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Subject:
Calibration of SRRL Baseline Measurement System (BMS) Global UVB Radiometers

Instruments:  Kipp & Zonen UV-S-B-T s/n 010538 and CUVB1 s/n 952010, EKO MS-210W s/n S92096.04, Yankee UVB-1 s/n 930401, and Solar Light 501A s/n 1898
NREL PV Radiometric Measurements Task monitored the millivolt output of five (5) BMS Global UVB Radiometers while measuring the spectral distribution of natural sunlight in global horizontal incidence mode on September 2004 from 280 nm and 400 nm at 2nm steps using an Optronic Laboratories OL-754 (double monochromator UV spectroradiometer).

The OL-754 spectrometer was post-calibrated against NREL's National Institute of Standards and Technology (NIST) Standard of spectral irradiance F571 on 11 October 2004.  

The spectra were integrated between 280 nm and 315 nm to produce the total power under each spectral distribution.  All data were used to compute the calibration factors shown in Table 1.  

Table 1. September 15, 2004 NREL Global UVB Calibration Summary

	Time

(MST)
	Spectrum

W/m2
	UV-S-B-T

V (avg.)
	W/m2/V
	CUVB1

V (avg.)
	W/m2/V
	MS-210W

mV (avg.)
	W/m2/mV

	12:20
	1.10914
	1.9426
	0.5710
	-0.3623
	-3.0616
	1.6283
	0.6812

	12:22
	1.10043
	1.9367
	0.5682
	-0.3611
	-3.0478
	1.6224
	0.6783

	12:24
	1.09225
	1.9351
	0.5644
	-0.3606
	-3.0293
	1.6213
	0.6737

	12:26
	1.07280
	1.9290
	0.5561
	-0.3594
	-2.9847
	1.6156
	0.6640

	12:28
	1.07459
	1.9228
	0.5589
	-0.3581
	-3.0004
	1.6101
	0.6674

	12:36-:37
	1.27742
	1.8959
	0.6738
	-0.3521
	-3.6277
	1.5918
	0.8025

	
	
	Avg.
	0.582
	
	-3.125
	
	0.6945

	
	
	Sigma
	0.0453
	
	0.2478
	
	0.0533


	Time

(MST)
	Spectrum

W/m2
	UVB-1

V (avg.)
	W/m2/V
	501A

V (avg.)
	W/m2/V

	12:20
	1.10914
	1.3999
	0.7923
	0.7965
	1.3925

	12:22
	1.10043
	1.3957
	0.7884
	0.7944
	1.3852

	12:24
	1.09225
	1.3946
	0.7832
	0.7940
	1.3757

	12:26
	1.07280
	1.3891
	0.7723
	0.7914
	1.3556

	12:28
	1.07459
	1.3842
	0.7763
	0.7886
	1.3626

	12:36-:37
	1.27742
	1.3647
	0.9360
	0.7762
	1.6457

	
	
	Avg.
	0.808
	
	1.420

	
	
	Sigma
	0.0631
	
	0.1116


The erythema response for the 501A was determined by multiplying the spectra from 280-400nm by the CIE 1987 Erythema Action Spectrum (shown in Figure 2) and then integrating under the entire curve to produce the total power under each spectral distribution.  All data were used to compute the erythema calibration factors shown in Table 2.  

Table 2. September 15, 2004 NREL Global Erythema Calibration Summary

	Time

(MST)
	Erythema

Spectrum W/m2
	Erythema

Spectrum MED/Hr
	Erythema

Spectrum Index
	501A

V (avg.)
	Erythema

MED/Hr/V
	Erythema

Index/V

	12:20
	0.14817
	2.54149
	5.92676
	0.7965
	3.1907
	7.4407

	12:22
	0.14702
	2.52176
	5.88074
	0.7944
	3.1744
	7.4026

	12:24
	0.14582
	2.50115
	5.83267
	0.7940
	3.1501
	7.3460

	12:26
	0.14313
	2.45504
	5.72515
	0.7914
	3.1023
	7.2345

	12:28
	0.14335
	2.45875
	5.73381
	0.7886
	3.1178
	7.2707

	12:36-:39
	0.16806
	2.88266
	6.72237
	0.7746
	3.7216
	8.6787

	
	
	
	
	Avg.
	3.243
	7.562

	
	
	
	
	Sigma
	0.2369
	0.5525


Note: 1 MED/Hr = 0.0583 Erythema-W/m2 and 1 Index = 0.025 Erythema-W/m2 

UNCERTAINTY

The estimated uncertainty in the OL-754 spectral irradiance calibration is ±4.0% from 300 nm to 400nm. The accuracy of the CR23X data logger was about 0.8%. Estimated uncertainty in the derived calibration factor is ±4.8% (limit of error).  Spectral data is provided below.

Figure 1. Measured Spectral Distributions indicated by OL-754 UV Spectroradiometer 15 Sept 2004
[image: image1.emf]OL754 Global Horizontal Spectra and UVB  Normalized Spectral Responses
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Figure 2. Derived Erythema Spectral Distributions indicated by OL-754 on 15 Sept 2004
[image: image2.emf]OL754 Global Horiz Erythema Spectra* and 501A Spectral Response
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*Only 1 measurement shown, actuall results based on average of 6.
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