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	Summary and Purpose of Document
The document presents the status of WRC-IRS and the main developments it undertook since the previous session of the Expert Team meeting.



ACTION PROPOSED

The meeting is invited to review the information presented in the document and consider it when providing technical and scientific guidance to the WRC Davos for the further development of the World Infrared Standard Group of radiometers and related activities supporting traceability of radiation measurements in observing networks.
Reference: 
Final Report of CIMO Expert Team on Meteorological Radiation and Atmospheric Composition Measurements, First Session (6-10 February 2006, Davos, Switzerland)
Status of the WRC-IRS, the WISG and traceability of pyrgeometers, including relevant recommendations on infrared calibration procedures


During the first session of the CIMO ET-MRA&CM meeting, held in Davos from 6 to 10 February 2006, the following three tasks were formulated with respect to the WRC-IRS:
· 1k) “Develop further the establishment of the World Infrared Standard Group (WISG) 
of radiometers”; 
· 1l) “Coordinate the dissemination of pyrgeometer calibration coefficients”; and
· 1p) “To examine the transfer of WISG to network measurements of infrared irradiance”

1k) “Develop further the establishment of the World Infrared Standard Group (WISG) of radiometers”

The main developments are summarized below:

1) New blackbody cavity was developed and is in operation since January 2008 (BB2007).

 A new reference blackbody cavity was commissioned in 2007. It consists of a tilted bottom cavity with specifically chosen dimensions to obtain a high effective emissivity at its aperture. Characterisations of pyrgeometers in the original and new cavity demonstrated the high consistency between the two systems. Differences between the cavities are less than ±0.5 Wm-2, and pyrgeometer characterisations performed in each cavity give results which are within their stated uncertainties. The validation phase was officially closed in December 2007, and as of January 2008 the new blackbody cavity is used as the operational system.

Publication: J. Gröbner, Operation and Investigation of a tilted bottom cavity for pyrgeometer characterizations, Applied Optics, 47, 4441-4447, 2008.

2) MIRSF

A monochromatic Infrared light source facility (MIRSF) was delivered to PMOD/WRC in September 2007. It allows the determination of the spectral transmission of filters and pyrgeometer domes over the wavelength range 1 μm to 40 μm. Several pyrgeometer domes were measured with the facility to calibrate these pyrgeometers in the laboratory using a novel calibration method published in September 2007. The methodology was tested using two custom-made CG4 pyrgeometers. 

Publication: Gröbner, J, and A. Los, Laboratory Calibration of pyrgeometers with known spectral responsivities, Applied Optics, 46, 7419-7425, 2007.

3) Angular response facility

A new facility was developed for the determination of the angular response of pyrgeometers. Measurements were performed on Epply PIR pyrgeometers and CG4 Pyrgeometers from Kipp&Zonen and the results presented during the ninth session of the BSRN in Lindenberg, Germany, 2006.

4) WISG

The WISG has been operating continuously since 2003, showing an excellent relative stability between individual instruments of ±1 Wm-2. For the third consecutive year each WISG instrument was calibrated in the reference blackbody of PMOD, showing no significant changes in the respective responsivity over this time span. This yearly calibration procedure is used as an independent check of the WISG long-term stability. 

5) Measurement platform enhancement

A third INTRA tracker was installed on the PMOD roof platform in late November 2008, increasing the number of shaded pyrgeometer calibration sites from originally 3 to 8. Even though pyrgeometer calibrations will still be only performed during night time to be independent from solar radiation interferences, this addition will finally allow to routinely investigate their performance also during daytime conditions. 

6) Infrared Integrating Sphere Radiometer (IRIS)

The development of a reference instrument for atmospheric longwave radiation reached a new milestone with the completion of the IRIS radiometer in early 2008. Its key characteristic is the custom-made integrating sphere with incorporated shutters which allows  measurements of longwave irradiance at high temporal resolutions of up to 1 Hz. Extensive characterisation tests were carried out to investigate its performance since one fundamental requirement of this radiometer is its ability to measure irradiance. The angular response was determined in the PMOD laboratory and was found to follow closely the desired cosine response, demonstrating the excellent performance of this integrating sphere design. The radiometer was further calibrated with respect to the new PMOD blackbody on repeated occasions during 2008 and 2009, showing a  reproducibility of its responsivity of better than ±1% between successive calibrations. A preliminary uncertainty estimate indicates that the radiometer should be able to measure atmospheric longwave irradiance to within ±2 Wm-2.

Routine outdoor measurements have been initiated in November 2008 whenever the atmospheric conditions allow the deployment of the instrument. One particular noteworthy feature of IRIS is its ability to measure longwave irradiance also under changing atmospheric conditions. 

A second IRIS Radiometer with a different pyroelectric detector and smaller dimensions of the integrating sphere was constructed and is currently in the testing phase (August 2009). A portable blackbody cavity is under construction which will allow the in-situ calibration of the IRIS radiometers.

1l) “Coordinate the dissemination of pyrgeometer calibration coefficients”

The dissemination of pyrgeometer calibration coefficients traceable to the WISG follows a well-defined protocol whereby each pyrgeometer is characterised in the laboratory using the reference cavity BB1995 (until December 31st, 2007) or BB2007 (as of 1st January 2008) to determine its calibration coefficients according to the extended pyrgeometer equation first derived by Albrecht and Cox, 1977. The sensitivity of the pyrgeometer is obtained from collocated night-time measurements of atmospheric longwave irradiance  with the WISG pyrgeometers during clear and cloudy weather conditions. Usually the calibration certificates delivered by the WRC-IRS refer to the extended Albrecht and Cox formula for the derivation of longwave irradiance from the pyrgeometer output signal; following the request by individual customers, calibration certificates with simplified relationships between longwave irradiance and pyrgeometer output signal have also been delivered.

1p) “To examine the transfer of WISG to network measurements of infrared irradiance”

1) Travel reference system

A travel reference pyrgeometer system with dedicated data acquisition unit was developed in 2006. The instrumentation was calibrated at PMOD/WRC and shipped to the SRRB/NOAA Boulder site in September 2006 to take part in a small scale intercomparison of pyrgeometers which were previously calibrated at PMOD/WRC against the WISG. The intercomparison underlined the consistency of the calibrations performed at PMOD/WRC.

2) An analysis of the calibration of about 50 different pyrgeometers has shown that: 

a)
The characterisation of a pyrgeometer using a cavity gives lower residuals using the extended Albrecht and Cox formula than with other formulations using simplified assumptions. This indicates that the additional parameters provide a necessary individual characterisation of each pyrgeometer.

b)
The calibration of a pyrgeometer with respect to the WISG gives lower residuals using the extended Albrecht and Cox formula than with other formulations.

Several networks still implement a simplified conversion from pyrgeometer output signal to longwave irradiance. The presentation of this analysis during the 10th BSRN Meeting in June 2008 has alerted the community to the increased uncertainties incurred by such an approach. One consequence will be that the BSRN archive will store additional pyrgeometer parameters such as raw signal and body and dome temperatures to enable post-processing of the pyrgeometer dataset if found necessary.
_________________

