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I. Abstract
Accurate solar radiation measurements using pyranometers are required for understanding 
radiative impacts on the Earth’s energy budget and in solar energy applications. 

Ventilators of pyranometers, which are used to keep the domes clean and dry, also affect 
instrument thermal offset accuracy.  

For single-black-detector pyranometers with ventilators, high-flow-rate (50-CFM and higher), 12-
V DC fans lower the offsets, lower the scatter, and improve the predictability of nighttime offsets 
compared to operating with lower-flow-rate (35-CFM), 120-V AC fans.  

Black-and-white pyranometers, which are used to measure diffuse horizontal irradiance, 
sometimes show minor improvement with DC fan ventilation, but their offsets are always small, 
usually no more than 1 W/m2, whether AC- or DC-ventilated [1]. 
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II. Method 

 Pyranometers with single black detectors often underestimate downwelling global or diffuse 
solar irradiance unless offset corrections are applied. Offsets arise from outer dome cooling to 
the sky above the instrument (Figure 6) and partial cooling of the inner dome and thermopile 
hot junction, resulting in an underestimated solar irradiance signal. Converting from low-flow-
rate AC fans to high-flow-rate DC fans leads to lower and more predictable nighttime offsets. 

 Thermal offsets were examined for several manufacturers’ pyranometers as a function of the 
instrument net infrared measured by an Eppley Model Precision Infrared Radiometer (PIR) 
that was shaded and ventilated with a 35-CFM, 120-V AC fan. Of the tested pyranometers, the
Eppley Precision Spectral Pyranometer (PSP) had the largest offset, followed by the Kipp & 
Zonen CM11, and then the CM22, which had very little offset. Black-and-white pyranometers 
have offsets typically no larger than approximately 1 W/m2 [2], [3] (Figure 4). 

 Table 1 indicates the locations where studies were performed that provide data regarding 
thermal offset behaviors. Results of four of the studies are summarized in figures 2 through 5. 
Testing at the National Renewable Energy Laboratory (NREL) Solar Radiation Research 
Laboratory (SRRL) showed ventilator output flow rates are lower than fan manufacturers’ 
specified free airflows (typically 35 CFM for AC fans, 50–80 CFM for DC fans) because of the 
size of the opening around the radiometer domes [4]. 

Figure 1. Test setup at NREL’s SRRL consisted of five Eppley PSPs installed in Model VEN 
ventilators along with thermopile and housing temperature measurements. Net infrared is 
measured from a colocated PIR. Nighttime data were collected using two AC fans and three 
DC fans during January and February 2014.  

Pyranometer 
Model 
/Figure  

Manufacturer 
 & Type 

Ventilation Location 

PSP/Figure 2 Eppley—  
Single black detector 

• 120 V AC, 35 CFM 
• 12 V DC, 50 CFM 

• ARM Program 
• Barrow, AK 
• 71.3230 N, 156.6114 W

Five PSPs/ 
Figure 1 and 
Figure 3 

Eppley—  
Single black detector 

• Two 120 V AC, 35 CFM 
• Three 12 V DC, 50 CFM 

• NREL SRRL
• Golden, CO
• 39.7424 N, 105.1786 W

SR75 and  
8-48/Figure 4

• Spectra-Sun—Single 
black detector 

• Eppley—Black and 
white

• 120 V AC, 35 CFM 
• 12 V DC, 80 CFM 

• SURFRAD
• Goodwin Creek, MS 
• 34.2550 N, 89.8736 W

PSP/ 
Figure 5 

Eppley—  
Single black detector 

• 12 V DC, 50 CFM 
• 120 V AC, 35 CFM 

• University of Oregon
• Eugene, OR
• 44.0467 N, 123.0742 W

Two CM11s 
and Two 
CM22s 

Kipp & Zonen— 
Single black detector 

• None 
• 12 V DC, 100 CFM 

• NOAA 
• Boulder, CO
• 39.9911 N, 105.2607 W

Table 1. Pyranometer Testing and Locations 

IV. Results of DC Fan Deployment at ARM Program SGP SIRS Sites 

Figure 2. The 2006–2009 North Slope of Alaska Pyranometer Infrared Loss Study and Evaluation of Heated 
Ventilators in the Arctic testing at Barrow, AK, shows the pyranometer offset on the X-axis and 35-CFM, 120-V AC 
ventilated Eppley PIR instrument net infrared on the Y-axis. Blue nighttime measurement points are for the PSP 
pyranometer, with 35-CFM, 120-V AC ventilation; and black points are for ventilation using a 50-CFM, 12-V DC fan 
in the same ventilator, showing that the DC fan produces a lower offset (www.arm.gov/campaigns/nsa2006PYIRloss).

