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Prediction of Electricity Sales by Time Series Modelling
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Abstract

An accurate prediction of electricity supply and demand is important for daily life, industrial activities,
and national management. In this paper electricity sales is predicted by time series modelling. Real data
analysis shows the transfer function model with cooling and heating days as an input time series and a pulse
function as an intervention variable outperforms other time series models for the root mean square error and

the mean absolute percentage error.

Keywords: Electricity sales, Winters seasonal exponential smoothing, AR error regression model, multi-
plicative seasonal ARIMA model, transfer function model, intervention variable, pulse function, cooling and

heating days.
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Syt = ws }fn+1 +(1- w3)gn+l—s- (2.5)
n+1
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2.2. AR2X} 2|22

ARF7] s& Ztv 9E ARAES AT ANTTE AT

RURS AF a N ~ Un e
AR (autoregressive) 22} A RHL 4] (2.6)3 2} 4] (2.7)2 AR(p) A5 YERdT]
> 1, t=i(mod 5)
Y: = t+ Sili—l—a, Iyi: 26
P ) Bt {o, 799 4%, 20
o714
ar = P1a¢—1 + Pp2ai—2 + -+ + Ppar—p + €, (2.7)

{e:}= BF 0, B4 0.2S zH= AL 914 (white noise process) ©| T},

2.3. SEAHE ARIMAR

ooll

Box&} Jenkins (1976)2] AZF7] s& zt= $HAZ ARIMA (aotoregressive integrated moving av-
erage) 29 ARIMA(p,d,q)(P,D,Q)s& A (2.8)3 Zo] AJAr}. olwf B B’ Z; = Z, ;5 W53t

£ A4 gLolth

#(B)®(B*)(1 — B)*(1 — B*)?Z, = 6 + 0(B)O(B*)es, (2.8)

71M {er} = B 0, B4 022 7 WAZFZIHA o] 1L,

¢(B) =1—¢1B—¢2B> — ¢3B° —--- — ¢, B”, (2.9)
0(B)=1-6,B—60:B> —0;B° —--- — 0,B", (2.10)
®(B°)=1— & B° — &B* — &3B*° — ... — dpB"*,
O(B*) =1— 0B —03B* —03B* — ... —©oB?".
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2.4. MO|gH-TH

aoaT Lo

Box2} Jenkins (1976)2] A o]gh4=(transfer function) 2 ¥ JHAIAES 2= ARMAR A 3|ARY
olgh= omlolX} ARMAXEHolgtus HErh 53], o)/ 0 22 NYaAE dHisE A8t
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A (211D NA = /WY HS(intervention variable) 2A4] of™ AlZ o] TAH A AYste] 1 a3}7}
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Figure 3.1. Time series plot of electricity sales, temperature, cooling and heating days(log transformed data)

A 29 B AFoAE F AALE T s AALES ARt RE AT 9fste] AS
training data)E 2000 1958 20119 12¥€71X]9] 9 AAGolH, A&HAZS 9
test data) 2 2012 d 195 E 2013d 129717 2\d 5910 9 A A IARE AR5
A8+ 2awgtete] R@ A 7] ARgsilen oEY 37E @ ols AAEE WHdlete] 3

3.2. ADHIZRIZO| Fadst

ARIMAR o} Holgpryol o3t AAGEAL BEANALE s et wepA v 44
= 7 AAEE ABAAGE §E & 240 ATt 53] AlAQGS xR (differencing)ol] 9
3o HAAIA o] FThH I AIAE-L S 2Tk el Dickey ) Fuller (1979), Dickey 5
(1984)°] 918 Dickey-Fuller 242 “H, : AALLS Agolek ol tistol “Hy : AALL 1A
2 AA AAHA dEE Zeth &, AAELE JAFN (L AZFANE Z& v AALl
o & AAs T3 JZ HoZ A AIAQY BEX)AFHEE(SACE; sample autocorrelation
function) 7 A% 1AL 1o] 774 2 golA AX ARSZ AN Boshn, RRAR4D
3+~ (SPACF; sample partial autocorrelation function)= Alx}F 194 19 7M7ke 2 & 7IA 2 O
2] T2 AlRfell A= AL 00l 7R Fhe Hol| 1 AHEE 288 iy #ad ¢ ok AE F7]
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2yo] 2AH ol By tia] AW 7ol REEHEAE AR RIAFEAAES AA

A 27004 A48 2 AAARGe] thek AL AR “Hy : {e) 7 WAFLSTR I =
“Ho : pe(1) = pe(2) = -+ = pe(K) = 079} 22 ujolty. A7|A pe(k)E {e} 52 k-A2}F A7) 4
B34 (ACF; autocorrelation function)o|t}. o] 7Hd-g& AAs7] 93 LENE LA A (Portmanteau
test)2 Thdt 22 AR BAFE ARt (Wei, 1990).
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Q=n(n+2)

>
Il

1

71 A ne AHRS) %, p2 (k)= RAk {6} 5] kA2 SACF, 18] 7 K AAolA 2esokst ACF]
Mgoltt. Ho sholH QEARL 2AA2 \2(K)REES njer),

FAPEAROIN ARr AT BANE AZRHeT BT & Yok 7 A ZE ol thate] A
d&8 v s 9% A= Z ASE AlFZH AT 2HRMSE; root mean square error) 2} 32
B2 © XH(MAPE; mean absolute percentage error): 247z} U237 Zro] o] H ).

