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Abstract

This paper reviews the categories and properties of risk measures, analyzes the classes and structural equations
of volatility forecasting models, and presents the practical methodologies and their expansion methods of estimating
and forecasting the volatilities of exchange rates using Excel spreadsheet modeling.

We apply the GARCH(1,1) model to the Korean won(KRW) denominated daily and monthly exchange rates
of USD, JPY, EUR, GBP, CAD and CNY during the periods from January 4, 1998 to December 31, 2009, make
the estimates of long-run variances in the returns of exchange rate calculated as the step-by-step change rate, and
test the adequacy of estimated GARCH(1,1) model using the Box-Pierce-Ljung statistics Q and chi-square
test-statistics.

We demonstrate the adequacy of GARCH(1,1) model in estimating and forecasting the volatility of exchange
rates in the monthly series except the semi-variance GARCH(1,1) applied to KRW/JPY100 rate. But we reject
the adequacy of GARCH(1,1) model in estimating and forecasting the volatility of exchange rates in the daily
series because of the very high Box-Pierce-Ljung statistics in the respective time lags resulting to the
self-autocorrelation. In conclusion, the GARCH(1,1) model provides for the easy and helpful tools to forecast the
exchange rate volatilities and may become the powerful methodology to overcome the application difficulties with
the spreadsheet modeling.

Key Words : volatility, GARCH(1,1), long-run variance, Box-Pierce-Ljung statistics Q, self-autocorrelation
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2 53] OECD=7Hs 9 ofAlo} MEsERT= W

w9} o}xgl7le] x| s t = J:T]—Xé&]l?l a3%7F YeERSTtHSauer and Bohara(2001),
pp. 144-145; Clark et al.(2004), p. 84]. B3} ‘FolrJo} 27159

A5l g MEdS 9183
A4 FEFE] Y Jgol U =F HAE dd TH ¢ 2 9HES HdEA
Ad ARE FAAVIRR AdgEd foAom FAAR d3Fs Fv Adow yeEt
[Poon et al(2005), p. 157]. 53] WMEEEA Lol i S7t e 1§ Sde FulEe
o] W5 9 AF JrPANE 2YslEE, MEHEALE 189 2 Wy Wt ool
T 2dd = vk 3 T2} 9 oo]o)3lo] ARFR QI AHSHE 79 avke Tslet
= FYUE, AE, B, Al w2 e AT 52 88 WsdS 89

21 FEA ] 35S 7 AA It Brzozowski(2006), pp. 6-10].

9 T At tigh oS SMITIE SHEHEA A5 fd A9
By ol FHAt, ARCH(autoregresswe conditional heteroscedasticity), GARCH(Generalized ARCH),
SV(Stochastic Volatility) & W& EHEo] WEEATh o]t By FoA o]E4o=
GARCHE.go] --dapH, ‘?i%"o-‘l] =3, WA, dAugAEs & adstr] 918
GARCH?| o3| WaEo] 7o} $ti{ayasinghe and Tsui(2008), pp. 639-650].

2% X]9F Hull(2006), Hansen and Lunde(2005), Silvey(2007), Xiao and Aydemir(2007) 5~
E} GARCH HEE0| vl d=HAA0lA GARCH(1,1)EHo] oJe} L& E0| vl 5314
U 43 AdE Aleste 295 A>T webd GARCH(L,)EZ S #4945 99 48
A AT A2 S0y HelE AT 3 MEA A5l 783 AAE AT otk

B Are 7E drske g A 1A S4Bl ‘ﬂoiur e 5ol Rt

g 98 S 2 JAadE zdEe 38 e 24 9 58 98 7|Ee] AR
s AEstL WEAd A5RYPow de] ARSEIL = GARCH(, 1)”6*4 A8 5 A
W st goldh AE FaAls §lg ANHTAERYS EEstaAl sivh wpeba] A
Aol YESAA Fejot A, FEAALY dSEE=4, WMEA dS553, GARCH(L,])
yol Fadyl HLUHS sta, A3 E $97] Fo gkl Wi U 2 o
W S-8Al50 GARCH(I,)EHS A83 WEA 49 o5 §J3t ATYEAERYS &
Z3 AR ARARE AA S, A4l AE GARCH(1,1)EE S F447)] gt efgA] &
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AA(risk) > EFGtA 18
2 A AR HHu
<X >3 2t

