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ABSTRACT

The evaluation of models of volatility estimator

for currency risk management

Lee, Seong Bok
Major in Finance
Department of Business Administration

Graduate School of Sogang University

As the financial market is becoming integrated over the world, the
Korean financial market is more exposed to the outside impact than before
and the impact is noticeable. After the IMF financial crisis in foreign
exchange shortfalls, the importance of controlling market risk factors has
never been greater, as a result of increases in risk factors in the financial
market.

Using VaR model, which is one of the popular risk management tools
used by financial institutes, this research will show the validity evaluation
of estimating foreign exchange volatility in US dollar and Japanese yen .

Many literatures were used to compare EWMA and SMA, which is used
pervasively in practice, or GARCH model. However, this study is to
compare with and evaluate SMA, EWMA and GARCH(1,1) and

EGARCH(1,1), through estimating errors and frequency of failures.
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The followings are general behaviors of WON/USD and WON/YEN
exchange rates found in the research.

First, those rates showed fat—tail distributions, different from the normal
distribution, revealed by the descriptive statistics. Second, I discovered
volatility clustering in time series which provides the reason to use the
GARCH model, which considers conditional heteroskedasticity. Third, I
found out that the time series was stationary through the unit root test,
which 1s necessary for the empirical test of the selected model. Fourth I
noticed the effect of ARCH resulting from testing Heteroskedasticity with
ARCH-LM test. Also, I ensured that there was a validity of using GARCH
(1,1) model. Fifth, I confirmed that there was a leverage effect by cross
correlation test, which is the asymmetric test that results in the property
of EGARCH(1,1).

With these information, I estimated the parameter of GARCH(1,1) and
EGARCH(1,1), the volatility with SMA and EWMA models in back-testing
periods. The followings are the results of evaluating each model's
forecasted volatility with SMA, EWMA, GARCH(1,1) and EGARCH(1,1).

First, I found that the lowest value of WON/USD and WON/YEN
exchange rate exists in all of RMSE, MAE, MAPE and RSE indicators. This
shows that EWMA is the elaborate forecaster among those models.
However, it was the lowest value in MRB indicator. Therefore, EWMA is
the most delicate among four models; regardless of that it was

undervalued VaR in comparison with other models.

- vii -



Second, based on the portion of failure, EGARCH is the most superior to
other models using PF and Kupiec's model. Also, EGARCH was in green
zone, where it is in the WON/USD below the lower bound and WON/USD
above the upper and below the lower bound. Although EGARCH model is
in the yellow zone, which is in WON/USD above the upper bound, it gives
the lowest multiplier. Finally, EGARCH model is said to be more proper
than other models.

Choosing the forecasting model of volatility depends on the subjective
judgments of each financial institution because of the trade—off between
stability and profitability. As we know that VaR is normally used to
estimate the market risks, we would get useful information if we forecast
the time, when the volatility is rapidly increased as the IMF financial crisis

According to this study, EWMA is the best model in estimating volatility
in normal market .But, considering the abnormal market, I conclude that
EGARCH model is the best model because it reflects volatility clustering,
the leverage effect by asymmetry and the unexpected jump-risk in

foreign exchange time series.
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GARCH¢]

A}, geba A

2l (3.14)0 4 A= A2 EAS(decay factor)o]™, OKAK1ICOZ A

8) J.P Morgan Bank. Risk Metrics Technical Manual. New York. J.P Morgan Bank, 1995, P.84

7Z+o] RMSE(Root Mean Square Error)
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T
RMSE = p%t§1(rt2+1 %(t+1 | 1) ( )) (315)

A7NA % WE AEE AE 0] 8351 t+ 1Yo EWMA 230

=
A2 olu gtk EWMA RY 02 78 u) AHgshs A= FAso Aol F

o], 4 Az} P 2= 7Hel A B (consistency)o] Ao = o]
(3) GARCH

Bugk ARAAA 7IHE AbEste] Eabe FAEE oAl 2ES
Engle9¢] ARCH 2 &3 ARCHE %S duFstgt Bollerslevli®e] GARCHE o]
U} GARCH &2 ARCHE &S A4 7l Aoz FAlFA2] 43} 3
5o AREA FHALY] 719 9

ol &3 AEze AFAAE HA s}

o= aesta v Y] AFAA= AFolee] Hu-EAF 5&A

9) Engle, RF.. 1982. "Autoregressive Conditional Heteroskedasticity with
Estimates of the Variance of U.K. Inflation." Econometrica. 50: 987-1008.

