) =0prot < T, Y X1, A
- X(o0) = lim (X(t),t > ) = Z Xj Th T, T, Th=3

j>0

U(): UM = X(e)-X(t)= D X, ...budouci zavazky
J: Tyt

- klesajici skokova funkce

-U(t) = X (o) prot <T, X1+Xs | I

-lim (U(t),t > «0)=0 X3
T
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yoettlement process”

(T3, (X2 1)) iz
|, - novainformace v Case T;;

X, =0 X, X, =0 l X,
¢ 6 >
. Tl T2 TN=3
Castecné Dodatecna Dodatecné
plnéni informace plnéni
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,Prediction process”

(1t) : 11, (¢) = P(X(0) | 71,)
ny={(T,,X;,1,)5,T; <t}...informace dostupnév Case t
hy

><—
— )
52 =
A
®
X< &5
o
—
<
A
v

0= 9 = ”
0=0 1 2= :
(Mt ) Mt — Eht (X(OO)) _:,‘3 ) il Tzéné TN:SEné

Ohlaseni Castecné Dodat Dodat
. h plnéni informace pin
(V,):V, =Var™ (X())
t t
1 1 | | a
| | I T »
To . T T, Th-=3
Ohlaseni Castecné plnéni Dodatecna Dodatecné plnéni
informace
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Podminéena stredni hodnota (BE) celkové
Skody (ultimate loss)

martingalova vlastnost: E"(M,)=M,, t <u
— aktualni odhad budouciho odhadu celkové Skody je roven
aktualnimu odhadu celkové skody

BE celkové Skody (M)
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0 ultimate

Eht(M ) Eht(Multlmate)
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Zmeéna BE celkové skody

BE celkové

Skody
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E[M (t,t +k)] =0

Var[M (t,t +k)]="?
VaR[M (t,t+k)]="?
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Frequency Density of
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Zdroj: Dorothea Diers, Martin Eling, Christian Kraus, Marc Linde, (2013) "Multi-year non-life insurance risk", Journal of

Risk Finance, The, Vol. 14 Iss: 4, pp.353 - 377
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Previous Accident Years

&Tear max max miax max
VaRgg 5o VaRgogq; TVaRgg sy TVaRgggq

1-year 4.749 386 5.316.952 53.286.335 5.823.192

2-year 5.829.230 6.235.172 6.487.012 7.168.015

3-year 6.453.611 7.258.944 7.226.344 7972264

4-vyear 6.762 882 7.636.010 7.628.222 8.397.742

J-year 6,927,992 7.850977 7.889 427 8.642 606

6-year 7.027.061 7.941 547 7.950.906 8.737.128

T-year 7.057.542 7.969071 7.980.294 8.763.660

8-vear 7.069.649 7.986.028 7.987 464 8.784 452

O-vear 7.072.591 7.993 424 7.992 201 8.795.100

Risk Capital (Previous Accident Years)
7,000,000 - ;__; =
o agem\fa R (99.5%) Mon-Maximum
>000,000 1 ==\aR (99.5%) Maximum
4,000,000 =de=TWaR (99.5%) Non-Maximum
3000000 T TVAR (S Maxmam Zdroj: Dorothea Diers, Martin Eling, Christian Kraus, Marc
Linde, (2013) "Multi-year non-life insurance risk", Journal of
2,000,000 L Risk Finance, The, Vol. 14 Iss: 4, pp.353 - 377
—:
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Zmeéna BE celkové skody

t<u:M(t,u)=M,—-M,, X(t,u) = X(Uu)—-X(t)
M (t,u) =[X (t,u) - E" (X (t,u)]+[E™ U,)-E"U,)]

L
! | !

chyba v pfedpovédi Uprava odhadu budoucich zavazka (tj. v
pojistnych plnéni v intervalu (u,o)) na zédkladé informaci
intervalu (t,u] ziskanych v intervalu (t,u]

iﬂprava odhadu budoucich zavazkd

Odhad vyplat v intervalu (u,)

Odhad vyplat v intervalu (u,) ]:Chyba v predpovédi pojistnych plnéni
Vyplaty v intervalu (t,u]

