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1. Introduction

This report is an overview of Envisat performance assessment and gathers analysis of Envisat
dataset performed at CLS in 2015. Before the satellite loss, Envisat GDR data was routinely
ingested in the Calval 1-Hz altimeter database maintained by the CLS Spatial Oceanography
Division in the frame of the CNES Altimetry Ground Segment (SALP) and funded by ESA
through F-PAC activities (SALP contract N° 104685 - lot1.2.A).

In spite of the loss of the satellite on the 8th of April 2012, CLS experts teams continue to improve
the mean sea level computation, taking into account analysis of new standards carried out in
passed years. In 2015 new standards have been analysed in terms of impacts at different scales.
The continuation of this work allows to guarantee an optimal data quality level and to prepare the
next reprocessing of the whole Envisat dataset.

The anticipation of the next complete reprocessing first concerns new standards in addition of the
ones analysed in 2013/2014 (see [17],[18]), notably:

- The impact of two ocean tides solutions: GOT 4V10 and FES 2014 ocean tide solution was
analysed this year;

- Two Mean Sea Surface solutions were proposed too, rapidly analysed in this report.

Regardless of the chosen standards, analyse of the valid dataset used for SSH comptation was
refined and new solutions are proposed to better consider local behaviour of the ocean and then to
improve the global quality of the altimetric data. Efforts were put on the validation processs,
notably for remarkable areas, such as coasts and high latitudes, in order to better discriminate
potential valid data on ocean.

Finally, the last part of this report reminds the use of Envisat data in user services, like ODES.
The planned complete reprocessing campaign will for sure improve the Envisat global data quality
and will provide to users refined ocean products.
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2. New standards assessment and validation

2.1. Reminder: the context of the next reprocessing anticipation

The preparation of the next reprocessing campaign is split in two parts, one is covered by the
ENVISAT ESL Phase F (see [16]) and is not presented here. The following figure 1 reminds the
activities performed in 2014 and 2015, notably in terms of database upgrade.

The anticipation of the whole reprocessing campaign is possible through the maintain of the com-
plete database, which needs to be constanly upgraded to better appreciate the impacts of the future
standards.

Context of the study
Envisat only validation and Covered by
benchmark ESL Envisat Phase-F
— 3wettropospheric
corrections {Sidelobes, Pre-R q
Gamma SSTmodel, new Validati = e!Jroclessmg
flight calib) atiaation, Validation
— Corrected SWH Evaluation Activities
— Complient SSB {except L1b
evolutions)
— Complient $SB {including L1b * Databaseupgrade
evolutions) (Full Reprocessing Reprocessing
- uso Competency maintain + anticipation) [ Validation
ICU... Database Upgrade — One solution Activities
for each SLA
term

7

*+ Performance

External upgrades Validation, assesment with Nextdeadline forthe
- (MSS2014) Evaluation proportion of databaiiﬁ;i;t)aranon
— MSS_DTU13 each term

Reprocessing: July

— MAR_GOTAv10
— FES_2012-FES_2014
= New standard Orbit
- ERAmodels...

2016... Possibly
including Envisat
reprocessing atleast
the terms alreacdly
available onthe
whole series

Covered by F-PAC

‘ DUACS system

Figure 1: Organization of activities in preparation of the next reprocessing campaign

Validation were performed on outputs provided by experts (isardSAT, CLS) and can remain
different from the results obtained after the operationnal implementation. Nonetheless, anticipated
updates were validated one by one on a chosen period, and compared at least to the version V2.1
corresponding to the last reprocessing campaign. This methodology avoids a double complete
reprocessing performed on L2 data but ensure to detect problems or suspicious behaviours before
the beginning of the official reprocessing campaign.

2.2. Standards analysed and expected impacts

For the evolutions in the frame of the SALP activities, validation of the cumulated effects is
performed on the whole dataset when updated data are available. This validation consists in
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the analyse of the impact on SSH, using the new standards compared to the one used in Duacs
products. Figure 2 summarize all the updaded standards and the validation level at this time.
Expected impacts are here mentioned.