10) Bollerslev, T., "Generalized Autoregressive Conditional Heteroskedasticity",
Journal of Econometrics 31, 307-327, 1986
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(French-Schwert, Stambaugh, 1987)1D, o]|zx& 25 (Engle-Lilien-Robins,

1987)12), &2} 5 (Hsieh,198813) =+ Giovannini—Jorion, 198914)) o #-&

SHoAth. w@ 52 AR EL TdE GARCH W29 whEo] Wo, vy

11) French, K. R., Schwert, G. W., and F. S. Robert, "Expected Stock Returns and
Volatility", Journal of Financial Economics 19, no.1, 1987

12) Engle, R. F., Lilien, D.M. and R. P. Robins, " Estimating Time Varying Risk Premia
in the Term Structure: The ARCH-M Model", Econometrica, v55, no 2, 391-407,
1987

13) David A. Hsieh, "Statistical Properties of Daily Foreign Exchange Rates:
1974-1983," Journal of International Economics, 24, 129-145, 1988

14) Giovannini, A. and Philippe Jorion, "The Time Variation of Risk and Return in the Foreign
Exchange and Stock Markets", Journal of Finance 44, 307-325, 1989
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15) Nelson, D. B. , "Conditional heteroskedasticity in asset return : A New approach,",
Econometrica, 59, p347-370, 1991.

16) Black, F., Studies of stock price volatility changes, Proceedings of the 1976
meetings of the American Statistical Asocation, Business and Economics Statistics
Section (American Statistical Association, Washington, DC) 177-181, 1976

17) Christie, A.,"The stochastic behavior of common stock variances" Journal of
Financial Economics 10, 407~432, 1982
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23k A A (non rejection region)< = 1-$%-%H] S (Log-likelihood ratio)] &

T RE Qo)

-2l -p)" " YoN1+2in[(1 —(N/T)MN/T)TT (3.21)

o ghe p7t AR FEoleh AR A 19 AREE 2 ol

<3t 3-3> Kupiec® A S : AHHF(95% 212 Tl A 2] Aajs]5)

FEre EEC S R E E RN
D T=255 T=510 T=1000
0.01 N <7 1<N<1I | 4<N<17
0.025 2<N<I12 | 6<N<21 |15<N< 36
0.05 6 <N<21 |16 <N<36|37<N<KG6b
0.075 11 <N <2827 <N<51|59<N< 92
0.1 16 < N < 36 | 38 <N < 65 |81 < N < 120
« NE 5% frol 42N prt ST ATALE 1248 5 gl ANAFE TF A4S BT

«% Jorion, Value at Risk(1997)

g Zof, 19 AE(T=255,p=0.05)¢ A$ VaRE: Zs= 3¢
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T A E3EE 3 AFEIMAES 7148 5 glth No] 210]4o]™H VaRE & o]

il
ol
4

riu
(P
>
1o
.
T
ox
foy
i
o
—\7‘—]'
PN
o,
)
_OL
Rl
30,
o
o
lo,
=)
of

}31, No] 6o]3lo]™ VaRE &

o] Ztolxl= RS & T AUk dEE0], p=0.05, T=255¢ ] A=A 3
[6/255=0.024,21/255=0.082]°14] p=0.05, T=10009 = [37/1000=0.037,

_40_



65/1000=0.65]% #}olxlt}. o

N

ol
ojn
i

B

b 9]

I<]

37}

[n<7]o]t}. 1¥

o

<8t717F ¥ oA =

A4 o= s}oh

A

Kol
=

3

kos
=4

Foll Al 95% e

<]

255

A w2l 9

[e)

A} pel ghol %

o], p=0.01, T
2 %

=

i)
A

-(‘51_

ks
2 =
=
C}x

ol
=
A

o)

8

, e
ol

3

= Noj H]

