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extreme value theory
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Abstract In order to catch the character of return series in extreme condition and improve VaR precision,

a model of the conditional extreme value VaR was established and got the general form of analytical solution

to the confidence interval of conditional extreme value VaR. Using high frequency data, the result precision

of confidence interval of the conditional extreme value VaR and the validity of model were mainly studied

under the different confidence level and block. The empirical results show that comparing our model

with parametric method, non-parametric method and Monte Carlo method in estimation of the confidence

interval of VaR, our model not only can catch the risk character of Chinese stock markets, but also has

the better estimation accuracy and describe the estimation risk of the VaR more accurately.

Keywords confidence interval; conditional extreme VaR; generalized extreme value distribution; high

frequency data

1 ��

����������� VaR ��	
	��
����	�, ����	�
�

������
��
 VaR ������. �
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�� " VaR	��#����$"��()����+ ,%� ,&� Danielsson[1] ��,�	�
� VaR 	�'���
"
��
����� ��*!��&��-������.����%. 
"
������� VaR�	#������"�� VaR/!���������, ��,�(� )�(��
� "��()����!� VaR 0!�!����"��#� (Danielsson[1], Bystrom[2], Fernandez[3]).

����: 2009-03-12

op��: $%*"#+&' (70771076); $%(1$�&' (70225002)

qr !:  23 (1966–), %, )!, 4"#5$, ,*6%: '&+7-.8'9&'; /0" (1982–), (, 4",*#.
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$�,��*+��	
	�����224�VaR�/!���,34� !!�"%�Æ%�,VaR
56,4
%�2�����78�����5��!���%, 3�-"�	�����*.#6��
VaR 	���/956,4�,/-=6�07���5�, 9�./>:�����1�0�8
��
;���. 2�, ��" VaR /!���#���(%�9?%, <1: " VaR 56,4��	!�=
32��%�#��0;.

VaR /!�
3@9�����4>"�
�AB<?	�
3C4-=��5
%. Jorion[4] 6D

-
56,4��578 VaR �!��� (Risk in VaR) 9:, �9��=E����()	�>-0, ;
�� VaR ��<56,4. =?, Huschens � Ridder[5−6] )���>�#�#@. 9!����!���
� , ��<?#���
D@����� (Dowd[7]) F���� VaR 56,4�Æ!��	. Chou[8]

6D
"���� ?@A6B� VaR �56,4�Æ!�, #@-7 EVT 	��#�56,40�

!������#�56,4�"�. �/<? " VaR ,4!��89#�GCC:H, 3�I��H
AB. ;A< [9] �
D
B�C���-
��()4!� VaR �56,4. JE= [10] 
" CVaR �
���F1, �C�&D()0��
K� CVaR >-GD��H56,4>�. ���EFG(H��?
#, 9�I.EFJ��� VaR ��9/!�#�� ��K��#�<1:�@LA�, $� " VaR
56,4�#���3I�"LM���� VaR <?!���!����,4!�.

GM, 
F9EC#��
NE, 
"OJ�P6N�8B4C�M���()��, ��H;���
M��� VaR56,4�BD!�	�.6O,-
��KHK ��56P�H��(D��0�M��
� VaR56,4�Æ�(!�,�#�Q56,4�E0:@E,9'L��M�0����4@EBD�
 �
NE, ��"����&M��M��� VaR �!���. 2?, ��H��&NM��� VaR 5
6,4	��C4��+C4�������56,4	�0;, D(��(#@���%.

2 #$%s VaR Æ&'()*+,

2.1 -./t VaR 0123
Q>=�	=�Q� X , !()O4� F , R-9�=��/FR�	
K�.�, = VaR �-��(

S4�HT, P:

VaRp = F−1(1 − p),

T�: p �56P�. F−1(1− p) � F �SO4, P p-(S4. GMI��#�=��/�()O4, G��
�
>' VaR ��.