<E 159 ZAAS FoA WEA(volatility) &

o
o olel, ARl mE AE] uielE EEEAE F
o
=

<H 1> ZEHAHCSE A8HE /58X 1 59

e 54| EM
e Ade 855 34 dNE m=E AEvke Ade VxR s AEsgA
A gHE (expert opinion), 474«1 e e ATE BASE vl 7Fse AbE, *Poqﬁéi‘xl-’?, 7]
(probability of | B} SR1HAM AmEe] W@ £ A AL, 7P ofe] 8915E FYASE A
oceurrence) g3to] BEHIER '/]EH‘I“ goz 4 % ]‘Jr AfSEES FAE 59 o] o=
7524
gaA ol ARBEARL Aol o] FEwAtel Wi TFW AL, 1 gol SHwelo] el
dolst AHS BE
W EAA; 513F1 3l (downside risks)2] EFHAT S48k, AEF WES FA
HEA 7P FAEE(UTAEE)S AMEt, AARZgS g Foll, 1 AARIgE9
(volatility) REFEFAAE AR A3E 717 WsAH 0w A
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Oz Om
5 2 “HTAFHT Y HER S5, JFES TBH SHUAE dsie] AaHET)
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Fol7l A TN Foked HE we Fg 34

Bl
Vak AL} obd 9ol s £ARVaR CVaRE 7 AL
‘%]Q}A]L]'E]—?— i d A=~ X = z|o} AL [oXXe) A= =
T dﬂ;b]__-?—_jﬂ “’L]':’—}Zﬁ ‘\J:}\EO] —,—Oi%_] }’1'1 ST }\]L}'a—l—’] 7};(]'5 %T’:C’] 4
gz AR | ofH ZRAE djg S0WELF Py EE 1 FUE F9F(median return) 9t S-S
T E T Py FOE Aol AXE 1 xFHA o E U HEE SA

A} Mun(2006), 39-48; Sinkey, Jr.(1998), pp. 112-115.

SEado] ol MEe FHE(EHAN, leptokurteosis) S ZTh B4
T ¥Wiwol g 2 Wes sk WeA 73 9oE FAAEGS HAlekE HEd
d = S (correlogram)9} t]-5- Box-Ljung E71%
o7 A%E Aol X e oAl HAFER SAT A, HAMEe] FoE W
s &9 S Hole dM A &K leverage effects)7t =4t} A, A=}

=:)
=
3 ARG 2ol B WE AR WEHe] B A&Hol, 2AY FAF HANA
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& Ell(unit root behavior)7} ¥AYSHE 4717191374 (long memory process)©] =A|stc). W
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1549 T2E 9fsiA= ARCH % gE74 ¥54(stochastic volatility : SV)EHES
ol OAA, Y AP S8AIAIGAIRE SAl AESE A9, WY T W
o] ¥FA3ITtHXiao and Aydemir(2007), p. 3; Silvey(2007), p. 103, Poon et al.(2008), pp. 146-152,
Koopman and Uspensky(2002), pp. 667-675].
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<E 2> #H5d 529

ELE! o =0,
3} | AR o,=(0,_ 1+ o9t o oo +0,)/(t—1)
;1 ol o,= (0, 1+ 0,9t o o +o,_ )T
A | AR o,=0—pB)o,_,+B0o,_, md 0< 3<1
25715 N o
W o)=g it oy = Z:lﬂzat—i ‘Zlﬂz
= i = =
o
354 o] ~ ~9 1
S o= — 2 _ —
E,O_ 2R3 o =a; g6 1+ 0—a, )o 1, a4 1+exp(B+AV, ;)
2 | weEd 0= Y101t Vo100t 0 e e
ki g =+ ¢ o, 1+« o +¢0,

gEWEA
(stochastic volatility : =yt o€
sV)

2} ¢ Poon and Granger(2003), pp. 507-509.
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0,9 A o, o F <F 2>9} L T AREFTE <F 2>9] P8 0| %5 E(smooth
transition exponential smoothing)oll X V,_, 2 Zlo]®H I (transition variable)]™, STES-ES®] ti
M= V,_,=¢,_,, STES-AES] WalX= V,_,=le,_,I, STES-EAES] WalXE v, , &
612 le, | 257G goltt

=4, ARCHTFS] 225 s RFEE el r,= ut e, (e,= \/;zf) A S Z+=

ofe] RIS <H 2o 2ol 7Y 7 2lon, CGARCHOM w, = WEA <524

(e7—oi_ell g8l Frxe " ARGE FA4 5 9454 FHLE FAISH,
p=19l 73 o At
AR, S E(stochastic volatility : SV)EHS r,= pu, + ¢, FHOZ FAHH, < 2>

A e 6, = ¢, = zexp(0.507) = z,exp(0.5(w+ Boi_+v,)) Z TFAETHPoon and

Granger(2003), pp. 507-509].

