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i THSUAPS(CBP) AS PP FA(SMP)
T8 5=

o OfF

|

Ol =20IM 2= NEIIA TIIRHE TGt 8t= HMSZIAIE HE
FAIDIA Ol HEM(Volatility)Ql 1M =F2 TWIISIAUCE SMPO| Bis HESM
&= (Volatility clustering)t SH2 2l(Fat-tailel SM2 =2dCL R
SMP AlAHIZol RiID|atzol &II1HSZ &I|17I2(Long memory) S0Jt =X
Cl= AAIZS S0IGHICE 0l218 SUE 20l EtysD| 2ol 2R

ok

=
£ FF(d=04341769)5101 AIE2ECZM OHHA AIHLZ BISSIUC & 67IX
D& B ARFIMA(2,0,2)—csGARCH(1,1) t—2XZI2EHS MEGH0] 2A5t 21
SMP HEAME AEQ SHA0 DIZSHH BHS8IR LOBM(a, =0.1765) 01
KEH(p=09991)012H= AtAIS EQOISI/LCE OI2EHOZ FHEH 24712t Sot
O] g HAl &Y HESH P2 <& 312%011 98 EAN 9AIN BsSMd E
o2 2 297% ULt Rel= MY SS9 BHEMZ2 245k= SHtel et

2 N2 BiSM D& S RIS

Z=Q 0 : ARFIMA-GARCH, SMPOISSHAIDHA), BiSd, MATOHAIE
SHNE2SSEE FHMER © C22, C53

(!

« A7) SR8t A4 ]H | & oAt k) uhA1sA (AR, ahnihd336@empal.com
s QAR 71 S 214714k ) el 2| ek 1A (AR, sikang@kpu.ac. ke
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X EHAT @ M 133 M2=

A 2

A7 AAA M SMPY W54 (Volatility)®] A2her 47 52 wle
7HAMste] et w ]lg oladASs ARAA olaTusslE = Aikaket
LSS E F78he nRbEe] A Rl F23F 8o th(Cataldo
et al, 2007). =g, R3HEAMol o|BAA ¥ ofzt AHAA A-R-shA
Ao}, vl FE7IA S $1golA (Risk hedging)dll Z 83 oux] A& U
TAYE 7P 2] oUA] ARARe] 7R F el A e vl
Hemf A Aol FAAAZE 2wl AHrbq s %
Aol - o 2= A gleh

Knittel et al.(2005)2 =7} H 3] 7] (Mean-reverting), 4|

AT, Ar, ANEE JERE vPen A2uA g A )

N
do
=
offt

X,
tlo

&,

2lA a3 Inverse leverage effect)22] &5 &lslgict. Zareipour et
al.(2007)2 e} 2-ele] L(Ontario) 2] AHPAAE it WE4ATE
ekl o JrelEwls, 78, PIMY A AAe] A A7} Aol 243k 2
I oA AHAEL} 2] o] PAMEAle] o] =stkth Theodorou et
al(2008)> HTIARY, 2| HelTHIT(ARMAX Autoregressive
Moving-Average) 23 22|32 dukst 27|32 K-o| A GARCH

Generalized Autoregressive conditional heteroskedasticity) %3-S ©]|-8-3}o]
el AP AlgIHATEA el WS FANIL GArRCHE ] T £

< FA 2 o5Hoe] 1SS #elsdt) Haugom et al.(2012)= PJMe] &

N,

1) AE&A A : System Marginal Price
2) AAo] sFAll g W e =719 S(-)9] FA ulEl <K(+)S FHe] WFAel
o £ 98 v|H= 27

3) Pennsylvania-New Jersey-Maryland
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HEA
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A7

[<=]
<
A A1 AT Ullrich(2012)

(Realized volatility)e]

=
-

X

1

R

5

o,

(Historical volatility)¥} B]aLste] o) 5H &

A

=

7 Q7rdel 34

=
R

3 1,500%, vl=r 2,700%% vHebut

274]
ABA o] emlo]d

o] A7 7 A a} dlo]ele]

g

<N
R

(2010)

o

B

C

(e}

H

ket

S olgstel A7b

[

2Jufe} dewe A

=

[e)

o
B

=

B2 92 4w A

1 Az

L=
L

A A A A el A

)
&

A

gl

=
o

ZHInnovations state space)
Fo g A|Abel|x] mpA)x|

1 A3} Taylor?] o] Al

1A

7}s}17]

T

AP 3.