Perspectives - Expected

impact of performances

Orbit GDR-E standards*®

PTR Internal Path Delay drift

Validated
Partially validated

MWR New Side Lobes correction M _

LUT for small waves correction

MWR Gamma 35T model M

MWR derived fields(ice flag/Atmospheric M . . .

attenuation (New flight cal +Gamma 55T)) M: Mesoscale: EXDECtEd ImpaCt on

35B with new SWH and Wet trope V3 M hlgh frequenaes, or mesoscale

SSB with new SWH + Wet tropo V3 + L1b updates M C: Climat: ExpECtEd Impacton IOng
term drifts RMSL and/or GMSL

L1b ICU reprocessing -(M7?)

L1k USO updates (+ contribution to tunning -(M?)

validation) * Orbit with EIGEN6S2 gravity field tested

L1b IF mask updates -{cem?) ** Only validated in CCl frame under 2d

Ocean Tide: MAR_GOT_4V8/FES_2012 ===~ M version, to be done fOr 3d version

*#%DTU 2010 b=>DTU2013?

ERA Interim {dry and wet tropo + mog2D) MSS 2011 => 2015 ?

MS5: CNES/CLS 2011, DTU 2010 *** M . *EXEFES 2014 7

Filtered lonospheric correction M

Figure 2: Updated standards for the next reprocessing campaign and expected impacts.

As previously explained, L1B updates are partially validated (in orange). Orbit in GDR-E
standard is not yet available, even if an orbit solution with the EIGEN6S2 gravity field was already
tested (see [17]).

For ocean tides and Mean Sea Surface solutions, updateed standards are yet available, and perfor-
mences are described in the following part. The analysed standard are:

- GOT 4V10 and FES 2014 ocean tide corrections are compared to the one used in the 2014 repro-
cessing campaign (GOT 4V8 solution);

- Mean Sea Surface: CNES/CLS 2015 and DTU 2013 solutions are compared to the CNES/CLS
2011 Mean Sea Surface solution used in V2.1 dataset.

2.2.1. Ocean tides updates

2.2.1.1. GOT 4V10

GOT 4V10 solution is here compared with GOT 4V8 previously used for the last complete repro-
cessing campaign. The evolutions taken into account in the 4V10 model concern the load and ocean
tides for semi-diurnal wave S2. All the other files remain the same. On mean difference between
4V10 and 4VS8 versions, an very small annual signal is visible, around 0.15mm in amplitude. An
impact of the change of Envisat orbit is observed on this amplitude. In terms of performances at
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mesoscale, we note a global reduction of variance of SSH at crossovers, reaching a mean diminution
of 0.2em? for open ocean dataset (bathymetry under —1000m, latitudes under 50 deg and oceanic
variability under 20cm).

Reduction is global, and remarkable for Hudson Bay area. We note a slight degradation on south
latitudes, as visible on figure 3.

Percentage of X_SSH error reduction
(Var(SSH with GOT4V10) - Var(SSH with GOT4V8))/Var(SSH with GOT4Va)

SSH crossovers : VAR(SSH with GOT4V10) - VAR(SSH with GOT4V8) (5L2)
Mission en, cycles 6 to 113

L oot e

20 10 60 80 100
—T — 1

Mehn = -0.2218 g Stdbev = 0,142

50

-50

Difference of variances (cm*2)

Reduction/Increase of variance of X_S5H - In %

2004 2006 2008 2010 2012

-20 o 20

Figure 3: Difference of variance of SSH at crossovers, due to GOT 4V10 against GOT 4 V8 ocean
tide solution.

No impact is visible on global Mean Sea Level, very weak impact for the regions cited above.

2.2.1.2. FES 2014

The following analysis deals with the FES 2014 ocean tide solution, here compared to GOT 4V8
correction, which is the version used for the last reprocessing campaign. Figure 4 presents the
evolution of the variance of SSH at crossovers, using the new FES solution against GOT solution.
We note a global reduction of variance, along the Envisat serie and globally on the map. Note
that this comparison is presented here for open ocean (bathymetry under —1000m, latitudes under
50 deg and oceanic variability under 20cm).

The reduction of variance of SSH at crossovers is particularly marked for high latitudes, which
represents a good improvement for Envisat dataset.

