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1. Introduction and motivation

The IRC was established in January 2004 at the PMOD/WRC following the
recommendation of the Commission for instruments and methods of observation
(CIMO) at its thirteenth session in Bratislava, 25 September to 3 October 2002
(Recommendation 1, CIMO-XIII).

The IRC comprises an absolute sky-scanning radiometer (ASR) which provides the
absolute longwave irradiance reference to a group of pyrgeometers which form the
World Infrared Standard Group (WISG) of pyrgeometers. Comparisons between the
ASR and the WISG are performed on a regular basis to maintain the WISG and
supervise its long-term stability with reference to the ASR.

The IRC holds the global infrared radiation reference and as such defines the
longwave infrared scale to which all longwave infrared radiation measurements
should be traced. The role of the IRC is to disseminate this scale to the worldwide
community either by individual instrument calibrations at the PMOD/WRC, or
preferably through the creation of regional calibration centers which are themselves
traceable to the IRC.

2. IRC Instrumentation
a) ASR

The absolute sky-scanning radiometer consists essentially of a pyroelectric detector
mounted on a tracking platform which observes the longwave infrared radiance with
a five degree field of view entrance optic (Philipona, 2001). The absolute calibration
is obtained from measurements of a temperature stabilised black-body before,
during, and after the sky radiance measurements. One measurement cycle lasts for
about 20 minutes and consists of the measurement of the sky radiance at a total of
32 zenith angles in 4 planes. These 32 measurements are integrated using a gauss-
quadrature integration to produce one value for the downwelling longwave infrared
irradiance. Since the pyroelectric detector is used without a sun-blocking filter,
measurements are only performed during nighttime. Furthermore, since the gauss-
quadrature method requires a smooth function of sky radiance versus zenith angle,
measurements are only done under stable and clear nighttime conditions without
clouds.

b) WISG

Figure 1 World infrared standard group of Pyrgeometers (WISG) at PMOD/WRC
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The WISG is currently composed of four pyrgeometers, two precision infrared
radiometers (PIR) from Eppley, and two CG4 from Kipp&Zonen. Three instruments
were installed in September 2003 on the measurement platform on the roof of
PMOD/WRC, while the fourth pyrgeometer was installed in the summer of 2004. All
instruments are mounted on a tracker (BRUSAG) which provides shading from the
direct solar irradiance using shading disks. Measurements are performed every
second and two minute averages and their standard deviation are stored in a daily
data file. All pyrgeometers are mounted in ventilation units which also contain a
heating ring to heat the air flowing around the dome. The longwave downward
irradiance is determined from the thermopile voltage and the dome and body
thermistors using the Philipona et al. equation :

E= UeCmf (A+koTo )+ koo T —kso(Ty — Tir)

c) Black-Body

Temperature during Blackbody calib
T T T T

Temperature [C]

i i i i
22 24 26 28 30

i i
12 14 16 18 20
Time [UT]

Thermopile voltage

i i i i i i i i
12 14 16 18 20 22 24 26 28 30
Time [UT]

Figure 2 Pyrgeometer characterisation in the black-body. The upper
figure shows the temperature of the black-body (red), and the
pyrgeometer body (green). The lower figure displays the thermopile
voltage in mV.

A black-body is used in the laboratory of IRC to characterise the pyrgeometers, i.e.
to determine the calibration constants k1, k2, and k3 used in the equation above.
The black-body is described in Philipona et al., 1995. Measurements are done at
various equilibrium temperatures of the black-body and of the pyrgeometer to
simulate outdoor conditions (see Figure 2). To determine k3 on Eppley
pyrgeometers, the dome is heated by a heating ring installed around the rim of the
dome so as to reach a temperature difference between dome and body of about 1
degree. The coefficients k1, k2, and k3 can be usually retrieved with an uncertainty
of 0.01, 0.0006, and 0.1 respectively.
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3. Traceability

The absolute calibration of the WISG is traceable to the International Pyrgeometer
and ASR comparison (IPASRC-IlI) campaign in Barrow, Alaska in March 2001
(Marty, et al., 2003). PIR 31463 and CG4 FT004 of the WISG participated at this
campaign and were calibrated relative to the ASR on this occasion. The two other
pyrgeometers of the WISG (PIR 31464 and CG4 030669) were calibrated relative to
the first two WISG pyrgeometers.

4. Stability of the WISG

The stability of the WISG has been monitored since its inception in September 2003.
Figure 3 shows a 30 day running average of nighttime longwave irradiance
measured by the WISG pyrgeometers relative to their mean. As can be seen in the
figure, inter instrument variabilities are below +1 W/m2, which represents a relative

variation of typically less than 0.5%.
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Figure 3 World Infrared Standard Group pyrgeometers. Shown is the 30 day
average deviation in nighttime downwelling longwave irradiance relative to the
average of the WISG. The gray background are nightly averages of the WISG
pyrgeometers.

