1995

92

181-206

90 12 10

91

91 10 21 )

HD
-HD

NSC 89-2745-P-031-003

-HD

-HD
-HD

HD
—HD

(Barings)

31
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92

(Nick Lesson)

county)

International Settlements BIS)
Accord)
(Group of Thirty) 1993

1997 (G-10)
(standardized)
(internal model)

(1986), Hull White(1998) )

(Orange

(Enron)
1988 (Bank of
(Badle
(Value-at-Risk VaR)

J.P. Morgan (1996) Riskmetrics

(back-testing)

( Hsieh (1988), Meese
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(Monte-Carlo simulation method)
(violation rate)

(1998) 100(1- @)%
v v

Morgan (1996) Duffie (1997) Dowd (1998)

X, t
R

R :In[;t jzlnxt—lnxt_l

t-1

R* = Rtﬁ-i—n’i ::LA » N
t-n+LA,t n n

n= 250

=l
(7]

S R
S = |3 R D

i=1

1-«
Hull  White
N

Jorion (2000)

R,i=1LA,n,

(learning window)
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(constant volatility model Ccv )
t R
R =u+oa, )
a, (independently and identically distributed;
ii.d.) F(a)
(without loss of generality) E(a)=0 Var(a)=1 u o
R l1-«o t t+1
VAR
VAR =7 -,
a, F « F(g,)=«

a, ~N(0,1) Normal a, ~+/(d-2)7dT(d) T(d)

a

& F n— oo F—P u
s——0 — (converge in probability)
VAR P ,vaR VaR =-u—-oq, a

FW  F™ F =)
(working distribution) o g™
T

F VAR™
Vé.R[(W) =01 — SqLW)
n— o

VAR 5>~ o

(asymptotic bias)
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(-u-o9™)—(~p-09,)=(q, -a")o

VaR™ a,” d,
(historical simulation) ( HS )
R=a
a, iid. R
(i-05)/n (empirical quantile)
gs
q(S:HS) = (1_ W) R:m) + WR:m+l)
l-«o t t+1

VaR"™ = [(1-W)R, + WR, ;]

m=[na+0.5] []

HD

Harrell  Davis (1982)
Ridder (1997)
R

R =2

VaR™

R{l)s...sR:n)
R<*1>’A’R(*n) a

VaR"®

w=no-m+0.5

HD
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a, iid. R Ry <...<R,
HD a g
A(HD) _ | pin 1 (mDa-1 (] _ ) (MDE-a)1g -
’ iZl:D<i‘1””B{(n+1)a,(n+1)(1—a)}y ) y} i
B(s;t) Beta 1-a t t+1
VarR"™

Ap(HD) _  A(HD)
VaR[ - _qaf

Harrell  Davis (1982) HD

(exponentially weighted moving average) (
EWMA ) JP. Morgan (1996)  Riskmetrics

(volatility clustering)

F.. R, R,A (information)
t F.. t R
RIFi=p+o03a
a, i.i.d. 1 O,
RIF,

ol =02, +(1-A)(R_, —p)®

O-t2 O-tz—l (R, —u) 2 A
(decay factor) l-« t t+1

VaREMA = f -5, .7
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V4 o

&H—l = \/(1_2)? /ii (Rt—i - F)Z

J.P. Morgan (1996) Riskmetrics
A 094 A 097

— ( EWMA-HS ) F,
t R

RIF,=u+oa

a, ii.d. E(a)=0
Var(a,) =1

Utz = ﬂ“o-tz—l +(@Q-A)(R ;- ﬂ)z

A t t+1
Vé.R[( EWMA-HS)

VéRt(EWMA—HS) _ —r‘—\/(l—/i)i/@ (R, -7)? d,

2 G, (R -4)/6, j=t-n+lAt,

Q>
I

i \/(1—2)22(&”—/&].)2 2

- 18
Hi ZEZRH @
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HD

—HD ( EWMA—HD ) Ry
R

R |Ft—1=:u—|'6tat

a, iid
Var(a,) =1

of = Aol + (A=) (R, — u)°

1 t t+1
VéR[(EWMA—HD)