The last figure 5 presents comparisons with other ocean tide solutions: 2012 FES version, GOT
4V10 and DTU 2010 solutions. The reduction of variance of SSH at crossovers is observed in the
three comparisons, and marked on high latitudes notably against GOT solution. The impact on
coastal areas is remarkable, notably compared to the previous FES solution. The reduction of
variance is significative for some open ocean areas too, such as North Australia for example.

Note that this encouraging results are similar for Jason’s missions and Altika (see [20] for the
complete validation results)
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Figure 4: Difference of variance of SSH at crossovers, due to FES 201/ against GOT 4V8 ocean
tide solution.
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Figure 5: Impact of FES 2014 ocean tide solution at crossovers, against Left: FES 2012 solution
Right: GOT 4V10 solution Bottom: DTUI10 solution
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2.2.2. Mean Sea Surface updates

As presented in 2, two updated solutions of Mean Sea Surface will be provided in the next
reprocessed products:

- CNES/CLS solution: if available and validated, the 2015 version would be used;

- DTU solution: in the same idea, 2013 solution could be used.

For OSTST 2015, an analyse of Mean Sea Surface solutions was specially performed on Altika
during the mispointing scenario (cycle 17), which represented an unexpected experiment of error
estimations notably far for a repetitive ground track position. This analyse compares three
solutions of Mean Sea Surface (2011 and 2015 CNES/CLS solutions, and 2013 DTU) over this
special period and for nominal altimeter behaviour too.

The complete results are available in Annex or at http://meetings.aviso.altimetry.fr/fileadmin /user_
upload/tx_ausyclsseminar/files/OSTST2015/GEO-04-Pujol_OSTST2015.pdf.


http://meetings.aviso.altimetry.fr/fileadmin/user_upload/tx_ausyclsseminar/files/OSTST2015/GEO-04-Pujol_OSTST2015.pdf
http://meetings.aviso.altimetry.fr/fileadmin/user_upload/tx_ausyclsseminar/files/OSTST2015/GEO-04-Pujol_OSTST2015.pdf
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3. Editing improvement for Duacs multimissions process: coastal
data

In SLA multimission products, some residual errors were noticed near coasts resulting in a pollution
of multimissions maps. These values were attributed to drifting missions. The corresponding SLA
seemed to be erroneous and the causes were not clearly defined. Oceanic tide model could be in
cause, but Mean Sea Surface definition seemed to be a great source of error too.

As a consequence a palliative but drastic solution is currently used in DUACS products: data
providing by drifting missions under 20km from coasts are not used in SLA multimission maps
generation.

This solution is not really satisfactory, a significant number of data is not considered whereas SLA
could be valid and usable for multimissions analysis and products generation.

Knowing this palliative solution, an effort was made in 2014 to define a new solution which allows
to refine the validation of SLA near coasts.

This solution consists in an iterative filtering of SLA data directly after the classical editing
process. For drifting missions, this solution adds therefore a step in the global editing process and
allows to determine a SLA which is valid very close to shore.

After the classic editing process a median filter is applied on the whole dataset of valid SLA, using
a window of 60 points (400km). This filtering method give a specific validity flag for each SLA
data. After this filtering step, this specific flag is taken into account in the band of 30km near coasts.

SLA is therefore considered as valid if:

e beyond 30km from coasts, SLA value is validated by the classical editing process;

e below 30km from coasts, SLA value is validated:

— by the classical editing process AND

— by the iterative median filter (statistics in 30) directly applied after the classical editing
process.

The optimal distance to be used could be adapted depending on the application needs.
The iterative process allows to give robustness to statistics and the filtering parametrization allows
to remove only the spurious values of SLA very close to shores.

Figure 6 presents for cycle 112 the current solution used for Envisat in Duacs production system (on
the left) and the new solution proposed for a better consideration of SLA near coasts for drifting
phase (on the right). The zoom is made on Egean Sea because of the multitude of islands in this
area.

