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ABSTRACT

KEYW ORD

Purpose: The prediction of solar radiation is essential for the prediction of solar PV generation. In this study, we =~ A2

present a prediction model of solar radiation from data observed at Meteorological Administration and present basic
data for the development of solar radiation prediction model through meteorological parameters provided in future
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weather forecasts. Method: The regression model is presented for one - year observation weather data in Seoul area.  Solar Irradiance
At first, the weather variables that will affect the insolation was selected by literature reviews. Secondly, correlation =~ Meteorological Data

analysis is performed on the selected meteorological variables. Thirdly, a multiple regression analysis is performed

Regression Model

using the solar radiation, and a prediction model of solar radiation is presented. Finally, the reliability of the

prediction model is verified by comparing the predicted model with the weather observation data. Result A ACCEPTANCE INFO
regression equation model is presented for observational weather data. Variables with the greatest influence on the  Received Nov 10, 2017

solar irradiation were sunshine duration> continued sunshine duration> average wind speed> cloud cover>  Final revision received Dec 7, 2017

precipitation duration™> minimum relative humidity> precipitation> maximum temperature. The reliability of the

proposed regression equation was 0.907 and CVRMSE was 15%.
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Table 1. Observed Weather Variables
Division Observed Weather Variables

Min/Max/Average Temperature, Min/Average Humidity,
Selected Precipitation Duration, Precipitation, Max/Average Wind
Variables Speed, Sunshine Duration, Continued Sunshine Duration,
Cloud Cover

Wind Direction, Cloud Type, Cloud Height, Visible Range,
Ground-surface Temperature, Soil Temperature, Atmospheric
Pressure

Excluded
Variables

2.2, WY WAL YAF AES AT JAF o=

AEA £ ANFS o Sok mdol ofe] o] 9l
A9k 1 % 255 REE ASHRAESIA] ANSHs
AHENA (1)2F FATLAHENH (2))y5 ot & oot
Fahe o] glet

Iy, = Eexp [— Tbmab] M

E, = E exp [— Tdmad] @

B = B.[1+0.033 cos (360 =3) ] ©)
0 sc 365

m =1/[sinB+0.50572(6.07995 + 3) 1636] 4

ab=1.219—0.0437, — 0.1517, — 0.2047,7, (5)

ad = 0.202 — 0.8527, — 0.0077, — 0.3577,7, (6)

