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Table 1 Thermal offset comparison of pyranometer from various methods(unit: W « m~2)
x5 Al ik 1 Jiik 2 J7 ik 3 ik 4 Tk s
20462F3 PSP —7.4 —10.5 —4.8 —3.3
20463F3 PSP —7.8 —14.3 —4.3 —3.0
33734F3 PSP —5.4 —11.6 —6.7 —8.1 —2.7
33779 8-48 —1.4 3.3 —0.3
060016 CMP22 .2 —2.2 —1.2
100180 CMP22 —2.1 —1.0 —1.0
x2 BAMERAS"KERFERYUTENES &/ FIE"EILER
Table 2 Comparison of shade/unshade method to sum composition method corrected by Rygr
) , AR/ %
) HE Rues/(uVe Wl em?) Rees/(uVe Wl em?)  Rsy/(uV e W« m?) .
le("S R('(‘S
20462 PSP 10. 07 10. 15 10. 21 —1.4 —0.6
20463 PSP 9.50 9.58 9.68 —1.9 —1.0
33734 PSP 7.89 7.98 8.07 —2.2 —1.1
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Table 3 Comparison of 33734F3 sensitivity using three methods
. PPN G R G Rucs/ Rees/ Rsu/ HAWRE/%
B/ /(Wem ) (uVeW ' em?)  (uVeW ! em?)  (uVeW ! em?) Ruces Recs
11.27.32 58.6 —137.8 7.77 7.91 7.97 —2.5 —0.8
11:33:32 58.5 —134.5 7.78 7.91 7.97 —2.4 —0.7
11:39.32 58.4 —135.2 7.79 7.92 7.98 —2.3 —0.7
11:45.32 58.3 —135.3 7.79 7.92 7.98 —2.4 —0.7
11:51.32 58.3 —136.5 7.79 7.92 7.98 —2.4 —0.7
11:57.32 58.3 —135.6 7.77 7.91 7.98 —2.6 —0.9
12.03.32 58.3 —136.2 7.78 7.92 8. 00 —2.7 —1.0
12:09:32 58.3 —137.0 7.77 7.90 7.98 —2.7 —1.0
12:15:32 58.4 —136.2 7.76 7.90 8. 00 —2.9 —1.2
12.21.32 58.6 —136.0 7.76 7.89 7.99 —2.9 —1.2
12.27.32 58.7 —136.2 7.76 7.89 8. 00 —3.0 —1.3
12.33:32 58.9 —139.3 7.77 7.91 8. 00 —2.8 —1.1
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Fig. 2 Thermal offset equation at night on 16 Oct 2011
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Fig. 3 Daytime thermal offset curves calculating
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x4 HOMER“SKEFBITENES“E/FE"ELER

Table 4 Comparison of shade/unshade method to sum composition method corrected by Exiz equation

*x5 15 Rucs/(pV + W™ e m?)  Rees/(pV e WTlem?)  Rsy/(pVe W™ em?) FURHEEA2E 2

Rucs Rees
20462 PSP 10. 07 10. 14 10. 21 —1.4 —0.7
20463 PSP 9.50 9.56 9.68 —1.9 —1.3
33734 PSP 7.89 7.94 8.07 —2.2 —1.6
36176 8-48 9.54 9.55 9.58 —0.5 —0.3
100180 CMP22 9.34 9.37 9.38 —0.4 —0.1

2.4 mMENEE 10 A 16—18 H ok Fivk R I 15 /A 7 12

2011 4F 11 A 15 H 14:00—14.:30.%} 3 &4 H R (5. PSP EITEE M RBERS T 1.2%,
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PRFE R WL L. AN 56 & AT 1E 2011 4§
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Table 5 Comparison of shade/unshade method to sum composition method corrected by cap-offset

AN N/ =1 0
?%% }ﬂ% RU('S/(ILV c Wl em?) R(‘('}‘,/(HV c Wl em?) Rsn/(”v e Wl em?) R ﬁﬁLEBE%/AR
ucs cCcs
33734 PSP 7.89 7.98 8.07 —2.2 —1.2
100180 CMP22 9.34 9.36 9.38 —0.4 —0.2
2.5 DREEERHITERERE B X RN B SR LT RA 2, WK 6.
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Table 6 Comparison of shade/unshade method to sum composition method corrected by average of zero offset at night
7 ey
xE BB Rues/(uVe W' em?) Recs/(uVeW ! om? Reu/(uVeW !emd) HAWBRE/%
Rl'(‘S R('(‘S
20462 PSP 10. 07 10. 10 10. 21 —1.4 —1.1
20463 PSP 9.50 9.52 9.68 —1.9 —1.7
33734 PSP 7.89 7.91 8.07 —2.2 —2.0
36176 8-48 9.54 9.53 9.58 —0.5 —0.5
100180 CMP22 9.34 9.35 9.38 —0.4 —0.3
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Fig. 5 Daytime thermal offset curves of
unshaded PSP pyranometer

using five methods
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Fig. 6 Daytime thermal offset curves of shaded

PSP pyranometer using five methods
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Abstract

The PSP pyranometer is used as a reference pyranometer and a reliable in strument in China. Before 2006 it is
once used as national diffused reference to measure the reference diffused irradiance, the value of which is used in
the sum composition method to calculate the reference global irradiance. The probability distribution of the night-
time thermal offsets within the pyranometers demonstrates near normal distribution. The offset of PSP type pyran-
ometers is larger than that of 8-48 and CMP22 type. Finding the characteristics of the offset within different types
of pyranometers and doing the calibration will improve the accuracy of diffused irradiance. The pyranometer cali-
bration is done underclear sky. The negative thermal offset of the pyranometer causes that the sensitivity is under-
estimated. By the experiment and study on the thermal offset correction method for different type pyranometer,
five correction methods are compared. The net longwave sensitivity method: Calculating the net longwave sensitiv-
ity of the pyranometer using longwave blackbody radiation, which is used in the sum composition method outdoors
to correct the thermal offset of the pyranometer to reduce the offset effects. The differential algorithm with the ref-
erence global irradiance: Comparing it with the reference value derived from the sum composition method using the
absolute cavity radiometer and CMP22 type secondary standard pyranometer with shading. The net longwave equa-
tion method: Analyzing the data of pyranometers and PIR type pyrgeometers measured at night to correct thermal
offset. The cover method: Covering the dome of pyranometers in daytime to measure the offset of pyranometer di-
rectly. Using the voltage output of pyranometer in the nighttime as the thermal offset; Calculating the average
voltage (night) when solar is 7° lower than horizon and transform it to irradiance as the thermal offset. When u-
sing the sum composition method to calibrate PSP pyranometer, the correction results of the net longwave sensitiv-
ity method is better than other methods. The result of the cover method is more close to the net longwave sensitiv-
ity method, the correction effects using the night voltage output method is not good. Drawing the daytime offset
curves separately using the five offset correction methods, the net longwave equation method and the net longwave
sensitivity method is more close to the reference value. But these methods are only confined to the shaded pyrano-
meters, because shading makes pyranometer performs more like in the night. For unshading pyranometers, be-
cause of the effects of direct irradiance, the five correction methods are distinctly different with the true value.
When using CMP22 and 8-48 pyranometers with shading in the sum composition method to test the reference dif-
fused irradiance, the thermal offset could be ignored. But the CMP22 or 8-48 pyranometer should be calibrated by
“shade/unshade” method to reduce the effects of offset for sensitivity. When the net longwave sensitivity method or

the cover method is used in the sum composition method, the accuracy of PSP’s sensitivity could be improved 1%.

Key words: pyranometer; thermal offset; correction method



