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Q -0.229 (0.026) -0.756 (0.010) -0.172 (0.043)
a 0215 (0.023) 0.204 (0.049)
a, 0.015 (0.041)
B 1.237 (0.031) 0531 (0.045) 1.287 (0.083) -0.185 (0.090)
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Vs -0.206 (0.104)
Vs 0.148 (0.093)
Y -0.127 (0.046)
p 0941 (0.011)
b 0.072 (0.013)
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k 1 2 3 4 5 6 7 8
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. 168 | 1561 | 1480 | 1432 | 1390 | 1357 | 1332 | 1312
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A8k vl A3k EAA §-9A4 52 H71slr] 25k Diebold and
A

Mariano (199%) &A=} vl A (DM AA)S Ak DM A9 7

TS T 3o o &A3rt Edsltl Z(equal predictive accuracy)©]

. <& 52 DM #AA ZAIE AH=gr Aelv 7523 (benchmark)<
A

MSM(@®) 3o & Fa DM AS AHEsisitt. DM $Ae F37t o
(el 7IErFelA EAo] H =23 F(-)ow 1 vide|tt. DM A4 Z 3}
QLIKEE #¢l3ta MSE204 <5717t Al¢]), MAD, RLOGS] 714 544
7} B &40]al pvalue & H-E 5% o]slo] mE MSM 29| o =43}

<3t 4> &A% - 9]#%E(2012-2015)

EAls | 7|7t GARCH FIGARCH GR Comp. ARCH MSM
1 17.40 17.30 17.34 16.69 1528"
5 30.81 3371 39.81 33.79 3452°
MSE
20 91.98 85.24 93.29 92.93 85.32
60 232.36 205.72 235.49 232.65 192.81
1 3.26 3.28 325 3.27 297"
5 478 479 481 487 407"
MAD S
20 777 750 785 7.93 6.65
60 12.86 12.21 1296 12.79 953"
1 2.36 2.31" 2.37 2.35 2.58
5 312 307 312 311 331
QLIKE -
20 381 374 3.82 3.84 401
60 456 443" 458 458 459
1 1.93 1.9 1.99 2.04 1.82°
) 5 0.24 0.24 0.24 0.25 018"
RLOG
20 015 0.14 0.15 0.16 0.11
60 018 0.16 0.18 0.18 0.13"
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<3t 5> Diebold—Mariano

0!

o AESE

7

o WEY o5

3 =

AA — ¥ E AA(2012~2015)

TAlets | 71zE GARCH FIGARCH GR Comp. ARCH
1 -3.06 (0.00) -3.21 (0.00) -3.06 (0.00) -352 (0.00)
MSE 5 -2.17 (0.03) -1.72 (0.08) -2.27 (0.02) -255 (0.01)
20 -0.89 (0.37) -0.02 (0.98) -1.10 (0.27) -1.20 (0.23)
60 -1.81 (0.07) -0.50 (0.62) -2.02 (0.04) -2.23 (0.03)
1 -4.87 (0.00) -5.79 (0.00) -4.80 (0.00) -7.44 (0.00)
MAD 5 -4.76 (0.00) -4.72 (0.00) -4.89 (0.00) -5.42 (0.00)
20 -2.72 (0.0D) -1.83 (0.07) -0.66 (0.51) -3.30 (0.00)
60 -4.14 (0.00) -2.99 (0.00) -1.53 (0.13) =471 (0.00)
1 1.50 (0.13) 2.26 (0.02) 1.31 (0.19) 1.23 (0.22)
5 -0.20 (0.34) 0.54 (0.59) -0.39 (0.69) -0.81 (0.42)
QLIKE
20 -0.44 (0.66) 0.82 (0.41) -0.66 (0.51) -0.81 (0.42)
60 -1.35 (0.18) 0.22 (0.82) -153 (0.13) -1.72 (0.08)
1 -6.32 (0.00) -860 (0.00) -6.37 (0.00) -8.87 (0.00)
RLOG 5 -5.54 (0.00) =577 (0.00) -5.57 (0.00) -6.05 (0.00)
20 -3.85 (0.00) -2.91 (0.00) -3.98 (0.00) -4.02 (0.00)
60 -4.27 (0.00) -2.96 (0.00) -4.36 (0.00) -4.36 (0.00)

