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1. A &

|

AN

AR &8 7} BA187g3 U7l 93-S T Aol 2 T84 o4
SR Bl

o
ek WA, ol x| 2]
1

rlo
lo

=
20l oAl AR A =) ,\1 A7+

Z7¥sra 7gxw x]-o]] PAAQ < olfE A

onl K
)
o
Sl
2
[
e
_>H_,
E
W

3

(Granger Causality) BA1E o]&slo] oLz &H]7}
STt Y EA, ‘g’ﬂ' el AR =57 I FYa

.1_34 sto] oA ¢f thE FYLAE 1t fABAE 43 dFEoltH(Cameron

and Schwartz, 1980; Field and Grebensteinz, 1980; Thompson, 2006. Koetse et

al., 2008).

ol ATl ot AAFES AR &H]| 9 ol BR o] AH| o] WE
D S7he BAVARESY MEde 77 AARGEY WEd ST A
AES 7HAaAZ 4 AH(Bernanke, 1983; Pindyck, 1991; Ramey and Ramey,
1995 Mendoza, 1997 Jovanovic, 2006).3) 53], Hamilton (1988) & 41327 38}5o]
UNH P RY St A oA e} & 12} Fe] HEd ST AQES FSATI
3 FANE AaeAE e Bl
T3t AR 7 o] oA an]e o8l 2 HTH AUR| 4] WFAE SV
yz7kg fisds 7RIt A2 oyuAIZHd #ek AFE FolA Kilian
(2009), Kilian and Murphy (2012, 2014), Baumeister and Peersman (2013) &

ﬂl>’ O_u

—

1) ASAA A s AR a4 A2 (K) # 2% (1) s 23 oUA (B) & &
DA & F71 ez x3eks KLEM3 S #a A7t vis- ghitsl.

2) x| Aot AAAE ko] aA JIBTHAE A% FRE AFEC] EAgT. 1 Fo
A =] AR R AR &n| 7} A A - J I e ASARE AAT tEd
AT2E Oh and Lee (2004), Yoo and Jung (2005), Yoo (2006a, 2006b), Mahadevan and
Asafu-Adajaye (2007) 5°] Stk =] au] 9} 73‘%%]” o] FA) ek H7pd ATAT
E-2 Payne (2010) ol Fel=lo] Slch

3wk AAF Y7L oluR AN Fo) dereEbd kel B Var(Y) e Var(E) 9 a9
Ae] ghrolth
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Aol oA au] WEA W B 7
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=

f7He HIEE AdUR|7HE o] FoFAd o8 A Hti= ASAAEs A
Utk 4 1Y B U] Lan]e] MEo] F7 }_&‘jr‘%'i, AR 714 o] WFA 0] 7

T AUtk AUAIEE HEE SR AEAAC 74 d¥ds T
A At} (Ferderer, 1996; Guo and Kliesen, 2005). Tl-o| o712 HEA]
e ouA] #A Fo] B8-S S7MA tiA WA iEe Al7]s TiEe
et B2= 7441710 (Dixit and Pindyck, 1994; Kellogg, 2014). wWahA, oA
aH|o] MEde] it 2% 8]l Goll Bt A7 FeAd vif- At & 3
=2

e
N9
o

X

ST

(Figure 1) Relationship between volatility of final energy consumption
and industrial production

Industrial Production(IP) index

o

" T T T T T 1
.0000 .0004 .0008 .0012 .0016 .0020 .0024

Final energy consumption volatility

Note: Final energy consumption volatility is represented as conditional variance, which is
calculated from conditional equation, AR (3) for first log difference and variance equation
GARCH (1,1) model (Generalized Autoregressive Conditional Heteroskedasticity). At this
time, the lag order of conditional equation and variance equation is based on SIC
(Schwarz Information Criterion). Solid-line is kernel fit (bhandwidth=0.012) between
Industrial Production index and final energy consumption volatility. Sample period is 1997.
1. ~2014. 8.

22 AqUAZIAY AR Qste] duA 7 gEAdE 4 A ZFASE o] 8
AL Aeksta JYot(Li et al., 2014; Sweeney, 2015).
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(Figure 1) 39| #HF ofufA|&b] Mgy AAAYAS AP & (scatter plot)
2 Yepd Folt}, 7|EATEe] ASAANAM F58 5 U= AAH G
AUUA| &H] RFA Atolell= It 52 A (negative relationship) 7} WEh =

Ean

AL Bele 4 Uy TeuE ouiAaule] WEAe] Z7leh e okge
S 2 7Fso] g ok oA, ouixAu] MEge] Sl Ao vl
A 9 Aole). Bgol, URAAATL (010) & A2 So] Ao} 2L o

