
31Review of Financial Risk Management

金融風險管理季刊

民96，第三卷，第二期， 31-58

外匯極值行為之研究＊

A Study on the Behavior of Extreme Value for Foreign Exchange Rate
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Professor, Department of Risk Management and

Insurance, National Kaohsiung First University of

Science and Technology

極值行為的研究對於財務風險管理的許多領域有重要的應用，例如風險值、保證金水準、波

動的估計以及資本適足額等。本文運用極值理論估計非條件與條件尾部指數以提供風險管理者掌

握並預測外匯極值行為的型態與變化。本文實證研究 1992年至 2002年英鎊、瑞士法郎、德國馬

克、日圓以及台幣 5種外匯報酬率的極值行為以及估計不同頻率(日、週與月)外匯尾部指數的變化

情形。實證結果為：1.匯率報酬率為Frechet極值分配 (Fisher and Tippett (1928))，其中以台幣、日

圓以及英鎊的極值風險較大。 2.外匯日報酬率極值行為具有與時變化的胖尾分配特性，而週報酬

率極值行為呈現固定的胖尾分配。 3.條件尾部指數較非條件尾部指數應於風險值的估計上更為準

確，因此建議風險管理應進行動態尾部指數的預測以掌握外匯的極值風險。
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的極值行為應用到風險管理的議題上，例

如風險值的計算、保證金水準設定、漲跌

幅限制設定、波動的估計以及資本適足額

等議題的探討，都可以藉由極值分配型態

的估計而加以計算求得。Danielsson and de

Vries(1997)、Huisman et al. (1998) 以及Bali

(2003)運用極值理論估計金融資產的極值行

為以及提升風險值估計的準確性。 Longin

(1999)、Booth et al. (1997)、Dewachter and

Gielens (1999)以及Cotter (2001)等利用極值

理論研究期貨的極值行為以求得最適保證

金的水準。Bali (2003)提出應用極值理論來

估計美國國庫券的利率波動。

本文運用極值理論估計尾部指數以提

供風險管理者掌握並預測外匯極值行為的

型態與變化。本文應用Huisman et al. (2001)

所提出的修正Hill估計式估計條件尾部指數

以預測未來資產價格尾部機率分配型態的

The role of extreme value has several important applications in risk management, such as Value-at-

Risk, margin level, the estimate of volatility, and capital requirement. This paper uses extreme value

theory in estimating unconditional and conditional tail index of five exchange rate returns. We explore

three questions concerning exchange rate returns: the amount of tail-fatness, the structural change of tail

index and the effects of time aggregation. The sample period is from 1992 to 2002. Our empirical results

present that: (1) the five major exchange rate returns follow a Frechet extreme value distribution. (2) The

daily tail index is time varying and tail index of weekly is constant over time. (3) The conditional tail

index is more accurate in estimating Value-at-Risk than unconditional tail index. The results here suggest

that the manager should consider conditional tail index to further control extreme exchange rate risk.

Key Words: Foreign Exchange Rate, Tail Index, Modified Hill Estimator, VaR-x.

JEL Classification: F31, C14, C53

Abstract

1.前言

近年來，隨著金融的自由化以及國際

間交易活動的日趨頻繁，使得全球金融市

場更加動盪不安，尤其頻繁的跨國投資活

動使得企業承擔相當高的匯兌風險，因此

如何了解匯率市場的極值行為以規避匯率

報酬極端波動的風險，就成為學術界與實

務界研究風險管理的重要課題。

根據極值理論，可在不需了解極值的

正確分配下，藉由尾部指數的估計而了解

金融資產極值的機率分配型態以及極值行

為。此外，由於極值理論已經發展完備的

極值分配統計理論以及極值漸進分配獨立

於原始母體的分配的特色，使得應用極值

理論於金融資產極值行為的研究更加的容

易(Jansen and de Vries, 1991； Longin,

1996)。目前許多財務的研究更將金融資產
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Quintos et

al. (2001)
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Hill

(Jansen and de Vries, 1991 Danielsson

and de Vries, 1997)

Hill

(Huisman et al.,

2001)
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1992 2002 Quintos

et al. (2001) recursive
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Koedijk et al. (1990), Hols and de Vries (1991),

Jansen and de Vries (1991), Koedijk et al.