T ()] 2= DM §AIE] pvalues Hebd. 715232 MSM®) 234,

3. P84 7 E(Robustness Check)

W54 A5 xR 77t wet v2A Jebd 5 glch aElER
3191 9] F(out-of -sample)ol| &= 27 ol A Felgh WgA] oS4} A A o
2 dehder] geld 27} ik A o mE 717HE 309 s ouE
T7ro R WrglEdl Zh2 20129-20134, 201313-20144, 201411 -201543 0. &
Zpzy 2] 717k sffdgiet 3709 ek ol Fatel disle] <& 6> <& 8>
e EATSEE <E OFEH <E 11>7H+ DM A4 232 el

3N 39 EES tAo R HASAAE BT A A WA 7|7H2012

%! w3o] 16709 £Agg F SlelA 415 ek
o} vlmede) vle] d5shly #ekslrle o ez welth a2y
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HHXIEHAT @ M 153 H2=

U= 7)17H20131-20144, 20143-2015%)2] 749 16719] £413 & QLIKE
= A3 Y A] 1270014 MSM 280 $-9]5 Holx it} o]} ke A
= A1A 5’4:%:_%5: IR %ﬂﬂ*—#f‘& ﬁﬂrﬂr sz‘ﬂi Ak} QLIKES %

vreblich Zeu ‘ﬂ Hdﬂﬂ 945&% Ate] 3ol *,Mxﬂii “-?71 “11{"‘01] Al

A QRS ez 3 A9 FIGARCHZHo| QLIKE £Ad5dlA = =
2 g EAE Jepd AR oldEln) wgk <& 9>HE <3 11> DM A
s T3l SAZggelA At oS FAA FAE FlF 5 gl

KA AEAT} RE 713 Bt HAE R &AL 2 nyE
AR 2= a%A] 9% F AU FAd £ osdeh 53] A WA 319 9
FE(201249-2013K)> W-sAdo] w2 7|k e R XS oEsy] Mo
= M2 AR AE3] BEg3h= Aol e’ Frterh weha wr]7]e

>~
0

&9l GARCH =33} dAZql W34S 714+ Component ARCH(1,1) 5.3
A EAFpelA £ ASAAAE 7MY 18 E Bt %2
AA z2|a 2] B9 oERE ddez Byl MSM 2o oAt
Hlurgucy A2 A GeEE #eld 5 sl