°
=]

A A

L
R

3 Aol A stk TAkelA

QA7) v $ae o)

<

AELozA A9

o thate] A} SMP dole ] A

A= AAgE V

E

=

oI5

AL AAr 22

g
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X EHAT @ M 133 M2=

T

1. 2783+ 23

AL X, 7F BA AAA AF o] AkEste] Al AA|Ge] H
= A A A AL ARIMA (p,d,q) (Autoregressive Integrated Moving
Average) R¥o2 m¥sl s 4 iy & X7} BoAAelw 1x A&
(1-L2)X,7} ARMA(p,q) 8= w=2H o5 A3} Fo] X, UdnkHal
=8

ARIMA (p,d,q) 282 23

32

| (mteger) (ARIMA)

dv _ d= A
¢(L)(1_L)]Xt =0(L)a,, {dz ;\:(real number) (ARFIMA) (1)

_4

A7IM, pe AZIFHAAR)IEHS] A, g ol EHT(MA) RS A, de=
A(nteger) 2 2HE A58 JvIde) ¢(L)=1- ¢ L~ g,L" -~ ¢,L"+= <
A4 Z7(Stationary condition) & WE3} 6(L) =1—6,L—0,L°—--—0,L"

+ 7194 ZA(nvertible condition) g BFESsh= gl tlskAlo|t} A] (1)el|x] [t
oF q7} A4 (Real numben)2F &, d7F 00] o wAl B4 #Hele] Ageid X,
L 42 AEI% gl AAde] Eu)k ukek g7} Algel AL (1— )%= 4]

A Aol ek olg el S Fal Aolat 4 Ao (R A0

Hosking(1981)ell eJsbd |dl < 1/20]" X, & ¢FgA ol 7Fd=el 3}xo]
Ak 53] 0<d<1/201% X, & A7)Ae] 44 (Hyperbolical)®] 3] =
72:317] wl el 71719 (Long memory)S 7FA A Hck

d1—d) ,,_ d1-d)2—d)

3—...
2! 3! L

D -ni=vi=¥ (=1

— 106 —



g MHZOfAE(CBP) AlISEAIZIA(SMP) Bisd ASEY

ARFIMA(0,d,0) 34 (ldl < 1/2)> Z"HGamma) 35 |83t
T ). w3 ARFIMA (p,d,q) 342 Geweke and Poter-Hudak(1983)2] ¥
2] 2 = 7¥(Periodogram) 3| 7121 o]&dle] 4= wA 243 T R
ARMA BE FAsR= 29 FAHS AR o deh(3 A - A=13 (2002)).

WsA By AAS 2] R & o o5t ko] 2| ok
W52 2(Volatility clustering)®} 5712 22](Fat-tail) 2] 542 Hole AA
A2 Engle(1982)e] Aokst zp7|s|HZAHo|#AHARCH :  Autoregressive
conditional heteroskedasticity) 2.3 2.2 %33} & 4= QIA|qt o] w3 F7AY-
Bk Ale] A7) A2 A soksls EAl7) gle) vbd, ankdl #l7)5H)2A

Fo|BAH GARCH : Generalized ARCH) R0 2 AAs & AAZ 7] A
2 A v‘f‘xﬂg— 3]]73?“ olch. B o= Bollerslev(1986)7) Algkst 5 dut
3} 2713 AF27Ho]#AHs GARCH : Standard generalized A RCH)R233} =
¥ gjrGARCH, ¢s GARCH(Component standard GARCH)®% 5 A| 7}
1719l rugarch 2fo]Heiz|E
o] g3t} AT 4= gl oy GARCHEE F B Ao o]45 A 7xm
ol gk drelck sGARCHRH-2 thid) #Fo] & & & glrh

c

Z] E—“&o =

LU B B

w+ ZC”]1)+ Eaet ;T Zﬂat j 2)

ji=1 j=1

[ - o T—a)
5 (1— Ll E() kX ZW _p =, Wk—(*l)(Z)_W
I(k+d)

