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1. Overview

The Algorithms Selection meeting (2-4™ may, 2012) that has been held in Toulouse has been an
important step of the Sea Level - Climate Change Initiative (SL-CCI) project where the algorithms
that have been used for the Sea Level Essential Climate Variable (ECV) production generation were
identified. During this meeting, very interesting results exhibiting significant improvements were
shown in various domains: instrumental corrections for Envisat, new orbit solutions for ERS-1/2,
ENVISAT and Jason-1, new atmospheric corrections for all the missions, etc... A synthesis of the
algorithm selection recommendations and summary of the discussion about open issues is provided
within the Product Validation and Assessment Report (PVSAR). The next step has consisted in the
generation of the SL ECV product.

This has demonstrated our capacity to generate long time homogeneous time series dedicated for
climate applications. However, as mentioned during the Sea level Selection meeting but also during
the previous CCl Integration meetings, generation of ECV products is more a continuous evolution in
operation activity than a one shot production. Outcomes of the algorithm selection meeting are in
line with the statement. That’s why it has been proposed to perform an additional round-robin
exercise (WP2100) and to generate a new version of the sea level ECV product (WP 2200 & WP
2300). This new round-robin exercise will permit to take into account the algorithms that have been
available after the selection process due to several reasons as delays in its development or delays in
the reprocessing project that should be delivered them.

In the framework of the CCN (see the proposal document RD1: CLS-DOS-PR-12-005-
SLCCIAditionnalActivities_versionFinale), only algorithms for which maturity and impact is ensured
have been identified. This includes the already existing Jason-2 and Envisat reprocessing altimeter
products. In addition, new algorithms have been developed and evaluated which are uniform wet
tropospheric correction for all satellites and new improved GFZ orbit solutions for Jason-1, Jason-2
and TOPEX/Poseidon. Then a new V1.1 altimeter SL-CCI product has been generated and validated.

This document synthesizes the analyses of the new algorithms and their selection and also describes
the SL-CCI V1.1 production and validation.

2. New algorithms and selection

The new algorithms which have been developed and evaluated consist in a new improved GFZ orbit
solutions for Jason-1, Jason-2 and TOPEX/Poseidon and a uniform wet tropospheric correction for
all satellites.

2.1. GFZ Orbit solutions

The purpose of this task was to generate new improved GFZ orbit solutions computed
in the ITRF2008 Terrestrial Reference Frame using the models that were defined in the document
"Definition of common standards for ERS-1, ERS-2, Envisat, TOPEX/Poseidon, Jason-1 and Jason-2
precise orbit determination (May 16, 2011" by S. Rudenko and T. Schoene). The results are based on
the use of improved geopotential models and improved attitude modelling of the satellites.

The RRDP analyses (Round Robin Data Package) performed for the quality assessment of these orbit
solutions are:

1. Envisat orbit comparison: GFZ (CCI) versus GDR-D
2. TOPEX/Poseidon orbit comparison : GFZ (CCI) versus GSFC (STDQ9)
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The conclusions of these analyses are the following:

Envisat orbit comparison: GFZ (CCI) versus GDR-D :

=

Concerning the estimation of the global Mean Sea Level (MSL) evolution:

No impact for the global MSL trend (0,02 mm/yr over 8 years) and annual and semi-annual
signal

Concerning the estimation of the global MSL inter annual signals, we observe that GFZ orbit
gets closer to Grace 10 days orbit solution (which is considered as a reference) so this orbit
seems to be better than the GDR-D orbit solution at these spatial and temporal scales.

Concerning the regional MSL evolution, the results are more balanced :

= (+) Comparison between GFZ orbit solution and Grace 10 days orbit highlights an
evolution toward Grace 10 days (which is considered as a reference) for years 2003,
2004, 2008, 2009, 2010 and for the regional MSL trend.

= (-) But for years 2005, 2006, 2007 and on the mean over all cycles, we see a strong
north/south effect which we don’t explain.

Thus, the GFZ orbit solution is found to provide equivalent performances of Envisat sea level
estimations as the one already provided by the CNES GDR-D orbit solution. However, some
differences are detected concerning the regional trends of the MSL. As we did not manage to assess
which orbit is better, a conservative point of view has been adopted and the already used GDR-D
orbit solution has been kept for the computation of the V1.1 SL-CCI product.

TOPEX/Poseidon orbit comparison : GFZ (CCl) versus GSFC (STD09) :

GFZ orbit solution provides deteriorated performances than GSFC orbit solution at
crossovers (-1 cm? on average)

Concerning the estimation of the MSL evolution:
Low impact for the global MSL (0.14 mm/yr over 13 years)

Significant impact for the regional MSL trends (+/- 0.8 m/yr): East/West and North/South
MSL trend differences have been displayed: it’s not possible to determine which orbit is the
best one.

Strong 58.77 signals are observed between GSFC and GFZ: using GOT or FES models, the
impacts are not the same on the SLA. This requires more investigations.

Thus, the GFZ orbit solution is not selected and the GSFC orbit solution is kept for TOPEX
measurements of the sea level.

Detailed descriptions of the results of these RRDP are presented in annex:

Annex 1: Envisat orbit comparison: GFZ (CCl) versus GDR-D
Annex 2: TOPEX/Poseidon orbit comparison: GFZ (CCI) versus GSFC (STDQ9)

They are also available on the sea-level CCI ftp server.