3) GARCH(1,) =3 e] Fda} A8 oy

Bollerslev(1986)7F 7H&gt dwkstel ARCHE S GARCH(1,1)EH-E
(exponentially weighted moving average : EWMA) 23] ARCH(m)EES S Aoz
nhg3} o] AT

(3) cr?:w-l-ae?,l-l-ﬂa,?,l:'yVL-l-oze?,l-l-ﬂaf,l , ~Ytat+tp=1

GARCH(1,1) 2232 AJgtel] whe} ko] A7 V02 54 AR1s= Ao] 9o,

A VIF dVv=a(V,— V)dt+ ¢ Vdz 9] SRS a0 Fd-57 2P (mean- reverting
model)o]th. V> 1, Q1 Aol A2 o9 HER 59 HARE 22, V< V8 A5l £
=

e el HRE Zeth AFe Fr e wEg folrh od AR
GARCH(I,) &S 0|22 o0& EWMARE KT} T vjzlzo|t)

24 w7F 090 9o GARCH(I,)EHLS EWMAR FA49TE w9l #H9-% 23 gkbest-fit
value)o] S22 YEh}E= Aol A, GARCH(1,1) 28-S %23@0111 Porg EWMAREHO R
Aghelolok Ju7} QATHHull(2006), pp. 466-467]. =3+ GARCH(1,1)& th&3} 2& oe] &

= O
Hes Za
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A, Al FolE nE WEgte] 5o AR Qs Wedel o AR avte
Aol S8k, S84 FaRtE FAA w27t A5 Tk WedS SIS
ol veRtal 9tk 12yt GARCH(L,D)EZFL ¢, 9 HIHAAR] 2285 AHgstnz,
olggt eW x| aE s Xk

A, 205 B H5e] EAS SRS A FaEE AdES Akke B
of Al whETE ES B WiTAd S49 avhe Foo] Aagle]l GARCH(L,)EHANA 4
Ao uie} Frkste], MEAe ¢34 i vAy PEE AW 4 g e o)g
o=z QlEl GARCH(I,HEFHS] @& dihd AA2Ee] JIEE It GARCH(L,)E S
BEFAAE AU o R AR Fol 15 2 st T S5 ES 717 v ¢
o] Axlstes 283 4= AUrHSilvey(2007), p. 107].

@) o1 2= Erlod = 0+ aBlel+ BEl0Y] = o+ ad+ o
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of U FRAVVIRASE BT 53 A% kolAe] ERA) glrks AR

ol n,= 0 AlAILo] oFg Wl AZ-S(weak-form white noise)S! A& olw|dttl FEFTHAS

= o AR A ud HUAAL kol e & shel AevdE i,

0iPI=pPy= v s =p,=

L P e Py B Aol SRR 00] obytt

Q= °l&% FEAFTe] glvke= ATl el fFEEde] Ak k9 x
TEE AAS FEIY w9 P-a(FATHE V1A 5 e Ha fogEoR
BRI TFH) S Q5 Y #oRE Agste], 1 53 ANtetE Excel®] §<%1 “CHIDIST
(FAHTE)E o8ty e el @, &, Ar=el ARHE dislete] p-gts gtk thE

HEES 37 adsjof i, aejslor st FIHHFES 5 Aol ARRteor g
th 5N B S ok A =AA] HEAFEA)EC] A gopob ¢-#g 4
AE d5 4 Ak webd $F F829 G55 M A= A7)t Aolol
SFIL2, Box-Pierce-Ljung A1 @, 7} HF=A] Fofol sty A|1E2 o/ FEY FATFTE a

& A%sh= 45l Ljung-Box 074] @, P-gko] AAHE o ool x| A71dtol
EASHA ol O] B/ (adequacy)= AHEE 4= QITHBowerman er al.(2005), pp. 459-460].