T#��	
K��HI0� VaR �, >- Pt -�
K9�4 t ��5Q, R(q),t -��U/F4R

� q 	��,

R(q),t = ln(Pt) − ln(Pt−1/q),

!� t = {1/q, 2/q, · · ·}.
JK0 ���@E:R(1/q),t , R(2/q),t, R(3/q),t, · · · , R(q/q),t, -�9U t 	SJL/F4R��@E, M

mq,t (�-�9U t 	SJL/ q 	=�Q� R(1/q),t, R(2/q),t, R(3/q),t, · · · , R(q/q),t ��K�:

mq,t = min
(
R(1/q),t, R(2/q),t, R(3/q),t, · · · , R(q/q),t

)
,

N��Q� mq,t (�T!9L��() (GEV)(Jenkinson[11]):

Fmin(m; µ, σ, ξ) = 1 − exp

{
−
[
1 + ξ

(
m − µ

σ

)]1/ξ
}

(1)

!� ξ, µ, σ (�U4HMC4, S5C4�V%C4. 9 (1) T�LM���()�>-L/���WO
�()�, P�JKT1����AB%, $��@4C��>VWO�, E ���()G��W��!
��*(), Tutan[12] ���M���()XQ�����3/, GM, 0FNB Tutan ���M���(
)���.

6O=L GEV ()��S5C4�E�������V%O4, P AR(1) ����-�Y:

µq = µ + ϕmq−1 (2)
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FT (2) ����GD�4 ϕ �ZZO49[E������ZOJ��K[T���BDÆ��6

N.
GEV ()��V%C4�HMC4�BD�%��(�C4��:

σq = σ + λ1(εq−1)2 + λ2σq−1 (3)

ξq = ξ + γ1(εq−1)2 + γ2ξq−1 (4)

T�, εq = mq − µq, -�E��+��6N\2#4 B
���. T (3) ��
4GD��AB�\P%
�IR%.

mq �9L��()���S%()�:

hmin(mq; µq
, σq, ξq

) =
(

1
σ

q

)[
1 + ξ

q

(
mq − µ

q

σ
q

)]((1−ξq)/ξq )
× exp

⎧⎨
⎩−

[
1 + ξ

q

(
mq − µ

q

σm
q

)]1/ξq

⎫⎬
⎭ (5)

9�EM���()�
NEÆ���#M��� VaR:

C − VaRq
GEV = µq − σq

ξq

{
1 − [− ln(1 − p)]ξq

}
(6)

(�NT (2)–(4) RBT (6), ��:

CVaRq = µ + ϕmq−1 − σ + λ1(εq−1)2 + λ2σq−1

ξ + γ1(εq−1)2 + γ2ξq−1

{
1 − [− ln(1 − p)]ξ+γ1(εq−1)2+γ2ξq−1

}
(7)

Y!�I!C4]� θ = (µ, ϕ, σ, λ1, λ2, ξ, γ1, γ2)T,�
�]<2!����# θ̂ = (µ̂, ϕ̂, σ̂, λ̂1, λ̂2, ξ̂, γ̂1,
γ̂2)T, !�<2O4-"T�:

L(θ, q) = −q ln σq +
(

1
ξq

− 1
) q∑

i=1

ln
(

1 + ξq
mq − µq

σq

)
−

q∑
i=1

ln
(

1 + ξq
mq − µq

σq

) 1
ξq

(8)

2.2 -./t VaR u5678Æ
ZC�]<2!���]�
%Q, �@�
� T ��], C4]���]<2!�� θ̂ T![�PQ

�&D():
θ̂ ∼ N

(
θ,Σ

)
(9)

!� Σ = I−1 � θ̂ ��^��^TR, TR I = E
(
−∂2L(θ,q)

∂θ∂θ′

)
,� Fisher 6NTR. S"6NTRU"

�
, 9����_�
\`#�6NTR, P:

I(O) = −∂2L(θ, q)
∂θ∂θ′

∣∣∣∣
θ=θ̂

(10)

 6NTR I �Æ�<!�.
���
�#T (10) �<2O4�a]�4, (� T (3)–(4) �Æb^^RE�, �#:

σq = σ + λ1(εq−1)2 + λ2σq−1

= σ

q∑
n=1

λn−1
2 + λ1

q−2∑
n=1

[
(mq−n − µ − ϕmq−n−1)

2
λn−1

2

]
+λq−2

2 σ2 (11)

