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Solar radiation forecasting by time series models
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Abstract

With the development of renewable energy sector, the importance of solar energy is continuously increas-
ing. Solar radiation forecasting is essential to accurately solar power generation forecasting. In this paper,
we used time series models (ARIMA, ARIMAX, seasonal ARIMA, seasonal ARIMAX, ARIMA GARCH,
ARIMAX-GARCH, seasonal ARIMA-GARCH, seasonal ARIMAX-GARCH). We compared the performance
of the models using mean absolute error and root mean square error. According to the performance of the
models without exogenous variables, the Seasonal ARIMA-GARCH model showed better performance model
considering the problem of heteroscedasticity. However, when the exogenous variables were considered, the
ARIMAX model showed the best forecasting accuracy.
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radiation
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2. AN 05 2
2.1. ARIMA 2%
AALAA ARIMA mHe dAlsl AAQD ghol A BEgos AUETh AR B3t B9 A

AQ o] 9312 AWETi= MA 283} 37 312 A2 zasl= 2otk AR 2d2] 24427} p,
MA B8] X7} q, dxF 223 ARIMA(p, d, q) 23 A2 t}2-3} o] TdFATH

Pp(B) =1— ¢1B—"'—¢po (2.1)
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ojuf, Vi tAlFA #5H dlolHeln, By SAAMAE ugitt. 0,(B)9t ¢,(B)= 27 ¢
PR AR p g BHY A4S dE BHO A2 52 oud). 0o(B%)9 ¢p(B5)E 27
P}, QA A2 7R = AE AR, MAE 9u|dtn, S& AF 2 258 onjsic}

2.4. Seasonal ARIMAX 23
Seasaonl ARIMAX R332 ARIMA E3of F£7]do] EA3lH, EHHSZ JYHATE
t}. 232 ARIMAX(p,d,q) x (P,D,Q)s= ¥ HFo] 2P| A2 )23} 7}

¢p(B)®r(B%)(1 - B)*(1-B%)” [vi - ZﬁiXit> = 0,(B)Oq (B%)e

i=1
where 0,(B)=1-01B—---—0,B%,
¢p(B) =1—¢1B —---¢pB”,



788 Yu Min Suh, Heung-gu Son, Sahm Kim

2.5. ARIMA-GARCH 23

ARIMA-GARCH R332 3¢ EFo] ARIMA, #4t
o} TEH AsS o Ak

28 53 o]R4dE A% 7EY ARIMA 23 W 7}%6}931 TEAHd o] ofd
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Figure 3.1. Hourly solar radiation of Cheongju and Gwangju in 2015.
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Figure 3.2. Hourly solar radiation of Cheongju and Gwangju in January 2015.
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Figure 3.3. Result of forecasting 7-Days ahead, ARIMA model
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Table 3.1. Fitted models using ARIMA

791

Region Model
Cheongju ARIMA(5,1,1)
Gwangju ARIMA(5,1,1)

ARIMA = auto-regressive integrated moving average.

Figure 3.4. Correlation of Cheongju and Gwangju.

Table 3.2. Result of variable selection using ARIMAX model
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(b) Gwangju

Variable selection Cheongju Gwangju
el 0.1515 0.1791
ei + temp 0.1866 0.2186
ei + humid 0.1929 0.2037
ei + cloud4 0.1357 0.1755
ei + temp + humid 0.1965 0.2185
ei + temp + cloud4 0.1725 0.1824
ei + humid + cloud4 0.1742 0.1958
ei + temp + humid + cloud4 0.1238 0.1731

ARIMAX = auto-regressive integrated moving average with eXogenous variable.

Table 3.3. Fitted models using ARIMAX

Region Model
Cheongju ARIMAX(2,1,2)
Gwangju ARIMAX(2,1,5)

ARIMAX = auto-regressive integrated moving average with eXogenous variable.
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=
T

o 27
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Figure 3.59} 2th. A41o] $3gko]n, e HAlo]
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Figure 3.5. Result of forecasting 7-Days ahead, ARIMAX model. ARIMAX = auto-regressive integrated moving
average with eXogenous variable.
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Figure 3.6. Result of Forecasting 7-Days ahead, seasonal ARIMA model. ARIMA = auto-regressive integrated
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Table 3.4. Fitted models using seasonal ARIMA

Region Model
Cheongju ARIMA(2,0,1)(2,1,0)[15]
Gwangju ARIMA(2,0,4)(2,1,0)[15]

ARIMA = auto-regressive integrated moving average.