where, £, = Beam normal irradiance
L= Diffuse horizontal irradiance
E, = Extraterrestrial normal irradiance
m = Air mass
Ty, T, = Beam and diffuse optical depths
ab, ad = Beam and diffuse air mass exponents
E,,= Solar constant( = 1,367W/m?)
n = The day of year(1for January 1, 32 for February 1, etc.)
(3 = Solar altitude
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Table 2. Correlation Coefficient
Solar Average Minimum | Maximum | Precipitation Precipitati Maximum A;)/‘e}ir;:%e Néi;nzum ﬁ\e'lertaige Sunshine Csonﬁll:;xed Cloud
Imadiance | Temperature| Temperature | Temperature | Duration cipitation ‘Wind Speed Speed | Hi un?i dYtey H un?i dYtey Duration Dﬁﬁ:)l: Cover
Solar Irradiance 1.000
Average Temperature| 432 1.000
Minimum
ot 353 | 9% 1.000
Maximum
Tonooine 500 | .91 967 1.000
Precipitation
el -450 037 081 -0l 1.000
Precipitation | -276 | 114 141 081 690 1.000
Maximum Wind
Spemn 015 | -201 -194 -204 294 190 1.000
Average WindSpeed | -064 | -277 -257 -290 307 166 797 | 1000
Ny | -524 | -299 377 210 535 394 | -030 | -007 | 1.000
A | -3% | 362 429 291 567 411 017 | -047 | 905 | 1.000
Sunshine Duration | 590 | 824 807 827 063 160 015 | -103 | 138 [ 219 | 1.000
ContimedBunshine | 43 | 056 | -026 143 -520 -333 043 | -008 | -677 | -559 | .162 | 1.000
Cloud Cover | -543 | 254 313 180 508 331 039 | 004 | 659 | 585 | 143 | -828 [1.000
3. EA7|HE 8% YA o= n A5 098 e Hae MLl ATLE B2k, 455, 3
TR Yedth 05344 =415 si2sh] 918 Haek, F
3.1 799 ALk, B2 T AN BAL7 P g2 AT EE A
) oA EYui sl B AL A Al Qlstath B HASE
NS BEARS Aol Ut FepAnE, 2 @FolE o oS EHAI AN, S A LG
o] 1o1B M (o = Bo5e T BIEEE TUT ol fr =2 2404 A<l
20169 1€ 1958 129 314784 9] 119 9] 7] El o8& g o=
A7 F sl R AR A4S AT SAlol 281 Hlo] '
B 7 A= Ao H B2E 20164 o A EE 2750 Table 3. Variables Entered/Removed
_ . Variabl
At JAG WHG Bo] U AOR fYEL a42  Modd|  Variables Entered | pipiy | Method
TPERAZE, FALEAZ, BAAFE Ao, YA 84E Maximum Temperature, Minimum
Relative Humidity, Precipitation
LA A A2 AR 719 7)1 EHE 2 BE & 1| Duaton, Precipiation Maximum | Enter
= = ind Speed, Average Wind Speed,
o= 2Zgotgloma %—L_F—, %E, A —br]‘, 7&’“/?‘1]41\‘/\]{]', =& Sunshine Duration, Continued
- = - Sunshine Duration, Cloud Cover
Aol 7} WAIstLE, 2 Aol A AQlstlrt. 9o uhe At o : ) Wind Speed| . Probbiliy of
Z25ANE S8 AT ASREY A HSE F 5%
Table 4. Model Summary
Asdsharr e, Adjusted R |Std. Exror of
ljus r 0 -
A7) SPSS Statistic 232 58] HA 5] 0 1] 7|4k 4of o} Model| - R | R Square | ““So e |'the Estimate | DUrbin-Watson
& YA A5S AF5H] flste] o522 4 AAlIskt 24 ; g;; 'Zfé 'zﬁ 1'21;3‘; o
ol A SHHFE A FBEAS et B34 ) ' ' ' '
A& AEsE] fiste] oA 24& AAste SPHaE 1t
_ o ol& TZ2lHA0l X H}Alo]| 9]
Pearson AHTHAIZ7} 092 Y S22 3R A0 A A 9lata <Table 3> Z7]°f| 9} 2 S b XA A4 of ofsff 4|7
oo MAE F BEUAGAVASTI Y 5L SRS A T THUTE HEU AL o] AU, ofe] mer
SFo = QAL X 2] AAFR S AT S
T U SYNSE BAoIA Aot 140z gen sy ) 9T A ARRCARLE, HAJHGE AR
W22 Ao 2 T35 RS AXstdon, 578 g e = LA, Bt 55, 7IEA T, FAL RN, 2% 5 F 8719 7]
_ _ AFQ A7) A A 0] = A AL (R2 ZAE] AA
Y NTE BE EYRFR AP L0 Gl e 5y R oQZME‘r.:bele 8 2Y APASR)E 2 2
_ _ i A =0 e}
M58 AASE FUAATAE ARSAT AA 7122 ojghg T Adused R)EZ0.945, 09442 P AT} 52 A A2
U ; © BlolE o aAE]
O] 010]/\0}01 E]‘?i 7\‘"7%Q}5 ngi gxéa_%q_ L}E}ME} Durbin-Watson %}tl)a s—ﬂf?_]c\’l' %33’—]' 1646_E Zoﬂ 1_;1(:1 01'0:1
Wl (residual)7Ho] FEEAE glo] 871 RG] Aot Aoz e
3.2. SARA A U ok 244 (ANOVA)YE T4 Y] 24t 57
AR SRS B eAdd 248 Al St 4% 1) Durbin-Wasongt® slolelE9] 124 471492 ek A £, 0~49] 991S 7}
= k. 02 F A71d3, 2= 59, 45 5 A7V d8S HEUH, 429t 71E2 gloy
VA 2N Ao <Table 2> 2. SHUSST Pearson T g1 522 540l07 =102 Hickoio, e 21} 35ck 20 A143H] 9lo] 3

