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A Study on the Estimating Solar Radiation for Arbitrary Areas
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ABSTRACT

It is necessary to estimate the regression coefficients in order to predict the monthly

mean daily global radiation on a horizontal surface. Therefore many different equations

have proposed to evaluate them for certain areas.

In this work a new correlation has been made to predict the solar radiation for any area

over Korea by estimating the regression coefficients taking into account latitude, per-

centage of possible sunshine, and cloud cover.

Particularly, the single linear equation proposed by Page & Garg shows reliable results
for estimating the global radiation with average deviation of -1 to 3% from the measured

values.
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Table 2-2 Climate Region Constants by Lof
Climate Sunshine Rate (%) (chn)lp rical
Classification ~ nStant Remarks
Range | Average a b
Mesothermal 11-49 36 | 0.22 | 0.57 | warmth, rainfall all
forest climate, 45-71 59 0.38 0.26 through the year
constanthy moist | 47-68 59 0.26 0.50
(Cf) 60-75 67 0.48 0.09
Microthermal snow| 40-72 58 0.30 0.34 coolness, rainfall all
forest climate, through the year
constantly moist
(Df)
Microthermal snow| 55-81 67 0.36 0.23 coolness,rainfall through
forest climate, the summer
dry season in
winter (Dw)
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Table 3-1 Selected Station for Simulation

Selection Location
No, , - Remarks
Station Lat. (N) { Long. (E) | Height(m)
C.M.0!8S Meteorological
O / [+] 7 -

101 | Chunchon 37°54 127 °44 74.0 Station

105 | Kangnung 37°45’ 128 ° 54/ . 26.0 "
108 | Seoul 37° 34’ 126°58" 85.5 C. M. O.

: 0yt o s C.M.0. S Meteorological

114 | wonju 37°20 127°57 149.8 Station

129 | Sosan 36°467 126°28’ 19.7 %
131 | Chongju 36°387 127°267 59.0 4
133 | Taejon 36°187 127 ° 24 77 .1 "
138 | Pohang 36°02” 129°23’ 5.6 o
143 | Taegu 35°53’ 128°37 57.8 "
146 | Chonju 35740’ 127°09’ 51.2 Z
156 | Kwangju 35°08’ 126°557 70.9 "
159 | Pusan 35°06’ 129°02’ 69.2 Z
165 | Mokpo 34°47’ 126°23’ 53.4 "
184 | Cheju 33°31’ 126°327 22.0 "
192 | ¢Chinju 35°127 128°06° 21.5 "
272 | Yongju 36°50 128°37° 170.0 Z

Table 3-2 Climate Region Constants for Insulation - Sunshine Regression equation

s giinth 1 2 | 3 4 5 | 6 7 | 8 9 | 10| 11 | 12
| a | 0.1804] 0.1881| 0.2603|0.2996 | 0.3142 | 0.2729| 0.2253] 0.2236| 0.2472| 0.2791 [0.2601 | 0.1842
SEPLe 1 0.5208] 05151 0.3994|0.3253 |0.3088 | 0.3593| 0.4245 0.4745{0.3884| 0.3863{0.3722 | 0.46%
a | 0.1463] 0.0906|-0.2429[0.1298 |0.1171 | 0.1632] 0.0661] 0.0508] 0.1644 0.3162 | 0.2790( 0.2226
P(,iyno— b | 0.6627] 0.9091| 2.3258/0.9330 | 1.0316 |0.8323 | 1.2985 1.2909{0.7363|0.2543 | 0.2970| 0.3067
mal Lo 1379l0.3785|-1 .8065| 0.5344-0.6581| -0.4884-1 .111810.9234|-0.3507 0.1148 | 0.0718| 0.14%0
Logari-|a | 0.6553] 0.6682| 0.6404]0.6000[0.5967 | 0.5797 | 0.5926( 0.64550.5830 [0.6355 | 0.5909{ 0.5925
thmic |b | 0.5614| 0.5820 0.48500.3800|0.3572 | 0.3623| 0.4355 0.4859|0.4171]0.4307 | 0.4020| 0.5275
Expone-| a | 0.2362 0.2432] 0.2923[0.3293]0.3362 | 0.3041 | 0.2476( 0.2602{0.2810 | 0.3197{ 0.2943] 0.2298
ntial |b | 0.5227 0.5116{ 0.3865]0.2921 |0.2824 | 0.3359| 0.4955| 0.4919|0.3753[0.3353 |0.3551 | 0.4860