Odhad vyplat v intervalu (t,u] (simulace)

Vyplaty v intervalu (-oo,t] Vyplaty v intervalu (-o,t]

T

t u .
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Metody odhadu jednoletého rizika




Claims development result

V literature se zména BE celkové skody obvykle
oznacuje jako ,,claims development result” (CDR)

CDR(t,t+1) =BE(t) —[BE(t +1) + Claims(t,t +1)]

$Uprava odhadu budoucich zavazk

Odhad vyplat v intervalu (u,)

Odhad vyplat v intervalu (u,) ™
$Chyba v predpovédi pojistnych plnéni

Vyplaty v intervalu (t,u
Odhad vyplat v intervalu (t,u] ypEty (tul

Vyplaty v intervalu (-o0,t] ’ ‘ ’ Vyplaty v intervalu (-oo,t]

t u
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Analyticka formule

— Wuthrich, Merz, Lysenko

. Zalozeno na Mackoveé modelu (Chain ladder) =>
nutnost splnéni predpokladd modelu

[ . I I T
> Rozklad rizika: va.r(z CDR, (T + 1) ‘ p) + MSEy, (Z CDR;;{I+1))
i=1 i=1

Process error

20
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) ZI‘J+2 ZT (3.16)

i=k=0

(Z CDR;(I + 1)

i=1

where fori = 1

I, = Var (m(f+ 1))@;)

~r 2 (7 . ~\2 (71
~ 32 (Jf-f) f(ff—f) 11 (Jz) f( z)
=(C!;) - 1+ : 1+ Croa | | =1
( ) ci,f—'i 1:E+1 E:'\'if-l-l)E
(3.17)
and fori >k =0
Y1, = Cov (CDE(J+ 1), CDR,(I + 1) ‘@;)
2
PR (JI—F::} f(ff—k) 1 (Ef)gf (ﬁ)
=C!,.cl,. 1+ 1+ Yo/8 —1
of k.J S{fé I:J];!;'_l (S{+1)2 -1l
(3.18)
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I
SEn, (Z EDR(1 + 1>)

i=1

I
B Z MSE ((ﬁi(f * 1)) +2 Z ({I}fk +Cly- Gy ﬁi,J)
i=1 i>k>0
where fori >k > 1
N N -1
G cl, e (Ef—k)zf( fr_;;)g . (ﬁf_;;)zll( f,_k)ﬂ P
o 6£J i

and {I;{l =0 fori>1.
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Stochastické modelovani

Obecny princip:
1. Odhad budoucich pojistnych plnéni v Case t
2. Simulace pojistnych plnéni v intervalu (t,t+1]

3. Odhad budoucich pojistnych plnéni v Case t+1,
se zohlednénim novych (nahodné vygenerovanych) informaci z intervalu
(t,t+1]

Zrejmeé nejcastéji uvadénou metodou je aplikace bootstrapu na
vyvojoveé trojuhelniky

.
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Bootstrap ve vyvojovych trojuhelnicich

Ultimate horizont

Vyplaty

BE(O)

Vyplaty

simulace
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Jednolety horizont

Vyplaty

BE(O)

BE(1)




Bootstrap ve vyvojovych trojuhelnicich

Priprava:

1. Bestestimate vcase O

2. Fitovani modelu - rekurzivni pfepocCet hodnot v hornim trojuhelniku na
zakladé odhadnutych vyvojovych faktor

3. Vypocet rezidui

Simulace:

4. \Vygenerovani nového horniho trojuhelniku (, pseudo®)

5. Vypocet modelovych hodnot nové diagonaly pro pseudo data (,mean
prediction®)

6. Uprava hodnot nové diagondly o, process error”

7. Bestestimte vCasel

25
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Ukazkovy priklad
bootstrap krok za krokem

