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Abstract: According to the structural characteristics of the entrance optics of self-developed solar spectral
irradiance meter, the factors that introduce cosine error were analyzed. The cosine correction methods of
direct irradiance, diffuse irradiance and diffuse-to-global ratio were studied. Laboratory measurements of
cosine characteristic of solar spectral irradiance meter and a field campaign in Dunhuang with a variety of
instruments involved were carried out. The results show that the cosine error is related to the structure
and the black anodized inner wall of the input aperture, and it ranges from 4.3% ~9.1% at the incident
angle of 60° at 440 nm, 500 nm, 670 nm and 870 nm. Atmospheric optical thickness of the four bands
retrieved from the direct irradiance obtained by solar spectral irradiance meter is severely affected by the
cosine error, and the deviation of the atmospheric optical thickness before and after cosine correction is

0.11~0.13 and smaller than 0.012, respectively, compared with the CE318 sun photometer inversion
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results. Four-band diffuse irradiance increases by 6.8% ~10% after cosine correction by assuming an
isotropy distribution of sky radiance. Based on the sky radiance distribution data, an accurate correction
method for diffuse irradiance was proposed. The simulation shows that the diffuse irradiance after cosine
correction is in good agreement with the theoretical result, which proves the feasibility of the method.
Key words: Solar spectral irradiance meter; Cosine error; Cosine correction; Diffuse irradiance; Diffuse-
to-global ratio; Distribution of sky radiance
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B ] S Hb e KRR G E B ILFE 1, Hirp DTS(Dunhuang Test Site) 3 7 S0k 8 597 1F 3% (94.42°E . 40.09°N) ,
DMB(Dunhuang Meteorologic Bureauw) /8 ZUE T4 Jm (94.68°E.40.14°N) 4l 0 i B b A = 8L 7
AT KA 24V B S 3 B o 35 00 o 5 e B AT T S BR.

®1 ME XSREBHEXES

Table 1 Related information of time, weather and test

2012-8-7 Clear/Partly coludy 2012-8-13 Partly coludy
Instruments ) ) Measuring Points . . Measuring Points
Site Time . Site Time .

period num, period num.
CE318 DTS 11:03-19 ¢ 37 ~8 min 72 DTS 13+ 06-19 ¢ 32 ~8 min 57
OL756 DTS 11 ¢ 38-19 ¢ 36 ~15 min 33 DTS 13:15-19 = 17 ~15 min 25
SIS DTS 11:23-19 ¢ 34 ~1 min 386 DMB 09 : 10-19 : 30 ~1 min 454
SSIM DTS 14+ 19-19 = 01 ~2 min 144 DMB 09 : 09-19 : 02 2 min 211
SSRM DTS 11:32-19 = 31 ~10 min 49 DMB 10+ 15-17 = 23 15~30 min 23

221 AHRBRBRESAEZERELXRARFEERE
8 A7 HA 13 H SSIM 45 i) B 5 43 i AE A i A IE AT 5 43 B AR 4l =X QA7) fn (18) #E A7 b 3, 25 IR W E 6
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5.0 + ' ' ' ' ' ] 5.0 T i ]
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E 5ol SRR T Cldoam] B30 e C440 nm
5 7 —+—C500 nm b=y —+—C500 nm
on —+—C670 nm on 2.5 —+—C670 nm |
S 237 - C870mmT 8 - C870 nm
o300, +— C400 nm 2.0 +— C400 nm |
20r N:::y‘v'\,\ C550 nm- —+— C550 nm
(a) ww\,\: 1.5 4
1.5 L L L I L I 1 L L | |
1.0 1.5 2.0 2.5 3.0 3.5 4.0 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
Airmass Airmass
(a) 2012-8-7 Dunhuang (b) 2012-8-13 Dunhuang

H6 AZEREMEFAREENAREA2PENAAREDN L . WA CEKFIRE.UXTERE
Fig.6 Logarithm of solar direct component before and after cosine correction versus air mass for

different bands, prefix C indicates corrected, while U indicates uncorrected
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B AN By i e B R 5 CE3IS 5w KA. M 8 H 7 HRIEJG ik R A 5 CE318 fil SIS B4, 13
H SSIM 5 SIS ik &4 (B 5 CE3I8 A B RIR2E. 2 2 B T &L A0 (14) ~ (18) 18- B W K K<,

61 T T T T L] T T T T T T T T T

6ol ——CE318 ] 47r —— CE318 .
’ ——SIS 46} —— SIS ]

*2r —— SSIM(Uncorrected)] i —— SSIM(Uncorrected),

45 ~— SSIM(Corrected)

Z N
S L +~— SSIM(Corrected) | <
E 5.8 ( ) S 44l ]

5.7F 1 S
5 S 43f ]
2561 1 2 a2t 1
B s "
=557 ] = 41t .
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g 541 AN g 40 ]
“ 53¢ | ! ! ! ! ! 1 ] “ 391 1 ! ! 1 1 1 1 i

1.0 1.5 20 25 30 35 4.0 1.0 1.5 20 25 30 35 4.0
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W7 ZFNUERAMNAMEELASEA 500 nm 3 B8 )T — it &

Fig.7 Normalized logarithm of solar direct component curve observed by three instruments at 500 nm
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Table 2 Inversion results of atmospheric optical thickness

SSIM
A/nm CE318 SIS - " : "
V(1) /R*? " (L) /R*
2012-8-7
440 0.303 8 0.299 6 0.435/0.989 0.310 1/0.984
500 0.216 2 0.213 4 0.343 5/0.987 0.218 7/0.976
670 0.104 7 0.106 0.236 2/0.988 0.109 6/0.941
870 0.057 8 0.059 8 0.159 2/0.938 0.069 3/0.903
2012-8-13
440 0.324 6 0.277 0.417 4/0.995 0.291 3/0.987
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Fig.8 Contrast curves of diffuse-to-global ratio before and after SSIM cosine correction
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Fig.9 Sky radiance distribution diagrams and calculations
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