ξq = ξ + γ1(εq−1)2 + γ2ξq−1

= ξ

q∑
n=1

γn−1
2 + γ1

q−2∑
n=1

[
(mq−n − µ − ϕmq−n−1)

2
γn−1
2

]
+γq−2

2 ξ2 (12)

NT (2)�(11)� (12) RBT (8), Æ� <2O4-"T�Æa]�4�>K, !��#6NTR I �

!��.
��, S�]<2!���Q%Q (Invariance property), ̂CVaR

q
)� CVaRq ��]<2!��, NC

4]���]<2!�� θ̂ cB (7) T, �� ̂CVaR
q
�-"T:

̂CVaR
q

= µ̂ + ϕ̂mq−1 − σ̂ + λ̂1(εq−1)2 + λ̂2σq−1

ξ̂ + γ̂1(εq−1)2 + γ̂2ξq−1

{
1 − [− ln(1 − p)]ξ̂+γ̂1(εq−1)2+γ̂2ξq−1

}
(13)

ZC Sen � Singer =� 3.4.6[13], ̂CVaR
q
��0�[�()HT:

√
q
(

̂CVaR
q −CVaRq

)
D−→ N

(
0, σ2

CVaRq

)
(14)
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!�
D−→ -�T()�V, N�^��^TR�:

σ2
CVaRq = UT

CVaRq × I−1 × UCVaRq (15)

!� UCVaRq =
(

∂CVaRq

∂θ

)T
.

̂CVaR
q
��^��^TR σ2

CVaRq ���
0T�Æ�<!�,

σ̂2
CVaRq = ÛT

CVaRq ×
(
I(O)

)−1

× ÛCVaRq (16)

�<"6NTR I �>K,UCVaRq ��<!�TR��Y�:

ÛCVaRq =
(

∂CVaRq

∂θ

∣∣∣∣
θ=θ̂

)T

(17)

NT (2)�(11) � (12) ��HRBT (7) Æ� CVaRq �ÆC4>�. ��#66NTR I �!��

Æ��
�#M��� VaR ��^��^TR σ̂2
CVaRq .

GM, ���E;����T (14)–(17), ̂CVaR
q
� 100(1 - α)% 56,4�E0:Æ��-��:

[CVaRq, CVaR
q
] =

[
̂CVaR

q − σ̂CVaRq√
q

zα/2, ̂CVaR
q
+

σ̂CVaRq√
q

zα/2

]
(18)

!� zα/2 -���&D()�
α
2 �(S4.

3 9v:;

3.1 <=>?w@AB3CD

FU
�E_(WSJ_V6�4���
4C, UX 2007 � 1 C 4 L# 2007 � 12 C 28 L`

11616	 5 min ����	��!��
. S"9L��()�(DB�UWa S5C4�V%C4!�
#@KY;]X` (Broussard � Booth[14]), N��(D��)P���#�, GMaYUX 5�30�60 �
240min ��(D��.

E 1 �FGHIJK
5min 30min 60min 240min

Ld2/% 2.790 2.714 3.848 4.715

LY2/% –3.080 –4.696 –4.147 –4.703

Z2/% 0.006 0.022 0.067 0.045

�Ze/% 0.310 0.618 0.885 1.348

[f –55.390 –60.171 –51.768 –44.325

3f 1103.550 660.553 502.404 342.647

ADF –11301.951 –4563.312 –2969.302 –883.632

- 1 � ��4C�

��, !��(D�����?�, �
���H��^��=��g�[A
�7Z[A�\K, ���[A�a�4C�%B]
	�\bE]\K>�^, ��^�[]-7]D�

^��A7Z�AB. �N=��g�[A, _%�h%�H ADF �����;7Z�0b\K, -78
B4C, _!� 5min 4C-���7Z�ch��� .
3.2 -./t VaR u56723


F6O9���(D��0���]<2!��#9L��()�Q�S5C4�V%C4�HH

MC4, ��(D���!�#@�- 2 _�.

