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	Summary and Purpose of Document
The document contains a report on BSRN activities relevant to the activities of CIMO and more particularly of BSRN instrument intercomparisons. 




ACTION PROPOSED

The meeting is invited to take the information provided in this document in agreeing developing recommendations for holding further instrument intercomparisons.
Intercomparison Plans

BSRN Activities related to CIMO

DIFFUSE HORIZONTAL IRRADIANCE

Pyranometer WG - David Halliwell (chair), Klaus Behrens, Rakel Gastesi, Martial Haeffelin, Wouter Knap, Chuck Long, Lourdes Ramirez
Joseph Michalsky report:

Atmospheric radiative transfer model estimates of diffuse horizontal broadband shortwave (solar) irradiance for clear skies have historically been larger than measurements from a disk-shaded pyranometer. A reference standard for the diffuse horizontal shortwave irradiance does not exist, and there are no current known efforts to develop an absolute standard. This paper1 presents the case for a working standard for this measurement. Four well-behaved pyranometers from two prior intensive observation periods2, 3 (IOP) were chosen for this study. The instruments were characterized for spectral and angular response before the IOP and calibrated during the IOP using a shade/unshade technique with reference direct irradiance from an absolute cavity radiometer. The results of the comparison and detailed analyses to explain the differences suggested selecting three of the four for the working standard. The 95% confidence uncertainty in this standard is estimated to be 2.2% of reading + 0.2 Wm-2. In lieu of a comparison to this trio, a method for selecting pyranometers for low-uncertainty diffuse horizontal shortwave irradiance is suggested.

1Michalsky, J. J., C. Gueymard, P. Kiedron, L. J. B. McArthur, R. Philipona, and T. Stoffel (2007), A proposed working standard for the measurement of diffuse horizontal shortwave irradiance, J. Geophys. Res., 112, D16112, doi:10.1029/2007JD008651.

2Michalsky, J. J., et al. (2005), Toward the development of a diffuse horizontal shortwave irradiance working standard, J. Geophys. Res., 110, D06107, doi:10.1029/2004JD005265.

3Michalsky, J. J., et al. (2003), Results from the first ARM diffuse horizontal shortwave irradiance comparison, J. Geophys. Res., 108(D3), 4108, doi:10.1029/2002JD002825.

INFRARED
Pyrgeometer WG - Rolf Philipona (Chair), Klaus Behrens, Julian Gröbner, Alexander Los, Joe Michalsky, Tom Stoffel)

Rolf Philipona report:

Pyrgeometer calibration is presently based on the World Infrared Standard Group (WISG) of Pyrgeometers. The WISG is composed of four pyrgeometers, that were calibrated, installed and are maintained by the Infrared Radiometry Section of the World Radiation Centre (WRC-IRS). The role of the WRC-IRS is to disseminate this scale to the worldwide community either by individual instrument calibrations at the PMOD/WRC, or preferably through the creation of pyrgeometer groups at regional calibration centers, which are traceable to the WRC-IRS.

A black-body BB1995 is used in the laboratory of WRC-IRS to characterize the pyrgeometers, i.e., to determine the calibration constants C, k1, k2, and k3 used in the pyrgeometer equation (Philipona et al., Appl. Opt., 34, 1598-1605, 1995). Measurements are done at various equilibrium temperatures of the black-body and of the pyrgeometer to simulate outdoor conditions. A new blackbody BB2007 has recently been built at PMOD/WRC to meet advanced technical demands. The sensitivities derived with the new blackbody BB2007 are within 1% to the ones derived with BB1995, which is within the estimated uncertainties of the characterization procedure (Gröbner, Appl. Opt., 47, 4441, 2008).

The absolute calibration of the WISG is traceable to the International Pyrgeometer and Absolute Skyscanning Radiometer Comparison campaigns, IPASRC-I at the ARM-SGP site in Oklahoma in September 1999 (Philipona et al., JGR, doi:2000JD000196, 2001), and IPASRC-II at the ARM-NSA site in Barrow, Alaska in March 2001 (Marty et al., JGR, doi:2002JD002937, 2003). A second absolute IR instrument is presently being built at PMOD/WRC, which in the future will hopefully affirm the Absolute Skyscanning Radiometer (ASR) (Philipona, Appl.Opt., doi:10.1364/AO.40.002376, 2001)  and the WISG measurements, thereby also confirming AERI measurements and well established model calculations, which were in good agreement during the IPASRC campaigns.