=]
Itk aER olux]aH] WEA Hske AR A7 Ee
ol 2 5 9ok

ojAF oA aHe] WMFAo] A - AR ew O FaAo] FobAttel®

27e oA 2] WEA Ws a9 A9l B AT djdon REa
A} &) 32 1

olel AgtollA] B AT 1997 98H9)7] o] % share] ouR| M| MEAS A
2 e e A 7 AES g3t sl ge 2l s

o] 2F x| amle] Mgl disiA 1997d 1958 2014d 8€7kX <)
22 o|8ste] ATuAT Ay, HTF oA an]e] MEde 20029 192
7o o] dHTE 9 50% = g AoR Uehhth FE cux|iv]e] 7
&

o
$ % 29 R 3B PR WAl phsigla, AR e
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gl &3} (The Great Moderation)” &Aol] tiaiA] Ee =97} 2|0} gt} 6) Kim
et al. (2004), Herrera and Pesavento (2005), Stock and Watson (2002), Sensier
and van Dijk (2004) & AAGDPERF ol 2} n]=e] ThE F8 AXNAA Ml =
WY S0 Aol TadETE A AHIsith ¢, the] AFEelM AXA
AAALS] MEd SH4 dde] nl=iEnt ofle, g=, =Y, Hueh, Z@d2 F
0 Fo AxlseA #REths AS5AE A ST (Stock and Watson, 2005
Fritsche and Kuzin, 2005; Bentai, 2008). ©]¢} Z-& AAZEARFES] WEyd ¥}
o] Ao g AA AF-FAY A7 i TAY ASAH A AR Uk
(Gali and Gambetti, 2007; Cannova, 2009).

FEvetE 19979 AAI7E A2 AXNAAAALS] T2 s A
Zohe AF7F ol AT HEAQ AFES oD (2002), w52 - HH
2 (2006), x3F - 41-&(2009) 5ol STk

olA 7 1990 ) FHHEE B JAFH T Qe F8 AN AAEsEe] A
4 #zld] B AFSHE hrF o, U iue MEAd Bt AT 4
A og ne 2aEs Aot} 43 AR 94(201 )= 20001 Tl ~°Mﬂd A

Fd 9 2014) & oA E3F AL 7 FA 0] As)

A ge} A 2000 &0 Yehda e o372 H7]s ( lectricification)
A
le]

ool & & Uxel I F8AANE Betal x| Ao WMEA Wk o
& ATE e Fa ANNGE el drjd o e B A @]
6) A, EFUARE AAME v)= A2 GDP HEAS 19599 ~1983E 7R & 2.7, 1984 ~2007

WA7lA| = 1,282 7H4sla, GDP tZdolge] MEAL 2. 794 0. 758 a8ttt wt
Woo] 717t B}t i 28-S AAGDPE 3.3390A4 3.030.82 A9 WzlelR] ekgkon,

GDP tZelo|Eli 4. 77014 2.48% sjetaigirh.

7)) ANBARTEES] WEY BN e e R4 A7) daE dWske e
‘good Tuck’ 7Hdeleta ek Wb, B)77|5e] Aj)7} fhaw WEA ste dishe

A ‘good policy’ 7Fdolgka g}



AR AUA LN WB e ABA $o] Ao PR ATE ALl
ATsthe 42 melek] WE : e

PYHE A RS SEstas
M. o] &A=

2ol AHSE ARE AU, FAMS, FLWFR TRE 9Tk WA,
oA 2 A FES A HF U an], TEUR BRE AR, 5
71y, 8 PEel A% U &, U9 !
2 A, 4 AR E o] 83T Ui amle] 9FE F 5 e

= AR S Sl UM S ALESTE D) o] F S ol
AIALY Ak, A, AR, EARE 74 7} o 9E A

(¢}
97 v o] MES Bolel hE WD T, 2MARANSE U 443 o)

AEET} A|A|7EA 0] o|A|&bldl] A= 37} A shRo], 7] WEte
AUA B S HSAIT 10 &, 7] 23} oA aH] te] vl - vty #AE

8) AJAYAA = JUFAAHGDP) 9 vlgligee] do R o] g3, Au kx|
3 S EAske] dizliias nad 4= S Zlolth, Anjxg v5o] A d Hls|A —0-7}0}
T glo HE 50, AZY vFe] HAl Z7RRIR e A, ARgAAR] =9l ) A akx] =
Zke] ZgBBAZE vl $- ol F WSS FAl nEs HW v (multicollinearity) <]
EAE opl3the i 52 BolAd, Al g Mgs 4"“&4%1 45 u3Tth

9) 7 WFRA A RIS ARSI 2 olfre IRl RE duA o] X3 AW
FRA tisEge] Holxltka Aeketsl] wiolth HE, A °xﬂ* 2o H]Zo] %ﬂﬂra}
A AUA D FellA] 7HE & HlSE 2AI8ka glovk 19979 129 °F 70% ¥lF2 71
2 A&HH o7 slgsla e FAE 20149 8¥ollE 9 48%7HA sdalgit). E 1A
(2007), 99 (2014) F9l 71E AFENA =AF7 Wt su AFAFE 7H el 544

o= wgEA gt AGAD AR 20 Al deusa AesldE
BRAAs JARL aHBER B ARdAE 38 U ASe] HFS sl ek
BFE S oUR|7}E WMez o) gsah

10) 7123 A 2n] Afolol] WG WAL dem 2 #AF v WAl AL g2 A7
oA LA gieh 7o o] upAdg BAlel tiaiM @=el A5 12 Atk s
A A A&

T T Aele A - 2ahd (2014a, b) & Fzahe A2} opd A
185t 9T Be) 2§ Al TAE G Bk AR, J183 Feel e
aHlsh BA7ks Anle] HlFo] AT 5 £ Aolth, B, #7Ad ulalA 3