X, =0-1)"a,=0(L)a, Qk-:m
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X EHAT @ M 133 M2=

o714, ol ZAFEAE we SJEA Elntercept), i+ HdHEAL] A}
I

S
(Residual)o|t}. GARCH waold] A= nzdolee] dud 7o £4)
q
o

5{3% 4 et

(u)-l- E§]v7t)+z ozet,]-l-fy][t ]ef ; +Zﬂat ; (3)

ji=1

714, 4, HMElA] (Leverage) &2 ©Jvlgiel 4, > 0o]H #H] x| &3}
7F EA%L ARTF = e <009 19 3 F }3’— g 4= 05 A
gt A mge] EA uftol o]mye FZFEE o]4-¥ n|fAd] AH

- q P q
Aoz o)Egt olnye] A& FAelelE P= Do+ D16+ Ykt

=17 j=r =
0
2k oA, ke k=Bl )= [ f01.)de A Oero)el &

AL 2,0 71 gelahZId Fhel 0 oldpt H= &E). o7IA, f= FF
H E2F3 AT EESel L ko WAA 2E 32 059 2

oS 23 oZ Lee and Engle(1999)9] ¢s GARCH(Component standard
GARCH)ERE #4712 ol 7120 EAe] AZ7M(Time varying)she
m3olr} o]nyg-2 WEAdS 974 AE(Permanent component)Z} YUAIH
A B-(Transitory component)>-& H-al|3}= Zlo|t}. AN HAke] of 14 A

e ¢ 2 ¥ FEHE 22 v} o] ¥ ik

=2

=
= —1

- q
6) sGARCH®.3 : P:Z]laﬁ;ﬁf
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g MHZOjAE(CBP) AISEAIZIA(SMP) Bisd 4

q: :w+th71+77(€?71_0t271)

oA7)A, ZAFEAT 2] Aol oF —q,_ = 2ARRAE] AAH A

Eolth. A 24 o, g A 2 15 23 p<1 ot

3. o

£ AdTe felM gk Al 2ol s A ¥, Student t—EER
T & N 2y AAste] 34 U C5¥T GARCH AtEEEFe] o
2~ 0 =

9 %(Log likelihood) 3+ the3} 2}

T
Inf (e, e e Xi0) = Y Inf (e, _ ;:0)
t

o,

AL ]
& p—wEe} 2L MAFEES S 2y AYEFDE 2
o]

=
2 tHEngle and Bollerslev(1986)). GARCH t—H#¥%389] & 193
chewh o] 4HF 4 ek

o >

1

i~ gl )= () P i) ? @

~(v+1)
><[1+efot_2(1/*2)_1} 2 u>2
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X EHAT @ M 133 M2=

A v7b vl 220 o)) A el Mg vrb AFow A fEEd
o TR welE derh

ARCH LM (Lagrange multiplier) A (H, :p—71¢] 25 FAl 17
& w ARCHEIZ} $ith) A3 ARCHEI} 9lv AR vpow 9] 2
©)3F A (D3} 22 deregrs AT 5 olek o]¢ 22 doevx
4 BHHH? BFGS?® Marquart, DFPY %3} 78 42234 3 Numerical

optimization) ¢ E|EE o]-43te] 99 HSFAAE 7 5 Uk

5

. dlelele] 54

AzEAe 200 49 220 20149 69 9UAA 481709 2
SMP A =7} o] g et o] HlolE= g=AH A ] AHFAA R
A|Z~Rl(EPSISNO 6l A] 5asict. d=Add83AN e AZPE SuPE 7

