To:

Daryl Myers and Thomas Stoffel

From:

Afshín M. Andreas


Date:

30 August 2002

Subject:
Calibration of SRRL Baseline Measurement System (BMS) Global UV-Total Radiometers

Instruments:  Eppley TUVR s/n 33444
NREL PV Radiometric Measurements Task monitored the millivolt output of one (1) BMS Global UV-Total Radiometer while measuring the spectral distribution of natural sunlight in global horizontal incidence mode on 26 August 2002 from 280 nm and 400 nm using an Optronic Laboratories OL-754 (double monochromator UV spectroradiometer).

The OL-754 spectrometer was calibrated against NREL's National Institute of Standards and Technology (NIST) Standard of spectral irradiance F548 on 21 August 2002.  

The spectra were integrated between 280 nm and 400 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. August 30, 2002 NREL Global UV-Total Calibration Summary

	Time

(MST)
	Spectrum

W/m2
	TUVR

mV (avg.)
	W/m2/mV

	11:08-11:13
	51.2998
	7.4636
	6.8734

	11:15
	49.9668
	7.6196
	6.5576

	11:17
	50.3583
	7.6372
	6.5938

	11:19
	50.8814
	7.6832
	6.6224

	11:21
	49.8954
	7.5685
	6.5925

	11:23
	50.1356
	7.6102
	6.5879

	
	
	Avg.
	6.638

	
	
	Sigma
	0.117


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 plotted on the back of this sheet.

Figure 1. Measured Spectral Distributions indicated by OL-754 UV Spectroradiometer 21 August 2002


[image: image1.wmf]OL754 Global Horizontal Spectra and TUVR Normalized Spectral Response
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Data

		nm		glo irr 1		irr2		irr3		irr4		irr5		irr6				MS210W		TUVR		501A		UVB-1		AAC		CUVB1/2		UV-S-B-T

		280		1.84E-06		1.61E-06		1.58E-06		1.70E-06		2.37E-06		2.01E-06				0.0000001637		0.013281		0.7		0.4222		1		0		0.0366

		281		1.96E-06		1.53E-06		1.76E-06		1.59E-06		2.05E-06		2.51E-06				0.0000005574		0.015519		0.7250117		0.4755938		1		0		0.04566332

		282		2.06E-06		1.84E-06		2.02E-06		1.46E-06		1.99E-06		1.92E-06				0.0000018049		0.018082		0.7496421		0.5279		1		0		0.05810443

		283		2.00E-06		1.64E-06		2.16E-06		1.79E-06		2.04E-06		2.11E-06				0.0000055595		0.021008		0.7751589		0.5770937		1		0		0.07455388

		284		2.13E-06		1.66E-06		2.10E-06		1.82E-06		2.37E-06		2.37E-06				0.0000162893		0.024338		0.8028293		0.6261		1		0		0.09564222

		285		2.05E-06		1.84E-06		2.08E-06		1.80E-06		2.09E-06		2.25E-06				0.0000453999		0.028116		0.8332114		0.677369		1		0		0.122

		286		2.05E-06		1.83E-06		2.20E-06		2.01E-06		2.08E-06		2.21E-06				0.0001203628		0.032387		0.8647397		0.7265		1		0		0.1543458

		287		2.27E-06		1.57E-06		2.17E-06		1.86E-06		2.11E-06		2.58E-06				0.0003035391		0.037201		0.8954537		0.7693678		1		0		0.1937501

		288		2.25E-06		1.76E-06		2.72E-06		2.21E-06		2.08E-06		2.57E-06				0.0007281525		0.042608		0.9235387		0.8098		1		0		0.2413716

		289		2.52E-06		2.22E-06		2.69E-06		2.49E-06		2.10E-06		2.85E-06				0.0016615573		0.048662		0.9481143		0.8517974		1		0		0.2983687

		290		2.38E-06		1.74E-06		2.62E-06		2.86E-06		1.71E-06		2.40E-06				0.0036065631		0.055418		0.9686683		0.8921		1		0		0.3659

		291		3.91E-06		1.73E-06		2.58E-06		2.61E-06		2.26E-06		2.86E-06				0.0074465831		0.062931		0.9846891		0.9263176		1		0		0.4441999

		292		9.28E-06		4.30E-06		3.67E-06		4.47E-06		3.75E-06		4.75E-06				0.0146253347		0.071259		0.9956656		0.9528		1		0		0.5298063

		293		2.47E-05		1.04E-05		9.01E-06		9.31E-06		9.39E-06		9.26E-06				0.0273237224		0.08046		1.001075		0.9712572		1		0		0.6183326