— Data: smyslena

- Metoda pro BE (a pro fitovani trojuhelnikt): Chain
ladder

. Definice residui: Adjusted Pearsons’ Residuals

.
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Occurence period

PeriodStart PeriodEnd

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

Development period

Vstupni data

Original cumulative triangle

0 1 2 3 4 5 6 7 8 9 10
520 1,230 2,750 2,820 3,110 3,310 3,310 3,810 3,810 3,870 4,070
60 770 1,120 2,120 2,120 2,120 3,120 3,120 4,020 4,020
250 750 1,750 1,830 4,430 4,430 4,430 6,430 6,430
0 360 1,410 1,530 2,200 2,300 2,300 2,300
210 610 810 1,130 2,330 2,730 2,730
1,000 1,050 1,650 2,100 2,100 2,100
0 330 1,130 1,910 2,910
220 220 720 1,020
300 720 840
210 630
300

Original incremental triangle

Occurence period

PeriodStart PeriodEnd

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

Development period

0 1 2 3 4 5 6 7 8 9 10
520 710 1,520 70 290 200 0 500 0 60 200
60 710 350 1,000 0 0 1,000 0 900 0
250 500 1,000 80 2,600 0 0 2,000 0
0 360 1,050 120 670 100 0 0
210 400 200 320 1,200 400 0
1,000 50 600 450 0 0
0 330 800 780 1,000
220 0 500 300
300 420 120
210 420
300
—®
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Bootstrap — krok 1: Best estimate v case 0

RESULTS

Occurence period No discounting

Latest Triangle Triangle Tail Total Total

PeriodStart PeriodEnd incurred ultimate  extrapolated value extrapolated ultimate
2011-02 2011-02 4,070 4,070 0 0 0 4,070
2011-03 2011-03 4,020 4,228 208 0 208 4,228
2011-04 2011-04 6,430 6,814 384 0 384 6,814
2011-05 2011-05 2,300 2,602 302 0 302 2,602
2011-06 2011-06 2,730 3,675 945 0 945 3,675
2011-07 2011-07 2,100 3,016 916 0 916 3,016
2011-08 2011-08 2,910 4,360 1,450 0 1,450 4,360
2011-09 2011-09 1,020 2,183 1,163 0 1,163 2,183
2011-10 2011-10 840 2,292 1,452 0 1,452 2,292
2011-11 2011-11 630 3,467 2,837 0 2,837 3,467
2011-12 2011-12 300 3,564 3,264 0 3,264 3,564
Total 27,350 40,271 12,921 0 12,921 40,271

.
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Bootstrap — krok 2a: , Fitted cumulative
triangle”

. 0->1 1->2 2->3 3->4 4->5 5->6 6->7 7->8 8->9 9->10
Chain ladder factors
- 216 202 128 143 104 107 119 107 1.01  1.05

Fitted cumulative triangle

Occurence period Development period
PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10

2011-02  2011-02 343 740 1,491 1,902 2,717 2,833 3,024 3,598 3,841 3,870 4,070
2011-03  2011-03 356 768 1,549 1,975 2,822 2,943 3,141 3,738 3,989 4,020
2011-04 2011-04 574 1,238 2,497 3,184 4,548 4,744 5,062 6,024 6,430
2011-05 2011-05 219 473 953 1,216 1,737 1,811 1,933 2,300
2011-06 2011-06 309 668 1,346 1,717 2,453 2,558 2,730
2011-07 2011-07 254 548 1,105 1,409 2,013 2,100
2011-08 2011-08 367 792 1,597 2,037 2,910
2011-09  2011-09 184 397 800 1,020
2011-10  2011-10 193 417 840 . .
2011-11  2011-11 292 630 C.m . = C_orlg_lnal
,J—1+1 1,J-1+1
2011-12  2011-12 300
fit fit £
Ci,j _Ci,j+1/ fj—>j+1

.
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Bootstrap — krok 2b: , Fitted incremental
triangle”

Fitted incremental triangle

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02 2011-02 343 397 752 410 815 117 190 574 242 29 200
2011-03 2011-03 356 412 781 426 847 121 198 597 252 31

