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ABSTRACT 

The objective of this research was to comparatively study operational risk of commercial 

banks in Thailand during 2006-2008 by quantitative research from the population of all listed 

commercial banks in Securities Exchange of Thailand. The study divided them based on asset's 

market share at the end of 2007 from 12 banks into 3 groups including big, medium, and small 

banks. 

Before applying the data, the researcher confirmed using the data with Extreme Value 

Theory (EVT) by many methods including 1) Skewness and Kurtosis for Non-Normality Test; 2) 

Stationary Test for proving Nonstationary; 3) Kolmogorov-Smirnov Z test (K-S test) to show that 

the analyzed return rate was not normal distributed; 4) Hill Estimators to show the Power

Decaying Tail, which was an important characteristic ofheavy tail. 

The result showed that based on Bottom-Up Approach with Extreme-Value Theory and 

Monte Carlo Simulation (n= 1 ,000) at the confident level of 90% 95% 99%, consequently, it was 

clear that range was negatively related to asset size and narrowing when having larger asset. The 

estimation ofaverage ofEquity Return with Monte Carlo Simulation showed that the larger size 

gave the higher average. Based on the estimation of operational risk by VaREVT , it found that 

bigger size had higher VaREVT then higher operational risk or volatility in revenue. 

From the result, it found that the application ofefficient instruments was important as 

risk assessment tools since it not only improved validity of operational risk management, but 



validity of variables which were involved with analysis of operational risk management and risk 

improvement of risk management. 
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tl'J:;l'YIfl"'YIV6~H' 'J ~a6f111'UTi111'JW10~U'U11d1Jt)'Uifln'U~:;1J6~O~fl1'.iili1l'U1~,;j'U ,tl,A'i'U 

6 'U 1f1f1'\16~fl1'J U l111'J fl111JL~fJ~~1'1..1 tl~V91fl1'Ji '1..1 1;r~LmfJU liiivu 'J:; 11':h~ti '1..1 1f11'J'W1 W'lf6i 'U 

.1 'I A.J 0 i " '" '" .J''1 f I !'It i ""'"lJ'.i::l'Y1f1' l'YIV L'W6'Y111:;'YI1 'H ~1'U111 fJ'U l1JL'WfJ~Ufll1:;11J 'UU'1..1 1'Y11~ 'Ufl1'W'J11J'\I6~fl1'.iU'.i111'Jfl111J . . 
.d " AIQ Q,lQ 0 cv jI<v " .Q QI "~,, Y... IQ ~ Q;' QQ.I .4 'QI

L ff V~f11'UlJ t1UfIfl1'J ff111 'J U~l1flfl1'.i ~U ':i111'.i 'J ~f1U~~ ~fl611'U ~lJt1U~ua:;Ufl111V6'U "1UflV~ 

ffl3J1'.i fI Lff'U 6U'U1'Y11~i 'H lii'Ufl1 'J L;r10~fl1'.iUl 'H 1'Jfl111JL ~V~~l'Utl~U91fl1'.i ff111 1Uti '1..1 1f11'.i 

"" "".1 'I i" I .J.J" '" "" ..'W 1W'lfV l'UlJ'J:;L'YIfI' t'YIV 1111 'U1V~1'U'YIlflV1'\16~flU'J:;UUti'U1f11'.i'W1W"lffJ 

" "" .J Q '11' !" i J{ i "" ..111fl'\l6\jal1H'YILflU 19'1111fl~mfl'YI~'\I6\ja 'U~u~aua::'1I6\1a 'Ufla1f1'\16~ti'U1f11':i'W1W'lfV 

i'U tl'J:;1 'YIfI" 'YI fJ1 tWiifl1'1 ~la6~ffm'U fl1'J W'\I6~fl111J1~V~~'J:;~Ufl111JU n:arl'U~ri1~fl'U1f1Vi ~ 
~ (veal" 'Q,f , ..;."A

Monte Carlo Simulation ua:;nfl'W1f1111Jff1J'W'Uti'J:;111H~1utl'Jfl1~"1 L'W6ff'J1~'W'U!1'Ui'U 

fl1'.ifffl'W1f,JW ~fl'WW:;ri1~"1 '\I6~fl~1Jti'U1f11'J'W1W"lf6 3 fl~1J~~lU'Uflfl11J'\I'U 1f1'\16~ff'U'YI1'W6fi6 

" ' Q ".... .... A • ~,,!.J'. ",,!'It .... l' '" 
'\I'U1f1 &11ty '\I'U1f1fla1~ Ua::'\I'U1f1Lafl ~111m"lf611Fia'\l6~fl1'Jnmn &'UflH'U'U111:; &'lfL1J'Ufl1tJ1~6~ 

. " 
i 'ULnfl1~Ufl1"lf1fl1'JLLa:;~tlau~i'U1~fl1'J 1~'U'''' 1f1fJii 1f1Qtl'J:;ff~fliiil1:;fffl'W1~~ri6 , tlil 

A l' 21 '" .J " ".... .J l' .1'" """ "" ...J",01.2.1 l'W61'1'U111lJ 11 11 V'YI'YI1 t11fl1'JU'J111'Jfl111JLtW~tn'UlJt1Uflfl1'J'\I6~ti'U1f11'J'W1W 'lffJ'Yl1J 

6d''Utl':i::L'YIfI'''YIvi'U'lb~ 3 ih:;'H-h~i1 'rtfi'. 2549-2551 iifl111JU~flri1~fl'UUa~ri~Fia6th~ ''Jri6 

fl111Jl~V~~1'Utl~mifl1':i 

. . 
.4 ~ • Q Q" ... IQ QfQ Q t/

1.2.2 L'W6nfl'W1f1111JUf1flfl1 ~'\I6 ~fl1'JU'.i111'1 fl111JLffV~ f11'U lJt1U~fl1'J'\I6~ ti'U 1f11':i 'W 1W'I1V 

~ii6~''Utl':i~1'Y1f1'' 'YIfJ 

http:L;r10~fl1'.iU
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1.2.3 t~tlflm!llU'U11U'lIfl'Utn~Ua:illtl~a~m'lW~'U1~t~'U'1.n~'Utl'U1f191'Utl~m'l 
'U;'H1'lfl1111t~V~~1'U1.l6,j~m'lt'Ut;r~L1J1vmfiv'U'l:i'H"h~1i'U1f11'lTf1tU'IV~iitldt'U1.l'l:it't1ff''t1V 

n1'l1.J;'H1'lfl1111t~V~~1'U1.l6~m'l'Utl~1i'U1m'lTf1tU'Iv~ii'U'U1fttL91n~1~n'U'iI::iifl1111 

U91n~l.:1n'U 

0" ..=Q QI do" 4 ~" .14414 4 ."d 
1.4.1 't11t 'H't1'll'UfJ~il 'iI'iIV't1't11t'Hm'l'U'l'H1'lfl1111LffV.:Ift1'UlJtl'U91m'l'Utl~1i'U1m';iTf1W 'IV't1 

"" , , , il A !it !it 0' !'<I SI.., SI<II
lItlgt 'U1.l';i::L't1ff 't1V'l:i'H11.:1 Tf.ff. 2549-2551 tTfmIJ'UU'U1't11.:1Ua:l:LIJ'Utl~flfl11111l'Hn'Ufj'ilftm';i 

~1.J;111';i'l::"'UU.:l ~1.l6,j~Ua::Un1itJ~'U'1 'Utl~1i'U1m';iTf1tU'Ivt'U1.l';i:;L't1ff''t1V U1'1.lifu~ilty111 
i'Um';i~llU'U~1'U'Utl~'fi'U1m'lTf1tU'lfv~iitldi'U1.h:;L't1ff''t1tJ 

... OJ

1.5 "Il81Jl"llfl"ll8~mnQtI 

~ . 
m';i fln1!l1ill~'Um';ifln1!l1tID v1Jlfiv'Um';i'U;'H 1'l fl11111ffV.:I~1'U1.l6~m'l'Utl~'fi'U1f11';i 

.r:!l <fda 'Gt , r .4 ,. ~ .QQI A .Q 

Tf1W'IW't1l1tlg ~'U1.l';i::t't1ff 't1V 'l::'H11~il Tf.ff. 2549-2551 LftVLIJ'Um';i1'i1Vl'l~1.l'l1l1W (Quantitative 

... 1.4 4 o't d q QI'" ,.4 QI 1

Research) lJ';i:i'lf1mfltl 'fi'U1f11'lTf1W'ItJ't1~'HlIft't1 'ilft't1::l'UtJ'U ~'U91a1ft'Han 't1';iTfVLl'H ~1.l';i:;lVIff 't1V 

"1 ~ : .!'l SlY." ... 0' : d "" i
Lftvm'l fln1!l1m ~ 'U ~'If'Utl1Ja 'il1nm'lU'U~n'tlll1i'U1f11';iTf1W'lftJ't1~ 'H lIft't1'i1fl't1:;L1.JV'U 'U91a1ft 

~ 

'Htrn't11TfVU'l1 ~1.l';i::t't1ff''t1V fl111ff1'Uuti.:lm';ifla1ft~1'Uff'U 't11TfV'li1.:1ff'UU2550 tltlm~'U 3 mtll• 
~~ , , ... 0' i' d SI J! 
t~un n~1I'fi'U1m';iTf1W'ItJ'U'U1ft 'Hty 'U'U1flna1.:1 Ua:l:'U'U1ftmn Ua11atln1l1 12 'fi'U1f11'l 
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1.6.1 ~11;jfftl1J~tl~~1~vl~ 

• 'YIfJlIfifh~~1~~ (Extreme Value Theory) 

• Kolmogorov-Smimov Test (K-S test) 

• iii Nonlinearity by Hill Estimator 

1.6.21~ Operational Risk 1~V'YI~fftl1J'fl111JU~n9i1~~11J'\I\J1~'\Itl~ff\J'YIi',,6 ('\I\Jl~l'Hqj n~l~ 
d 

u~~mn) 

1~tJlrn Bottom-Up Approach ~1V1ii Extreme-Value Theory U~~ Monte Carlo 

Simulation (n=1,OOO) 

fl'Jn";rJ~ (Risk) 'H1J1Vil.:J 'fl111J'1iU11\Jtl'U~lrlV.:Jt1J'U1J1;jlmm~"i~fI1~mlW1~ U.u.:Jlrt'Ufftl~ 
'1.h~Iil'YIfltl 'fl111J'1iml'Utl\J;h'il (General Uncertainty) fi1J'fl111J'1iml'Utl'Um"1~mh~ 
(Specific Uncertainty) 

~ . 
lltJ~1'Ui~tJ~,j1Jilffl1Jl1f1U'lhlrt\J'H~lmh\J 1~vl'U1J'YI9itl 'ilflt)1J'YIfi 21rt\Jml'Y11J'YI1\J 

, , J/ '" 

111Wml1Jfilflt.l1~t).:Jfi1J.:Jl\J1~t.lil ~~t)~;j\JU\J1'fl111Jfl~-n\J!1\Jfi1l11Jl1;;1\Jml'Y1~fft)1J'\It)~ 

.:Jl\Ji~vill::::nt)1J~1V Stationary Test u~~ Normalityl Nonlinearity Test 1\J1J'YI~ 3 1l11ff\Jt)iiiml 

1\Jm1fhtij\Jml1~v 1J'YI~ 41l11ff'Ut)'\JfI~mli~VH~~mli1ml::::li'fI~ U~::::'\J1J'YI~ 51rt'Uml 

ffl ilt)ftill1t.1f1~U~::::~tllff\Jt)U\J:::: 



, 
"'" tJ'fI'fI 2 

~ d Q ~ 
2.1 fll'i1.J'i11nfl111JlffU.:I (Risk Management) 'lItHti'Ulfl1'i'Wlf.U'lfU 

2.1.1 fll'i1.J;111'ifl111JlaU.:I (Risk Management) 

2.1.2 fl111JlaU~'lI0.:lti'Ulfl1'i'WltU'If~ (Risk ofCommercial Banks) 

2.2 fl111JlaU~~1'UtI~1.J1ifll'i'llO~ti'Ulfl1'i'W1W'lf~ (Operational Risk ofCommerciaI 

Banks) 

r d QI 4 tI _IQQlQ Q tI 
2.2.1 U11fl ~ 'YI1J1Ufl::flfl~ f.U ::'1.10~ fl111JlffU~~1'U1.l{J1.J~ fll'i'llO~ti 'U lfll 'iTflf.U'lfU 

2.2.2 fll'i1~fl111JlaU.:I~1'UtI~,jflfll'i'llO.:lti'Ulfl1'iTflW'If~ 
QI f!/ 4, ~ 51 QCJ,IQ 