gt M dleleE Aello]AE T3l FNEkAL Stk olFe] e AFEA
R SAFAZAIDE o]&3le] A e}hich
& A= smupe S A7) 98l ADF(Augmented Dickey-Fuller)
HZ(Unit root) A AR A= <E 1> vehd gick svp
AAG-E w9S 7R B el AAE R el

fo

7) Berndt, Hall, Hall, and Hausman

8) Broyden, Fletcher, Goldfarb, and Shanno

9) Davidon, Fletcher, and Powell

0) =AHAYA(KPX), AHEAAH BA 2~ 8(EPSIS), http://www.kpx.or.kr/epsis/

11) R A|2=El9] 2lo]Ba]g]+= 1989 FA#=2] Auckland W& £33} RobertGentleman
3} Ross Thaka o]l o] A5 whgolzlon, 78 37 AZEo|R 555 RA
2] CRAN &9o|A& 53 52 sZ=1 9lch
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o

= MHZOAIF(CBP) AISetAI7IA(SMP) HESd AE=4Y

(& 1) ADF Q|2 ZH™

(lag order=49)

INEIES ADF E7|2¢ p—uvalue

SMP -1.4464 0.5201
InSMP -1.4918 0.5032
fdSMP -5.0948 0.01

AR Bk el smpE oM A A== HEsE] Se dAL
AFAZ 25 FH3te] InSmp Ag =25 Fekth 283 o] InsSMPE <E 2>
9] d=0.4341769% B4 253 Ado] fdSMP o]}

Bandwidth (} Asymptotic Standard deviation
0.76 0.5170997 0.02629273
0.77 0.4900726 0.02519223
0.78 0.4341769 0.02416087
0.79 0.43878%4 0.02316886
0.80 0.4561697 0.02222416

(23 119 A WA sdel el o] Insmwpe] TR A~ EHL 37 NE
7} 0ell w1 Ahztet a2l3 (29 3] 41 WA A insupe] A7)
IAS(ACF : Autocorrelation Function)= A&t A4S veplla gl
u2bA InsSmPe #7171 33 Long memory effect) S 7HA| 1 Q& Aoz
w]lch
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HAXIZHMAT @ XM 13H HM2Z

[a& 1] InSMPe| m|2|Ezin A-ER

T T T T T T
0.0 0.1 0.2 03 0.4 05

Frequency

Series: x
Raw Periodogram

INSMVIP Spectrum
1e-01
|

1e-05
|

T T T T T T
0.0 0.1 0.2 03 0.4 0.5

frequency
bandwidth = 5.94e-05

aejeR B e R EAMIIA fracdiff 2le]B2i2]e] fdGPH? 45 o|§

3}"4 2R B 35 FASvy GPH A2 98] 2% 18 (Periodogram)
ol 43l 3Tl 71&slar vk A7l B g 0<d<0.59] HS
‘41"1] ULER fdSMP= A7) 27719 Er < 7l Alg]zeltt.

(23] 2]l smp IAFe] a]a <3 3>e 7 Algl=e] 7|z FAe]
veht glch <E 3>olA fasmpre] 9= (Skewness)= - 259250 B 9%
o7 a7 BEE v} HE(Kurtosis)E 13.2802 AGFEEAHFE-E]
AS AEE 3Erl HdgkmEsh) 25 dh(Leptokurtic). Jarque-Bera
AR 4084179017 1% Tl e 57 (R, @ ASEETL AT
x3h)S 714 4 ook webA fasmpPe= 74T”Hi~ 2] e e
3| 4 =l e}

i\

(o

12) fdGPH 3t GPH(Geweke and Porter-Hudak)¥j o2 HFaliws 5 3430}
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st

bSE

[

[a& 2] SMP Al2|=

ZoAIE(CBP) AlSetAZ A (SMP) HEd ASE4

(9] + 2/kWh)
smP
g8
8 -
= g
o
T T T T T T
2002 2004 2006 2008 2010 2012 2014
Day
(® 3) Z A2l=2| 7|= SAHE
A= FHagt AUt BE o= H=  Jarque-bera  p—at
SMP 11.02 22517 95.02 0.3989 -0.911 294.2981 0.000
InsMP - 2.400 5417 4.445 -0.4135 -0.179 143.728 0.000
fasmp - -1.301 0.701 0.005 -2.5925 13.289 40841.79 0.000
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HAXIZHMAT @ XM 13H HM2Z