2.2. Wet troposphere correction (Univ. Of Porto)

In the framework of the SL-CCI phase 1 project, a new wet troposphere correction of the altimeter
sea level estimations have been developed for the Envisat mission. It is based on the GNSS Path
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Delay (GPD) estimations (related with GPS network) and it aims at improving the correction in
coastal areas where the usual radiometer correction is deteriorated.

In the context of the CCN additional work, this correction has been uniformly developed and
validated for all satellites. In practice, the GPS based wet troposphere correction has been
completed for the whole Envisat mission, and has been computed for the Jason-1, Jason-2, T/P,
ERS-1 and ERS-2. The bug identified during the selection meeting has also been corrected. These
corrections are computed globally. The development has been performed by the University of Porto
(FCUP).

Concerning the Envisat mission, the already used GPD correction in the V1.0 SL-CCI product will be
used in the SL-CCI V1.1 product.

The RRDP analyses (Round Robin Data Package) performed for the quality assessment of these
corrections consist in the comparison of the new GPD wet troposphere correction with the AVISO
reference correction for the following missions:

TOPEX/Poseidon
ERS-1

ERS-2

Jason-1

Jason-2

U N WN =

The conclusions of these analyses are the following:

Comparison of GPD and AVISO wet troposphere corrections for TOPEX mission:
*  GPD correction is better than the reference one used in AVISO products:

= Better performances at crossovers and improvement of the regional MSL trends particularly
in Indian Ocean

= However spurious measurements are probably remaining in GPD correction for a few cycles
and missing measurements have also been detected for a few cycles

* Anomalies concerning the tape recorder occurred from cycle 370 of TOPEX mission. They
produced missing measurements especially in the Indian Ocean. A second effect has been
also observed on the TOPEX radiometer wet troposphere correction which is deteriorated
close to data gaps (due to interpolation anomaly).

= The new correction (GPD) allows us to take into account these interpolation problems using
the ECMWF model instead of the radiometer data.

The GPD wet troposphere correction is selected for the computation of TOPEX/Poseidon sea level
estimations in the V1.1 SL-CCI products.

Comparison of GPD and AVISO wet troposphere corrections for ERS-1 mission:

+ The GPD wet troposphere correction is better than the reference one used in AVISO
products:

= Better performances at crossovers are clearly observed near coasts and over some large
areas in the open ocean. However, performances are deteriorated at crossovers for 3
isolated cycles: it is probably due to spurious GPD correction as observed for TOPEX mission
(but not demonstrated in this study).
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= A significant impact on the regional MSL trends is observed in coastal areas. This is likely to

be an improvement due to the reduction of SSH variance at crossovers in these coastal
areas. Caution should be paid to analyze these results because the period considered is
rather short (only 4 years of ERS-1 data).

At last, the analysis of the sea level variance differences versus the coastal distance
confirms the strong improvement provided with the GPD correction near coasts but only for
coastal distances less than 50 km. For coastal distances between 50 km and 100 km, the
reference one used in AVISO products is very slightly better.

The GPD wet troposphere correction is selected for the computation of ERS-1 sea level estimations
in the V1.1 SL-CCI products.

Comparison of GPD and AVISO wet troposphere corrections for ERS-2 mission:

The GPD correction is better than the reference one used in AVISO products:

= Better performances at crossovers and improvement of the regional MSL trends

The GPD wet troposphere correction is selected for the computation of ERS-2 sea level estimations
in the V1.1 SL-CCI products.

Comparison of GPD and AVISO wet troposphere corrections for Jason-1 mission:

The GPD correction is better than the reference one used in AVISO products particularly
near coasts:

Improvement of the regional MSL trends
However spurious measurements are probably remaining in GPD correction for a few cycles

Note that a specific signal observed in 2008-2009 (see details in annex) highlights the
improvement of the Jason-1 enhancement products used in the GPD correction (in RADS)
and not used in CClI Wet Troposphere Correction (release 1). This signal is not directly
associated with the GPD correction.

The GPD wet troposphere correction is selected for the computation of Jason-1 sea level
estimations in the V1.1 SL-CCI products.

Comparison of GPD and AVISO wet troposphere corrections for Jason-2 mission:

The GPD correction is equivalent to the reference one used in AVISO products:

= Few better performances at crossovers particularly in Indonesia area

= However spurious measurements are probably remaining in GPD correction for a few cycles

and missing measurements have also been detected for a few cycles.

The GPD wet troposphere correction is selected for the computation of Jason-2 sea level
estimations in the V1.1 SL-CCI products.

Detailed descriptions of the results of these RRDP are presented in annexes:
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Annex 3: Comparison of GPD and AVISO wet troposphere corrections for TOPEX mission
Annex 4: Comparison of GPD and AVISO wet troposphere corrections for ERS-1 mission
Annex 5: Comparison of GPD and AVISO wet troposphere corrections for ERS-2 mission
Annex 6: Comparison of GPD and AVISO wet troposphere corrections for Jason-1 mission
Annex 7: Comparison of GPD and AVISO wet troposphere corrections for Jason-2 mission

They are also available on the sea-level CCI ftp server.

2.3. Envisat reprocessing

After the production of the SL-CCI product, the whole time series of the Envisat sea level
measurements have been reprocessed and made available (V2.1). Details of this reprocessing are
available online:

http://www.aviso.oceanobs.com/fileadmin/documents/calval/validation_report/EN/EnvisatReproc
essingReport.pdf

This new dataset has been used for the computation of the updated V1.1 SL-CCI product.

2.4, Jason-2 reprocessing

After the production of the SL-CCl product, the whole time series of the Jason-2 sea level
measurements have been reprocessed and made available (GDR-D version). Details of this
reprocessing are available online:

http://www.aviso.oceanobs.com/fileadmin/documents/calval/validation_report/J2/Jason2Reproce
ssingReport-v2.1.pdf

This new dataset has been used for the computation of the updated V1.1 SL-CCI product.

