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Estimation of the spectral solar irradiance by using
total solar radiation, sunshine ratio and solar altitude
— Characteristics of the spectral solar irradiance
under non-rainfalling weather conditions —
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Abstract

Based on the spectral irradiance database (ver-3) for all weather conditions published by the New Energy and
Industrial Technology Development Organization (NEDO), the relationships among spectral irradiance, total solar
radiation, sunshine rate, and solar altitude were investigated. These data are recorded by Japan Weather Association(JWA)
every 10 minutes from sunrise to sunset. The data processing method is the same as before report. For each of the five
stations (Naganuma, Tsukuba, Gifu, Tosu and Okinoerabu), the spectral solar radiation was estimated by using normalized
spectral solar radiation (HYs?), weather factor (Fy), and peak wavelength spectral insolation I, (4). The peak wavelength
spectral solar radiation (/) is estimated from the total solar radiation (HQOH) using a regression equation. As a result, under

non-rainfalling weather conditions, the estimated of the spectral solar radiation and the estimated errors for twelve months

at five stations were clarified.
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Fig.1 Hourly change of global solar radiation (HQH, HOHJ,

S HX), solar altitude sk, sunshine ratio Rss, insolation ratio Rp;
and spectral insolation ratio R_RX at Gifu in June 16, 2013
(Fine sky day).
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Fig.2 Hourly change of solar spectra at Gifu
in June, 16, 2013 (Fine sky day).
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Fig.3 Hourly change of HOH, HOHJ, HOI, S HX, Rss, Ruj
and R_RX at Gifu in June 20, 2012 (Cloudy day).
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Fig. 4 Hourly change of solar spectra at Gifu
in June, 20, 2012 (Cloudy day).
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Fig.5 Hourly change of HOH, HOHJ, HQI, sh, S HX, Rss, Ruij
and R RX at Gifu in December 13, 2012 (Fine sky day).
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Fig.6 Hourly change of solar spectra at Gifu
in December 13, 2012 (Fine sky day).
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(b) Hourly change of spectra ratio Ry( 4 ,IT), and
normalized spectrum HY(11).

Fig.7 Hourly change of normalized spectra HY(IT)
and Ry(IT) at observation station of Gifu in June 16,
2013 (Fine sky day).
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Fig.8 Hourly change of normalized spectra HY(IT),
and Ry(IT) at observation station of Gifu in June 20,

2012 (Cloudy day).
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Estimation of the spectral solar irradiance by using total solar radiation, sunshine ratio and solar altitude
— Characteristics of the spectral solar irradiance under non-rainfalling weather conditions —

Table-1 Coefficients a and b of regression equation, for to estimate I, from HOH and the coefficient of determination R?

at five observation stations.

