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1. INTRODUCTION

Snow is a key element in the meteorological and hydrological studies, as the amount of snow can affect the climate change
and runoff and flood. The snow could be well understood by assimilating snow process model with remote sensing model. So
it makes great importance to do sensitive analysis for the snow process model which predicts snow water equivalent and the
snow properties, and compare the snow model with the experimental measurements before it’s assimilated with the
parameterized snow microwave emission model. The objective of this paper was to conduct sensitive analysis of snow
properties to meteorological forcing data and evaluate the predicting ability of the SNTHERM model using the field
measurements at the Local Scale Observation Site (LSOS) of the Cold Land Process Field Experiment (CLPX) in Colorado,
USA and Binggou basin in Gansu province, China.

2. MODEL

SNTHERM is a multi-layered, one-dimensional energy and water balance point model designed to predict temperature
profiles within strata of snow and frozen soil at non-forested sites. It is intended for seasonal snow covers and addresses
conditions found throughout the winter, from initial ground freezing in the fall to snow ablation in the spring [1]. Many
studies have tested the capacity of the SNTHERM model to simulates snow depth and other snow properties at diverse
locations and under varying conditions, including using the CLPX data [2] [3][4].

3. FIELD DATA

The forcing micrometeorological time series data from December 13th, 2002 to March 11th, 2003 selected from the
GBMR dataset at the Local Scale Observation Site (LSOS) of the Cold Land Process Field Experiment (CLPX) in Colorado,
USA, are used to compare the predictions of SNTHERM with the observed data selected from snow pit data [5][6]. The
missing data are replaced by the mean data in the former and latter one. The consecutive missing data are estimated
according to the time and data around them through arithmetic progression method. Another data set is acquired from the
Binggou basin, which is a 30km2 watershed in Gansu province, China. The forcing data for Binggou range from December
6th, 2007 to March 31th, 2008. The density and water content in the snow were measured using the Snow Fork instrument.

4. RESULT

Firstly, sensitive analysis of density, grain size, snow depth and surface temperature and average temperature of the snow
to the meteorological data and albedo were carried out by changing the forcing data with its range of ±10%. It is indicated
that snow depth and snow density are more sensitive to air temperature, albedo and the incident long wave radiation. Grain
size is sensitive to air temperature and albedo. Snow surface temperature is sensitive to the incident long radiation. When the
albedo decreased from 0.78 to 0.65, the snow depth is also decreased by 26.77%. The snow depth decreased as the incident
long radiation and temperature increased. The density is very sensitive to the temperature, as even a 5% increase in
temperature can cause a 65.49% increase in snow density. An alteration of incident long radiation by 10% increased a
22.61% increase in estimated snow density. The density increases by 28.26% if the albedo of 0.65 is substitute for 0.78. By



comparison, the snow depth and density are less sensitive to the solar radiation. When the varying range of the incident solar
radiation is up to 20%, the snow depth and density change only by 6.82 % and 3.07% respectively.

The test of SNTHERM using the snow pits data over LSOS shows that the modeled surface temperature and average
temperature of the snow matched the measurements well, while there was discrepancy in comparison of the measurements of
grain size, snow depth and density. The model underestimated the density and snow depth during the accumulation period,
while overestimated the density and snow depth during melt period. Meanwhile, the validation of SNTHERM using Binggou
field data indicated that the melt time in the model was earlier, and the melt rate seemed high over the Binggou basin.
Therefore, it underestimated the snow depth in Binggou basin, China.

5. CONCLUSION

Snow depth and snow density are most sensitive to air temperature, albedo and incident long radiation. Grain size is
sensitive to air temperature and albedo. Snow surface temperature is sensitive to the incident long radiation .The SNTHERM
simulates temperature of the snow well, but not very well when it comes to snow depth and density.

6. REFERENCES

[1] Jordan RE., “one–dimensional temperature model for a snow cover: Technical documentation for SNTHERM89”. Hanover, New
Hampshire, US Army Corps of Engineers Laboratory, Special Report 91-16, 1991.

[2] Susan Frankenstein , Anne Sawyer, Julie Koeberle, Daniel Hopkins, “FASST and SNTHERM in both Forested and Open Sites” , 64th
easten snow conference,2007.

[3] Julie D. Holcombe, “A Modeling Approach to Estimating Snow Cover Depletion and Soil Moisture in a Semi-arid Climate at Two
NASA CLPX Sites”, M.S. thesis,Watershed Science, Colorado State University, Fort Collins, CO, USA, pp, 1-118, 2004.

[4] Andrew M. Fox, Ian C. “Willis and Neil S. Arnold. Modification and testing of a one-dimensional energy and mass balance model for
supraglacial snowpacks”, HYDROLOGICAL PROCESSES, vo.l22, pp.3194-3209, 2008.

[5] Graf, T., T. Koike, H. Fujii, M. Brodzik, and R. Armstrong., “CLPX-Ground: Ground Based Passive Microwave Radiometer (GBMR-7)
Data”. Boulder, CO: National Snow and Ice Data Center. Digital Media, 2003.

[6] Cline, D., R. Armstrong, R. Davis, K. Elder, and G. Liston., Updated July 2004. CLPX GBMR Snow Pit Measurements. Edited by M.
Parsons and M.J. Brodzik. InCLPX_Ground: Ground Based Passive Microwave Radiaometer (GBMR-7) Data,T. Graf, T. Koike, H. Fujii,
M. Brodzik, and R. Armstrong. 2003. Boulder, CO: National Snow and Ice Data Center. Digital Media, 2002



<<
  /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