E 2 MNOPQRSTUxOVWXYZI[\
�`�Z µ ϕ σ λ1 λ2 ξ γ1 γ2

5min –0.0023∗∗∗ 0.8795∗∗∗ 0.0098∗∗ 0.5528∗∗∗ 0.1346 0.1130∗∗∗ 0.0114∗∗∗ 0.2240∗∗∗

30min –0.0026∗∗∗ 0.9073∗∗∗ 0.0084∗∗ 0.5837∗∗∗ 0.1911∗∗ 0.0957∗∗∗ 0.0045∗∗∗ 0.2388∗∗∗

60min –0.0031∗∗∗ 0.8974∗∗∗ 0.0103∗∗∗ 0.6342∗∗∗ 0.1764∗∗ 0.1453∗∗∗ 0.0122∗∗∗ 0.2855∗∗∗

240min –0.0038∗∗∗ 0.9036∗∗∗ 0.0105∗∗∗ 0.7063∗∗∗ 0.1823∗∗ 0.1436∗∗∗ 0.0126∗∗∗ 0.3029∗∗∗

`: ** ica 5% daefb, *** ica 1% daefb.

�- 2!�C4� t���_�,9L��()!��]*(C4#@9 5%56%0ZO, !� µ�ϕ�λ1�

ξ�γ1 � γ2 9 1%56P�0�ZO. µ �!�#@^�dK�\K, �)�(D�g[A�!�K��j
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a]"(D�gdK���K�>�^. σ �[])-7=��g[]�
�ABAb. _�� λ1�λ2 �&

N λ1 �7Z]" '� λ2 �, -7 εq−1�σq−1  σq �X`�&]�, �N+��6N�X`]"E��
V%C4 0��V%C4�X`. ��, _�� γ1�γ2 ��&N γ2 �]" '� γ1 �, -7 εq−1�ξq−1

 ξq ^�&]�X`, �NE��HMC4 0��HMC4�X`]"+��6N�X`. GM, !C4
!�#@��?�: 1F>-��W�&cCV%C4�HMC4^�7Z��Q� , ������'�
8B���4@E�@9�M�c�^, !���&cC8B4C��^��ch��� .

�� VaR �/!�I�ZC��AB�Q�4k\ VaR �!��, T
	K�;]AB�HI0, �
��78!���g^��, 56,4�78 VaR ��!���9:����. - 3 ���56P�0�
�(D�� '� VaR 56,4�E:�0:H,4d%���cC.

E 3 MNy]^_`MNOPazy]bcWdxJK
deda �`�Z de*/ee de*/he */ef

95%

5min –3.72×10−2 –4.68×10−2 7.12×10−3

30min –3.77×10−2 –4.71×10−2 7.24×10−3

60min –3.69×10−2 –4.65×10−2 7.45×10−3

240min –3.63×10−2 –4.73×10−2 7.68×10−3

99%

5min –5.42×10−2 –6.31×10−2 9.31×10−3

30min –5.32×10−2 –6.34×10−2 9.53×10−3

60min –5.37×10−2 –6.46×10−2 9.45×10−3

240min –5.28×10−2 –6.33×10−2 9.64×10−3

!- 3 ��.���56P�0��(D��56,4d%�4�f�9 10−3, ;l�,4d%-7
	�^�W��!�"%N!��^�;K��^.99%�56P�0�,4d%�7Z]" 95%�56P
�0�,4d%, �N=�(D�g�[A, ,4d%f[Q], ,4d%�[] '"!���^�QB,
�-7���(D��a;�7ZX`56,4�!�#@, TX;]�(D�, (D\
��d2a9�
=�%EbmC4!����%. GM, !- 3 �>���#@��?#M��� VaR 56,4�BD!
�	���\bEW��%�M��� VaR 9/!�����g^��, 9
	ABA]�����V6
859������CJ.

i 1 �9 5min (DM�056P�� 95%�M��� VaR H!56,4E0:. i 2 � 5min (D
M�056P�(�� 95%� 99%�M��� VaR 56,4d%�gK0;.

i 1 -7TL��ABA]�, M��� VaR 56,4�E0:QBbf, TL�����]c_A
B�, 56,4d%7ZA], N56,40:�AB7Z]"E:, \	56,4�AB\K���Q�
Sh����]KH!�Q%, 	��aYH����'����QB\KY���.