VéRt(EV\/MA—HD) _ —F—\/(l—/{)i/ii (R _r)2 GOEHD)
i=0

g™ (R,-a;)l6, j=t-n+LA,t, HD

N

& & @ @
(robust)
500 250
250

0.0005

E(a)=0

500

0.015
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t
a, ~ii.d.N(0,2)

t

R

R

a, ~iid.(d-2)/d T(d)

4 =00005 o =0.015

R
()
Linden (2001)
distribution)
6
()
R 6
()
McCulloch (1996)
1
#=0.0005 o =0.015
()
distribution)

)

)

4 = 0.0005

d T

(1)
o =0.015

1)

(double exponential

t R

a, ~iid. R
4 = 0.0005

o =0.015

(double-Pareto distribution)

t R

a, ~iid.

4 = 0.0005

o =0.015

(stable distribution)

t

R

a, ~ii.d.Sable(1.50.10)

R

(mixture normal



190 92 9

R=u,+o.a
a, ~i.i.d.N(0, 1) S

P(s=)=p P(s=2=1-p

p  pel0)) R
N(zul’o-lz) p N(,u2,0'22)
1-p ( Hamilton, 1991) u, =0.0004
o, =0.011338 u, =0.0008 o,=0.022676 p=0.75
()
Hamilton (1989) (Markov-switching model)
t F., t
R

R[ |Ft—1::us[ +Us[a[

a, ~1..d.N(0,2) S (Markov process)

(transition probabilities)
P(Stzllst—lzl):pll P(Stzzlst—lzl):pﬂ
P(Stzllst—lzz): P2y P(Stzzlst—lzz):pZZ

Pu+Pp=Pu+tPpr=1 0<py,p,<1 0<p,, p,=<1

R N(u, 07)
N(lu2,022) R R P11
Rt p12 R[—l Rt
p21 R[ p22
Hamilton (1994) Py,=095 p,=005

p,=015 p,=085 4 =00004 o, =0011338 s, =0.0008
o, =0022676 p=0.75
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()
Bollerdev (1986) (generaized
autoregressive heteroskedastic GARCH)
t F,
t R
RIF.=u+o0s
a =o0,6, GARCH(p,Qq) & ~11.d.N(0,1

q p
2 2 2
Oy =0y + zaiat—i + Zﬂio-t—i
= i-1

a,>0 ¢« 20,i=LA,q, B 20i=1LA,p

GARCH (1,1 4#=0.0005 a,=0.00001125 o, =0.05
B, =09
()

(changepoint

model) t
R 1 &

N(0,1) AJ(d=2)/d T(d) d 5

Chen  Gupta (1997)

