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fibo 1M POT MR REMEEHXI PEMIILL S 4R A R A, 2 2 DA RERL LT M i 5 7 A1 T 2 454
KRB TTE . ABAESEBR R AT, Il 200 K wht i e POT BBATIRME (lm 5t s 152
—IE KB RERG .

FEREARBIRHCARAEAR R AR O0 T, & & T R ARAT OB AR RS B B T VAR AR )
FEE & THBHRAT AR 2 7] o (L 28 /R R R W ot S R Rk o AndE A B
2 ASCHER AR AR L R R E XU o T RS 7 RSN i A A IR B (H AT R
PR ER A USSR S, 35 T ARAE B RAE AL B/ S04 LR SR b i T 5 R K
BRI BAT I RAFHRPE, RIS POT AR B ] fa] B 1) 75 V5 45 IF B 2K 9 5 0 A 55 45 R AT
RGBSR RIS, AR D> TR, FrelstR A POT HEAURI G 1A
JRRSE AR R 958 5 73 0 AT, CASEEAE 5 SR I AR T X J5A 1 XIS 8 # IR ) P

—. BRSMERE

PRI AEAE AR S R A R St RE T, 2 — M EERN A Z 755, B
— AR AR . MR T IR IR A E S SR TR AE R AR 40 K A A4 AR AT 45 K 5
FEEAT R IEA 1, X6k 35 LR/ R S R AR R o 1 Bk — SRR 1R R I R 5 0 A1 70 Al AT
it BEMT TS BRI B RN AR AR 1 i AT R R

SR NS BEN LA S B3R RS X,y X (IRIBE X S AT [F] 73 A R BB AL
) WnE (L.
L=X+X,+--+X, (1-1

Hrp n g RIR, X R .

BT 5 A AR R AT A 9 R A S R AT BB AR, T4 K 9 M SR R 2
AR R A AR FN T, i LUBOHEAS BB R A (AT I 2 (EARE R R 1) POT B A1 fE
PR VERR R AT ARFEIRAR, TR A A% LATRT W (AR AT 7 125 A A BB 2R SR EE R AT

! Basel Committee on Banking Supervision, 2004: Consultative document: the New Basel Capital Accord.
2 Reiss R , Thomas M, 2001: Statistical Analysis of Extreme Values from Insurance, Finance, Hydrology and
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V. N, BRZE — BORIE T X R A R B S B A IR 28 57, 72 e i AEASE
PR . HH T S LG 75 BRI ST R AR U DR R A5 2 R 134 IR 452 2 4
JiIT A B F WA RS 2 R e B . ST IR iR I 4 SR R A HE — e BAS FEAS BN, LRl
[ AR AT Zh A AR, BRI AR R M A 85 s W G AT LAG R 1R KU R
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1. WAEBEE LA

WAE TR R F SRS 1) — 45, 1923 4EAI1 1928 4 Dodd 1 Fisher 43 5l FF 460 7
W EFEE, 1943 4F Gendendo N7 T HefH =, 1955 4 Jenkinson 7EMAE MG 72 bR 1
PRABER I, B A ER B R 2 N F T SRR A0, T 1A 22 it . &
SRR R — R AR, B T KRR AR E RS RRE, 7T LA Rt 3/
WA RIS v BT 512 AR 2R o e E 70 BT o A (1) R R I AR B AN o A, BT DA —
FRLE MR ity 2% A T #0R RESRARFAE I 7% . BLAE AR 2R I AR A o) 2 R,
KT Bl A SIS

A RS 2R A ) R AR AR R AR K, X T IX B JE R AFAE ) 0 AT, #5 R
G HIARHE T ZE AR VaR (AR REURAE IR o TR AR B 18 A A6 15 R 5 3
PR, TR A 43 A (10 2 3500 AR B0 ) 5 2 £ 9 HE A IR, A e 5 R R AR o 2k, A A B 1 725 DA
P A B iy 5 (R0 P 7 A A, S VRSO 0 43 A1 9 1 0 O s AT S EUE T, AR ERR
BIB G I E— PR BRI A TR, BB AR 2R 122 B AR A AR 1R AR o {ELE A
AR FIE DL, AR A BB R A, B DL A 38 T B S S AL
PRI VR A & — Fh B I& 1 7V