3. SL-CCI V1.1 production and validation

3.1. Production

The V1.1 SL-CCI product is provided in the framework of the additional activities of the phase 1 of
the SL-CCI project. It is an update of the original product and consists in a set of grids of sea level
anomalies combining all altimetric satellite measurements, with a regular spatial resolution of
0.25°x0.25°, with monthly temporal resolution from 1993 to 2010. It includes new algorithms and
datasets described in the former section:

e The GPD wet troposphere correction of the sea level estimations for TOPEX/Poseidon,
ERS-1, ERS-2, Jason-1 and Jason-2 missions,

e The V2.1 Envisat reprocessed time series,

e The GDR-D Jason-2 reprocessed time series

This product is now available on the ESA SL-CCI ftp server.
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3.2. Internal validation

The validation of the new V1.1 SL-CCl product can be performed with different approaches,
distinguishing level 3 processing (processing of each altimeter mission) and level 4 processing (maps
of gridded merged altimeter products

3.2.1. Inter mission biases (level 3)

The biases observed between all altimeter missions are taken into account (level 3 processing)
before the computation of the gridded maps of sea level anomalies (level 4 processing). The
analysis of the effect of this bias reduction contributes to the quality assessment of the time series.

Because of the technical differences between the altimeter missions, global as well as regional
biases can be found between the missions. The figure below shows the global mean sea level for all
altimeter missions before (left) and after (right) the reduction of global biases. It illustrates the
impact of the biases reduction. This step is fundamental before the computation of merged
altimeter maps.
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Figure 1: Global mean sea level for all altimeter missions before (left) and after (right) the
reduction of global and regional biases.

The principle of the reduction of the regional biases between the principal altimeter missions
(TOPEX/Poseidon versus Jason-1 and Jason-1 versus Jason-2) is based on a polynomial adjustment of
the sea level differences between both missions function of the latitudes. The details of the
method are described in the validation report available on SL_cci website (http://www.esa-
sealevel-cci.org/webfm_send/182). In summary, the polynomial function to adjust he TOPEX SSH on
the Jason-1 SSH is the following:

SSH TP_AdjustelOni1 — SSH 1, - p(lat)

For ascending passes:

-9.06+1.11e” *lat +6.22e™ *lat> + 3.62e™ *lat® + 3.92e” *lat* if lat < —1.5°
-9.36-0.245*lat + 0.143*lat* + 0.119* lat® if —1.5°<lat < 0.2°
-9.43+0.128*lat +0.0672* lat? - 0.0137 *lat® if 0.2° < lat < 4°
-8.72-2.05e” *lat + 2.51e™ *lat* -8.04e™® *lat® +8.34e® *lat* if lat > 4°

p(lat)=

And for descending passes:
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-8.80+0.0141* lat + 2.15e™ *lat® -3.21e”® *lat® - 7.77e”® *lat* if lat < —1.5°
-9.00-0.259* lat - 0.0951* lat? if —1.5° < lat <1.3°

-9.56-0.00128* lat +0.0347 * lat? - 0.0137 *lat* if 1.3° < lat < 4°
-9.04+6.95¢ *lat +3.51e™ *lat® - 2.72e™ *lat® + 2.82e " *lat* if lat > 4°

p(lat)=

Note that this empirical correction strongly depends on the altimetry standards used on the Jason-1
or TOPEX MSL calculation. If one of them is modified, especially with respect to the orbit
calculation, the coefficient of the polynomial function should be revisited.

The following figures show the estimated polynomial functions for the TOPEX and Jason-1 bias and
the regional mean differences before and after the polynomial adjustment. It provides an
estimation of the regional bias to be used as a correction between these missions and the corrected
regional sea level differences are shown. The hemispheric East/West mean differences observed
before the bias correction is now removed.

| L L 1 |
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60

Figure 2: Polynomial adjustment of the sea level differences between Jason-1 and TOPEX
according to the latitudes, separating ascending (left) and descending (right) tracks.
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Figure 3: Regional mean sea level differences between Jason-1 and TOPEX before (left) and
after (right) the polynomial adjustment.
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Figure 4: Regional bias to be used as a correction between TOPEX and Jason-1 sea level
measurements
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Figure 5: Mean regional sea level differences between TOPEX and Jason-1 after the correction
of the regional bias

Similar adjustment is performed to reduce the regional bias between Jason-1 and Jason-2 missions.
The following figures show the estimated polynomial functions for the Jason-1 and Jason-2 bias and
the regional mean differences before and after the polynomial adjustment. It provides an
estimation of the regional bias to be used as a correction between these missions and the corrected
regional sea level differences are shown. The remaining regional differences observed before the
bias correction is now removed.

Note that the bias between TOPEX and Jason-2 is the sum of the biases between TOPEX and Jason-1
and between Jason-1 and Jason-2.

110F T~~~ T T T T T

L 1R
F
105} 8
100 1 -
L e ""mu "‘g{
RN
L )
95 ':E
" 1 L L " 1 " L PR 1 1 PR | " L " 1 "

-60 -40 -20 0 20 40 60

Figure 6: Polynomial adjustment of the sea level differences between Jason-2 and Jason-1
according to the latitudes.
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Figure 7: Regional mean sea level differences between Jason-2 and Jason-1 before (left) and
after (right) the polynomial adjustment.
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Figure 8: Regional bias to be used as a correction between Jason-1 and Jason-2 sea level
measurements
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Figure 9: Mean regional sea level differences between Jason-1 and Jason-2 after the correction
of the regional bias

The analysis of the impact of this bias reduction contributes to the quality assessment of the time
series.

