v'd

\M'
mem )
»V\ I\\O "\«
«, 0 ‘

00‘
fe.z‘\, w$ ‘ «

Fig. 1: The area of
investigation with
the ground tracks of
TOPEX/Jasonl (red),
TOPEX-EM (blue)
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Shallow-Water Tides from
Multi-Mission Altimetry
a Case Study at the Patagonian Shelf

Roman Savcenko and Wolfgang Bosch

bosch@dgfi.badw.de

Objectives

Global oceantides models performrather well inopen
ocean areas but tides in shallow-water are significant
less well known. The capability to empirically
estimate ocean tides from altimetry suffers from the
large ground track spacing and the satellite repeat
cycles leading to severe alias effects. The latter can be
overcome only by rather long altimeter time series.

We construct the longest possible altimeter time
series by a multi-mission crossover adjustment and
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Without any smoothing a point-wise harmonic
analysis is then performed with the TOPEX/Jasonl
time series (13 years), the observation of TOPEX-
EM over its shifted ground tracks (3 years), and the
measurements of ERS-1/ERS-2/ENVISAT (13 years
with some gaps). The length of these time series allow
to de-alias and separate dominant tidal constituents.
Single and dual satellite crossovers are used to further
enhance the spatial resolution and to mitigate the alias
problem. Results are compared with GOT00.2 and
FES2004 and validated by improvements for GFO

and of ERS/ENVISAT )
@ @ (black). re-organise the data to facilitate time series analysis.  altimeter data.
; " ’ ' " ) Table 1. Altimeter mission data used for the present analysis
3 , Q V Mission (Phase) | Cycles Period Source Replacements
' ”‘Q’Q 0 '6 ’0 TOPEX/Poseidon | 001-481 | 1992/09/23-2005/10/08 'MGDR-C AVISO |Chambers SSB correction, FES2004
'» Kik) "‘\’: R @6\:}‘%@\ Jasonl 001-135 | 2002/01/15-2005/09/14 |GDR-A PODACC |[FES2004
LA (hd 083-101 | 1992/04/14-1993/12/20 g ; ] .
«\'), i '5'; i M",v\'z M ERS-1(C&G) | a0l I o0c 0a/3a | OPR-V6 CERSAT DEOS orbits, FES2004, pole tide, 1.5ms time bias
ERS-2 000-087 | 1995/04/29-2003/09/15 ' OPR-V6 CERSAT |DEOS orbits, FES2004, pole tide, 1.3ms time bias
ENVISAT 010-040 | 2002/09/30-2005/09/19 |GDR ESA/CNES |FES2004
GFO 100-122 | 2003/01/01-2003/12/31 |GDR NOAA FES2004

Multi-Mission Crossover Analysis

For the altimeter data listed in Table 1 a common
global crossover analysis for all contemporary
altimeter systems has been performed to estimate
complete time series of ra(ﬁal errors (for details
see poster of Bosch on Multi-Mission Crossover
Analysis). These radial errors have been corrected
and ensure that time series of different missions can
be consistently combined.

Fig 2:. Time series of sea level L
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Data Reorganisation

The corrected altimeter data was then re-sampled
into so called BINs, small along-track cells defined
on nominal ground tracks in order to facilitate time
series analysis. CLSOl mean sea surface height was
subtracted and its slope has been used to refer all sea
level anomalies to the centre of BIN.

anomalies (cm) for two BINS,
located close to the coast (see
right panel) on the ground
tracks of TOPEX/Poseidon/Ja-
sonl (Upper plot) and of ERS/
ENVISAT (lower plot). Due to
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the radial error corrections a
long and homogeneous time
series can be constructed com-
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bining the data of different mis-
sions and phases. This facili-
tates to de-alias the dominant
tidal constituents. Although the
combined time series on the
ERS track is less accurate and
infrequently sampled it allows
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Fig 4: According to the sampling char-
acteristics the M2 tide could be estimat-
ed from TOPEX/Jasonl, TOPEX-EM
and the ERS/ENVISAT times series.
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Residual Tides relative to FES2004
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Fig 3: Comparing M2 amplitudes (cm) derived by the present analysis (red) with the respective am-
plitudes of GOT00.2 (blue) and FES2004 (green). Note, the amplitudes of GOT00.2 and FES2004
differ by up to 10 or 15 cm. Along the ascending pass 163 of TOPEX/Poseidon (Upper plot) the re-
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sults of harmonic analysis co

Fig 5: The altim-
eter time series on

Tidal Analysis

The Patagonian Shelf is one of the most extended
shallow water areas on Earth. Amplitudes of the
dominant semi-diurnal partial tides M, can reach
values up to several metres. The bathymetry of the
shelf is ﬁeads to significant resonance effects. The
response method assuming a smooth admittance
function may be problematic. We therefore used the
classical harmonic analysis:
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incide rather well with the FES2004 model which differs from GOT00.2

by up to 10 cm. Similar holds for the descending pass 678 of ERS. The estimated amplitudes the
analysis of the sea level anomalies at the BINS and of ERS/ENVISAT (lower plot).

Validation with GFO data

0's

both, the tracks of

GFO sea level
- RMS before

GFO Percentage gain
- RMS after (variance) o

TOPEX/Jasonl
(red) and the shifted
tracks of TOPEX-
EM (blue) allow to
consistently resolve
S2 and M4. The re-
sults on the TOPEX-
EM tracks are how-
ever less accurate
because only a three
years time series is

Y available.
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Fig 7: Residual amplitude and phases for the five constituent analysed by
ent scales used for the amplitudes of M2, S2 (left) and of N2, M4, MS4 co
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Fig 6: In order to validate the result of our analysis the residual tides were taken
to upgrade FES2004 and to compute and apply improved tidal corrections to the

ter data. The rms-scatter of sea level anomalies (cm) before and after

this upgrade is shown left. The plot on the right illustrates the gain (in % of the
variance) achieved through the empirical improvements of tides.

Conclusions

The global multi-mission crossover analysis is an essential
step to construct consistent time series long enough to resolve
dominant tidal constituents.

ars combined time series of TOPEX and Jasonl allows

to de-alias nearly every constituent.

The three years time series over the shifted ground tracks of
TOPEX-EM is sufficient long to resolve S2 and M4.

The combined time series of ERS-1, ERS-2, and ENVISAT

paration of M2.

Altimeter time series at crossovers mitigate the alias problem
and were used to verify that amplitudes and phases along

ng tracks are consistent with each other.

Ocean Surface Topography Science Team, Venice, 16.-18. March 2006





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialMT
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