[a8 3] InSMPLR} fdSMP A2|=2| ACFQ} PACF

InNSMP fdSMP
0
0 ©
. 9
w0
s o
<t o -
= - s °
2 v | 8 ,
(3]
E =
o | <]
o
T T T T T T T T T T T T T T
2002 2004 2006 2008 2010 2012 2014 2002 2004 2006 2008 2010 2012 2014
Day Day
Series Insmp Series fdsmp
w0
0 o
2 4 m
@ ]
5o« ] 5
<t
< T4 < 54 l
- o el e 4 e & o e Fredheetied B el o b el d = o
ol | = i e e B L
O EesEs=ss s e e e e e e e === T
T T T T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Lag Lag
Series Insmp Series fdsmp
o |
P 4
) ] 5 o
< 3 | 57 [
S E s 1Y PR PR PR N
S N 1111 | T TP £ EEgEs .-.'d1:‘::‘_.__:4.__'::’_._::';__-:':_
€ o T ] T TN TroeorEREEEEEs g o f
« ] Q]
g
T T T T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Lag Lag

(28 3loll= InsmPet fasmpre) A2z 2 271N ACE: Autocorrelation
Function)¢} A7 |2443HH~PACF : Partial Autocorrelation Function)”} ZH2+ =1
24 otk fasmpe) ACFE A3} Tolch 128k ok+)2] =pr)adate] F7]40
2 vepdar =2 gRagie) oy Aellds o]lHd SAS AW fdSMPE ©]
S3lo] gkellA] AR Al 74 GArRCH B3| el 47 A} (—EE 2
e AAste] ARk

N
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24 A WERS BelFT 9]
[ 4] SMPL| HE TA| IALH

A slizec \Elit( %9

Historical Volatility of 30 days Moving Average

4D 40 8D O 1Ko

T T T T T T T
2002 2004 2006 2008 2010 2012 2014

Time

Historical Volatility of 90 days Moving Average

o
[o9]
2
)
ofm
o
x
d
Y
@)
<
2
T
Ot
0z

=4 (Historical Volatility)
o] FH ol g A&

H.=A(30, 60, 90, 120 O|sSTH)
(F4] : %)

Historical Volatility of 60 days Moving Average

g 4
g B4
I e
e

g4

T T T T T T T
2002 2004 2006 2008 2010 2012 2014

Time

Historical Volatility of 120 days Moving Average

| h
S S
- g B4
: :
A P
8] g
13) R #7]1A] TTR =lelBeie]9] volatility 5 ol8ste] Fslsich o] &

r=r;Fryteetr,

2 Axkgict
n—1




X EHAT @ M 133 M2=

Tl g & FA GAPE WEA He 282.16%(30),
288.79%(60%), 293.69%(90%), 297.12%(1209) & vtehton o] g 7]7to]
ZojA4E ez o] -7 34 (Ghost feature)7} Yebta ¢)
1 olfre AT A ARTA] - Ao HAYE W 1 &
I7F AR AR = 07| 70EEe] Al 7ke] 2] 7] wisolch,

[ 4]olA] b WgAde] AZPE sl AAT HolAut o] ApA|7}
AZb7p WAoo w B 5 gloh sivksbd oAby MEALe 3k n7|7k Eet
A5 E o] gsle] AKX TFAA(EE 4] S vehly] oot i}