01N A o

A7 o #5312 9
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sejele] 7lee] WA We

11)

12)

FEFHERTTE A 63 1 Al 3 &

rO
e

U2 (Heating Degree Day: HDD) ¢ WHiE

A

3 e Btk AAR, fEve} duR|AH] F7HE (1A
CDDZE AW¥4E sPAA rolling regressions F438kth 2 A3}, 20008 o]F 7]
o] ouR|&nle] mX= ZHVF FTRIATHE AL G 4 Uk ol& rolling
regression®| Xl HDD®} CDD2| F4A14 Wske Yehlla Sle ofel a™dA 1% 4
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HDD CDD
Note: Solid-line represents rolling regression estimates and dashed-line is 95% confidence
interval. 12-month moving window is applied to rolling regression.
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27} ek I £ (2011) o 2Jsha gl o3 A in)E 20043l B8] 20101l
20 o) FUFEIA A, ©] F dFE TAIVEA ARZRE Qs T A Asth HAIY
91 (2009) oA AT} =A7k~ ko] Wik Q A &3} 20% Welete ASAHE A
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(Table 1)< ¥4 ARE et okt Slojth

(Table 1) Data set description

Seasonalit .
Data Source . v Sample period
adjustment
Total final energy consumption KESIS O
Industry " @)
Eneigy b Transport 7 (@)
consumption =
P v Commerce-household O
sector - ”
Public o
Coal " 0
. Petroleum 7 @)
nergy City gas ,, 5
consumption by Elecirici — 5 1997. 1. ~
source ectricity — 2014. 8.
Heat energy @)
Renewable energy 7 @)
Ind f
. o onaex o ECOS o
Economic industrial production
variables Domestic energy price KESIS o
(real price) ECOS
T ¢ HDD X
emp?erdture KESIS
variables CDD X

Note: KESIS means Korea Energy Statistics Information System, and ECOS means Economic

Statistics System.
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UV, = Ay, —pl (1)
A7|A, Ay 13} 2aEo R THF oUR|AH] Z718, oE Ayo BE

Bitolch. 10

(Figure 2)°A & 4 150 90dHl ?FH}VV]*‘E A2 AR AR Q] HEA]o]
7

£ SES A, 20003t0] Sol oA MEQe] adls AL BAT 5
Slek. olFe] AFEANAE A2 OHLWiH]PJ WY METh DelgA, o
ofthdl oWl PFoR YPH A, MEY W] Aol T, WEY W3

lo
(o
0
&
o,
r O
tlo
-
BN
e
M
1%

i)

PHo = AwuA d Blolth

(Figure 2) Dynamics of the total final energy consumption volatility
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Note: Solid-line represents unconditional variance of final energy consumption volatility, which
is unconditional variance and dashed-line represents estimates of unconditional variance,

which is estimated by nonlinear regression allowing endogenous structural breaks.
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Stock and Watson (2002), Sensier and van Dijk (2004), Z=&F& - 3418 (2009)
- 1%58H2014), AFE 9 (2014) 5T vRIA R AA] EE oUA] Al
MEAS 2] (1) 7 o] W] 13 21 253 Ay, oA 13} 21 2HEgke]

2

5
9

12

(

w3
2] o

o
=

A7k gkel YA Aelath. theow oA anle] wEAR
TauE AL okl A (3)3 o] Jepdth 1)

HE R
rg_’, =>

|Ayt_l2|:C11(tS [TT])+02](t>[TT])+Vt &

A7), T= AR EEAEY ZolZ, ;= 1z Aol 9x2 oulshy o
oA 1 Atele] gk 7T 17 I(« )& («)2] ®AZE ol 1, a23A &ed 0
< &S 7KKE AA 4= (indicator function) &, v, & o] 00]aL F-4k] o291 B
A AR eAHgS ow|gitt

o2 dux|aH] WE/de] A0S efstr] flaiA A7 EAAGet AuA|
ZH|o] 2R abel] s = st A4S st A S| AATe 72
e v 2ol AR(1) &2 FE8G AU An]e] 205 it it 319145
o] -3k}, 18

Ay, = (g +p Ay, )t < [KTD+ (y + py Ay, )Lt > [KT])+e, @)

A71M, ke 001M 1 Afele] & 7HAIH, FxR138E Alfle] Y318 Uehdth

theo g AR Bake] pxusls ofg) 4] (5) 9 22 34 S o] &5l

ML
1%

16) 2 (2) = F=¥s7t o ¥ DAg A9-E UER Zloln, & AFdAle ol 58] i
31E 3§t
17) oURA| 4] HElE-o o|Ux|4n|9 12} 2axie g Tt 2axEoz T3 o] &
= 71& 479 R R UA &H] HE (S8 8219 MBS BAta, Ao FY
e FHE7] iAol B4 dide] HE oluR|aY] AR T A g
= e A2 AAAIER Aoz IR @2 HdAd gk &AM A
{Appendix Table 2)& Zz3}e}
18) 2 (3) oA o B2 AATE T8 5 ot =9 & asH sb7] fsiA ol dig
A= AAIBHA ¥l AIRHGE B o] x¥eitiete F8 EAA e dER|A]

eg yaE
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M

e, (k) =00t < [7T))+ 0,0t > [7T])+w, (5)