3.2.2. Gridded products comparison (level 4)

This part aims at summarizing the validation results of the comparison between the new V1.1 SL-
CCl maps and the first SL-CCI time series. The goal here is to certify the end-to-end quality of the
ECV and analyze the total contribution of the improvements mentioned in the first part of this
report. The internal consistency of the sea level ECV V1.1 is estimated by the analysis of:

e The global and regional MSL trend differences (between ECV-V1.1 and V1.0),
e Periodic signals and inter-annual signal over all the altimeter period
¢ The sea level variance evolution.

This list of potential analyses is not exhaustive but it allows us to give an overview of the diagnoses
that will be used to validate and promote sea level ECVs.

3.2.2.1. Global mean sea level evolution

Figure 10 shows the evolution of the global mean sea level trend for SL-CCl V1.1 and V1.0. The
trend is not changed. No mean bias is observed between both products over the altimeter period
(1993-2010).
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The difference between both time series highlights differences at the mm level. In particular, a -2
mm difference is observed at the end of year 2008. This is related with the reprocessing of the
Jason-1 radiometer wet troposphere correction over the last 15 cycles of the mission. Indeed, an
error occurred in the processing of the radiometer correction over this period. Thus, the -2 mm
difference observed on Figure 10 is associated with an improvement of the new CCl V1.1 product.

Global MSL
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Figure 10: MSL trend of SL-CCI V1.0 and V1.1 (left) and associated differences (right)

3.2.2.2. Regional mean sea level evolution

Figure 11 shows the map of regional MSL trend over 1993-2010 obtained with the SL-CCI V1.1 maps
as well as the difference with V1.0. A +0.5 mm/yr East/West hemispheric bias is observed. This is
associated with the GDR-D orbit solution available in the Jason-2 and Envisat reprocessed datasets
which have been used in the V1.1 maps. Initially, preliminary GDR-D orbit solution has been already
used in the SL-CCI V1.0 maps. Thus, the remaining +0.5 mm/yr hemispheric sea level trend bias
observed here is the residual difference between the preliminary version (CCl V1.0) and the final
version (CCI V1.1) of the GDR-D orbit solution. Internal quality assessment performed with the
Jason-2 mission has demonstrated that this leads to improved sea level estimation.

SLA with V1.1 trends

SLA with V1.1 trends - SLA with V1.0 trends
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Figure 11: Regional MSL trends derived from CCl V1.1 maps (left) and differences with V1.0
(right)

3.2.2.3. Annual signal

Figure 12 displays the map of the differences between the amplitude and phase of the annual signal
in the V1.1 and V1.0 products estimated over the 1993-2010 period. Almost no difference is
observed in amplitude and the phase of the annual signal is slightly different. This may be related
with the new Envisat and Jason-2 altimeter standards.
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SLA with V1.1 phase - SLA with V1.0 phase : annual signal
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Figure 12: Annual signal differences in amplitude (left) and phase (right)
3.2.2.4. Evolution of the sea level variance

The evolution of the variance of the sea level indicates in which extent the geophysical corrections
applied to the altimeter range provide an improvement of the sea level estimation compared with
the mean sea surface.

Figure 13 displays the spatial distribution of the temporal variance differences between SL-CCI V1.1
and V1.0 maps. No variance difference is observed in large parts of the global ocean. Differences
are located in areas of high ocean variability. The filtering of the maps indicates that this variance
evolution is only observed at high frequencies (<1yr). This is associated with the evolution of
altimeter standards in the Envisat and Jason-2 reprocessed datasets included in the V1.1 maps.

In addition, a reduced sea level variance is observed in the Indian Ocean with the V1.1 time series.
The separation in frequency bands indicates that this evolution only affects low frequencies (>3yr).
This is associated with the new GPD wet troposphere correction whose impact is particularly
significant in this region for the TOPEX-Poseidon mission. The comparison with in-situ independent
measurements demonstrates the improvement of the sea level estimation: Figure 15 shows a better
consistency in terms variance differences with V1.rather than V1.0 with a variance reduction of 4
cm? with tide gauges data and 1 cm? with Argo profiles.

VAR(SLA with V1.1) - VAR(SLA with V1.0)
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Figure 13: Spatial distribution of temporal variance differences between SL-CCI V1.1 and V1.0.
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Figure 14 shows the temporal evolution of the spatial variance. The V1.1 sea level variance is
globally smaller than the variance of the V1.0 sea level by 1.7 cm? over the total period. This
results from the cumulative effects of the new GPD wet troposphere correction and of the
reprocessed Envisat and Jason-2 altimeter sea level measurements.

VAR(SLA with V1.1) - VAR(SLA with V1.0)
— T
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—— Mean =-1.67
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Figure 14: Temporal evolution of the spatial sea level variance differences between SL-CCI V1.
and V1.0 with the green colour implying it is an improvement of the solution.
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Figure 15: Differences of the altimetry - insitu variance between SL-CCI V1.1 and V1.0 for tide
gauges (on left) and for Argo profiles (on right)

4. Conclusion

The SL-CCI product has been reprocessed over the period 1993-2010 including evolution in the
altimeter level 2 measurements. The GPD wet troposphere correction (already used for Envisat
measurements) has been included for the computation of the sea level concerning all altimeter
missions. The V2 reprocessed Envisat measurements and the GDR-D reprocessed Jason-2
measurements have been used for the computation of the new SL-CCI V1.1 maps series.
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Global and regional biases between the different altimeter missions have been taken into account
and the analysis of the residual differences shows a good internal consistency and provides a first
quality assessment of the reprocessed dataset.