(1992), Danielsson and de Vries (1997)

Huisman et al. (2001)

Loretan and Phillips

(1994), Longin (1996), Lux (1998), Jondeau
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and Rockinger (2003) Longin (2001)

Koedijk et al. (1992) 8

Longin (1996)

1885 1906

(time stability)

Phillips and Loretan (1994) Boothe and

Glassman (1987)

Jondeau and Rockinger (2003)

Phillips and Loretan (1990)

Pagan and Schwert (1990)

Quintos et al. (2001)

Quintos et al. (2001)

1995 1997

1997

(the maximum likelihood method)

(regression method) (Longin,

1996) Jansen and de Vries (1991)

Koedijk et al. (1992) Akgiray et al.

(1988) 12

Danielsson and de Vries



35Review of Financial Risk Management

(1997)

(mean squared

error) Longin (1996)

Jondeau and Rockinger (2003)
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Hill
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Hill
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(1996) Huisman et al. (2001)

Hill
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Thomas (1997)
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Quintos et al. (2001)

Hill
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Gumbel (1958)

X1, X2, , Xn

l Xi u

n Xi

fx X

FX X

Yn n

(1)

(1)

FYn
(x) X

F

Fisher and Tippett (1928)

Fisher and Tippett (1928)

(weakly converge) βn

αn

αn>0 Fisher and

Tippett (1928), Gnedenko (1943), Hols and de

Vries (1991)

Gumbel Frechet

W e i b u l l

(asymptotic distribution)

Gumbel

FY (y) = exp(-e-y)

y (2)

Frechet

(3)

Weibull

(4)

α 

Jenkinson (1955)

1+γ  y > 0 γ 0

γ = 0                   (5)

y > 0 (γ > 0)

y 0

y < 0 (γ < 0)

y 0
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α = −1/γ γ (tail

index) γ > 0 Frechet

t γ <

0 Weibull γ = 0

Gumbel

Gamma

Huisman et al. (2001)

Hill

Huisman et al. (2001)

n

X(i) i

X(i) X(i - 1) i = 2, , n

k

Hill (1975)

(γ)

(6)

γ (Pareto)

n k

Hall (1982) Goldie and

Smith (1987) Hill

γ 2

Hill

k Hall (1990)

(k) Hill

(7)

(8)

(7) (8)

Hill k

Huisman et al. (2001)

Hill k

Huisman et al.

(2001) (7) α = β

(7)

(9)

β0 β1 ε (k)

k = n/2 Huisman

et al. (2001)

(9) β0 Huisman et

al. (2001) Burr

Cauchy t (9)

Huisman et al.
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(2001) GARCH

Hill

(time varying)

Quintos et al.

(2001) recursive 1

recursive

H0 :α t α T vs. H1

:α t > α T α T [0, T]

Hill

α t [ 0, t ] ( t )

t Hill

(10)

(10) t T

r t = [Tr], r (0,1) kt

wt = t = [Tr] ( [0,

t] )

(10) r YT
2(t)

[Tr] t

(11)

Wiener process

Quintos et al. (2001) (11)

4.1

4.1.1

5

1 Quintos et al. (2001) recursive recursive
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2

5

1992 1 2002 5

AREMOS

PACIFIC Exchange Rate Service

Rt t

Pt t

1 4 5

Jarque-Bera 1 3

5

0

Jarque-Bera

5

Ljung and Box(1978)

Q

Engle(1982) LM(Lagrange

Multiplier) ARCH

H0 ARCH ( 1 = 2 = =

q) 1

2 5

3

ARCH

Ljung-Box Engle

ARCH Huisman et al.

(2001) Hill

ARCH

(stationary) (non-

stationary)

(stationary)

Dickey and Fuller

(1979, 1981) Phillips and Perron (1988)

Kwiatkowski et al. (1992)

(stationary)

4 ADF PP

(non-

stationary) KPSS

(stationary)

(stationary)

