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Abstract

Predicting how much energy to use is an important issue in society. However, it is more difficult to cap-
ture the usage characteristics of residential buildings than other buildings. This paper provides time series
analysis methods for electricity consumption in a residential building. Temperature is closely related to elec-
tricity demand. An error correction model, which is a method of adjusting the error with time, is applied
when a cointegration relation is established between variables. Therefore, we analyze data via ECMs with

consideration of the temperature effect.
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1. M2

AAZY 7taA A8 AR WolA AL glen, A7) AFsaht AR B 7] ER Qi dew
o] AY AL U T71E Zoz AETh JHAAEE BRe J ko] BE AXE AF3 A3t
£ 2uE £9 SF0E J ok BE AY A Ao R AT £ rk. AYE A T

G971 A4 A Ak 10% ) ol AR mdlnh o) sk IR 2l A
Ae ALgoe] o B0l Rtk w8 wF A8 oje $eish A Alzel e R4 wlzol
B3 SAABE 3 d FAlolth I wEel 49 7 AN AgEe] BUATL L

olggt o= laf oA AY £ ARE o|&F AF7F ] IPHUTE Shin} Yoon
(2016)= AIZF D2 e AE 8 AR E R Fo] 7Pt 2 9 5494 2 6AI7FA Y
Y AR e FAA W) Ao AeE M5 F73HL Holt-Winters 33} TBATS(Trigono-
metric exponential smoothing state space model with Box-Cox transformation, ARMA error, trend
and seasonal components) 28-S B2t} Yoon} Choi (2015)2 A7 G2 Ue A8 =93 218
o] g4 73 242 Ptk Park¥} Yoon (2017)= Al D 2 Wi A8 AR AlAE HES 7
A E EFEAS A
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& &+ (cointegration) ¥ A=A R (error correction model; ECM)-2 Engle¥} Granger (1987)¢l
o3 A5 A=At o] F ZF vt A AY ¢S BRT dlyR|2} A Mpzke] HAE Ihebet
7] 95te] AR} ALARY G 0] &3 AFEo] Wol AP At Glasured} Lee (1997)& &4
B3 AR Y S o] 831e] 1961 dFE 1990d7HA] t=3} A7tz =29] GDPS} oy A] angke] &
AE HojFJt Changy} Eduardo (2003)& HAIZY FAE, 4HE, 34989 €2 AY A&F
B 25FH 7, REE HFE ARt QAR B AIFHFAS (time varying coefficients;
TVC)&} 2% Hk3-8F4 (temperature response function; TRF) W& A3 th Pao (2006)+= B4 3
232 9yl A (artificial neural network; ANN)HFHS, A3 8L 5 21 A¥ 3]7] (multiple
log-linear regression; LNREG), Y& %% 3] (response surface regression; RSREG), A}7]3]7
2 o]FH g R Y (autoregressive integrated moving average; ARIMA)S ©]&-3F 3] & 4] (regression
with ARMA model; ARMAX)S Al¢ksle] 1990 197E 20023 1297kx]2] 1567192 Efo]ghol
A2 AFgeFe BATCh Frdogdu (2006 El7le] A2 AT ARIMA 293 2ARE 0|83
o] ATk Apergiset Payne (2009)% 1980304 20049714 Fetohue)zte] 67 Z7pSe] oy
2 v|ek AA A7 BAE BAFHTE Apergis®} Payne (2010)% 1980 d o)l A 2005 Arele] &
ot g)7} 97) F7+=S] AUA] vl AA A5eE Abele] BAE 43T

A71E 2T oA vl vz A3 FA 2D S A AAZE A7) Wl Alzke] Ak
WA A} AAZE v Al Fth 20000 $RHRE 71E AT Aol tiEl AGBAAE A sHestr] Al
Zkgth. Shahbaz 5 (2011)2 FA2 2134 JAAAAE ARt 1971 dFE 20099717 2252
o] AY AR} AA A FAE AEA 3Tt Shahbaze}l Lean (2012)-& 3H7] 28] HY ARS
ZF3 A 3 Atole] AAE ARt Kumari®t Shama (2016)& 83 FAE S o830
A1 1971904 201474A] Q=9 A ARBEt AA 473zke] SAE EA 8T

B R s A8 A8 AY AT BY AFL Awety 5L Shux s S5 A
o AR A LE H5E A Dol LASARY AL Aws] BA ) 232 A
A AAE 2EQl ARIMA, ARIMAXS} W54 2o sl dsta, 382 A4 AlIAE &
Sl ARG s disitt 4742 tolEet A8 A& A s A%, ECM
25 ] AAE RYE st 295 HojErh npA o R 57 28-S At

A|AL EANAE B (stationary) & THEeH= AR E FE ARSSith. F4AS W57 HsiA =
At59] Bato] YA, Fako]l AR tol] &R gkow, FEARE ARt o &) ofditt. o] F T
Z35}1%] b= A9+ vl A A (nonstationary) AlA|Folgtal St}

