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FHEAZ(YF 2HE uRS T2 29T T YIIAE AF AT FLRAE: 1980.02-
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2 18 98 220 g i) AFsta S8 A FAE A4 wrel oA ARE IS
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wRFo) et A FABoz wRFo] O ARE AT Y BREFBE AL e
A% olo] U3 IVLEZ PFREE AR AL BEMo| $IE S HYsks FAIUHeY
o Giolth. RRZY JUES FHL BEEO) . 2H BH (rght end-point) HZo) A= HE
ANEAEARE, 227 BRES) A% 7 (left end-point) F-2Zol i EES) H2EAFABS A}
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831E Aol ReAL Aolth. HLeAFARE BERR) -1 Foho] AdjeAEAZoR WY
o} A2 = Jlen 2§ A AjeNEARTL TeSrIE Bk Teh, o714 S22 27
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A Des FVEAGY 2HFOR Ao AL he lxEHo] B Aotk o) 93l Ink
BHINE BERS 2 8F T P ROAS) BEE 2R(EE B0 B HOE FA BERETS
o] 2)4P¥ (extrapolation) & AHE3HET, o1 A7HA Hrie A EAR) FHEEe] 7|2 3) o

FHEZE FIIHEE (extreme value distribution) 2} H2c),
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ot (distribution function) F 2 $&] 85 % ® (random sample) X, ..., X, 0] o}
AU . T8, A A0 2 Ao A7 A% g, > 03} b, € Ro] EAT n - 0 1)

Plmax(Xy,...,X,) < apx + by} = F'(apx + b,) > Ge(x), x€R 2.1

o] FHeA ==ul(F=: Fisher®} Tippett (1928), Gnedenko (1943)), 9}7]|4 & € RE Fo 29g
| 9~(extreme value index) %= B 2] X 4x(tail index)B} H =1, G SHFEE S (extreme value
distribution function) & A]

Ge(x) := exp {—(l + fx);”f} , x€R

E gAY 9714, y. = max(y, 00011, £ = 091 AL 3¢ - 09 wo] 23k = F A sit).
Al 2.1)9 Geoll F7HE 2.2 $} A 2 42 (location parameter) u € RS} 2 E 52 4 (scale parameter) o >
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Mo

Plmax(Xi,...,X,) €z} = F*(2) = H(z; 4, 0, ). 2.2)

A7|A, H(x; p, 0, )8 LRF32hZHE 2 314 (generalized extreme value distribution function)&h -
B3 o] X E 7FH3] 71F GEV(y,0,8), u € R, 0 > 0, £ € R2 VERAT)

A Q2)Z 5H n¥} 27} FEF I8 A F2) ~ Hp 0,67 ARBRR, o]k 22 27
g FY 28% 23 139 32 GEV(, 0, )2 ZAA A 4HS ARSd 4 Ytk Ao
- ol tiE AR o g 49 7k Hu)Zt W (annual maximum method) & E 4> =] A
W&-& thEa 2ok 4, 717t md 59 A 2 iid(independent and identically distributed) 2] 98
7FFolA AT 0|59 TF EEFGE Fekal e, o] 52 RE AXEE mAle] A7 H gt
- My ORIl BH, o]5 0] GEV(u, 0, )2 HE 9 BER Bty 1Fsto] 249 Hir}
3 ZFMLE: maximum likelihood estimator) g1, &, £& g A AAFE 4= QA A} o)= HE Agt
606,68 9 5 QT EF 0|F o83t FO| FTR 5o et AP S 2 AL A4
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e 5 > = r];t:l
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o YA FAth &, A8 S0 7 2 3 o)
Flg)=1 ! (2.3)
9=~ 36525 :
< WE3R= 1 AL FE(r-year return level) g, = 2AHA]
1
H(qp,0,6) =1~ 7 2.4

€ NEHER ¢ AW ERAH 42 H'(A - 1/60,6,H 2.2 A 4 QL Aot 74,
H™'= He £943 (quantile function)E LFebdi T},

22. 2AF ey
e £ € Rell thake] 4] (2.1)0] A Y v Pickands (1975)= $83] 2 ¢2]9] £ 744 (threshold)
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A k) TAP o] A YBTHE AL BTk