Aol oA ghe Ao w kgt
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7| YEAZHOIHE 283 LMUSEE WL
BAQl BSR40 BAS Gt HSARA A5 W nAE Gl F WAL ARALTALZA-H B>
Fbekana} st wpolch, A3k <Table >0 2Tk FAAAMA o FHELIAS ASATHRANSE- QAL H NI SO0
af 231 F&0] A A= HA FRro] 683.66414 769.9650. & A X B & 2 UERdH #3172, B S s, 7EARE, SAL2ARE, B
s oo A H= A 2l o oo A == HEol 2 T2 QAR GO ST BAE A, B ASAIY, S 2
the ofm| & 3] A of et ofm|7F H% ool A S & 4 vk & AU E = 0 T HAE Hehdth 55] o] w2 XAl
40121801 000002 005t o nE SlReo] AYF AL 7k FFRARE, HAATGE, Bewe] 49 AR AT Golgtgol
o 4 glet. 0.0000.2 UrERE, QAR Bl folg M4EAS & 4 gtk
Fig.1~8& a2l o] & W= AAFT} 7|40 ZHAF RS
Table 5. ANOVA LHERA 28] o
o | Smot |PEE men | o | o AR ) A2 At A A Q) e o] glom,
SQUANES | Freedom | S E5] G Qx A7 B oFol TFolu thE 71 Hlf 918 9Fa] &
1 Regression| 12360.033 9 1373.337 | 683.664 .000 71 ¢lo] &2 0 & HoFo] HH-& H|F L A|7HE onlst= Ao 7
Residual 713.120 355 2.009 .
ot | s | e A QzATk] A AL t7]7} Bt F-Eolu 91k 4 o
2 Regression| 12358874 | 8 | 1544.859 | 769.965 | .000 ofaf) 24 W] gF=th= Aotk 94 <Table 2>0f] LFE HEe}F 2
Residual 714.279 356 2.006 o] g A2 A 7a} W AQekuo] AlmA S - 0.828F 1AM
Total 13073.153 364 _ -
A7 F=52 & o Ak @A XA BEARE SH &
Table 6. Coefficients of The Final Model & 5 9loL} ZA R AR o= o] njg] 2 S glong &
Standar _ = = - =
Unstandardized | dized Collinearity FARE ol 5T 4 S A o= whETh B XA )
Moder | Cocfiicients - |Coelict) | | Statistic A7t EfFe) LT E91ZES AES B ol 58 4 glona Hjo
5 | | b Torlea| vpp o GFIE 5L AFVBANS B 45T 5 9L Aol B
ul nce za Howk 77|00 oy A AN S 52 o = ol
(Constant) -13.269 914 14523 .000 o=, U o, —’JJ— ]\_ = ] Oﬂy—oﬂ _1 ﬂ ]O]'\_ Y _l-——g‘ =2 ]Oﬂ
: o] ASFA] olx}zk dl o] AstAo] tralkzl Ao AYE]
Tlg’[a’“e‘r“amnﬁe 035 014|064 2489| 013 | 225 | 4436 o s el wet A wele) Aol Fet = Ao A
P oL Ty g AL A 2 aTAE BEE 0l E B
Duatin | ~00) 1] -058] 2815) 06 | 32 | 2760 YA A& AR, QI RAA &8 4 glon o) o
Pl’i}lpltatlol‘l -.036 010 -.063| -3.612| .000 | .504 1.983 @_ _Z’\_;g O] %.9.?—_-_]' Zigi 1%%‘4_
verage
Wind Speed 281 127 032 2216 .027 | .729 | 1.372
Minimum 20
Relative -053| .008| -.132|-6.806| .000 | 406 | 2.466 - o8
Humidity T 25 e
Sunshine = .o o
Duration 1.472 078 440 18.946| .000 | 284 | 3.521 % 20 - l. ‘.g. R ':
g s s o 3 ! LX
Continued £15 1o g0, & giiboneg f L8 %
Sunshine | 1112 .047| .714|23.699| .000 | .169 | 5911 %o i' . YO b 3
Duration £ g ::.'.- *? 857 0 0 :..3.:
kol ) . 3
Cloud Cover 228 .055 A11| 4.114| .000 | 212 | 4.710 g z e S ;.:- o * o % ‘-' 3;
8 9 10 11 12 13 14 15 16
O AR AT <Table 674 22, 4 ()3} 22 B A A sinine dusn o
018 2 9Jol} Fig. 1. Relationship of Solar Irradiance with Sunshine Duration
Y'=—13.269 +0.035X, — 0.089.X, — 0.036 X; +0.281 X, *
1 2 3 i) - R = 07114
—0.053X; +1.472X, +1.112.X; +0.228 X E® e
220 . ®® o o ‘-"-.
where, Y = Solar Irradiance(MJ/m?) g o 008 %, Ooy S
. o £15 s & St N .
X = Maximum Temperature( C) k| .}“ ° -.'.'ul e, 0 ) ig. 0
X, = Precipitation Duration(hour) EN L 0 PN, .o:.:..:::-:,c s Pt d
X; = Precipitation(mm) § 5 misey "?"« ¢
X4 = Average Wind Speed(m/s) 0
) . L 1: Q 2 4 6 8 10 12 14
X5 = Minimum Relative HumldltY(%) Continued Sunshine Duration (hour}
X4 = Sunshine Duration(hour) Fig. 2. Relationship of Solar Irradi h Continued Sunshi
X7 _ Continued Sunshine Duration(hour) 1g. <. elationsnip o olar Irra .lance Wi ontinue; unsnine
Duration
Xg = Cloud Cover(1/10)
ATt Aapol gt S A ()& BH 714 BE5 84 F dAbol
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2 P T Ak A0E 58 4 ok =0
Elo & 58 S| ARA A= QAR A BASTE 22 H A A dE
L7} A= QAT <Table 2>0f et 2} Zro] HAJti5met
3 T‘WEH *E% *ohir 1T7} 0.9052 - -2 AU HAE Hep 2