VaR 5
VaR 5
VaR 5

e 1 5min OPfg`fgUx VaR hibcj`k{��F
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i 2����56P�0M��� VaR,4d%�gK0;,-7 '"E(V6�4 2007�AB;
�bf� 5 C� 10 C�g	�4g, M��� VaR �,4d%���;]�[A, =�AB�Ab, /!
���"�%��;]�_^, M�, BD56,4!�	�Æ��cC� VaR �!���. ��, 9 5min
(DM�056P�i8, ,4d%H!\bQBn%i], =�d%�A], ��56P�0d%j4�
^h)\"7Z. ��-7 ";]�
	AB, 56P��[A���8�'�k�������, ��
��?��gj� I�!�� VaR �, �V6JK VaR �!�����8�*+�	
	����P
�.

VaR 99%
VaR 95%

e 2 95% l 99% mfgUx VaR Wy]bcno|p

3.3 -./t VaR u567023}qr

*(��D(M��� VaR 56,4!���%, �
��h9?�
�C4	��+C4	��

H����	��� ���4gE_(WSJ_V6�4�L���Æ VaR �56,4!�. �1��
%�789��,4!��<1Fl3;2, Chang[15] 6D9 Jorion �
NEi  %�9��	��!
�g^�ÆcC�0;.CJ Chang���9��56,4!��%���, C4	���UX�R-%�
&D()	��t ()>-0C4�i=���	�; +C4	�UX Gauss j!�
�	��1; ����
	���=o

" GARCH ��k)j;BSh5QQ� [16] . !�#@l- 4.

E 4 ~sOVtulvwtxRW VaR y]bcZI[\
+3 deda de*/he de*/ee */ef

m)�p+3
95% –3.73×10−2 –2.87×10−2 8.86×10−3

99% –4.25×10−2 –5.33×10−2 1.08×10−2

mqknk+3
95% –3.68×10−2 –2.33×10−2 1.35×10−2

99% –6.51×10−2 –4.40×10−2 2.11×10−2

ll+mr
95% –4.15×10−2 –3.14×10−2 1.01×10−2

99% –5.65×10−2 –4.13×10−2 1.52×10−2

nmÆo+mr2 95% –5.17×10−2 –4.24×10−2 9.35×10−3

99% –5.74×10−2 –4.47×10−2 1.27×10−2

S- 4 ��?#n�!�	�_%��56,4d%�4�f@L9 10−2, �]"- 3 �BDM��
� VaR56,4	��#�,4d%4�f� 10−3 �!�#@;����	���&D()	�,4d%
�%�"%�n�"M��� VaR 56,4	��!�#@, $�&D()	�@97Z���m!�o,
�����	�� "8B4C��
S"���op9���)U��p, M��� VaR 56,4	�

1. poqr, qs01+3sp Jorion[4] q Chang[15].

2. i 4 �nmÆo+mrde*/etheqr*/efZtq801Z2.
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=�@9�� �9:. ��H$r#&D()	��i=���	��
�	���� LM� VaR 5
6,4�!�, Ni=���	��,4u%�
#@=@L]"&D()	��,4u%, ���� t (
)>-0���*�"&D()�sG. 0;�E>�	� 56,4�!�#@, ��?#
F�_��
�M��� VaR 56,4	��2�
"OJ�P6N�8B4C M��� VaR 56,4�Æ��B
D!�, �N^�;8�!���%, JKT1����AB%�
NE, ��;�sr�'����BD
%�H VaR �!�"%QB.

4 yz

�� 9���!�"%�Æ%�, 
F
"9L����;��M��� VaR �BD,4!�	�,
�#�M��� VaR 56,4�KHK�jHT, ��"����&M�M��� VaR �!���. -

8B4C�/J`���56P�����
u�(D0�M��� VaR,4!�#@�"%�	��
��%. #@-7, S"9L��()�t3� , ���56P��(D#@a M��� VaR 56,4
�!�#@K�7Z�X`; C4	��+C4	��H����	�_%��56,4d%]"M���
VaR 56,4	�!��#�,4d%. GM, 
F�_��� BDM��� VaR 56,4�!�	�
�
"OJ�P6N�8B4C M��� VaR 56,4�Æ��BD!�, �2������&'L�
�M�0����4@E�BD� , �N^�;8�!�"%, ��"��cC VaR �!���.
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