We easily sea the gain of data very close to coasts. These SLA data are now considered as valid
and can be used in multimission process.
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Coastal SLA data under 20km are not used Valid coastal SLA data are recovered
42

42

wl # ¥ ¢, ¥ ¥ ¥, ¥ g & ¥ ¥, ¥ ¥ ¥, ¥

22 24 26 28 22 24 26 28
Envisat - cycle 112 - SLA (cm) Envisat - cycle 112 - SLA (cm)
0 20 . 40 60 ] 20 . 40 60

Figure 6: Envisat cycle 112, Left: Data under 20km are removed for drifting missions - Current
DUACS solution Right: Data near coasts are recovered with filtering solution directly applied on
Sea Level Anomaly (result of filtering is here considered under 30km)
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4. High latitudes analysis

4.1. Ice data detection improvement

Ice and land data discrimination is one of the first step of altimetric data validation process.
For altimetric missions carrying on a radiometer, ice detection is based on differences between
wet tropospheric correction, computed with the instrument data, and the ECMWEF model and a
defined threshold. This approach, combined with a sufficient number of elementary data, give us
an estimation of the presence of ice for a given localization.

But the data flagged as ice with this method cand be polluted by error near coasts, increasing the
difference between radiometer and model data. As a consequence, a non negligible data number near
coasts are detected as ice for latitudes under 60 deg, which seems not acceptable. An improvement
of the solution, based on a simple filtering method combined with the OSI SAF data, was analysed
for Altika this year in the frame of Peachi activities.

Here this complete solution is not presented but could represent a very good improvement for the
next reprocessing campaign too. The following part shows how the external reference can be used
on current method, which is a first step to improve the ocean dataset consideration. The idea is
to compare the result of the ice limit defined by the classical CalVal algorithm with an external
reference.

4.1.1. The OSI SAF project

To build a dynamic mask of ice where the iterative filtering method can be applied, external data are
used. These data are provided by EUMETSAT and take part of OSI (Ocean and Sea Ice) project.
Available data are gathered under the label SAFs (Satellite Application Facilities). This project
is based on a cooperation between several institutes (MET Norway (Norway), DMI (Denmark),
Ifremer (France), KNMI (Netherlands)) and hosted by Meteo-France. Several type of products
are provided: Sea Surface Temperature, wind product,ice, ... in global or regional standards, for
several resolutions, and in different file formats (Netcdf CF, Grib, ...). For more information, see
http://www.osi-saf.org/.

4.1.2. Ice data from OSI SAF

To refine the ice area, ice concentration data are here analysed. These data, combining satellite
data from different sensors, give users a global information of probability of ice. Ice concentration
data, given in percentage, are gathered in Netcdf files, one per hemisphere and per day. Each
Netcdf file is defined in polar stereographic projection, with a resolution of 10km. These data are
available since 2005. Figure 7 presents the map of ice concentration for cycle 43 (December 2005).


http://www.osi-saf.org/
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Figure 7: Ice concentration, in %, for December 2005. Tracks effect is associated to the geometry
of the orbit (35 days of data on the maps).

4.1.3. Combination with Envisat current ice flag

Figure 8 presents the current data detected as ice for cycle 43 (December 2005). We easily see the
over-editing of ice data nears coasts, notably in North of Europe. We can imagine that there is
effectivelly no ice along these coasts.

Data considered on ice with classic methed Data considered on ice with classic method

g0t o
North Hemisphere Seuth Hemisphere
— e —

150"W /_,;,»‘" &= ‘..,\155-5 _— .
el i P 3 e et

Figure 8: Data detected as ice by current algorithm (threshold on difference of radiometer-model
wet tropospheric correction)

Comparing figure 7 and 8, we can easily say that the current method is too restrictive and rejects
potential ocean data.

Then, the idea is to apply the current method only if OSI SAF ice concentration is positive; if for
1Hz data, ice concentration is null, then we consider that the data is on ocean, without other check.
If ice concentration is positive the value of current ice flag is taken into account as a additional
information.

This allow to deduce a new ice flag, presented in figure 9. Ice limit seems more realistic.
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Dato considered on ice with classic method combined with OS5I SAF data Data considered on ice with classic methad combined with 0S| SAF date

North hggr.n“\’sphere

BO*W
South hEmPSDhEre
150°E - — L 150"

Figure 9: Data detected as ice by current algorithm associated to OSI SAF data

4.2. Analyse of Sea Surface Height at high latitudes

4.2.1. Impact of the ice detection method on altimetric parameters

To extend the analysis of ice detection improvement, we focused on the impact of the method
described in 4.1.3. on altimetric data at high latitudes. The figure 10 presents the impact of the
OSI SAF data consideration on the radiometer wet tropospheric correction at high latitudes. The
standard deviation of the difference between two versions is here presented: the ”5 parameters”
solution (proposed for the next reprocessing campaign) and the V2.1b solution (see [18]). We
easily see that suspicious valid values visible on the left are removed by ice concentration data
consideration.