Engle3} Granger (1987)& ZAZA Aol gt A2 A4S 7HAH, dH 223t o] Fof 27]3]4
o] % 3 7 (autoregressive moving average; ARMA) 2 UYElH AL dx} AR Ut 6111, o] & [(d) &
eRdtia Aottt &, A AAE-2 1(0)=F stoh. AAIE {y:}, t =1,...,nell thsl

Yy = TD¢ + 2, (2.1)

Q71X TDy= AR FA, 2= GEF ARt A Aol 2HED FAE AAST & 1 A
2 92 Z A (unit root test)S 3t} Dickey 2} Fuller (1979)= {z:} 5 AR(1)2& 7143} ohel2
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Azt = TTZ¢—1 + € (22)

A=Al e E AAL Holelrl B4 VEFL Ut F, B DIAE B
27 okett. e Ao AFAAAS 1HEA g= D Dickey 2} Fuller (1981)
+ {z:}9 AR(1) #74& ARMA(p,q) HF L2 upte] 2413 A4AAAE A ANF+ Augmented
Dickey-Fuller (ADF) A3 A|<Hic

2.2. ARIMA

Box&} Pierce (1970)l 2]3}d 21737 37 (autoregressive; AR)F} o] 5H 737 (moving average;
MA)& &35 FefQl ARMA(p, q) I8 4 (2.3)3 Zo] 58T 4 9;1‘:}

Yt =+ G1Ye—1 + P2Yr—2 + -+ PpYr—p + ar — bhat—1 — -+ — Ogat—q, (2.3)

A7A a= WAL A (white noise process) O & A& = o] FF o] 0, BAke] g2 FEWHS 0]
th ARMA #AellA B34e W5s7] A8 28L a7t ye—1, yi—2,. .. SHolghs 7Hgstel ¢’«]
Arigho] 11Kt} =fofof Firt.

ARMA (p, q) #749] A7 gRAabgkee 4 (2.4) 01, Ap71ddstee 4 (2.5) 0]t

q

Vi = Cov(ye, ye—) Z¢ﬂk i =00y 0%k (24)

j=k
pr = Corr(ye, Yye—r) = 1—, (2.5)

A7IA ;= (¢ — 0)¢’ ' o]k,
ARMA(p, q) 732 FEA}7]4-3#34=(partial autocorrelation function; PACF)+& 4] (2.6) ©]t}.

Grr = Corr (Yo, Ye—k|Yt—1,Ye—2, - -+, Yt—kt1) - (2-6)
2.3. ARMAX
ARMA(p, q) 2@ AFAAE 2te FHFS F71F ARMAX 232 4 (2.7)0]tt.
=p+ Bre + d1yr—1+ -+ dpyr—p — 01011 — -+ - — Ogai—q + ax, (2.7

A7IA z= AR ol i3 SRRl B Sl Aotk

™
ox
—~
()<

Auke} 217) 3] 7 2 H o] A4 eneralized autoregressive conditional heteroscedasticity; GARCH)
= zAX
T =TT

B2 AAE 7R O] BAMIE 23l A8 2 AR o] B4 (autoregressive conditional
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heteroscedasticity; ARCH)E ¢wt3lst Rgoljt). WHEdE 2+ A5 {a.}ol thsl GARCH(p, q)
232 4] (2.8)°]t].

at = Ot€t,
q P
2 2 2
o =w+ E oy + E Bioi—j, (2.8)
i=1 j=1

A7 w >0, a; >0, B > 0°]1L, ex& o] 0, Z4to] 19 SHA o R TG Z4h2 2= FE W
Folth. GARCH 23] B/dde W57 A 242 300 ai + 3258 B < 1o]ofof Tt}

1=1

3. HIEE A

FARolgt= H 3L Granger (1981)9]] o3& x2o g A7H5] Act I & Engleﬁr Granger (1987)7}
autsl Bmygg Akl A2 2709 I(d) W] AE A7
plaey 4
5

e s W) 1(1)ele A o, 348 49

£33 58 E 742 Engle-Granger (EG) A A3} Phillips-Oularis (PO) A ] vl HE
= 5 7 HTE o, yeok o, EG A4 PO AAol tigh 7Hd-e et 2

Ho :zp,yee 388 BA7F okt vs. Hi:ay,yee 348 A7F opth
ze, yeoll THE 37 B AE v, 2 A sk ks 78 3 oW AAS B3 ¥

£ wosls Aol g} . BEG A4S ADF 442, PO A4S DF 442 slo] 347}
AR S BES Aot BAR BAS Bk,