Naganuma Tsukuba

Gifu

Tosu Okinoerabu

a b R a b R™2

b

R2 a b R a b R

Jan |1.5232 |49.416 |0.9304 |1.6419 | 2.091 [0.9849

1.5959

11.262

0.9845 [1.5757 | 18.626 |0.9861 | 1.5866 [25.814 |0.9841

Feb |1.5786 [46.813 |0.9465 |1.5742 |41.513 |0.9875

1.5956

16.843

0.9895 |1.56732 | 36.126 |0.9874 [1.6241 |33.709 [0.9874

Mar |1.6193 |47.418 [0.9733 | 1.6451 [19.756 | 0.9927

1.6022

15.798

0.9911 [1.6153 | 18.188 [0.9904 | 1.6075 [34.619 |0.9895

Apr_|1.6065 [27.038 |0.9858 | 1.6699 |25.596 [0.9915

1.6344

17.795

0.9932 [1.6420 |27.207 |0.9906 [1.6370 |47.154 [0.9886

May [1.6727 [17.593 |0.9924 |1.7230 |18.526 |0.9906

1.6741

13.519

0.9935 [1.6868 |21.887 [0.9932 | 1.6865 |[44.480 |0.9873

Jun |1.7079 |22.249 [0.9930 | 1.7669 [30.847 |0.9923

1.7283

25.024

0.9938 [1.7424 139.891 [0.9907 |1.7579 |36.803 |0.9902

Jul |1.7310 [19.792 |0.9933 | 1.8136 |22.369 |0.9928

1.7616

25516

0.9941 [1.8010 |31.126 |0.9912 [1.7214 ] 31.225 [0.9635

Aug |1.7286 [18.270 |0.9928 [1.8147 [19.299 |0.9916

1.7611

21.788

0.9936 [1.7909 |29.269 [0.9941 |1.7657 [16.917 |0.9856

Sep |1.6876 |18.598 [0.9909 |1.7885 |26.058 [0.9900

1.7176

20.260

0.9936 |1.7431 | 28.345 [0.9933 [1.7287 |20.394 [0.9811

Oct [1.5902 |20.442 |0.9871 |1.7110 |23.730 |0.9847

1.6913

10.564

0.9929 [1.6640 |24.847 |0.9886 | 1.6827 [27.067 |0.9856

Nov [1.56321 [28.907 |0.9784 |1.6364 |21.903 |0.9868

1.6384

20.686

0.9916 [1.6191 |1 26.280 [0.9917 |1.6561 [21.867 |0.9812

Dec [1.5202 |43.544 [0.9620 | 1.6029 [17.097 | 0.9903

1.6051

16.346

0.9897 [1.5606 | 27.522 |10.9879 [1.5773 ] 28.522 [0.9853

Err( A, IT)=(SSS(A, ID—HX( A, IT))*100/HX( 2, IT)
=(SSS(IR, IT)-HX(IR, IT))*100/HY(IR, IT)
Errl1(ID=X {|Err(IR, IT) |} /1230 (6)
Err2(17) =| (1_SSS(IT)-S_XH(ID) |%100/S_HX(IT)  (7)
Z 2 C I.SSSUD 1K (8) 2 B3R 7. BEAZESR D HALIT%.

®)

7.8SSUT, 1)) = [.7%°

oo SSSQAIT, 1) dA

= %255;%351(555(113) +SSS(IR + 1))dA (8)

(2) L & FIRRIC
dA = A(IR + 1) — A(IR) 9)

X 14 (a), (b), (c) 1% 2013 45 6 H 16 H (1/=46) [} H
B> 6 B, 11 BT 16 By %H%ﬁ;@éﬁ/ﬁﬂﬁﬁ
HY(CA, IT) L HEENE SSS( A, IT) KON Refg DR Err
(2, 1D %a3 . /O IR HUEIEE (6) B ON(T) 7
B3RO EE 350~1700nm [ZH 5 OO RS
Errl (IT), Err2(IT) % 559", Errl (IT) V308 55 O HEEHE
SSS( A, I L BLE HXY( A, ID LREA7EROIEHHE % R
U, Err2 (IT)IXHEEAE & FERME o hifG E [ R PR (350~
1700nm) ] RO 7ZfAER LRI, AfF & RZNIK D % A
MUIZRL L. 2B 14 ([2BWT HX( A, ID & HY-
IT, SSS( A, ID % SSS-1T %= LT Err( A, IT) % Err-1T &
Fio Lz,