i 1
AR ghe A T B Shel w4 5wl g EAe)] bl

(2 4) HE7|&0|| 2|8t ARFIMADS MEH

HHEE I
2 AlC 23 AIC
ARFIMA(2,0,2) -1.0311409 ARFIMA(2,0,2) ~1.685604
ARFIMA(2,0,1) -0.9102614 ARFIMA(2,0,1) -1.535916
ARFIMA(1,0,2) -0.9047201 ARFIMA(2,0,0) -1.530962
ARFIMA(2,0,0) -0.9016392 ARFIMA(0,0,2) -1.529725
ARFIMA(0,0,1) -0.8994882 ARFIMA(1,0,1) -1.529323
ARFIMA(0,0,2) -0.89937%4 ARFIMA(1,0,2) -152929
ARFIMA(1,0,1) -0.8992482 ARFIMA(0,0,1) -1.528693
ARFIMA(1,0,0) -0.8956377 ARFIMA(1,0,0) -1.519659

B ooAg3E w8 AYA Box and Jenkins(1976)7F Azt 7hAA 13

(Principle of parsimony)& F83 7|82 Aokl o] 7|&2 7Fsdt 71

14) f559ke 4 A St do A ek de Wle FREA AT
2002)
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g MHZOfAE(CBP) AlISEAIZIA(SMP) Bisd ASEY

A o FARTE ARt 2¥3) she Zlo|vh m3E opplelAl AHHY
F15(AIC : Akaike Information Criterion) 2ol t—EA=F, ZAH AARA S
(7)) 2 Ao 548 qejste] F3bdor gubsiglrt

ARFIMA (p,d,q) 23¥e] A5A9S $l8] R EA917]1A19] rugarch 2}o]
B2{2]9] autoarfima T5E o4t AICE AXRE Aot <E 4>o YE}
vosioh AARE, - 2Ee tEte] ARFIMA(2,0,2)E¥o] 7P e
AIC #hol Axtele] o|nygE& 74 FiwAARP o g AEsg]rh o] %

H}E ARMA(2,2) HAES wfEc}

T 67 2y FAAINT} <F S>ell AA=E] ol FAAI e »
T TR 1% #FessedAd fo Aew dehgrh b
ARFIMA(2,0,2) — gjrGARCH(1,1) AFEE 232 o2 foA 9
t—HERHNM a,& 5% FFTlM F-oJstdch

ARFIMA(2,0,2) = sGARCH(1,1) A2 5283} t —EE 2| A]&A
spE(P=a, + 3% 22 0990013 09992 ekt 1ol )% 7474 A
g A EA0] gl AR A

ARFIMA(2,0,2)— cs GARCH(1,1) AR E283} (—Hxwge] o 3t
2 7zt 01448529} 0.1765% vhebgdrt. o] 3ol A

A sletvlee] qaks ok o] glol
WAl wkgEA] e AR Y

>

S|
(Permanent component)Z W-5A9 & Uehlls A &4l A orh(A]

(5) FHx).

15) AIC(p) = ﬂn&i+2p

— 117 —



X EHAT @ M 133 M2=

244 stetelelzh 1o s P 19 A AEUE mge] f-43).
<E 5>ollM Rimlel o] AFRES) t—HFO , e ZHh 09999959}
09912 FA4= At uepd HEAL FFdx %] I w28 &
22 ads 4 Ao=g oAkE)

apx
il
)

o3

(® 5) TEAZE HEY 2 =¥ 21t

ARFIMA(2,0,2) —s GARCH(1,1) ARFIMA(2,0,2) — gjr GARCH(1,1)  ARFIMA(2,0,2) — cs GARCH(1,1)

HHex i = i Al i

. 0.01303™ 0.01915™ 0.01214™ 0.01907™ 0.014699" 0.0194"
1 (8.2364) (186906) (781382) (185072) (9.7794) (19.0682)

; 124679 1.24696™ 1.24565" 1.24697° 1.245315™ 1.247*
1 (829.7797) (393385) (T54.7) (46344.7) (1251.6) (35991.5)
P ~0.9965™ -0.99977" -0.9938™ 09998 0996874 -0.9998"
2 (-6462186)  (-371818) (-59%.7) (-53905.4) (-9665) (-37123.3)

i 204197 124667 120005 124665 1217874 —1.2467"
1 (-2234571) (-9555.9) (-2033) (-10479.7) (-405.27) (-8867.3)

i 0.94902° 0.9988" 0.94703" 0.9988™ 0.96042"* 0.9988"
2 (188.2052) (24233.2) (1587) (20099.8) (896.58) (28924.2)