Hill

2 ( )
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1

** 1 * 5% Q Q2

Ljung-Box χq
2 q ARCH

-0.00009318 -0.00005379 -0.00011962 0.00000018 -0.00010420

0.00569017 0.00762333 0.00647725 0.00750360 0.00261198

-0.04532224 -0.04479218 -0.03120484 -0.03953728 -0.03385480

0.03050402 0.04384766 0.02709631 0.07164867 0.02558328

2656 2654 2638 2654 2671

-0.38062 0.1272 0.0523 0.8550 -2.2377

4.23155 2.7661 1.5221 7.1137 41.3262

Jarque-Bera 2045.73** 853.25** 255.89** 5919.31** 192299.30**

Ljung-Box
Q(8)=7.40*

Q2(8)=463.32*

Q(8)=21.38*

Q2(8)=102.59*

Q(8)=6.46

Q2(8)=176.45*

Q(8)=14.53*

Q2(8)=409.94*

Q(8)=138.77*

Q2(8)=366.01*

ARCH
2
5χ =190.39**

2
5χ =71.20**

2
5χ =79.04**

2
5χ =252.12**

2
5χ =267.21**

2

1

-0.00044719 -0.00044719 -0.00058909 0.00001250 -0.00052008

0.01062204 0.01327138 0.01209601 0.01317887 0.00578960

-0.08021622 -0.04286381 -0.05426228 -0.05028575 -0.05089321

0.02946998 0.05750540 0.04438508 0.08009169 0.03293686

542 542 542 542 543

-1.5905 0.1617 -0.0347 0.8908 -1.8319

8.7086 1.0778 1.1608 4.2364 20.0589

Jarque-Bera 1941.24** 28.60** 30.54** 476.98** 9407.12**

Ljung-Box
Q(8)= 41.25*

Q2(8)= 118.35*

Q(8)=35.21*

Q2(8)= 17.64*

Q(8)=34.42*

Q2(8)=37.34*

Q(8)=43.91*

Q2(8)=114.68*

Q(8)= 91.91*

Q2(8)= 75.58*

ARCH
2
5χ =64.45**

2
5χ =12.68

2
5χ =29.07**

2
5χ =89.98**

2
5χ =59.71**
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3

1

-0.00172596 -0.00100068 -0.00242364 -0.00006110 -0.00252850

0.02177955 0.02744554 0.02437215 0.02923392 0.01388291

-0.10743426 -0.08149763 -0.06734774 -0.08206610 -0.06908723

0.05535536 0.08175199 0.06518634 0.10425582 0.04590904

124 124 124 124 124

-1.3659 0.3885 0.4086 0.6506 -0.9320

5.3125 0.2014 -0.0675 1.2988 5.2492

Jarque-Bera 184.37** 3.33 3.47 17.46** 160.31**

Ljung-Box
Q(8)=23.33*

Q2(8)=42.72*

Q(8)= 27.91*

Q2(8)= 3.11

Q(8)=22.48*

Q2(8)=3.79

Q(8)=39.28 *

Q2(8)= 23.64*

Q(8)= 29.96*

Q2(8)= 18.75*

ARCH
2
5χ =35.55**

2
5χ =3.24

2
5χ =2.20

2
5χ =11.46**

2
5χ =20.05**

4.2

4.2.1

5 5

0

Frechet

5 Koedijk et al. (1990)

( ) 0~2

(pareto stable)
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4

(1) ADF Dickey and Fuller (1979,1981) PP Phillips and Perron (1988) ADF PP

AIC SBC ADF PP

(2) KPSS Kwiatkowski et al. (1992)

(3) ** 1%

ADF PP KPSS

-50.7989** -50.8181** 0.0942

-54.5395** -54.5603** 0.0685

-50.3762** -50.3954** 0.0751

-50.6130** -50.6321** 0.1310

-41.7474** -41.7630** 0.0970

-18.1753** -18.2090** 0.0885

-18.7516** -18.7864** 0.0693

-18.7342** -18.7731** 0.0729

-17.8776** -17.9392** 0.1251

-9.8694** -17.4612** 0.0712

-8.3461** -8.4148** 0.0794

-8.0067** -8.0727** 0.1189

-7.8881** -7.9530** 0.1321

-7.4803** -7.5418** 0.1539

-7.7381** -7.8018** 0.0605

2 t

t

4.2.2

Huisman et al. (2001)

Hill
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500

5

1
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5

( ) ( k )