H n . H »

* Simple : He = a+b§ Logarithmic : — = a X ( ﬁ)b
: . H n ")2 ‘ H (bx2
Polynomial o a+bﬁ+ C (—I\_I Exponential — = a X 10 N
(] (4]
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Table 3-3 Climate Region Constants for Insolation — Cloudcover Regression Equation

Month X
curve Fit 1 3 4 3] 6 7 8 9 10 11 12
Simpl a | 0.6701) 0.6855| 0.6771] 0.6447 | 0.6471 | 0.7197{0.7729| 0.7399| 0.5901( 0.6191} 0.5950( 0.5960
imple
b {-0.44920.4468 10.3795-0.3211 {-0.3051 |-0.4310—0.5424~0.484d—0.2663 -0.2628} -0.3053-0.3748
a | 0.6512(0.6235 0.5575.0.7210 0.4512( 0.739210.6113| 0.4082; 0.3606] 0.6820| 0.5946{0.5837
Polynomiallb |[-0.362410.1842| 0.06050.6239 [ 0.4291 1-0.49340.0793{ 0.5911! 0.5636 [~0.5515 | -0.3038{-0.3110
c |-0.092240.2601 }0.3940{ 0.2940 | -0.6779| 0.0491}-0.3269-0.85430.7251| 0.3151|-0.0016| 0.0736
Logari- |a | 0.3214} 0.3272|0.3549| 0.3800| 0.3894| 0.3339 0.2707|10.3120} 0.3638| 0.4106] 0.2654|0.3149
thmic |b {-0.4252H0.45831-0.4425-0.3383 [-0.3373 |0 .6022+0 .9903|-0 .6855¢0.2871 |-0.2339| 0.275810.3213
Exponen- (a | 0.729%| 0.7563] 0.7364 0.6478 | 0.6821 | 0.8175(1.0689| 0.8896| 0.5868| 0.6327 | 0.6145] 0.6214
tial b 1-0.4466+0.4407 [H0.3634{-0.2919 |-0.2816 }-0.421310.6277H0 .49961-0.2373 -0.2313 | -0.2919+0.3922
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Fig. 4-1 Comparison betwgén the monthly average observed and estimated insolation

Table 4-1 Comparison between the monthly average observed insolation and estimated insolation by
each correlation model equation
Seoul (37° 34’ N) - (MJ/d-day )

Month
9 - .
Model 1 2 3 4 5 6 7 8 10 11 12 Avr

KIER |[Mes. | 8.05| 10.73| 13.51]16.33| 17.91 | 17.62} 12.67 | 13.17 ]| 13.99 | 11.64| 7.8 6.57| 12.50

Page & |Est. | 8.21| 10.99| 14.14| 16.94| 18.62 | 17.97| 13.71| 14.19| 13.52 |11.83| 8.18} 6.53] 12.90

Garg (Egor—w 24| 45| -36] 38 |-1.9|_76|72] 3.4 |-1.6] -3.9] 0.6 |-3.1
Est. | 8.50 | 10.72| 14.12| 17.02| 18.62 | 18.28| 14.0p| 14.44| 13.19 | 11.72| 8.2 6.75] 12.97
Norri-

Est. | 11.03| 13.31| 17.51] 19.57| 21.59 | 20.42| 12.50| 14.04 | 16.87 | 16.52| 12.05} 10.04 | 15.46

() |[270 |-19.4 | -22.8 |-16.6 |-17.0 | -13.7) 12| -6.2 |-17.1 | -29.5{-34.8 |-34.6 | -19.]