2. Wrsiit&

TE X BRI R ()80, X RS R A ), #BR A Rl — ANk A k4 F (X) -
PO X AT R EVNOHET , BEIX 2 X, =2 X, X, Xy, o0, X, 2 n NFENUE R, K
(X, Xp0eoo X, ) HUFGETHRE, X A TANUIF G, AW (X) = max{X, > Xp---» X},
MW (X) NWAE > fi sk H . F(X) 5W (X) Z a9 R0 R -

W (X) =Pr(x, £ X,--+, X, <X)

=Pr(x, <x)x---xPr(x, <x)

=[FT
AT (2-1) B b BRRAE A 6 B . AL ER T S B B F (X) A2 A, LA

(2-D

2B R I R A AR R B R A 22— oo I [F (X)]" f9R2E A

WAE IR E— B S, —2H Fisher-Tippett SEFE, $8H AR T 51 IWHE 2 A S 8L T
I XAAE A5 (GEV, Generalized Extreme-value Distribution), fi13% Gumbell. Frechet

Other Fields (second ed.), Basel: Birkhauser Verlag.
S YRR, 1993: (FHUMREHIE S5]), HERH A .



Weibull 5377, IXFh 77255 &R R FHAE I R A ], #2888 BMM (Block Maxima Methods)
BERY, X Hui KE A, ) — 280 I — BUAE S BIREA IR S RFE 53 A, X515
¥e#7 9 POT (Peaks over Threshold) B2, [ TR I B BE M HAR F R AR @ 18L, (H
ZWEIVR B R AR 8] FESERRR S, BT POT AL REE RN A 2k Al F B A TR 1
BRI AL, T SO 2 DA B () FEE B A R 8 AR AR K 4 o T TR VE 40 N 28 A 2 2 )
1) POT %1,

(=) POT %!

BT S FEEE ) POT (Peaks Over Threshold) HER 347 T4 KBIME (threshold)
Z F PR R R AT, X R AT R R FE40 A (GPD, . Generalized Pareto
Distribution) FFIRIEIA, & ZWEEAES R S AF 00 A LRI H], Be88 78551 F A BR (0 Bl i 25005
R

XA SRR 80, XL 3G, EARA F— e Ak F(x) . T
BEEp (B2 RE, EEZEMKFRAN MM, P(x<VaR)=p ), p-th o f#08:

x, =F(p) (2-2)

VaR, = F(p) (2-3)
Horp, VRS F(X) BIR R
SE SCHRRHHE X B E Xy B AR EON B (y) GEPy=X—Xy » Rl

ks M Oy BB BRI N O, R AR BIE x,, BRI R A, RO

F(x —F(x
P, (V) = Pix—x, < y|x>xM}= : Mliz)(xm)( ) (2-4)
= F(x)=F, (WA-F)]+F(xy)  x2x, (2.5)

R4 Pickands (1975). Balkama fll de Haan (1974) SEH, F:— e B {E A H E H MR
AT LA GPD SRBH, Ho A B R RFHE . FAAER T RINHE S a, Mb, #5245
{8 Xy KA, F, (a,, +b, ) BAES MR, A

lim Sup |F., ()-G, ., (¥)|=0 (2-6)
Xm X, 0<y<x, —Xy

LR K y 1R e ] GPD 23 Aii bR HAT 2R 9 :

A
1—(1+/11j L2420, 750, 142150

G,,(y)= n n 2-D

1—exp(-=Y), 2=0, n>0
7



Hrb, A/ GPD il EHZ % (tail parameter), Wi BESHIEREEE . A Bk, N
AT, Rz, 4 A>00f, ye[0,0); KA<0r, ye-n/l]. #0412

WS A =0, ZAAANESAG BOES A s H—ofmfA >0, %k
%A B T2 AR

nRREZH. An=18, N7 HRILEAAIPRHER R, B =M AN 5
Iy A HE A

TRE AT -
Gy(y)=1-e” x>0 (2-8)
Pareto 73 Afi :
G (y)=1-x*  1>0,x>1 (2-9)
Weibull 737 :
G,,(y)=1-(-x)*  1<0,-1<x<0 (2-10)

AR (48) F, G, (y) WEERIN:

1y

gl,,,(y)=£(1+;tlJ ’ (2-11)
n n
b6 BIAE Xy BB =, FXM (y) ZEH ST GM (y), Bp:
FXM (y) ~ G/I,;y(xM)(y) (2-13)
HrhZ 3 A M FBERAET Xy FIRAD.
A LS BB A X,, R AT

F(XM + Y) = F(XM ) + (1_ F(XM ))G/m(y) (2-14)

= BIRIMES MR SRERNERERESNEER

PR RS R “ARB 7, XA B MR B SR RS B S 12 R R, A0 (1
A AL B . POT MR EAB N, KT BB AR 7 L R A ), Hotk
Fe GRS R . A 0F7C R B 2 R 0 KIS, R R R A 2R 253 OB Fim A

o)At X BRI R B (R A B N, KT I X, MRV R R IBCA M

FA A F (X, ) fofitaeagiEi (n—M)/n g3,
ik, Az08, Az (4-14) "J4H:

4 McNeil A., Frey R., Embrechts P.:, 2005: Quantitative Risk Management: Concepts, Techniques and Tools,
Princeton: Princeton University Press.
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F (X +Y)=(1——)+—{1—[1+/1Xj } (4-15)
n n n

R ZH A AR E S8 (5 VHE 8IS 7R 4 58 U Xy ROtz [ To(y,)

i-1

KeAhiito
TEA=QR, B AR S E s Ak v 21 :
M VA
F(xM-+y)=1—~——(1+ﬂ,¥j (4-16)
n n
MTEA#OK,, WTIEEMEMEE p, WarEs VaRuyfita.
~ ﬁ n -4
VaR | =X, +;{[V(1 p)} 1} (4-17)

E SE IR 2% 1 2 0 58 TETH S ARAT 45/ XU 87 08 AT, S SR VBR i 4 XU () 3 R 45 2R R
BB, BRARRATA E R U A ORI CAG IRIF RO EE®, 5 i KUK 2 8%
FEROEHE T HESUR, A EE R I S A RS, BIVaR 1 EL 1%

9. POT #ZYR{E HIH E

BIR POT AL At B AL BB A RS0 R A R, AR B0 S g s 43 2R e ok
R AT R AL (HERINIAE ] POT BLALREE B EAE XSRS, WA K — £
B —E P B R EE, DMERRRE AT S8 R R ERCE AN R . a2
1E POT BT, EEALRBTRESHILRFAFHEN: FAWRBERS RS, BAke
8 Bl NS 2R (1) 450 R B AR A AU RO AR D T TR @A, S EUS T W Z St 1R K i
RBRMERS ARG, BRI E T 240 R 5 R AR s A & 3B i 5 i g AR, Xk
AREEIL POT BB S, SECAHM GG, Bk, 78 SPr I S ERAE RSN+,
BRIAH (R S AN RS SR R B, B UE T POT RS E 4 A XU 3 2 40 AR IR AL R . [
WAMAIR 2% (Hans, 2004; Stelios, 2005; Brooks, 2005; H %:{H%%, 2000) #RLEHT 7% 18 (1)
ML) R, AR ATY SRV e SR FH R g 20 PR R0 L 5 SR et IR i — 8. H Al B A
() BB A s V2 PR . Hill BE . WeREvE DL RS RS, Rz —it T A4,

(=) LB A A 5 2

1. PR

TR R e (Xy ) = E(X— Xy [X > X,

). FILARE):

n+ AXy,
1-1
(X ) T JE I AL A 1)~ S50 6 A0 pR B AT A T, 493

e(xy )= n+Ax, >0 (4-1>

® Basel Committee on Banking Supervision, 2006: International Convergence of Capital Measurement and Capital
Standards, A Revised Framework-Comprehensive Version, Switzerland: Bank for International Settlements.



e(xM)zzn:(xi—xMY/NXM (4-2)
i=1

Hb, N, O BRI Xy BRI 2 % > Xy B O = X)" =% — Xy 21X < Xy

B, (O =Xy =0 X T BE X, FFEAR, REh g < I B2 4
FONIERS, FEARKIERM GPD; M KPR, FEARKERMAEE A ARt N,
FEAZHRE 0 R . 0 FR R AR RS B B FE AR T BRME . (EX T R B 2R 2 1
FLRtE, T AR B F Al Bh T2 50 K R .

