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ABSTRACT

The current operational algorithm used to retrieve aerosol optical depth and Angstrém
exponent over ocean from the solar reflectance bands of the Advanced Very High
Resolution Radiometer (AVHRR) on the NOAA polar orbiting satellites has been adapted
to the corresponding channels of the Spinning Enhanced Visible and Infra-Red Imager
(SEVIRI) on the Meteosat-8 geostationary platform. The algorithm was applied to a large
Saharan dust event which occurred through 3-5 March 2004 and a detailed description of
the dust loading through the diurnal cycle was obtained. Snapshot comparisons with
spatially resolved retrievals from the MODerate resolution Imaging Spectrometer
(MODIS) instruments on the Terra and Aqua polar platforms show qualitative agreement
with the SEVIRI retrievals. The sensitivity of these retrievals to the assumed aerosol
model was tested by replacing the generic model used in the operational algorithm with
three specific desert dust representations, and a model derived for non-spherical
particles. Comparisons of the diurnal variation seen in the SEVIRI retrievals with
available ground based Aerosol Robotic Network (AERONET) observations from the
Cape Verde coastal station suggests that the phase functions associated with the three
dust representations and, to a lesser extent, the non-spherical model result in unrealistic
time dependent behaviour. This tendency is removed when the more generic aerosol
representation used in the NOAA/NESDIS algorithm is employed.

RETRIEVAL METHODOLOGY

Acquire SEVIRI images for 0.6, 0.8, 1.6, 7.3, 8.7, 9.7, 10.8 and 12 um channels along
with corresponding geometry and cloud flag information

Convert visible and near-ir channels to reflectances, mid-ir channels to brightness
temperatures and spatially average to 3 x 3 SEVIRI pixels (~ 10 x 10 km?2)

Perform mid-ir dust detection’ and estimate 0.55 um optical depth

Add dusty points to nominally clear points identified by MPEF cloud flag?

Identify regions of sun-glint and points with solar zenith angles > 60° within ‘clear’
points and remove

Retrieve visible and near-ir channel optical depths for given solar/view geometry using
pre-defined, aerosol specific look up tables (LUTs). Derive Angstrém coefficient and
scale retrieved values to required wavelengths for comparisons if required.

AEROSOL MODELS

LUT Label |Aerosol model employed

3gen Monomaodal, log-normal size distribution, purely scattering aerosol®
Used as standard in 3" generation AVHRR aerosol retrievals

Opac0 OPAC desert model at 0 % relative humidity*

Opac99 OPAC desert model at 99 % relative humidity*

Des ‘Desert-like’ aerosol model®

Dubovik Optical properties derived using AERONET retrieval of desert dust size
distribution and refractive indices® and assuming particles to be
randomly orientated spheroids?

FIGURE 1

Optical properties associated
with the aerosol models tested
here:

(a) Spectral dependence of
normalized extinction coefficient
for 3gen, Opac0, Opac99, Des
and Dubovik aerosol models.

(b) As (a) for the single-
scattering albedo.

(c) Dependence of phase
function (normalised at 21) on
scattering angle at a wavelength
of 0.63 um for the five aerosol
models.

RESULTS |: SPATIAL CONSISTENCY WITH MODIS
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FIGURE 2

Top Row: (a) Aerosol optical depth at 0.644 um (AOD1) retrieved from 11:50 and 11:55 UTC
MODIS (Terra) observations on 4" March 2004. (b) AOD1 retrieved from co-temporal and
co-spatial SEVIRI observations using 3gen aerosol model. (c) 2-D histogram of the two
AOD1 distributions. One-to-one line is shown for comparison.

Bottom Row: As top row, but comparing MODIS (Aqua) AOD1 with matched SEVIRI
retrievals between 14:50 and 15:00 UTC on 4t March 2004.

RESULTS II: DIURNAL CONSISTENCY WITH AERONET
FIGURE 3

(a) Comparison of the temporal
evolution of AOD seen at Cape
Verde during March 5% 2004
between ground based
AERONET measurements and
retrievals from SEVIRI using the
five aerosol models. Best
agreement with the AERONET
measurements is seen when the
3gen model is employed.