t R 1)
a, ~11.d.N(0, 1) o, O 20

4 =00005 o =0.015
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a
a
a
1000
1000 ** a *
a
T
TS T
HS HD
HD HS
Harrell ~ Davis (1982) EWMA-HS
EWMA-HD
EWMA | EWMA | EWMA
Normal T(5) HS HD normal HS HD
_ Q5| 00504" | 00592 | 00510 | 00494 | 0.0550 | 0.0514 | 0.0498*
a=1 (0.0126) | (0.0135) | (0.0117) | (0.0114) | (0.0114) | (0.0104) | (0.0099)
_ Q]| ©0106 | 00049 | 0.0119 | 0.0099* | 00132 | 00120 | 0.0100*
@ =YP4 0.0063) | (0.0043) | (0.0060) | (0.0054) | (0.0066) | (0.0056) | (0.0053)
T(5
EWMA | EWMA | EWMA
Normal | T(5) HS HD normal s HD
_005| %0448 | 00516 | 00515 | 0.0493* | 0.0517 | 0.0517 | 0.0495"
“a=y (0.0121) | (0.0132) | (0.0120) | (0.0116) | (0.0111) | (0.0105) | (0.0100)
_001| 00160 [00106™ | 00117 | 00093 | 00200 | 00116 | 0.0090
a@=r (0.0075) | (0.0062) | (0.0057) | (0.0053) | (0.0075) | (0.0053) | (0.0049)
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HS  HD
EWMA-HS EWMA-HD
EWMA-normal
EWMA | EWMA | EWMA
Normal | T(5) HS HD -normal 1S HD
_ 0,05| 00494 | 00555 | 0.0514 | 0.0493* | 0.0552 | 0.0518 | 0.0493"
=591 (0.0128) | (0.0136) | (0.0121) | (0.0119) | (0.0113) | (0.0104) | (0.0097)
_ 01| 00197 | 00135 | 00120 | 0.0098" | 00233 | 0.0118 | 0.0096"
@ =52 (0.0081) | (0.0068) | (0.0061) | (0.0055) | (0.0076) | (0.0053) | (0.0048)
EWMA | EWMA | EWMA
Normal | T(5) HS HD normal HS "HD
o =005 00300 | 00326 | 0.0512* | 00484 | 0.0421 | 00528 | 0.0497"
~ 7| (0.0127) | (0.0135) | (0.0117) | (0.0113) | (0.0114) | (0.0118) | (0.0113)
o —00]1| 00165 | 00133 | 0.0116* | 0.0086™ | 0.0242 | 0.0119* | 0.0086™
~ 77| (0.0085) | (0.0074) | (0.0058) | (0.0051) | (0.0082) | (0.0054) | (0.0046)
EWMA | EWMA | EWMA
Normal | T(5) HS HD normal HS "HD
o =005 00216 | 00285 | 0.0514* | 00481 | 0.0356 | 00546 | 0.0512*
~ 77| (0.0117) | (0.0127) | (0.0115) | (0.0111) | (0.0115) | (0.0173) | (0.0165)
_0,01| 0119 | 00099 | 0.0117* | 0.0080 | 00193 | 00125 | 0.0083"
@ =52 (0.0074) | (0.0065) | (0.0058) | (0.0049) | (0.0076) | (0.0061) | (0.0052)
EWMA | EWMA | EWMA
Normal | T(5) HS HD normal HS HD
_0.05| 0463 | 00531 | 0.0517 | 0.0494* | 0.0521 | 0.0521 | 0.0496™
@ =591 (0.0121) | (0.0131) | (0.0121) | (0.0117) | (0.0113) | (0.0103) | (0.0099)
_ 01| 00162 | 00110 | 00117 | 0.0097** | 00195 | 0.0116 | 0.0095"
@ =5V (0.0076) | (0.0063) | (0.0060) | (0.0054) | (0.0077) | (0.0052) | (0.0050)
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GARCH(1,1)
EWMA-HS HS
Normal T(5) HS HD -nI(E)\r/r\:\'\a/lllA I_E|_\|/2MA _El_\(\éMA

0.0463 0.0530 0.0517 | 0.0494* | 0.0519 0.0513 0.0492*

a =0.05
(0.0141) | (0.0151) | (0.0138) | (0.0135) | (0.0116) | (0.0104) | (0.0101)
0.01 0.0162 | 0.0108 | 0.0123 | 0.0100** | 0.0174 | 0.0117 | 0.0094*
a=5 (0.0082) | (0.0065) | (0.0066) | (0.0059) | (0.0073) | (0.0054) | (0.0050)
a, =0.00001125 ¢, =005 p, =09 GARCH(L])
EWMA | EWMA | EwWMA
Normal T(5) HS HD normal HS HD
0.05 0.0508 | 0.0598 | 0.0519 | 0.0503* | 0.0547 | 0.0511 | 0.0492*
a=> (0.0158) | (0.0166) | (0.0148) | (0.0145) | (0.0117) | (0.0106) | (0.0101)
0,01 0.0111 | 0.0055 | 0.0125 | 0.0105* | 0.0121 | 0.0117 | 0.0096**
a=5 (0.0075) | (0.0053) | (0.0072) | (0.0066) | (0.0063) | (0.0056) | (0.0051)
T(5)
HS HD
HS HD
EWMA-normal