Table 3.4 Seasonal ARIMA Z3}o|t}. Seasonal ARIMA E&og A3l Ay AIC7|ECoE A
Z= ARIMA(2,0,1)(2,1,0)[15]9} 5= ARIMA(2,0,4)(2,1,0)[15] Z¥o2 23w 9ir}. Figure
36% Ag w3e) o3 Azpolth. ANFS F/14L AU 0B ARIMA BHo|L} ARL
MAX B8R} o2 4io] $45 ek,

Table 3.5+ seasonal ARIMAX Z3}o]t}. Seasonal ARIMAX 28 o7 Assl A3} AIC7|&E20 2 A
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Figure 3.7. Result of forecasting 7-Days ahead, seasonal ARIMAX model. ARIMAX = auto-regressive integrated
moving average with eXogenous variable.
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Table 3.5. Fitted models using seasonal ARIMAX

Region Model
Cheongju ARIMAX(5,1,0)(2,0,0)[15]
Gwangju ARIMAX(0,1,5)(2,0,0)[15]

ARIMAX = auto-regressive integrated moving average with eXogenous variable.

X ARIMAX(5,1,0)(2,0,0)[15]9} 3= ARIMAX(0,1,5)(2,0,0)[15] 28 oz A3w ). Fig-
ure 3.72 ZFH B9 o= Aot} Aol BEgholn, Ik HAo] Yol 23t o Egho|t})
Seasonal ARIMAXS] A3}, dAEFet o]43t AR of2 JAH-E vHPeu] £ o AAgkel 7}
7ho] e Zog AR U2 Ase] Yehe 2o & Bt} 31X % seasonal ARIMA Et} 4
3 5E Aeg Holt)

AN 282 ARIMA-GARCHZ A3t A3} ARIMA(5, 1,1) x GARCH(1,1) 238 o] 23 = 9lc}.
Ay RO o|& AgS Lol ] 93] 20189 01€Y 01Y o]F 794 =351t} Figure 3.83 2
°] ARIMA-GARCH 232 SH4Hdo] ofd o] R4S 71AE stuz Aol A A7) B4He 1
23517] wlEoll ARIMA 23 HET} 48 455 Yehdoh

ARIMAX-GARCH 232 ARIMAX R3] o]BA EA& 1&dt CARCH R3S =73t 230
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FE o83t R¥S HAFAZ T 2018 01€ 01Y ©]F 794E &3ty T3 ARIMAXS} &
AsHA TA AAHE 7 7| dy A ies 2450 Y AgAALE 1 B9 HF
o] ARIMX-GARCH =23¥9] #Z 232 ARIMAX(2,1,2)-GARCH(1,1)0]1 3Fe] HARYPL
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VRSE QANSsR 1Yt FFe} FF M 2y ARgste] o538 Ayke Figure 3.99%
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Seasonal ARIMA-GARCH 232 seasonal ARIMA E3&o o]&Z4F EAE 183 GARCH =
S F7}st Byjoltt. RS ATAZ A HF9 seasonal ARIMA-GARCH E3e XA »
32 ARIMA(2,0,1)(2,1,0)[15]-GARCH(1,1)0] 2 32 HARFL ARIMA(2,0,4)(2,1,0)[15)-
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Figure 3.8. Result of forecasting 7-Days ahead, ARIMA-GARCH model. ARIMA = auto-regressive integrated
moving average; GARCH = generalized auto-regressive conditionally heteroscadastic.
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Figure 3.9. Result of forecasting 7-Days ahead, ARIMAX GARCH model. ARIMAX = auto-regressive integrated
moving average with eXogenous variable; GARCH = generalized auto-regressive conditionally heteroscadastic.
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Figure 3.10. Result of forecasting 7-Days ahead, seasonal ARIMA-GARCH model. ARIMA = auto-regressive
integrated moving average; GARCH = generalized auto-regressive conditionally heteroscadastic.
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Figure 3.11. Result of forecasting 7-Days ahead, seasonal ARIMAX-GARCH model. ARIMAX = auto-regressive
integrated moving average with eXogenous variable; GARCH = generalized auto-regressive conditionally het-
eroscadastic.
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Table 3.6. Model comparison

