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Long-Term Satellite Record Reveals Likely Aerosol 
Trend  

Michael I. Mishchenko,* Igor V. Geogdzhayev, William B. Rossow, Brian Cairns,  
Barbara E. Carlson, Andrew A. Lacis, Li Liu, Larry D. Travis  

Recent observations of downward solar radiation fluxes at Earth’s surface have shown a  

recovery from the previous decline known as global “dimming” (1) with the 

“brightening” beginning around 1990 (2). The increasing amount of sunlight at the 

surface profoundly affects climate and may represent diminished effects of certain 

counter-balances of the greenhouse warming, thereby making it more evident during the 

past decade.    

 It has been suggested that tropospheric aerosols have contributed significantly to 

the switch from solar dimming to brightening via both direct and indirect aerosol effects 

(1,2). It has further been argued (3) that the solar radiation trend mirrors the estimated 

trend in primary anthropogenic emissions of SO2 and black carbon, which contribute 

significantly to the global aerosol optical thickness (AOT). A similar increase of net solar 

flux at the top of the atmosphere (TOA) over the same period appears to be explained by 

corresponding changes in lower latitude cloudiness (4), which confounds the 

interpretation of the surface radiation record. Therefore, it is very important to provide a 

direct and independent assessment of the actual global long-term behavior of the AOT. In 

this Brevium, we do this by using the longest uninterrupted record of global satellite 

estimates of the column AOT, the Global Aerosol Climatology Project (GACP) record 

(http://gacp.giss.nasa.gov).  

 The GACP record is derived from the International Satellite Cloud Climatology 

Project (ISCCP) radiance dataset composed of calibrated and sampled Advanced Very 

High Resolution Radiometer (AVHRR) radiances (http://isccp.giss.nasa.gov). The solid 

black curve in Fig. 1 depicts global monthly averages of the column AOT for the period 

August 1981 – June 2005. The two major maxima are caused by the stratospheric 

aerosols generated by the El Chichon (March 1982) and Mt Pinatubo (June 1991) 

eruptions, also captured in the Stratospheric Aerosol and Gas Experiment (SAGE) 
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stratospheric AOT record (5). The quasi-periodic oscillations in the black curve are the 

result of short-time aerosol variability.  

 The red line traces the overall behavior of the column AOT during the eruption-

free period from January 1986 to June 1991. It shows only a hint of a statistically 

significant trend and indicates that the average column AOT value just before the Mt 

Pinatubo eruption was close to 0.142. After the eruption, the GACP curve is a 

superposition of the complex volcanic and tropospheric AOT temporal variations. 

However, the green line reveals a clear long-term trend in the tropospheric AOT. Indeed, 

even if we assume that the stratospheric AOT just before the eruption was as large as 

0.007 and that by June 2005 the stratospheric AOT became essentially zero (cf. the blue 

curve), still the resulting change in the tropospheric AOT during the 14-year period 

comes out to be 0.03. This trend is significant at the 99% confidence level.     

 Admittedly, AVHRR is not an instrument designed for accurate aerosol retrievals 

from space. Among the remaining uncertainties is radiance calibration which, if 

inaccurate, can result in spurious aerosol trends. However, the successful validation of 

GACP retrievals using precise sun-photometer data taken from 1983 through 2004 (6,7) 

indicates that the ISCCP radiance calibration is likely to be reliable. This conclusion is 

reinforced by the close correspondence of the calculated and observed TOA solar fluxes 

(4). The unique advantage of the AVHRR dataset is its duration, which makes possible 

the detection of statistically significant trends like the substantial decrease of the 
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Fig. 1. GACP record of the globally averaged column AOT and SAGE record of the globally 
averaged stratospheric AOT.  
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tropospheric AOT between 1991 and 2005. With all the uncertainties, the tropospheric 

AOT decrease over the 14-year period is estimated to be at least 0.02.  

 Our results suggest that the downward AOT trend may have contributed 

significantly to the concurrent upward trend in the surface solar fluxes. Neither AVHRR 

nor other existing satellite instruments can be used to determine whether the tropospheric 

AOT trend is due to long-term global changes in the natural or anthropogenic aerosols. 

This discrimination would only be possible with an instrument like the Aerosol 

Polarimetry Sensor (APS) scheduled for launch in December 2008 as part of the NASA 

Glory Mission (8). It is thus imperative to provide uninterrupted multidecadal monitoring 

of aerosols from space with dedicated instruments like APS in order to detect long-term 

anthropogenic trends potentially having a strong impact on climate.  

 
References and Notes 

1. M. Wild et al., Science 308, 847 (2005). 

2. R. T. Pinker et al., Science 308, 850 (2005). 

3. D. G. Streets et al., Geophys. Res. Lett. 33, L15806 (2006). 

4. Y. Zhang et al., J. Geophys. Res. 109, D19105. 

5. J. Hansen et al., J. Geophys. Res. 107, doi:10.1029/2001JD001143 (2002). 

6. L. Liu et al., J. Quant. Spectrosc. Radiat. Transfer 88, 97 (2004). 

7. A. Smirnov et al., Geophys. Res. Lett. 33, L14817 (2006).  

8. M. I. Mishchenko et al., J. Quant. Spectrosc. Radiat. Transfer 88, 149 (2004). 

9. This research is part of NASA/GEWEX GACP and was funded by the NASA Radiation 

Sciences Program managed by Hal Maring. 

___________________________________ 

 
NASA Goddard Institute for Space Studies, 2880 Broadway, New York, NY 10025, USA 

*To whom correspondence should be addressed. E-mail: mmishchenko@giss.nasa.gov.  

 

 

 

 

 

 

 

 



<<
  /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