M. GARCH(I,)E2%¢] skasA 4 A&

1. A8 A5l thgk GARCH(1,1)2g 9 4§

1) T8 93 &) mFExgeel QokeAH
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o 9 9 WE ARES b W 5 Utk
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[yl wel «=G1/G4"E Y7l aga Aol 9FgH GARCHIA 9]
a+ < 1S AT F UEE “=G2+G3"S 98 F, BEFIHlA dxH =059
= A} ol

T2 “=VAR(C3:C3036)"S %

oA, (6)219] Hol el wel E303741e] Hulgks AFSE w, a, Y FEANES
T&t7] 918l G1:G3 71k 7k Aol 9]9] FES lEste] DSE3036-7K el A #DIV/0! B
ANUM! 59 o5 3t BAE AAZ dHddireld «dele | 8 27)"s AAsa, (23
219 “3f 27] B AA gisPdaret o] «afo] 2, «ghs vhE A, cAld 20E A
Qe Fof| «Adg G5 FEYs] w, o, B9 HAF FES AtE
2194 KRW/USD 3¢ dxpE Atmel oiE] #HA #ES w= 0.0000035,
0.52, 3= 0.4399984 = A=, L5k 29,350339651¢]t). 18]al 44 &
718AH SV, = 0.008856% o] 2.2, Aapd F7|HEAS 1/0.008856% = 0.94107% o]t}

1

—

«

A B c D E F G Ho| o1 J K L |
1 2z} KRW/USD 5 o; 2 -In(o;)-&2/ci w 0.0000035 | atm v, \ u.uussz7%|=VAR(c3:cso35)
2 1997/12/30| 1,449.20 a 0.5200000 | «+B | o 3|=62:63
3 [1997/12/31| 1,415.20 |-0.023461 B 0.4399934
4 1998/01/03| 1,695.80 | 0.198276 | 0.0550% ~63.918257 v 0.0400017 |=1-(G2+G3)

5 | 1998/01/05| 1,695.80 | 0.000000 | 2.0689% 3.878170 | == V, | 0.008856%|=G1/G4

BT e T

3024 2009/12/14| 1,164.90 | 0.001461 | 0.0017% 10.870837 |l

3025 2009/12/15| 1,163.60 |-0.001116 | 0.0012% 11.225868 || SE aE): pmEE

3026 2009/12/16| 1,161.60 |-0.001719 | 0.0009% 11.254998 R —

5 . @ENZM O EHA maHY):

2027 2009/12/17| 1,166.00 | 0.003788 | 0.0009% 10030640 || #H T2 OHNHZM  OHIW  OFMBW:

3028 2009/12/18| 1,173.70 | 0.006604 | 0.0015% 8209332 || 2=z 4@

3029 2009/12/21| 1,178.10 | 0.003749 | 0.0033% 9.895715 || |sG81:5653 =

3030 2009/12/22| 1,179.60 | 0.001273 | 0.0025% 10520437 || e 22

3031 2009/12/23| 1,183.40 | 0.003221 | 0.0016% 10.404724 || sasiscsisen

3032 2009/12/24| 1,183.60 | 0.000169 | 0.0016% 11.055738 || Pl =

3033 2009/12/28| 1,176.70 |-0.005830 | 0.0010% 8.226437

3034 2009/12/29| 1,169.90 |-0.005779 | 0.0026% 9.271114

3035 2009/12/30| 1,170.90 | 0.000855 | 0.0032% 10.318594

30362009/12/31| 1,167.60 | 0.002818 | 0.0018% 10.480034

3037 57 29,350.339651 | =SUM(E4-E3036)

[¢] A T

ElE) o 24 e
A2:C3036 AR
C3:C3036 =B3/B2-1 “Ctrl+Enter’ S §A] 9
D4 =C3"2
D5:D3036 =$G$1+8G$2*C4"2+3G$3*D4 “Ctrl+Enter” S A 29
E4:E3036 =-LN(D4)-C4"2/D4 “Ctrl+Enter’ S §A] 9
E3037 =SUM(E4:E3036)
G4 =1-(G2+G3)
G5 =G1/G4
J1 =VAR(C3:C3036)
J2 =G2+G3