2011-04 2011-04 574 665 1,259 687 1,365 195 319 962 406

2011-05 2011-05 219 254 481 262 521 75 122 367

2011-06 2011-06 309 358 679 370 736 105 172

2011-07 2011-07 254 294 557 304 604 87

2011-08 2011-08 367 425 805 440 873

2011-09 2011-09 184 213 403 220

2011-10 2011-10 193 224 423

2011-11 2011-11 292 338

2011-12 2011-12 300

XiT = Cifilt
Xifijt _ C-ﬁt —C-ﬁ-t

I j+1 I, ]
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Bootstrap — krok 3a: ,,Pearsons’ residuals -
unscaled”

Unscaled Pearson's residuals

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02 2011-02 9.6 15.7 28.0 -16.8 -18.4 7.7 -13.8 -3.1 -15.6 5.6 0.0
2011-03 2011-03 -15.7 14.7 -15.4 27.8 -29.1 -11.0 57.1 -24.4 40.9 -5.5

2011-04 2011-04 -13.5 -6.4 -7.3 -23.2 334 -14.0 -17.8 33.5 -20.1

2011-05 2011-05 -14.8 6.7 26.0 -8.8 6.5 2.9 -11.0 -19.2

2011-06  2011-06 -5.6 2.2 -18.4 -2.6 17.1 28.7 -13.1

2011-07 2011-07 46.8 -14.2 1.8 8.4 -24.6 -9.3

2011-08 2011-08 -19.2 -4.6 -0.2 16.2 4.3

2011-09 2011-09 2.7 -14.6 4.8 54

2011-10 2011-10 7.7 131 -14.7 X original X fit
2011-11 2011-11 -4.8 4.4 unscaled _ 1, ] 1, ]

2011-12 2011-12 0.0 reshj ’ [ fit

—.
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Bootstrap — krok 3b: , Pearsons’ residuals -
adjusted”

Adjusted Pearson's residuals

Occurence period

PeriodStartPeriodEnd

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

32

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

Development period

0 1 2 3 4 5 6 7 8 9 10
11.6 19.0 339 -20.3 -22.3 9.3 -16.7 -3.8 -18.9 6.8 0.0
-19.0 17.7 -18.7 33.7 -35.2 -13.3 69.1 -29.6 49.5 -6.7
-16.4 -7.7 -8.8 -28.0 40.5 -16.9 -21.6 40.5 -24.4
-17.9 8.1 31.5 -10.6 7.9 3.6 -13.4 -23.2
-6.8 2.7 -22.3 -3.2 20.7 34.8 -15.9
56.7 -17.2 2.2 10.1 -29.8 -11.3
-23.2 -5.6 -0.2 19.7 5.2
3.2 -17.7 5.8 6.5
9.3 15.9 -17.9 res_a(_jjusted _ r.es_ur_1scaled % Scale factor
-5.8 5.4 1] 1] —_
0.0
#observation 66
scale factor = = [————
- degrees_of freedom 66 —21

degrees_of freedom =#observations—# parameters
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Bootstrap — krok 3c: Residuals sample

1 11.6 23 -7.7 45 -15.9
2 19.0 24 -8.8 46 56.7
3 33.9 25 -28.0 47 -17.2
4 -20.3 26 40.5 48 2.2
5 -22.3 27 -16.9 49 10.1
6 9.3 28 -21.6 50 -29.8
7 -16.7 29 40.5 51 -11.3
8 -3.8 30 -24.4 52 -23.2
9 -18.9 31 -17.9 53 -5.6
10 6.8 32 8.1 54 -0.2
11 0.0 33 31.5 55 19.7
12 -19.0 34 -10.6 56 5.2
13 17.7 35 7.9 57 3.2
14 -18.7 36 3.6 58 -17.7
15 33.7 37 -13.4 59 5.8
16 -35.2 38 -23.2 60 6.5
17 -13.3 39 -6.8 61 9.3
18 69.1 40 2.7 62 15.9
19 -29.6 41 -22.3 63 -17.9
20 49.5 42 -3.2 64 -5.8
21 -6.7 43 20.7 65 5.4
22 -16.4 44 34.8 66 0.0
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Bootstrap — krok 4a: Residuals resampling