A7, €,(7) 1 vl 387 8 F2¥s AHoR e 748 4 ()9
T A Aogoltt Wek, 4 (4) o4 PR WS wskehd Qwasl
AR()®F 4 (2) 238 ¢ 2ol Aigk | ¢ ol8eh ri 2AY )

FM3} 935 e 0914 1 Aele] grolm, w, it WARE HPL Mt

o

AR A (3) ~ 2] (5) & o] gslod x| An]e] MEAdo] Fxusrt LAY
=4, WEA Wake] YQlo] FA X&EARIR], FFTALY AVIQIAE Hs|
284 Bai-Perron (Bai and Perron, 1998, 2003) &] WAZ T2 3} AHHPHS o]

=
o
2
r)
A
A
&2
fr

839t Bai-Perronfdg el 7H4 83 542 7R3}
MR ditte A 72s) Sles 29 o) 5
]:]d A

Bai-Perronfd - 7\‘3‘1?&}4 s ER=A']
i 2R S5s ARE U, &, F2AH EAE Ao% s
A % vis) s} Qelsten 49 el ke a0 1 T
Wyt dAEths Aloln AF7MdE FxWsy dAskA] Ldthe Aeolth
Z, U 22 AF7HE R digvbdel did A3 S SaliAl FRst SRS

29,
Hy: m=0 vS. H, :m=05. (6)
2] (6) ol gt 7HAZA A Aol 71740 F2syL B 2o s 1
Ehju, 3Eg Pavse 948 Agaol wr) PEus N5 B AEe k
19) FxH3} Aol AR geA Sle A Fst A o2 Chow (1960) A%2 3L
2lgh o oloh w3 FRHs AR AR e R o, 199 s o gehe tE
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2l HPH-2 Quandt-Andrews (Quandt, 1960; Andrews, 1993; Andrews and Ploberger,
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W pERsy AT AFVMEY b+ 19 sy Bt digsMe
of sl LA R HAE FTE F, kS 0olAFE AlFste] sty 587t
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ZHg A gt 23S ez ALt Wald A%l Huigke] ok
TFZHSE AR Sk TR BT 7P StellA] BE TS AR
23 (1, Ty, ..., T,)E Wde= 2 (3) ~ 2 (59 #xH3t 58 A= F
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TE9 WA W3 RS BT F de Aotk

20|, Giannone et al. (2008) = AR (1) Z} T 3] EY L SE JHE &8
812 Zab] wiitel] Tedl AR R TE EES A A AlgAe] "o
U= A Fs ey FAFCZ Giannone et al. (2008) & TF2 WG5S #3314 &
3 SRR WEy Wsks EA6H, $49 AEA WstE B e
Fot, 2AF B4t 715 2R FHE TFsde] Eae AAsaL vk S,
AA R FAY] A& A7t ZAAAE HEd Wste] o] fd = Estal o] &
EERA] B2 7heAol e Tt 2

ol&gt #AIE aefste] Giannone et al. (2008) & BAAA L] B]Z=H A
g MRS Ve R

FES o] tE AAXAEEHY] BE HAE e
Vector Autoregressive (VAR) B3 #4]-& BallA vl AHGDPY WHE4d a
Ale] FA9 A7} ofdet T4 A& Haehs ASAIE AASITh
£ ZAR 3k, Giannone et al. (2008) & v]=F AZAGDP] AR(1) E&oAq =
T2k =277 AR 52 7Fsdol Eae AAsth

Giannone et al. (2008) & 77} W54 Wgke] A0S A etuAl & uf, FE
FEo 2 st 3] ARY e S A A ska 2 S Al st Al
A 2 9o E 7Y VAR B gk F2Hst Ade Ao R e
SA7E ZAZ &, VAR 239 RE7|7HS 55} | =
AR Bak gl Aol aeiuh VAR 2golMe] Bameb o xjgke] Bake]

g AR e dF A EAR BAL We AH3 Selshl QRek ek 4 9l

th. 2HBE AANALSY ¥EA, 49 AEE 2 T4 27 e 2
st S LA R dEA 07 bl A AURIA e T Aofew
A 4 A s dIAE Utk

olggt ZAlol sl 415 - AE3H(2014), 21EE 9] (2014) 5 VAR ¥
S AAYE A8EY AAAY 7FAA ZHo] wEEW Vector Moving Average
(VMA) B3 o= vHto] F@E = lthe H2 o] &8t o] ano] thalA] o

22) =, U2 WgEo] BdA FeEEo] BEE et M H O] (omitted variables bias) &
A7F B, A7 8 AAGF F9219] DX (consistency) o] BAE A o} B o ZRE]
& AAE AFE 5 g I a2 e AR RE AL 28 EAld) g3k A3t
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AZIM, ip, = AAEAE, pe VEETeR T W WA,
HDD,= ¥ =Y, ODD,= YUEY, e, B0t = 22543 (error
AT e, v TAE BAVE EAE TFsAde] Wi =