(O3 2] Excel AHE GARCH(1,1)2&29 =7
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(3)2] GARCH(I,)R&e] EFE3} 7] EA&9] FA49E <& 49 2k 97|14 3)
2o Rpgd Uigt FAA FAAA a9 g sstebe TSl dAS A, w et 4 A
Bale] 27 yehdtl 39 FAY R5ES o]gale] dxpER A FE YL o=

52 T E [T 313 Zuh (2™ 31914 Fobrlol F8917] #Fel 1998 19 Z9]
B YR WEA 227 74 Ao, 2008 T FEH F897] AHdE B wE
A FAA7F 7V AA YERTh

<E 4> UXPHE st xR0 Cfst GARCH(1,1) 28 2459 FHX|

KRW/USD | KRW/JPY100 | KRW/EUR | KRW/GBP | KRW/CAD | KRW/CNY
w 0.0000035 0.0000158 0.0000156 0.0000118 0.0000106 0.0000035

«, ﬂ, Y 0.5200000 , 0.4399984 , 0.0400017
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<HE 5 2¥ 2 23} &89 22 S 2(1998.1 72009.12)
KRW/USD KRW/JPY100 KRW/EUR KRW/GBP KRW/CAD KRW/CNY
qr 1,157.47 1,025.57 1,34331 1,936.06 881.53 146.00
X7 o) 12.72898 133265841 17.91508 14.63715 9.112981 1.80083
Zokk 1,172.44 1,019.75 1,277.88 1,902.43 848.21 143.12
gk 1,302.60 1,001.56 - - - 144.95
¥x HA} 152.7478 159.919009 214.9809 175.6458 109.3558 21.61
BA 23331.88 25574.0895 46216.79 30851.45 11958.68 466.993
HE 0.437832 1.38890552 -0.063565 5312941 0.627421 0.98782
= 0.406299 0.92606535 0.806825 1.676475 1250923 1.07193
9| 790.94 790.54 941.89 1,182.90 441,08 96.39
EES 915.86 755.57 962.15 1,606.20 745.93 117.46
gk 1,706.80 1,546.11 1,904.04 2,789.10 1,187.01 213.85
WA 0.13197 0.15593 0.16004 0.09072 0.12405 0.14802
CH 6) Y S8XIZ0| fgt GARCH(1,1) 28 2489 £HX|
KRW/USD KRW/JPY100 KRW/EUR KRW/GBP KRW/CAD KRW/CNY
® 0.0001019 0.0000730 0.0001552 0.0001553 | 0.0004733 | 0.0001319
a 0.5199997 04711112 0.5199997 05199997 | 0.1673460 | 0.5338261
B 0.4399969 0.4352024 0.4399970 04399970 | 0.1426838 | 03561121
¥ 0.0400033 0.0936864 0.0400033 0.0400033 | 0.6899702 | 0.1100618
4 VL 0.254732% 0.077913% 0.387923% | 0.388318% | 0.068601% | 0.119817%
A S = 924.40 1,010.52 859.19 884.38 900.03 920.79
A VL 0.239560% 0.034485% 0.226543% | 0.218317% | 0.214120% | 0.241096%
B 0.9599967 0.90631358 0.9599967 09599967 | 03100298 | 0.8899382
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“=$1$3055*$D3055*B3055"2" S, E3056:F3069- 17+l “=E3055+$1$3055*$D3056%B3056"2"S A
A E T} G3055:H30697-7Fl “=CHIDIST(E3055,$A3055)" S FA] ¢J&3ich

A = B 5 C > D E F G H 1 ] K
& 9| Xt7| & /o7 2| 2, 2, 2 P-3k P-3k

sosa, MR o [xppams| MR/ Ol | QdaYed | g 0l | ouedotn| ™

3055 1 0.1010 -0.0431 1.0010 30.832 5.6155 0.000003% 1.780253% 3018 =COUNT({Q2:Q3019)
3056 2 0.0849 -0.01380 1.0013 52.590 6.5965 0.000000%: 3.8694813%