o
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=

2 AlSEA7I2

<} 6> &43F - 59 9EE 1 (2012—-2013)
=M | 7)2E GARCH FIGARCH GR Comp. ARCH MSM
1 2564 25.86 25.32 2331 2281
MSE 5 60.47 60.14 59.80 56.26" 56.93
20 127.33 12741 12650 125.19° 155.12
60 24957 254.07 25597 276.48 381.15
1 402 413 397 3.87 371
5 573 599 569 557 551"
MAD 20 897 9.24 893" 9.00 9.83
60 11.80° 12.73 11.99 1254 1525
1 2.80 270" 281 276 294
5 358 347" 359 360 375
QLIKE 20 442 426" 445 447 461
60 555 525" 557 558 544
1 1.66 175 1.65 1.66 159°
RL0G 5 0.24 0.26 0.23 0.23 021"
20 015 0.16 0.14 014 0.16
60 021" 0.21 021 0.21 0.25
¥ 7> &4%FE - 9 EE 2 (2013—2014)
=M | 7|2k GARCH FIGARCH GJR Comp. ARCH MSM
1 14.08 14.44 1395 13.83 12.90°
MSE 5 31.07 31.82 30.37 29.95 25.57f
20 61.32 67.19 60.42 57.59 404"
60 140.48 16453 138.14 132.39 121.35°
1 3.10 3.19 3.10 315 293"
5 446 464 443 448 387"
MAD 20 6.44 6.36 6.40 6.33 516"
60 952 1056 952 9.28 809"
1 228 223" 2.30 2.27 245
5 303 297" 3.03 3.00 3.14
QLIKE 20 361 356" 362 362 377
60 417 4117 418 421 438
1 2.14 2.21 2.16 221 2,047
RLOG 5 0.24 0.25 0.24 0.24 0.19°
20 0.10 0.11 0.10 0.10 0.06"
60 0.07 0.08 0.07 0.06 0.05"
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<¥ 8> £ATHE — 319 ¥ E 3 (2014—2015)
TAlgte [ 7(2E GARCH FIGARCH GR Comp. ARCH MSM
1 9.31 8.89 9.50 10.20 789
MSE 5 19.70 17.85 20.37 21.78 12.70"
20 58.98 4593 62.33 62.86 20.25°
60 21774 164.63 218.09 195.40 371"
1 2.53 2.45 2.55 2.70 2.25°
5 3.87 3.63 3.96 4.20 268"
MAD 20 6.66 5.87 6.85 6.93 364"
60 1377 11.76 1379 13.00 466"
1 192" 1.9 1.93 1.9 2.23
5 2.67 2.68 2.67 264" 2.88
QLIKE 20 3.24 3.25 324 3.23" 3.4
60 372" 3.72 372 3.72 3.87
1 2.28 2.23 2.31 241 2.05°
RLOG 5 0.24 0.22 0.25 0.27 0.15%
20 0.16 0.13 0.16 0.17 0.06"
60 0.16 0.12 0.16 0.15 0.03"
<3 9> Diebold—Mariano 7 - 3}9] ¢J3E¥ 1 (2012~2013)
caaets | 72 GARCH FIGARCH GJR Comp. ARCH
1 -2.03 (0.04) -2.44 (0.01) -1.86 (0.06) -0.61 (0.54)
MSE 5 -0.72 (047 -0.66 (0.51) -0.61 (0.54) 0.23 (0.82)
20 1.97 (0.05) 1.39 (0.17) 223 (0.03) 3.01 (0.00)
60 4.13 (0.00) 2.37 (0.02) 34 (0.00) 491 (0.00)
1 -2.72 (0.0D) -4.30 (0.00) *2 39 (0.02) -2.37 (0.02)
MAD 5 -0.92 (0.36) -1.78 (0.07) *O 75 (0.45) -0.40 (0.69)
20 1.55 (0.12) 0.71 (0.48) 55 (0.00) 2.14 (0.03)
60 394 (0.00) 161 (0.11) 521 (0.00) 4.86 (0.00)
1 1.16 (0.25) 1.70 (0.09) 124 0.21) 3.09 (0.00)
QLIKE 5 1.83 (0.07) 1.71 (0.09) 06 (0.04) 1.98 (0.05)
20 3.39 (0.00) 2.83 (0.00) 55 (0.00) 3.68 (0.00)
60 510 (0.00) 394 (0.00) 521 (0.00) 549 (0.00)
1 -1.67 (0.09) -4.84 (0.00) -1.35 (0.18) -2.85 (0.00)
RLOG 5 -1.50 (0.13) -2.51 (0.0D -1.22 (0.22) -1.20 (0.23)
20 161 (0.11) 0.39 (0.70) 1.98 (0.05) 243 (0.01)
60 4.35 (0.00) 2.31 (0.02) 4.61 (0.00) 517 (0.00)

F1 ()3 A= DM 5AFE] p-values HeRd. 7[ER
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<3t 10> Diebold—Mariano

A4 - 39 SEE

0!

2 AlSelTt

2 (2013~2014)

gt | 7zt GARCH FIGARCH GR Comp. ARCH
1 -2.27 (0.02) -3.57 (0.00) -2.25 (0.02) -3.33 (0.00)

MSE 5 -2.79 (0.0D) -3.40 (0.00) -2.87 (0.00) -3.31 (0.00)

20 -2.61 (0.0 -2.58 (0.0D -2.67 (0.01) -2.56 (0.01)

60 -1.28 (0.20) -1.84 (0.07) -1.30 (0.19) -1.19 (0.23)

1 -2.69 (0.0 -4.52 (0.00) -2.75 (0.0) -4.78 (0.00)

MAD 5 -4.20 (0.00) -4.95 (0.00) -4.03 (0.00) -3.88 (0.00)

20 -3.36 (0.00) -341 (0.00) -1.29 (0.20) -3.03 (0.00)

60 -1.90 (0.06) -2.41 (0.02) -0.51 (0.61) -2.07 (0.04)

1 0.95 (0.34) 1.02 (0.31) 0.71 (0.48) 0.71 (0.48)

QLIKE 5 -1.39 (0.16) -1.29 (0.20) -1.41 (0.16) -1.44 (0.15)
20 -1.24 (0.22) -1.26 (0.21) -1.29 (0.20) -1.17 (0.24)

60 -0.51 (0.61) -0.85 (0.40) -0.51 (0.61) -0.41 (0.68)

1 -3.48 (0.00) -6.97 (0.00) -3.59 (0.00) -547 (0.00)

RLOG 5 -4.45 (0.00) -5.51 (0.00) -4.25 (0.00) -4.24 (0.00)
20 -3.19 (0.00) -3.57 (0.00) -3.15 (0.00) -2.95 (0.00)

60 -2.25 (0.02) -2.75 (0.01) -2.22 (0.03) -2.01 (0.04)