2.2.3 11flmflf.Ucnfll'itl'i::11J'Ufl111Jlt1U~~1'UtI{Jl.Jflfll'ifll1J Basel II 

2.3 

2.4 

4 ~ 4 l 
2.1 tll1U"j'Hl1ft11U&UO.:l (Risk Management) -UO.:lfi'U1A11TtlWtiO 

1 4 d QI ",.J ~""" ,J )I
U'U'UO'U'YIll.JU~ll.J'U1Jl"lflNflflTfti'YIfl1~fll'if.U 11 t~Um~fll1J'YI steiner Ufl:: Bruns (1995 11'Ul 49

53) Oi1.J1UH-h fl111J'~U1';'UO'Uffl1J1'itluti'nrt'Uffo~t1'i::Ul'YIfio fl1111 '~U11'Uo'U~111.1 (General 

Uncertainty) t1l.Jfl111J1~ml'Uo'Ul\1'Wl::odl.:1(Specific Uncertainty) c;~1~u~1't1~m)::111J1Uil~ 
", , f d 44 A QI,. GJ " QI 4 4 t 

fl111J 11JU'U'UO'Ul\1'Wl::0Ul~CJ1~'YI1~fftlfl'UU1J1~ L~U L'lffll'i1~'YI1'iUfl11fl1'im::'inu (Dispersion) 

i~ui~fl111Jutl'itl'i1'U (Variance) 1110fll1rlU.:Ill.J'U1Jlf1'ijl'U (Standard Deviation) lrt'U~11~c;~ 

Glaum Ufl:: Forscble (2000 11t11 13) Oil.Jltrhi'U1;j'ifl" fl111JlaU.:I~m)::od''Ultl'llO~fll1rlU~11.J'U~ 
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Q' • d ~ ".ci .c:l JJ Q,tell s.
~~fI1i:l'U'il1nfl1'Y1fl1~n"HU nC)j''I'il~antJ1-UtJ'In'UffntJfi1'n-U~HI011''ltyl't1tl (Potentlal for Loss) 

-UWZ~fh'I.JlfitJ'I1'U'I.J~lihJ'U1n'ilditJ111rl'I.J ltJ01ff (Opportunities) 

Damodaran (1997) i,f'hfitJ111-UtJ'I011'Ul'H11fl111.1laV'I (Risk Management) 111rl'I.J 

..l.... ..l~ ..t "" r 'lSi r 
O'jz'U1'I.J011'Y1'JS~1'il'I.J'YI11J'I.J'l1~'H'I.J'I-UtJ'In'il0'j111~1'1"Ui:lZ Schroeck (2002) t~U'U'IO'jZ'U1'I.J011 

" " ~'In~111rl'I.J;r'I.J~tJ'l.JfiH"A'IU 

1.i ,ffh~1t1~fl1111 1 Z1Jfl11111aV'I Ui:lZ ~lu'I.Jn'JSfi~-utJ'Ifl11111atJ'IUi:lZU 'H ~'I-UtJ'Ifl11111atJ'I 
2. O1111m1Z""Ui:lZ1~1~'IU!1J1wi'I.J0111il~i''Ufl1111laV'I (Risk Exposure) . . 

QI 	 ct d.cl' • Q 

3. O11'il~ff11l'J'I.J-UtJ'Ifl1111lffV'I'YI11~tJ'H'l.J1tl1A1n'il 

4. O119i~ff'I.J i 'il11fl11 'il~tltJ11i''U'H;tJYi'ill1W 11i1 O'j 111i 'H li'H;tJlli 

• ., 4 4'1 SI., ..l!ll .:.. 'I 'I • d 
5. 011 'il1n~fl11111fftl'l'YI t~1'Ul"'Wff11'1fl111111'I.J l 'ill 'l.J011i:l~'H1tJ'U11l'Yl1fl11111·'W'l 

d.cl " 	 QQlO

6. 011 fl1'UfJ11fl11111JI tl'l 'YIU1zntJ'U~1tJ01n~'YI11tJnff11Ui:lZ011fl1'UfJ11 O11'U 1 'H 11fl1111 

l~tl'l 

• 	 "" rI 
2.1.2 fl11111fftJ'I-UtJ'I1i'I.Jlf111'nlW'lW (Risk ofCommercial Banks) 

Bessis (2004) 1~,ffhfitl111fl1111l~tl'l'lltJ'I1i'I.Jlfl11 i ~·hlrl'I.JNi:lO'jZ'YI'U'Vll'1i:l1J i 'l.Jfl1111 

111'ilZlrl 'I.J'II tJ'IU'H ~'I fi 1'1., -U tJ'Ifl1111 i liu11'I.J tJ 'I.J fi 1 'I., 1~tlij fl1111 latJ'I~1i'I.J1fl11lN~ty tJ di'l'H11 ~ 
" ~'IfitJiuij 

,J" Q 

• fl11111fftJ'I~1'I.Jlfl1~~ (Credit Risk) 

. " 
• 	 fl11111fftl'l~1'I.J~tJmtitJ (Interest Rate Risk) 


4 !II 

• fl11111ffm~1'I.J~fl1~ (Market Risk) 

• fl11111~tJ-~~1'I.Jfffi1'nfl~tJ'I (Liquidity Risk) 

• fl11111~tl'l~1'I.Jug1Jfi011 (Operational Risk) 

• fl11111~tJ"~1'I.J01mi:lmu~tl'I.Ji~'I.J~'j1fiHU1:;t'Vlff (Foreign Exchange Risk) 

. _I........
... !II 	 ... of 

2.2 ftlUJl1:l'U~Gll'U1J!J1JVlm'i"8~fi'U1fl1'iTt1W"U (Operational Risk of Commercial Banks) 

The Basel Committee on Banking Supervision (1975) i~,ffh~1t1~fl1111-UtJ"fl1111l~tJ" 

fll'UtJnU~m';j (Operational Risk) ~6fl111JLaf.l~~i1::; lflflfl11l/lltll1fftlti'IJld eNl/l1l1flfl'Jll/ 1,j 
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4!::1 .e!t ,., 	 .. (<::to QI.c:l 0' I 4 
!'YW.:I"fl't1·HHllIt'tU'l1't1fl.:l'.i::: 'U'U m:::'U1Ufll'.ilJtl'UfI.:IT1..I 1JfU'I1m'illflL't1~fll'.iWf11.:1'1 U flflL't1 U flfll'.i 

fl1'UfJlI'tIfl.:l fl.:lflm 1 fI tin fll'.i~ 'il1'.i W1U't1 ri.:l~1I1't1fl.:l fl11111~tI.:I.,r1\..111 fi ,j~fll '.i! L'fI:::iifll'.i 1f1f11111 
• 	 !II 

,fftl.:l.,rlu11fi,jiifll'.i~.:I~fl'11u 

2.2.1 Umi~~11111n!: nfl'll W!:'tI fl ~fl11111~tI~~;,U11fi,jii fll'.i'tl fl ~1i U1f11'.i" lm'Jf6 

f1111~ The Basel Conunittee on Banking Supervision (1975) '1l.,.rfh~lnflfl1111't1fl~fl1111 
.d 	 i.I ,'P, ila,Q .d ".Q. ~ 	 , d
IffV~f11'1..111tl'Uflfll'.i (Operational Risk) -J fllIfll'.i"'iI1'.iW1U't1n~'VI1J1't1fl.:lfl111Ufftl~fl1U 

!II 

11fi,jiifll'.i~~~fl '1111 

• 	 fl111Ufftl't11V~1~tl1~fl~n'U1Jflfln ~~1fW11fliilflfl'illflfll'.i11fi,jiiHfI'.i!:,1iv'Uflth~'iI~ 
, 'iI !'lfUfllnJ'iI~f1 fll'.ithU 1V'U1V'1111fi,jiifldl~ 'til't11J1::ffll fl1'.i11'.i::"qiiij'Jffl'U'tIfl~ 

"..rfl.:llU '.i 111il~ fl1'.i 11 '.i:111'VI lil Wrifl 

• 	 fl1111!ffV't11V~!~tl1~fl~n'Um::'U1Ufll'.i ~.:I1f1v11fl~lnfl'il1flfl1111HfI"nlf1'i11flflln;' 
'.i1Vfll '.i 't1 ~fl 'il1fl1i fll'.i !'lfU fll'.i'tll flfll'.i'.i 1'U'.i 111!rlU!flfl ffl'.i fll '.i'tllf1fll'.i Nflfl'U '.i1l 

• 	 fl11111ffV't11t1~I~V1~fl~n'U'.i:'U'U ~~1 fltl11fliilflfl'il1flfll'.iflflflU 'U'U'.i::'U'U~'ti~ 't1~fl 

;rfl~fl~ l'lfUfl1111~111't1n1't1fl~'.i::'U'U~fl~nu'1i'ff 

!P 	 .. lqQl~ 4.0 QI,'''' .ctA 	 d.t:! Q,I

~l1UlJ tl 'Uflfll '.i 11 't1 nlfl 't1 n lt1 un:: 11 'il1U1UlIlfl CJj' ~ 11 ff11't1 ~ 't1 nfl1l1fl1l1VU'U lItl1'1..1 U n::l1 pmm::'V1'U 

91 Qi!\ ..Q do Q,I'''' 	 .. IQQlQA
'VI1~fllU fll '.i l~U &U'VI1~n 'UCJj' ~V1fl'VI 'iI::'VI1 Ult1Un!: 'ilf1fll '.i fI tIlfl'illflfl'.i fl'Ufl1'.i lJ tl'Ufll 'VW~fl '.ifl'UldfI V1 

QI A ~, <:l J I ~ =!.d.cl ~.d. 
flU!U fl~1I1'i11flfI 1111!u V~'UHfltll ~Iflfl 'UU'Ufl tI'1 U n!:!1JUfI 1111I"" V~'VIl1pm fl '.i !:'VI'U'tI W::'V1 fl1111 IffV~ 

, "".1", .d ,.. "" J! S,.. _I··...."" '.:ft 
'Ul~flVHlflfl '\IU lI'Ufltl tnfl'VI 'iI!: 't11 '\I fl\ln fll'.i flflflll1,.fl\ln fl11111u V't11VfllUlJtl'Ufi fll'.ifltn~luU 

, 	 ,,, . 
fJI 	 • rQ. Q. 'QI .. I Q Q~ ~ SI "Q,I.cS.,

'.i!:'U'UI"~!'.i 1If1'1..1 !'VI1U U fll '.i lJ'.i: !lIU 'VI1~ fftlfl 'iI~!1JUI '.i fl~ 'VI1'V11t1Un:: flfl.:lfll fWfll'.i 11 ff1 Unll 'il1fl 

~ ~ fI;et 'Go' d l' _I Q QI~.ct #t 4d," 0 

1Jfin 1 fl'.i 'VI1 'VI ~fl~fI fl '.i 'iI~ 'iI:a't1U fI 11fll'.i 'iI flfll'.ifl1111 I ffV.:I~1U lJtl 'Uflfl1'.illfl1111 'ill! U U'VI1i U lf11 '.i 

"lm'Jf6tKfl~nfll'.itlil!ij'l..lfll'.iflll1fl'.ifl'Ufll'.i'U~'t11'.ifl11111~rH.,rlu11fi,j~fl1'.i~fl1'UfJlI'illmh'l..lfln1~ 
.d: .ct 0 Q,I' ..J fJI , iI Q.I 11 Q. 	 QI GJQ,I 	 QI 

CJj' ~1If1 1111fflf1i11flVl~1I lfl'VI'il::flfl~ fI '.i'Ufl1'.iff'l..l 'Uff'lU 'il1flf.llV'U'.i't11'.i '.i::fI'U~~un::fI '.i:'t1 Ufl tU 

fl1111~i1tiill·;hfll'.i'U~'t11'.ifl11111~V~lrlUfl1'.in'il~thtiill6U't1d~'Ufl.:l1iUlf11'.i~~1IriU1f1v 
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Schweser (2007) '~tJ~1J1U11'h lf1ufh'tJfl11'1flfl111Jl~U~~l'UtJ~~~fl11ii 2 

" U'U1'Y1l~ fitJ 	1) Top-Down Approach 11~~ 2) Bottom-Up Approach lfiviinu~~lVUfI~~~tJitJu 

• 	 Top-Down Approach 1~'UU'U1'Y11~fll1"'fftJ'UN~f11~'YI'U lf1Vl11J'UtJ~fl111J'UfI'VdtJ~''U~1'U 

tJ~~~fl11f1lu1'U (Internal Operational Failure) lf1Ufl11tJl~1J1Wfl11fl111JUtJltJl1'U'UtJ~ 

i1UtJ''YI1~Lffl'l:1!fl'''1'lf'UN~fltJ'UU'YI'U'UtJ~11fll1{'U l1Ul'U 'I1~tJ ~'U'l'U~t1"'~U1fll'l:1!fl"'1J'I1 
" 	 . 

fIlflmU'UtJfI ili'~tJn'U1V'~ 1flUU'U 1'Y1HU iliffl1J11f11Wflfl111JUfl f1~1~1: Wh~fl111Jil . 	 .. 
o 	 QI • 0 

-O;.:J fl111J~'UU1.:Jfll (High-Frequency, Low-Severity: HFLS) f1'Ufl111Jflfll fl111J~'UU1.:Jt.l~ 
" . 

