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Suggestions for “good practice” in operating UV-spectroradiometers

Note: Most of the following suggestions are results of the EDUCE - inventory of the quality control procedures at spectral UV measuring stations in Europe. The WMO-Report 125 “Instruments to Measure Solar Ultraviolet Radiation, Part 1” and Report 126 “Guidelines for Site Quality Control of UV-Monitoring” should be the theoretical basis of your measuring activities and they are recommended as guidance.

Characterization of the spectroradiometer

The WMO-Report Nr.125 “Instruments to Measure Solar Ultraviolet Radiation, Part 1” gives a detailed description for instrument characterization (p.12-18). It’s recommend to carry out as many measurements of the mentioned features as possible by you for a better understanding of the instrument.

· Spectral sensitivity of spectroradiometer

· Wavelength alignment

· Slit function and bandwidth

· Characterization and angular response of the input optic

· Linearity of the measuring system

· Dark current

· Stray light tests

· Sensitivity to temperature variations

Demand a detailed report and uncertainty estimation of the laboratory if an other institution calibrates the instrument. Otherwise the interpretation of the measured data is difficult and the comparison with data of an other instrument could be impossible. Repeat the characterization of the instrument as soon as a significant temporary change of the calibration file of the instrument arise.

Calibration of the spectroradiometer


See WMO-Report 126 for a detailed description of recommended procedures

· Accurate complete documentation of each calibration

· Each group measuring spectral UV-irradiance should be equipped with one or more primary standard lamps and 3 or more secondary transfer lamps.

· Primary standard lamp:

· The standard lamps of most of the participants of the EDUCE-questionnaire are traceable to NIST or to PTB.

· The suppliers of UV-lamps have to be accredited.

· Primary lamp should be a 1000-Watt lamp; FEL and DXW are equally widespread.

· Change of primary lamp: Compare the primary standard lamp every 10 hours of burn time with at least 3 transfer lamps. Change the primary lamp after detection of a difference to the transfer lamps, generally about every 3rd year.

· Time table for calibration: Calibrate your measuring system in general no less than one time per month outdoors with secondary lamps and one time per year in a laboratory. Repeat the measurements in laboratory if significant changes of spectrometers response occur, indicated by discrepancy between former and new calibration file.

· Calibrate your measuring system exactly at that place where the measurements take place. Use smaller transfer lamps (50 – 200 Watt) if there is no possibility to use the 1000W lamp outdoors.

· Calibration-Setup

· The stabilization of the lamp during calibration is usually current based, both the voltage over the lamp and the current have to be monitored.

· As a rough estimation for FEL-lamps: The relative change of the voltage over the lamp times 5 gives the relative change of the irradiance at 300 nm.

· Current measurement: Recalibration of the shunt should be done at the latest every 3rd year. Use only very well calibrated voltmeters. Note recalibration of the voltmeter according to certificate.

· A detailed uncertainty estimation is recommended. This estimation shows you the problematic points of the calibration setup. Otherwise it is hardly possible to discuss problems.

· Manpower for calibration: Provide 1 to 3 man-days per calibration. Bear in mind extra manpower for crosschecks between your lamps.

Measurement procedure

· Most of the spectroradiometers are served continuously. That means that somebody is nearby if a problem of the instrument occurs. A spectroradiometer is a delicate instrument, which needs maintenance daily (e.g. cleaning the input optic).

· The measuring site and its surrounding have to be described in detail (see WMO-Report Nr.126)

· Measuring the local horizon

· Description of the nearby surrounding

· Documentation of seasonal variations of the surrounding which effect UV-radiation (e.g. change of albedo because of snow cover, change of flora, smog or fog)

· The clock of your measuring system should be updated daily automatically by a radio clock or by a timeserver of the Internet.

· The use of ancillary instruments for comparison with the spectrometer is strongly recommended. The most common used instruments are Pyranometers for total solar radiance and UV-broadband detectors (UVA, UVB, erythemally weighted). Direct sun instruments, luxmeter, sunshine recorder and narrow-band radiometers give additional information for interpretation of the measured data.

· Measuring sites with routine cloudiness observations are preferred. Many weather stations are still observing cloudiness. This information is very helpful for the interpretation of the UV-data.

· The output signal of many spectroradiometers depends on the temperature of the surrounding. These instruments need a stabilization of temperature with active heating and cooling. Installation of the spectroradiometer indoors with an optical fiber to the detector head is strongly reducing this problem.

· A detailed uncertainty estimation for the measurement is recommended. This estimation shows you the problematic points of the measuring system. (see references below [1,2])

Quality control of the UV-data

· Stability of measuring system

· Wavelength: All (!) groups are inspecting the scans for wavelength shift. Software for an automatic check of each scan is available. (see references below [8,9])

· Irradiance: Check the absolute level of measured irradiance by comparison with ancillary instruments, model calculations (see reference [10]) or former data. Calibrate the instrument again after detection of a significant discrepancy.

· If a significant change of the spectroradiometers response is observed, a correction of the data of the period since the last calibration should be checked and if appropriate the correction should be applied.

· If a retrospective correction is not possible, the “incorrect” data should be flagged or cleared.

· Spikes: Irregular values at a single wavelength can be detected by comparison with model calculations or former data. Obvious wrong data should be eliminated or flagged (see references below [7,9])

· Correction of cosine error: The angular response of the input optic has to be known. For clear sky condition a cosine correction depending on solar zenith angle and wavelength is well possible. The calculation for a correction depending on cloudiness is complicate. Therefore, the usage of a detector head with a minimized cosine error is recommended. Some publications about cosine errors are available (see references below [3,4,5,6]).
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