F(u+y)—F(u)
1-Fu)

=l
uol| thted
PUX; —u < YIX; > u} = ~ G036, y>0. @5)

A7) ¢ > 0= EAR uoll AE3h= HER 5o, Yuks}uld 52§ (generalized Pareto distribu-
tion function) 2t B8]+ G(y; ¢, £)=

G(y;¢,§):=l+logG§(§)=1—(1+Q)_ , y>0
2 A= o] RXE 7H33] 713 GPD(¢,8), ¢ > 0, £ € RE LyeRdiT)

4 (2.5)F o83t BT EXTS FO ZUEYSE 2= 5AF e 29 BAA 9
i (threshold method) o] 8t 2=t 7R A ¢ &L tha} Zeh. 94, eke] A7k Aozt WhyolA
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& 2ol 71 md A MR id A BEX X,,..., X, 0] FOIA AT 0|5 TF EEYTE F}
a1 3k} 74] 2 ‘ﬂﬁlﬂt A FE3] 2 3] BAA uE *45"6}@1 olF oAM= ZAFPSS B
F ol83k= A, uE VT 2A AHehA 235 A7t oA 249 AU E (precision) 7
SO A H 1, Wl wg VT FA AEsiy 2/\}*‘ (259 dHS B3E s lems 249 ¥
F(bias) o] WAYSHA Atk EAH uS HEL T4 AA BEA 9 A9 5% vvto] 2o g MEE
=5 Foke EF v WS o] 43t}

shte] FEW4 Y7 GPD(9,£)E WEW ¢+ ¢1 > 09 RE ¢ > 0] e} Y — 1Y > 1 ~ GPD(¢ +
&7 HRER £ <19 A S

¢ + &t
EY-14Y>pn= -
7FAREE 94A & 5 e, ol 218 F52A EY - 1Y > D& 712717} /(1 - £)o] 1 BHo]
¢/(1 -6 ARE oJu)girhe Aotk webA, EAE u= 9 #2259 MRL 23 (mean residual
life plot), & 2E ¢ > uol tha}e] 19} 15 FoIM= 2 S 2] Z3hod B(excesses) A& Bkl A4
‘:7}%}/‘}1421 ANE M2 e Hao gog Aded 5 Qe Aot}

oA, o] FA AHA EAA uoll N3} X,.... X, F uE FoINE XS] N7 BLH T o

S 44 Zy,..., ZyolEt2 39, o] 59 2FAR, = Z —u,...,Zy — uE0] GPD(¢,H)E HE|Y &

EXEOITI ] B o] ANbe =5 F ¢, 68 AT o2 e ARHE G(1:¢.HS 1
g > u7t A (2.3)& WE3He rd AP Folela 31 A 2.5 E BE ¢ & ZAH

1
365.25¢

AL CLPEELE AL S DR

1,
G—l
“r ( 365.251p ¢)

o2 AN 5 Y& Ao ]E} A71M, p = PX; > u}2 p 24F N/no2 At X884 e
tl, No] o] &% 02 o] 22 JA| po Huirbs =53 ol At

= P(X; > u} X P{X; > q/|X; > u} ~ p(1 - G(q: — u; ¢,¢))

-k

23. 27H9 ZOtE X DA IpA v
B $EERX,,.... X, 0] FIRE @, A 2.1)0) 4 4 227} o
2 el BAZ uel ool nol 23 27, 24
-l
n(l - F(u)) ~ — log H(u; y, 7, &) = {1 + Sy}

7} 4 4 8HA ==, ko] 318 314 (exceedance point process) N, = {N,(B), B € B((0, 1))}
N,(B)y=#i:i/lneBX;>ui=1,...,n}

O 2 A3, & N(BE AR uE YANE 23 X; 5 i/n7} BI $3k= AEY A5 A
93, N2 nol $83 Z o) AR o8 7% (intensity) 7} — log H(u; 1, o, €)1 E 01537 (Poisson
process)= W2 A Ho} (F=R: Leadbetter 5 (1983), Resnick (1987)). 7] A, B((0, 112 (0, 1] A<
Borel o-field & 2] v] 3t}
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°of 23= BAH £89 BEHOR (0,1] X (u,00) A 29 2AF AP & ThE} 2o F33)
9 A4+ Yok F, Smith (1989)% D = (0,1] X (u,00) A< 234 ZHAAH N = (N(A).A €
B(D)}=