L orlo
i

S5 Q3 AL WEEo] Az WA 9L LA ofm WAl Ul Weo|, of| WA} At
W7 BB E A ARSE = Aotk 28R A3 AL AT IAE Bz} o= F WP o
Soll a3t A7} ol MY AAGAR gESTHE 71 stoll o]Fo Xty %A AR RS
317 Y8 2Ee 4 (3.1), A (3.2)°]th
k q
=1+ metﬂ' + Zﬁjytfj + e, (3.1)
i=1 j=1
m l
= p2 + Z AiT—; + Z 0jYt—j + €2, (3.2)

r[r
fo
)
o0
o
v

AZIA x4, yre At XY WEOlAL, uy, poe B, a, B, A, 0+ AFOlA, e1y, €2
A A ARFY M2

k k
H()ZZC&,':O VS. H1:Zai7é(),
i=1 =1
l

l
H0:26]-:0 VS. H1:Z(Sj750
j=1

j=1
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o3, olel Tis) F-@AL ek 2%A ARAAL Wl A AnBAT EABE T @ £ 0,

S 6 = 009 2t yo] JFL BA g o] ek Wi wek BAolIL, 8 o = 0,
S8 # 00% y o) FFS WA B3, oty JFS e PP WAk TF i # 0,

= o =2
STy 05 # 001 29}y A2 G 7AE PP WA, T e =0, Y, 6 = 0°]@ x9}

j=1

yE 599 AL ojugct

3.3. ECM

Engle.\'l]- Granger (1987)& 342 ©]&3ty 207 4 7Y ECM< A3t 194+ I(1) ¥
J (

=9 FJAAES FHITE F4S FAAL 4 (3.3)F o
Yt = Qo + Q1T,1 + Q2T o + 0+ QETE + U, (3.3)
A7NAM ue A1, a = (aq,..., )& &ZE et} 4 (3.3)o2RE 73 Axle= I(1) |
TE9 A7) dPA & xolh. FAE FAAAA S 317] A LA HGAdE TS A

o e o} %= DF 44 m& ADF 4L o8tk 09122 /X rke ARA4E 712,
s
o

24= ECM< 743t ECMollA] y, 9] Wzl yo] A, 2,8 W3l o]d 717k 7] v3 &
ARRE & o) o AHHATE an — 1% Aoz} et dukAd B3P 4] (3.4)°]t).
K L
Ay = o + y12i—1 + 21/11,1'A13t—i + 21/12,1'Ayt—i + €1, (3.4)

i=1 i=1
2ASARAE §E) AN L = 1, K = 12 71431] ol thal Belaha 4 (3.5)8 deth
Yo = o + c1ye—1 + Boxe + i1 + €, (3.5)
Yt — Yi—1 = o +o1yi—1 + PBoxe + P1xi—1 + € — Yi—1 + xe—1 — Xe—1 + Boxe—1 — Boxi—1

+ o121 — Q1%¢—1,

Ay = (a1 — 1)Z—1 + BoAxs + €, (3.6)
s Qo Bo + b1
Zt-1=Yt—1— 7 — — ————Tt_1,

1-— a1 1-— (03]

AF, af SATE LA 4 (35)F FARR 4 (307 22
ECMe] itk a1 AR()EHS ASR 34 185} 7] 2], 24443 3 of
o] A%l 279 FARE [(1) MRS T34 AFDAT} Aolx & P o) *é%%HOF Gt

w

2% Ml Bt

4.
o] A& vwdlr] 5 AR e HFAIF 2 2H(mean square error; MSE), HdAF22
F(root mean square error; RMSE), 2 X}-& (error rate; ER) 2, 1 A2 t}-23} 2t}

'I"U

N

n

1 A
MSE = 3 (4 — 90)%,

i=1

RMSE = VMSE,
ER = 100 x Z lye = 5] (3.7)

|yl
A7IA ye= AR toll sk Y ARl 11, gp= AR toll Al B oll A Fst groltt.
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Figure 4.1. Daily electricity demand of L apartment from 2015 to 2016(KWh).

4. FH

0R0

AH=9| © AEE HI0IH 24

4.1. FHE U2 S

e AR AZEE T3 SAS EAnh o534 ALl oojdoly &8 7T 59 AHoR o
4 Agole A9 AHEFol S7HH 53], A8 A SAL 98, 48 dede € of

N
1=}

A3 AGAIZHR O], FFETs 3 2 FF Lo A Algo] Bt ulebd dubE o Aol A
Z7)18 Fault; A8 Alg o] wolx] 7] wjie 6, 7 Ato]e] 7] T3 4 9t} Seo 5 (2012)]
ot AL AES AEY IVt 7HEY 7, 7Y FATE, A55ES 22§44 o
g Wol etk dA 120 7 E 29 JHE FENZF S48k A BiE) oAy 22 1A 7] 7]
HFEo] A S/t Aok Ed A9 AKE] JAEZ FAYEY VY dide] 21 ot uhet
A AFAL U T sttt 2540 st 2R3 7HA7 79 3w O g Adg 2
ARS3e Aol EtM & o o] gEbd 5 th