0.241526 1 328

0.227360 1 327

0.182455 1 327

0.271844 1 327

0.475121 1 335

0.261123 271

0.183180 2 71

0.198611 2 71

0.291969 2 71

0.417671 2 71

0.443991 62

0.200831 6 2

0.137898 6 2

0.257206 6 2

0.330646 6 2

3
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6 1 6

(1)

5

0.4112

100

0.4

95%

1

(2)

1

5

6 6 5

0.1166~0.3485 0.2089

0.2820~0.6932

0.4172 0.0833

0.4112

0.1448~0.3038
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0.229

0 . 4 2 0 2 ~ 0 . 4 0 9 8

0.4165

5

0.0730~0.3137

0 . 1 8 3 7

0.1699~0.8079 0.4191

0.1067

0.1390~0.3259

0.231

0.3783~0.4013

0.3899 5

5

0 . 1 0 7 3 ~ 0 . 3 9 1 1

0 . 2 3 1 5

0.2109~0.6074 0.3986

0.0927 5

0.1292~0.2147
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0.1755

0.3210~0.3984

0.3606

6 5

(1)

(2)

(3)

5

0 2~8

Frechet

t

6

0.1813

0.0282

0.2617

0.1233

0.1513

0.0385

0.2399

0.0730

0.2113

0.0439

0.3229

0.1210

0.2465

0.0293

0.2695

0.1521

0.2952

0.0432

0.3259

0.1574

0.1360

0.0004

0.1419

0.1292

0.2229

0.0480

0.3107

0.1305

0.2007

0.0655

0.3137

0.0840

0.2340

0.0549

0.3397

0.1361

0.1857

0.0035

0.1919

0.1751

0.1782

0.0054

0.1859

0.1648

0.2024

0.0062

0.2147

0.1911

0.1836

0.0391

0.2867

0.1166

0.1677

0.0528

0.2952

0.0928

0.1998

0.0420

0.3022

0.1074

0.1853

0.0150

0.2046

0.1448

0.1946

0.0220

0.2244

0.1390

0.1881

0.0101

0.2050

0.1623

0.2478

0.0317

0.3485

0.1830

0.2153

0.0372

0.3114

0.1248

0.2808

0.0466

0.3912

0.1684

0.2983

0.0039

0.3038

0.2916

0.2560

0.0074

0.2658

0.2415

0.3287

0.0037

0.3335

0.3210

0.4172

0.0833

0.6932

0.2820

0.4191

0.1067

0.8079

0.1699

0.3986

0.0927

0.6074

0.2109

0.4165

0.0029

0.4202

0.4098

0.3899

0.0084

0.4013

0.3783

0.3924

0.0029

0.3984

0.3878
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4.2.3

Quintos et al. (2001) 1995

1997

(Diao et al.

(2002)) Quintos et al.

(2001) Recursive

7 11

Recursive

5%

Quintos et al. (2001)

7 11

1998/05/07

1998/11/10 1998/04/09

1997/05/20

(1997 1998 )
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7 Recursive test
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8 Recursive test

9 Recursive test
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10 Recursive test

11 Recursive test

4.2.4

Huisman et al. (1998)

VaR-x

-
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Huisman et al.

(1998) VaR-x

(9)

t

t

1. (9)

μ σ 2

2. t

3. 1-q t

S*

4. S* Rq = -S*θ

+μ

1 1-q%

W 0

97.5% 99%

99.5%

250

500 1000

250(500, 1000)

250(500, 1000)

Kupiec(1995)

Kupiec(1995)

LRPF

T

x

c

c0

H0 c = c0 LRPF

1 2

(12)

Kupiec(1995)

(the time until first failure)

c = c 0 LRTUFF

(13)

T̃
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LRTUFF 1 2

7 8 5

7

97.5% 99% 99.5%

( ) 8

Kupiec

250

500 1000

93%(28/30)

100%(30/30) 97%(29/30)

67%(20/30)

5.