(Low-Frequency, High-Severity: LFHS) i~ lf1u Top-Down Approach ii'ti.:J'I11JfI 6 'lfilflf1 

.... 	 .. Sf"'! 
'UU1J!'lffltJ 

o 	 Multifactor Models l~'Ul1Jlf1~tJ~1J1UN~fltJ'UU'YI'U'UtJ.::j1{'UU~~1f1fl111J1~6.::j~1'U 

tJ~llilfl11"'1f1fh Residual Variance 

o 	 Income-Based Models 'I1~tJ Earnings Risk Models lf1u14/ Regression Model ~ 
... , ..; i~ ... ...s " ..9,' ...(VtJ1i'U16ff1'Ul'UU.:Jl'U'U'UtJ.:Jl1U fI !'UtJflfl'l1'111'UtJ.::jflm'l1\J.::j 'U'lf1.::j11~1 t U~~1fl 

.c:i 	 " ... I~(V~ • .d Q.!'

fl111JlffU.::jfll'U1J~'Uflfl11"'1f1fl1CJf.::jU~~~"W Opportunity Cost ofCapital U~~ 

Reputation Risk ~iiN~m~'YI'U'UtJm'l1;jtJ 'tJ"'lflfllil''UtI",~~'U 14/ Earning "'1f1 

~,=:t I 4ev 	 .dOGJYQI 	 f 

ff1UlIlf1"''YIUflflflHfI'U1'VW1fl Capability tJU1.:J'I1 tn'U"l CJf~'YIl !'11 LFHS ff11Jl1f1 

vll1-H'N~~i~lrlU~l'U'U 'tJ"'1f1fl111Jl~'U "'~.:J 
o 	 Expense-Based Models l~'Ul1Jlfl~~14/ii'tJ\!~fh14/~161'UtJ;lfll~'Ui1UtJlfll1J''U 

Sf .,j'l"...."." ~..;....
ff1Jfl11lff'U flflfltJU1'VttJ !'I1~lUfltJfl11 !'lfUfl1J tJ.:J'Ul1Jfl111Jl-" U.:J'YI1JN~ fltJ Revenue, 

Reputational Capital U~~ Opportunity Cost ofCapital U~~'li'~Yf"'11W1 

fh'4/~lU~h\J1'~1JtJV1.:J1l11J1~ff1J~fl1'UfJ1J'I1~fl~flfl111Jl~U.::j~1'UtJ~~~fl11 'I11f1 

f1~fJ'YI,r~ "'~~flfl111Jl~U.:J~1'UtJ~~~fl11lvi1Jfh14/~lU"'~'111-H'11Jlfl~u"Yf"'11W 1 NFL 

'hL~'Ufl11lvi1Jfl111Jl~U.:J~1'UtJ~~~fl11 

o 	 Operating Leverage Models l~'Ul1Jlfl~~14/ Operating Leverage 1flfl11 

ltJ~U'UUtJM'UtH~'U'l\JUtJl~'UlrltJijfl11ltJ~U'UlltJ~.:Ja'U'YI1'Vt6111J lfltJ 

Operating Leverage Risk 1~'Ufl111Jl~U.:J~lh1-H'fl111Jff1J'ti\J,r~.:Jmh1ltJ~u'U'tJ 
"r 	 'I "" .. ... • <V "r .! lit· .. .,j .,j ...
!fltJ L'lf'UtJ\!~ !'Uflflfl ffl'111'U !1Jlfl~'U"'~ l1Jff'U !~l1fl.:J'IItJ.:J'lftJlf1'U~U~~ 

Opportunity Cost ofCapital 

o 	 Scenario Analysis l~'Ufl111lm1~,.(~~ll~'Ull'fl1~fl11l~.::jfhill~U1n'U1in1J'lfl~ 

ufI ~'UUlfl'UfNl '11 ~fllnu~ffl1~ fl1111'fftJ'I11tJ1fltJ\l1J'VttiU1';'Ufll'j ItJ~ tJ Ufllj 
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fl11JTllJ m'HltylfffJ1!flfl'fl'tY1flty11l1fl fl11lJ"'lJm'fl1'llfH'j~1J1Jfl~lJ-W11~~{ m'j 

,j~1~111~m'jlii~~ fl~111J1fJ H'fI~m'j'h~1J1WN'fIm~111J~ijy;j~\!'fIrll'll~~fl'ilm'j 

l~w~~n!u LFHS Events ~01'ilU~'1i'~-Wtl'ilU 
o 	Risk Profiling Models 1~'W llJl~'fI~1~fJ1.ij~~n1J Operational Performance 

Indicators lGJfU ~lU1um'j"'1~"'lJm'fl1 ~lU1um'j1Jfl'Vfl~~lum'j"'l ~lU1U 
'jlfJm'jmflm'jW~!fl~~'W~ljy;jfl Operational Control Indicators lGJfUrlli~~lfJiU 

~ 	 fU " I QJ f QI 91 , " 
m'jHfl11~ 'j~fJ'fIZ'll~~m'j11~~1'W'll~~flU~1'W ~~nff1U11111Ul~lU~mJflU~~ 

• 	 Bottom-Up Approach t~'WUU1111~1!fl'jl~.,rfl11lJl~fJ~'ll~~m~1J1Ufll'j~ffllJTHlHfJfl 
" .

fl11lJH~fly;jl~'j~11-h~ HFLS events n1J LFHS events ijl1~11lJ~ 3 ~1'Vf1flliiifJlJl~t1~ 

o 	 Process Approaches 

" • 	 Casual Networks 111fl Scorecards ljfll'ju,j~m~1J1um'j11~11lJ~t;j'W 
" 	 " ;ru~~uri~fJ'1 (Process Map) 1~fJuy;j'fl~.uU~flU'il~ljfll'j'j11J'j1lJ 

, JI t , , 

Operational Performance 1,"6'j~'lJ;rU~fl'Wliljfl11lJlfftJ~tl~li~i~fll'jfl1'j 
." ""Q .... 44 '" 

1d~1'W Ul11fl'Wflflflfl'W11U~fl~ Event Trees 11'j::'lJfln~61JffU ~~'llfl~ 

cI .dd fI .d. Q,I J,f 	 , (V 

~~flm11lJ~6111flm'jWflltJU~fl1111U~fll1'f11U'flZ'll1J~~fl1Jfll'j~~1Jff1J~~ 

" I " ....flfl1J111Jl1JU 

• 	 Connectivity Models l~UllJl~'fI~'j~1!fflmfl~t~1J ',j'~'ll~~fl11lJ . " 
4 	 i . .... 1fl'fll~lfl'fl~U 1JU~'fI~'ll'W~6U'll~~fl'j~1J1um'j ~tJ Fishbone Analysis 

. 
o • ~. 4 

m~1J11Jfll'jU'fl~fl11J1W111fl11lJ1Jl'il~!1JU'll ~~U~'fI~fl11lJfl'fll~lfl'fl~U 

l~tJ Fault Tree Analysis 

• Reliability Models 1~'W llJ!~'fI~,j'j~1J1Wfll'jfl11lJtl1'ilzl'lj1J'll~~ 
""'Q S '" "" .1 i ' , , ..mflm'jW 11lJfl11lJln tJ~11!fl~"U UU~'fI~'II'1~n'fll1'Vfn~11t11flfll'jW 

Q. J 'JJ ,dd • '9t 'QI

LFHS H'fI~ HFLS !fl~'ll1J~1Vfl11lJt:l11U~fl~1~flU fl11lJU1'il::t1JU"~~U~ 

't1~mflfll'jW'il~,j'j~lJ1Wfll'j tWn1J l~tJ'1i'~n!1Jl~~~fl11lJ1Um~"~~ 
.. 

mflm'jw 

o 	AchuuialApproaches 
" . 

• 	 Empirical Loss Distribution t~UUU1't11~ffmnl1~fl11lJfiU'fl~fl11lJ 
d .... 	 .1 1 'I ''It 'I Q " , <;ft

lUUH11!fl~"U ~tJ !'II''1I~\!'fI !U6~~1nl~m'jU'ilflU'il~fl11lJ1Jl'il~t1JU"fl~ 

fl'UlJUm'jlfl~fl11lJt~tJ~~11J tJ ~U~fll'j tGJf1J fl'UlJ1J 'j1lJ'll~ ~fl 'fI1 ~lfl~~1J 

lUfl11'UltJ~t11U 
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!It ..;"". ~..; ... .1. " 
• 	 Parametric Loss Distribution !1JULLU1V11,IJVlf:lV11f1111J1"tI,IJ'VUflfl'UUfltH 

'th' ~m)'I.J i 'l1A'1t1f11111g~lflflUft~f111111UU1,IJ'U0,IJfll1Iflfl lf1t1ijfll1 

tlTHUflfll1 U '0 flU 'iI,IJfl1111gUft~f111111um,IJ i A'A'1t1fll1 U'ilflU'iI,IJuuuib 

ctrO,IJ-,;h'HlU~llJ1lJfl1111f1ftlfllfl~OU'lJfll1'Ultl~tl1lJ 

• 	 Extreme Value Theory (EVT) iiOl~UVlq1:l~~1~1Ji1,IJfll1"lt1llffmIUU 
" • ..; ... .1... I

tlfl l fI,IJ 'YIlfl fI'UlJ U tltl1J1flfl11fll1 U 'ilflU'iI,IJ11 lfl1!llJl'lflJfll1 U '0 flU 'iI,IJUUU 

Lognormall'Vf11~1'Hl9Jfll1W LFHS fiflli'jOlJ Empirical Distribution vh 

,,r'HHA'llJ'U11'Utl,IJfll1U'ilflU'il,IJ'iI~V'1lJfl'h'H1,IJA'llJ'U11'Utl,IJ Parametric 

Distribution 

o 	 Proprietary Models 

, U fll1 tllnUt} Uft ft'mUlJfl11 l~U i A'1,rijfll'IIiifll~tI.fltl :lJftl~ tl1nU fll1'l1 1=:liilJfl1111 

lit tI,IJ'Vftl'Utl-31~lJ fltl,IJlJlJ Uft~fll1U~'H11f1111J1~ tI,IJ'U tN ft'f:l1UlJfll1 l~U1fI tll,rij fll'I flllJ 1W 
• 	 tI 

l~lJflO,IJlJlJ-,;hHlmhHlUfl11111fftl,IJA'llJ'l1~U~fll1 4 UlJ1'Y1H~-3~tl i'l1iJ 

• 	 The Basic Indicator Approach (BIA): l~lJ1ifll1fl1U1W Odl-3~lt1nu.flm.!ft~iitldlf1t1 
tl1'HlJfll,r Capital Charge iiffflfhU~f1-3~L't'hnmhutlft'Yh (U) l'thO'u 15% '110-3 

11t1iA'n1Jm~tI''l.J''Jf1.:J 3 i1~NllJ111 (1f1t1l\1gtll\1'Vf1~i1~ij11tliA'nl1l~lJthu1fl) lf1t1 

1~'H'Hflfll11~tl1O'lJnUlJflft'mUlJ 
"J1'''' 	 A".cl/"; ..;

• 	 The Standard Approach (SA): Lf1'Vf~lJl1Jl'illfl BIA 1'Vf0ft'~'YIOlJf:l-3f1111Jlft'tI-3'Y1 

'Hftlfl'Hmtl'lJlJflft'ltl~1f)'iI'U0.:JTilJlfll'I lf1t1fl1lJ1W Capital Charge fj)lfl~fttlW'Utl,IJ 

Exposure Indicator (EI) 'H10 Gross Income (GI) nu i1'i1~tI~1'H.a,IJfltlfhl1JA'1 (~) lrltl 

Total Capital Charge fltlfhmgtl 3 i1'U0-3 Total Capital Charge ~oil~iA'111fj)lfl~ft111J 
tI 

'U0.:Jft'ltl~1f)'iIli.:J'H11f1 8 U'UlJ.:J 

• 	 The Alternative Standardized Approach (ASA): 1~lJ1i~1~011ft'11111f:l1f1fl1111I~tI-3 
A'llJ'l1~U~fll1iA'~fl'h SA lf1t1oW'il11W11fttl,IJft'0-3ft'lt11!1f)fj)'Utl-31iU1f111flO Retail 

Banking O'U Commercial Banking lf1t1 Operational Risk Charge 111'i11fl Portfolio 

•Volume 1J1flfl11 Gross Income 
tI . • 

• The Advanced Measurement Approach (AMA): UlJ1'Y11.:Jill~ff1lflUft'f:l1UUYiij . 	 .. 
~ ~ 	 mtQ.f " 4'61.Q,C:S ,

1=:UUfll1 U 1'H11f11111l-" tI-3Uft ~ fll 1 fl1UfJl1 'YIctrUctrOlJ 'YI 'Vt~lJ111i fll 1 'II 0-391lJI0-3 Ufll 1 

http:fll~tI.fl


II 

. .. 
4j1 GI~d o'.Q.I::S."d!