Ect{tropo SE-trapo v2.1b) - Envisat Ect{tropo SE-trapo w2.1b) - Envisat

le 36 a 113, en cm - AVEC SELECTION SUR FLG_GLACE_O5I_

cycle 36 a 113, en ecm
T

e
P
Ecart-type par boite Ecart-type par boite
[ =3 - . - 3 .
0p 0s 10 15 20 ou_u.s = 15 2

Figure 10: Standard deviation of radiometer wet tropospheric correction, computed by box - Valid
data on ocean - Left: Using ice flag Right: Using ice flag and ice concentration mask
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4.2.2. Refined analysis of SSH variance at crossovers

The variance of SSH at crossovers conventionally gives an estimate of the overall altimeter system
performance. This allows to only consider mesoscale effects and to better quantifiate the impact
of geophysical corrections on sea level measurements.

In 2015 a refined analysis was performed to better understand this diagnosis specially at high
latitudes, a region where great and unexplained variance differences can be observed.

This analysis concerns the comparison of two solutions or radiometer wet tropospheric corrections:
the V2.1B and the ’5 parameters’ solutions, proposed for the next reprocessing campaign (see [18]
and [10]).

The analysis presented here concerns the methodology and not the scientific results observed using
one or the other of the solutions.

To better understand and interpret the diagnosis of difference of SSH variance at crossovers, we
start from the theory; the difference of variance of SSH can be broken into two terms:

e the difference of variance of the corrections we have to compare ...
e and a term of covariance

Then, literally, we can write (applied on V2.1B/5E rad. wet tropospheric solutions):

Var(SSHpew) — Var(SSHyep) = Var(5E wet tropo corr.) — Var(V2.1B wet tropo corr.)

+Covar(SSHyot corrected from wet tropo., 9E wet tropo corr. — V2.1B wet tropo corr.)

where SSH,,, is the SSH computed with the 5E MW R wet tropo. corr.
and SSH,.; is the SSH computed with the V2.1b MW R wet tropo. corr.

The difference of SSH variance at crossovers is plotted on Figure 11 in polar projection, for the
same valid dataset for the two SSHs.

We observe (11,center) that the variance of radiometer wet tropospheric corrections, V2.1b and
5E, are very similar for the very high latitudes, where a degradation of variance of SSH is observed
on the left. This can indicate that the radiometer correction is not responsible for this degradation.
Furthermore, wet tropospheric corrections in theses areas are very low.

If we look at the polar map on the right, representing the term of covariance, we note a remarkable
behaviour of this term particularly in these very high latitudes areas. As a new result, the
covariance can be high in this zone, which is not really intuitive. And we know that the difference
of wet tropo. corrections in these zones is limited to a few centimeters.

As a consequence, for very high latitudes areas, we observe a covariance term more important
than the variance difference of the corrections themselves. This phenomenon is now demonstrated
and must be taken into account in SSH quality analysis at crossovers.

This phenomenon has never been formally established before this refined analysis on Envisat.
Being aware of this term of covariance could be a good complement to refine the analyse of this
diagnosis and could help us to draw conclusions.
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Figure 11: Left: Difference of variance of SSH at crossovers - two standards of radiometer wet
tropospheric correction used Center: the first term of the variance formula: the difference of
variance of the radiometer wet tropospheric corrections themselves Right: the second term of the
SSH wvariance formula: the covariance

4.3. Conslusion and prospects

Use of an external reference such as OSI SAF ice concentration data allows to better de-
termine valid ocean dataset, which is decisive for the SSH computation and its quality estimation.
The use of an external reference has already been analysed for other missions, such as Cryosat-2
and Altika, with very good results. This method represents a good solution to homogenize
altimetric data validation too, which can improve multi-missions cross-comparisons.

Removing suspicious values at high latitudes allows to refine analysis of residual information in
these areas. Analyse of potential covariance and correlations between SSH terms represents a
source of improvement for the global SSH quality analysis.



