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1. INTRODUCTION 

Doppler lidar continues to evolve as an important tool for studying and characterizing atmospheric winds.  Recently 
advancements have been made in both technology and novel applications of the technique for important environmental 
issues.  Doppler lidar systems are generally classified in one of two categories based on the detection technique employed to 
measure the Doppler shirt of the atmospheric return: direct detection or heterodyne (coherent detection).  In this paper we 
present some recent accomplishments in the application of coherent Doppler lidar to climate, weather, and energy research at 
NOAA’s Earth System Research Laboratory, and briefly discuss planned future activities.  A companion paper in this session 
focuses on direct detection Doppler developments within NASA [1]. 

At NOAA, we have developed and deployed a number of Doppler instruments over the past several years.  Currently, our 
work is focused on the role of atmospheric boundary layer processes in currently important issues such as horizontal and 
vertical mixing of pollutants and greenhouse gases, dynamics associated with cloud formation and breakup under different 
aerosol-loading regimes, and effects of atmospheric turbulence and variability on wind energy efficiency and reliability.  To 
best address these issues, we employ one of two pulsed Doppler instruments: a solid state, High Resolution Doppler Lidar 
(HRDL) and a CO2 isotope Doppler system.  Both systems can be deployed on both land surface and ship platforms; the 
HRDL instrument has also been flown on research aircraft. 

2. ATMOSPHERIC STUDIES USING GROUND-BASED SYSTEMS 

Understanding the stable boundary layer, and its often-associated low level jet, is important for modeling and predicting 
transport and mixing between the surface and free atmosphere at night.  The stable layer can serve as a lid, trapping 
pollutants and other constituents, but can also be characterized by mixing events resulting from shear-induced turbulence.  
The low-level jet, which often overlies a surface-based layer at night, plays an important role in vertical mixing through the 
layer.  During several recent field experiments we have applied the NOAA HRDL instrument to investigate the temporal 
variability of wind velocity and wind velocity turbulence in the stable boundary layer and low-level jet.  Results of the lidar
measurements have been used to develop an understanding and scaling between the turbulence in the boundary layer and the 
strength of the low-level jet under both moderately stable and very stable conditions [2].

Because performance and efficiency of wind turbines in the stable layer is an important current topic relating to the 
efficiency of wind power generation, we have also applied lidar techniques to study winds and turbulence at a proposed U.S. 
Department of Energy wind turbine research site.  Results showed that under nighttime conditions shear often exceeded that 
specified by the International Electrotechnical Commission (IEC) for a “normal” wind profile. 

3. SHIP-BASED STUDIES FOR CLIMATE AND AIR QUALITY RESEARCH 

Because of the difficulties in making remote measurements of winds from ship platforms, winds in the marine boundary 
layer have not been widely studied.   To enable studies of winds in the marine environment, we developed a technique for 
compensating lidar beam pointing for the linear motion of the moving platform as well as the roll, pitch and yaw induced by 
the sea state.  The motion compensation system relies on a GPS-based motion sensor to provide information for redirecting 



the lidar beam by means of a 3-axis scanner through which the beam is directed.  Our data indicate that we can direct the 
lidar beam to within 0.5 degrees of the intended pointing direction under most sea-state conditions. 

Utilizing the motion compensation capability, we have deployed both the HRDL and CO2 isotope instruments during ship-
based campaigns to investigate the relationships between ocean surface characteristics and the marine boundary layer wind 
field, to characterize the marine boundary layer depth and mixing for air quality studies, and to study the wind field, as well
as the updraft and outflow, under cumulus, stratocumulus and stratus clouds during formation and breakup of the clouds 
under different aerosol and precipitation regimes.   

Mixing layer depth is a key parameter for characterizing and predicting surface air pollution values.  Based on measurements 
of the wind speed and direction, as well as the horizontal and vertical velocity variance profiles, we developed a new 
technique for remotely estimating mixing layer height [3].  In addition to providing a continuous record of mixing layer 
height, the technique enables adjustment of surface-measured values of pollutant fluxes based on depth of the layer. As part 
of the same air quality study, we also used horizontal and vertical wind measurements from the NOAA ship Ronald H. 
Brown in the Gulf of Mexico near Houston to show that the low-level jet directly affects mixing between the surface and 
upper layers, impacting the measured concentrations of pollutants on the ship. 

4. AIRBORNE INVESTIGATIONS OF TRANSPORT AND MIXING 

In addition to the land and ship-based field deployments, the HRDL instrument has been deployed on a Falcon jet and Twin 
Otter aircraft for boundary layer studies in the central US.  During the International H2O Project, which was aimed at 
improving understanding of convection and precipitation processes over the central U. S, Great Plains, we measured 
horizontal and vertical velocity winds and turbulence within the boundary layer.  The data were used to characterize surface 
exchange mechanisms within the boundary layer and to observe transport by the Great Plains low-level jet.  A water vapor 
lidar co-installed on the Falcon aircraft provided simultaneous measurements of water vapor.  Observations from the two 
instruments were combined to estimate vertical and horizontal flux of water vapor in the atmosphere for comparison with 
forecast models [4]. 

We have also deployed HRDL on a Twin Otter aircraft for boundary layer studies over the Colorado mountains and plains.  
Because it flies slowly at heights ranging to about 6000 m ASL, the Twin Otter offers an ideal platform for high resolution 
remote sensing of the boundary layer.  

5. FUTURE DIRECTIONS 

Current plans for future research involving Doppler lidar include participation in a major field experiment, which will 
include aircraft, ship, and ground stations, in California during the summer of 2010.  The experiment is aimed at improving 
understanding of emissions that affect air quality and aerosol formation and the inter-regional and interstate transport of 
pollutants. Preparation for the experiment will include lidar measurements in Colorado during the summer of 2009. 

We are also investigating the application of commercial 1.5 μm Doppler lidar technology for extended field deployments.  
Operation at 1.5 μm makes use of off-the-shelf optical communications technology, enabling smaller and cheaper, albeit less 
powerful, systems for measurement of winds in high aerosol scenarios such as the boundary layer of at the base of clouds. 

7. REFERENCES 

[1] B. M. Gentry, “Recent Advances in Doppler Lidar Instrument Technology at NASA,” Proceedings, IGARSS 2009 (this 
volume), Capetown, South Africa, IEEE, 2009. 

[2] Banta, R. M., L. Mahrt, D. Vickers., J. Sun, B. B. Balsley, Y. L. Pichugina, and E.L. Williams, “The very stable boundary layer on 
nights with low-level jets,” J. Atmos Sci., 64, 3068-3090, 2007. 

[3] S.C. Tucker, , W. A. Brewer, R. M. Banta, C. J. Senff, S. P. Sandberg, D. C. Law, A. Weickmann, and R. M. Hardesty, “Doppler lidar 
estimation of mixing height using turbulence, shear, and aerosol profiles,” J. Atmos. and Ocean. Tech., (in press). 

[4] C. Kiemle, W. A. Brewer, G.Ehret, R. M. Hardesty, A. Fix, C. Senff, M. Wirth, G. Poberaj, and M. A. Lemone, “Latent heat flux
profiles from collocated airborne water vapor and wind lidars during IHOP_2002”, J. Atmos. and Ocean. Tech., 24, 627 – 639, 2007.



<<
  /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