		294		6.64E-05		2.37E-05		2.35E-05		6.00E-05		2.20E-05		2.34E-05				0.0485578213		0.090588		0.9996291		0.9841		1		0		0.7053927

		295		1.64E-04		1.20E-04		1.11E-04		1.09E-04		1.12E-04		1.15E-04				0.0820849986		0.101701		0.9888021		0.9937037		1		0		0.7866

		296		4.25E-04		2.39E-04		2.32E-04		2.23E-04		2.32E-04		2.34E-04				0.1319938432		0.113852		0.9659543		0.9996		1		0		0.8579577

		297		8.82E-04		7.09E-04		6.89E-04		6.92E-04		6.86E-04		6.92E-04				0.201896518		0.12709		0.9284463		1.000416		1		0		0.9170264

		298		1.70E-03		1.12E-03		1.09E-03		1.12E-03		1.12E-03		1.10E-03				0.2937577003		0.141463		0.8739834		0.994		1		0		0.9617562

		299		3.04E-03		1.97E-03		1.92E-03		1.94E-03		1.94E-03		1.96E-03				0.4065696597		0.157013		0.8110301		0.9789339		0.805		0		0.9900974

		300		5.24E-03		4.74E-03		4.86E-03		4.85E-03		4.92E-03		4.67E-03				0.5352614285		0.173774		0.7573098		0.9575		0.649		0.00833		1				`

		301		7.72E-03		6.36E-03		6.38E-03		6.44E-03		6.42E-03		6.35E-03				0.670320046		0.191776		0.7074613		0.9318613		0.522		0.0167		0.9900974

		302		1.30E-02		9.01E-03		8.97E-03		9.04E-03		9.00E-03		8.96E-03				0.7985162188		0.211039		0.6486575		0.9		0.421		0.0333		0.9617562

		303		1.98E-02		1.31E-02		1.30E-02		1.31E-02		1.30E-02		1.31E-02				0.904837418		0.231574		0.5851529		0.8597959		0.339		0.0667		0.9170264

		304		3.45E-02		2.09E-02		2.06E-02		2.06E-02		2.05E-02		2.07E-02				0.975309912		0.253382		0.5236717		0.8129		0.273		0.2333		0.8579577

		305		4.31E-02		4.05E-02		4.05E-02		4.10E-02		4.02E-02		4.07E-02				1		0.276453		0.4629351		0.76133		0.22		0.7		0.7866

		306		5.77E-02		4.94E-02		4.92E-02		5.00E-02		4.89E-02		4.93E-02				0.975309912		0.300764		0.4010256		0.7048		0.177		1		0.7053927

		307		6.55E-02		5.74E-02		5.73E-02		5.82E-02		5.72E-02		5.77E-02				0.904837418		0.32628		0.3379537		0.6430967		0.143		0.7		0.6183326

		308		8.86E-02		6.78E-02		6.74E-02		6.81E-02		6.71E-02		6.80E-02				0.7985162188		0.35295		0.2807136		0.5786		0.115		0.2333		0.5298063

		309		1.02E-01		8.36E-02		8.30E-02		8.40E-02		8.26E-02		8.37E-02				0.670320046		0.380711		0.2341577		0.5141207		0.0925		0.0667		0.4441999

		310		1.02E-01		9.45E-02		9.44E-02		9.55E-02		9.41E-02		9.50E-02				0.5352614285		0.409484		0.1973361		0.4516		0.0745		0.0333		0.3659

		311		1.30E-01		1.01E-01		1.01E-01		1.02E-01		1.01E-01		1.02E-01				0.4065696597		0.439175		0.1681566		0.3924081		0.06		0.0167		0.2983687

		312		1.78E-01		1.27E-01		1.26E-01		1.28E-01		1.26E-01		1.27E-01				0.2937577003		0.469675		0.1423749		0.3365		0.0483		0.00833		0.2413716

		313		1.81E-01		1.55E-01		1.54E-01		1.56E-01		1.54E-01		1.55E-01				0.201896518		0.50086		0.1153252		0.2839968		0.0389		0		0.1937501

		314		2.02E-01		1.73E-01		1.73E-01		1.75E-01		1.72E-01		1.74E-01				0.1319938432		0.532592		0.08621329		0.2371		0.0313				0.1543458

		315		2.19E-01		1.93E-01		1.93E-01		1.95E-01		1.92E-01		1.93E-01				0.0820849986		0.564718		0.07196999		0.1976923		0.0252				0.122