-
R

t}

)

o
o

KeN
=

N _
T Y

3

M

oty At VaR7} A

oo
YA

&AM, pel ol

5

o thA 2

==
LN

ol 9 3

95%)74 v &)

=
=

R

= o
T

T

T
AN FE ¢

A dtt. o]

i Y

)

_41_

A& VaRel



Al 47 A7ARS] A A7

A 14 Az A4

IMFE A4 19990 SoAHA A b4l BES B ). upebA
o 7] Al IMF 2] 391710l Al Hlojup b A1 WstES HolFal 9l 19999
o] o] A5 E thAato 7 &} ek <27 4.1>8 19979 HE 20049 5€10
A7A] /e 57 A/ FEo WS RGS BT QT

2250

o /el B

1750
*'
1500 |
1250 |
[}
1000
750 ,._P—J \

500 =

250

\\\\\\\\\\\\\\\\\\\
T 222 TY YT SO oTo®
mmmmmmmmmmmmmmmmmmmmm
ooooooooooooooooooooooo

_42_



® AT AT FEARE FT A AAFAN 2ol A A FEE Al
FEAEE AHGIAT AHEE B /99 BEI /A BEL BFOE 3
Rom, TRV 19999 149 2478 2004 49304744 9] A= E AFE-s)
Ak,

GARCHE ¥} EGARCHE o] 4342 19999 1€ 295 20034 44

ogh

304 71A] 9] SEAES B3 HAAE oA olH, 2003d 5L 1D HE 2004 4

o 3097HA o] FEARE e AG4HrtE & Aol

<EA4-1> AR ES] FEI|F

A/de] &

do
~
<

&

=]
r!

AA A5 [1999.1.1 ~ 2004.5.10(1999.1.1 ~ 2004.5.10 1321

R FA 71z 11999.1.1 ~ 2003.4.30/1999.1.1 ~ 2003.4.30 1071
AFEHZF 71%E |2003.5.1 ~ 2004.5.10(2003.5.1 ~ 2004.5.10 250

_43_



A2 A ATEE

(D) 71=SAEA

He= AAIGA RS SAS AP A g 7E 5

oft
9
>
oo
o
>
b
rir
=3
rh
1o

i

AN o ek AR /2] BR 9/ Be9 B

E7F BGS dotry] 913 Aotk whebA A wTF AR XS wEEA o] et

N
=3
it
>,
o
ki
)
=
@)
=
=)
@)
0)]
@2
5
=8
=
c
=5
@)
@,
@
.
[ab)
@]
0
[
%
vy,
(O]
=
e8]
k)
o
o
)
ot
o
ofx
o>

vheo) <EA-2>E /DY BE} 9/ BE NEEARY A3HE e
gl

<E 4-2> 7S A A

/ey B /&
B -0.001506 0.000359
T 0.000000 -0.023626
ot 1.913773 2.839107
A2z -2.848656 -4.579915
EEUA 0.385603 0.679725
J= 0.051474 -0.133885
A= 7.678540 6.092522
Jarque-Bera 1440.794 633.9287
(P-value) (0.000000) (0.000000)
FEFY 1321 1321

- 44 -



=3
=

fus

OJ/

¥

3} 2. A

o

HEA o

Al
=

S
=

B

=3
=

fus

OJ/

A = (Kurtosis)20)

-
R

AEE ek

?l‘

=
=

)

H 3y =
=

]

[¢]

2

H] o
H] o

T

-

9 %= (Skewness)19} 1L

1

s

e
Ho] e
Ho] e

o
ok
'o;k:

=

ke

il
)

B

=3
=

d/
7} me 7t

2

s

Al
i

b gkol &

=

o A% 39 @2

(Ieptokurtic distribution)& z2t&= Aoz &deA Q).

hya
-

d of 3

%
=4

-

(e}
AR

whebs] HE7t 3ol A mel7b FAL(fat tail), ¥

o

v ol Jacque-Bera AR £4

ruze]
g
ol
Ey
)

.
file)

o

T

A%

7} 99%2] A= <ol
|=]