3057 3 0.2193 -0.0193 1.0017 197.951 77217 0.000000% 5.212788%

3058 4 0.1295 -0.0034 1.0020 2438.645 773571 0.000000% | 10.089123%

3059 5 0.1348 0.0218 1.0023 303.582 9.1895 0.000000% | 10.174198%

3060 6 0.0722 0.02586 1.0027 319.377 11.1764 0.000000%: 8.307645%

3061 7 0.0790 -0.0058 1.0030 338.272 11.2792 0.000000% | 12.689430%

3062 8 01728 0.0452 1.0033 428.660 17.4579 0.000000%: 2.567889%

3063 9 0.0625 0.0777 1.0037 440.476 35.7400 0.000000% 0.004409%

3064 10 0.1388 0.0400 1.0040 498.875 40.5855 0.000000%: 0.001336%

3065 11 0.3212 0.0576 1.0043 811.558 50.6255 0.000000% 0.000048%

3066 12 0.0950 -0.0061 1.0047 838.901 50.7384 0.000000%: 0.000104%

3067 13 0.1533 0.0073 1.0050 910.219 50.9004 0.000000% 0.000209%

3068 14 0.1201 0.0225 1.0053 953.961 52.4316 0.000000%: 0.000238%

3069 15 0.2052 0.0521 1.0057 1081.741 60.6802 0.000000% 0.000019%

[0 7] €2} e /o? 2 Xp7|A2 A 40| TiFt Box—Pierce—Ljung SAZ AX

CE 7> 28 YEXIR0l| TfEt 2 2 €2 /07 © Box—Pierce—Ljung EA | PZL

KRW/USD KRW/JPY100 KRW/EUR KRW/GEP KRW/CAD KRW/CNY

AXH| P-3 P-&t P-% P-Zt P-% P-Zt P-Zt P-& P-3t P-& P-& P-Zt
[Qk(aiz)] [Qk(aizluiz)] [Qk(aiz)] [Qk(EiJ/U\J)] [Qk(Eiz)] [Qk(Eiz/Uiz)] [Qk(siz)] [Qk(E\J/UiJ)] [Qk(aiz)] [Qk(aizluiz)] [Qk(aiz)] [Qk(siz/uiz)]
1 0.0000% 1.7803% | 0.0000% | 0.114786% | 0.0000% | 0.001108% | 0.0000% | 0.000141% | 0.0192% | 0.092743% | 0.0000% | 1.759921%
2 0.0000% 3.6948% | 0.0000% | 0.023481% | 0.0000% | 0.000115% | 0.0000% | 0.000048% | 0.0000% | 0.123932% | 0.0000% | 3.368088%
3 0.0000% 5.2128% | 0.0000% | 0.055027% | 0.0000% | 0.000334% | 0.0000% | 0.000159% | 0.0000% | 0.367983% | 0.0000% | 4.063018%
4 0.0000% | 10.0891% | 0.0000% | 0.033373% | 0.0000% | 0.000708% | 0.0000% | 0.000505% | 0.0000% | 0.801304% | 0.0000% | 8.164060%
5 0.0000% | 10.1742% | 0.0000% | 0.075939% | 0.0000% | 0.001961% | 0.0000% | 0.001510% | 0.0000% | 1.429208% | 0.0000% | 6.650758%
6 0.0000% 8.3076% | 0.0000% | 0.036429% | 0.0000% | 0.003856% | 0.0000% | 0.002690% | 0.0000% | 1.441265% | 0.0000% | 3.877911%
7 0.0000% | 12.6894% | 0.0000% | 0.079956% | 0.0000% | 0.007505% | 0.0000% | 0.001097% | 0.0000% | 2.381360% | 0.0000% | 5.895880%
8 0.0000% 2.5679% | 0.0000% | 0.014327% | 0.0000% | 0.004810% | 0.0000% | 0.000129% | 0.0000% | 0.001025% | 0.0000% | 0.569980%
9 0.0000% 0.0044% | 0.0000% | 0.000985% | 0.0000% | 0.010513% | 0.0000% | 0.000089% | 0.0000% | 0.000752% | 0.0000% | 0.018651%
10 | 0.0000% 0.0013% | 0.0000% | 0.001565% | 0.0000% | 0.001180% | 0.0000% | 0.000001% | 0.0000% | 0.001025% | 0.0000% | 0.001262%
11 | 0.0000% 0.0000% | 0.0000% | 0.000375% | 0.0000% | 0.000002% | 0.0000% | 0.000000% | 0.0000% | 0.000000% | 0.0000% | 0.000053%
12 | 0.0000% 0.0001% | 0.0000% | 0.000797% | 0.0000% | 0.000001% | 0.0000% | 0.000001% | 0.0000% | 0.000000% | 0.0000% | 0.000110%
13 | 0.0000% 0.0002% | 0.0000% | 0.001216% | 0.0000% | 0.000002% | 0.0000% | 0.000001% | 0.0000% | 0.000000% | 0.0000% | 0.000222%
14 | 0.0000% 0.0002% | 0.0000% | 0.002354% | 0.0000% | 0.000003% | 0.0000% | 0.000000% | 0.0000% | 0.000001% | 0.0000% | 0.000234%
15 0.0000% 0.0000% 0.0000% | 0.001161% | 0.0000% | 0.000003% | 0.0000% | 0.000001% | 0.0000% | 0.000000% | 0.0000% | 0.000025%
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gk A <k 3 Zol f o QEAF P-gk
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5% Wkl
o}, whebd 9¥ 2lgel] GARCH(1,1)
I U