		316		2.23E-01		2.07E-01		2.06E-01		2.20E-01		2.06E-01		2.08E-01				0.0485578213		0.597074		0.05635755		0.1643		0.0203				0.09564222

		317		2.27E-01		2.20E-01		2.21E-01		2.23E-01		2.20E-01		2.21E-01				0.0273237224		0.629483		0.04371642		0.1350964		0.0164				0.07455388

		318		2.89E-01		2.52E-01		2.50E-01		2.51E-01		2.50E-01		2.50E-01				0.0146253347		0.661757		0.03373568		0.1102		0.0132				0.05810443

		319		2.71E-01		2.73E-01		2.74E-01		2.76E-01		2.73E-01		2.74E-01				0.0074465831		0.693701		0.02512517		0.0898832		0.0106				0.04566332

		320		2.98E-01		2.78E-01		2.79E-01		2.81E-01		2.78E-01		2.79E-01				0.0036065631		0.725112		0.02		0.07309		0.00855				0.0366

		321		3.39E-01		2.96E-01		2.96E-01		2.98E-01		2.95E-01		2.96E-01						0.755784		0.01625662		0.05871577		0.00689				0.03027126

		322		3.21E-01		3.16E-01		3.17E-01		3.20E-01		3.16E-01		3.17E-01						0.785505		0.01301974		0.04679		0.00555				0.02598332

		323		3.15E-01		3.17E-01		3.19E-01		3.21E-01		3.18E-01		3.19E-01						0.814066		0.009749251		0.03742871		0.00447				0.02302975

		324		3.18E-01		3.12E-01		3.13E-01		3.16E-01		3.12E-01		3.14E-01						0.841258		0.007720133		0.02996		0.0036				0.02070412

		325		3.73E-01		3.24E-01		3.24E-01		3.26E-01		3.22E-01		3.23E-01						0.866878		0.0058355		0.02367814		0.0029				0.0183

		326		4.20E-01		3.54E-01		3.54E-01		3.58E-01		3.53E-01		3.54E-01						0.89073		0.004426211		0.01853		0.00233				0.01511095

		327		4.99E-01		4.05E-01		4.05E-01		4.08E-01		4.03E-01		4.04E-01						0.912627		0.003657523		0.01455249		0.00188				0.01043055

		328		4.89E-01		4.52E-01		4.52E-01		4.56E-01		4.50E-01		4.52E-01						0.932394		0.003071396		0.01149		0.00151				0.003552369