NA)=#i:({/n,X)€A,i=1,...,n}
OS2 A3t T No|] ZALH 2.8 715 4 (intensity function) 7}
1
- , ty)eD (2.6)
o o

=
At,y) = 1+ M}

+

Q1 2219 B5-A ok 3 (two-dimensional non-homogeneous Poisson process)g WRETH 71334
o} o] 7Hdel mEw, Ao 2z > uoll k] A = (0,11 X (z, )21l ¥& W) N(A)7} AR o2 g

o]
fo 1 f At,y)dydt = —log H(z; i, 0, )
TS REE mas HEe
P{max(Xy,...,X,) <z} = P(N(A) = 0} ~ H(z; u, 0, &)
7t AR, BB p =0+ Eu—-p) > 08T o

E(N@A))  —logH(zp,0,8)

PiX; > 21X > u} = E(N(D)) —logH(u;p,0,&)

=1-Gz-u;¢,8

7HAeA F o] kel TA 22)5 25)7h BA BEFS &5 ek

HeiA, 2319 15 Toksg 02 MY 249 2AARAS DAL Yo A7 Hrig Pu
A PEE SR AWS 2L T 5 9L Rolth AL, o8 AHeSHE $AH Y
2 2319 Fohp TN PO R Y22 Shee, AR UEL T 2ok FolAs) 2ol
712t md E4 M2 iided D HEA X, X,0 FAA AT 0|59 FF LEFHFE FhA S
A, ool BAZ PRI MSH Zo] 48 HEA T MRL 1 o] 3] 33| 2 shto) 2AR
wE AT, D = (0,m] x (u, 00) 9] 2749 ZIFHA N = (N(A), A € BO)E

N@A)=#{i: (im/n, X)) € A,i=1,...,n}

C2 BT T No| A 2.6)F FYI} AT A1 y), (1,y) € DE ZH= 230 v 5 A ol AL wh
St 8t o)Al uE dolME N, = N(DYRS 2AZE ] (T1,Z),...,(Ty,,Zy,) € DA &
5 ek 319, o] 7] %3 715 = 4= (likelihood function):=

-1/ Non o -1/£-1
Lw,a,f)=exP[_m{1+M} }Xﬂ[l {1+§(z, y)} ]
a

o . L] o N

7 o) FolA L, ol % o §3td B4 AN Fe£R2A T 4, 6, 8 AT F A Ark wA,
o= 28 ARD H@.6,HE AT g > w7k 4 23)€ BEsH 1d ATl 319 gk A4
TN 2HE WHIER ¢9 S ERAF 42 H'(1-1/np.6,H 22 AND + ok
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3. d/ge] &2 AALAZ ML U SXH EAE T

AU P o] £ Y= ¥ K& Be ANF g A2 2A 72U theR ) 7158
o} (FZ: hitp://www.federalreserve.gov/RELEASES/H10/Hist/default htm). & =Foj A= 1982.1.4%
] 2008.12.317k7] 27\d7+e) AR § BA ST £ BEX Y APE 6,740700] 2, o] 4@ KRW/USD
S 3% 19 F=o] Yt o] AR BE rd 27 <A E(HY: %)(negative log-returns in
percentage) X, & X, = —1001log(r ¥ $-&/rd AL 83} 2ol AL 5 g, 28 19 $22 o]
A AdE 9 23 SAE (X (AR ANS5=6,7397)E JERdTE goz 380 2 4452 7
w3 SAFolgt A 272 sk, ol $E 7 gldol] B Ue A% 4A HE SASL 91|
St FAlol 23] tfgt Aste] AAEO S gsitt «AFL AT 19.759%(1997.12.26)F FH A
13.222%(2008.10.30) & A|2]3tH 2% 10.08% u|vto 2 Jepdul 123 194 BE F=9] QA 3
& A5t gl 959 A E AE (X )& AE0 ABA o] ol o), d71A: (X))t iidEA A
¢ e R7FEA3A 4] (2.1)0] A H3cha 71 sich.