Capital 'YI~~Hfl1'Hnv 1~1ti AMA ~~~1f1111ti6'U 

2.3.1 Copula Basics 

i 'Ufl111JLri'U ~1~ frr;'1~6UU'YI'U'II6~11fl1~mtll6n1 1iilfl11 U ~f1lL~~ H'lJUtJfl9lLL~L~'Ufl11 U~f1 

U~~~ij'H1~'116~fl11U~f1LL~~~i~ (Heavy-Tailed Distribution) (Chan LLfI~ Wong, 2006) itlltl Abid 

Ufl~Naifar (2005) mil1'h~1'U1~m~~tJ1~~mra1'U i 'H qjJ~11il~ tI~Vi6Ufl~1iifl11 J~'IJfI'yd6~U'U 
JI 

-n'U!1'U'II6~a''Hff1J'n'Utf (Correlation) n1'H1Ufl111tll im~fff1~'116~fl11ijU'YIi11f1~6fi'U 

(Dependency) Copulas (fl6~ri1) ii6L~'Ufl111tll Dependency ~a'l1Jl1fli,rfl11U1lfl1L~~111J'\J6~ 

'Hfl1t19i1UtJ1 (Multivariate Joint Distribution) ~Liitll~1f1fl11Na'1JNa'1'Ufi'U1~'H'h~Marginal 
I '" .1' ~ 1p..:'" "", I YDistributions Ufl~ Dependence 1~'H11~~1H1J1~H<I'] lI]f~ Cherunbini (2004) W:I1 mL'H'U'l1'U6 

1".1'::! o"",,~ ....41"'; ...
tllL1J1VU'II6~ Copula fl6fl11'Y1a'11J11fl'YI1 tml1Ufl1Jty'H1'116~fl1n~1l']j''Utll'll6~fl11U~f1U~~'\I6~~1 

UtJ 16d1~itllL~'U1l1f1 fl111~ 1l']j'ijtll'll6~fl11Lfl~6'U1'H 1'116~~f11tllUfI~ fl11ijU'YI i11 f1~6fi'U 

OoQl QlCl4 " 
fl"'1f1tllfl111JUt'l~flW a'1JU~11'U!1'U'II6~ Copula Function 

i1":Uli'U'II6~fl6~ri11~~'YIHfl11'hLa''U 6 Dependence Structure 1:;w;h~iJ~~V'YI1-iJ 

fl11~t'lltllLLt'l~i1~~tlfl111JL~m itllVijfl11L~61J iV-iJfl11U~fI1L~~U'lJU9i1LLtJ1L;lv1 (Univariate 

Marginal Distribution) 1tJ~fl1m~f1U~~'116~9i1utJn'mv9i1 (multivariate distribution) 6f.h~'~1J 

ltJuuui'UltJUUU'II6~fl11U~fI1L~-iJ':h1J (Joint Distribution) C '116~9i1utJ1~1Jl1Uu~ijvl611J,'h'U1'U 

m 9i1 (UI ,U2 ,···,Um): 

C(uP u2 ,···,um,p) Pr[ UI 5:, up U2 5:, u2, ... ,Um 5:, um] 

, " 1'"111:Li (2000) Ut'l~ Cherunbini (2004) tll1~1l 
o .... . 

a'1111Ufl11U~f1U~~UUU Univariate Marginal Distribution Function 

~ .to; ql'" ""'.... .:1.... 41 • 'I ~ ~",OJF;. (Xl)' F2 (X2), ... , Fm (Xm) , 11~f1']j''U'II6~fl6 ~t'l1~:; t'H1ti'YI1Jfl111JVtllll~'U t'Ufl11ftfl1:l111.:Jfl']j''U 

fl11U"f1U~..!IUUUllt'l1t19i1UtJ1: 
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f.lWff:utJ9l'\J6~vhn'.;r1Jfl6~rilU1J'Ui":nnJ'jff6-3i1 (Bivariate Copula Functions) 

C(u, v, p) l~w~ {(u, v) I 0 ~ u ~ 1,0 ~ v ~ 1}, l~w~ P 1;j1Jyn'j1iJl~6{ff'l1ff:ui1J:6~~ 
~11;j1J~6-3rthti1J ff:U1.h~ff'fliff'l1ff:ui1J; (Correlation Coefficient) 'lJ6~ Pearson 'I1~6'\J6-3 

Speannan's Rho 'I1~6'lJ6~ Kendall's Tau lf1tJ'vhn'.;r1Jfl6~ri1U'U'U~1U1.hff6-3i1~f.lWff:utJ9l 
" ~-3~6 'tJil : 

i) L\t6~1)ltl U u,,:::V 1;j1Ji1UtJ'j~:U~~fl11;j1J'U1tl1)::: 'A'h C(O, v, p) =C(u,O, p) = 0 

ii) ld6~1)ltl U u,,::: V ij'lJ6'Ul'\J~:U1tltl"h 1 -rh,,rff1:unft'A Marginal Distributions 

l'Yhti1J C(1, v, p) =v, C(u,l, p) =u. 
c cv ... 1 f ..dElI Q 'cv 111""QI

iii) ffl'11'j1J ~1UlJ'jq':U'flllJ1J6ff'j~~6tl1J U U":::V1)::; Lfl1l C(u, v, p) = uv. 

fl1:utJtl9l fl6~ri1ij'l1"ltJ'lfiAfll"Ji1J 1) Nonnal Copula, 2) Student's t Copula, 3) Gumbel 

.9 ~ I 1.9 q I ' ..; .. " 
Copula, 4) Clayton Copula, and 5) Guassian Copula ll)f-31'U1JUflff1U'I11J~'\J6~fl6 \d"1'fl:U6~ 1J 

" " " i11)~tJ1J (~11J1~tJ~1Jil 'JfiAfI'lJ6~ Copula '1i'Al;jUff1'j:::thtity lf1tJ~11J1~rJil1l::: 'oNl"'tJ~ Nonnal 

" Copula l'Yi1U1J 

Normal Copula: 1;j1Jfltl~fhtJtl9l'lJ6~tl1'jU1)tlU1)~U1J'U lt1'~tJtl9l9i1UtJ'j'l1"ltJ9i1 (n-Variate Nonnal 

Distribution with Correlation Matrix p ,,rfh~ltiflfl11:UHl'vi1ti1J 

(1) 

lf1tJ~ tfJ; fl6 Joint Distribution Function of the n-Variate Nonnal Distribution ~ij Correlation 

" Matrix p '1Jmtliff6~i1UtJ'j1):::ffl:U1'jftl1jrJ1J Nonnal Copula 'A~~il: 

;-1(UI);-I(U2) 1 {2 2 X X
2 + x2

2 } 
C (u u ) == f f - XI P12 I dx dx 

p l' 2 I 2 2(1 _ 2 I 2 , 
-<X) -co 21!vI - P12 P12 

lf1rJ~ P12 I;jU Linear Correlation Coefficient 'j:::'I1':h~i1UtJ'jtJtl9iff6~9i1 

2.3.2 Tail Dependence 

.9 ~ "'.. .9 .9 ::ItCopulas ll)f~nJ1J11i'l11J~'lJ6~ Dependency Measure U"~ Extreme Value Theory ll)f~m1J 

.9 , .1.... 0 • "11' ..... ..... 1 '" '111J 'flH'I11J ~ 1Jtl1 'j lJ 'j1Jff11 l'vum::;fl1U1W'I11fl1'\J tl~ 'I11~ t~l ff1:1J1'j ft'lf1 tJ1)fltl1'j tl 'U lJ'j::; Ifl1J '\J 6~ 

Dependency 'j~'I1'h~9i1UtJ'j~:U1fltJtJ'j 1f11l1tl,rtl~ltifl'\J 6~tl1'jlf1mh~~1;j1J:IJ1'1J tl~~I~tJ1fi1Jl~6~ 

ff:utJ'j::;ff'fliff'l1ff:ui1J:61~~lffU~'j~U"~ff1:U1'jmi1'1,rUtl1'lf1tl1'jUfl:::~tJ~tJ9i~11Jff1:1J1'jft"fI 
M 'I '" .... .1 "I" .... ..a , .. lJty'l1l LUtl1'j'j:::1.J'Jf1JfI'\J6~tl1'jU1ltlU1)~'lJ6~~1UlJ'j tfll1J'j::;fl1J'I11J~ Das & Geng (2003) 'j:::1J1l:U 

. " , 
l1 ""flJ1U1J1fl1J1(Jiiuff~.:jil ,ml~~lJl~111tYl1;Vnfl1'jtiBv~ lt1JJlfl ~::n'j::~1J ffl11Ylll1lJ niill~fll1 
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9l1:l1fl~i~flflflfl (V'1~()~ Das & Uppal, 2000); 1fltJ Shiller (1981) ~uv'j.rh Heavy M~O Fat Tail 

~llJll fI oi1J ltJfl11lJNUN1U 'U0~11fl11\'U i~oth~fl~1~'U11~fl11fl1loi1JltJ911Util 'VIl~!ffl'U!n 11 

2.3.3 Correlation 

L~U~'VI1l1JfiulriUoth~¥i1l1fl~lU1~rJ'U0~ (Kuritzkes et aI, 2005). Embrechts, McNeil, & 

.d"1 " "d 4 , ..:! "I ' .¢S d .Q

Straumann (1999) 'VI LflU~fl-3'1MmUfI-3 Peason's Correlation, p 11lJfl11lJ LlJIVW-3'YfO'VIll~01i1J1tJ 
tI"; litQI 'lit"'" . lit 'lit" ~ ... QI

91111 1'V1 LlJ lflHlIflU1l-3U1J1Jtlfl9l1'Yfl1~ Peason's CorrelatIon llJ Lfll1JU9l11fl General 
~ . 

Dependency U91!riU1VirJ-391Tlfl Linear Dependence nhJu U1:l~1~"1J~MfflJ,;ui"1fl1~"1J'rlod 

'1 U'th-3 [-1,1] 0111 i~'l1fi'i-3~~11riUirfl910 Joint Distribution U1:l~Mlfl Peason's Correlation ijfh 
, ~ 

L'tl1n1J 0 i~i~MlJlrJfl11lJ()-3 fl11lJLfftJ-3LriUfl~1~910nU "-3iru p U1J1J Rank Correlation 11fU 

Framework 

lit"'" lit" ,Ashish (2006) LflO1i1J1rJ l111: 
~ . 

fl1W~MfflJ,;ui'UO-3iiu'VIi''Yf~ (Asset Correlation) 1I::i~!Vitm1911:1fl1:l~1'thirUlijO fl11lJ 

tlll1~1~U '1Ufl1l Nflffty tyl'JJll::11 rl'1~lJ~U 119111::1:1 fl1:l-3 OVl-3nirtJthfi'tyld0flWfIl'Yf 'U0-3 iiu1~0 
1:Ifl1:l-3 111:l~mafl!lU~lnfl Asset Correlation ~nf11fl~~U1:I~ijfl11lJfflJ,;uin1J credit quality V-3 i~ 

~ 

11irflUtlU'YfO UOfl1l1flirU Chernih A. et al (2006) i~hr.r;Off-31fl9l11fl1l'l~UU1fl11lJflfl'U0-3 

Asset Correlation 1~0 '1~Ofitll1Vfl1l1t1~rJ1J1ViV1Jfl1lfl'U'Yf1J~U9lfl911-3nUomriUlJl9ll!lU 1fltJ 

I " """,y. "" ... """ ... QI 0' ~.:l ... ... 0' 
OtJl-3UOtJ9l0~lJ'U0\l1:l 40 !flOUU1:l~V~'Yf1JOfl11~M~lJ'YfU1i1l~L'YflJ'UU111fl'UUlfl'U0~~U'VI1'YfrJ 

~ .:l 
!'YflJ'UU 

2.3.4 Extreme Value Theory (EVT) 

Maglin, P. (2008) i~'~'l,IH';h fl1lffmn extreme value theory fflMi'1J Financial . ,. " 
Modeling 111:1:: Risk management lriuii~Vi(ilJ~Ul!1:l::';WlUl0Vl~11fll~1 '1U1f1~'VIfI'11nli:l ()~ 

11~11 Mandelbrot (1 963) i~'th1~V1~tJ1n1J Fat tails '1U.r;O\l1:lVll~fl111~UU1:I~ Log Normality '1u 
~ 

Option Pricing 9l~U9lil fl.fI'. 1963 
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d y QI' ... ., • QI'"
Theory (EVT) lfltJ1'11tHf11J ASymptotIC BehavlOr 'l.m~ Extreme Order StatlStlCS 'IIV~~1VtlH"llJ 

(1) Gumbel Distribution: G1(x) ihn~'YI1~'1111ijvi1i'HUlf1'h Exponential 

Distribution. 

