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1. Earth radiation pressure models

At low satellite altitudes the magnitude of the Earth radiation pressure, consisting of
reflected (visible) sunlight and emitted radiation, can reach similar magnitudes as the
solar radiation pressure. These last two forces together with atmospheric drag are the
most important non-conservative forces acting on low orbiting satellites, like DORIS
satellites. Consequently, the modeling of Earth radiation pressure is required for
precise orbitdetermination.

The Earth radiation pressure computation includes the follwing steps:
1) Determination of solarirradiance received by each surface element of the Earth.
2) Computation of the irradiance received by the satellite based on the reflectivity
and emissivity coefficients of the Earth’s surface element, assuming the Earthas a
Lambertian sphere.
3) Interaction of irradiance from each surface element with the satellite macro model.

In this study different Earth radiation pressure models were investigated. In the next
sections the corresponding reflectivity and emissivity coefficients for February, 2011
are shown as function of latitude and longitude. Moreover, the acceleration acting on a
satellite at 700 km altitude with an area-to-mass ratio of 0.011 m“/kg, i.e., a Cryosat-2
type satellite, is shown for all possible positions of the satellite for 12:00 UTC.

1.1 Analytical model

The albedo is assumed to be constant, i.e,
reflectivity = 0.3 and emissivity = 0.7. Moreover,
the Earth is considered as a radiation point.
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1.2 Knocke model

The reflectivity and emissivity coefficients have a latitude and time dependency
(Knocke et al., 1988). Moreover, the irradiance is computed numerically using a finite
Earth radius.

Vigible reflectivity coeffcient: KNOCKE - ANATYTICAL

Acceleration (vizible): KNOCKE - ANATLYTICAL <1 0_9
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1.3 CERES model

The reflectivity and emissivity coefficients have a latitude, longitude and time
dependency based on CERES data (Clouds and Earth’s Radiant Energy, NASA) .
CERES data is monthly available with a 2.5° X 2.5° spatial resolution. Moreover, the
irradiance is computed numerically using a finite Earth radius. The modelis described in
Rodriguez-Solano, et al. (2012) together with the impact on the orbits of GPS satellites.

Visible reflectivity coeficient: CERES - KNOCKE Acceleration (visible): CERES - KNOCKE 2
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2. Impact on the orbits

The acceleration acting on the satellites was introduced in the computation of DORIS
satellite orbits to assess the impact of different Earth radiation pressure models on the
orbits. The period of doy 32-63, 2011 was selected for these experiments. Here only
results for Cryosat-2 and Jason-2 are shown. These two satellites have different
altitudes and shapes. Cryosat-2 is at a low altitude (~700 km) and without moving parts,
while Jason-2 is at higher altitude (~1300 km) and has large moving solar panels.

Earth radiation pressure was used as a priori acceleration, while for solar radiation
pressure and atmospheric drag the following parameters were estimated:

- Solar radiation scaling factor of macro models, once per day.

- Atmospheric drag scaling factors for MSIS-86, every 6 hours.

- Once-per-revolution harmonics in along- and cross-track directions, once per day.

The following figures show the orbit differences in radial, along- and cross-track
directions, by introducing models of increasing complexity. The orbit differences are
plotted as a function of the argument of latitude w.r.t. the argument of latitude of the Sun.

2.1 Cryosat-2

CR radial difference (E2-E1): -5.49 +/- 0.98 [mm)] CR radial difference (E3-E2): 0.79 +/- 0.80 [mm] CR radial difference (E4-E3): -0.02 +/- 1.26 [mm]
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2.2 Jason-2

12 radial difference (E2-E1): -4.58 +/- 1.27 [mm]

Knocke vs Analytical

12 radial difference (E3-E2): 0.17 +/- 0.65 [mm] 12 radial difference (E4-E3): -0.02 +/- 0.95 [mm]
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2.3 Internal and external quality measures [mm]

Mean w.r.t. SSALTO orbits | STD w.r.t. SSALTO orbits

RMS of orbit overlaps

Radial Along Cross Radial Along Cross Radial Along Cross
None
Cryosat-2 Faiil\ile]
Knocke
CERES i ) -0. i )
None 40.5 113.6 73.2 4.1 6.4 0.2 1.2 17.8 1.2
ENVISAT |Analytical 40.7 114 .4 73.9 0.7 6.7 -0.7 1.2 18.0 1.3
Knocke 40.6 109.5 73.4 1.0 5.2 -1.0 1.1 17.6 1.3
CERES 40.4 115.3 73.8 1.0 6.7 -0.9 1.1 18.1 1.3
None 437 172.1 127.2 1.1 13.4 -1.1 1.6 26.1 1.4
Spot-4 Analytical 44 .0 175.5 127.9 -2.1 13.6 -2.0 1.6 26.2 1.4
Knhocke 439 173.4 126.1 -1.9 12.2 -2.3 1.5 26.0 1.4
CERES 437 1721 127.6 -1.9 13.7 -2.2 1.6 25.8 1.4
None 32.8 131.8 83.5 0.0 -5.1 1.1 1.4 18.9 1.2
Spot-5 Analytical 334 130.4 82.7 -3.5 -4.8 0.6 1.5 19.0 1.3
Khocke 33.6 127.5 83.5 -3.4 -3.7 0.5 1.5 18.8 1.2
CERES 33.0 1324 82.8 -3.3 -4 .1 0.4 1.6 19.2 1.3
None
Jason-2  FARENGileE]

Knocke
CERES

3. Conclusions

The main effect of Earth radiation pressure on DORIS satellite orbits is a radial
reduction of around 5 mm. This change of the orbits improves the radial consistency to
external SSALTO orbits for Cryosat-2, ENVISAT and Jason-2, while for Spot-4 and
Spot-5 it degrades the radial consistency. The Earth radiation pressure models show
differences at the 1X10®° m/s’ level or higher for the resulting accelerations and few
millimeter in the orbit differences in radial, along- and cross-track directions. These
differences between models are, however, not reflected in the orbit overlaps errors.
This internal quality measure even shows in some cases a small degradation when
introducing Earth radiation pressure (e.g. None vs Analytical). As next step an indepent
orbit validation with SLR measurements is planned.

REFERENCES

Knocke PC, Ries JC, Tapley BD (1988) Earth radiation pressure effects on satellites.
Proceedings of AIAA/AAS Astrodynamics Conference, 577-587.

Rodriguez-Solano CJ, Hugentobler U, Steigenberger P (2012) Impact of Albedo Radiation on
GPS satellites. Proceedings of the 2009 IAG Symposia, vol. 136, 113-119.





<<
  /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


