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Abstract

New and renewable energy forecasts are key technology to reduce the annual operating cost of
new and renewable facilities, and accuracy of forecasts is paramount. In this study, we intend to

a OPEN ACCESS bqild a mod§1 for the preqiction of .short-te.rm solar power generation for 1 hpur to3 hoyrs. .To
this end, this study applied two time series technique, ARIMA model without considering
Journal of the Korean Solar Energy Society seasonality and SARIMA model with considering seasonality, comparing which technique has
VVol.39, No.3, pp.59-66, June 2019 better predictive accuracy. Comparing predicted errors by MAE measures of solar power
https://doi.org/10.7836/kses. 2019.39.3.059 . . .
generation for 1 hour to 3 hours at four locations, the solar power forecast model using ARIMA
PISSN'* 1598-6411 was better in terms of predictive accuracy than the solar power forecast model using SARIMA.
elSSN : 2508-3562 On the other hand, a comparison of predicted error by RMSE measures resulted in a solar power
forecast model using SARIMA being better in terms of predictive accuracy than a solar power
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Revised: 08 June 2019 Keywords: B2} 3 243k (Solar power generation), A A4 £-4(Time series analysis), ARIMA

(Autoregressive intergrated moving average), SARIMA(Seasonal ARIMA), MAE(Mean

Accepted: 14 June 2019 Absolute Error), RMSE(Root Mean Square Error)

Copyright © Korean Solar Energy Society

This is an Open-Access article distributed under 1 . A'l %

the terms of the Creative Commons Attribution

NonCommercial License which permits unrestricted - - =7 = = =

non-commercial use, distribution, and reproduction }J—E 511]4:' Oﬂ}\ 11_1:" ﬂ'}’\ﬂl ﬁﬁ ?_]cd— yil _E—Zﬂ OJX]-E;‘ Oﬂl,ﬂ;(]i O ?_]_— "?4 ?:l]/lc:’) EH'E_OH ;gl?“
in any medium, provided the original work is . B

oA ARV od 2] A& 5217 ool et 819l hae 77k Ik, ALY

Journal of the Korean Solar Energy Society Vol. 39, No. 3, 2019 59



el ] =2l

o] i Ak AALE RIS B S1at SRR Z1ze]m A o] FoAE Tl

L 72 BoFo g QIgt efeF o] A3iTo] Bo] o] Folx| 3 Giek. joF ouiA] HisE 2 Aol Tt 7]

A 2910 QI] HIzge] W o] -2 542 7)1 9l T Q1] o] Jetgo] Rolrrt Fastc,

71 972 252 Reikard 2009 ARIMA 719 ol §5t] LA 4A1719] dAlet o 2

B2 7559.09, Moreno-Munoz(2008)”-& ARZ 3t ARMA 7% o}g5to] 55 ©9]9] Axjf o

2L 7E3Ih Ea Kim(Q017)79]4 ARIMASH ARIMAX B3 o]83]e] 1ARF g9] QAfe ol
O

RS TS0 919 752 'S THEE A5 flof el 2Tl M 2 9= viAle A
F 5= 5k

& Aol e 919 FFETh= B HE I wlolE TS o 81t Bl T of| . RS =0kl
ZF 2k Ejok ol 2] 257] A RS 913t 84 QIR |RE ARLE o) meQ] 152 913t 7|RtATE X158
Shar 2] eed T4 470 2]72] 2016'F 1€ 19 00:00 ~ 20161 124 31 23:007k4] 1417 SH9l=

= B AAIG A= ARASE TEfskA] 2 ARIMASH Al-Aolu 3714 A AU 9S4

=
ARIMA?S o] 8] el i ol B3-S GhEo]A of uhio] o2 H8tie] o S5

2. 0|22 HiE
2.1 AAIE 2Y 29
(1) ARIMA

ARIMA(Auto—Regressive Integrated Moving Average)+=auto—regressive(AR) 23 moving average(MA)
Re Aol Zeshs Al S50l e BEAE] FEAEE Aleet BYolth ARIMA 232 A7) 9]
T 2 p, 2R 4= d, o1F Bt A ¢ 7HITh AAIE Z,7F ARIMA (p.d,q) = W ) 21(1) FEfo

