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Overview

The purpose of this study is to characterize errors of altimetry at climate scales

Description of errors for global Mean Sea Level Trend has been already performed from 1993
to 2008 (Ablain et al, 2009):

It's interesting to revisit this error over the 1993-2012 time period
Other spatial and temporal scales are also of great interest for climate studies

Such errors could reduce the accuracy of the observation of the MSL and can make it difficult
to provide interpretation of geophysical mechanisms.

Spatial Scales Temporal Scales

Long-term evolution ( > 10 years < trend)
Global MSL

(10-day averaging)

Inter annual signals (2- 5 years)

Regional MSL
(2x2 deg boxes and 10-day averaging) | Periodic signals (Annual, 60-days,...)
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Overview

Data used :
TOPEX, Jason-1 and Jason-2 data using the level-2 products (GDR,..)

Updated with the latest altimeter standards available in the frame of SALP (CNES) and
Sea-Level CCI (ESA) projects, e.g. :

Latest orbit solutions (CNES-GDR-C)
DAC and dry troposphere corrections derived from ERA-interim

Outlines
Description of sources of errors :
Orbit calculation
wet troposphere correction
altimeter instrumental parameter
Other errors
MSL budget error at climate scales
Comparisons with users requirements (scientific goals)
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Orbit solutions

These last years, orbit solutions have been improved at climate scales

Latest ITRF solutions reduced the heterogeneity between hemispheric MSL
Reduction of regional MSL trend differences between Northern and Southern Hemispheres

T T T T
Slope = 2.37 mm/yr

Impact of ITRF2008 (blue) / [ oD Nonh

—— OLD South Slope =3.36 mm/yr A= 2cm -
ITRF2005 (red) on hemispheric MSL ~ °f  °°*" R T‘_
A=0.5 mm/yr instead of 1 mm/yr C— nEw south Sope =316 mmiye //

ic MSL (cm)

These hemispheric differences
provide an upper bound of error :

error < 0.5 mm/yr at basin scale
higher at high latitudes
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Orbit solutions

New time-variable gravity field models used in orbit calculation have significantly reduced
the errors of MSL trends at basin scales

For instance regional MSL trend differences between Envisat and Jason-1 have been
significantly reduced using CNES-GDR-D orbit / CNES-GDRC [Ollivier et al., 2012]

On Jason-1, the impact is close to +/- 1.5 Impact of new CNES GDR-D / GDR-C orbit
mm/yr at basin scales. solutions for Jason-1 on regional MSL trends

However, errors on gravity field modelization
are still observed and impact orbit calculation
at climate scales:

For instance, on the first decade of altimetry
on TOPEX-era (from 1992 to 2002), GRACE
data are not available.
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Orbit solutions

Other source of errors have been also identified :

For instance, no more GPS data on Jason-1 : orbit is slightly degraded with potential
impact at climate scale

Budget errors of orbit solution versus climate scales

Sipelel Temporal Scales Orbit solutions errors
Scales
Long-term evolution < 0.1 mm/yr
GMSL | Inter annual signals <1mm
Periodic signals < 0.5 mm for annual
Long-term evolution < 2 mml/yr
RMSL
Periodic signals < 5 mm for annual

For more details: L.Cerri presentation (The Precise Orbit and the Challenge of Long Term
Stability, on last Monday 24, 2012)
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Instrumental altimeter parameters

Altimeter instrumental parameter errors can be due to the instrumental ageing, instrumental
anomalies or error in ground processing.

Altimeter parameters are precisely monitored over all the mission life-time to detect, monitor
and correct these instrumental anomalies.

However, instrumental parameter instabilities have been detected especially on the first
altimetry decade on TOPEX data

. . . + —I-—l T(I)PEI)(-EIR.l\ilinte:rimI Sllopel= 2l.7 crln.s-lllye;ar N I-
Detection of long-term instabilities on .
altimeter backscatter coefficients has been

highlighted studies [Ablain et al, 2012] :

-0.03 dB for Jason-1 from mid-2004 to
2005

-0.1 dB from 1993 to 2002 for TOPEX with
strong inter-annual signals

overestimation of the GMSL trend of about

GMWS differences (cm.s-1)

0.1 mm/yr over the 1993 to 2011 period T TAPERATTOPEXE change {Fepruan 13991
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1994 1996 1998 2000 2002 2004
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Instrumental altimeter parameters

Other errors have been identified on TOPEX data:

Strong SWH drift during the 1996-1999 period (30 cm) impacting the estimation of the SSB
during this period => inter-annual error

58.77~day signal error on TOPEX range (OSTST, Lisbon 2010) ~3 mm
Geographical MSL bias on TOPEX-A and TOPEX-B : North/South/Ascending/Descending

Budget errors of instrumental parameters versus climate scales

Spatial Instrumental
Temporal Scales
Scales parameter errors
Long-term evolution < 0.1 mml/yr
GMSL Inter annual signals <2mm
< -
Periodic signals SE mm ol B0He
signal
Long-term evolution < 0.5 mm/yr
RMSL
< -
Periodic signals = 1) € _for Slreky
signal
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Wet troposphere corrections

Wet troposphere correction is a main contribution of error for the Global MSL trend:
0.3 mm/yr [Ablain et al, 2009] : this error is still the same on 1993-2012 period !