2. Hill B

FERBHEE Hill BiitE -

[ Zm
B ox BRI ANBEFEEAG R, BIEN Xy, BAFEARKFSAM . LM VE ARG

G VYN, HEATE AT Hill B G (M, @) 1< M <n—1} 44D, Hill Bdfas

DX 35K FRY RS 5 50 7 8 5 R P 1 BB 4R, TIR E AR E XN 75 A5 B T L I R
ﬁ%%%%,ﬂﬁéiﬁkﬁiﬂﬁﬁo
e P25
%W&ELLﬁﬁHKWV%ﬁW@ﬁMﬁ% FEA UL -

13 4
~ H;(Xi _/un)

n

-1
J 1 X| > XM +1 (4'3)

M+l

K (4-4)

1 1
St ST =T D — ) =Y X AKK, 23 8 (X - ) R
T i=1

) x; kR, EREE K, <341k 285 TR BREA ORI X, AR R AR BRE

W P2 R ARV BT, (R3O 7™ A% AR S H

4. WAEEEE

LA EEVER JF BN T8 B R AR AR (R AU P 2 AE 0 A RN SO R AT 0 A
Jv UL 5 A1 1 R0 68 2 A R ARUARL ) 2% 1R 20 AT B #63E GPD BB TR, St — e bniEERf e 24

B, R R AR A E— N ET RS, K Pearson- y® Giit R

ZN: (N, ‘”p) (4-5)
i1 P;
A (4-5) FoR T B A S LR AR ) ZE 00 . SRR EEVN, AR EEE
AeBim, A RORB BT, 0 A B A
() FETAR SRR 1) A A 58 2
BT BUETE RO EIE TR BRI, A AR S B e, fERMEFTE B B



e Az R, JEMAE A B B R R, AT FE AR 7 BB AN S B IR I i 5 1Y
HE A HIR RN 22 56 Sk 1 W ) ikt . BRSO e e iR B R S B A B R i, ARIGA
TEARSH Hill it o i Hilll B, B2 R AR A Hg, 54k Hill ] o B E X

AR E dT, W d T A BT R R R A B Xy .

1. A2 B A A

FEERG tha . TP BRI T, HH BRI  HF SIERE AR R %) (B f
B RAERBEL, X AWFRCHAE S (Chang Point). A8 fSUGETH 44 1 H I 4 b FAR 56 A
REEAE ALE L NG IR AR RBREE, W LLREHT S R HE R MR A A 7Y
SRR B R M 2RO R BB S M A8 5 C.

Hill Bl 2k () R B B 5 B 0 N RFIE B 2o i 2R R 2R 1k, P h A B2 R R %,
SR B ERIRIZIAAL, SR HE T DR i I f . RARBAIGE, I & T e .
20 i ARAR B AR H AR E ARt 2 MBLAE RS — il (ERIXIE0D MIRT ), 2R AREEAR (1 ril
FEAL R, AR s A BUAEAE B, %l (BIX 380 /i 8 oA AN [ S5 A A R RO s 1
Hill B 2 (A A R X8 5 A X 70 5 Rl B I BAE . [RIE, X8 e AT 5
5 FH Y AU R L E 7 AR T XA B AR R B NI, R R AR R DG
PR 2, SRR R 2 22 I ) R 2 P AR AR AR E - 0 BT RS2 R (R AR AL 1 L
Pt LA ZR S & R SR BN (D A KORBEAT 704 BUNTOIR S8 o fE LR R Ik 2
BB RAE AT, AR E R E LB 3 1 a R I i R K )5
SITIRECIR], AU o — R E L2z sh. PItt, @il i R AR (D &
FEJR B KR, b REME XS AR i CRIBMED FrfE AL E AT E . ESFRBEMIIGOL T, RIRA
PR E R B 22 70 Sk 1 RO A A . BRI, BSREE 5 — i 22 70 e K AR R ) die P20 v 2%
T g DI B 22 7 S KRB T AR B DXk, TIE A 4R 21 7 AR s T AE R IXTE], - A mT AT E & A
AT IRBEANRS EIRES, HE I RABL TSR 2 Bt A i T332, S RENE X A2 m A7 B 2 AT 1HE AR
SENL, R AR LR S, XA GBI ARl A2 0 5E (1 R