Z

¢}
Yir ip, p A0 FHE AN T FAOIH ) F, e, ® T 2T

€C, = Yy — €y T C1iP; — Coly (10)

ofl
o
Hr

3|A2Y 2= FH AR (Ordinary Least Squares: OLS) WHHeo 2 34
g g glov, FAE WA Pt 42 AslA fully modified OLS (Philips
and Hansen, 1990), canonical correlation regression (Park, 1992), dynamic
OLS (Stock and Watson, 1993) S22 3 3}9ich
QAFH R AN AHRFR 2 (99 o] dUA|LH] ST AlApHS
Ay,_ 2 2 2, AL dUAZE Bl - Il ed ' ARk Rohe &
= XAt SAld eatdke] AlE FHAAE 25 Adelth Egh ARA
AL AURZFA O] SAI ®E7E obd AIRBESERL Adp, 3 Ap, = 1EF A
L 2 (8) 2 F33 IA L v QA3 (reverse causality) & 1831 7] W&ol
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o] B & o] RMSE (Root Mean Square Error)

]

0.23
0.58

AR (1) /random walk

(ratio)

o

=

random walk
1774.19
1238. 86

AR (1) ] RMSE H]

1
and after the change of energy consumption volatility

(Table 4) Comparison of the prediction performance between before

Before volatility change
After volatility change
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AR AT A 2] WEY e Felo] ZAY By aehe 2
ssh Ak Aolt,
o1F o W] Qe dalN, JiE A3 pE A (1) o] £

P=1- U; (1)
A7VA, ol 2 AR L] BZellA apde] 2% #4k, o) & UA&H] o] 1]

2R Zabolth. o714, olE AR(D) o] dlSFeate] Frtom X E 4 lom o)
AolHPRFPe| dFeaz & F Sk IUBE ol/o)E HIRPRF)
RMSE®] thgt AR (1) ©] RMSE H|& Holw Fasic). ghek o29] 77} oo 9
A dem dudrid, Mg Wt A9 o7/o; 9] A71e A fAlH
B i d5g pollA FE wE M yehdA] gotol dith
a2BR (Table 4)9] Aahe= ouix|an|e] W7 Ws}t H49] lo] 2y

s

BAake] 7447} ol gl AR S A)A|3HE) Giannone et al. (2008) & AR (1) =& 1}
e FE3 ARG S S JRE uEehA] Kate] 254 (structural shock) e,
& A% AT F dvkes 2E AFEka ok wef, Giannone et al. (2008) €] A]
AZ AURA| 4] AFA 0l Ugt e R A 48ste] o, W%
g A o]He] 2R kel 375 A FHeta WEd ha o) % 2R B
AHS FAh 3T Aot} ole) 2 B BMAnE g2 HS5E e @
A% 1)

32) Giannone et al. (2008) A& & A

o WAE neshA] G2 A olgldl (i) YejuPr

Gol AALe A4S s xeke - (i) AALY] Sl 9Fs 7= oE 34

~°1 At B TEFAS 2R Atete 49 F S-S Wl vk oA &n]

of gk ey el Aol wl-¢ wrhe= AME & v (i) HdshA] @2 Aer B

Aok (ii) o] 7Fed2 dllvAlan] o] 2dER £x0] ¥t F57-2 Sallx] & & 3le Aol

U2 A7) S Holve Aelth. a2y duA|anle] 2315 4k AR F5E o
fred o2 383 T4 EAL 7hegel taiM = dlstA AESoloF & Aotk
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(Table b) Estimation result of the error correction model applying structural change

Model A: Endogenous Structural Model B: Exogenous Structural
Break Break
Before After Before After
structural structural structural structural
breaks breaks 1B1- 4l breaks breaks 15114
&) (B) » (B)
Ay, | -0. 048 -0. 180?‘ 0.132 -0. 029 -0. 195(* 0. 166
(-0.499) (-1.756) (-0. 302) (-1.843)
Nip,_, 0. 300* -0. 052 -0. 248 0.281* -0. 045 -0. 236
(1. 864) (-0.528) (1.747) (-0. 450)
-0. 001 0.002*** 0. 001 -0. 001 0.002** 0. 001
HDD, (-0.775) (2.058) (-0.422) (1.973)
oD, 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
(0.457) (1.181) (0. 481) (1. 208)
e -0.872%** | -0.492*** | -0.380 | -0.893*** -0.476*** | -0.416
-l (-6.795) (-4.325) (-6.971) (-4. 146)
Non-Breaking Variables
Ap,_, -0. 949 -0. 049
(-1.347) (-1.335)
-0. 003 -0. 004
constant
(-0.785) (-0. 829)
structural break date 2001, 11. 2002. 1.
F-stat. 16. 923** -
Obs. 210
Adj. R* 0. 382 0. 378

Notes: 1) ***, ** and * represent 1%, 5%, and 10% significance level respectively. Numbers

in parentheses are t-statistics.

2) For readability, coefficient of HDD and CDD are multiplied by 107

3) The structural break time of Model A is endogenously estimated by the least squared
principle of Bai (1994, 1997), and the structural break time of Model B is exogenously
given as that of total energy consumption unconditional variance.