		329		4.75E-01		4.65E-01		4.67E-01		4.71E-01		4.64E-01		4.67E-01						0.949871		0.002531359		0.009055648		0.00141				0

		330		5.47E-01		4.78E-01		4.79E-01		4.84E-01		4.76E-01		4.78E-01						0.964916		0.002036913		0.00713		0.00136

		331		5.47E-01		5.16E-01		5.17E-01		5.22E-01		5.15E-01		5.16E-01						0.977402		0.001624295		0.005631668		0.00132

		332		5.11E-01		5.20E-01		5.23E-01		5.28E-01		5.20E-01		5.22E-01						0.987225		0.00130003		0.004464		0.00127

		333		5.20E-01		5.15E-01		5.18E-01		5.23E-01		5.15E-01		5.18E-01						0.994302		0.001061159		0.003536305		0.00123

		334		5.06E-01		5.12E-01		5.15E-01		5.20E-01		5.12E-01		5.15E-01						0.998572		0.000897591		0.002797		0.00119

		335		5.23E-01		5.08E-01		5.11E-01		5.15E-01		5.08E-01		5.11E-01						1		0.0007413588		0.002207986		0.00115

		336		5.31E-01		5.20E-01		5.23E-01		5.28E-01		5.20E-01		5.23E-01						0.998572		0.000624289		0.001746		0.00111

		337		4.64E-01		5.16E-01		5.20E-01		5.25E-01		5.17E-01		5.21E-01						0.994302		0.0005236815		0.001389874		0.00107

		338		4.75E-01		4.90E-01		4.93E-01		4.98E-01		4.90E-01		4.94E-01						0.987225		0.0004354261		0.001112		0.00104

		339		5.26E-01		4.95E-01		4.97E-01		5.02E-01		4.94E-01		4.97E-01						0.977402		0.0003746931		0.0008869168		0.001

		340		5.53E-01		5.21E-01		5.23E-01		5.29E-01		5.20E-01		5.23E-01						0.964916		0.0003331256		0.0007042		0.000966

		341		5.84E-01		5.54E-01		5.56E-01		5.62E-01		5.53E-01		5.56E-01						0.949871		0.0003035442		0.0005577836		0.000933

		342		5.47E-01		5.69E-01		5.73E-01		5.79E-01		5.70E-01		5.73E-01						0.932394		0.0002795502		0.000444		0.000902

		343		5.83E-01		5.70E-01		5.73E-01		5.80E-01		5.70E-01		5.73E-01						0.912627		0.0002590655		0.0003583364		0.000871

		344		5.65E-01		5.86E-01		5.90E-01		5.96E-01		5.86E-01		5.90E-01						0.89073		0.0002416372		0.0002905		0.000841

		345		4.78E-01		5.22E-01		5.29E-01		5.34E-01		5.25E-01		5.29E-01						0.866878		0.0002268154		0.0002313585		0.000813

		346		5.49E-01		5.15E-01		5.18E-01		5.24E-01		5.15E-01		5.17E-01						0.841258		0.0002141501		0.0001822		0.000785

		347		5.48E-01		5.34E-01		5.38E-01		5.44E-01		5.34E-01		5.37E-01						0.814066		0.0002031911		0.0001452547		0.000759

		348		5.41E-01		5.46E-01		5.50E-01		5.56E-01		5.46E-01		5.49E-01						0.785505		0.0001935077		0.0001161		0.000733

		349		5.41E-01		5.42E-01		5.47E-01		5.53E-01		5.42E-01		5.45E-01						0.755784		0.0001848801		0.0000902216		0.000708

		350		5.45E-01		5.39E-01		5.44E-01		5.50E-01		5.39E-01		5.42E-01						0.725112		0.0001772187		0.00006939		0.000684

		351		6.24E-01		5.57E-01		5.59E-01		5.66E-01		5.56E-01		5.58E-01						0.693701		0.0001704357		0.0000556277		0.000661

		352		5.92E-01		5.89E-01		5.93E-01		6.00E-01		5.89E-01		5.92E-01						0.661757		0.0001644436		0.00004568		0.000638

		353		5.61E-01		5.84E-01		5.89E-01		5.96E-01		5.86E-01		5.88E-01						0.629483		0.0001591546		0.0000349726		0.000617

		354		6.31E-01		5.80E-01		5.83E-01		5.90E-01		5.80E-01		5.82E-01						0.597074		0.0001544812		0.00002579		0.000596

		355		6.74E-01		6.16E-01		6.19E-01		6.27E-01		6.15E-01		6.17E-01						0.564718		0.0001503356				0.000575

		356		6.41E-01		6.41E-01		6.46E-01		6.54E-01		6.41E-01		6.44E-01						0.532592		0.0001466301				0.000556

		357		5.68E-01		6.32E-01		6.38E-01		6.46E-01		6.34E-01		6.36E-01						0.50086		0.0001432772				0.000537

		358		5.08E-01		5.88E-01		5.95E-01		6.03E-01		5.91E-01		5.93E-01						0.469675		0.0001401891				0.000519

		359		4.70E-01		5.42E-01		5.48E-01		5.54E-01		5.44E-01		5.46E-01						0.439175		0.0001372782				0.000501

		360		6.44E-01		5.38E-01		5.40E-01		5.46E-01		5.37E-01		5.39E-01						0.409484		0.0001344568				0.000484

		361		6.20E-01		6.10E-01		6.13E-01		6.20E-01		6.09E-01		6.12E-01						0.380711		0.0001316372				0.000468

		362		5.79E-01		6.17E-01		6.23E-01		6.31E-01		6.19E-01		6.21E-01						0.35295		0.0001287318				0.000452

