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Abstract

The use of X-band radars for weather surveillance and research, either as standalone or in collaborative and adaptive 
networks, has advanced significantly during the past years. With advantages that include lower cost, smaller infrastructure and 
easier deployment, and the capability to provide the required resolution and coverage when sampling the atmosphere at the 
mid to long range low altitudes [1], X- band radar networks have gained special attention in the radar meteorology 
community, especially to alleviate long range radars limitations.

The Center for Collaborative and Adaptive Sensing of the Atmosphere (CASA) has deployed a Distributive, 
Adaptive and Collaborative Sensing (DCAS) network of four radars in central Oklahoma working as a closed-loop system 
since 2006. The radars operate at the X-band frequency and are capable of polarimetric and Doppler measurements. The
system was developed with the goal of improving weather detection and prediction in the lower troposphere with special 
attention to weather hazards that affect  people  (e.g. tornadoes, convective cells, supercell detection) while advancing radar 
technology [1].

X-band radars capable of dual-polarization measurements have demonstrated an improvement in rainfall estimation 
when compared to single polarization measurements [2]. On the other hand, X-band measurements are affected by attenuation 
and differential attenuation, but advances in path attenuation correction techniques based on polarimetric measurements [3, 4, 
5] aim to mitigate this problem. By means of dual-polarization, weather radars have demonstrated the capability to improve 
weather detection and prediction, in particular, Quantitative Precipitation Estimation (QPE). Dual-polarized measurements 
based on propagation phase can perform better than power-based measurements in the presence of poorly calibrated radars, 
beam blockage, rainfall attenuation and hail contamination [6]. Rainfall algorithms based on the combination of radar 
observables (e.g. R(Z-ZDR) or R(KDP, ZDR)) can produce an additional improvement. In addition, radar networks can provide 
the capability for attenuation correction and reflectivity retrieval based on multi-radar measurements [7].

Before any QPE attempt, the reflectivity and differential reflectivity radar observables require evaluation for system 
bias errors. Bias in the radar observables is mostly caused by the difficulty of precisely calibrating the radar hardware. Recent 
studies [8] have demonstrated a required accuracy of 1 dB and 0.2 dB for reflectivity (ZH) and differential reflectivity (ZDR), 
respectively, for the discrimination of light rain and aggregated dry snow. Storm identification of rain from mixed-phase states 
is essential for properly addressing the QPE problem. Furthermore, ZDR bias correction is important for the absolute 
calibration of the radar using the self-consistency method. 

Different methods have been proposed in the literature for the absolute calibration of ZDR. Gorgucci et al. [9] 
proposed the vertical looking  (90° elevation angle) of light rain to take advantage of the nearly circular shape of the raindrops 
seen from below. Since the CASA radars’ antenna mechanism does not go that high, this method cannot be applied and an
alternative technique needs to be adopted. Ryzhkov et al. [8] used the observing elevation angle dependency of ZDR as an 
alternative technique and concluded that the high variability of ZDR in rainfall is not suitable to achieve the required absolute 
calibration of 0.2 dB. Furthermore, Ryzhkov et al. [8] proposed a method that utilizes the structure characteristics of the 
melting layer in stratiform clouds and used the dry aggregated snow present above the melting layer. Dry aggregated snow 
ZDR measurements above the melting layer resulted in a mean value of 0.2 dB at S-band and an accuracy of 0.1 to 0.2 dB. Due 
to the low variability of dry aggregated snowflakes between S- and X-band, the estimated value of 0.2 dB can be used for the 
absolute calibration of ZDR at X-band.



This paper will apply the method that uses the ice present above the melting layer to estimate the absolute ZDR
calibration constant for each of the four CASA IP1 X-band radars. Vertical scans (RHI) of single azimuth angles are
performed to identify the melting layer in the stratiform clouds. After the melting layer is identified, polarimetric observables 
are used for the discrimination of dry aggregated snow from wet snow or ice crystals in the first kilometer above. This 
procedure is performed for each RHI azimuth angle from two different storms (May 07, 2008 and May 25, 2008) and scatter 
plots are generated to obtain the storm ZDR statistics from which the absolute ZDR calibration constant is estimated. Results 
show a  calibration accuracy of 0.1 to 0.2 dB for both storms with the low mean reflectivity stratiform storm of May 25th

showing the best accuracy of 0.1 to 0.15 dB. In addition, ZDR bias is estimated at low elevation angles using Z-ZDR scatter 
plots in light rain. At low elevation angles (2° elevation angle for the purpose of this study) water drops less than 0.5 mm have
a nearly spherical shape (raindrop axis ratio  1) and the average value of ZDR is expected to be 0 dB plus/minus the estimated 
bias. Results form both methods were compared. As future work, the bias-corrected ZDR will be used in the self-consistency 
principle to compute the absolute calibration of the radars, and the QPE using the CASA IP1 radar network will be evaluated.

         

References

[1] D. J. McLaughlin et al., “Distributive Collaborative Adaptive Sensing (DCAS) for improved detection, understanding, and predicting 
of atmospheric hazards”, 9th Symposium on Integrated Observing and Assimilation Systems for the Atmosphere, Oceans, and Land 
Surface, Session 11, January 2005.

[2] S. Y. Matrosov, K. A. Clark, B. E. Martner, and A. Tokay, “X-band polarimetric radar measurements of rainfall”, J. Appl. Meteor., 
vol. 41, pp. 941-952, September 2002.

[3] J. Testud, E. Le Bouar, E. Obligis, and M. Ali-Mehenni, “The rain profiling algorithm applied to polarimetric weather radar”, J. 
Atmos. Oceanic Technol., vol. 17, pp. 332-356, March 1999.

[4] V. N. Bringi, and V. Chandrasekar, “Polarimetric Doppler Weather Radar: Principles and Applications”, Cambridge University Press, 
September 2001.

[5] E. Gorgucci, V. Chandrasekar, and L. Baldini,  “Correction of X-band radar observation for propagation effects basaed on the self-
consistency principle”, J. Atmos. Ocean. Technol., vol. 23, pp. 1668-1681, January 2006.

[6] D. S. Zrnic, and A. V. Ryzhkov, “Polarimetry for weather surveillance radars”, Bull. Amer. Meteor. Soc., vol. 80, pp. 389-406, March 
1999.

[7] S. Lim, V. Chandrasekar, and D. McLaughlin, “Retrieval of reflectivity in a networked radar environment”, Proc. IGARSS, vol. 1, pp. 
436-439, September 2004.

[8] A. V. Ryzhkov, S. E. Giangrande, V. M. Melnikov, and T. J. Schuur, “Calibration issues of dual-polarization radar measurements”, J. 
Atmos. Oceanic Technol., vol. 22, pp. 1138-1155, August 2005.

[9] E. Gorgucci, G. Scarchilli, and V. Chandrasekar, “A procedure to calibrate multiparameter weather radar using properties of the rain 
medium”, IEEE Trans. Geosci. Remote Sens., vol. 37, pp. 269-276, January 1999.  



<<
  /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