The comparison of the reprocessed and the original level 4 CCl sea level maps show that the
evolution is relatively small: the global mean sea level trend is unchanged and at regional scales, a
+0.5 mm/yr East/West hemispheric bias is observed. It is directly associated with the final GDR-D
orbit solution included in the Envisat and Jason-2 reprocessed time series. Notice that a jump of
about 2 mm was corrected in 2008 thanks to the new wet troposphere correction. However this
improvement is not directly due to the new GPD correction, but by the enhancement products
provided by JPL (the GPD correction is now based on the enhancement product).

In terms of sea level variance, the reprocessed V1.1 SL-CCI time series displays a slightly reduced
variance compared with the original dataset, traducing the choice of improved level 2 sea level
geophysical corrections (the wet troposphere correction for instance).
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5. Annex 1: Envisat orbit comparison: GFZ (CCl) versus GDR-D
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Introduction:

ENVISAT orbit comparison :
GFZ (CCI) versus GDRD

Antoine Edwell, Michael Ablain (CLS)

Envisat orbit comparison : GFZ_CCI

versus POE_GDRD

« We will observe and analysethe impact of the GFZ_CCI orbit Envisat for climate applications (see

following tahle)

+ We will compare this orbit with the reference orbit used in Envisat CNES GDRD product noticed Ref.
in this presentation

Climate
Applications

Global #ean Sea

Definition of the indicator value
Temporal Scales
Low impact

Long-term
evolution [trend)

annual Signals

| Mo impact detected

Trend 0,15 mm/yr i Trend» 0,05 mm/yr i Trend< 0.05 mm/yr

Regional #ean Sea

Long-term
evolution [frend]

i i
1 1
Trend > 0.5 mmJiyr | Trend> 0.1 mmdyr | Trend< 0.1 mmsyr

........................................................

Gifferances > 1 cms ig:;fzerences > 0.2 ig;;fzerences < 0.2
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thresholds to determine
the impactofa new orbit in
terms of climate
applications andtemporal
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annual Siznals Amplitude> 5 mm : Amplitude> 0.5 mm : Amplitude< 0.5 mm |mp.a.ctdetected|f|t s a
positive (+) or a negative (-
; | Crossovers Wariance | Crossovers Variance i
T — Signals < 2 manths Crossovers Warifance o I ) Impact.



FORM-NT-GB-7-1

CLS-DOS-NT-13-246

SL-CCI Phase I: synthesis of additional activities

SLCCI-Synthesis-CCN-032

V1.3 Jan. 09, 15 15

Global Mean Sea Level

Climate

Applications

Round Robin Data Package
(RROP)

No impact detected on Global Mean
Sea Level trend

Temporal
Seales

P —

GFZ_CCl
Versus
Ref.

Impact of the orbit solutions on global MSL tre nds for Envisat

Altimetry missions

GFZ_CCl Ref.

rLong—terrn
evolution
Wtrend)

Global Mean m. el
tes Level signals (= 1
vear)
Annual  and
semi-annual
Signals
Long-term
- | evolution
Al {trend)
kean Sea
Annual  and
Lewvel )
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Envisat 2,37 mmiyr 2,35 mm/yr

— 0.02mmyr on the GlobalMSLis low
(see figure on nextslide)

Global Mean Sea Level

Mean (cm)

— Lowimpactbetween oddandeven pass:
GFZ_CClorbitis a little bit more homogeneous
than Ref orbit ; approximately 0.05 mm/yr
= The MSL trend differencesbetween oddand

even passhavebeen calculated and displayedin
the following table from graphics below.

Global MSL with GFZ orbit
Mission en, cycles 10 to 94

40

&0 a0

Sm&-)almwyrmsk -51111
Slope = 2,41 mmiyr [LS.R = 0.191]

MSL trend differences between Odd and Even pass for the two
orbit solutions

Altimetry missions GFZ_CCI Ref.

Envisat h=0.07 mm#yr A= 0,12 mmiyr

Global MSL with GDRD orbit
Migsion en, cycles 10 to 94
20 a0 60 a0

Mean {cm

oda posa

aven pass

" Stop = 24 mmiyr LS. = 01183]
Slope = 2,28 mmiyr [LS.R. = 0.194)
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Global Mean Sea Level

This figure shows the temporal evolution of SLAmean calculated globally.

Global MSL
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Temporal @l
icati Seal B
Applications cales Versus
Ref.
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sea Level signals (> 1 !
................................. i
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

No impact detected on Annual and
Semi-annual Signals

Periodogram of SLA (reference periad = 1 year)
Mission en, eycles 1010 94
T T

T
T~

Skt GOAD otk

Ampitude (cm)

Periodogram of SLA (peried = [0. 1 year])
Missian en, cyches 10 te 84
T

- Sia i orZ ot
e Sk et GO st

Amplitude {em)

Regional Mean Sea Level

Round Robin Data Package
(RRDP)
Climate TeSmploral GFZ_cCl
Applications e Versus
Ref.
Long-term :
evolution i
(trend) -
Global Mean Inter annual .
Ses Level lgels i '
ear) :
Annual  and '
semi-annual i
Sigaalen ‘
,Long—term
Regional (e\.'olution
hhean Sea \LLrend)
Level annual  and i
semi-annual :
Signals |
Mesoscale el < 2 E
manths :

Significant impact detected on Regional
Mean Sea Level

= The GFZ_CCI orbit displays East\West differences
between £ 1 mm/yr (see next slide) in comparison with Ref.
orbit
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GFZ_CClorbitand Ref.and Grace 10 days orbit and Ref.
(ALLPERIOD)

= GFZ orbit gets closerto Grace 10 days orbit (which is consideredasreference) so GFZ orbit seemsto be
betterthan GDRD orbit for long term evolution of regional mean sealevel (to be confirmedby CNES (L.Cerri))..