I EAEY R/ AFEEE =t X2 GopR 7] 95 28 20 2459 S AEIAT F
EX Q-Q Z¥(normal quantile-quantile plot)S z}z+ 18] Wit AN <48 859 FFga 52
HA= 22 -0.0098) 0.714910), 3| AE T o= N(=0.009,0.714%) B3 9] FEUT 32 3y 1
Stk 3 204 BX, 98 ¢SS B E AJEZROE 3457 & R HEo g £
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Threshold
)y 24180 MRL 287 A0 gk P u =09 2AZEY ¥ 1Y
Bt 48 SHES AN HNTEH u=0920EY 72 FAH

o

2l 3:

AR EER oyt I ing 4% A 3RS Hoig
AT Ak 27 0.039 0.399 0.840 2.380 1.447 19.759
u=09 277 143 0.902 1.138 1.342 2.169 2.141 19.759

£ 2: GEV,GPD, TPP 289 B 27 FIHSE: 8224, CL 225 23 /b5 2o 712309
AdE A7)

A5 =2y 7 u o £ ¢
AZF AN GEV MLE (SE) 0.599 (0.134) 0.617 (0.154) 0.772 (0.213)
95% CI (0.374,0.919) (0.386,1.062) (0.427,1.290)
=09 =37 GPD MLE (SE) 0.537 {0.124) 0.627 (0.090)
95% C1 (0.325,0.818) (0.471,0.826)

u=09 235k PP MLE (SE) 2.589 (0.249) 1.533 (0.279) 0.537 (0.124)
95% CI (2.173,3.195) (1.120,2.324) (0.324,0.818)

HEE 4 Atk

oAl 2NN AT A7FA] o g 4 $4E £ FUEASE F 2R gtk $
A, A7 Adigk el Ae 27d Feke] Az Ao <A E 2770 tiEte GEV(,0,¢) B¥S, EAA
o Ae $E3] 2 S BAE wE dolMe 2AFEY 23Rl gt GPD(4,6) 2B S,
223 2xHY Zokg2AANA WhHAA = EAE WA 5 FARE uE GoMs 2AE
o et} BTt (2.6)0.8 o)A 22449 ol (two-dimensional Poisson process)S 2 v 7t
TEFEYoE AFA7IEY, AFRY AHA 23 L 7hds) TPP(u, 0,6 BP0 7 Fstr| & Sirt
GPD 233} TPP 23S AGA 77| 3lAE= A A shte] BAA uE A9} sh=t, o] & A%
UE &AEES MRL 18-¢ 19 39 FZ0 28 Yoirk. 198 E¥ 1 =428 JolMe S4E
NAE A 8HE 17} (0.9,4.2)0)4 €3 wf MRL 28 0] o] 7|78 2he FA Pejojug, of7)
Aleu=098 BAHC: Aesy|2 sty 2 o= o 2 BAZE 9 758 Aoz A7
St BAR AN 71H Q0 18 31K ¥ 2 gt

E 12 99 SHEY AN ANFET BAR u = 098 GolME 2AFEN A 712 FAZE
ol o] 5ol A 18- 17 39 5o 13 Yolvh #9190 o, A Az £
A ZAPY BT EEF 2EZ0T FHE BEE 2T o =3 EZ R o J]gA e
< &5 Atk 543, 4R 28 93hd A7 HugEY AF A9 3N E ALt 2AgEA
A Hole & ghEo] tiiE 28] X e, ole 9d 48 B2 28F ned g 3R
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3% 4: TPP 2FNA quo, q20, g0l HEH ZEHL 2T 755

E 3: GEV,GPD, TPP 28 oA rd Y+ F g, 23 AFSE: EE 24, CLZ28Y 23 715 =9
ZELER REREEL

23 3 q10 q20 q30 qs50

GEV MLE (SE) 4.339 (1.737) 7.713 (4.006) 10.695 (6.349) 16.049 (11.084)
95% CI (2.340,12.573) (3.558,31.014) (4.463,47.759) (5.838,54.678)