Hgoz mdth

¢,(B)1—B)'Z, = 0,+0,B)1-B)'Z, )
where, (;SP(B) =(1-¢,B— -— qSI,Bp),
0,(B)= (1-0,B— --—0,B"),

0, : the deterministic trend

p 1 AZIFHAAR) A42A, ¢ A1) Zhell (1), -+ (t-p) A1 Zho] BL F= AL it
d : A ofulsie, ¢ A Zlol (-d) A1) FES WA B1AL AAIS S AR AAD R BsolzTt

q : °FEBHMA) A=A, t AR o] (1), (t-q) ARS] BE2Q1 LAt S| YT Ze nlkitt

60

Journal of the Korean Solar Energy Society Vol. 39, No. 3, 2019



SARIMA 283 O|Z5HEfYd LA o2 23 115 0|53 2|

oldl, ¢(B), 6(B)+= 22+ AR, MA<| tigt that2lo|™ B %134k Hback shift operator) 0] di= Z, 9]
= Thaath 2t 1A, AIAE Zmol] thet A8/ (stationarity)<= 478

STt Aol AAI G S 78Rt 7712 Uedle W, 24 5710 s ohe Bata 74t dAshr= Aot
THA HPAAFA A 7%, e Bl A2 Fol A S TWEAT = Aol S E ofo s5h, o] & flsl A
AFFsE(Autocorrelation Function, ACF)Q} F-22}7]1 A aHeH=(Partial Autocorrelation Function, PACF)&
-89t 4= Q. AR, B o] 443421 AR(p), I(d), MA(Q)& Z3tote] BagS 78t $ofl AIC(Akaike's
Information Criterion) A% T+ BIC(Normalized Baysian Information Criterion) S5 5-& AF&0}o]
7V At By A7Rith 579 RYdo] FAA 0= ARt of thet K ek Wi 0 2= Xkxje] 217]
Ao BEA VTS DE5jo] DA1E0) SIS Ilsks T} 248 51 o]l nlxjate
2, EEH RS 51 P o= o] §slo nefighke oS3t o] A" ARIMA R A Egh @Akt

o AT BFL =5 4 9 o] glov], A2 Aol ke Bl o 2 15HE 5] el

=

AA o] Aol 714 BE/dE& AU AL 9l& 7390l A8 SARIMA B2 AAH o] Fd/dw50]
SEHo|AY the AR5} Tl 78l ARgS 4= Sleh AAIE z7F AEFI17E 591 SARIMA
(p.d,q)(P, D, Q), 2= A(2) eS| B o= BT 7|4, B= 4K Backshift Operator),

B) &t & (B,) € A2 BIAEA Sl ARE ARIAL, 0(B)2F 0 (B, )= 242 BIAE A B AR MAILIAL,
dot D= 212 HIAE A 9 A-A 2R 24, pot P Z2F HIAIE A 3 AR ARR, g9 Qs 282 HIAE

2 9 A84 MARolck

w
~

6,(B)@p(B°)(1— B)' (1= B")"Z,=0,(B)O 4(B)e, @)
where, ¢p(B) =1—¢;B—— ¢p(Bp)

6,(B)=1—6,B—--—0,(B

®p(B*) =1~ & B—--—Dp(B")

0y(B*)=1-0,B——0,(B9), ¢ ~iid N(0,07)

SARIMA 23] 29120l 3283 thavh ek 3 AR dlojelo] vl A4
AT} AR ) EAIRCHA, HAEA 2
= HIAIEA p, g2t AFEA P, Q9] Alv~E ZARITt. ACFe} PACFIR| O] T=-E Fof| 25 Tt 4= 9l
oF. Al WA 29 SRlolck, APHEAA Mg ASES ] 24 SAHCR ol o