Est. | 8.40| 11.07]| 14.19} 17.15| 18.81| 18.92{ 16.68] 15.83 | 14.44} 11.60| 8.62] 7.38] 13.59|

% | 42| 31| 48| 48| 48 6.9 | 040 | -16.8] -3.1 | 0.3] -8.8 [-11.0 | -8.0
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Kangnung(37°45’ N) (MJ/ni-day)
Month | 2 | 3 4 5 | 6 7 8 9 |10 | 11 | 12 | Avr.
Model '
KIER IMes. | 9.00| 10.79] 13.43 |16.75| 18.81| 16.55| 14.99] 14.26 | 13.28 | 11.23| 8.66{ 7.68 12.97
Page & |Est. | 8.69| 10.59| 13.30 [16.23| 18.31 | 16.24) 14.03] 14.01| 12.44 | 11.25) 8.0} 7.33) 12.57
Garg Eé%"r 361 19| 10 |32 | 27| 19| 68| 18| 84 |-0.2| 31| 48] 3.2
Norri- |Est. | 8.70] 10.57] 12.26 |17.00 | 20.64| 16.07| 15.79] 13.97 | 13.22 | 11.28| 8.52| 7.88] 12.74
= E(‘;;;’r 29| 24031 o5 | 37| 10| 86| 13| 56 |-33| 24/ 58 18
sabbaghEst. | 12.22] 12.75] 15.00 |17.65 | 19.74| 15.17] 13.39] 13.98| 13.90 | 14.79| 12.83| 11.59] 14.43
etal B 264 |-15.4 [-11.0 |-50 | <47 | 91| 70| 2.0 | -3.0 | -24.1)-325 337 j-10.]
LSf {est. | 9.0l 11.79 15.08 | 18.38| 20.35| 20.54 19.77( 18.21| 15.58 | 12.38[ 9.45| 8.20( 14.90
et al. E{;;’r 111 -85|-109 |87 | 7.6 | -19.4) 24.2 [-21.7 | -13.5 { 9.0 | -8.4 [ -6.3 | -13.0
Kwangju (35° 08/ N) (MJ/ni-day)
Month | ) 5 | 3 4 5 | 6 71 8 [ 9 | 10 |11 ] 12 ]aAvr.
Model |
KIER |Mes. | 8.75| 10.86] 13.50| 16.63 | 18.48|17.20 | 14.30| 16.24| 13.97| 12.33| 8.37 | 7.19 | 13.16
Page & |Est. | 9.06| 11.17( 14.18| 16.98 | 18.80 17.07 | 14.53| 16.05| 13.41] 12.36] 8.71 | 7.36 | 13.31
Garg E(‘;)Or_ 34| 28| 48 |-21 | -17] 08 | 1.0 12| 42| -1.0]-3.9 [-2.3 | 1.1
Est. | 8.02| 10.10| 13.16] 16.27 | 18.08| 16.52| 13.60] 15.28] 13.15] 12.07| 8.27 | 6.67 | 12.60
Norri- Error -
s || 91| 75| 26| 22 | 22| 41| 58| 63| 62| 22|12 |78 | 44
Sabbagh Est. | 11.38| 12.49| 16.24| 18.63 | 21.51| 17.65| 14.44| 17.87| 15.39| 16.36 11.82 | 10.18 | 15.33
et al. E(r;;’r -23.1 | -13.1 |-16.9 |~10.7 | -14.1] -2.5 | 0.3 | =9.1 | -9.2 | -24.6 |-29.2 |-29.4 |-14.2
Lof et |Est. | 9.®| 12.40| 15.50] 18.56 | 20.38| 19.64 | 19.12 18.04| 15.61] 13.07| 9.92| 8.82 | 15.08
al. E(g)or -11.8 | -12.4 [-12.9 |-10.4 | 9.3 | ~12.4] 24.7 |-10.0 0.5 | -5.7 | -15.6 |-18.5 -_12,7
Taejon(36°18’N) (MJ/n-day)
oapenth 1y L2 | sl s ] s | s 7] 8] o] 10 _11. 12 | Avr.
KIER |Mes. | 8.46 | 10.87} 13.61| 16.83 | 18.67| 16.71 | 14.20| 16.35| 13.33] 11.57] 8.21 | 6.88] 12.94
Page & |Est. | 8.19 | 10.33} 13.28| 17.07 | 19.19] 18.06 | 15.06| 16.45| 13.59] 12.11] 8.41| 6.69] 13.21