Errors at inter-annual scales are also significant

During ENSO event (Nifa event) Model and radiometer do not observe the same signal

Regional MSL trend differences are also significant

Radiometer or/and model comparison highlight 2 mm/ differences in tropical band
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Wet troposphere corrections

60-day signal errors TOPEX and Jason-1 radiometers due to yaw maneuvers
Corrections have been performed a posteriori but errors < 3 mm of amplitude remain

Budget errors of wet troposphere correction versus climate scales

i Wet tropo.
S[pelEl Temporal Scales >
Scales errors

Long-term evolution < 0.3 mm/yr
GMSL Inter annual signals <2mm
< -
Periodic signals A& mm B
signal
Long-term evolution < 2 mm/yr
RMSL
Periodic signals Not evaluated

See S.Brown’s presentation (Is There a Drift in the Radiometer? 20 Years of Progress in
Developing a Climate Quality Wet Troposphere Correction, on last Monday 24t 2012)
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Other errors

Atmospherical fields : impact of high frequency variability on regional MSL trends

Using ERA-interim pressure fields in DAC and dry troposphere correction improve the
estimation of the MSL evolution at regional scales

SLA with MOG2D_ERA trends — SLA with MOG2D_ECMWF trends
Mission tp, cycles 1 to 481

derived from ERA-interim and
ECMWF operational pressure fields on
TOPEX: RMSL trends reach 1 mm/yr
in high latitudes

RMSL trend differences between DAC

-250 -200 -150 -100 -50 0 50

-1 -04 0.2 0.8
Trends (mm/yr)

Remaining errors are difficult to be estimated...

Upper bound errors can be given by the impact of ERA-interim pressure fields in
comparison with ECMWF operational pressure fields
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Other errors

SSH biases to link altimetry together have been accurately estimated:

at global scale : TP/JA1 (+/- 1mm) , JA1/JA2(+/- 0.5 mm) & TP-A/TP-B (+/- 2 mm)
At regional scale : TP/JA1, J1/JA2 (not corrected for TP-A &TP-B)

However, it remains uncertainties which impact the MSL evolution:

+/-0.2 mm/yr for the GMSL trends and +/-0.5 mm/yr on the regional MSL trends

Impact on the determination of MSL variations at inter-annual scale mainly in 1999 during
the TP-A/TP-B change and during the strong EI-Nifio event

Impact of regional SSH bias
corrections (between TP/JA1
and JA1/JA2) on regional MSL
trends from 1993 to 2010

H T T T [ T [
-1 -07 4 -0.1 02 05 0.8

Global/Regional MSL slope differences {mm/year)
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Other errors

Sea State Bias correction : see D. Vandemark’s presentation “Continued Progress
towards A Next-generation Sea State Bias”, on last Monday 24", 2012

Altimeter data coverage at high latitudes is reduced due to seaice :
uncertainties on annual signals, trends, ... are higher on these areas (Prandi et al, 2012).

Oceanic tidal models :
Periodic signal errors have been highlighted: 58.77 days, ....
Long-term trend errors ?
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MSL budget error at climate scales

Thanks to the accurate analysis of each source of error in the sea-level calculation, we are
able to estimate the MSL error budget at climate scales

Global error is defined by an upper bound
In-situ comparisons (Tide Gauges, Argo profiles) are also used to defined this budget error

Spatial Scales

Temporal Scales

Altimetry errors

Global Mean Sea Level
(10-day averaging)

Long-term evolution
(> 10 years )

<0.5 mm/yr

Inter annual signals
( 2-5 years)

< 3mm

Periodic signals
(Annual, 60-days,...)

Annual <« 1 mm
60-day < 5 mm

Regional Mean Sea Level

(2x2 deg boxes and 10-
day averaging)

Long-term evolution
(tfrend)

< 3 mm/yr

Inter annual signals
(> 1 year)

Not evaluated

Periodic signals
(Annual, 60-days,...)

Annual <1cm
60-day <2 cm
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Altimetry data budget error at climate scales

User requirements have been defined in Sea-level CClI project and last GCOS report.

Comparing these scientific goals with altimetry errors allow us to qualify the level of altimetry
errors at climate scale: null, low or strong

altimetry errors are systematically higher than these scientific goals (when they are defined)

: : User
Spatial Scales Temporal Scales Altimetry errors Requirements
Long-term evolution
lg <0.5 mm/yr 0.3 mm/yr
Global Mean Sea Level §I>n‘rer'ycexflrr1|za)l Tl o5 "
: .5 mm over
(10-day averaging) (2-5 years) < 3 mm year
Periodic signals Annual < 1 mm
rpEiEeEhe i s Not defined
(Annual, 60-days,...) 60-day <« 5 mm
Long-term evolution
4 . d) < 3 mm/yr 1 mm/yr
Regional Mean Sea Level ren .
Inter annual signals ,
(2x2 deg boxes and 10- | : Not evaluated Not Defined
day averaging) ( .yec.zr') .
Periodic signals Annual <1cm ,
Not Defined
(Annual, 60-days,...) 60-day <2 cm
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Summary & Conclusions

Current altimetry errors at climate scales are higher than user requirements although
altimetry system is in agreement with mission specifications :

TOPEX reprocessing is needed to improve stability of altimeter instrumental parameters
Future orbit solutions should continue to improve regional MSL
Wet troposphere corrections remain the main source of errors and should be improved

The link between altimeter systems and climate Altimeter
community should be enhanced: system

To improve or refine user requirements requirements

To better specify future altimeter system for climate

applications
To reprocess older missions beyond their original
specifications User
requirements
é ¢:esa OSTST, Venice 2012 C 1@

CNES  cioesn space agency CLS
CENTRE NATIONAL D’ETUDES SPATIALES C0LLECTF LOCALISATION SATFLLITES



http://www.esa.int/esaCP/index.html�

	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16


<<

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /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 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

  ]

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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.)

  >>

  /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



