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1. INTRODUCTION 

 

The GOES-R Aviation Algorithm Working Group was formed in November 2006 to assess meeting aviation related 

requirements as defined in the GOES-R Mission Requirements Document. A suite of aviation related products are in 

development and are being evaluated to assess meteorological hazards to aircraft in flight derived from the current generation 

of European Spinning Enhanced Visible and Infrared Imager (SEVIRI) imager data.  This presentation will focus on GOES-

R Advanced Baseline Imager (ABI) measurement requirements relating to satellite-based aviation convective, turbulence, 

and volcanic ash/SO2 products with a focus on South African geographical domain for testing and validation.  

 

 

2. CONVECTIVE OVERSHOOTING-TOPS/THERMAL COUPLETS/NOWCASTING 

 

Overshooting top (OT) detection is the process of identifying thunderstorm cloud tops with heights above the tropopause. 

OTs are important indicators of storm intensity, where the most intense radar reflectivity echoes are well correlated with 

overshooting top signatures observed in satellite imagery. OTs are also a significant aviation turbulence hazard, as a deep 

layer of strong vertical motions are required to penetrate the statically stable tropopause. Horizontally and vertically 

propagating gravity waves are generated as the overshooting cloud tops interact with the stable tropopause region, which can 

produce turbulence for aviation far from the convectively-generated gravity wave source region.   

 

Anvil thermal couplets (ATC) are present in association with the “enhanced-V” signature in IR window channel imagery. 

Brunner et al. describe the relationship of storms exhibiting the enhanced-V signature to severe weather such as strong winds, 

large hail, and tornadoes [1]. Brunner et al. show that V-producing storms with a minimum IR window OT BT  205 K and a 

downstream warm region BT  212 K (i.e. an ATC  7 K) corresponded to severe weather 92% of the time during the 2003 

and 2004 convective seasons. They also describe the broad range of morphologies of the enhanced-V signature in IR 

imagery, where the length of V pattern “arms” and the arm angular separation can vary significantly based upon the 

magnitude of the environmental wind field and other unknown factors. This suggests that objective detection of the V 

signature itself through pattern recognition would be very difficult and prone to false alarm. As every V-pattern contains a 

downstream warm region, accurate detection of the ATC is much more attainable and equally relevant, as the presence and 

magnitude of an ATC shows a direct relationship to severe weather occurrence at the surface. 

 

Convective nowcasting using microphysical phase discrimination and infrared cooling rate has been demonstrated using 

SEVIRI data over S. Africa.  This presentation will highlight some of this research. 

 

 

 

3. SATELLITE-BASED TURBULENCE DETECTION 

 

Detection of tropopause folds by using 6.7 um water vapor radiance gradients has been demonstrated by Wimmers and 

Moody, 2003 [2,3]. The accuracy of the tropopause-folding algorithm was improved by refining the criteria for satellite 

signatures corresponding to upper-tropospheric turbulence. Consideration of gradient feature size, aircraft angle of approach, 

and distance from the tropopause fold has been included in objective turbulence interest field product. Demonstration of this 

product and validation results will be presented which may have implications over European mid-latitudes where tropopause 

folds show direct correlation with aircraft turbulence reports. 

 

Validation of the tropospheric fold algorithm with United Airlines Eddy Diffusion Rate (EDR) objective turbulence reports 

over eastern United States from 01 May 2004 - 30 April 2006 was accomplished. The validation from proxy GOES-12 data 



yielded successful results. Results were compiled in the following cross-sectional contour plots. The algorithm achieved a 

probability of detection of approximately 20% for Light-or-Greater turbulence observations. The algorithm showed a smaller 

area of 10% detection for the much less frequent Moderate-or-Greater turbulence cases. Also, the algorithm had little skill for 

the very infrequent Severe-or-Greater cases. The most robust prediction of turbulence occurred in the months of December – 

February. The high volume of data in the EDR reports enabled a determination of aircrafts’ directional sensitivity to 

turbulence around the jet stream.  

 

4. VOLCANIC ASH/SULFUR DIOXIDE DETECTION 

 

Potential volcanic ash pixels are identified using a tri-spectral (8.5, 11, and 12 μm) cloud optical depth based approach. The 

cloud optical depth based approach improves upon traditional brightness temperature difference methods by 10% or more (in 

terms of skill score). This general approach was modified such that the result of the ash detection algorithm is expressed as a 

probability as opposed to a binary yes/no. In order to accomplish this, look-up tables, based on measured radiances from the 

SEVIRI, were created.  

 

The SO2 detection algorithm is now able to detect SO2 contaminated ice clouds by exploiting a infrared 4-channel spectral 

(7.3, 8.5, 11, and 12 μm) signature. Similar to the volcanic ash detection, the measurements are converted to cloud optical 

depth and ratios of various optical depth pairs (termed -ratios) are used to distinguish between SO2 contaminated clouds and 

meteorological clouds. The 7.3 and 8.5 μm channels are sensitive to SO2 absorption; the 11 and 12 μm channels are not. The 

8.5, 11, and 12 μm channels are sensitive to the presence of small particles, which tend to be present in SO2 contaminated ice 

clouds. Thus, the ratio of the 7.3 μm and the 11 μm optical depth is sensitive to SO2 absorption, the ratio of the 8.5 μm and 

the 11 μm optical depth is sensitive is both SO2 absorption and particle size, and the ratio of the 12 μm and the 11 μm optical 

depth is sensitive to the presence of small particles.   This presentation will overview improvement is detection with very low 

false alarm rate using SEVIRI data. 

 

 

5. SUMMARY 

 

The GOES-R Aviation AWG is tasked to adapt the current suite of experimental and operational aviation product algorithms, 

with modifications and enhancements, for the GOES-R Advanced Baseline Imager (ABI) using European SEVIRI satellite 

data.  This presentation will overview the aviation requirements being addressed and progress toward making them GOES-R 

ready for an anticipated 2016 launch.. 

 

6. REFERENCES 

 

List and number all bibliographical references at the end of the paper.  The references can be numbered in alphabetic order or 

in order of appearance in the document.  When referring to them in the text, type the corresponding reference number in 

square brackets as shown at the end of this sentence [1]. 

 

[1] Brunner, J. C., S. A. Ackerman, A. S. Bachmeier, and R. M. Rabin, 2007: A Quantitative Analysis of the Enhanced-V 

Feature in Relation to Severe Weather. Wea. Forecasting, 22, 853-872. 

 

[2] Wimmers, A. J. and J. L. Moody, Tropopause folding at satellite-observed spatial gradients: 1. Verification of an 

empirical relationship, Journal of Geophysical Research – Atmospheres, 109, art. no. D19306, 2004. 

 

[3] Wimmers, A. J. and J. L. Moody, Tropopause folding at satellite-observed spatial gradients: 2. Development of an 

empirical model, Journal of Geophysical Research – Atmospheres, 109, art. no. D19307, 2004. 

 



<<
  /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