Garg |“TpF| 33 | 52| 25|14 | 27|75 | 57| 0.6| 19| 45)24 | 2.8 -30
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Est. | 8.51 | 10.75( 14.36| 17.61 | 19.67| 18.65 | 15.84| 16.91] 14.03} 12.34| 8.54 | 6.87| 13.67
Norries 3
(‘;;)Or ©06) 1.1 )52 441 -5.11-10.4 | -9.9] 3.3 5.0] -6.2|-3.9 | 0.1 | -5.3
Sabbagh {Est. [10.83 | 12.09] 16.06| 19.22 | 22.15| 18.88| 14.44| 17.®2] 15.811 16.17| 11.88| 9.43| 15.41
et al. E(r;‘)"r -21.9 | -10.1 |-15.3 |-12.4 |-15.7 |-11.5 | -1.7 | -8.8 |-15.7 | -28.4 | -30.9 |-27.0 |-16.0
Lof Est. | 8.49 | 10.79] 13.87| 17.29{ 19.32| 19.20| 17.75| 17.24| 14.69} 11.911 8.89| 7.60} 13.92
etal. 507904 | 07|19 |27 | 3.4 [-13.0 |00 | 5.2 | -0.3] -2.0| 7.6 [ 9.5 | 7.0
Pusan(35°06’ N) (MJ/m-day)
Month
Model 1 1 2 3 4 5 6 7 8 9 10 11 12 | Avr.
KIER |Mes. | 9.95 11.86{13.83 | 16.32| 18.48 | 17.47 | 15.541 16.94 | 13.36| 12.61 | 9.95| 8.81| 13.76
Page & |Est. |10.34 | 12.16 | 14,19 | 16.98 | 18.44|17.50 | 16,02 16.56 | 13.54| 12,76 | 9.81{ 8.63} 13.91
Garg Ef%’r 38 |-2.5 {-25 | 391 0.2 |02 |30 23| -1.3|-12] 1.4 2.1|-1.1
Est. | 9.88|11.71]13.85 | 16.61 | 18.44 {17.21 | 15.71| 16.32 | 13.24 | 12.48 | 9.41| 8.27] 13.59
Norries
Syl o7 | 13 -0 | 702 | 1 | -na| 38| 09 | 10| 57| 65| 1.3
(7} .
Sabbagh|Est. | 13.87 | 14.35 [ 16.54 | 18.66 | 21.56 | 19.09 | 17.15{ 20.10{ 15.17| 17.33} 15.21 | 13.28| 16.86
et al. E(;:)O" 28.3 {-17.4 L16.4 |-12.5 |-14.3 |-8.5 | -9.4 |-15.7 |-11.9 | -27.2 |-34.6 |-33.7 |-18.4
Lof et |Est. |10.56 | 12.901 15.51 | 18.561 20.08|19.95 | 19.22| 18.32| 15.70] 13.35 | 10.70| 9.54|15.37
al.  |"orl-6.8 | 8.0 [108 |-120 | 8.0 (124 |-19.0 |75 [-14.9 | 5.5 | 7.0 | 7.7 105
(=
2= gy SHBEe @&zt F=d) 9 3PA71e] AG A olEA Yo o|HERY
3] o] Fojx|7] ulFolu} o3 EH=o zH] B} 7B AEY AoRE A HT
e #S5@AEN we g ZolE yEh s, Sabbagh 5o] AAIgH Aol <]
7] wjFo] o'l EAE A|gto] ExA]she= I Q) ZAIZHS A Lsl =3 AAE AHHEHA,
2l -y YAlaERAlolo] A M Al ArmaAd dAlel Az ez Tl @A os
Aol Agsl o]g g ZAEY ol A A B ol£d ARBOE 57049 HAAYGoA
Z&o] FHRUE GAMSH B AR A FE]) sPEVE Afstie AESAY AAEE] &
BAAE 27 wEoE Alzg¥ET o] &zt S Holx Ut
T3 AutF o g ML, 74E, gAgAE v w3 18f To A#ale] o3l o5 HA
A ¢Fo] w3 UYxryt M k@) $7]  Sabbagh 5o @A) g A Hrh A
Hol AL, A B¢ 8 AAlES 2= ZX99 HAe HA JeEvz e v
X ¢} vl wE o, g2 AAA RUE HaE  AA-LF, o A HOE FAvFe=
o] =A JEh}E= AL Boja gt} ol: AF3ar xpo]E rolal Yok =3 P Ud=
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