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A Study of the Attenuation of the Solar Visible Radiation in the
Atmosphere from the Point of View of Energy
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Abstract By using the integrated observations including the solar radiation and meteorological parameters at four
stations in North China from September 2004 to October 2006, the variation characteristics of the solar visible radia-
tion (Qvis) and global radiation (Q) were obtained. Both Qyis/Q and Qyis were evidently influenced by the water va-
por and scattering factors. An empirical model of the hourly Quis under actual sky conditions was established based
on the point of view of energy, and good results were gained. The water vapor factor displayed some important roles

in Qyis transmission in the atmosphere and should be paid high attention. The results show that for North China,
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Quis which was attenuated by the water vapor factor and its ratio to Qs at the Earth’s surface were 8. 78 W » m™?

and 4. 24 %, respectively, and Quis which was attenuated by scattering factor and its ratio to Qus at the Earth’s sur-
face were 171.91 W « m™ 2 and 95. 76 %, respectively. The Quis losses influenced by the water vapor factor and the
scattering factor in the atmosphere are 16. 54 W « m ®and 311. 07 W + m % in North China, respectively. This ener-
gy loss displayed seasonal variations and regional differences. The sensitivity test shows that Qyis displays different
responses to different changing rates of the water vapor factor and the scattering factor, and is more sensitive to the
change of the scattering factor than that of the water vapor factor. The Qs has a close relationship with the water
vapor factor. The actual meaning of the water vapor (item) is the sum of the direct consumption and indirect con-
suption (in the reactions of chemistry and photochemistry, including homogeneous and heterogeneous processes) by
all kinds of substances (including gases, liquid, and solids) in the atmosphere. Qs at the top of the atmosphere was
calculated by the empirical model, and its error was 3. 5%. The energy consumed in the atmosphere is related to wa-
ter, and should be paid more attention at present and in the future study. The point of view of energy with observa-

tional data is a valid and practical method for understanding and exploring physical and chemical processes and their

Vol. 15

regularities in the atmosphere.
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Table 1 Observational period of the solar radiation at four stations in North China
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Table 2 The parameters of calculated solar visible radiation Qs by using ratio method
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Table 3 The parameters of direct calculation of solar visible radiation Qs
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Table 4 The parameters of calculated solar visible radiation Qs
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Table S The calculated solar visible radiation at the ground and its contribution when each factor is considered individually

Wik, Qu/Wem?2 Qum/Wem? Qvu/W-m? Quv/Wem? Qus/Wem? Qusm/W-m? Qui/Quis Qvw:/Quis D/Q
R 10. 45 19. 26 157. 71 290. 99 168. 16 307. 93 6.00% 94.00%  0.68
RS 11. 02 20. 46 183. 08 440. 19 194. 10 459. 46 5.47%  94.53%  0.57
iRt 41.63 19. 86 146. 32 331.71 150. 96 351. 57 2.03% 97.97%  0.84
P 12.78 21.15 212. 26 440. 14 225. 04 460. 53 5.83%  94.17%  0.51
Sy 8.78 19. 86 171. 91 331.71 180. 69 460. 53 4.24%  95.76%  0.68

R6 FEB-AFHBEAEXRSHH Qus RETTH

Table 6 Solar visible radiation lossed in the atmosphere and its contribution when each factor is considered individually

AQv1 AQvim AQv2 AQvam AQvis AQvism
b, /W e m? /W« m? /W e m? /W +m? /W em? /W e m? AQvi/AQvis AQvz/AQvis
oI 15. 80 18.75 328. 20 334. 88 344. 00 351. 76 4.59% 95. 41%
2k 15. 24 19. 63 302. 83 356. 50 318.07 375. 50 4.79% 95.21%
A 21. 62 24. 95 339. 59 384. 72 361. 22 409. 30 5.99% 94.01%
MR 13.48 14. 44 273. 66 284. 60 287. 14 298. 69 4.69% 95.31%
S 16. 54 24.95 311. 07 384. 72 327.61 409. 30 5.02% 94. 98%
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Fig. 1 Quis changing rates at the Erath’s surface caused by the

increase of water vapor factor
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Fig. 2 Quis changing rates at the Erath’s surface caused by the

decrease of water vapor factor
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Fig. 4 Quis changing rates at the Erath’s surface caused by the

decrease of scattering factor
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