Envisat RA2/MWR ocean data validation.Yearly Report 2015

CLS-DOS-15-0365 - 1.0 - Date : 2015,December - Nomenclature : SALP-RP-MA-EA-22969- 14
CLS

5. Wide range of use for Envisat enhanced data

Historically, Delayed Time corrected SSH products (DT CorSSH) are available for users on Aviso+
web site (http://www.aviso.altimetry.fr/fr/donnees/produits/produits-hauteur-de-mer/global /corssh.
html), for the non-operationnal and in-flight missions.

For Envisat, the whole serie reprocessed in 2011 is available with associated geophysi-
cal corrections in Netcdf format (Netedf 3). Users can obtain one Netcdf file per track
for cycle 6 to 113. For more details on the Delayed Time CorSSH products, please see
http://www.aviso.altimetry.fr/fileadmin /documents/data/tools/hdbk_dt_corssh.pdf.

Since 2014, these products are available via ODES service (Online Data Extraction Ser-
vice,http://odes.altimetry.cnes.fr/), for Envisat and for other altimetric missions too.

The next Envisat reprocessing campaign will allow to update these products and to propose to
user the last corrections to refine the computation of Sea Surface Height.

Finally Envisat data will take part of the CMEMM’s reprocessing campaign, planned in 2018.
Historical database will therefore be updated with part of the chosen standards defined in 2015 for
the next Envisat reprocessing campaign.


http://www.aviso.altimetry.fr/fr/donnees/produits/produits-hauteur-de-mer/global/corssh.html
http://www.aviso.altimetry.fr/fr/donnees/produits/produits-hauteur-de-mer/global/corssh.html
http://www.aviso.altimetry.fr/fileadmin/documents/data/tools/hdbk_dt_corssh.pdf
http://odes.altimetry.cnes.fr/
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6. Conclusion

This report gathers results of analysis performed in 2015 to continue to improve the quality of the
Envisat whole dataset. The major aim of this year was to continue to actively prepare the next
complete reprocessing campaign, planned in 2016.

The list of standards used for the next reprocessing campaign was established and almost finalised.
New solutions would be interesting such as 2015 CNES/CLS or 2015 DTU Mean Sea Surface
solutions, not yet available. Some standards were finely analysed, with the support of CLS experts
teams. The expected improvement are substantial, on global point of view but for remarkable
areas such as high latitudes or coastal zones, which is very encouraging for the global quality of
the next Envisat reprocessed dataset.

New solutions for editing have been analysed this year to better define the valid dataset for ocean
sea level computation. Multi missions analyses have been performed this year, which will for sure
benefit to Envisat dataset, notably for coastal dataset optimization.

An important evolution of this year concerns high latitudes consideration too, with the use of ice
concentration external data, which have never been used previously for valid dataset determination.
The idea is to efficiently refine the ocean/ice limit to maximize the potential dataset usable in Sea
Level Anomaly determination.

The next reprocessing campaign is now planned in a near future. The multiple validations
performed these last 2 years allow to be very confident in the quality of the next Envisat
dataset. For the sake of dataset optimisation, new data treatments are proposed for Envisat
but for other altimetric missions too. This allows to analyse particular behaviours observable
on an altimetric mission and to propose answers which can have a benefical effect on other missions.
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7.1. The recent drift of SARAL: an unexpected MSS experiment
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QAltika drift gives us the great opportunity to characterize the MSS error increase
according to the distance to the repetitive ground-track positions

=> : increase of the MSS Err according repetitive ground-track
distance : +4.2 mm rms/km

QStrong improvement with recent MSS

=>MSS_CNES_CLS15 (vs ): omission error reduced by ~90% for
scales 200-40km

=>Geodetic missions used in these recent solutions largely contribute to improve the
MSS precision outside of the repetitive ground-track

=>Need of geodetic mission, with good performance at small scales to improve the
small scales of the MSS: =>Recommendation for a drifting Altika phase

Qinclusion of geodetic missions in MSS is crucial but the ocean variability
remains an issue for those data

=>MSS_CNES_CLS15 & MSS_DTU13: signifi loss of signal at <
250km : commission errors signature
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