SLA with ORB_POE_GRACE_10DAYS trends — SLA with GDRD Orbit

SLA with GFZ orbit trends - SLA with GDRD orbit trends frends
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T

Mission en, cycles 8to 111
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Mean of GFZ CCI - GORD

Mean of GFZ CCI - GORD

» Comparison between mean of
difference by year between GFZ
orbit and GDRD CNES orbit and
mean of difference by year
between Grace 10 days orbit
(which is considered as reference)
and GDRD CNES orbit highlight an
evolution of GFZ orbit toward
Grace 10 days orbit for years 2003,
2004, 2008, 2009, 2010.

Mean of GFZ CC1 - GDRD

Mission EN, year 2005 Mission EN, year 3000

+ But for years 2005, 2006, 2007
we see a big north/south effect
which we don't explain.

versus GDRD

Envisat orbit comparison : GFZ_CCI T-

Mean of GFZ orbit - GDRD orbit
Mission en, cycles 10 to 94
T

sof

= Map of Mean differences between GFZ_CCl orbit
andRef orbit (ALL PERIOD)

On this map we observe the north/South effect
betweenthe two orbits.

Mean (cm)

04 02 0.0 02 04
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Regional Mean Sea Level

Round Robin Data Packags Semi-Annual Signals
(RROP)
Climate . .
Ao ticns TeST;’lizal GFZ_cal = Amplitude differences are lowerthan 0.5 cm for
pplicaticns Versus annual signal (see figures on nextslide) and 0.25
Ref. cm for semi-annual signal.
Long-term : = It's not possible to determine which orbitis the
usluter bestone fortheses scales

(trend) 1
Inter annual H

Global Mean |, ls (> 1 |
Sealevel |ENAW '
vear) !
Annual  and i
semi-annual :
Signals
Long-term
ecjonl evolution
Mean Sea ’Aﬁ; 1 .LE\ ---------------------------------
Level ( nnga an
semi-annual
rSignals
e
Mesozcale Signels < 2
rmanths

Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with GFZ orbit amplitude - SLA with GDRD orbit amplitude : annual signal

Mission en, cycles 10 to 94
T

SLA with GFZ orbit amplitude - SLA with GDRD orbit amplitude : semi-annual signal
Mission en, cycles 10 to 94
1
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30° corresponds to a period of one month

SLA with GFZ orbit phase - SLA with GDRD orbit phase : annual signal
Mission en, cycles 10 to 94
T

SLA with GFZ orbit phase - SLA with GDRD orbit phase : semi-annual signal
Mission en, cycles 10 to 94
T

100 ) 100
Phase (degree)
B —
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Mesoscale

Low impact detected on a short

ETS oy ey e temporal scale (sighals < 2 months):
(RROP)
Climate
U Tesrs;zzal GFZ_cal SSH crossovers arethe differences between
PPEETENeE Versus ascendingand descendingpasses fortime
Ref. difference between both passeslowerthan 10 days
(in orderto reducethe effect ofthe oceanic
LiiE: i i variability)
evolution !
trend H
|(nrt:: )annual : = Mean of Crossovers Variance Differences < 1
Gé"batme?l‘” signals (> 1 : cm?(see figures on next slide) so the impact
cELeve car) : detectedon a shorttemporal scaleis low.
Annual  and :
5‘?””"?””“3[ = The two maps of SSH mean at crossovers (see
E;ina_tserm figures on nextslide) highlighta better SSH
evoﬁjtion consistency with GFZ_CClorbitthan with Ref orbit
Regional | o g nearthe coastbut bacderin average (mean ~
kean Sea 0.04
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Mesoscale

= Map of Variance differences of Sea Surface = Monitoring of Variance differences of Sea Surface
Heightat crossovers between GFZ_CCl orbitand Heightat crossovers between GFZ_CCl orbitand
Ref.(ALL PERIOD) Ref.: (TEMPORAL EVOLUTION)

VAR(SSH with GFZ orbit) - VAR(SSH with GDRD orbit)
Mission en, cycles 10 to 94

SSH crossovers : VAR(SSH with GFZ orbit) - VAR(SSH with GDRD orbit)
Mission en, cycles 10 to 94

20 a0 o0 s
T T

Maan = 0.02716 Stadev = 0.8316

Difference of variances (cm*2)
&

[
50 F

SSH ¢ : diffe of (cm~2), Mean=0.0394516891399365
S
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Mesoscale

= Map of Mean of Sea Surface Height at crossovers with the GFZ_CCl orbit

AND

= Map of Mean of Sea Surface Height at crossovers with the Ref. orbit

Mean of SSH with GFZ orbit Mean of SSH with GDRD orbit
Mission en, cycles 10 to 94 Mission en, cycles 10 to 94
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Conclusions

Round Robin Data Package
» Concerningthe MSL evolution: {RRDP)
= No impactfor the globalMSL trend (0,02 mm/yr over Climate Termporal
8years)andannualand semi-annual signal Applications | Seales GVFZ—“'
ersus