. 0.00056" 0.00258 0.00088"* 0.0032°* 0.000001"* 0.0013"

w (9.0243) (4.8641) (10.94643) 4.22) (55165) (9.0735)
- 0.12616™ 0.25926" 0.00632 0.1629" 0.144852° 0.1765™

“ (13.1682) (55018) (0.68036) (2.3017) (2852.8) (1070.3)
3 0.86385"™ 0.73974™ 0.842° 0.7263"™ 0.833150" 0.8096"
1 (105.7219) (30.9591) (88.96539) (29.2518) (113921.8) (144427.9)

. 0.1983" 0.19057"
" (9.19793) (2.6068)

R 0.999995"* 0.9991""
P (11154.5) (199077.5)
. 0.006689™ 0.1118™
n (6.3019) (67.8973)
. 240687 2.3507" 2.3833"™"
e (31.2869) (28.2852) (66.6364)
_oriz 3308645 4502.646 3385.29 4507.39% 3402.06 4513.682

AlC -1.3704 -1.8657 14018 -1.8673 14084 -1.86%5

F) () W9 4 t—ovalue
wik] 96, wx 5%, * 10% freleEellA el
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o

= MTOHAIZ(CBP) AESADIH(SMP) HEM AZEA

<E 6>~<E 2 FAY 6/ 23 E2 #<k(Diagnostic check) A&
HolFa glrh < 6>ellA Wz 19374 BEAAS A ks AR
(Weighted Ljung-Box test)Z23 2 Z¥o|A 1% fold<tolA F23k
o} webi] ZFFAE A8 (White noise) S whEA] 9= o2 &)
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(# 6) EELIXI 7I5 8-A HHY

ARFIMA(2,0,2) —sGARCH(1,1)  ARFIMA(2,0,2) — gjr GARCH(1,1) ~ ARFIMA(2,0,2) —cs GARCH(1,1)

AR}
NpEE -2 HpEE t—2x NPEE -2
Lag 1 10.94s33 19.09s 7.806% 17,06 12.4253% 14.76%3x
e (0.0000) (0.000) (0.005) (0.000) (0.000) (0.0001)
Ll 20T 636, T 662643505 BA25 650 4 641 43w
s (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L 1o 18Uk 1315165 120005wes  132609sex  128607wes 132708k
e (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

F) () el 4 p—value
wik] 96, wx 5%, * 10% freleellA el

<E I Feo] TR AFY e Rt AAES AAY A2
ARFIMA(2,0,2) — cs GARCH(1,1) t—HX 1232 1 5ollA o317 &
Fi=d

(7 7) EETX} MES 75 822 HHE

ARFIMA(2,0,2) — s GARCH(1,1) ARFIMA(2,0,2) — gjr GARCH(1,1) ARFIMA(2,0,2) — cs GARCH(1,1)

Al
HAEE  (-2E  HFEE  (-2E  FFPEE  (-E2E
Lag 1 10.51 s 0.8314 3.272x 0.2321 13,4505 04311
¢ (0.0011) (0.3619) 0.07) (0.63) (0.000245) (0.5114)
Lag 5 12,84 5.8855% 6.063+* 56129 16,13 5045
e (0.0017) (0.0589) (0.0869) (0.1108) (0.000221) (0.14%)
Lag 9 25,83k 59.636x 15.39 75t 56.42445s 27635k 59.912sskx
) (0.0000) (0.000) (0.0029) (0.000) (0.000) (0.000)

F) () el 4 p—value
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thro s <& 8>3 o] ARCH E3} A=A 4 5 A7) S
& 7V ARCH LM A& 3ysisich. AA445 67 23 =% #2173
oM 1% FelgFols Feskdet. ArRcH LM A AF7H(H,)0]
“ARCH &7} ¢} o|ng AF /e 71745y BE B35S ARCH
FI} ol AR A=t