(18 6] 2 [1™
[e]
Z}2481o] Box-Pierce-Ljung & Al2] P-#kS
) o =
o] GBPEHE2] 1] AAkgES Al9fshars B
EZ > =]
RE 93te] FEo] BF s%E 28k 9
- - =
FRF AEAE AN BAZ AN, g o5AE AE %
— = 2
CH 8> &g YUXIZ0| h$t e 2 ¢ /o; 2 Box—Pierce—Ljung SH S| P4t
KRW/USD KRW/JPY100 KRW/EUR KRW/GBP KRW/CAD KRW/CNY
NAH P-3 P-Zt P-Zt P-Zt P-Zt P-Zt P-Zt P-Zt P-Zt P-Zt P-Z P-Zt
2 2, 2 2 R 2 R 2 2, 2 2 2,2 2 R
[Qul&] |[Qule /01| [Qule)] | [Qule /o) | [Qule )] |[Qule/oi)]| [Qule)] [[Qulei/o)]| [Quler)] | [Qule/ai)]| [Qu(E)] |[Qule /e )]
1 0.0131% | 7.3045% | 0.0000% | 15.069506% | 0.83847% |50.662437%| 6.7138% | 30.505117%| 2.3186% | 73.382005%| 0.0095% | 8.315962%
2 0.0150% | 17.8534% | 0.0000% | 31.516917% | 0.0949% |78.964342%| 0.1010% |59.066061%| 0.5008% | 93.240100%| 0.0117% |18.451415%,
3 0.0138% | 15.3731% | 0.0000% | 47.172831% | 0.1420% |78.650815%| 0.0031% |78.623755%| 0.0000% | 97.138770%| 0.0128% |18.651659%)
4 0.0409% | 25.1273% | 0.0000% | 53.819932% | 0.2920% |89.717634%| 0.0085% |89.953737%| 0.0000% | 81.633192%| 0.0381% | 30.673246%,
5 0.0477% | 32.1937% | 0.0000% | 58.709543% | 0.3672% |95.570052%| 0.0122% |94.654642%| 0.0000% | 48.685934%| 0.0361% | 36.264266%)
6 0.0503% | 33.5688% | 0.0000% | 63.575138% | 0.0697% |97.887957%| 0.0007% |93.893016%| 0.0000% |48.172133%| 0.0302% |38.133839%,
7 0.0928% | 36.4382% | 0.0000% | 67.515838% | 0.0580% |[92.196929%| 0.0013% |31.775115%| 0.0000% |47.758968%| 0.0398% | 37.077633%
8 0.1318% | 45.6374% | 0.0000% | 49.034209% | 0.0058% |92.401039%| 0.0000% | 32.909323%| 0.0000% | 54.426294%| 0.0526% |45.702051%,
9 0.2538% | 48.7631% | 0.0000% | 44.984707% | 0.0114% |95.606965%| 0.0000% |42.229049%| 0.0000% | 64.042727%| 0.1018% |53.397206%
10 | 0.4502% | 46.2315% | 0.0000% | 49.067496% | 0.0197% |95.735290% | 0.0000% |43.195791%| 0.0000% | 51.814091%| 0.1906% |51.812175%
11 | 0.5731% | 55.2027% | 0.0000% | 57.160246% | 0.0277% |97.514661%( 0.0000% |52.125732%| 0.0000% | 40.591092%| 0.2341% |60.599691%
12 | 0.9531% | 63.0396% | 0.0000% | 62.822807% | 0.0461% |98.641506%( 0.0000% |53.861227%| 0.0000% | 48.563850% | 0.4051% |67.199370%
13 | 1.4481% | 62.4942% | 0.0000% | 69.191865% | 0.0340% |94.922405%( 0.0001% |56.675670%| 0.0000% | 49.012601% | 0.6568% |62.278208%
14 | 2.2148% | 69.7915% | 0.0000% | 56.956300% | 0.0558% |96.738156%( 0.0001% |62.245297%| 0.0000% | 37.046598% | 1.0461% |69.670003%
15 | 2.9210% | 50.2386% | 0.0000% | 60.360155% | 0.0965% |97.317082%( 0.0003% |68.986578%| 0.0000% | 37.114399% | 1.4233% |54.265173%
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(10) E[0i+t] VL (04+ ﬁ)t(ai,_ VL)