Huisman et al. (2001)

Hill

5

Frechet

Quintos et al. (2001) Recursive

( ) 5

Review of Financial Risk Management
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表7 條件與非條件尾部指數估計風險值的失敗率統計結果

=0.025

( 97.5%)

=0.01

( 99%)

=0.005

( 99.5%)

=250
19 0.019 α 4 0.004α 3 0.003 α
7 0.007 0 0 0 0

21 0.021 α 7 0.007 α 3 0.006 α
13 0.013 3 0.003 2 0.002

25 0.025 α 6 0.006 4 0.004 α
27 0.027 6 0.006 1 0.001

16 0.016 4 0.004 3 0.003

26 0.026 α 7 0.007 α 5 0.005 α
46 0.046 α 21 0.021 α 10 0.01 α
82 0.082 52 0.052 29 0.029

=500
17 0.017 α 6 0.006 α 4 0.004 α
7 0.007 0 0 0 0

19 0.019 α 4 0.004 α 3 0.003 α
13 0.013 3 0.003 2 0.002

27 0.027 6 0.006 α 4 0.004 α
27 0.027 5 0.005 1 0.001

19 0.019 5 0.005 1 0.001

24 0.024 α 7 0.007 α 5 0.005 α
34 0.034 α 15 0.015 α 3 0.003 α
82 0.082 52 0.052 29 0.029

=1000
20 0.020 α 5 0.005 α 1 0.001 α
7 0.007 0 0 0 0

20 0.020 α 4 0.004 α 3 0.003 α
13 0.013 3 0.003 2 0.002

35 0.035 9 0.009 α 4 0.004 α
27 0.027 α 6 0.006 1 0.001

15 0.015 6 0.006 1 0.001

24 0.024 α 7 0.007 α 5 0.005 α
21 0.021 α 16 0.016 α 14 0.014 α
82 0.082 52 0.052 29 0.029

註：符號 a表示較接近理論失敗率的估計方法。
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表8 條件與非條件尾部指數估計風險值的Kupiec統計結果

=97.5%

( 5.02)

=99%

( 6.63)

=99.5%

( 7.88)

=250
1.34 α 1.61 α 0.10 α 4.71 α 0.00 α 0.94 α
1.01 α 18.51 NA NA NA NA

0.02 α 0.69 α 0.56 α 1.02 α 1.77 α 0.94 α
0.14 α 7.15 1.77 α 6.83 2.46 α 2.34 α
0.84 α 0.00 α 0.34 α 1.89 α 0.80 α 0.22 α
1.08 α 0.16 α 1.29 α 1.89 α 0.04 α 4.80 α
0.60 α 3.80 α 2.05 α 4.71 α 2.55 α 0.94 α
1.12 α 0.04 α 1.80 α 1.02 α 1.68 α 0.00 α
0.18 α 14.55 0.22 α 9.28 1.07 α 3.89 α
0.00 α 84.21 0.14 α 89.27 0.64 α 54.54

=500
1.79 α 2.95 α 0.63 α 1.89 α 0.10 α 0.22 α
1.88 α 18.51 NA NA NA NA

0.06 α 1.61 α 1.34 α 4.71 α 1.80 α 0.94 α
0.15 α 7.15 1.80 α 6.83 2.49 α 2.34 α
1.01 α 0.16 α 0.35 α 1.89 α 0.36 α 0.22 α
1.01 α 0.16 α 0.77 α 3.09 α 0.04 α 4.80 α
1.77 α 1.61 α 2.44 α 3.09 α 4.64 α 4.80 α
1.40 α 0.04 α 1.86 α 1.02 α 0.84 α 2.60 α
2.27 α 2.99 α 0.29 α 2.19 α 0.49 α 0.94 α
0.01 α 84.21 0.20 α 89.27 0.74 α 54.54

=1000
1.38 α 1.10 α 0.33 α 3.09 α 1.27 α 4.80 α
1.00 α 18.51 NA NA NA NA

0.03 α 1.10 α 1.32 α 4.71 α 1.77 α 0.94 α
0.15 α 7.15 1.80 α 6.83 2.46 α 2.34 α
1.04 α 0.16 α 0.05 α 0.10 α 0.36 α 0.22 α
1.91 α 3.66 α 1.27 α 1.89 α 0.04 α 4.80 α
2.00 α 4.78 α 2.06 α 1.89 α 4.59 α 4.80 α
1.40 α 0.04 α 1.86 α 1.02 α 1.72 α 0.00 α
1.26 α 0.69 α 0.57 α 3.08 α 0.35 α 10.91

0.01 α 84.21 0.20 α 89.27 2.60 α 54.54

註：符號 a表示於各信賴水準之虛無假設下，檢定結果認為可準確評估風險值者。
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