Random item

Occurence period

PeriodStart PeriodEnd

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

34

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

Development period

1 11.4 23 -7.7 45 -15.9
2 19.0 24 -8.8 46 56.7

0 1 2 3 4 5 6 7 8 9 10 i ool % wd a5
54 52 35 34 30 41 44 20 46 7 48 e 51 % md s o4
40 13 14 8 38 18 4 40 36 11 s 54 3% aed n 3]
18 54 16 1 62 5 23 47 35 o O I
46 2 34 19 2 62 55 17 poasd o a0d ]
s 6 a s os 10y S
1 62 49 53 50 59 e O I R
27 38 36 53 54 5 sed 4 2] @
48 49 20 40 s I N
3 3 2 64 22 -16.4 44 34.8 66 0.
37 46
43

Resampled residuals

Occurence period Development period

PeriodStart  PeriodEnd 0 1 2 3 4 5 6 7 9 10

2011-02 2011-02 02  -232 79 -106 -244  -22.3 34.8 49.5 56.7 -16.7 2.2

2011-03 2011-03 2.7 17.7  -18.7 3.8 -232 69.1  -20.3 2.7 3.6 0.0

2011-04 201104 | 69.1 0.2  -35.2 11.6 159  -22.3 7.7 -17.2 7.9

2011-05 201105 | 56.7 19.0 -10.6 -29.6 19.0 15.9 19.7  -13.3

2011-06 2011-06 3.2 9.3 2.2 -0.2 40.5 6.8 -13.4

2011-07 2011-07 11.6 15.9 10.1 5.6  -29.8 5.8

2011-08 2011-08 -16.9 -23.2 3.6 -5.6 -0.2

2011-09 2011-09 2.2 10.1 49.5 2.7

2011-10 2011-10 31.5 19.0 -5.8

2011-11 2011-11 -13.4 56.7

2011-12 2011-12 20.7

Ing. Lucie Hronova
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Bootstrap — krok 4b: ,Incremental
pseudo-data calculation”

Pseudodata incremental triangle

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02  2011-02 338 -65 969 195 119 -124 670 1,760 1,125 -61 231
2011-03  2011-03 406 773 259 349 171 882 -88 662 308 31

2011-04  2011-04 2,229 659 9 991 1,952 -116 181 427 565

2011-05  2011-05 1,058 557 247 -217 955 212 339 112

2011-06  2011-06 366 535 736 366 1,836 175 -3

2011-07  2011-07 439 567 796 207 -127 141

2011-08  2011-08 43 -53 906 322 866

2011-09  2011-09 214 361 1,397 260

2011-10  2011-10 630 508 304

2011-11  2011-11 64 1,381

2011-12  2011-12 659

Xi?fwdo _ leljt n I,esresampled * /XIfljt

1]

—.
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Bootstrap — krok 4c: ,,Cumulative pseudo-data and
development factors calculation”

Pseudodata cumulative triangle

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02  2011-02 338 273 1,242 1,437 1,555 1,431 2,101 3,861 4,986 4,925 5,156
2011-03  2011-03 406 1,179 1,438 1,786 1,958 2,840 2,752 3,413 3,722 3,752
2011-04  2011-04 2,229 2,888 2,896 3,887 5,839 5,724 5,904 6,331 6,896

2011-05  2011-05 1,058 1,615 1,862 1,645 2,601 2,813 3,151 3,263

2011-06  2011-06 366 901 1,637 2,003 3,839 4,015 4,011

2011-07  2011-07 439 1,006 1,802 2,009 1,881 2,022

2011-08  2011-08 43 -11 896 1,218 2,084

2011-09  2011-09 214 574 1,971 2,231

2011-10  2011-10 630 1,138 1,442

2011-11  2011-11 64 1,445

2011-12  2011-12 659

Pseudo data CH-L 0->1 1->2 2->3 3->4 4->5 5->6 6->7 7->8 8->9 9->10
factors 1.9025 1.58796 1.17988 1.41268 1.06626 1.06522 1.21285 1.1469 0.99648 1.04691

—.
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Bootstrap — krok 5a: ,,Mean prediction of next year