o el 5 2949 AL AFo7] 9stel 20179 1919
7 5 AV HelE S o shgon, o) F

AR F=gEo] whd glolH & A sty fadole 300%-e A
o= ﬂ:ﬂ*—""ﬂ A g5}to] © 2= v T A =5

ASHAREOM A A 5H Q)& CVRMSEZ-S E-851%th. CVRMSE=
A9 U] Aok gl Algelold HAT ¢ BEaT A5
o] A8t H] wof| AFEE= 7 © 2 ASHRAE Guideline 14-20149] wh
2 A4 4 dlo] g o tjali A= CVRMSE +30% o] U], 47t gl o] & o]
A= £15% oIHE A 7€ 22 AAISHL Yt 7]& Aol A
+ A5 ndo] g Bt S8EE= gl A Feet "ot
o9l 2] 9F-2 797} Wol 2 Aol A= ASHRAEC] A A AR G2

goto] Y=g AS okt AHgotatt e 2 AtolA d5H
tlo] el U7 glo]E] 2 ASHRAEO| A& U7td|o]Eof T3t 7|&2
A XS 9L A] gFot, & 7% B 15t CVRMSE: 2419
ot AlFTo R &gkt AEge] thk ol tist At S A E A
@®)el AOH 78 4= et

(yi _Z/Ai)z

®

i=1

CVRMSE= /y> 100
where, CVRMSE = The coefficient of variation (CV) of the root
mean-square error (RMSE)
= Observed value

y; = Regression model’s predicted value

y = Arithmetic mean of the sample of observations
n = Number of data points or periods
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