(¥ 8) 7I%5 ARCH LM #X Zu}

ARFIMA(2,0,2) —s GARCH(1,1)  ARFIMA(2,0,2) — gjr GARCH(1,1) ARFIMA(2,0,2) — cs GARCH(1,1)

Azt

YWEE  t-F¥E  FAEE  (—2E  YFEE  t-E=
ARCH 1.19 3.002 3.272x 3.054x 1.563 2.605
Lag 3 0.275) (0.08315) (0.07048) (0.08053) 0.211) (0.1065)
ARCH 3431 6.335% 6.063* 64183 397 5432
Lag 5 (0.233) (0.05009) (0.08691) (0.04787) 0.177) (0.0816)
ARCH 17.63 7 71431505 15.397 s 6768 15.92s0k3x 72,3625
Lag 7 (0.000) (0.000) (0.00287) (0.000) (0.001) (0.000)

) () We] $3+= p—wvalue
waxl%, wx 5%, % 10% ] 5ENH 2]

B dF3e HuAFSAHMSE @ Mean square error), Alg331Al5-2%}
(RMSE : Root mean square error), 374 t¥E-5 2 XH(MAPE : Mean absolute

percentage error)® 2.3 FA 2o A LE Hr}stglct

(& 9) 2o FHX| HEt=(Accuracy)

ARFIMA(2,0,2) — sGARCH(1,1)  ARFIMA(2,0,2) — gjr GARCH(1,1) ARFIMA(2,0,2) — cs GARCH(1,1)

NAEE ¢ BE  UWEE (- BE  WWEE -
MSE 002085 00222 0.02084 00222 0.02086 002222
RMSE 0.1444 0.14902 0.14436 0.14890 0.14442 0.14905
MAPE 00174 001633 0.01664 0.01604 00181 0.0162
) MSE= i%g, RMSE= ’/iTiziE?' MAPE= iTif): 10;;’

3714, ¢ X Xy, t=1,2,-,4817
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HollA Atw E e} o] FAAI AkAI) T FA =
2 233 A3} B AFE ARFIMA(2,0,2) — s GARCH(1,
S & 18 w5416 A 2 &S #‘Bé}aiﬁ‘r. (29 5]
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m><

A4717H2001.4.2.~201469.) &t ARFIMA(2,0,2)—cs GARCH(1,1)
t—w XYY d§ FA A WA Fd oF 312% TR vyt
(28] 7] 60Y =3t =8]o=H(Rolling forecast method) o= 1%A] A Al
d HEAAS A58 aolthn, A WA A2 2xFdAF AT A
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A2 2] (Actual) 2 53 (Forecast) & e
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n.ahead MSE RMSE MAPE
step 1 0.00238 0.04877 1.19359

1 61 1 61 1 61
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T4 TA T

t=1 t=1

100-¢,
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t
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An Empirical Analysis of the System Marginal
ABSTRACT Price Volatility in the Korean Electricity
Wholesale Market

[lhwan Ahn* and Seungjin Kang**

In this paper, we were introduced to Mark-to-market valuation model
and that evaluated level of volatility for system marginal price in the
Korean Electricity wholesale market. The SMP time series has a volatility
clustering and a fat tail of its distribution. The estimates of fractional
difference (51:0.4341769) confirmed that it is stationary in the mean
level and has long-memory in the long-run. Therefore, the
ARFIMA(2,0,2) —cs GARCH(1,1)  student t-distribution model was
specified for SMP volatility. We found out that the SMP volatility was

not sensitive (o, =0.1765) to the market variation but it was very

persistence (p=0.9991). As a result, the annualized average volatility
(Realized volatility) estimate was about 312%. And the annualized
average historical volatility estimate was about 297%. We propose a
time-varying volatility models as an alternative to analyze the volatility

of electricity spot prices.

Key Words: ARFIMA-GARCH, SMP(System Marginal Price), Volatility,
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