Figure 3. Offset measurements were conducted at NREL’s SRRL in Golden, CO, (Figure1) for 32 days beginning in 
January 2014. Offsets for two PSPs ventilated using 35-CFM, 120-V AC fans are plotted on the left. Offsets for three 
PSPs ventilated with 50-CFM, 12-V DC fans are plotted on the right for the same period showing lower offsets, less 
scatter, fewer extreme values, and better linearity. 

Daily Difference in Nighttime PSP Offsets 

Figure 4. Plots from the Surface Radiation Budget (SURFRAD) site in Goodwin Creek, MS, show SpectraSun 
pyranometer dark offsets before and after switching to DC ventilation. Top right: The gray histogram is for the 
offsets after Day 133 before the correction; the red histogram is for the offsets after Day 133 after correction. 
Bottom left: Plot of Eppley Model 8-48 (black-and-white) pyranometer dark offsets before and after switching to DC 
ventilation. The offsets are larger than they were with AC ventilation, although offsets are always small for black-
and-white pyranometers. Bottom right: Similar to the top right figure, these histograms are for the Eppley Model 8-
48 pyranometer data after Day 133. In the post-correction histogram (red), 95% of the points are within 0.6 W/m2. 

Figure 5.  Offsets for the same Pacific Northwest National Laboratory PSP plotted for four days in a DC fan ventilator 
(blue) and then switched to an AC fan ventilator (red) for three days at the University of Oregon. For both periods, 
the offset behavior with instrument net infrared readings was linear. A significant increase in the offset occurred 
when switched from DC to AC ventilation. Humidity and clouds on these nights limited the range of instrument net 
infrared readings. 

 V. Summary 

 Radiometer thermal offset effects can result in greater data uncertainty if corrections are not 
applied. 

 Figure 4 (top row, left) shows that offsets were reduced by approximately one-half for the 
SpectraSun pyranometer; and it indicates that the offsets, at least at night, are predictable and 
removable to approximately 1.1 W/m2 (top row, right). For the Eppley 8-48 black-and-white
pyranometer, the small inherent offset might be slightly better or slightly worse with DC 
ventilation; but it was predictable to 0.6 W/m2 (Figure 4, bottom row). 

 Figure 5 provides an example of the effect of ventilation with AC fans compared to DC fans. The
same pyranometer was ventilated on seven consecutive days, and only the fan type was 
changed (from DC to AC). 

 Offsets for the unventilated Kipp & Zonen CM11 and CM21 pyranometers tested at the 
National Oceanic and Atmospheric Administration (NOAA), Boulder, site (test plots not shown)
were similar and predictable. The offsets improved significantly when the Kipp & Zonen CVF3 
DC ventilators were added. 

 Changing from AC fans to higher-flow DC fans in PSP ventilators at the ARM Program Solar 
Infrared Radiation Station (SIRS) radiometry sites (Section IV) resulted in reducing PSP thermal 
offsets. 

 Other commercial pyranometers should be tested; however, the focus was on those available 
for study. Most effort to date has focused on diffuse irradiance. Global irradiance offsets need 
to have more emphasis. An important outcome of future research will be to clarify under what 
circumstances nighttime data can be used to predict daytime offsets. 

 These studies provide insight toward obtaining accurate solar radiation measurements. 
Manufacturers and researchers continue to improve designs of pyranometers and ventilators,
which should assist in acquiring accurate solar radiation data with low uncertainty.
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Figure 6. Sky and Radiometer Thermal Image Examples, NREL SRRL 

Sky zenith, spot temp. -54°C PSP dome top, spot temp. 5.4°C PSP dome side, spot temp. 12.1°C 

III. Pyranometer and Ventilator Fan Test Results 

 Transition to the higher-flow 12-V DC fans in 
ventilators consistently resulted in the 
reduction of PSP thermal offset responses 
(ARM Program ECO-00991). 

 Average change in nighttime thermal offset for 
PSPs from the 18 sites was from -7.0 W/m2

prior to the fan change to -2.3 W/m2 after the 
fan change. 

http://www.arm.gov/campaigns/nsa2006PYIRloss

	Slide Number 1


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /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 false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /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 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /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 (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  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

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