2. FTAR PR E BRAE R

A RN BRME AT 1 8 I B AR S -

(1D T B R A 2R TA) R R A A B, R BRI IR R AP I E L

d;,(j=12,---,M =1), BALHXRE HIll it EN a; -

(2) WHERZE AT Ja A E 2 p R (AHRZR AT, 5 &% TR S R m A R
HO wF, FHEBLLEIRR SO ORI o 1105 R A BUE 2 32 220 0] 5 AR s 4
|2 bR, BT AERIE I Eh & I, & EERR AT S5 S A . [, fE

BUNCERRS N, hZesm IR E L, Prel I VB A REACKR, Ritix Bl 8l =234,
M =B B & 0. fELLd 9l Hrf, detEBIAIRE A d B (8 #91Hdl

i, FEIEA A A () s FIFRER 7%, bR A d R (A 1] S

O W H . B, TR R T4 RS SR S BT, (IR I,
2007 4E5 10 3.

" s Resnick, C starica, 1997: Smoothing the Hill estimator, Advance in Applied Probability, Vol.29, pp.271-293.
C Sousa, 2002: A contribution to the estimation of the tail index of heavy-tailed distributions, Ph.D. thesis (in The

University of Michigan), www.utstat.toronto.edu/desousa.



EEEARE Bl (d)) o WTLARIL, | =20, 3504 [ H R 5RE 5B S 5 0 A

DS, (BH R T RENLEBORI A R B S Bt BRI RERIEDS: | =41, BREE
£ Il A 28 e 0 5 5 R e e ot E AR O RER RS, Gt SRR, (H AN R BT St S e L )
AR ARL IS . | = 3 R A REES NN F & 2 (0], MR = 41 B3R

KOS5 S IR, # | = 2,34 TS Bl (d ) R B (d ) HEAT IBCP3 I, AL HI
i

4
zlz ’ tg(lezore(dj)

Ebefore (dJ) == 4 ) (4-6)
él
) R URCH
ﬂafter (d]) :|:24—2 (4-7
%

(3) AHFMRRA, . Hd | RS IR IORERIT N AS (D) BB 25
AS(d}) = Baser () = Bretore (4 (4-8)
(4) HREAS(d)) FPAIHEIEATHRE, [EH Mz,
A?S(d;)=AS(d;;)-AS(d;) (4-9)
(5) FEVFHIM A?S(d ) FIB AL RXIE (d, d|) X EIAZE STLE ) X 4
HAEHATEABX A (d L, d )+ (d,d ) FIXRIEOME APS(d )« APS(d,,), FI5%

PHEE RBP4 T N A, U A e AL B4 i d ™ L

(6) M d” IREALE, Bhd . d,5d7 EEE9RCEE, (E15 5 {E RS 6 E -

JHitVisual C++gmfE sl LA &%
H. POT EESEKMHETT

fEMAS BRI E I POT BERMERIME S, T — DR EXNSHA Mp #4741 S8

TH A, R THE (MLED /321 Z AT, Rehl2 i A > 0n), fhih U s &,
EAEEHE I EENE N T, MLE 0% O sk = @ s mRE . BFEmEs R
FRBCE T B INRE Z L LSS R A KR ZES, e R R A R, SRAT
JriRZERSr (ISE, Integrated Squared Error) yZ3k%t POT B8 b (i 28047k 11, 5K
SRS VA B A B R AT AR @ e . T2 A6 MLE V581 ISE VR T A 41

(—) H MLE #4523

® Brazauskas V., Serfling R., 2000: Robust and efficient estimation of the tail index of a single-parameter Pareto
distribution, NorthAmer Actuar, Vol.4, pp.12-27.



G, (y) MEEERL g, (y) T4 BN

1y
A
1@+AXJ A%0
9.,(0)=1" U (5-1)
_y
—e 4 , A=0
n
BRIy I EASA B A -
1. y)
—nlnn—(1+z)z Inl+>=y,),A%0
L(2.77]y) = = 7 (5-2)

n

—nlnry—EZyi , A=0

i=1
THEANX (5-2) RKWKME, #MATREIZ5 A N oy A5 THE.