EWMA-HS
EWMA-HD
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EWMA-HS EWMA-HD
T(5)

EWMA EWMA EWMA

Normal | T(5) HS HD “normal HS HD
0.05 0.0450 0.0515 0.0485 0.0469 0.0516 | 0.0502** | 0.0486*
F=V1 00116) | 0.0122) | 0.0110) | 0.0107) | (0.0113) | (0.0095) | (0.0095)
001 0.0157 | 0.0106** | 0.0143 0.0120* 0.0195 0.0151 0.0125
a=5 (0.0069) | (0.0058) | (0.0057) | (0.0053) | (0.0074) | (0.0055) | (0.0051)
EWMA EWMA EWMA

Normal | T(5) HS HD normal HS 1D
0.05 0.1066 0.1180 0.1094 0.1063 0.0621 0.0519* | 0.0500**

a=0.
(0.0153) | (0.0161) | (0.0136) | (0.0137) | (0.0112) | (0.0099) | (0.0094)
0.01 0.0440 0.0299 0.0357 0.0307 0.0175 0.0124* | 0.0099**
@ =24 0.0107) | 0.0090) | (0.0083) | (0.0082) | (0.0073) | (0.0052) | (0.0048)
EWMA-HS EWMA-HD
EWMA-HS EWMA-HD
( a
)
EWMA-HS EWMA-HD
(TEJ)

(PACIFIC Exchange Rate Server)
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89 91 4 30
8 5 1 90 4 30
20 91 4 30
250
(
Jarque-Bera
p-vaue
a 0.05
HS EWMA-HD
a 001
EWMA-HS EWMA-HD
89 20 30 250
Mean 0.0006 -0.0019
Standard deviation 0.0176 0.0210
Skewness -0.2618 0.2197
Kurtosis 4.,9998 3.5171
Jarque-Bera 42.8335* 4.7458
Sample size 250 264
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-0.02

-0.04

-0.06

250

89 5 1 90 4 30
EWMA | EWMA | EWMA-
Normal | T(5) HS HD ormal | -ns HD
o=0.05| 0.0530 | 0.0568 | 0.0644 | 0.0530 | 0.0606 | 0.0568 | 0.0492
o=0.01| 00227 | 00114 | 0.0152 | 0.0076 | 0.0114 0 0
Jarque-Bera
p-value 0.0780  0.4310
HS HD
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EWMA-HS EWMA-HD
90 5 1 91 4 30 250
Mean -0.0022 0.0004
Standard deviation 0.0210 0.0190
Skewness 0.2165 0.2016
Kurtosis 3.5805 3.1012
Jarque-Bera 5.1024 1.6833
Sample size 250 243
0.06
0.04
-0.02 h
-0.06 -
0 50 100 150 2(;0 250 300 350 4(‘)0 450
90 5 1 91 4 30 250

30 ( ) 250
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90 5 1 91 4 30
Normal T(5 HS HD -nIcE)\r/r\:1'\:1|A _E|_\|/\éMA E|_\|/\é|v| A-

o =0.05| 0.0288 0.0329 0.0412 0.0370 0.0494 0.0494 0.0453

o =0.01| 0.0041 0 0.0041 0 0.0082 0.0082 0.0082
EWMA-HS EWMA-HD
Jarque-Bera
p-value 0
a =0.05