Ill

diagona

Pseudo data CH-L 0->1 1->2 2->3 3->4 4->5 5->6 6->7 7->8 8->9 9->10
factors 1.9025 1.58796 1.17988 1.41268 1.06626 1.06522 1.21285 1.1469 0.99648 1.04691

Mean prediction cumulative triangle
Occurence period

Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6
2011-02 2011-02 338 273 1,242 1,437 1,555 1,431 2,101
2011-03  2011-03 406 1,179 1,438 1,786 1,958 2,840 2,752
2011-04  2011-04 |2,229 2,888 2,896 3,887 5,839 5,724 5,904
2011-05 2011-05 1,058 1,615 1,862 1,645 2,601 2,813 3,151
2011-06  2011-06 366 901 1,637 2,003 3,839 4,015 4,011
2011-07  2011-07 439 1,006 1,802 2,009 1,881 2,022 2,154
2011-08  2011-08 43 -11 896 1,218 2,084 2,222

2011-09 2011-09 214 574 1,971 2,231 3,151

2011-10  2011-10 630 1,138 1,442 1,702

2011-11 2011-11 64 1,445 2,294

3,752 3,928
6,872

2011-12 2011-12 659 1,254
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Bootstrap — krok 5b: ,Mean prediction incremental
payments”

Mean prediction incremental triangle

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02 2011-02

2011-03 2011-03 176
2011-04 2011-04 -24

2011-05 2011-05 479

2011-06 2011-06 854

2011-07 2011-07 132

2011-08 2011-08 138

2011-09 2011-09 920

2011-10 2011-10 259

2011-11  2011-11 849

2011-12 2011-12 595
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Bootstrap — krok 6a: , Residuals resampling for next

year diagonal”
Random item
Occurence period Development period
PeriodSta PeriodEn T 114 FER s 159
rt d 1 2 3 4 5 6 7 8 9 10 ERy: IS ot I
4 -20.3] 26 40.5 48 2.2
2011-02 2011-02 5 223 27 -169 49 10.]
6 9.3 28 -21.4 50 -29.4
2011-03 2011-03 6 7 167 29 40 51 -11.3
8 -3.9 30 -24.4 52 -23.2
2011-04 2011-04 22 0w ed = sl . od
2011-05 2011-05 u 2 a5 s 04 % o]
201106 2011-06 30 R I S DA
2011-07 2011-07 3 A
2011-08 2011-08 28 1 e @ 2] & 14
2011-09 2011-09 65 » wd owm Bl 8 u
2011-10 2011-10 3 p el s sed e od
2011-11 2011-11 42
2011-12 2011-12 32
Resampled residuals
Occurence period Development period
PeriodStartPeriodEnd 0->1 1->2 2->3 3->4 4->5 5->6 6->7 7->8 9->10
2011-02 2011-02
2011-03 2011-03 9.3
2011-04 2011-04 -16.4
2011-05 2011-05
2011-06 2011-06 -24.4
2011-07 2011-07 33.9
2011-08 2011-08 -21.6
2011-09 2011-09 5.4
2011-10 2011-10 339
2011-11 2011-11 -3.2
2011-12 2011-12 8.1
—
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Bootstrap — krok 6b: ,,Process error included
prediction for next year”

Process error prediction

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02 2011-02

2011-03 2011-03 342

2011-04 2011-04
2011-05 2011-05
2011-06 2011-06
2011-07 2011-07
2011-08 2011-08
2011-09 2011-09
2011-10 2011-10
2011-11 2011-11
2011-12 2011-12 498

Z Xisimulated _ 3,177

simulated mean prediction resampled mean prediction
X = X{ -P +res; P *\/Xij -P
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Bootstrap — krok 7a: ,,Updated incremental triangle”

Updated incremental triangle

Development period

Occurence period

PeriodStart PeriodEnd

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

41

2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12

0 1 2 3 4 5 6 7 8 9 10
338 -65 969 195 119 -124 670 1,760 1,125 -61 231
406 773 259 349 171 882 -88 662 308 31 342