		363		6.51E-01		6.21E-01		6.26E-01		6.34E-01		6.21E-01		6.24E-01						0.32628		0.0001256529				0.000437

		364		6.56E-01		6.57E-01		6.62E-01		6.70E-01		6.57E-01		6.59E-01						0.300764		0.0001223129				0.000422

		365		6.70E-01		6.81E-01		6.87E-01		6.95E-01		6.81E-01		6.84E-01						0.276453		0.0001186241				0.000407

		366		7.66E-01		7.13E-01		7.18E-01		7.26E-01		7.12E-01		7.14E-01						0.253382		0.0001144987				0.000394

		367		8.09E-01		7.85E-01		7.91E-01		8.00E-01		7.83E-01		7.87E-01						0.231574		0.0001098492				0.00038

		368		7.77E-01		8.30E-01		8.38E-01		8.47E-01		8.29E-01		8.33E-01						0.211039		0.0001045879				0.000367

		369		7.41E-01		8.30E-01		8.40E-01		8.48E-01		8.30E-01		8.34E-01						0.191776		0.0000986299				0.000355

		370		8.12E-01		8.28E-01		8.37E-01		8.45E-01		8.28E-01		8.32E-01						0.173774		0.0000923471				0.000343

		371		7.66E-01		8.46E-01		8.56E-01		8.66E-01		8.48E-01		8.51E-01						0.157013		0.0000869599				0.000331

		372		7.66E-01		8.24E-01		8.34E-01		8.43E-01		8.26E-01		8.28E-01						0.141463		0.0000820148				0.00032

		373		6.84E-01		7.87E-01		7.97E-01		8.06E-01		7.89E-01		7.92E-01						0.12709		0.0000756792				0.000309

		374		5.99E-01		7.16E-01		7.26E-01		7.33E-01		7.17E-01		7.21E-01						0.113852		0.0000665037				0.000299

		375		5.89E-01		6.38E-01		6.46E-01		6.52E-01		6.39E-01		6.42E-01						0.101701		0.0000568284				0.000288

		376		6.74E-01		6.06E-01		6.11E-01		6.17E-01		6.04E-01		6.07E-01						0.090588		0.0000495296				0.000279

		377		6.98E-01		6.27E-01		6.31E-01		6.39E-01		6.24E-01		6.27E-01						0.08046		0.0000418698				0.000269

		378		8.17E-01		6.61E-01		6.65E-01		6.74E-01		6.59E-01		6.61E-01						0.071259		0.0000339946				0.00026

		379		8.31E-01		7.32E-01		7.36E-01		7.45E-01		7.28E-01		7.33E-01						0.062931		0.0000268133				0.000251

		380		6.99E-01		7.34E-01		7.43E-01		7.51E-01		7.34E-01		7.37E-01						0.055418		0.0000208499				0.000243

		381		7.73E-01		7.04E-01		7.10E-01		7.18E-01		7.02E-01		7.05E-01						0.048662		0.0000161633				0.000234

		382		6.83E-01		7.14E-01		7.21E-01		7.29E-01		7.12E-01		7.16E-01						0.042608		0.0000127885				0.000226

		383		5.15E-01		6.51E-01		6.60E-01		6.65E-01		6.50E-01		6.53E-01						0.037201		0.0000107603				0.000219

		384		4.75E-01		5.51E-01		5.59E-01		5.62E-01		5.50E-01		5.53E-01						0.032387						0.000211

		385		6.40E-01		5.23E-01		5.27E-01		5.32E-01		5.20E-01		5.24E-01						0.028116						0.000204

		386		6.58E-01		5.87E-01		5.91E-01		5.97E-01		5.84E-01		5.88E-01						0.024338						0.000197

		387		6.64E-01		6.12E-01		6.18E-01		6.24E-01		6.10E-01		6.14E-01						0.021008						0.000191

		388		6.60E-01		6.31E-01		6.38E-01		6.44E-01		6.29E-01		6.33E-01						0.018082						0.000184

		389		6.60E-01		6.38E-01		6.45E-01		6.51E-01		6.36E-01		6.40E-01						0.015519						0.000178

		390		7.79E-01		6.62E-01		6.66E-01		6.73E-01		6.57E-01		6.62E-01						0.013281						0.000172

		391		8.30E-01		7.28E-01		7.33E-01		7.41E-01		7.23E-01		7.28E-01						0.011333						0.000166

		392		8.81E-01		7.88E-01		7.95E-01		8.03E-01		7.85E-01		7.88E-01						0.009644						0.00016

		393		6.64E-01		8.00E-01		8.12E-01		8.18E-01		7.98E-01		8.02E-01						0.008183						0.000155

		394		4.24E-01		6.62E-01		6.78E-01		6.82E-01		6.65E-01		6.67E-01						0.006923						0.00015

		395		7.06E-01		5.70E-01		5.77E-01		5.81E-01		5.66E-01		5.69E-01						0.005841						0.000145

		396		8.51E-01		6.76E-01		6.82E-01		6.87E-01		6.71E-01		6.73E-01						0.004914						0.00014

		397		5.73E-01		7.25E-01		7.34E-01		7.40E-01		7.22E-01		7.26E-01						0.004122						0.000135

		398		6.65E-01		6.27E-01		6.35E-01		6.40E-01		6.25E-01		6.28E-01						0.003448						0.00013

		399		1.03E+00		7.17E-01		7.20E-01		7.27E-01		7.10E-01		7.15E-01						0.002876						0.000126

		400		1.12E+00		8.98E-01		9.05E-01		9.13E-01		8.91E-01		8.96E-01						0.002392						0.000122