B =RoAE 20159 1Y€ 198E 20161 12€ 31971A9) A& Hepio] $x)3F LolstES] A
g AR A 7122 AR 36599 FU1E HHFT] A8 2016 29 2992 AAD
3, A5XEe I Fo FFFOoE tAISIAUTE o] ofFtES AR FFol AMESE AY AR B
2 2145.401KWholi, 4 9 F& Aol ARS8t A8 ALLF0] P2 2164.821KWh=E, =2 4 3§
o] A ARgo] B BWoka FElst £ KHolA| dskth

Figure 4.12 48 A AL HojEth A8 ARS2 AZ3 2 FHo| 7] w2
AET Aol AHEFe] ZA F7HTE Figure 4.2+ 201593 20169 A8 AR a
ojth. 1\dF ] AY ARSEe] L vR3) HolA| T 2016139 oI5 2015W9] A FHTE A A}
S50 o Bwes Bt

3

GRE 25 WRE S A BR A0l HA 71 X AT e Agdth gL ex
7 Ees® WA Agol BolAiL, AL L8 H24E Wi Algo] BelH7] wjEe]

THACR e AY ARl 4L 71t Ae & Atk AW e 7l2olu HA Ve =
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Figure 4.3. Temperature response function.

£ A7 718 A AR ol asketl ol 48 B3E 2 5 o) URel £xe) AYkE A A8
of Wesi717t Rk ol neel) Sla) WY gl MY & i LE WY 4Y BAE F
7 8 2% WeE LN Uee wns Fo
g(s*) = o+ Bis" + Bas™ + B3 cos 2ms”™ + B sin 27s”, (4.1)
& — s+ 20
60 ’
A7IN glsT) e SEMSAGOIT, st BT L5, 5 BT SEE 0014 1 Abo] oz REID 3k

Figure 4.3-2 20l tigte] vl TREC|TE A 717kl dis] 1702] Ao 2 £33
A, Bz 47)9] Alow FH3 TRFS Z—*.ﬁf& , SR 24709 Aoz mHst
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Figure 4.4. ACF and PACF of the transformed data. ACF = autocorrelation function; PACF = partial ACF.

Table 4.1. Augmented dickey-fuller (ADF) test

Dickey-Fuller Lag p-value
raw data —3.6391 8 0.02892
log transformation —3.6039 8 0.03231
first differed —11.8960 8 < 0.01
log transformation and first differed —12.1480 8 < 0.01

4.3. Y ALBYO| ©9I2 HH

AAE P A3 ERZH ol FBaRP ] AAE ACFS} PACFZ 24T & St} A73]7 =
FolMe ACF7F mhaA| Zh43hal, PACFE ol= AN Ad4s zheth Wbz ojg3dgrnde
ACF7} 2ebd£ 2131, PACF= W27 43tk Figure 4.4+ A9 A& 27 Wghe 3 5 A2
S 359 3 AdE, a2 By JE Balo] dASt ACFSF PACFE AJxHE ARMA(L,2)E 11
22 5 oot vlelB7h B wEsheAl, 1Al 2k, A S HolHe W] 483 &
obi7] fIsll ADF HAS AHsto] &9 A4S stk Table 4.19] &2 174 23} 4 Hlo]H %}
23 WgS g HolHE p-ghel RAFFE 0.015 AA AFTHES 7148 5 Q7] w2l AdE3E

WESHA] oF=th & W AR E olE et 2O e £ 3 W A2 S vlolH = p-3hel fol5E 0.01%
oh 27) wij 2ol B8e wEdrh 92 A 2348 ACFS} PACFE 2 2298 3 W A2
T HlolEl 7k 242 sl AdE HEo g Helr

4.4. ARIMA =g

Table 4.2 ARIMAE #3}3t ZA3}o]1, Table 4.3 ARIMA(p, 1,¢q) 289 MSES} RMSE, ERE
Ho&Eth 72t mydE vus) 8 Ay MSES’Jr RMSE+ ARIMA(2,1,2)7} 7P Agkal, 2 th2o =z
= ARIMA(1,1,2)7} 294t} ERE ARIMA(z, 1,1)0] 7P¢ &gka, 2 the o 2= ARIMA(2,1,2)7}
Zokth. ERE $4l02 RE 58 v8d 22 ul, ARIMA(2,1,2)2] 23 o] A3l Ho|mg o] B
FE T BP0 AYIV|R St e BHP] A2 4] (4.2) 0]t

W, = 0.8415W,_; — 0.0736W;_5 + a; — 0.6928a;_1 — 0.1810a; o, (4.2)
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Table 4.2. Parameter estimation of ARIMA model

AeFA
AR A4 MA A&
1 P2 01 2
ARIMA(2, 1,2) 0.8415(0.1654)  —0.0736(0.1561) Z0.6928(0.1641)  —0.1810(0.1593)
ARIMA(2, 1, 1) 1.0165(0.0513)  —0.2379(0.0367) —0.8770(0.0404)
ARIMA(L, 1,2) 0.7694(0.0586) ~0.6236(0.0634)  —0.2526(0.0369)
ARIMA(1,1,1)  —0.2725(0.1581) 0.4586(0.1455)

oLo] ke ®FE 2 A}olty. ARIMA = autoregressive integrated moving average.
g

Table 4.3. Evaluation of ARIMA model

MSE RMSE ER
ARIMA(2,1,2) 0.00157979 0.0397466 0.3742434
ARIMA(2, 1, 1) 0.00158230 0.0397781 0.3739005
ARIMA(1,1,2) 0.00158025 0.0397523 0.3741336
ARIMA(1,1,1) 0.00163277 0.0404076 0.3798289

MSE = mean square error; RMSE = root MSE; ER = error rate; ARIMA = autoregressive integrated

moving average.