(=) JH ISE #Ahit =k

TP 7R ZE RS 1 foe /I B A v U 52 - p Terrel (1990) 42 HH 9%, 030 B b v T L
A BV AT IEASTE . v D0 L 00 b ke 15 BRURL B 55 22 (R B 542 1 5 B A AR DT
BB oL R TS 8 S8 tHE, R MESURA R, [EIMSEORZER NN, &RE RN

165 T DA 745 22 A 43 R St 5/ INBE B A T U, A58 B A 1105 0 0 1575 2 i 5
fﬂ@%%ﬁ?ﬁi*ﬂ%%ﬁ@ﬁf,ﬁﬁ%ﬁ@?:
6 = arg mein[[(f (ylo) - f(y))zdy] (5-3)
A RAESHO MR F(|0) , BTN
6 = arg mgin{Z[F(y|¢9)— F(y)]z} (5-4)
EEXPETR A POT LAY, FEBIMHE Xy, SR MIEOL N, FE15 H S bk A 2k 24 3 A
MRS, Binlia B EIRMENDRIUH 28 E. F, (y) WBEHBUR y B9
G, (y) MEBLERN AR, AKX (5-4) FAN:

6 =argmin{S[G,,, () - F,, )T}

® Terrel G, 1994: Linear density estimates, Proceedings of the Statistical Computing Section. American Statistical
Association, \Vo0l.1990, pp.297-302.

10 Hjort N.L., 1994: Minimum L, and robust Kullback—Leibler estimation, Proceedings of the 12" Prague
Conference on Information Theory, Vol.3, pp.102-105.

Scott D.W, 1998: Parametric modeling by minimum L, error, Rice University, Houston.
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= argmin Z[l—(1+ ﬂlj " F., (W (5-5)
W17 77

BB, W

é:argrgin Za)-[l—(lwilj ’ -F, (N (5-6)
i 77

FEHEFBEZMEIT, HBUR R EIN R T 250 tH 7% . 588 Ny g vt
%%Xlzxz 22X AR R Ry Se it & A Y. 2 Y, 2 e 2 Ywm-1o | Vi )4y

AT 2R Al
~ M —i

F(yi):m Yia <Y<Y, (5-7)
AR (4-32) 7[R
_ 1
é:argmin Milm-[l—(HﬂLJ ’ -F_ (Y)Y (5-8)
An i M =1 n "

b B BIR AR T RS, A2 ST AT LI B A M

DL D73 s BT E S Visual C++2 FE RS2 .

NS = m AU AR Y 1987 4F A 2011 A HATE], MEER 1A DU B N AMEAAR A R
(1) 279 1 ARAT B KBS PR FE, SRIGUEA T4 H (1) 28 T8 s BB ¥ POT #5228 |3 {1 1
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Hill B 1S E XA B 1 R A PE SR R AT 2 B R it 75 B RA R R . I 2
SR I BUR B e S IR B R A e SR B RO IR PR S T 45 R AR 6-1T7R .

® 6-1 AR IR HRR R 1 Rt

N Valid 279

Missing 0
Mean 16445.18
Std. Deviation 38926.35
Skewness 3.771
Std. Error of Skewness .146
Kurtosis 16.250
Std. Error of Kurtosis 291
Minimum .578
Maximum 270000.0

HR6-Lh BUR B T LAE H, WA N3.771, WEFEN16.250, HAFAEA f HoRig, i@
21 QQUEIRAE — A A B8 45 11 XIS 458 2 Bt A2 15 e A J2 B A L SR A
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Loss distribution method under the tail risk measure of operational risk
Song Kun
(Chinese Financial Research Centre of Southwestern University of Finance and
Economics,Chengdu,610074)

Abstract: operational risk exists widely in the daily operation of financial institutions, and its
characteristic and controlling method is significantly different from other risks. So facing
over-growing operational risk, financial supervision department and financial institutions pay
more and more attention on the measures against it. Based on the collection of data loss at home
and abroad, this paper uses changing point theory to determine the threshold of POT model, in
order to realize the loss distribution method by means of extremum theory under the framework of
operational risk regulatory capital measurement. For domestic financial institutions, the algorithm
adopted in this paper is on the way to measure and avoid operation risk brought about by the loss
of support.

Key words: Operational Risk; Loss Distribution Approach; Risk measurement
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