GPD MLE (SE) 11.787 (3.408) 17.217 (6.226) 21.414 (8.659) 28.173 (12.950)
95% C1 (7.512,24.331) (9.925,42.460) (11.636,58.908) (14.138,89.086)

TPP MLE (SE) 9.287 (2.329) 13.792 (4.439) 17.289 (6.315) 22.910 (9.656)
95% CI (6.267,17.413) (8.217,32.340) (9.841,43.055) (11.934,65.347)

€ 72 Q= AR Eol +&H Aol g FAR S (shape parameter) & € R FR A o343} F}e)
227t e dE T & 4= 9 Zolth

2E 98 S48 A7 HigkSol it GEV(,0,8) 2L, 282 u = 098 YolAE 2
FHgksol thste] GPD(¢,¢) E8 3} TPP(u,0,6) R8-S $XA A & ALt A7ts =541
o2 AFAZ AHAE HoR}h £ 20)= £33 =259 87 7155 (profile log-likelihood)<l] 7] &3}
of ALE 95% AF 77l 2= o giok ®ol oFE B £9] B¢ AA4E GPD 23 olLt TPP
EPHoh GEV EY A Feh A7 A 27 AR S-& & 5 At

E 32 29 A7 2 Ztzte]] oA 48 S4E9 104, 203, 309, 5003 AdeE tigk
W7 23R A4S BoZr) ®30e 9] Zastgd 2 7Fs5 ) 7)2ete AL 95% AF)
TZro]l £ o] e, olE HI e olft 53] ALrES T S FAL W bk B
o Rgo]l AP H oz vt H ool RELA} AFRE 7128t AL AlFFH vjEA A
o7l diEelth ®ell st Ae4EL2 GEV ZF A 7P A 45 L, GPD B NA 7% 2
A FRHRAew], TPP R A 570 A5 3712 A UES & 5 Ak

I3 4% TPP Z¥oA 98 SAE9 109,204, 300 AdeFol gt =20t 20 7k &
FE Ho| T, B Y H o2 AFSS & 5 Atk A97M, 3 A2HL ALFEY 95%
AR 7S A7) 98 dade vetdiet, o] g 23 7FsEu] $ A4 F(log-likelihood ratio
statistic)®] 2R EQ y*(1) B E ol 9 3}to] AR Frolth.

4.

y

=2
[

e

E=EAE 1982.1.4 5 2008.12.317k4] =38 4@ KRW/USD & A5 E ARR-3o] 104,
2049, 30d 22 503 3H Ax DA U Y B8 FASAES 2SN A e d
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AL, BAR PHolME ALgEol FohBris o] FAH Yo, o) H e B 234 2ok 2
I P A EA tha S 2 Atk B AS £9] MLESE)S 95% A2 77he 2219 Eokdi
FA g oA 0.537(0.124) 3} (0.324,0.818)F Ve, ol 4 €450 BEJ} AFEE
o} 2] FAL Bl g A Ravhs 329 o8 2358 Wt 2o
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Extreme Quantile Estimation of Losses in KRW/USD
Exchange Rate

Seokhoon Yun!

“Department of Applied Statistics, University of Suwon

Abstract

The application of extreme value theory to financial data is a fairly recent innovation. The classical annual
maximum method is to fit the generalized extreme value distribution to the annual maxima of a data series.
An alternative modern method, the so-called threshold method, is to fit the generalized Pareto distribution to
the excesses over a high threshold from the data series. A more substantial variant is to take the point-process
viewpoint of high-level exceedances. That is, the exceedance times and excess values of a high threshold are
viewed as a two-dimensional point process whose limiting form is a non-homogeneous Poisson process. In this
paper, we apply the two-dimensional non-homogeneous Poisson process model to daily losses, daily negative
log-returns, in the data series of KRW/USD exchange rate, collected from January 4th, 1982 until December
31st, 2008. The main question is how to estimate extreme quantiles of losses such as the 10-year or 50-year
return level.

Keywords: Extreme value theory, two-dimensional point process, extreme quantile estimation,
exchange rate.
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