5. Maintenance and quality control

The pyrgeometers on the measurement platform is inspected daily, and domes
cleaned if necessary. Desiccant is checked every three weeks.

Measured data is visually inspected every day to check for instrumental problems.
Time keeping of the data acquisition system is referenced to an internet time server
several times a day.

The measured data is stored on the computer controlling the data acquisition, and
daily data files are archived every day on the PMOD/WRC server. The server itself
has a backup schedule to prevent data loss.
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6. Calibration of test pyrgeometers
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Figure 4 Pyrgeometer comparison to the WISG. The upper figure shows
the longwave irradiance during nighttime, while the lower figure shows
the residuals between the test pyrgeometer and the WISG. The
sensitivity C is determined so as to minimize these residuals.

Test pyrgeometers are inspected on arrival and desiccant changed if necessary.
They are first characterised in the black-body to retrieve the characterisation
constants as described previously. Then, they are installed on the measurement
platform for the determination of the sensitivity by comparison to the WISG. Only
nighttime measurements are used so far. A nominal calibration procedure requires
about 24 hours for the laboratory characterisation and several days with clear and
cloudy skies to determine the sensitivity C and check the stability of the test
pyrgeometer. Typical variabilities between the test pyrgeometer and the WISG are
less than 1 W/m”2 during the whole measurement period (see Figure 4).

7. Uncertainties

The determination of a comprehensive uncertainty estimate for the longwave infrared
reference is still in progress. A brief overview is presented in the following paragraph.
The uncertainties of the WISG are composed of the uncertainty in the ASR absolute
longwave irradiance measurements of about 2 W (Philipona, 2001) and the
variability of the pyrgeometers within the WISG of 1 W. The combined uncertainty of
the WISG is therefore 2.2 W.

The calibration of a test pyrgeometer will thus have an uncertainty which is
composed of the WISG uncertainty of 2.2 W, its variability of 1 W, and the variability
of the test pyrgeometer relative to the WISG of typically 1 W. This gives a combined
uncertainty for a pyrgeometer calibration of 2.6 W.
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8. Current developments and future plans

e The ASR black-body has been compared to the IRC laboratory black-body.

e The influence of the horizon on the ASR sky radiance integration was
estimated for the PMOD/WRC site. The contribution of the horizon
obstructions (mainly mountain slopes) to the longwave irradiance was
estimated to be of the order of 1 to 3 W/m*2. Thus, at PMOD/WRC a
systematic horizon correction of +2 W , with an associated uncertainty of 1 W
seems to be necessary for the ASR measurements.

e A second sky scanning radiometer is under development. The radiometer is
based on an electric substitution pyroelectric detector. The aim is to have an
automated instrument for unattended measurements of the longwave
irradiance during nighttime.

e A second black-body is currently developed. Its design is based on a
cylindrical design as described in Metrologia, 2004. The black-body will be
purged with nitrogen; the design of the black-body temperature probes will
allow routine calibrations relative to calibrated temperature sensors traceable
to absolute temperature standards.

e A laboratory facility for the determination of the angular response of
pyrgeometers has been developed and is undergoing tests. The source is a
quartz-halogen lamp which provides a homogeneous beam at the sensor
reference surface.

e The observed differences in the sensitivity C determined either from the black-
body or through the WISG (see Figure 5) are investigated to understand their
origin.
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Figure 5 Ratio between the sensitivity C of different pyrgeometers
determined in the black-body to the one determined by comparison to
the WISG.

Wednesday, 30. November 2005 7



9. References

Marty, Ch., R. Philipona, J. Delamere, E. G. Dutton, J. Michalsky, K. Stamnes, R. Storvold, T. Stoffel,
S. A. Clough, and E. J. Mlawer, Downward longwave irradiance uncertainty under arctic
atmospheres: Measurements and modeling, J. Geophys. Res., 108, doi: 10.1029/2002JD002937,
2003.

Philipona, R., Sky-scanning radiometer for absolute measurements of atmospheric long-wave
radiation, Appl. Opt., 40, 2376-2383, 2001.

Philipona, R., . Frohlich, and Ch. Betz, Characterisation of pyrgeometers and the accuracy of
atmospheric long-wave radiation measurements, Appl. Opt., 34, 1598-1605, 1995.

Prokhorov, A. V., and L. M. Hansson, Effective emissivity of a cylindrical cavity with an inclined
bottom: I. isothermal cavity, Metrologia, 41, 421-431, 2004.

Wednesday, 30. November 2005 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