HS HD EWMA-HS EWMA-HD
a =001 HD EWMA-HD

89 5 1 90 4 30 250
Mean -0.0003 0.0003
Standard deviation 0.0023 0.0025
Skewness -6.8331 2.8807
Kurtosis 85.5762 27.8393
Jarque-Bera 71781* 6681.2*
Sample size 250 251
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0.02 —
0.015 i
—0.005 -
-0.01| =
-0.015
-0.02|
o] 5‘0 160 1&‘30 260 2.‘%0 3(;0 35‘0 4(;0 4‘50 500
89 5 1 90 4 30 250
,“‘ \\ 7‘\\
100 J““ \ 100+ ’,‘ \\
89 5 1 90 4 30 ( ) 250
« )
89 5 1 0 4 30
EWMA | EWMA | EWMA-
Normal | T(5) HS HD normal 1S HD
oo =0.05| 0.0239 | 0.0239 | 0.0558 | 0.0558 | 0.0279 | 0.0438 | 0.0438
o=0.01| 0.0080 | 0.0080 | 0.0199 | 0.0080 | 0.0120 | 0.0199 | 0.0080
Jarque-Bera
p-value 0

HS

HD
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EWMA-normal EWMA-HS EWMA-HD

9 5 1 91 4 30 250
Mean 0.0003 0.0002
Standard deviation 0.0025 0.0020
Skewness 2.8731 4.3050
Kurtosis 27.7426 33.6165
Jarque-Bera 6603.2* 10399*
Sample size 250 251
0.015 *
—0.005 B
70010 5‘0 1(‘)0 léO 2(‘)0 25‘:0 3[‘)0 3é0 4‘00 Aéo 500
90 5 1 91 4 30 250

600

4 500

4 400

4 300

< 200

\ 1 100

0 L L
-0.03 -0.02 -0.01

9 5 1 91 4 30
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O 5 919 4 30
EWMA | EWMA | EWMA-
Normal | T(5) HS HD normal HS HD
o =0.05| 0.0080 | 0.0080 | 0.0199 | 0.0199 | 0.0438 | 0.0677 | 0.0637
a=0.01 0 0 0.0040 0 0.0120 0.0120 | 0.0080
HS HD
EWMA-HS EWMA-HD
EWMA-HS EWMA-HD
HS HD
RiskMetrics EWMA-normal EWMA-normal
EWMA-normal
EWMA HS HD
EWMA-HS EWMA-HD
HS HD
EWMA-HS EWMA-HD
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HS HD EWMA-HS EWMA-HD

EWMA-HS EWMA-HD

EWMA-HS EWMA-HD

(generalized error distribution) NIG (normal inverse Gaussian
distribution) Hyperbolic

2. T T 5
5 T
(maximum likelihood
method) T
3. EWMA-normal EWMA-HS EWMA-HD /{
Riskmetrics 0.94
y)
4. EWMA GARCH(1,1)
GARCH HS HD

5.

LR ( Kupiec (1995) ) (

(2001) )

6.

a=0.01
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The Impact of Asset Return Distributions
on Value-at-Risk

Y1-PING CHANG, Ming-CHiIN HUNG, CHe-Hung CHEN

Department of Business mathematics, Soochow University

ABSTRACT

Since the Capital Adequacy Directive of BIS suggest a bank to maintain risk capital adequate to cover its
future possible losses by using Value-at-Risk (VaR) over a ten-day holding period on 99% of confidence level,
VaR has become a popular measure used in financial risk management and a wide variety of VaR estimating
models are available. It is interested to know that the impact of different return distributions on the VaR
estimation.

In this paper, we simulate asset returns data from various distributions, including normal, t, double
exponential, double Pareto, stable distribution, mixture normal, Markov-switching, GARCH(1,1), and
changepoint model. Then we estimate the VaR via various methods, including constant volatility, historical
simulation, HD, EWMA, EWMA-HS and EWMA-HD methods. It can be shown that, through simulation, when
the assumed distribution of asset return is different from the true one, the estimation of VaR through constant
volatility method does not work well. When the asset return change dramatically, such as the occurrence of
Asian financial crisis, we find that the estimations of EWMA-HS and EWMA-HD methods perform best due to
its ability to adjust distribution (quantile) as well as time-varying volatility together. This result supports the
potential use of EWMA with empirical quantile instead of the normal quantile used in Riskmetrics.

Keywords: Value-at-Risk, constant volatility model, historical simulation method, EWMA method,
EWMA-HS method, EWMA-HD method
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