[}

=
Tt

al

8

Ay
s

13T}, Jarque-Bera

] > x%(2)=9.210¥

=

o

%!
=

o

o} olm x*(2)E

#5744

1

s

1Y

W0 & Ba girEEe

=]
[e]

=]

o
o

L

L

L

L

AX 7} 9.212 4 Jarque-BeraZ 7|

o]
=i

19) 9)=(skewness)
20) H=(Kurtosis)

Ael

o
A
o

B
B

23} ol

21) Jarque-Bera EAX & th

Aol 2 o))

=

=

Al

L

L

Alg]z Aol o] &5
— 45 —

L

L

A, k

L
L

=, K

L

L

'Z—ﬁ', S

=

(¢, N& #



= 712 " weba] /g Ea 94/4

T T
250 500 750 1000 1250

— W ON/JPY

_46_



|3} A FAFEA oA T}

A

REEE

0 &

A
o

=
T

)

2 u2e MR B34 oR

o

2]

ek o7l M= B ATl A ARE = FEA AL AR S S8l

el

94

GARCH

9

el

2]
Sy

}od EGARCH(1,1)2.3

A1 3]

TH

A AN ALA RS HH A

T
B
<
el

puze)

ol

T
o
T

»AO

A

J

(b R471

=& A (volatility clustering)©] YE}

U=

7}

AAD Azl

Aol t}

-
R

el

22 AL

3

HE

o
=

1=
[}

LB(Ljung-Box) Q-& A @225 o] &350t o] AH2 AAE AR2iy o

B

&3} ol ®

o

o
[C=

22) Ljung-Box Q-%7

_47_



<3E4-3> /g

d/ee &&

AC

PAC

Q-Stat

Prob

Q-Stat

Prob

1| 0.073

0.073

8.4962™

0.004 | 1

-0.141

-0.141

31.354™

0.000

2 | 0.010

0.004

8.6483"™

0.013 | 2

-0.077

-0.098

40.672™

0.000

3] 0.014

0.013

8.9655™

0.030 | 3

0.016

-0.010

41.073™

0.000

4 1 0.030

0.028

10.420™

0.034 | 4

-0.022

-0.029

41.819™

0.000

51 0.063

0.059

16.639™

0.005 | 5

0.022

0.015

42.585™

0.000

6 | 0.033

0.024

18.392™

0.005 | 6

0.050

0.053

46.601™

0.000

/9

et

A Shg-e] Al

o

AC

PAC

Q-Stat

Prob

AC

PAC

Q-Stat

Prob

1 0.223

0.223

78.351™

0.000 | 1

0.060

0.060

5.6812"

0.017

21 0.113

0.067

98.553™

0.000 | 2

0.029

0.026

7.0561™

0.029

3 ] 0.081

0.045

108.82™

0.000 | 3

0.003

0.000

7.0705

0.070

4 1 0.033

0.000

110.56™

0.000 | 4

0.084

0.084

18.301™

0.001

51 0.123

0.112

134.42™

0.029

20.666™"

0.001

6 | 0.206

0.165

201.64™

0.019

21.808™

0.001

1) w0 %= 19%,5%,10% 2l =0l AR 98
aol:g

2) Q-Stat+ Ljung-Box Q-%54

LB(p)=T-(7+2)

LB(p)= p7He] A7V daAS7} g1l 0oleh=
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T—k

(&, pE kAIAR] 27
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CE 4-3>& 9/2d BEI} U/ FE AR LB Q-FAZ @3k ATl o
LB Q-5A%< tehla ook, BolA B 2 o] 9/de] 843 9/ 8

3 <3 4-3>0A4 A7 ABAFAC)SE AR ABAFPAC)S] HS A/
2 & o] AlFe BE Aol A o 3he zta glon, BAH o7 Fo]FHl gk
S Hola o, /4l o Al Aol vlRIIA R iR ko e

ZEal ERaL, SAIH o2 FoHel ghe Bolal itk oA d/ge Sa

(o]

Wb @912 A4

€191 714 (unit root test)ol @ AA AR FGAe g A ek W ol
o iR Re] BRI e 2 b AAGART RS 2] 918 B WA
o] ol ojAo} A Fe 1Ak AFOR AFAL A & detel ol