[(18 8] GARCH(I,HEZ9] 3& dHxts F4S 338 g5% B2GT
Z2 @4 AAE 09 BE 95} 3Hgo] Baks 03%=2 7HEska, (10)2
oMol g8 AEAL AME Aolth BI:GOTZel “=SQRT(0.3%)"S
B10:G257-7rol] “=SQRT(B$6+(B$3+B$4) $A10%(B$9"2-B$6))"S A <
e 913t 50 ASHE FEh (18 819 Adte] wE 7} 5o mlg =
T 38 WsAdEe] BY F4Y 7] WedoR Biste dHd &

-

e [ 1=
AREFS ol FaL Yk

A B C D E F G

1 KRW/USD KRW/JPY100 KRW/EUR KRW/GBP KRW/CAD KRW/CNY
2 w 0.0001019 0.0000730 0.0001552 0.0001553 0.0004733 0.0001319
3 (-3 0.5199997 0.4711112 0.5199997 0.5199997 0.1673460 0.5338261
4 ﬁ 0.4399969 0.4352024 0.4399970 0.4399970 0.1426838 0.3561121
5 Y 0.0400033 0.0936864 0.0400033 0.0400033 0.6899702 0.1100618
[3) =" Vi 0.254732% 0.077913% 0.387923% 0.388318% 0.068601% 0.119817%
7 = o 5.0471% 2.7913% 6.2283% 6.2315% 2.6192% 3.4615%
3 ZIZEEHE) (E2 o) s A oSA|

9 o 5.4772% 5.4772% 5.4772% 5.4772% 5.4772% 5.4772%
10 3 5.4294% 4.9320% 5.5690% 5.5694% 2.7477% 4.9680%
11 6 5.3867% 4.4832% 5.6489% 5.6497% 2.6231% 4.5752%
12 9 5.3487% 4.1175% 5.7187% 5.7198% 2.6193% 4.2767%
13 12 5.3148% 3.8226% 5.7797% 5.7811% 2.6192% 4.0532%
14 15 5.2846% 3.5874% 5.8332% 5.8348% 2.6192% 3.8879%
15 18 5.2578% 3.4017% 5.8801% 5.8819% 2.6192% 3.7670%
16 21 5.2339% 3.2566% 5.9213% 5.9232% 2.6192% 3.6795%
17 24 5.2127% 3.1443% 5.9575% 5.9596% 2.6192% 3.6165%
18 27 5.1939% 3.0579% 5.9893% 5.9915% 2.6192% 3.5714%
19 30 5.1772% 2.9921% 6.0174% 6.0197% 2.6192% 3.5393%
20 36 5.1492% 2.9043% 6.0638% 6.0663% 2.6192% 3.5004%
21 48 5.1099% 2.8265% 6.1281% 6.1308% 2.6192% 3.4711%
22 60 5.0857% 2.8021% 6.1671% 6.1700% 2.6192% 3.4638%
23 72 5.0708% 2.7946% 6.1909% 6.1939% 2.6192% 3.4620%
24 84 5.0616% 2.7923% 6.2054% 6.2085% 2.6192% 3.4616%
25 96 5.0560% 2.7916% 6.2143% 6.2174% 2.6192% 3.4615%
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