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Soil moisture is an important yet unobserved reservoir of the hydrologic cycle linked to the spatial and temporal
variability of precipitation [1]. The brightness temperature of the land surface at microwave wavelengths is sensitive
to soil moisture. Terrestrial brightness temperature also depends on the temperature of the soil and vegetation canopy
as well as other canopy and soil properties [2]. In addition, the emission and scattering of microwave radiation in
the canopy is determined primarily by the amount of liquid water stored in the vegetation [3], [4]. Water contained
within vegetation tissue is the main factor [5], but dew also affects the terrestrial brightness temperature [6]–[8]. In
certain cases it may be necessary to quantify and remove the dew signal to effectively use either passive microwave
remote sensing observations of the land surface to observe soil moisture.
One of the objectives of a recent field experiment was to determine the extent to which dew effects terrestrial

microwave emission and whether this contribution is significant enough to corrupt passive microwave observations.
Soil Moisture Experiment 2005 (SMEX05) was a watershed–scale validation and calibration study for passive
microwave remote sensing that involved multiple research groups from U.S. universities and the U.S. government.
The main focus of the experiment was to model and validate passive microwave observations of the land surface
made with the WindSat passive microwave radiometer system on–board the Coriolis satellite [9]. Since WindSat
passes over much of Earth’s surface in the early morning hours when dew is often present, the effect of leaf wetness
on microwave signals must be understood in order to interpret these measurements correctly. Besides WindSat, many
other current and planned microwave remote sensing satellites also have overpass times that occur at night or in
the early morning hours when dew may be present [10]–[12].
Three activities related to determining the effect of dew on passive microwave observations were performed.

First, time–series measurements of leaf wetness and local micrometeorology were made to observe and model
the onset, deposition, and dryoff of dew [13]. Second, the time–series measurements were repeated at several
sites throughout the watershed in order to observe and model the spatial distribution of dew [14]. Third, passive
microwave observations over the experiment area were made with airborne and satellite sensors. Measurements
of near–surface soil moisture, fluxes of water and energy between the land surface and atmosphere, vegetation
biomass and plant structure, and diurnal temperature changes within the soil and canopy were also made during
the experiment.
We will present work associated with the last activity. During SMEX05, we used the Naval Research Labora-



tory’s Airborne Polarimetric Microwave Imaging Radiometer (APMIR) to collect the X–band terrestrial brightness
temperature of corn and soybean fields and a deciduous forest. On 30 June, a day of anticipated heavy dew, we flew
APMIR continuously along two east–west lines between 6:30 and 10:00 AM CST. At the same time as the APMIR
flights we made manual measurements of dew and collected observations of dew duration made with leaf wetness
sensors in several of the fields along the flight lines. As APMIR passed over the landscape on that morning, many
variables that affect the X–band terrestrial brightness temperature changed: the dew on the vegetation evaporated;
vegetation and soil temperatures increased; and near–surface soil moisture may have increased or decreased. We
will examine the observed change in the X–band terrestrial brightness temperature during this time period and use a
modeling approach to deduce the effect of dew on the brightness temperature. Specifically, we will use observations
of soil moisture, soil and vegetation temperatures, and atmospheric conditions in conjunction with a land surface
process model called the Atmosphere Land Exchange (ALEX) model [15] and models of terrestrial microwave
emission to determine how much of the change in X–band brightness temperature can be attributed to changes in
soil and vegetation temperatures, soil moisture, and dew.

REFERENCES
[1] R. D. Koster, M. J. Suarez, R. W. Higgins, and H. M. Van den Dool, “Observational evidence that soil moisture variations affect

precipitation,” Geophys. Res. Lett., vol. 30, no. 5, p. 1241, 2003.
[2] B. K. Hornbuckle and A. W. England, “Radiometric sensitivity to soil moisture at 1.4 GHz through a corn crop at maximum biomass,”

Water Resour. Res., vol. 40, p. W10204, 2004.
[3] P. Ferrazzoli, S. Paloscia, P. Pampaloni, G. Schiavon, D. Solimini, and P. Coppo, “Sensitivity of microwave measurements to vegetation

biomass and soil moisture content: A case study,” IEEE Trans. Geosci. Remote Sens., vol. 30, pp. 750–756, 1992.
[4] J. Wigneron, M. Parde, P. Waldteufel, A. Chanzy, Y. Kerr, S. Schmidl, and N. Skou, “Characterizing the dependence of vegetation

model parameters on crop structure, incidence angle, and polarization at L–Band,” IEEE Trans. Geosci. Remote Sens., vol. 42, no. 2,
pp. 416–425, 2004.

[5] T. J. Jackson, T. J. Schmugge, and J. R. Wang, “Passive microwave remote sensing of soil moisture under vegetation canopies,” Water
Resour. Res., vol. 18, pp. 1137–1142, 1982.

[6] A. Jones and T. Vonder Harr, “Retrieval of microwave surface emittance over land using coincident microwave and infrared satellite
measurements,” J. Geophys. Res., vol. 102, pp. 13 609–13 626, 1997.

[7] B. Lin and P. Minnis, “Temporal variations of land surface microwave emissivities over the Atmospheric Radiation Measurement
Program Southern Great Plains site,” J. Appl. Meteor., vol. 39, pp. 1103–1116, 2000.

[8] B. K. Hornbuckle, A. W. England, M. C. Anderson, and B. J. Viner, “The effect of free water in a maize canopy on microwave emission
at 1.4 GHz,” Agric. For. Meteorol., vol. 138, no. 1-4, pp. 180–191, 2006.

[9] P. W. Gaiser, K. M. St. Germain et al., “The WindSat spaceborne polarimetric microwave radiometer: Sensor description and early
orbit performance,” IEEE Trans. Geosci. Remote Sens., vol. 42, pp. 2347–2361, 2004.

[10] Y. H. Kerr, P. Waldteufel, J.-P. Wigneron, J.-M. Martinuzzi, J. Font, and M. Berger, “Soil moisture retrieval from space: The soil
moisture and ocean salinity (SMOS) mission,” IEEE Trans. Geosci. Remote Sens., vol. 39, no. 8, pp. 1729–1735, 2001.

[11] C. L. Parkinson, “Aqua: An Earth–observing satellite mission to examine water and other climate variables,” IEEE Trans. Geosci.
Remote Sens., vol. 41, no. 2, pp. 173–183, 2003.

[12] D. Entekhabi et al., “The hydrosphere state (Hydros) satellite mission: An earth system pathfinder for global mapping of soil moisture
and land freeze/thaw,” IEEE Trans. Geosci. Remote Sens., vol. 42, no. 10, pp. 2184–2195, 2004.

[13] E. D. Kabela, B. K. Hornbuckle, M. H. Cosh, M. C. Anderson, and M. L. Gleason, “Dew frequency, duration, amount, and distribution
in corn and soybean during SMEX05,” Agric. For. Meteorol., vol. 149, pp. 11–24, 2009.

[14] M. H. Cosh, E. D. Kabela, B. K. Hornbuckle, M. L. Gleason, and T. J. Jackson, “Leaf wetness distributions in a heterogeneous
agricultural landscape,” Agric. For. Meteorol., 2009.

[15] M. C. Anderson, J. M. Norman, T. P. Meyers, and G. D. Diak, “An analytical model for estimating canopy transpiration and carbon
assimilations fluxes based on canopy light–use efficiency,” Agric. For. Meteorol., vol. 101, pp. 265–289, 2000.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Acro8.recommended.6Dec2006_FontEmb'] Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /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 /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