Ru v

RMSE = %zt:(y;—fft)z

1 1
MAPE = ngPEt = jzt:

A7NA 1€ AZ(AE)717e] o], Ve AA AEAE, Vit AS(AE)3teln, APEE 54 Az
to| A2 AoE29] 2 XH(APE; absolute percentage error)©|th. APE, MAPE?S] ©-9= %2 A AA|
kg0l tht o5 (A eAte] WEES ojv]giet

Y, - Y,
Y:

x 100,

3.5. AAER2A| Mgt

3.5.1. Winters HEX|4$HatDd AT E(Y;)oll skl 4 (2.3), (2.4), (2.5)9] SHAZEA
THEHE FLT uf Z33 AT wi, we, wye AR} AEZ2x1e] AFEA SSE(wi,ws,ws) =
S,V —Yiei(1)* e Haw %H?«% 49 wi = 0.2, wy = 0.1, wg = 0.62 A3}

3.5.2. ARQAI 3|28  Aduze JMZANE X2z A7k AA sz, a1 AZFEY)
s =125 Z= 98 AZANEL A7) AAF-R FHT ARLA IARY 4L 4] (3.1)3 ”DP
BE B fodHA A p-value < 0.0001 024 EFE2 ¢ 723ttt

Yi = 0.004724t + 9.97751, 1 + 9.92841, 5 + 9.91211; 5 + 9.89261, 4 + 9.84411, 5 + 9.85391,
+ 9.87901: 7 + 9.91571; 5 + 9.87951: 0 + 9.83711; 10 + 9.87711; 11 + 9.9317 1,12 + G¢,  (3.1)

o714

ar = 0.5498a: 1 + 0.1561a;11, 6° = 0.000892.
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Figure 3.2. Box plot of APE for transfer function models

3.5.3. SEAHE ARIMAZYH Dickey-Fuller 77, Z28]31 SACFS} SPACFe] ez sho] 9
3 A 12 9 12328 Fato] FAAALE 4S5 ok o)Al (1 - B)(1— B2yl st
ARIMA(p, 1,9)(P, 1, Q)12 23 9] Aol A Rapdofe] WAg war|g vk webA pg, P,Q < 2%
22 g oA B4 o844 2 IAEA ARE neldte] HEHor FHRY ARIMA(O,
1,1)(0,1,1)12 282 4] (3.2)¢} 2T} BE B FAAAA A pvalue < 0.0001 224 Z4E-2 1)
% freof st

(1-B)(1-B")Y, = (1-0.5397B) (1 — 0.5992B"%) &, &7 = 0.000752. (3.2)
3.5.4. HO|g+23  HolFgrre] AMgHE YHHsE YT (Xy) oItk ¥dhE L2 Dic
key-Fuller 7%, 718]3 SACF9} SPACF2] 18|z ghthel] o3 12388 Sto] AAAALS S
S Atk B4 (2.11) oA Bagg, 1,5 AREEHA 9 22 s e s dS A
% Aoy FHAL 4] (3.3)F 2ot FARS ok BT ) 3= By Fo @Al o
3} p-valueo|t}.
(1-B)(1-B")Y; =0.0272 (1 - B") X; + (1 — 0.5141 B)(1—0. 0.6001 B'*)e;,
(0.0053) (<0.0001) (<0.0001)
62 = 0.000713. (3.3)

Figure 3.29] 3 WA Ax192 Aoy 4 (3.3)] tfsh 24 A32 4 APES ExE H
o=t} 20084 10€ 2 1199 APEZF ZHzF 10.3144% 92 9.6189%9] o]2t}. o]# 3t x|+ AA A

717kl A APES] B0 1.9719%, EEAX7} 1.7499%, 182 5% L 95% 29227} 242+ 0.1738%
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| T3t p-valueo|t}.

(1-B)(1-B"™)Y; =0.0284(1 — B**) X, + (0.0553 — 0.0750 B)I
(0.0026) (0.0153)  (0.0011)

+ (1 - 0.5099 B)(1— 0.5052 B'*)e;, &7 = 0.000671, (3.4)
(<0.0001) (<0.0001)

%x
A
I o e
ol oy 2
> = o
o o
k)
_EL

[>
ol

1o
>
.
r
d
¥
o
o
oX,
by
oX
2

o] 714

1, ¢t = 2008, October,
0, t# 2008, October.