Table 4.4. Parameter estimation of ARIMAX model

A757
AR A4 MA A% Xreg
1 P2 01 02 temp
ARIMA(2,1,2)  0.8514(0.1654) —0.0736(0.1561) —0.6928(0.1641) —0.1810(0.1593) —0.0002(0.0006)
ARIMA(2,1,1)  1.0165(0.0513) —0.2379(0.0367) —0.8770(0.0404) —0.0001(0.0006)
ARIMA(L 1,2) 0. 7694(0 0586) —0.6236(0.0634) —0.2526(0.0369) —0.0002(0.0006)
ARIMA(1,1,1) —0.2725(0.1581) 0.4586(0.1455) —0.0003(0.0006)
() <9 %)\'% E—f— } 1th. ARIMA = autoregressive integrated moving average.

Table 4.5. Evaluation of ARIMAX model

MSE RMSE ER
ARIMA(2,1,2) 0.001579647 0.03974477 0.3740056
ARIMA(27 1,1) 0.001582240 0.03974477 0.3737380
ARIMA(1,1,2) 0.001580051 0.03974986 0.3738403
ARIMAC(1, 17 1) 0.001632117 0.04039946 0.3792654

MSE = mean square error; RMSE = root MSE; ER = error rate; ARIMA = autoregressive integrated

moving average.

A71M t=1,2,...,n— 10|13, W= 9ARE 21U 12} A3 vlolHz A AR ovs)
T, ae WARGS AP0z ME E]0|1, Fe] 0, ®4le] o7 <l FEReltt

4.5. ARIMAX =gt

ARIMA R3] 25 W] tigt 3AE 718 5 Qlth. 250 st ARIMAX(p,1,d)9] B4 &
7§ Table 4.4014 HojZct. ARIMAX(p,1,q)olA &% et SAASE FoI3HA ¢kokrh. Table
4.5 250 g3k ARIMAX 23¢] MSE, RMSE, ERE Bo&Zt} AAAog ¥ wj, ARIMA 2
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Table 4.6. Parameter estimation of ARIMA + GARCH model

As+4
A 3% EELA t-sAF -k
1 0.00091740  0.001245 0.737 0.461
GARCH(1,0) ao 0.00103350  0.00008223  12.568 <0.01
a1 0.40253720  0.08227 4.893 <0.01
1 0.00025876  0.0011770 0.220 0.82599
ao 0.00023016  0.0000732 3.144 <0.01
GARCH(L, 1) a1 0.27521214  0.0614640 4.478 <0.01
B 0.60175222  0.0824827 7.295 <0.01
1 0.00027188  0.001178 7.295 <0.01
o 0.00023141  0.00007381 3.135 <0.01
GARCH(1,2) a1 0.27535480  0.06256 4.402 <0.01
1 0.60065618  0.1761 3411 <0.01
ARIMA(2,1,2) B2 0.00000001  0.1466 0.000 1.0
1 0.00026980  0.0011772 0.229 0.818693
ao 0.00030300  0.0001035 2.927 <0.01
GARCH(2,1) a1 0.24233000  0.0649517 3.731 <0.01
as 0.09801690  0.0903523 1.085 0.277997
B 0.49666020  0.1246293 3.985 <0.01
1 0.00037985  0.001178 0.323 0.747040
ao 0.00044533  0.0001356 3.284 <0.01
a1 0.22664044  0.06099 3.716 <0.01
GARCH(2,2) as 0.26687600  0.08492 3.143 <0.01
B 0.00000001  0.1668 0.000 1
B2 0.26606630  0.1112 2.393 0.016716

ARIMA = autoregressive integrated moving average; GARCH = generalized autoregressive conditional

heteroscedasticity.