T ojof g,
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kol gt p=1¢%1 AF SdA4S AAdEREA GERS Ve deEs 7HRv
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<R 4-4> o9l A A

Ara ned 49 AR FAE eld A9
ADF Test . Test .
e - Critical value L. Critical value
. Statistic statistic
s
e ADF 1% 5% 10% ADF 1% 5% 10%

/D] |-36.79322|-3.434288|-2.863166 | -2.567684 |-36.78605 | -3.963870|-3.412660|-3.128298

/el |-33.05919(-3.434291|-2.863168|-2.567684 |-33.05083 |-3.963873|-3.412662|-3.128299

A aeld 49 AR FAE el 49
PP Test . Test .
Lan e . Critical value . Critical value
Statistic statistic
A7
PP 1% 5% 10% PP 1% 5% 10%

/g2l |-37.10857|-3.434288|-2.863166 | -2.567684 |-37.09713|-3.963870|-3.412660|-3.128298

/el |-46.29823|-3.434288|-2.863166|-2.567684 |-46.28542|-3.963870(-3.412660|-3.128298

sh& A= 7F Fg A o] 7] wj#o] GARCHE &= Af

ofo
ol
ol
rlr
=
)
i)
ol
ok
~
2
M
=2
g

S RS B THE ALgsE Aol Hgs

24) ADF AALE AAIE EAste A7) Alojste Wio R 42 SHd AIALE & A
S FVslE WS ALESH7] R A3 A H7]|<(information criterion)S ©]-&-3le] HAAAZ
Aele] FFojof gt} B =Roa= AIC(Akaike Information criterion) @ SIC(schwarz Information
Criterion)S #H A3t AlAFE AAAAR dElsiglt. REZ|ZA AAHA A 42 A8l
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(th o]&4tg HA

olzjgk  o|EAAHS HAFL  ARCH(Autoregressive  Conditional
Heteroskedasticity) @37} EAst=71= A58 flalA durdg o2 OLSL

Aol ARCH-LMAA & &8l Lok = At

<3 4-5> ARCH-LM A A 41}

Al =} d/ey ghE A/ g

(lag) | Coefficient P-%k Coefficient P-4t
1 0.069795 0.0232 0.052589 0.0367
2 -0.011255 0.7161 0.029007 0.2495
3 0.022636 0.4637 0.013548 0.5903

ARCH-LMA A& Testdh=tl lojA FF7Hd 2 “3bapzo] pje] A dAA=
Al Al d w) ARCHEZ7F §lvh 7 o]t} wheba] <3 4-6>¢l4 Hofx= 3
A /gy B8 A9 AAAAF 1 oA 5%FeldFo 2 ARCHAR ) 9o
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vkt

o
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Q) NAERE S nyFA

AF7NA = 4/ee] 53 /9 g5 AALGAR ek 27| AR o
A, o] BA A A, v A A A4S E3Fe] GARCH(1,1)3 EGARCH(1,1)

EQE & Ao A AFEstarAl k= GARCH(1.1)3 EGARCH(1, DR 3 9] B4

(7H GARCH(1.1)

ARCH(D)EZ S AT A A AMES A5, 285 AFEE Fol7] 98l
A2HE AR sk A9 AL o] AL B BFY FAHE aete BT
7} Bol R eke] ¥ (principle of parsimony)# o]#4Hd HS A 1719
Al zpol| Al ARCHE #H7F WreR 7] wiitoll GARCH(1.1) 2.3 -& AF-&-3faraf g},

GARCH(1.1)¢] AR 2 vh=3 2ok

2, | Ay ~ N0, ) (4.2)
yt: C+Ayf_1 +2f (43)

he=@+®% |+ 1hy (4.4)

_55_



Log likelihood

B1
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a
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2 - /a2 _
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ks

087

o
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o o] 2] 3

ct.
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EGARCH ®3 3 th<=0]% 3 7 (Simple Moving Average : SMA)E3 % %

o 3

A 7} o] 5 #(Exponentially Weight Moving Average : EWMA) R8-S
3 WS FAMNRIT FAVIZE St AA d/Ey s /4 & Al
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