G1(x) exp(-e-X 
), -00 < x < +00 

(2) Fre'chetDistribution: G 2 (x)=exp(-x-a ),x>0, a >0 

1't't'51::: EVT ffllJl'jfl~1J:::1,.\'f11'5U1Jf1U1J~~1'H1J1:::~nJf1'h~v Extreme Events l~tJf11'5ff!l~ 

U1J1J~l~V~vul;tm'5lJ'IIv~th-q~"l~'HlV~l"l~1UV'4mlJ (Tails ofDistribution) U~:::,h1ffUV 
1'YIf'l'Ufl'l:iTl1 i''Uf11'51~l';~,jl1J1W ffl'Hi''Uilty'Hl 1 Uf11'5'Ul'Hl'5fl11lJl ~O~i~lJlf1lJl tI Embrechts et 

aI. (1998) U~::: McNeil (1999) i~1.j' EVT lrJU1fl~mijv1uf11'51Jl'Hl'5fl11lJt~tJ~ffl'Hi'1J~1J1'Hl'5
OJ 

(3) 


4 J! 4Q,d' 0 ~ 4 ~ II '" 

2.3.5 lmV~lJV'YI1~ffil~'YI1Jlt'UUf11'511ml:::'H (Khanthavit, A. (2004) fl1\1 ~U Maglin, P 

(2008» 

2.3.5.1 Stationary Test: 

Q'" 41 ~ . . . 4Q 1 " ..;..l.o!l
lJL'YIflUfl1J1f1lJlt1'Y1 "Jf m Nonstatlonary Ttme Senes 'YIlJUU1 \JlJf11'5t't'tlJ'IIU'H'5V~~~~ 

" "" ~.o!l. 4 i"'" "" 'IQI'IIV~'IIV\!~~~V~n~l l'Y1flUflV\J'H\J~flV Durbm-Watson (DW) 'YIffllJ1'5il1JVfl ~11'11VlJm~lJ AU 
OJ 

V'4 m lJ 11~liifl11lJfflJ~Ui'timj'V\!~1U 'lf1\1 ~u1~mrJUf11 '5 'YI ~ ffV1J fflJlJ;t11\J 'hfllfl11lJ 
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. " 
flnl~lflnt:I'U ilJiifl111H'ylJl~\J1rtiU l~eJiifll;i·m~ 0 i1~ 4 'lunntli'UleJ Autocorrelation'lUtll1m:u 

" " l1nl1~eJiim'i;i~f.TlJlJ91!lU~~~tl1tlij : 

Ho: p, =0 

H, : p, =I- 0 (4) 

l~eJ~ Durbin-Watson Test Statistic ~'i~~'U a (0.05 or 0.01) ni1ti'U 

n 

~)ei -e j _ 1)2 

d = -"-i=..::.2 ____ 
 (5) 

i=' 


m " d < 1.5 : Positive autocorrelation oforder 1 


m " d > 2.5 : Negative autocorrelation oforder 1 


~1 1.5< d <2.5: No significant autocorrelation of order 1 


2.3.5.2 Normality Test 

" . " 
lii1eJoWU!lUU"",1 tliilnNniiltl'UU'VIuliiim'iu\lml'i1~u'U'U'l1n91ii fflJ'l1'i~ff'VIifl11lJl.J 

" (Skewness Coefficient) L'rhti'U 0.00 U{l~iifflJ'l1'i~ff'VIifl11lJlA~(Kurtosis Coefficient) lvhn'U 

3.00 ~1 X lr1u;i1u'l1'i~lJun~iimm'ilml'il~u'U'U'l1n91'il~'~':h E(x) = Ii un~ 

E(x - pi = (J'2 , 

111"'1"00 ltV(V

!~ !'I1fl1'i11n~fl11lJ'lJtl~ Skewness Coefficient l'VIln'U: 
T 

L('I fll 
s= 

E(x -pl 1= ..;..1=..;..'__--,::-

(T 1)0-3 


un~ Kurtosis Coefficient l'Vhti'U: 
T

L('t - jl)4
k= ..;..1=..:;..'__-:-

(T 1)0-4 

~lfllffil91 Sun~ kiithlliiln~l~'iI1n 0.00 un~ 3.00 lJ1n'il~f.TllJl'if:I'i::'IJ '~':h tliiln 

Nniiltl'UU'VIU ('1) iinnu'ilml'iI~~ 'li'l,sm'iU 'ilnu 'iI~u'U'U'l1n91 

" tldl~ ''i~iilllJ Normal probability plots 'UuoWU!lU'lJtl~filfl11lJl.JU{I::fl11lJlA~m'il ilJ 
. " 

l'I1lJl~ fflJirn'U mnJ~lfffi normality lilJl'i11nm'i11ml~,rnnW ~~irUm'i'VI~fftl'Ufl11lJl1'Ju'l1n91 
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Jt dI 0 !':II cu/ 
. 1'" ... . ,

'\IV.:J'\lOlqJi:l (Nonnality) llnlL1J'UVI~O.:J 'If Kolmogorov-Smimov Z test (K-S test) L'VWVI'ilffOtl1l 

" 
tl~11Ni:l~OtlUVI'U (rt ) 1jfl1mllflU~NUtltltlfl~l1~Vi~ ~.:J~V itli1: . . . 
4 <V 4 QI , 

Vl1:'il1Jfl1l1Jl'1fOll'U 95% 'Vitl1l 


", "I ", , "I ,et _I ... 

m Sig. (Significance) < 0.05 \I: &'il1l r, ~1J1Jfll'm\lflU\l-3U1JtllJfl~ 

~l Sig. (Significance) >0.05 \I:ill-h rt 1jfl1'jU\lflU\l.:JUtltltlfl~ 

2.3.5.3 Nonlinearity-Test: 

lIt!il I I


Resnick (1998) &'ilfli:ll11l: 


flUfflUNi:l 1'Ul~V.:J Heavy-Tailed 61\1N'il'Vii:ll'il 11l~1,rfl11ml:,.r~n\lffOtli~~'ViV 

d '" ...... 1 i 1iI'" ~ d ~ 1iI"'''' 1",
lfltJ1fltl Nonlinearities 1l:1fl'ilfl1l1JN'il'Vim'il 'U 111'ili:l &'il Glf-3V1l-3VVflVlffl1Jl'jflUfl ~'\I ~'ilflVfl1'j 'If 

Hill Estimator 1'Ufl11tl'j:1J1Wfl1'j Shape Parameter lrlol111'ili:l i~'~'Ul~'U~H (Nonlinear) 1'Vnl: 

lit pc; ~ tI", I!:! , 4t " 
Hill Estimator ~~1'jtlfl1nf"l1l'UUm1l1Jfl1l11U'U'UO'U\llflm:tl1'Ufl1'j iid fli:ll1f1V mm:::tl1'Ufl1'j 

?t d!':ll • ", 
1lI'Ul~'U ~1 -3flll:::11J'U1 tl~l1Jl~V'U 1'\11'ill'W'jl::: 

H -+ a-I as n -+00, kin -+0 i'iltJ~ Hill Plot f11n:::1j
kn

2.4 

... 1 .c:l d" -.I.Q Q.lQ ,lit "" " ." lqq.I 14
f11l1J\I'j-3 'UmWfl1l111fftJ.:J'ill'UlJtltl~fl1'j'Vitl11fl1'j &'il'\lVlqJi:l\llfl'lJl-3'UVflflV'U'\Il-3V~ntlUi:l::: &1J1J 

111iflU'j:n'U1'il'l-hfll Losses ~11l,j'Unfli~\I:;illlll1l1fl1til~tl1n'U (Homogeneous Way) Ui:l:;1j 
", ft.a <V Q,I Q,I.c'!a;4 Q,f Q;I.4 A .cI A 'j)w <V .d 4.d1:J!. 'JJ ".Q

Threshold l'iltl1fl'U 'il.:J'U'U 11ifll'j VI 'IJ~V.:J'j:::1J 'il1:;1.:J 1'Vi0l1i:lm~W~'\IVN'il'Vii:ll'ilVll \lflfl'U'ilfi V 

Heterogeneity un::: Scaling Problems ~i:lV'illl'U Lack ofComparability1'UmtU~1jcflvlqJn~i~ill1J1 
Q,t:$. .c:t Q,I 

'illfl11ifll11'iltl1fl'U 

Agostini, A. et al. (2010) 1Ilffml1fll1Nff1JNffl'Ucflv2q!n"llv'I Operational Loss ntlf1111J 

... d ",d , 
f1'il111'U"IlV~~L'lftl1'1fl\llNl'U Advanced Creditability Theory 

1iI"''!!! ... d 11"- ..-iGrundke, P. (2010) l'ilnfl1Jlfll'j1j'j111'jfl11lUfftl.:J 'iltl 'lf11i Top-Down Approaches l'ViV 

" .c:t..::t <V d. t <V~t<V" " 

~n\lffVtlfl111J\lfl~V'I'lJV.:J11iflln'ilf11l111fftl~'Vitl11 tI~ &1J'lf'ill\l'UfI'Ifl111J\lfl~V-3"1l0.:J Top-Down 
" . 

Approaches lla~Nanl'.iiia'WlrhiiijfJl\l-nli..rnl'.ifh\.J1tutl1111tul~'\.JtJ'\.JYi~lL~'\.J~fJ~m'\.JnT:i 
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, f I " 

·HNi''Uf111'l.l\!JliY6Yi'il~lflfl'illflfl111JL~hH9h~'19hfrhfr:m.urJU'iI;~ t.wmnmlu f11'l'Ylflfffl'U1f16 

'I .... "'" d"; • !'11 "'"' Goodness-of fit-test &Uf11'l'1lfl'l'1~'H f11'l''l.lfYlff6U'U'U tJ~mlln(llflmflYl'il~'Uflfl11 n~fl'Jj'U'lJ~N 

Copula tl'Ulfl~L'H1Jl~ff1J 

Kenneth, S. (2010) '~fffl'l:llL~61n'U Fat Tails, and Extreme Values Visit Energy Risk 

I " I '"' :i 'I.... ".,;~ '111"'W'U11 f11'l'i"lf Fat Tails U(l~ Extreme Values iUf11'l''Jj'1V1f1f1111J1{16.:J l'Ufll'l'lflflL'H9,lfll1WYllll ~fI 

tnflfll'l'w1-nU ~91ffl'Hm'l'll'Wn~.:Jl'U~m~rifli-M'1flflilfY'Hl1UUH '~tl1~16'Jj'titJU1.:J1JlfllUf11'l' i.f 
. " 

'i1lln'U VaR Method i Uf11'l''U;'Hl'l'fl111J1iYV~'UtJ.:Jtl9lnfltJmU6 (Interest Rate Risk) 

Ozun, A. et aI. (2010) '~ffml1L~61n'U Filtered Extreme-Value Theory (EVT) for 

''1'' " "'I ";"''1'Value-at-Risk Estimation 'W'U11 f11'l' 'Jj' EVT 'Wmfl1WN(l9ltJ'UUYl'U'lJfl~11'U lU9Imfl'YIlflfll'Hll'lJ{)~ 

9,l1fiu(l~n.n6'U1Yi6'Un'U Conditional Volatility Model 1.,f'U GARCH, GARCH with Student t

distribution, GARCH with Skewed Student-t-Distribution t1a~ FIGARCH iU~lUf111tJtJflt1'U'U 

U(l~11if111 'W'U'h Filtered EVT Vll.:J1U'~~fl'h11i'lJtJ~ vaRiutl1::::L~U'lJtJ.:Jf11'l'ffm.n Fat-Tails 