(
2el)

Hr} 2% ¥4E 2718 ARIMAX 239 ERo] t] Zolg A vl ARIMA(L,1,1)S A9 e =
.2 MSES} RMSE7} Z713it}. MSE, RMSE, ER ¢=xvto 2 gl wls ARIMA 239 2
el 2ol ARIMAX(2,1,2)7} 71 £& E3o g FaxAvh, &5 wa4g o zn 239 /A

7} wo] KHol= B3 ARIMAX(1,1,1)o]9th. ARIMAX(2,1,2)9 ARIMAX(1,1,1)¢] A%
2L 747k Al (4.3), A (4.4)9) 2T}

[}

1
ar)

e}

o &

Wi = 0.8372W;_1 — 0.0685W;_2 + a; — 0.6887a;—1 — 0.1856a;_2 — 0.0002temp,, (4.3)
Wi = —0.278W;i_1 + a: — 0.4630a:—1 — 0.0003tempt, (44)

AN t=1,2,...,n— 10|, Wit A8 A§FS 2IWE 8 W A28 vlolelolth a, WAz
& HHom A SPoln FFol 0, 4] 029l FEWFoIh temp, = L% WFolT}

4.6. ARIMA + GARCH Hgt
W, 7t A\7kel meh W Ao] Molix) Popns] $I8hA McLeod-Li A4-E S5 7hae cheat 2.
Ho: 2% ol84bgo] EASHA obeth. vs. Hy: 288 oliabgo] EAlat)

ARIMA 2 3o|A HErygor Aafid ARIMA(2,1,2)0] H8LS L2 gct. AR 23 p-ghol &5
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Table 4.7. Evaluation of ARIMA + GARCH model

MSE RMSE ER
GARCH(1,0) 0.001580949 0.03976115 0.3741562
GARCH(1,1) 0.001579946 0.03974854 0.3741919
ARIMA(2,1,2) GARCH(1,2) 0.001579958 0.03974868 0.37419
GARCH(2,1) 0.001579956 0.03974866 0.37641903
GARCH(2,2) 0.001580066 0.03975004 0.3741744

ARIMA = autoregressive integrated moving average; GARCH = generalized autoregressive conditional
heteroscedasticity; MSE = mean square error; RMSE = root MSE; ER = error rate.

Table 4.8. Augmented Dickey-Fuller test of electricity demand and temperature

Dickey-Fuller Lag p-value

electricity sales —3.6039 8 0.03231
diff(electricity sales) —12.1480 8 <0.01
temp —1.3254 8 0.8639
diff(temp) —12.6740 8 <0.01

Table 4.9. Cointegration test of electricity demand and temperature

Dickey-Fuller Lag p-value

EG 27 —9.6418 8 <0.01
Phillips-Ouliaris demeaned Trunction Lag p-value

PO AA —46.249 7 <0.01

EG = Engle-Granger; PO = Phillips-Oularis.

h

FoleE 0.05H T Feug FRrtdS 7| Z4%nh weba AY ARG vlolH e 20 ool &
Asteg GARCH R3¥E& H&A17A WEAdE Fol5olof gth. ARIMA(p, 1,¢)9F GARCH(p, ¢)9] &
4 FA2 Table 4.6014 HojZct.

Table 4.72 ARIMA(2,1,2) + GARCH(p, q) 2&°] t3t 23 A3te EAZFEot}h. GARCH(1,2),
GARCH(2,2) B3lA 528 B4FA o] fo8kA] eal, GARCH(2,1) R A ax7F FoJ8kA] ¢k
B8 I3AL A9 GARCH(1,0), GARCH(1,1) 23 oA HE23S 2433t ARIMA(2, 1,
2) + GARCH(1,0)°] ER7} 7} Ztomz Xelst 2 rsL 4 (4.5)9 2t}

k)

W, = 0.8415W;_1 — 0.07365W;_2 + a; — 0.6928a,_1 — 0.1810a;—2, t=3,...,n,
a; = O¢€t, (4.5)
o7 =1.034 x 107% + 0.4025 x a?_1,

A71M e A Sola Fito] 0, Bare] 191 FAEwFolT}.

FTEE AAE 317 e A AADolojok gttt Table 4.8 2 A AR 25 WHEo] T
AR AFgelth. 1Y AEF 25 g BF AE e p-ghel F4F 0.01E T Itk wEbA
AFEE 7148 5 Q7] Wl 2ol ujAAF AAI Do) AT RS 3 Flole A8 AgH 2= W
T BE p-3ol 94F 0.0112 0 27 wlEol A4S 95 Ak 1y EE F i BF I(1)9]
t}. Table 4.9&= A8 AL&E} L5 Atolof] ZFAR BA 7} Q= o thd APz, EG AA% PO 4
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Table 4.10. Granger causality test between electricity demand and temperature

F-statistic order p-value
y ~ temp 0.0081 1 0.9283
y ~ temp.w 48.836 1 <0.01
y ~ temp.s 77.659 1 <0.01
y ~ temp.m 67.834 1 <0.01

Table 4.11. Evaluation of error correction models

MSE RMSE ER
231 0.0001156 0.0107537 0.1034714
23 2 0.0002165 0.0147125 0.1391316
233 0.0002838 0.0168469 0.1580644
23 4 0.0002611 0.0161593 0.1536139

MSE = mean square error; RMSE = root MSE; ER = error rate.

u | &35 oF st} Table 4.102
Zvel a4 QAR Adoltt. FE 2= A ARRE| 9GS 7| XA EI}
P 5

A, SENSPSE 4GS WSES B pgho] 00520} Honz LESatrs AYAg el
AnBAT EAGE & 5 Aok

Aye = —0.00006344 — 0.07256u¢—1 + 0.0004333Az¢—1 + 0.1235Ay, 1.
- 23 2. AA 717l 3] TRFS 283 ECM

Ay, = —0.00004022 — 0.1921u;—1 + 0.02831Ab¢—1 — 0.06594Ay; 1.