Region Model RMSE MAE
ARIMA 0.4173 0.3736

ARIMAX 0.2586 0.1937

Seasonal ARIMA 0.1669 0.0977

Cheongju Seasonal ARIMAX 0.2572 0.1824
ARIMA-GARCH 0.3889 0.3406

ARIMAX-GARCH 0.5007 0.4222

Seasonal ARIMA-GARCH 0.1666 0.0973

Seasonal ARIMAX-GARCH 0.2543 0.1803

ARIMA 0.2436 0.2162

ARIMAX 0.1509 0.1092

Seasonal ARIMA 0.1348 0.0759

. Seasonal ARIMAX 0.1480 0.1073
Gwangju ARIMA-GARCH 0.2279 0.1994
ARIMAX-GARCH 0.3629 0.3262

Seasonal ARIMA-GARCH 0.1345 0.0750

Seasonal ARIMAX-GARCH 0.1509 0.1097

RMSE = root mean square error; MAE = mean absolute error; ARIMA = auto-regressive integrated
moving average; ARIMAX = ARIMA with eXogenous variable; GARCH = generalized auto-regressive
conditionally heteroscadastic.
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Table 3.7. Model comparison of peak hour using mean absolute percentage error

Region Model Dayl Day2 Day3 Day4 Day5 Day6 Day7 Average
ARIMA 472650 29.4263 40.9100 34.8224 41.0737 62.9476 34.0887  41.5048

ARIMAX 10.8567 114872 33.2028 33.1779 18.3497 18.5958 30.4866  23.5938

Seasonal ARIMA 27.6052  7.7431  3.2200 24.0200 11.1588 227771  25.6200  17.4660

Choongju  S0250nal ARIMAX 32.6205  7.5207 65.3726 24.8055 15.5418 28.0608 29.6922  29.0903
ARIMA-GARCH 16.5643 17.0336  17.2061 27.4833 27.6187 22.9549 34.4632  23.3449
ARIMAX-GARCH 342862 26.9510 42.7261 33.3060 33.3026 53.7572 33.2845  36.8019

Seasonal ARIMA-GARCH 6.8847 20.2207 18.6048 37.4787 20.7156  8.1529 41.3636  23.2030

Seasonal ARIMAX-GARCH ~ 9.5727 18.6762 21.4747 227059 25.2635  6.1135 32.3176  19.4463

ARIMA 46.4582 27.4027 53.0787 20.6318 55.7974 52.9428 28.2203  40.6487

ARIMAX 19.9435 24.5671 19.5145 232756 16.0069  9.2008 33.2434  20.8217

Seasonal ARIMA 43.8726  10.9220  9.5644 22.3077 117917 16.6670 34.9274  21.4361

_ Seasonal ARIMAX 17.6462  24.2292  18.0499 27.8457 14.0420 10.4230 34.3397  20.9394
Gwangit \ pIMA-GARCH 14.6097 23.1338 167562 35.2435 16.4200 14.9719 50.7543  24.5558
ARIMAX-GARCH 26.2592  23.0009 42.3104 26.0282 24.2462 285083 25.0416  27.9264

Seasonal ARIMA-GARCH 11.0332  26.4734 21.9058  43.3024 8.6714 3.2907  43.0287  22.5294
Seasonal ARIMAX-GARCH  18.1922  24.7870 17.2519 26.8925 13.6975 11.0473 34.5419  20.9158
ARIMA = auto-regressive integrated moving average; ARIMAX = ARIMA with eXogenous variable; GARCH = generalized

auto-regressive conditionally heteroscadastic.
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