X 14 (a) 1L 5 6 REO BRI /X-06 & HEEAE SSS-06 &
O RRAZE Frr-06 2859 Err-06 (350 H S /N & <
IR DWMUHFIZB W CRRERN R E S R 2BMH 5.
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BEZ 2=1124nm @D Err-06 13 254% & K& < k& F£R+
BTN Errfiliz 300% & K& < BE L7z L0 W
DS DB BRI D Err-06 13HE LT\, 400 A&
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SEEIRRAESRIT 3. 2%, I KRRAEERIE 27, 1%, /iR ER1T
5. 4% TdH-o7=. 4D 943nm K O¥ 1124nm (2 & D WA
W Brr06 13 114% K% O 252%%& 79, Z Uit B i
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Fig. 14 Comparison between the measured and the estimated
spectral solar radiation on horizontal plane for June 16,
6:00, 11:00 and 16:00,in 2013, at Gifu (Fine sky day).
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FEBHOE\N DD Errl (IT) 70 BRI L 72/ RITRE < 72
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HQH(IT), S_HX(IT), #E5E H i S0k BAS S E 7.5SS(17),
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Fig.15 Hourly change of global solar radiation HOH, S HX
and 7SS, sun shine ratio ,Rss and estimated error
Errl, Err2 for June 16, 2016 at Gifu.

Table-2 Relationship among estimated errors(Errl, Err2)
and observed data HOH, S HX, Rss and estimated
value 7_SSS in June 16, 2013 at Gifu(Fine sky day).

‘13/6/16 Wh/m’

Rss X 10

Time HQH S HX 7.588S8 Errl En2
5 68.7 66.3 737 3.7 43.1 11.2
6 283.0 2634 272.5 10.0 18.0 35
7 475.9 434.6 443.8 10.0 11.0 2.1
8 655.0 599.4 606.2 10.0 59 11
9 806.0 738.7 738.5 10.0 54 0.0
10 918.0 8432 839.5 10.0 39 04

968.0 887.1 884.6 10.0

967.6
899.1
771.9
610.9
423.1 3789 401.0 10.0
206.4 1833 199.9 6.3 15.6

Err1(IT)=2 ABS(SSS(A IT)-HX(A IT))/1230
Err2(IT)=ABS(T_SSS(IT)-S HX(IT))/ S.HXUT)

883.5
817.1
698.2
549.5
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822.5
707.7
566.1
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Fig.16 Comparison between the measured and the estimated
spectral solar radiation on horizontal plane in June 30,
11:00, 2013, at Gifu (Cloudy day)
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Hourly change of global solar radiation HOH, S HX and
T _SSS, sun shine ratio Rss and estimated error Errl, Err2
in June 30, 2013 at Gifu. (Cloudy day).
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Estimation of the spectral solar irradiance by using total solar radiation, sunshine ratio and solar altitude
— Characteristics of the spectral solar irradiance under non-rainfalling weather conditions —

Table-3 Relationship among estimated errors(Erri, Err2)

and observed data HOH, S _HX, Rss and estimated

value 7_SSS at Gifu in June 30, 2013 (Cloudy day).

‘13/6/30 Wh/m Rss x 10 %
Time HQH S HX 7.88S Errl Er2
6 82.0 71.5 82.2 0.0 124 6.1
7 198.4 184.6 179.3 0.0 9.7 2.8
8 317.3 2948 286.1 0.0 52 2.9
9 348.6 322.6 300.3 0.0 15.1 6.9
10 141.1 131.0 128.7 0.0 8.2 1.8
11 280.7 262.5 2441 0.0 11.5 7.0
12 259.6 2394 238.1 0.6 11.7 0.6
13 4204 390.8 377.9 0.3 49 3.3
14 416.7 398.3 380.8 4.7 6.0 44
15 124.6 114.7 11741 0.0 8.9 2.1
16 89.7 84.1 87.7 0.0 155 4.3
17 117.6 109.1 112.5 0.0 5.6 3.2
1,000 50
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Fig.18 Comparison between the measured and the estimated
spectral solar radiation on horizontal plane in
December 7, 2015 at Gifu (Fine sky day)
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Fig. 19 Hourly change of global solar radiation HOH, S HX
and 7"_SSS, sun shine ratio Ry and estimated error in
December 7, 2015 at Gifu (Fine sky day).
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Fig. 20 Monthly change of estimated errors which are
monthly average on all days (Ave), fine days (Fn)
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Fig.21 Comparison among the five observation stations of
the monthly averaged error (ERRM(M)).
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