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Combining Extreme Value Theory with Credibility Methods
and Point Processes for Modelling Operational Risk TEMNOV

|
l

Abstract Figure 1. Fil with analytical distributions for selected Bl'z,
) Top right: BL 10 — GPD fit with error bounds, bottom right — tall of BL 101,
We Investigate the classical problem of operational risk estimation. The usual mea- Left; BL2 — Combination of GPD (brown) and Weibull (green) — for the tail

sure for operational risk — Value-at-Risk is used, applied to predicted future yearty
aggregate losses. According to it, the problem is reduced to the modelling' of yearly
aggregate loss for the selected Bank, given the historical database.of ocou opér
atongal losses,

The loss data is classified with respect to the usual division to lines of business and
to types of events. Besides the internal database, containings records of losses accu-
mulated by the Bank, the external database, which is the collection of the data from
different banks, is available. This sort of data presentation provides the first problem
to be solved — how to mix internal and external data properly in order o obtain most
reliable mode! for the Toss GEcuTence process, We approach s problel

full bayesian methodology.

As soon as the models for the single loss distributions are built, the problem of cal-
culation of aggregale loss distribution characteristics appears. Jo obtain VaR esti-
rpation, and also some other useful characteristics of the aggregate loss distribution,
such as expecied shortfall, we use three different approaches, each of which appears
to have its own advantages, becoming important in different variations of the problem.
The first method we use ig Monte-Carlo simulations, the second one bases on the ap-
plication of Fourier transform, which we use byauagiing Fast Fourler Transformation
scheme, and the third approach Is based on the use of probability generation func-
tion for aggregate loss in the form of power series and uses the tecursive method o Losses on log scale

r “ate coefficients in this powar Series representation,
V. .mpare the results oblained with each of three methods, applying them to differ- 7
ent sagments of data, and analyze efficiency of the three corresponding algorithms. Mixing internal and external data

The Problem Bayesian inference

7r9,x(9 I x) =

s o8 w0

80 07 ne
R

088 680 095

Prababiity distribution
086 088 090 082 084 098 098 1,00
1.0

541044 51075 W5 EI0E 108 £

Mar——

_fxjo(x[6)n(6) 0
I fx (x| )(0)d6’

_ GIVEN TO BE FOUND
7, x(0} x) — posterior parameter distribution

eDatabase of historical internal| o-VaR for yearly aggregate losses
OplLoss data from selected bank VaR,{(S)=inf{ser: P(§>s)<1~0a} n(0) — prior parameter distribution

s External Oploss data from|» Capital charge for OpRisk must be calculated as o the case of GPD and Poisson joint model

ORX" bank association o= f:v R o Prior for Poisson intensity 4 — gamma distribution ,,(A)
¢ All the data classified w.r.t. Lines = i : g " 11
of Business (BL) and Types o s o Prior for shape parameter £ — gamma distribution . 4(¢) |
Euvenis (ET) where ! = 1,... K denotes BL's. » Prior for scale paramster 3 — reciprocal gamma p(g) = P(B = f) | l
(P(1/B =) =7.40))
METHODS Then Posterior density for scale parameter 5:

| « Severity distributions for BL's are very heavy talled — EVT is used
A(B) = BH(@(B)*Hexp (~ 3 log(L+ x;/m) P(8),
i<k

«Homogeneous and inhomogeneous Poisson processes (and Negative Binomial
distribution are used to model loss frequency) where

«To evaluate aggregate loss several methods are used: Monte-Corlo modelling, < =a+kV=b0+T,d=c+handd(f=d+ ‘):k log{1 + X/
S

FFT upproach, Recursion formulae s e e —
Bayesian estimators for A, £ and § }
- Fitting severity distributions ootk (s)l
.- et S =5 !
Generalized Pareto distribution (GPD) C,+ |
=) = M
Geasls) =1- (1465 ”)_Vé (1 o K
N B g = [ asiprap )
u location parameter (threshold) , 8 scale parameter, £ shape parameter.
The density for GPD Figure 2. Bayesian parameter estimators, BL 7. Posterior versus prior
. | hat n |
sevate)= 5 (1+6552) 2 i °
A A g z
Log-likelihood function for MLE parameter estimation £ B3
o 2 s
., 1 L] £ T s
1(0) = Ly({£,4):X) = ~nlnf -~ (E + l) ngn (1 + E[Xj - /LJ) V 3 §'24 %;’ ’
I S L S S e 5 &
Three—parameter Weibull distribution § S % 3
o < _:-
Wepolz) = 1 - 57, O 5 | iz
density: we,alz) = £ §6 28 gl-tealAl’, . (5) E° z I
Loglikelinood: 1(6) = In€ — £lnf + 3 ((5 DX - [-)-‘—alﬁ] ) ) ol == — St _
T = . o 05 1.5 25 35 05 1.0 15
GPD scale parameter GPD parameter 1/l
— et i : Financial and Actuarial Mathematics Research Group
Wie & fe St v :
i lj i Vienna University of Technology
W. | E N| Unwssarry or for the 31st Conference on Stochastic Processes and their Applications, 17 July 2006
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