'U{)~N(l9ltJ'UUYlu1i'u ua~'W'U'hfl1'l'1iflTS'I.h~1l1Wfll'lJtJ~ Conditional Quantile Days Lag Length 

L.,fU 40 1'U iUf111'W61fl1oi' 



• 
'UtItI"'" 3 

!II • 

1f1V~~Ulhmi:tJ1ilJlf111Vnw'l.f6n~11:tJfln~f111~lflvlJ'lJ~mfl11tifll1~'Vf6uti·uh~111f1"l1V ~l:tJti1lJ 
!II 

UU~fl11~mfl~llJfflJl1~l't6'lf1~fflJil2550 (31 ilJ11f1:tJ 2550) fl~:tJ9i1tldl~~lfl 121ilJlf111 

!'if "p" ...'" • G A I " tltlfl11JlJ 3 flt'!:tJ "lUfl flt'!:tJ1ilJlf111'VflW'l.fV'UlJlf1 11\\1 'UlJ1f1fl1'l1~ Ull~'UlJlf1l1'1fl1J1~flmJfl1V 

3.1.1 fl~:tJ1ilJlf111'VflW'l.f6'UlJ lf1'my ~~ihhlJuu~fl11~mfl~llJfflJl1~'r46~lfilJfl':hrtlV 
.x, " " ..! ,'"... :ll: 10 'UlJ tl~1:tJlflWey)'Utl~1ilJlf111U11~'l.h:ll1f1' l1V CJS~:tJl1~11:tJfI 41ilJlf111 f1Ufl 

1ilJlf111fl1~1l1'r4 ~ltifl (:tJ111'l.flJ) 

1ilJlf111fll~'l1V ~ltifl (:tJ111'l.flJ) 

1ilJlf111flffm'l1V ~ltifl (:tJ111'l.flJ) 

1ilJlf1n'l1V'r41W'l.f6 ~ltifl (:tJ111'l.flJ) 

1ilJlf111111111'l1V ~ltifl (:tJ111'l.flJ) 


1ilJlf111fl1~fI'ltl~1iVl ~ltifl (:tJ111'l.flJ) 


1ilJlf111lJfl1111'11~'l1V ~ltifl (:tJ111'lflJ) 


1ilJlf111'l1V1ilJlf111 ~ltifl (:tJ111'l.flJ) 


1ilJlf1111ilJ'l.fl~ ~ltifl (:tJ111'lflJ) 


A ~ q 0 QI 

1ilJlf111lflV1~lJlf1lJ ~lflfl (:tJ111'l.flJ) 

, Q tI d ~ Q 'I 11 Q q, 0':' • ~ 
3.1.3 flt'!:tJ1ilJ lf111'r41W'l.fV'UlJlfll1'lfl CJS~:tJ ff1lJU'lNfl11~1'IlfltlllJ fflJ111'r4Vfllfl111 tlV1'I~ 

" , A I ,..! ... : ,P · 3 m:tJlflWey)'Utl~1ilJlf111U11~1J1:1Vlfl' VlV CJS~:tJVl~11:tJfl 21ilJlf111 tlUfl 

1ilJlf11111ff1ft ~ltifl (:tJ111'lflJ) 

http:1ilJlf1111ilJ'l.fl
http:1ilJlf1n'l1V'r41W'l.f6
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1 " .ct. "i' " QI 
" 

.4
. 

CI Q.

3.2.1 'JI'VlqllllfllllfllfFJ (Extreme Value Theory) f1'j1\1tH.llJ'IltJ\!nVl~'H1JfltfltJ1f1lJ'Wqflfln1J 

fI1 'jlt \lflU \I~ 'litlfl~n f1tJ f1'j1\1'fWmj'f1'jlNnfltJlJUVlU 'IltJ~'jlf11,fU'jltJ1U 'IltJ~1iUlf11'j'Wlru'Jl'~1U 

tl'j:tVlff'VltJ~trlutl'j:'JI'lf1'j'lltJ~~lU1~tJ un:1.f Kolmogorov-Smimov Test (K-S test) ~'j:~lJ 
f1111Jt~mtu 95%VlflfftJlJfI1'jU\lflU\I~ un: 1~~ Nonlinearity by Hill Estimator l11f11'jVli'lfftJlJ 

f1111J 'litrluuJufI'j ~'IltJ~,j'tJ\!n 

. . . 
, ,, l' ~ 4 QI oil:!( QI 

3.2.2 '!'UU1Vll~ Bottom-Up Approach i>l1tJ11i Extreme-Value Theory Vl'j:i'llJfl111Jt'Jl'tJ1JU 

90% 95% 99% f111J'f;'~lJ l11f11'j1f1f1111Ji~tJ~;rlutl~,j~fI1'j\llf1fh Value at Risk (VaR) un:'1t 

~id 0 A jI tlI Q. .f.l 
11ifl1'j Monte Carlo Simulation (n= I ,000) Vllf11'jVlflffOlJi'WOfl111J\lflfltJ~ LUfI1'j1ifl'jl::'I11Jlf1'1lU . . . 
4 QI.d!", OQl 

Vl'j::f1lJfl111J!'JI'tJ1JU 90% 95% 99% f111Jnlf1lJ 

. " 
3.2.3l11f11'jimtJlJintJ1Jfhn,;r\llf1 3.2.2 'j:'I11H1iUlf11';f'Wlru'Jl'~";~ 3 'IlUlfi ('1'11111 flt'I1~ 

d ,. Gt" d QI 0 QIQI

infl) lflf.l L'Jf ANOVA Vl'j::f1lJUtJfflf1W 0.05 ., 

' '" "" "i"".o!/ ...tl'j::'Jflf1'j'j::'I111~1iU11f11J 'W.ff. 2549 tHiflOU1iU11f11l 'W.ff. 2551 lfltJ';f1lJ'j11J'IlOlln\llf1'11mffllfl.. . 
'Il 0 '1f1nlf1 'HaflVl~'W~UM~tl'j ::mff'VltJ un::1iUlf11';fU'l,htl'j::iVlff'VltJ un: SETSMART 1fI tJljfl1'j 

~f1ifll tJ1J,j'O\!n~~l,r1u..f'l'l1lli'l'UfI1'j1~tJ'tl,i'~ Worksheet 'Il0~ Excel '~O'lh'tl1.f1ifl'jl:,,;' 

,j'Ollnlf1tJ'~ltl'jufl'jmi1i~\I';ftl~o'tl.. .. 

G} Q .I" QI' -. ,Id~
LUfll'j1'f1'jl:'I1'1ltJ\!nll'llUflOUfI~f10 Ltlu 

" . 
3.4.1 lf1tJfI'j1\1 ffOlJ,j'tJ\!n";~'H1JfltfitJ1nlJ'Wq~fI'j'jllfl1';fU\lflU\I~ 'liufl~lf1tJ'.fVlqll~fh 

lli'll~~ (Extreme Value Theory) f1';f1\1ffOlJtlfl'jlNnflOlJUVlU'IltJ-!J';f1f11,fU'jltJ1U'IltJ'I1iUlf11';f 

'Ynw~61utJ'j~L'YIff''YI(J~ln'\.JtJ'j~'nf1'j''tH-31'\.J1~tJ1~tJflfl1'j'YI~ffil1Jfl1'inllfUlllo!J~1fJ 



20 

Kolmogorov-Smirnov Test (K-S test) ~'lZAlJfl111Jl~mt'lJ 95% U'CIZfl1'l'VIfltHJlJfl111J '~l1j'lJ 

,tV'lJflH'\Im~6\!'CI~1tl1i Nonlinearity by Hill Estimator 

d " ~ 0 q,I,. ~~4Q,I

Extreme-Value Theory 'VI'l:::fllJfl111J'~61J'lJ 90% 95% 99% f111J'CI1fllJ ~fltl~::: t~1tifl1'l Monte 

o A " '1 ... ".J..:: ....
Carlo Simulation (n=l,OOO) 'VI1fl1'l'VIfltY6lJl'Vf6fl111J\jflfltHI t'lJfl1n'm1~111J1fl'\l'lJ'VI'l:;fllJfl111J . . 

.4. QI 0' OJ 

1~61J'lJ 90% 95% 99% f111J'CIlfllJ 

o _I'" ... ,..::, " • ... ,,:, 'I' '1 " 
3.4.3 'VI1fl1'lllJ'ltllJl'VIfJlJfl1'V1 fl~lfl 3.4.2 'l:::1111~ti'lJlfl1'l'Vf1tu~U'VI~ 3 '\I'lJlfl ~fl(1 ~~ . 

.c::s Q,lQlOQl

ANOVA 'VI'l:::fllJ'lJUtY1flty 0.05 

fl1'l l1fl 'l1:::..(~1fJ~'lJ f16'lJ A~flci11~1~ tX'lJ l~1J ~1 flfl1'l fI 'l 111 tY6lJ~6\!'CIi~111JflL~fJ1tilJ 

'Vfq~m'l1Jfl1'lUllflU~~'~llfl~lflu'l.w'VIq'l:l~fhq'fll~~ (Extreme Value Theory) f1'l1~tY6lJtlfl'l1 

N'CI f16lJU'VI 'lJ '\l6~ 'llfll,f'lJ 'l 1 U1'lJ '\I6~ ti'lJ 1fll'l'VflW ~6'l 'lJU'l:::L'VI ffi 'VIU~L rJ'lJll'l::: "lflm'\16 ~~ lUlifJ 

lflUiifl1'l'VIfltY6lJfl1'lUllmLlI~~1V Kolmogorov-Smimov Test (K-S test) ~'lZAlJfl111Jl~mt'lJ 95% 

i ';:Ii 'J/ " " - A '1 " U'flZfl1'l'VIfltY6lJfl111J 1J'1J'lJLff'lJflH'\I6~'\I6\!'flfl1U1ti Nonlinearity by Hill Estimator 1'Vf6 tl1 

''I ''J/'" "'....... "::'1 'J/~ i · ~ ''1 '1'_1 .... .1l
U'lJ t 1I11'\16\!'CI1Jfl111Jm1J1:::tY1JfllJ1tifl1'l'VI ~~C1f~ 1JLl11J1:::111fl'U6\!'CI6~ m ~lJ'lUm1JL~~ln'lJflH 
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""UrIrI 4 

~ ~ , 
~h"i'1J.:j1'U1irJ'u lh~'1f1mflV 'Ii'U1m';i'Vf1W'1f611.:j'H1l~l1~~VI~djrJ'U''U~n;n~n1~flVli''Vf6 

~ • 0' 

uti .:j'l..h~tVlft"Vltll~rJ"~mhmlll'li'U1m';i 'Vf1w'1f611.:j'H1l~l1~~VI~tfltl'U''U~H;n~ 'H ~flVli''VfrJuti.:j 
~ 

lh~'Vlft"VltI ~11lrl1'UU,j.:jfl1';j~fI1~~1'Uff'UVli''Vf6'1f1.:jff'UtJ 2550 vvmrl'U 3 fl~ll '~Ufl fl~ll 

" ,,~cvrl
ff 1'UU1J.:jfl1';j ~fl1~~1'U ff'U VI';j 'Vf tI 

Vl11'},3 4.1: fi'U1f'111~1ru"JltJ 12 u.'"~~~il'Un~1.ll*i'l'fl2h:!"Jl'fl~~1'U~t{tJ (31 fi'U'l1f'11.1 2550) 

... ..., 4
trnnn'to 

i 
, 

4!\
tie (1"''1nn) 

I 
'UU1il1....wI 

1) I 'Ii'U1m';ifl'l.:jtVl'Vf~lfl~ (1l'H1'1fU) 11,572,777.732 

! I 
2) 'Ii'U1m';jfl1.:j 'VltI~lti~ (1J'H1'1fU) 1.211.330.153 

3) 'Ii'U1m';jflffm'VltI~lti~ (1J'H1'1fU) 994.149.341 

4) 'Ii'U1m';j'VlrJ'Vf1W'1f6~lfl~ (1J'H1'1fUJ 1.112.823.915 
'UU1{;lflDl.:J 


5) : li'U1m';j VI'H1';j 'VlrJ~lti~ (1l'H1'1f'U) 
 619.151.080 

I '" 0 ...