=]

£ sjlsiet. ] WAk 29 Agolrh 241 wdo] FAH .0 2 A3 B4sks Aol Bge] 72t

Journal of the Korean Solar Energy Society Vol. 39, No. 3, 2019 61



el ] =2l

chl APHOARE Th) BiEolRitt HEHo R SE RS olgsle] oSt
Lo mEe TR S5 ARIMA BHE AB4E e e mgo SARIMA
BRe AdYE T B Holstrs Fit

%

o,
ol
=
&
M
éé

£

2

3. EHOI:.T'_I- giz{2k 01|ﬂ%é = Aalé-l

W2 470 21 vt B AR AAIE ARG 75 S ol 197 12871%] He Eo 54
S HhgE]oof gitt. whebA] 197 129717] e go] 545 BT WHgsty] flsiA =g 2w tlold
% 220 F2(19~209)2 B Ftraining) 82 K21 9~TY)-S B H7Htest) g RS}
ARESISITE. BlolHE Whe 7Ha T/l Fig. 13 Aok

le

Jan Feb Dec
Training o e From 00:00 1st
Batasat = = .o 23:00 20th
(5760 hours)
Test _| P - From 00:00 1st
Data set to 23:00 end of month
(3024 hours) L

Fig. 1 Overview of training data set and test data set for solar power data
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B Ao A= ARIMA(p,d,q) B@ANHL] pdq 42 AASP| 6] BAIE 2E 23 w8 Mol AICS}
SBCE ARg5litt. AIC(Akaike’s information criterion)@} SBC(Schwartz’s bayesian criterion) 25 W24
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Table 1 ARIMA model for 4 stations

Station ARIMA (p.d,q)
Station 1 ARIMA (2,1,2)
Station 2 ARIMA (4,1,2)
Station 3 ARIMA (4,1,2)
Station 4 ARIMA (4,1,2)
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Fig. 2 The actual value and the predicted value(from 1 hour to 3 hour) of solar power generation at station 4 using ARIMA model
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Table 2 SARIMA model for 4 stations

Station SARIMA (p,d,q) (P,D,Q)s
Station 1 SARIMA (4,0,1) (2,1,0)a4
Station 2 SARIMA (2,0,1) (2,1,0)a4
Station 3 SARIMA (2,0,3) (2,1,0)24
Station 4 SARIMA (2,0,1) (2,1,0)24

Table 2] ATHE vigho 2 7} 2|40 dideh= SARIMA RG-S o]gsto] 1AIZHEE 3AI77R]| 9] Efefd

TS ASsHAH.
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Fig. 3 The actual value and the predicted value (from 1 hour to 3 hour) of solar power generation at station 4 using SARIMA model
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Table 3 Comparison of MAE between ARIMA model and SARIMA model [Unit : MWh]
) ARIMA model SARIMA model
Station Forecast 1 H Forecast 2 H Forecast 3 H Forecast 1 H Forecast 2 H Forecast 3 H
Station 1 0.0032 0.0061 0.0090 0.0037 0.0066 0.0090
Station 2 0.0936 0.1638 0.2224 0.0966 0.1720 0.2330
Station 3 0.0871 0.1527 0.2068 0.0899 0.1591 0.2153
Station 4 0.1006 0.1769 0.2424 0.1054 0.1852 0.2509
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Table 4 Comparison of RMSE between ARIMA model and SARIMA model [Unit: MWh]
Stafi ARIMA model SARIMA model
ation
Forecast 1 H Forecast 2 H Forecast 3 H Forecast 1 H Forecast 2 H Forecast 3 H
Station 1 0.0060 0.0105 0.1490 0.0057 0.0091 0.0119
Station 2 0.1563 0.2431 0.3190 0.1493 0.2414 0.3102
Station 3 0.1418 0.2262 0.2919 0.1396 0.2244 0.2865
Station 4 0.1623 0.2615 0.3461 0.1612 0.2592 0.3361
4.22
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