4) F-stat. is the test statistic calculated by the sequential procedure of Bai and
Perron (1998, 2003), and its critical value is from Bai and Perron(2003). The
maximum number of structural breaks is set to five.
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(Table 6)& FollAA| v ol that eAlrg g A9t Bell 27ste] 25 4t
of thet Mg =E A% Blolth. g =Y Agt 9 B 1At oA tis
A2 (5) 9F Zo] RS A & Bai-Perron A4S Fastty O 2y, T

o
=
5y BEoA 2R A Hgle 2R g oz FRlHITh

==

J

(Table 6) Result of the structural break test on conditional variance
of the error correction model

F-stats. | Structural break date | Before structural break | After strucutral break
Model A 5.378 - 0.018 -
Model B 5. 748 - 0.019 -

Note: F-stat. is the test statistic calculated by the sequential procedure of Bai and Perron (1998,
2003), and its critical value is from Bai and Perron(2003). The maximum number of
structural breaks is set to five.

34) F7H e duR|an|e] WEg WSk Al 20029 19 A - $8 i —?%_'—’8}04 A o
LVV\H] QA AF, I WA S ARSER s W AR (VECM)
< FPasinh Fus A3 Fo) A Askel 215 2t “4§P~ oL ] 2]

Oﬂ e ECM 2ge] Aol dAATt. &, 7208t A &, AL Aok B oAt
o gk sF1AIGe] Aej=7]7t sk v, A7)8)F1AIGe HDD F3A5¢] Aol =27]=
S7ketsinh Wi, 2AH 24ke] 7] Wshe vehdA] edstth ECM 23 3te] Afol& U
AR 7HA o] B4 Wkt 2=, VECMelAl= %%ﬂ i AR ol F, = el
7¥A 9] 42 Aoigho] sty 22yt VECM 232 F2H3} A o= =y o
UAI7HA e FA7F Fel ghem frolmsiAl e %2}1 BE B Hsks s8aqlr]
mzell, S AdAZF o] Mg Sael ZefsisleAle o o dds) HEsljor & A
olth. VECM Rge] 342 v= Alddere ffel Aot 24 Al A A= AlgHnh
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gare] oA an] WEg Fa o] ik (Table 4) ~(Table 6)2] @AH+%
2% BAATR= (Table 2)2] B39 2o ﬁaiﬂrﬁ} it &, Sed]ARY
1 +

= iﬁﬁi’ °l& ] ﬂﬂ&z A7
BN Z2 d9lo] AASY W

Zel= ATk °”~1 Giannone et al. (2008), A& ¢ (2014) 59 AHe 7Fedk &
o AEE 123 EAAT} At FEE o] &ote A RE e A3t A
Wt AR dAgth 2 BR gE HeE 1] s et AR
BA7HA] 37—345}04 e IARFS rehAs el FA| (omitted  variables
problem) & gk OeslA el 23E b o A=d s Aotk
<Tab1e 6>°ﬂ’\19]r o] BAR R 21T FA4ke] Wz 2AEA] grigts 9
A0 A7) W3}t o R7F v 25 FAte] Zhae]] 71 S ThsAde] EAE U
om®, HA duA|aH] MEE dQle] A MR 2T FAF 4]
A5 ARl flaiA Algdold A4S Fasiinh. FAA R 4 (12) 9 2
o] A AL TSt Al olxe] Al A AT TS} A
A o]%o] Rigld oz ouA|aH] /e ARA| Ay, B ¥HEa, VR 2
(13) 7 o] xRt AJA o] FAAFY T2 A o|F9] FHCR F
oAU zBle] Wels Ay,” & Bt vz B4ks A2t Alteld 35 219
Ast A Wshe ealg Raolxe] RYAs BB 3 Aol 24zt <7
EIs
Ay, =ag+a,Ap,  + X By +&,. &, ~ N0, o), (12)
Ay, =a,+a,Ap, +X B &, &, ~ N0, 02). (13)

(Table )& 2] (12), 2] (13)l we} FollyR|&H] S/ ALtsle] vl
FAES AARgE Aztolt), (Table 7)olA AAZ S| AA G} 245 &
< 3 FH v 2R B4R 0.03914 0. 012 A4t thgog F49 A

35) &4 6,9 ARE SAEA, eAde]l FtEEE weEte e I
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(Table 7) Simulation result of final energy consumption volatility

Structural breaks occur in both coefficients and conditional variance : Ay,

Coefficients Shocks A B
Before structural breaks | Before structural breaks 0.03 0.03
After structural breaks | After structural breaks 0.01 0.01

Structural breaks occur only in coefficients: Ay,

Coefficients Shocks A B

After structural breaks | Before structural breaks 0.01 0.01

Structural breaks occur only in conditional variance: Ay,

Coefficients Shocks A B
Before structural breaks | After structural breaks 0.03 0.03

Note: The unconditional variance of Ay, is calculated when both coefficients and the variance of

error term (conditional variance) change. The unconditional variance of Ay," and of Ay,”
are calculated only when coefficients change and only when the variance of error
term (conditional variance) change, respectively.