Ay, = —0.00004633 — 0.3291u¢—1 + 0.3677Ad;—1 — 0.1421 Ay, ;.

A71A zp= AL toll thE v 250l by Al toll thate] HA 7|kl 283 TRF, ci= AlA
tol]l th3k 2718 TRF, di= Al A to] th3l 98 TRFo|t}. Table 4.11& ECM2] MSE2} RMSE, ERZ
HoErh TRFE 48317 @2 23 10] TRFE A43 23X} MSE, RMSE, ER7} 717 2 8ith.
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Figure 4.5. Comparison of 30-day forecasting via error correction model.

Table 4.12. Comparison of fit of 30-day forecasting via error correction models

MSE RMSE ER
231 0.011194360 0.10580340 0.04833445
23 2 0.005984125 0.07735713 0.03512176
233 0.003126992 0.05591952 0.02556844
234 0.002668666 0.05165913 0.02385807

MSE = mean square error; RMSE = root MSE; ER = error rate.
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Figure 4.6. Fit and 30-day forecasting via model 4.

TRFE H&3t 2y ZoAE Al 1 of ths] TRFE A-&35t ECMeo| o5 AE=7) 7P 2, &
71 TRFE A43 ECMo] o9& AZx 7} 718 =Zkth. Figure 4.5= Hgst oz 309L o=
s zﬂéi, A% dtole= thE A TRFE AREAHo R e By 33 BY 47} A Fo& o5 FE=

]’ =3 \_ EJ’}— E]—giq'
Table 4.12%= ECMe] &3t B tisf] H7} S=& B oJEr}h Figure 4.5904 & 4 o] 23
Sl BEEA A FU TRES 38314 B8 29 12 A28 B8 0l 713 A2 3547} Dol 3

i, Z*i}iﬂﬁ ol A=t 7 2k d TRFE 982 283 28 47} 718 ol & Jg=r) 7ok A
A RS LS YU FRH o Wsta, SRt P £2 1Y 42 A% Ryo= Adegt
Figure 4.6 28 4°] A3 9 95% o= 77+ £33t o|& Tgz ot}
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Figure 4.7. Residual plot of model 4.
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Figure 4.8. Q-Q plot of model 4.

Table 4.13. Durbin Watson (DW) test of Model 4 for autocorrelation analysis of residuals

DW p-value
234 1.9713 0.3397

A HFRY B 4o sl 2 2H02 4 1YL T8 Figure 477 2k o4k 6013
AEE AT 2| RAAHoE FEFo] 913, Figne 482 QQ 2ol sledl: Az
FAL VEIAY F% TREME o7 Mol e MATh Table 413 B3] A7 4% AL

Ho: 229) 27144840 264 etk vs. Hi: 2349 A7)4484do] 0K} =t

o]¢F 0.055 T 27] Wizl AF7HE S 7148 5 flenz ape] A7) dEid o] EAsHA
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5. 28

FAE AE9 4 AY ASFol s o7t RS 7|we s AAE A4S R g ZA AA
22 oY) S8 AHEE ste] ARIMA R3] A8 otal, AHES o1A] & A A AES ol
£3= U F UE, 3R AAS 5 FEAE FAE wESIEAd g§ gt ol LaF
By AEE NESTE 7N 25 LEVSESTE o835t He 2%, AA F7]o i =4t
SETE AL 25, BV LESESE AES 25, 98 2SS A8 258 HES
St T ARG S e vla B4 Ryt 2y A3 2R ESE A8 22 B
2E7F M A& A= AT, 30¢ A5 2E HY g9 2EN3ELE H8% BYo] 5
A7t 713 wodt) diEo] 45t € 54E st Byo g 30Y ASoA M 22 A9E
2l ¥ 2ENRSETE J 8% BP0 R HF AYsilth

E =RodAME A AREE ARSS duis AAE EAF &5 WS 230l ojHE AAE B3
o} AlAG BEAoA 744 7| RAQd ma ARIMA 23S HlEste] M54 23 GARCH, ARIMA
2o ¥ 25 H4E F713 ARMAX, A8 AR 25919 Ad) FAE o] &3 AR
7R A D ASS SNESS w, v A3 duF AAE 2R 25 HSE XS o] HEF Al
AL BA49 oA SEo] FUTE A7 AREFo] 259 22T g FUIE AHEE Fio] B
Jo d&HS T/MTNALE AAZT) o]} o] FWFo] e TA BFL 5 AEY A 8
of gt JEE A& ol F8F Aol olvz] 4n] sE A7 7|og Aot} w3t FAE AR 1
FA A3 AAHE BTl DY o0 TS v|AE FAF M E st 4~ Qg AY. dET
ge] AL AEY 5L AFATE ARSshe AY AN di"o] met s wong AL A&
st A= AR X o] FeF Zloz Helth