» Concerningthe GlobalMSLinter annual signalwe Ref.
observethat GFZ orbit gets closer to Grace 10 days
orbit (which is considered as reference) so this éigﬁltt;r;”
orbit seems to be better than GDRD orbit. {trend)

. . . lobal [inter annual
+ Concemingthe regional MSL evolution, the results are | SlobalMean | o0 =0 ™
more balanced : seaLevel |iear)
= (+) Comparison between GFZ orbitand Grace 10 Annual —and
days orbithighlight an evolution toward Grace 10 days ;‘?m"f'””“al i
(which is considered as areference) foryears 2003, el
2004, 2008, 2009, 2010and forthe regional MSL trend. L@t

evolution

= (-) But for years 2005, 2006, 2007 and on the mean Regional (trend)
overallcycles, we see a strong north/south effectwhich | MeanSea
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6. Annex 2: TOPEX/Poseidon orbit comparison: GFZ (CCl) versus GSFC (STD09)

TOPEX/Poseidon orbit comparison :
GFZ (CCI) versus GSFC (STDO09)

Antoine Edwell, Michael Ablain (CLS)

Topex/Poseidon orbit comparison :

GFZ_CCl versus POE_GSFC

Introduction:

« We will observe and analysethe impact of the GFZ_CCI orbit Topex/Poseidon for climate applications
(see following table)

+ We will compare this orbit with the reference orbit used in Topex/Poseidon POE_GSFC product
noticed Ref. in this presentation

climate Definition of the indicator value Thistable summarizesthe
Temporal Scales .
applications g Low impact | Mo impact detected thresholds to determine
: ' the impactofa new orbit in
Long-term

Trend »0.15 mm/yr | Trend> 0.05 mm/yr | Trend< 0.05 mm/yr terms of climate
; ; applicationsandtemporal

.................. bommemeemmm e ee e ————
'

evolution [trend)

Glabal Mean Sea i ] | :
Lavel I[:t;ar ea::]ual stgnals Amplitude> 0.5 mm 1 Amplitnde> 0.2mm 1 Amplitudes 0.2 mm &Ies . _
vear) | L L - Significantimpact
i i : - Lowimpact
Annual and - semi armplitudes 1 mm 1 Amplitde> 0.2 mm | Amplitide< 0.2 mm : P
annual Signals ' ! - No impactdetected

i i
Long-term : :

) Trend > 0.5 mmJiyr | Trend> 0.1 mmdyr | Trend< 0.1 mmsyr

, Moreover, we will try in this
Regional #ean Sea

Level el and T studly toindicate foreach
nnual and  semi- . ' . ' . . .
annual Siznals Amplitude> 5 mm : Amplitude> 0.5 mm : Amplitude< 0.5 mm |mp.a.ctdetected|f|t s a
positive (+) or a negative (-
; | Crossovers Wariance | Crossovers Variance i
T — Signals < 2 manths Crossovers Warifance o I ) Impact.

Gifferances > 1 cms ig:;fzerences > 0.2 ! differences <« 0.2

1 om?
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Global Mean Sea Level

_ Low impact detected on Global Mean

Round Robin Data Package Sea Level trend
(RRDP)
Climate Temporal Impact of the erbit solutions on global MSL (with GOT4V7 tide
. X Seall GFZ_CCl correction) trends for Topex/Poseidon
Applications cales Versus
Ref.(GSFC) Altimetry missions GFZ_ccCl Ref.
- — — Topex/Poseidon 2,99 mmdyr 313 mmiyr
Long-term ]
( evolution) : — 0.14 mm#yr on the GlobalMSLis low
\(trend) eiiicceiiccceccccci (seefigure onnextslide)
Inter—annual !
Global Mean st (1 1
Sea Level yegar) : To be notedthatascending/descendingMSLare
: omogeneous with both orbit solutions.
Annual  and h g th both orbit solut
semi-annual :
Signals
Long-term
Regi 0 evolution
cgiona {trend)
kean Sea
Annual  and
Lewvel )
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Global Mean Sea Level

This figure shows the temporal evolution of SLA (with GOT4V?7 tide correction)
mean calculated globally.

Global MSL (GOT4V7)
Mission tp, cycles 11 to 480

100 200 300 400
oL L I S S — T T S S T T
L —— LA with GFZ orbit Slope = 2.99 mm/yr [L.S.R. = 0.0599]
4 [~ ——  SLA with GSFC orbit Slope = 3.13 mm/yr [L.S.R. = 0.0348] A il
C /l l i
3 { i
af il gl
£ 2f =
& - -
c L -
s L -
= L -
by o =
"y, ]
Lol T i1 A1
i |2 7]
e
; .
<3 —
PR (N O T S AN T N [ T MRS ! ST U N W O N (O A O S Wi

1994 1996 1998 2000 2002 2004
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Global Mean Sea Level

Climate
Applications

This figure shows the temporal e

volution of SLA (with FES2012 tide correction)

mean calculated globally. Ve observedsmaller amplitude.