Tl Yehde 44l A3 oux]4H]

HEAo] Qolo] IAAG WH3lete ARl 3t ZFAA (robustness) ©] EAETH=
= oujgith. a2 BR FdURA|Lan] WA el A1 AT MsR <l
oM, Xt} FAHC 2= X AH|o gt 4
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-
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AR (Figure 3L oUR-HAF L]} ojufx] thiH] 2] B]S5S YeRd
Zelt), 37 (Figure 3)2] Ax oA -4t dekelo] digh AAx| e} FA4] FHAE
)

yehd Aoz oux]-Agat Aoz 1990d) BRE HI7HA] A&H oz A
Hau e AS R F Utk 53], oAuA-AAA A9 FA Aot S s e
99 Aol 2001 1192, olUA] &nlo gk kel dgfo] zhagh Al
kA I gk

g (Figure 3)2] BellA AAl Aol thaiA o|x] vhad] 4kqje] wgo]
2000 Bl AEH R haste As A1 F ATk FAF R 20029S
1oz dUA] thab] A} BlFo] S7F FAlCIA fa FAE HolA " ¥
5 odUA] i) A HS AARTE A7 ARelBR AR A o Hlwsy] o ¢y
AUA] AH]e] BIZAR AF 74 A17] 20029 197 o[ A] An] ek A4k 7he] 3
7F ofske 2171 2001 1193 w9 Al aL & < itk o] oluA-Aat At
9 WAT FA oUA] vhan] A BlF e oluA] bl tigk Arte] 3

U5 o ofgtA|A oA aav] ey el 8 Al 283 A= & 5 9]

36) & BAA Fode FEER] oy RS AJY o] Fd= AtdAstd] tigk FGASTE
59 ez v}, ol9} e Ay 3 F=u|= =4 (Environmental Kuznets curve:
EKC) 7Md& AAshe A2H2 a2 2984 HH"‘“* A7} obd oyR|AH] ThAel A

EKC7H 4RE9AG 2 4308 & vk 299 998 sk

3 o)t e SR, MR W ok, ok, SE, JlEsiehlE 1 9 Het
ST, o oL eSS IS, ASIERRAT, A M
FEAE Az o] AT AIATAKIED o A7ARE o] 3.

38) whH, ¥ thiH] A< H] 2 2013 9F 20% = 20008 °F 13% w]d|A R &H ez S7}
% 0%, AR AAY, AAAo2 G AU A e B8l S
< el gomE A thaml Bl wFo] 271 Ao Holth Jeju delumlel
&4l A ehm A2 tha] A1) Bl F7ek W A2l oh AA] o )
MBSt ved 5 98 gow audd
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(Figure 3) Evolution of Production-Energy Intensity change and ratio
of the energy-intensive industries

A. Production-Energy Intensity B. The ratio of energy intensive industries

400 .078

360+ o764

320
074+
280
.072
240

.070+
200

160 .068
B A s A A A A AR AR S A A AR A AAARAL 0T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 1998 2000 2002 2004 2006 2008 2010 2012
—— Production-Energy intensity —— eney intensity industry ratio
—— Production-Energy intensity trend ---- enemy intensity industry ratiotrend

Notes: 1) Production-Energy intensity is final energy consumption divided by industrial
production (IP) index. Final energy consumption and IP index are transformed into
log value after adjusting seasonality. In addition, the trend of production-energy
intensity is obtained by Hodrick-Prescott filter (Hodrick and Prescott, 1997). Applying
Bai-Perron’s structural break analysis method, it is shown that the structural break
times of energy intensity time trend are 2001lmll and 2008m11.

2) The ratio of energy intensive industries is the value-added ratio of energy intensive
industries to total industries. By Bai-Perron method, it is also found that the time
trend of the ratio of energy intensive industries has changed in 2000 and 2010.
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Enders and Siklos (2001) & &% Q2ke] A7 wet A7t

7} 2Rl E AL wkdsle] Engle and Granger (1987) 2 %ﬁ"ﬁc A% e sk
t}. =3k Hansen and Seo (2002) & 7302 2 ¥ = &7} B8 219 =7]
e FAY F e v LA RS Aljbeta A - @] oz wAl

A g3lo] AR By oats dldshs Y&t Budeate] Avd ue @

HA, WA R Anlof] tigh FAE 3]l Bai-Perronfdd & 483 A3}
T2 e A gskth wEbd], BiE oate] 2EE HAavt oUR] &),
AL U RIZEE ko] FAE BAIZE WS A 71918 AL ol E
gt Bd oxte] A =)o gt Bai-Perrond 3 Ad}ol| A= 2317} e}

As Rl & Ut FAR R BdP Ate] Aj=a7|7t 2003 114 ol %
2 0.026°14 0.017= Aag As GAsksleh 39 3L ouA] anle B2y
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129l BANA Edd exte] A7)0 wal )
AA 2ol dojyb=A] A E7] $18)1A] Enders and Siklos (2001) ] WS o] &
sto] W} Fskel A9s ©&8luA} 89t Enders and Siklos (2001) & oS-}
ol B eate] 715 YAMFRE F+= TAR (threshold autoregressive) B& <
A <Fstsitt.