References

Apergis, N. and Payne, J. E. (2009). Energy consumption and economic growth in Central America:
evidence from a panel cointegration and error correction model, Energy Economics, 31, 211-216.
Apergis, N. and Payne, J. E. (2010). Energy consumption and growth in South America: evidence from a
panel error correction model, Energy Economics, 32, 1421-1426.

Box, G. E. P. and Pierce, D. A. (1970). Distribution of residual autocorrelations in autoregressive-integrated
moving average time series models, Journal of the American Statistical Association, 65, 1509-1526.

Chang, Y. and Eduardo, M. C. (2003). Electricity demand analysis using cointegration and error-correction
models with time varying parameters: the Mezican case (Working Papers 2003-08), Rice University,
Department of Economics.

Dickey, D. A. and Fuller, W. A. (1979). Distribution of the estimators for autoregressive time series with
a unit root, Journal of the American Statistical Association, T4, 427—431.

Dickey, D. A. and Fuller, W. A. (1981). Likelihood ratio statistics for autoregressive time series with a unit
root, Econometrica, 49, 1057-1072.

Erdogdu, E. (2006). Electricity demand analysis using cointegration and ARIMA modelling: a case study
of Turkey, Energy Policy, 35, 1129-1146.

Engle, R. F. and Granger, C. W. J. (1987). Co-integration and error correction: representation, estimation,
and testing, FEconometrica, 55, 251-276.

Glasure, Y. U. and Lee, A. R. (1997). Cointegration, error-correction, and the relationship between GDP
and energy: the case of South Korea and Singapore, Resource and Energy Economics, 20, 17-25 .
Granger, C. W. J. (1981). Some Properties of time series data and their use in econometric model specifi-

cation, Journal of Econometrics, 16, 121-130.
Kumari, A. and Sharma, A. K. (2016). Analyzing the causal relations between electric power consumption
and economic growth in India, The Electricity Journal, 29, 28-35.



420 Kyeongmi Park, Jachee Kim

Pao, H. T. (2006). Comparing linear and nonlinear forecasts for Taiwan’s electricity consumption, Energy,
31, 2129-2141.

Park, D. and Yoon, S. (2017). Clustering and classification to characterize daily electricity demand, Journal
of the Korean Data & Information Science Society, 28, 395—406.

Seo, H. C., Hong, W. H., and Nam, G. M. (2012). Characteristics of electric-power use in residential
building by family composition and their income level, Journal of the Korean Housing Association,
23, 31-38.

Shahbaz, M., Tang, C. F., and Shabbir, M. S. (2011). Electricity consumption and economic growth nexus
in Portugal using cointegration and causality approaches, Energy Policy, 39, 3529-3536.

Shahbaz, M. and Lean, H. H. (2012). The dynamics of electricity consumption and economic growth: a
revisit study of their causality in Pakistan, Energy, 39, 146-153.

Shin, Y. and Yoon, S. (2016). Electricity forecasting model using specific time zone, Journal of the Korean
Data & Information Science Society, 27, 275-284.

Yoon, S. and Choi, Y. (2015). Functional clustering for electricity demand data: a case study, Journal of
the Korean Data & Information Science Society, 26, 885—894.



Time series analysis of the electricity demand in a residential building in South Korea 421

=G 20| HM A U3 AAY 24 2

o=

gt g|e . gx”gml

- o

‘Hdo{Attstw st 5 S

]

0}

(2019 1 282 T4+, 20194 3€ 262 £, 20194 42 2221 A EH)

O OF

a5
Arh} B oA E AHgShael Tt 5L NSl F2B o)l B3] 74 DB AR B ThE
Aol ula) &3] PETh R =RelAE FAS ARl W Agol e AAD BAo PUES AYHT
A gtk dwAoR LRy AY ASust AT Bdol Jrkn FeiA ek WRE Aol FAR BAT £
drhe, A7l WE oAE 2ASE PUY LASARYS AT AY A8} LEE TP WLE Aol
of BAE WA e Holm, MEe LE U F4E el L% BIE T LASARYS AEFHAA

st}

o] =EL A5 4AYR(MOTIE) S &332 7|37 (KETEP) 9] A Q< ol $a® AxdA duch
(No. 20161210200610). 3 et=A YA X 9L o} 235 95Ut (Grant number: R18XA0L).

LI AAZ}E: (01369) ASA] T8 Areka 1447 33, A A8t A B E A 8k}

E-mail: jachee@duksung.ac.kr