Several Institutions have already established their own Regional Infrared Standard Groups of pyrgeometers (RISG) traceable to WISG (DWD Lindenberg, NREL Golden, NOAA Boulder). Specific experiments and calibration campaigns were made to further investigate pyrgeometer measurement uncertainty:

-
J. Gröbner, and A. Los: Laboratory calibration of pyrgeometers with known spectral responsivities (Appl.Opt., doi:10.1364/AO.46.007419, 2007). The responsivities retrieved using this new individual laboratory calibration agree to within 1% with the responsivities determined by a comparison to the WISG, which is well within the uncertainty of both methodologies and is an additional back-up of the WISG and its absolute calibration. 

-
I. Reda, J. Gröbner, T. Stoffel, D. Myers and B. Forgan: Improvements in the blackbody calibration of pyrgeometers. This work improved the ARM/NREL pyrgeometer calibration
http://stm.arm.gov/2008/presentations/0310/5_Reda_NREL_BB.pdf.

-
J. Michalsky: Blackbody IR Calibration via Regression. This campaign shows the uncertainty resulting from different pyrgeometer formulas
(ftp://ftp.srrb.noaa.gov/pub/users/joe/joepapers/).

DIRECT
Direct Beam WG - Ells Dutton (Chair), Klaus Behrens, Patrick Fishwick, David Halliwell, Donald Nelson, Thomas Stoffel, Steve Wilcox (VCPC coordinator)

Steve Wilcox report:

Variable Conditions Pyrheliometer Comparison (VCPC)

Experiment Scope

1.1 Purpose and Goals

The experiment is being conducted under the auspices of the WMO Baseline Surface Radiation Network Working Group on Direct Solar Measurements (WG).  At the July 2008 BSRN meeting and workshop in De Bilt, Netherlands, the WG determined the need for a review of commercial windowed pyrheliometers relative to the BSRN goal of 3 W/m2 accuracy in solar measurements 

Toward that end:

This experiment will empirically validate the theoretical characteristics of windowed pyrheliometers and will determine the probability density function of the test instruments relative to the best available direct beam measurements under a wide range of environmental, seasonal, and solar conditions. The WG will issue a report on results at the conclusion of the experiment.

1.2 Experiment Participants

The WG is responsible for the design and operation of the experiment. The WG will call on colleagues to provide assistance and support to setup and operate the experiment. Although several commercial entities were solicited for instrument loans, no personnel from these companies were allowed to participate in the experiment design, operation, or analysis. (Eppley, Kipp&Zonen, Hukseflux, CIMEL, Middleton)

1.3 Experiment Design

The experiment will be set up at the Solar Radiation Research Laboratory (SRRL) of the U.S. National Renewable Energy Laboratory (NREL) near Golden, Colorado, USA. Three all-weather (AWX) automatic Hickey-Friedan (AHF) absolute cavity radiometers will be designated as reference instruments. The WG posits that this cavity triad provides the best measurement of the solar direct beam under a wide range of outdoor seasonal conditions. The choice of instrument or instruments to form the reference will be made at the end of the experiment, possibly by an independent analyst.

Three samples of each commercially available pyrheliometer will be sought to include in the experiment. Additionally, prototype instruments will be sought, even if only available as single units. Although these instruments may not be included in the full analysis and report, they will be included to provide an indication of the state of the art or innovative direction in pyrheliometry.

A single windowed AHF without the heated AWX configuration will be included to give an indication of cavity performance in conditions other than the usual clear sky conditions under which cavity radiometers are operated.

Instruments will be scanned as rapidly and as much in synchrony as possible (~ 0.2 – 0.3 Hz). The evaluation data will be reduced to one-minute integrated values, which is consistent with normal BSRN operations. Data from different data loggers will be merged and archived as time series data records.

Ancillary meteorological measurements of temperature, humidity, wind speed, and wind direction will be taken near the experiment venue.

At the beginning of the experiment, and at approximately four-month intervals, including the experiment conclusion, the entire suite of instruments will be compared with the NREL and NOAA reference group of absolute cavity radiometers (windowless). This effort will provide a traceability and operational basis for the reference cavity triad.

Because of infrastructure conflicts at the experiment venue, the experiment will be started in November 2008 and concluded in September 2009 in order to free resources for an annual event at SRRL. This will represent approximately 10 months of data collection, through the range of seasons at Golden.

SPECTRAL WG (UV, PAR, other)

Joseph Michalsky (chair), Bruce Forgan, Ain Kallis, Alexander Manes, Bruce McArthur, Richard McKenzie, Rachel Pinker, Laurent Vuilleumier
At the 2006 BSRN meeting in Lindenberg, the Spectral Working Group was expanded to include, the Ultraviolet (UV) and Photosythetically Active Radiation (PAR) working groups.