Aec, = pjec,_q * ][ectfl = '7]+926th1 ° [[ectfl >y (14)
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2] 2 (10) o 258E T2tk Enders and Siklos (2001) & WA p, & p, 2] t 54
F T 2 H (- maxBTAD = ol&dt] FHAE AL EAHA devhe AL
J

AS AR tFoR g3 R &L B oake] A7 whet vt
ARIAE A8 #8iA py = py ek AF7HE Sk HASAE 05 ALt
Enders and Siklos (2001) & ¢ — max A &2} ¢ BA ol tg AAAE ZEl7HE
= (Monte-Carlo) Algd#e]ld ez AMtsIsit o, iAo 27] y& A
og 7H& 4 9leH Chan (1993)94 WS o] 8ol AR FHE 5 9l
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Notes: 1) *** and ** represent 1% and 5% significance level respectively. Number in
parenthesis is standard error.
2) The number in square brackets is the critical value for 5% significance level calculated
by Monte Carlo Simulation with 10, 000 repetitions.
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(Table 9) Estimation result of threshold ECM

Variable Coefficient
-0. 00
constant 0.0
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A
" (-0.07)
] 0.03
e (0.09
-0. 04
e (-0.04)
HDD, 0.00
t (0. 00)
0.00
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t (0. 00)
Nec,_q ¢ [[ect,1 < 0.029] *(2.051@
Aec,y + I[ec, > 0.029] *0(.02?2)
obs. 210
Adj. R* 0.35

Notes: 1) *** and * represent 1% and 10% significance level respectively. Number in
parenthesis is standard error.
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(Appendix Table 1) Evolution of final energy consumption volatility

by sector and source
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Note: The solid-line is energy consumption volatility of sector and energy source, and the
dotted line is the unconditional variance estimated by nonlinear regression in which
endogenous structural breaks are allowed.
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(Appendix table 2) Result of unit-root and cointegration test
and cointegration regression
Unit root test results
final energy consumption | Industry Production Energy Price
ADF -4, 88*** -1.96 -3, 49***
ADF-GLS -3.45%* -1.74 -3.51%**
ERS 4.03 10. 54*** 3.98
PP -8.37*** -2.31 -4, 09***
Mza -60. 22 -7.36 -22.66**
NG and MZt -5. 46 -1.71 -3.37**
Perron MSB 0.09 0.23*** 0.15*
MPT 1.62 12.80*** 4,02
KPSS 0. 06 0. 24*** 0.31%**

Notes: 1) ***, ** and * represent 1%, 5%, and 10% significance level respectively.

2) ADF is augmented Dickey-Fuller test of Said and Dickey (1984), and ADF-GLS is the
ADF-GLS test of Eliot et al. (1996). ERS is point optimal test of Eliot et al. (1996), and PP
is the unit root test of Phillips and Perron (1998). NG and Perron is the unit root test of
Ng and Perron (2001), and KPSS is the stationarity test of Kwiatkowski et al. (1992).

3) All variables are transformed into log value, and the maximum lag order is four. In
addition, the constant and time trend are included when applying unit root tests. If time
trend is excluded, all variables have unit root regardless of the kind of unit root tests.

Cointegration test results

Single Eqaution Johansen
Dependent Variable E-O P-0 Atrace Amax
Yy -66.55** | -131.76™** | at most 0 26.09** 21.18**
ip, -26.08** -66. 90*** at most 1 4.91 4.03
Dy -22.35* -35. 42%** at most 2 0. 88 0. 88

Notes: 1) *** ** and * represent 1%, 5%, and 10% significance level respectively.
2) E-O menas the cointegration test of Engle and Granger (1987), and P-O means the
cointegration test of Phillips and Ouliaris (1990). Johansen is the cointegration test of
Johansen (1991) .
3) All variables are transformed into log value, and the maximum lag order is four. In
addition, the constant and time trend are included when applying cointegration tests.

Cointegration regression estimation results

Regressors FM CCR DOLS
i» 0. 39*** 0. 39*** 0. 38***
' (8.52) (8.57) (7.37)
-0.09%** -0.09%* -0, 07**
P (-2.68) (-2, 49) (-1. 85)
Adj.R> 0.96 0.96 0. 96

Notes: 1) *** ** and * represent 1%, 5%, and 10% significance level respectively. Number
in parenthesis is t-statistics.
2) FM is the Fully Modified OLS of Phillips and Hansen (1990) and CCR is the Canonical
Cointegrating Regression of Park(1992). DOLS is Dynamic OLS of Stock and
Watson (1993) .
3) All variables are transformed into log value, and the constant is included when
estimating coefficients.



Ao oix|an] WEA WS BA 119

An Analysis of Korean Energy Consumption Volatility

Donghyun Shin* - Ha-Hyun Jo** - Jachyeok Kim***

Abstract

This paper investigates the volatility change of Korean energy consumption
applying endogenous structural break analysis methods. Empirical results show
that the energy consumption volatility in Korea has reduced by 50% after
January, 2002. In the aspects of sector and energy source, the volatility of
transportation, commerce-household, public energy consumption and
petroleum has decreased. On the other hand, the volatility of coal and
renewable energy has increased. The analysis indicates that industry,
commerce-household, petroleum and heat energy consumption are the main
sources of the volatility reduction. The weakened relationship between industry
production and energy consumption is also found to reduce the volatility.
Another important reason for the volatility reduction is the decrease of
adjustment speed among energy consumption, industry production and energy
price caused by the reduced size of disequilibrium error. These empirical
results imply that improvement of energy efficiency and structural transition
from energy intensive industry to energy efficient industry should be
accelerated in order to maintain the stability of Korean energy consumption.
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