(b) Dependence of the scattering
angle of SEVIRI observations
with time (green line). Values of
the phase function at the given
scattering angle are also shown.
The AOD retrievals essentially
mirror the phase function
behaviour and suggest that the
dependence of the phase
function on scattering angle in
the back-scatter region is too
pronounced in the dust specific
and non-spherical models.

CONCLUSIONS

« ‘AVHRR-like’ aerosol retrieval algorithm is now in place and ready for routine use on
SEVIRI visible and near-ir channel observations

« Tests on specific dust case studies show the impact of the assumed aerosol model on
the retrieval quality. Of the five models considered here, the 3rd generation AVHRR
aerosol representation provides the best match to independent observations of the AOD.

« For this model, snapshot comparisons with MODIS retrievals show a mean agreement
in AOD of ~ 0.1 at 0.644 um, although the spatially resolved differences can be
substantial (> |2.0]) in optically thick regions (AOD > 4.0). Analysis of the time evolution
of the AOD over coastal AERONET sites indicates close agreement between the
temporal behaviour of the ground based observations and the SEVIRI retrievals.
Absolute values of the ground based and SEVIRI derived AODs also show reasonable
agreement although the satellite retrievals show a low bias relative to the AERONET
measurements. The level of the former could easily be adjusted through the
incorporation of a small absorbing component in the aerosol model, a modification
consistent with suggestions in the literature.

 The dedicated desert-like dust models tested here do not capture the temporal
behaviour of the AOD, principally due to the strong dependence of their Mie-calculated
phase functions on scattering angle in the back-scatter region. A similar, albeit reduced
effect is seen when a non-spherical model is used.

ACKNOWLEDGEMENTS
Thanks to colleagues at the Royal Meteorological Institute of Belgium for supplying the SEVIRI and GERB-iike data, to NASA for providing access to the MODIS observations, and to Didier Tanré for his effort in establishing and maintaining the Cape Verde AERONET site. Special thanks to Oleg Dubovik
for providing the non-spherical aerosol model. HB is funded by the Natural Environment Research Council, UK under grant NER/I/S/2002/00698 and Al is funded under the NOAA EOS/CERES (NASA contract L-90987C). The views, opinions, and findings contained in this report are those of the authors

and should not be construed as an official NOAA or U.S. Government position, policy, or decision.

REFERENCES

1. Brindley, H., (2004). Estimation of the radiative effects of aerosol using GERB and SEVIRI. 2004 EUMETSAT Meteorological satellite conference,

(pp 512-517), 31 May-4 June, Prague

2. Lutz, H. (1999). Cloud processing for METEOSAT Second Generation. Technical Memorandum 4, EUMETSAT, Darmstadt, Germany

3. Ignatov, A., & Stowe, L. (2002). Aerosol retrievals from individual AVHRR channels. Part I: Retrieval algorithm and transition from Dave to 68 radiative transfer model.
Journal of the Atmospheric Sciences, 59, 313-334

4.Hess, M., Koepke, P., & Schult, |. (1998). Optical properties of aerosols and clouds: The software package OPAC. Bulletin of the American

Meteorological Society, 79, 831-844

5. Shettle, E. (1984). Optical and radiative properties of a desert aerosol model. In G. Fiocco, (Ed.), Proceedings of the Symposium of Radiation in the Atmosphere,
(PP 74-77). Perugia, ltaly

6. Dubovik, 0., Holben, B., Eck, T., Smimov, A., Kaufman, Y., King, M., Tanré, D., & Slutsker, |. (2002) Variability of absorption and opical properties of key
aerosol types observed in worldwide locations, J. Atmos. Sci., 59, 590-608

7. Dubovik, O., Holben, B., Lapyonok, T., Sinyuk, A., Mishchenko, M., Yang, P., & Slutsker, I. (2002) Non-spherical aerosol retrieval method employing light
scattering by spheroids, Geophys. Res. Lett., 10.1029/2001GL014506





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