T ()2ke] 5:2= DM 5A1%e] p-values b 71232 MSM©®) 239

<3t 11> Diebold—Mariano

A4 - 89l ame

3 (2013~2014)

EAE | T2 GARCH FIGARCH GJR Comp. ARCH
1 -5.12 (0.00) -4.39 (0.00) -5.32 (0.00) -9.96 (0.00)

MSE 5 -6.09 (0.00) -5.31 (0.00) -6.50 (0.00) -6.19 (0.00)

20 -6.39 (0.00) -5.27 (0.00) -6.55 (0.00) -6.46 (0.00)

60 -11.25 (0.00) | -10.18 (0.00) -11.04 (0.00) -10.20 (0.00)

1 -5.98 (0.00) -4.833 (0.00) -6.11 (0.00) -11.06 (0.00)

MAD 5 -7.59 (0.00) -6.90 (0.00) -7.81 (0.00) =759 (0.00)

20 -6.04 (0.00) -5.14 (0.00) -4.14 (0.00) -6.08 (0.00)

60 -14.43 (0.00) -13.13 (0.00) -9.34 (0.00) -12.94 (0.00)

1 1.00 (0.32) 1.52 (0.13) 0.71 (0.48) -0.45 (0.65)

QLIKE 5 -1.74 (0.08) -1.19 (0.23) -1.96 (0.05) -2.17 (0.03)
20 -3.95 (0.00) -2.95 (0.00) -4.14 (0.00) -4.15 (0.00)

60 -9.48 (0.00) -8.36 (0.00) -9.34 (0.00) -869 (0.00)

1 -9.17 (0.00) =790 (0.00) -9.45 (0.00) -11.54 (0.00)

RLOG -7.38 (0.00) -6.76 (0.00) -762 (0.00) -7.36 (0.00)
20 -6.18 (0.00) -5.30 (0.00) -6.31 (0.00) -6.23 (0.00)

60 -9.16 (0.00) -8.75 (0.00) -899 (0.00) -8.44 (0.00)

1 ()8re] A= DM A% pvalues veR. 715 23S MSM®) 234
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W93, 2010, "Forecasting Hourly Electricity Loads of South Korea: Innovations State
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<k
q

Space Modeling Approach,, =73 48t #1173 A2, pp. 301-317.

Asd - A8, 2015, "AE AR A AFEANA e A AY
F8 dZ2ox AL FAOR, S4AA A174 A23, pp. 121-166.

AWA - A7 - Aol A - kR, 2009, T B M-S 1#E ] AY AEdAAA

, WEA7|ehs] A7) s FAE W] A, pp. 23-24.
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glol MSM(@Q) s A=
AaA A B WEA

Ak = oheksk 719 E3S vEh)

R 2(volatility component)& *33 g7}

+
aly

o
o

9lar o]E 984+ Voung =+ HAC-Adjusted Vuong W ol w2 EA14
ol AAAAE T8l FAALL oS Frsof gl
<% A.1> Voung AA
k 1 2 3 4 5 6 7
t-ratio | -1.719 0.210 0.999 0.810 0.798 0.814 0.841
Vuong

p-value| (0.043) | (0.583) | (0.841) | (0.791) | (0.783) | (0.792) | (0.800)

HAC- | t-ratio | -1.889 | 0.299 1.789 1.401 1.307 1.263 1.236
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ABSTRACT

Forecasting Volatility of Weekday System
Marginal Prices : A Multi-frequency Approach

Sang-Heon Lee

This paper uses a Markov Switching Multifractal (MSM) volatility
model to forecast short-, medium-, and long-term volatilities of system
marginal price (SMP) and compares forecasting performances with
several competing models. MSM model is known to describe well-
known stylized facts of the volatility process such as volatility dustering,
regime change, long memory, and substantial outlier with relatively
small number of parameters within a multi-frequency framework. Using
the weekday sample covering from 2003 to 2015 this paper finds
empirical evidence that, in terms of the in-sample goodness of fit,
MSM model shows a substantial improvement compared to competing
models and that, except for QLIKE, MSM model improves significantly
the out-of-sample forecasting performance. This result can be
confirmed from the formal test such as the Diebold-Mariano test. We
also find that main conclusion holds for 2nd and 3rd sub
out-of-samples except 1st. As such the results strongly suggest that
considering both multi-frequency factors and Markov regime switching
in modeling a rather complex process of the SMP volatility make a
critical contribution towards improving the forecasting performance.

Key Words: Systemm Marginal Price, Markov Switching Multifractal,
Volatility Forecasting, Multi-frequency
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