Joseph Michalsky report:

UV

Although the inclusion of routine broadband UV-B measurements in the measurement suite of BSRN stations was adopted in Budapest in 1998, only a few site scientists have implemented them. However, the spectral WG continues to recommend the measurement of erythemally weighted UV at all sites where possible and that instruments be calibrated as a function of solar-zenith angle and ozone column. Two recent WMO documents are available to elaborate on instrument selection and calibration for the full characterization of broadband UV instruments (WMO GAW No. 172, WMO GAW Strategic Plan: 2008-2015 and WMO GAW No. 164, Instruments to Measure Solar Ultraviolet Radiation, Part 2: Broadband Instruments Measuring Erythemally Weighted Solar Irradiance). The main reason for the reluctance of performing these measurements has been the uncertainty of the characterization and calibration of UV-B radiometers, and the lack of a generally recognized calibration hierarchy. The newly established European UV Calibration Centre at PMOD in Davos, Switzerland, is able to serve the above purpose http://www.pmodwrc.ch/euvc/euvc.html. The Central Ultraviolet Calibration Facility in Boulder, Colorado, has served American networks and others, but its future is unclear, however, it continues to calibrate instruments http://www.srrb.noaa.gov/calfacil/cucfhome.html. During the summer of 2006 COST 726 WG IV conducted a UV-B broadband comparison in Davos. Thirty-six broadband radiometers agreed to within 7% after calibration, although the spread was up to 50% with the owners’ original calibrations. Calibration and characterizations of instruments at 7 laboratories were also compared. Cosine response measurements agreed to within 4%, however, the spectral response measurements agreed less well. Details may be found in the publications section of http://www.cost726.org. In particular, instrument performance is reported in these publications for those interested in weighing the merits of the various commercial radiometer options. Moreover, further work by the WG is planned for deriving methods to infer erythema and vitamin D indices from these broadband UV measurements.

Richard McKenzie of New Zealand reported several recent publications using NIWA’s moderate resolution (0.75 nm) UV spectrometer (285 – 450 nm wavelength range). OMI and NIWA derived ozone were compared in one, the TUV modeled spectra and NIWA measured spectra were compared in another. Pollution’s effects on the UV were the subject of a third publication. Richard gave a talk on the effects of damaging erythemal versus the positive effects of vitamin D production by UV at the de Bilt meeting. He specifically suggested that erythemal, as reported by BSRN, be corrected for ozone and solar-zenith angle.

Ain Kallis has used his AvaSpec 256 UV spectrometer measurements to calculate erythemal daily doses and compared them with those derived from broadband measurements with good, but not exact, correlations for clear and cloudy skies separately. Comparisons to simultaneous 305-nm narrowband filter measurements produced similar results.

Joseph Michalsky reported on using UV Rotating Shadowband Spectroradiometer (RSS) measurements of transmission for comparisons to direct beam and diffuse horizontal models of transmission to derive single scattering albedo in the UV.

PAR

Rachael Pinker has compared SURFRAD PAR measurements with both MODIS-derived PAR and GMAO model results of downward shortwave that are multiplied by 0.45 to give estimates of PAR with good correlations for the former and somewhat poorer results for the latter. There is a clear indication that the 0.45 conversion factor should be amended to depend on the water vapor in the atmosphere.  

An intensive observation period (IOP) has been proposed for the purpose of evaluating PAR sensors against spectral measurements using the U.S. Department of Energy’s Atmospheric Radiation Measurement program’s visible RSS at its central facility in Oklahoma, USA. Little interest has been shown among the BSRN community.

Other

Bruce Forgan has made some progress on characterizing the Middleton Absolute Scanning Radiometer; the 400-900 nm absolute 95% uncertainty is estimated at 1.5% with expected improvements with a new CCD array and temperature control. He also indicated plans to mount a NIWA spectrometer for direct beam UV measurements. Much of his work is directed toward aerosol optical depth characterization.

AOD

Bruce Forgan (chair), Mikhail Alexandrov, John Augustine, Joseph Michalsky, Vito Vitale, C. Wehrli 

Joseph Michalsky report:

Christoph Werhli’s has managed Filter Radiometer Comparisons (FRC I and II) at the last two IPC’s; the results are:

Traceability established if U95 < 0.005+0.01/airmass

PFRs & SP02s, ASR, CIMELs (order of finish based on bias and rms)

Algorithms can contribute a significant part to observed spread in δAOD!

Angström coefficients based on 862/500 ≠ ones based on 862/500/412/368 (e.g., 1.59 vs 1.75)

Development of BSRN AOD database – Bruce Forgan

Dr. Forgan has started accepting data from two sources that operate a sizable fraction of the BSRN sites
_________________