6) ! li'U1m';jflHft'';jVfJlirJ1~lfl~ (1l'H1'1fU) 650.623.408 

7) liU1m';i'Uf!';j'Htl1.:j'VltI~lfl~ (1l'H1'1fU) 406.627.658 

8) li'U1m';j'Vltlli'U1m';j~lfl~ (1l'H1'1fU) * 264,623.637 

9) li'U1m';jliU'1f1~~lti~ (1l'H1'1f'U) 291.122.690 

4 ~ ~ 0 QI

10) liU1m';ilflrJ';j~'U1f!U "lfl~ (1J'H1'1fU) 89.189.255 
'UU1{;lIDfl 

11) 'liU1fl1';jiifflfi'~lti~ (1l'H1'1fU) 94164.238 

C\ 4 0 QI

12) liU1m';jff'UmlC]frJ"lfl~ (1l'H1'1f'U) ** 60,680.039 
,. " 

U,",;.:jl11l1: Setsmart (2553) * i1,,~,jUflV ;'mgllli 'Vitl ri.:jU~1'Ul1 4 'Vfill!lfl1flll 2552 
~ . 

** i1~~,jUflV li'U1m';i'v;fl; ('VltI) ~lfl~ (1l'H1'1fU) ~.:jU~1'Ul1 

21 Llll!llt1U 2553 



l,"lf111 

Equity 
Market 
Value 
(EVL) 

Equity Retum Volatility 
(ERVl(%) Liabilities (LBS) 

'U,"lfl'l1q! 

11.1 1f1l~fll~l'YIVi~lntl (1I111'11\J) 909.9865 32.76% 1,408,386.104 

11.1 lf1Ufll~ 1'Y1fl~lntl (1I111'11\J) 3,032.4800 14.10% 1,117,629.075 

l\Jlf1lmfffl~ 1'Y1fl~lntl (mn'lf\J) 1,090.9610 15.82% 894,014.203 

11.1 lf11~ 1'Y1flVilW'l16~lnfl (1I111'11\J) 1,552.2975 15.82% 1,004,308.823 

l\Jlf11~ 'YIl1U1'Y1fl~lnfl (1I111'lf\J) 1,271.1904 23.41% 575,828.667 

'U,"lflODH 

11.1 lf11~fll~ ~~tI~Ifl1~lnfl (1I111'11\J) 754.4935 10.00010 570,617.616 

l\Jlf1n\JfI~l1~n~1'YIfl~lnfl (1I111'lf\J) 156.7886 27.72% 307,534.420 

Itllf1U1'Y1fll\Jlf1U\hnfl (1l111'lf\J) 3,665.5323 19.53% 258,680.999 

11.1 lf1nltl'lflfl~lnfl (1I111'lf\J) 1,561.8661 14.10% 270,402.392 

.. 
'U,"lflIDO 

l\Jlf11~iitY1A'~lnfl (1I111'11\J) 1,192.3620 17.74% 82,526.736 

Itllf11~lnfl~~\Jlfi\J ~lnfl (1I111'11\J) 1,314.3468 35.16% 73,797.484 

l\Jlf11~ff\Jltll~fl~lfifi (1I111'11\J) 1,093.2921 28.37% 48,489.009 

22 

"'" III '_I ""',. !II V .... , ,. ,
4.1 n11fl1lilUIO'UVUlfl0111Jn11U;)tUAilH &1J'UOfl'flol'IJnq'YOfl1q~'Ufl.:J (Extreme Value Theory) 

1FI1''l~ 4.2: ;r'fn.J~~4'lLil1.I~1'\.~f1J Operational Risk Management Model .. 
('VIU'ltlfl'lU1J'l'YI) 

I 

, .. 

'iJlf1flln~ 4.2 utYfI~il~~tllJa'iJlfl~'IJ'laUa~lJ"rllfl€11f1~1l1hJ't.rt\Jf1nivmnf1fl~ll 
,.h~'lflm,.h~fltl'IJ~1fl Equity Market Value (EVL) Equity Return Volatility (ERV) LLa~ 

Liabilities (LBS) 
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Bank Mean(%) 

S.D. 

(%) 

Skewness Kurtosis 

'U'Ul~'11qJ 

li'Ulfll'ml~L'YI'rthi~ ()J'l1'1W) 95.5468 16.0254 - 0.4263 - 1.0377 

li'Ulfll1nl~i'YIv~lti~ (ml1W) 138.1166 17.8955 - 0.7651 - 0.,6961 

li'Ulfll1niTmi'YIv~lti~ (UI11'Jru) 99.3133 26.2947 - 0.0777 - 1.2934 

li'Ulfll1 i'YItl'rtltihf6~lti~ (1I'111W) 148.2324 34.8087 - 0.1063 - 1.3952 

'U'Ul~fli.1H 

1I'Ulfll1 'YI'I111i'YItl~lti~ ()J'I11W) 109.9892 29.6856 0.0977 - 1.5700 

li'Ulfll1n~.:jf1';tJ~liVl~lti?l ()J'I11'Jru) 54.1807 17.0697 0.4304 - 1.3056 

11'1..1 lfll'.i'Ufll'tHrHi'YItl~lti~ (1I'l1'1'Jru) 109.4822 18.3780 0.l080 - 1.4803 

li'Ulfll1 i'YItlli'Ulfl11~lti?l ()J'I11'if'U) 70.2378 20.8289 0.2484 - 0.6363 

li'Ulfll111W.lflV1~lti?l ()J'I11'Jru) 63.8809 29.2953 0.3169 - 1.4557 

li'Ulfll1Lfivl"'Ulfi'U~lti~ ()J'I11'Jru) 138.1166 17.8955 - 0.7651 - 0.1696 

.. 
'U'UUUi.1f1 

li'Ulfll1iit'll~~lti?l (mnw) 281.6402 l38.1298 0.0381 - 1. 7918 

li'UlfluiT'ULtJlCSV~lti~ ()J'I11'Jru) 95.5468 16.0254 - 0.4263 - 1.0377 

4.1.1 fl1'5Jll'5':nlff{l':IJfl1111\lflA{I~'U{I~ Nonstationary Time Series lfltJ1eM Stationary 
Test (Durbin-Watson (OW) Statistic) 

(;1111..:1 4.3: 	 ~Cl~L~..:I"'11ruU11J'tl..:l~~(;1'tl'lJI.I.'YIUll'tl..:l~'JU1J'tl..:lL~11lfl..:lLL~:f'l'J12.JlirU~'JU 
(fiU'J1fl2.J 2548-fiu'J1fl2.J 2551) 

, 
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1" I I ci Q,I .d.
'il1fl~1'.n:j 4.3 fIlfl111U'lJ (Skewness) tt'C'l:::fIlfl11lJ 1i'1~ (Kurtosis) Uffi'l~tl~'C'Ifl'WW~'rl 

o~ " .J 01"''''' 1".''''' ~ ...I'il11lJ'U'\IV~'\IVlJ'C'I'rl 'il~'U llJ1 '1I'11lJfl11lJU~fl~1~ 'il1flfl1'm 'il flU 'il~U'lJ'lJ fI~1J fl~ 1'Vf11:::11J'U 'I1'C'1fl!J'U 
'If 

fl11~~V~1~tJ1~V~ti'lJ EVT ~~";1fl11'rli'lffV'lJ Stationary Test "h'l1'i'lJ Residual Series 

A ....,. A.,.,." QI 

l'VfV~fJWfflJ'lJ~'\IV~ Stationary 1'VfV1J1~llJ'Ufl11lJ\!fl~V~i'I~~111~ 4.4 

~11H 4.4: Stationary Test 1i'1tJ Durbin Watson at a = .05 
1It1'll'l'W 2548 2549 2550 

li'Ulfll'Ifl~ ~LVI'Vi~ltifl (lJl1lW) 
.057077 .013913 .023044 

Ili'Ulfl1'ifl~~'VltI~ltifl (mnw) 
.011528 .092501 .016385 

• li'Ulfl1'Iflafl'5'VltI~ltifl (lJ'H1W) 
.020646 .051752 .026810 

li'l.mm'\VltI'VilW')f6~ltifl (lJ'H1W) 
.071424 .144899 .034052 

li'Ulfll'I VI'Hl'I'VltI~ltifl (lJl1lW) 
.038794 .045718 .026810 

li'U lf11'Ifll~fl1~fJlitll~ltifl (lJl1lW) 
.059686 .066045 .034052 

li'U lfll'I'UfI'51H'I1~'VltI~ltifl (lJ'Hl'lf'U) 
.023461 .025986 .129381 

li'Ulfll'I '\ Vltlli'Ulfll'I~ltifl (lJ'H1W) 
.016976 .045739 .016385 

li'U lfl1'51i'U')fl~~ltifl (lJ'H1W) 
.019168 .071145 .021729 

li'U lfll'IIO tI'I9l'Ulfl'U ~ ltifl(lJ'HlW) 
.027768 .031497 .012440 

li'U lfll'Iiifri O'~ltifl (lJ'H1W) 
.018626 .037420 .032137 

li'Ulfll'Ia'UI~I;tI~ltifl (lJl1lW) 
.018022 .027417 .025772 

'il1fl~1'i1~ 4.4 '~";11..r1;:;'U'lJ'rl"Y'~U'\IV~mlJ1W'\IV~ Autocorrelation in Time Series 'UV~ 
. " . 

~v:I.d'C'ln1~''Ufl1Hh'U1W 'il1fl'Jj'Ulf111'VfltU'1I'6li~ 3 milJnlj'U'Uli'1~l~ti'U 'Vfu'hfi1 Durbin-Watson 

". y. 1 P ". «l/ ..l «l/(OW) 'UVtJfl11 1.5 tt'C'l~l"l flt'1t;J'UtJ'il:::'lJ~'lJVflm Positive Autocorrelation CJ1~'I1lJltJtl~ 

Nonstationary ~Uffi'l~":h~VlJ'C'I1'U V~~ 'il ~ijfl11lJfflJi'U,f1~~'lJ1flti'lJ~VlJ'C'I~ 'il:::ij~ V , u, 'UU'U 111!lJ 
'If ~ 

.J... .1 t .,. " ell II) " I... " a 1"
'\Iv~v'\.!mlJn'C'll'rllfli'l'\l'U'rl~l'1l'~l""'\.J~H (Linear) 'I11V AlJ '1I't'lf~lff'U~1~ (Nonlinear) 'rll 'I1ffl1l11tl 

min'~il'J,fi'l~V:I.d'C'lijfl11lJl'I1lJ1:::fflJmh~lJ1flti'lJ llJ1i'l'C'l ~H; ~~ilvi1"hfity1l1fl l'U fl11 u1:::liJ'U 

fl11lJ\lfl~V~ (Validity) '\IV~fl11fflUH'C'I 
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, , , 
V 	 41 IV 4 IV 

4.2 	m'f1V1UfJl.Jm'n'~nU~.!lVllfJ Kolmogorov-Smimov Test (K-S test) f1':l:Vll.Jft112J''IIfJ2JU 

95% 

, . , 
~ 	 d. QI .. QI 

~l'n~ 4.5: fll'i'VI~ffV'U Normality !~tJ Kolmogorov-Smimov Z test 'VI'i:::~'Uft11111'YVlI'\..J 95% 

I Bank Kolmogorov-Smimov Z Asymp. Sig (2-tailed) 

litllfll':ifll.:JLVl'n~lnfl (ll'Hl'l1t1) 3.741 0.000 

litllfll':ifll.:JiVltl~lnfl (1l'H1'l1t1) 3.580 0.000 

litllfll':i flam iVlV~ lnfl (ll'Hl'l1t1) 5.820 0.000 

litlll'miVltl'nlm,,6~lnfl (1l'H1'l1t1) 1.727 0.005 

litllf11':i Vl'H1':iiVlV~lnfl (ll'Hl'l1t1) 5.996 0.000 

litllf11':ifll.:Jf'{ie~litll~lnfl (ll'Hl'l1t1) 5.392 0.000 

litllf11':itlfl':i'H'fI1-1liVlv~lnfl (1l'H1'l1t1) 4.046 0.000 

• litllf11':i iVltllitlll'll':i ~lnFl (ll'Hl'l1t1) 5.924 0.000 

litllfll':ilitl"l~~lnfl (ll'Hl'l1t1) 3.835 0.000 

nt!lf11':i LftV':i ~tllfltl~liifl(ll'H1'l1t1) 6.468 0.000 

litlll'll':iVi1Tlfl~lnfl (ll'Hl'l1t1) 2.196 0.000 

litlll'll':iatl'eL~V~liiFl (ll'Hl'l1t1) 9.526 0.000 

~lflAl'iH 4.5 fll'il.f Kolmogorov-Smimov Z test (K-S test) '~';1Vfl~t1f!fl111'\..Jfll'i 
'" '" • .1 	 .,,; Q "" ""'....9 of , 'JJ '" •
11fln:::'I1~lflflnn (Normal Probability Plot) 'VIm~lIVfl~(Bias) 'tIV~fj1~mV~ C)j'~l'I1'\..J ~'11~ 1~'\..J11 

ti~'ilHflAV'UU'VI'\..J~'IlllJ111ml:::'I111iffl111'i\lijfll'i1l\lml\l,m'U'lJ i~~,jfl~'~l'W'il:1i'\..Jlfl1'i'Wlru'l1~ 
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~l'n:j 4.6: flll1LflnZ,1 Hill Estimator (H;~ ), . 
2549 2550 2551 

1) li'UlflTHl~ .:jl'¥1'Vt~lnfl (1I'111W) 0.2267 0.1659 0.0964 

2) li'Ulfll'H1l.:j''¥IV~lnfl (1I'111W) 0.2418 0.1772 0.1049 

3) li'Ulfll'nafl'.i''¥IV~lnfl (1I'111W) 0.2505 0.2012 0.1064 

4) li'Ulfm''¥IV'VtlW'lf6~lnfl (1I'111W) 0.2625 0.2329 0.1090 

5) li'Ulfl11 '¥I'I111 ''¥IV~lnfl (1I1'11W) 0.2734 0.2829 0.1112 

i 6) li'Ulfll'n~.:jfl1eQliVl~lnfl (1I'111W) 0.2763 0.2819 0.1185 

7) li'Ulfll''Ufl''I1fl'}.:j ''¥IV'lnfl (1I'111W) 0.2960 0.3065 0.1204 

8) liUlfll'''¥IVliUlfll''lfl~ (1I'111'lfU) 0.2984 0.3107!0.1210 

9) 1iUlfll11iU'I$1~~ln~ (lI'111W) 0.3038 0.3122 0.1222. 