2,229 659 9 991 1,952 -116 181 427 565 -66
1,058 557 247 -217 955 212 339 112 155
366 535 736 366 1,836 175 -3 -37
439 567 796 207 -127 141 544
43 -53 906 322 866 -117
214 361 1,397 260 550
630 508 304 747
64 1,381 560
659 498

Incremental pseudo-data triangle

Ing. Lucie Hronova
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Bootstrap — krok 7b: ,,Updated cumulative triangle
and Chain-ladder factors calculation”

Updated cumulative triangle

Occurence period Development period

PeriodStart PeriodEnd 0 1 2 3 4 5 6 7 8 9 10
2011-02 2011-02 338 273 1,242 1437 1555 1431 2,101 3,861 4986 4,925 5,156
2011-03  2011-03 406 1,179 1,438 1,786 1,958 2,840 2,752 3,413 3,722 3,752 4,095
2011-04 2011-04 2,229 2,888 2,896 3,887 5,839 5,724 5904 6,331 6,896 6,831
2011-05 2011-05 1,058 1,615 1,862 1,645 2,601 2,813 3,151 3,263 3,418

2011-06  2011-06 366 901 1,637 2,003 3,839 4,015 4,011 3,974

2011-07 2011-07 439 1,006 1,802 2,009 1,881 2,022 2,566

2011-08 2011-08 43 -11 89 1,218 2,084 1,967

2011-09 2011-09 214 574 1971 2,231 2,780

2011-10 2011-10 630 1,138 1,442 2,189

2011-11  2011-11 64 1,445 2,005

2011-12 2011-12 659 1,157

Updated data CH-L 0->1 1->2 2->3 3->4 4->5 5->6 6->7 7->8 8->9 9->10
factors 1.902195 1.379542 0.943284 1.073458 0.836181 0.860994 0.823432 0.748681 0.456156 0.332474

Updated data CH-L 0->10  1->10  2->10  3->10  4->10 510  6->10  7->10  8->10  9->10
Cla e e ENN  8.298195 4.362432 2.747132 2.328353 1.648126 1.545626 1.451089 1.196452 1.043177 1.046904

—.
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Bootstrap — krok 7c: Best estimate v ¢ase 1

RESULTS

43
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Occurence period No discounting

Latest Triangle Triangle Tail Total Total

PeriodStart PeriodEnd| incurred ultimate extrapolated value extrapolated ultimate
2011-02 2011-02 5,156 5,156 0 0 0 5,156
2011-03 2011-03 4,095 4,095 0 0 0 4,095
2011-04 2011-04 6,831 7,151 320 0 320 7,151
2011-05 2011-05 3,418 3,566 148 0 148 3,566
2011-06 2011-06 3,974 4,755 781 0 781 4,755
2011-07 2011-07 2,566 3,723 1,157 0 1,157 3,723
2011-08 2011-08 1,967 3,040 1,073 0 1,073 3,040
2011-09 2011-09 2,780 4,582 1,802 0 1,802 4,582
2011-10 2011-10 2,189 5,097 2,908 0 2,908 5,097
2011-11 2011-11 2,005 5,508 3,503 0 3,503 5,508
2011-12 2011-12 1,157 5,047 3,890 0 3,890 5,047
Total| 36,138 51,720 15,582 0 15,582 51,720

—®
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Vystup

Krok 1: BE(O)

Opakovanim kroku 4 az 7: empirické rozdéleni BE(1) a
Claims(1) ziskané ze simulovanych scénaru

—> nasimulované empirické rozdéleni CDR

44
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Bootstrap — pro a proti

Prinosy
= Stochasticka metoda — vysledkem je kompletni empirické
rozdéleni CDR

= Velka variabilita ve volbé modell pro vypocet BE

Omezeni

: Casova naroénost — zejména pfi vyuZiti stochastického
modelu pro vypocet BE

.
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Dalsi pristupy

Faktorovy model

— Simulujeme pouze ultimate loss
S S 1+
CDR (I +1) = Ci’J —Ci,j
CAiI’:']_]- — *Cis,;mulace+ (1—05) >x<éil,\]

— Problematickda muze byt kalibrace parametru o

Least Squares Monte Carlo simulations
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