Figure 3.29] & WA 4A2-E QAolgsRy 4 (3.4) et APES] ZE2A Hdojdry 4
(3.3)° tHE APES] E2Hr} 217t S48 0] 9lgg HolErh a2y oJd3] 20099 104, 114,
e 2 2010 109914 APEZF 242 7.7632%, 7.5206%, 7.1963%°l o] £tk |4 71&9] 2008
109, 283 AlEA 2009 104, 1149, 282 2010»3_ 1090 BAsl= 2% 47]9) Eadler 3
BT AolFrR e SN B R A 55 B3] 5% fAleFAA RS desR 749
AolFeryL 4 (3.5)9 2}

(1-B)(1—B")Y; =0.0281(1 — B"*) X, + ( 0.1149 — 0.1554 B)I,; — 0. L1583 Iy + 01594 I,

(0.0005) (<0.0001)  (<0.0001) (< (<0.0001)
+ (1— 0.4301 B)(1 — 0.4738 B")e;, 67 = 0.000464, (3.5)
(<0.0001) (<0.0001)

1714

_J 1, t=2008, October, [ 1, t = 2009, October, I — 1, t = 2009, November,
YT 0, £ #2008, October. T ) 0, £ #2009, October. ' ) 0, t # 2009, November.

Figure 3.2 Al A ZA2HE dolw2d 4 (35)8 483 ¥ APE Ex2A2 24027}
wo] Zo] E95S FAg 4= 9}t ow] APES] HFL 1.6539%, EFHx= 1.2829%, 281 5%
2 95% B 47} 242 0.05537% B 3.7429% 0] Th. Al WA AR ol A B o] FE= 2002 1Y, 20049
24, 2006\ 1099 BATAE F718 By A= B4 484 A3 2714 3719 2%
T BF 5% Fo 4= stollA F2 38R kst

3.6. THAIEA
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Table 3.1. p-value for goodness-of-fit test at time lag K

model equation

6 12 18 24 30 36
Winters exponential smoothing 0.0051  0.0059  0.0320 0.0009 0.0014  0.0042
AR error regression (3.1) 0.7655  0.5543  0.7814  0.3010 0.1862  0.2217
(3.2) 0.6453  0.6678  0.8623  0.1377  0.1500  0.1965
transfer function (3.3) 0.9372  0.8553  0.9685 0.3261 0.3764  0.3988
(
(

multiplicative seasonal ARIMA
transfer function with a pulse 3.4) 0.8182  0.8772  0.9067  0.2071  0.2943  0.3612

transfer function with 3 pulses 3.5) 0.3827  0.7336  0.8079  0.4446 0.3812  0.4127

Table 3.2. RMSE for the fitted period and the prediction period

. fitted period prediction period
model equation
2000-2011 2012 2013 2012-2013
Winters exponential smoothing 890 816 672 747
AR error regression (3.1) 679 1921 3272 2683
multiplicative seasonal ARIMA (3.2) 817 880 1420 1181
transfer function (3.3) 801 790 731 761
transfer function with a pulse (3.4) 776 826 336 630
transfer function with 3 pulses (3.5) 608 743 378 589

Table 3.3. MAPE for the fitted period and the prediction period

. fitted period prediction period
model equation
2000-2011 2012 2013 2012-2013
Winters exponential smoothing 2.2216 1.5486 1.4643 1.5065
AR error regression (3.1) 1.5605 4.4284 8.0483 6.2384
multiplicative seasonal ARIMA (3.2) 2.0587 1.7087 3.4609 2.5848
transfer function (3.3) 1.9719 1.4077 1.6417 1.5247
transfer function with a pulse (3.4) 1.9199 1.6020 0.7401 1.1711
transfer function with 3 pulses (3.5) 1.6539 1.4251 0.8249 1.1250
aho] The} 22 ARIMA(0,0,0)(0, 1, 1)1> R8ol Slato] o Zaiich. 2AR4 obd) B3 <o) 44

= 25 7949470l ek p-valueo]t}.

(1-B?)X,; = (1- 0.7800 B')e;, &2 =0.039303.
(<0.0001)

Table 3.22} Table 3.3 28 A&7 713 o =717+ 5242 RMSESF MAPEE 7Z}7ZF Hol&th ARL
A HARRE 271 AN © Fese] ARG} U8 & & Utk ARLA F7]
23 A T zhapol| thst o] B4l A AT A o| B4ty AT E BHATh e} o]R4l BY A

GARCHE Bo4] o328 #4e] Aol Asisodeh. Winters A 445 HL 2d ol 277 5
MAPEZ} 1.5065%2] £& AFE HolZrt}h o|AAS £835= Ho|gd-rd 4 (3.4)¢ (3.5)= 249
A&7 5 < MAPEZF 242 1.1711% 2 1.1250% 2 A4 w]-% 31, £3] 201339 dFex+= 7+
7} 0.7401% 2 0.8249% 2 A ]9 A&3HS & 4= 9t RMSEE MAPES} v|5:38 235 Hoj&c}

Figure 3.3°1A4 Al2%2] Difference(APE)= 23t E Z331R] o452 Ao|d-Rd 4] (3.3)2 ARE
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Figure 3.3. Difference of APE between the transfer function model quation (3.3) and (3.5)
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