10) li'Ulfl11Lfivl~U lft'U~lnfl(1I'111W) 0.30600.3401 0.1222 

11) 1i'Ulfll,;ifl'1n'~lflfl (1I1'11'lfU) 0.3139 0.3547 0.1227 

12) liUlfl1,a'Ulel;V~lfl~ (1I1'11'1$'U) 0.3188 0.3578 0.1275 

! 

. ... . 
LLVlfl-l'V\lJ'l: linnm1f'l1l..!'Jtu 

.... .,j 1lI _I'" __ 1lI 	 1lI ...... 
4.4 	m",nAfll11Jn;Jf.I~A1Uu{J1Jflm1Alf.1UU1'f1H Bottom-Up Approach Alf.11fi 

Extreme-Value Theory lIil:; Monte Carlo Simulation (n=I,OOO) ~1:l:A1Jfll11J1~t),jU 90% 

95% 99% fll1JihA1J 

~l'n:j 4.7: flll'1J'i:;1I1Wfll Operational Risk ~1V1i Bottom-Up Approach un:: Monte Carlo 

I 

i 

Simulation (n=I,OOO) ,h:::~'lJfl11111<JfV~U 95%,99% un:: 99.9% ~ll1ih~'lJ 
.., ...Ii . 

1'Hqj'" <$ 

1::f!'Ufl11111']j'VlIU flilH lilfl 

95% 0.1149-0.1290 0.1630-0.1837 0.2039-0.3250 
i 

! 
! 

99% 0.1125-0.1311 0.1564-0.1857 0.2050-0.2325 
i 

99.9% 0.1084-0.1336 0.1564-0.1956 0.1957-0.2362 . . . . 
, Q 0 Q QI .4 q1 

H1HH'VllJ1: ~1f1f11';jfil1\J1W.Y1';j~~'lJfl111U'lf{)1J\J 95% 99% unz 99.9% 



27 

, t r JI . 1" QI <V 1at .a <V Q.I

111flfl1':i1.:J 4.7 fiU11fl1':i 'If Monte Carlo Simulation 'YI':i:"Ufl11lJl'1fOlJ'W'tH 3 ':i::"U 'W 

fl1nh:lJ1Wth Operational Risk llt'W i~ifl".htll-Wfftl':i: ...rh.:Jth'l.:Jll"fiu~lll"'IJO.:JU~(l::':i:~U 
4 c:.., lid Qf Qf fI~ QI .Q, QI tI I.Q,QI , .Q, A 

fI 1 llJ I'lfOlJ 'W lJfI1 llJfflJfi 'WlI1'II'.:J (lUflU'IJ'W1"'11O.:J ff'W'YI ':i fimm:fl1fi fftll1:UflUfl 111"lJllJO'IJ'W 1" 

... "'''1 ..1ff'W'YI':ifitl 'YI~'IJ'W 

f11':i1.:J 4.8: fl1nh:lJ1Wfll Equity Returns (Mean) 111fl Monte Carlo Simulation (n=l,OOO) ~ 
Q.I .d:J, 001 

':i::"Ufl11lJl'1fOlJ'W 95%, 99% U(l: 99.9% 9l1lJ(l1"U 

.. 
fiUlf111'UU1Y1&anfiUlf111'UU1YlnaHfiUlfll1'UU1Y11't'1WC.I. v 

52.07-75.70115.02-127.44381.08-438.8895% 

48.88-78.36118.99-187.64354.55-461.5999% 

45.38-82.56100.97-130.25333.73-471.7899.9% 
t ,t , 

, .ct 0 Q,I .Q,Q,I 4 QI .4 Q,F 0 QI 

U'YI(l.:J'YIlJ1: 111flfn':ifll'W1W'lJO.:J'Wfldl1tl'YI':i:"Ufl11lJ1'1fOlJU 95%,99% 1m: 99.9% f11lJ(l1"1J 

1 " d.dl ~I • .,I " ......111flfl1':i1.:J 4.8 Uff".:J 'YI1'YI'WfHfn':ilJ':i:1J1Wfl1m(ltl'IJO.:J Equity Return "1t11lI Monte 

..6 "'I "'t ...... ..6 .,I... 1 ....A '" • "'t .A "'I .,I ... .., ..i 
Carlo Simulation C)f.:Jf:101U'WTIi'YI 'W.:J'YI'WtllJ 'WU1"1.:Jfn':i1.:J'WU(l:1'11'Ofl'W1'1U'Wlf1':iO.:JlJO'YI"OUl1 'W.:J 

1Ufn':itl ':ill:1J1W th 1"tlfiU11lI'W1f11':i'IJ'W1"~.:J111qjl1ll:ijtl1mgtl~i~.:J~.:J 

f11':i1.:J 4.9: Maximum Likelihood Estimation 'IJO.:J Generalized Pareto Distribution, 
Percentile Estimation of Random Variable U(l ........ Extreme VaR 

Banks u Nu Tai1Index(e) Beta (b) EVT VaR (,001) EVT VaR (.01) EVT VaR(.05) 

1 0.00027 612 2.07980 0.06955 -13031.7662 -108.4105 -3.7818 

2 0.00022 612 2.03000 0.07144 -10076.3785 -94.0036 -3.5493 

3 0.00162 586 2.10000 0.04882 -9370.8250 -74.4137 -2.5132 

4 0.00007 601 2.11400 0.09608 -21064.5624 -161.9689 -5.3489 

5 0.00063 586 2.30799 0.10334 -64811.0390 -318.8594 -7.7263 

6 0.01292 215 0.46738 0.09721 -2.1075 -0.5899 -0.1749 

7 0.00716 376 0.40940 0.11137 -2.5448 -0.8297 -0.3015 

8 0.00006 620 0.27499 0.12718 -2.0841 -0.8895 -0.4060 

9 0.00039 607 1.91000 0.10254 1.0943 -88.6632 -4.0485 

10 0.00169 167 0.50000 0.15691 -3.3152 -0.8349 -0.2008 

11 0.00558 102 0.59222 0.11045 -2.3474 -0.4656 -0.0683 

12 0.06399 19 0.32790 =~ -0.8136 -0.1406 0.1042 

http:333.73-471.78
http:45.38-82.56
http:354.55-461.59
http:118.99-187.64
http:48.88-78.36
http:381.08-438.88
http:115.02-127.44
http:52.07-75.70
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>I • 

1"a.ell """ 	 ., .... .cOli) I
'illfWI1'n~ 4.9 Uff~~ 'I1n1Umnlml1'IJ11lnl'.ifl1'U1tU VaR U'IJ'IJ~~L~llVl ~llffl1l1'.im~1J 

u~ffm'Um'.itU"lJN~,jfl~U'IJ'IJ"lfll~~'A' (Extreme Unusual Situations) ~Dl'ilri~NftU~f1111l\!tyliY~ 
~l'UUH'A' l~~~1'.il~ 4.9 'A' EVT VaR 1~D'l'ilnl'.i,j'.i~lij'Ufl111l1~fJ-3A'1'U,j~1J~m'.i'IJ'UVlq'l!4a 
EVT 1~6 U tiD Threshold Points Uft:: Nu tiD~1'U1'Uril'tY~m~~1;j'Ufh"l~l~~n1.aDfh Threshold 

1II " , ~ 	 dlq " • ~ .Q "'do 
~~f11 e Uft:: b l1J'U Maximum Likelihood Estimator 'IJD~ GPD NftVl ~~l't'IJ11 tlU'Ulf11'.il'tltUGJ1fJll 

, 
1l1f1f111 

, 
_I':!! ... 	 , '" i ~'" .....,l

4.6 	fl111U'UI1Jlfltl1J EVT VaR 1::'t'I1H1iUlfl11'nlW"tlfI~ 3 "UUl ~tll" ANOVA fl1::~1J 

.., . .., 
Utl1.nruy 0.10, 0.05 un:: 0.01 

.nn..'l4.10: fll1ltntltJlntltJ EVT VaR ~a =0.10, 0.05 ua::: 0.01 
, 

nq1Jfil..!lfl11 
99.9"10 Extreme 
(a =0.001) 

99% Extreme 
(a =0.01) 

95% Extreme 
(a =0.05) 

1) 1i'Ulf11'.i'IJ'Ul~1'11tY -4572.757 -57.377 -1.728 

2) 1i'Ulf11'.i'IJ'Ul~f1ftl~ -201.588 -5.053 -0.113 

3) a 
1i'Ulf11'.i'IJ'Ul~lftfl -6.454 -1.976 -0.581 . 


U'l1~~;jll1: 'illflnl'.it11'U1tU 
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tJfIfI 5 

'i.T1U ailU·nVNt:lUt:l~fal'i.TtU)UU~ 

5.1 illUUi.'I:8ihhlUNO 

~ltJ1ifld'd~ltJfl11fffl1:11Lmfl'l.UnfJ'Ufl11'U;1111fl11lJL~fJ~~ltJU~U~fl11'\lfl~1itJlfl11\11W'l16 
~ijfld'tJU1:L'YIf('fm 1:wh~i1\1.f(. 2549-2551 lf1flLrltJfl111im~~U;1l1W (Quantitative 

~ 'J/ .4 ~ .If, .d 4C:i 1 "" 
Research) lf1flrrfl1:l1'\lfll,dfl;)lflU1:iIJj'lmflfl1i'Ulfll1\11W'l1fJ'YI~11lJfI'YI;)fI'YI:I'UfJ'U tJ~fllf111f1fl 

" . 
'YI 1'..,6ut1~U1::;1'YI f(' 'YI fl 1fI fl;)::;mhmlll1i 'U lfll1\1lw'l16n~11lJ fln;)fI 'YI:1Ufl'U1'U~fllf111afl'YI1'..,6 

" Ut1~U1:a'YIf(''YIfl ~llJtbtJmj~fl11~fllf1~1'Uii'U'YI1'\16';1~ii'Uil2550 ;)lfl 12 1i'Ulfll1flflmrl'U 3 

fl~ll '~url fl~1l1i'Ulfll1"'lW'l16'\ltJlf1 l11qj '\l'Ulf1flfll~ UfI::;'\l'Ulf1,gfl 

...3 QI ~ QI.Q 4: ... 1 " 1Q •

",1111'U Residual Series '\1fl~f!WfflJ'U~'\lfl~ Stationary L\1fllJ1::LlJ'Ufl11lJ\lfl~fl~ \1'U11fll Durbin

", "1 'fI ... d! ..l." , ...
Watson (DW) 'Uflflfl11 1.5 LlfI::l'\ll flt1ij''UfJ'\1::1.H'UflflO~ Nonstationary 'YIUfffl~11'\lfll,dfl 'U6f1~ 

. " 
lh 1 ..rffllJ110flrin'~111f1~fll,dflijfll111111lJ1::fflJfl{h~lJlflfl'Uill'flflnl~ tJflfl;)lmj'tJ '\11flfl11 

'YIflfffl'U Kolmogorov-Smimov Z test (K-S test) VhL..rL'tl'U'~ifl ';)'Ul1tr~11NfI~fl'UU'YI'U~1l1111 
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