100

Global MSL (FES2012)
Mission tp, cycles 11 to 480

200 300 400

- T T T l T T
a|- —=— SLA with GFZ orbit
[ ——  SLA with GSFC orbit

Mean (cm)

7T
Slope = 2.99 mm/yr [L.S.R. = 0.0434]
slope = 3.13 mm/yr [L.S.R. = 0.0369] . .'

i ‘

’g‘]’;l\!:"!v it

l. f el
A ll 'l.';y;'}:v?‘i”“!{‘j
Il 'v!.“;i;."d. 1
‘;I, ‘|“‘(5‘i"li‘ q

1 1 n I 1 1 1 1 1 1 I 1 1 I I ]

Global Mean Sea Level

Round Robin Data Package
(RRDP)

Temporal

GFZ_ccl
Scales

Versus
Ref.(GSFC)

Long-term
evolution

(frerein

Global Mea
Sea Level

e o e e e s ;
signals (> 1 :
ear) ;

Anmoat and| T
semi-annual
Signals

Regional

Long-term
evolution
{trend)

Mean Sea
Level

Annual  and
semi-annual
Signals

Mesoscale

Signals < 2
months

T Meantem)

Impact detected on Inter annual
Signals

Mean of GFZ orbit - GSFC orbit
Mission tp, cycles 11 to 480
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Round Robin Data Package
(RROP)

Impact detected on Inter annual

Signals

Temporal
Seales

GFZ_CCl
Versus
Ref.(GSFC)

Leng-term
evolution

(jrer,

................................

Global Mea
Sed Level

fnter anmyal
signals (> J1
Lear)

N 0.4

\

|

|

|

H 0.2
............................... 4

]

ARTTET and
semi-annual
Signals

Regional

Long-term
evolution
{trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesozcale

Signals < 2
rmanths

Mean of GFZ CCl orbit - Ref. orbit (adjusted)

100

Mission tp, cycles 11 to 480
200 300 400

8 jgﬂ

0.2

Mean (em)

04

06 1

!

Mean = dﬂoﬂlﬁB?

L%
|

! Siope = -0.144 mmAyr

Global Mean Sea Level

Low impact detected on Anhnual and
Semi-annual Signals

(

Annual
semi-annua
\Signals

Round Robin Data Package
(RRDP)
Climate Tesmplo ral GFZ_cCl
Applications e Versus
Ref.(GSFC)

Long-term :

evolution i

(trend) -

Global Mean Inter annual .

Ses Level lgels i '

Regional

Lame=rarm
evalution
{trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesoscale

Signals < 2

manths
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Periodogram of SLA (GOT4VT) (reference period = 1 year)
Yassion tp, cyges 11 10 420
T T

Amphtude (em)

Ampitude (em}

azf

ol

aaf

Pariod {days!

Periodogram of SLA with GOT4Y7 (reference period = [0,1 year])
Misgion tp. cycles 11 ta 480

— GFECa
[ —— csfc

Period (days)
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Global Mean Sea Level

Low impact detected on Ahnual and
Semi-annual Signals

Periodogram of SLA (FES2012) (reference period = 1 year]
Mission t, cycies 11 10 489
T T

T T
T~

e T

Ampitude (cm)

e

Period (days)

Periodagram of SLA with FES2012 {reference period = (0,1 year])
Mission tp. cycles 11 to 480
= -

B
oo — cxc H
f
/

W observed a
bigger 60 days
signal for GSFC
arbit.

Ampitide (em)

Round Robin Data Package
(RRDP)
Climate Temporal @l
icati Seal B
Applications cales Versus
Ref.(GSFC)
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sea Level signals (> 1 !
................................. 3
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea (trend)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Regional Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Temporal GFZ_cCl
Applications Scales Versus
Ref.(GSFC)
Long-term :
evolution i
(trend) -
Global Mean Inter annual .
Sed Level signals (> 1 '
ear) :
Annual  and '
semi-annual i
5 g :
A ong-term
. ( evalution
Regional \(trend)
MLle_an Sea AnTTe and H
avel q !
semi-annual :
Signals E
Mesoscale signals < 2 :
manths :

Low impact detected on Regional Mean
Sea Level

= The GFZ_CCI orbit displays East\West differences
between £ 0.8 mmfiyr (see next slide) in comparison with
Ref. orbit (GSFC)

= In order to know which orbit solution is the best one, we
have also analyzed the temporal evolution of SLA mean
separating North/South hemispheres, separating East\V\est
areas and separating [-280°,-100°]/-100°,80"] areas.
Hereafter, we can observe (see figures on next slides) for
these two diagnoses that GFZ_CCI orbit provide more
homogeneous MSLtrendsthanthe GSFC.

Copyright CLS.
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Regional Mean Sea Level

— Map of Sea Level Anomaly differences between GFZ_CClorbitand Ref.(GSFC) (ALLPERIOD)

SLA (GOT4V7) with GFZ CCI trends - SLA (GOT4V7) with GSFC trends
Mission tp, cycles 11 to 480
— T T

Trends (mm/yr)

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Nor: 9091 | StdDev: 020371734 | Min: -0.7009831
Mean : 0.13693025 | Median : 0.11937537 | Max: 043601316

Regional Mean Sea Level

— No impact between North and South : GFZ CClI Hemispheric MSL trend differences between South and North
e = hemispheres for the two orbit soluti
orhitis lesshomogeneousthan GSFC; S A (L L
SEpLoAmIEL el G altim fssi GFz_cel Ref, (GSFC
= The MSLtrend differencesbetween Southand By ERns - Br(BSHC)
North hemisphereshave been calculatedand TofexiBaER P — EOOTFRIGF
displayedin the following table from graphics
below.
SLA (GOT4V7) with GFZ orbit SLA (GOT4V7) with GSFC orbit
Mission tp, cycles 11 to 480 Mission tp, cycles 11 to 480
100 200 300 400 100 200 300 400
South mv!nme MSL ' ;lcpe -296 mwyvhs.n = 0.069] South Mn!hm«e L i Sope = 3.14 mﬂvyv‘t»i R. = 0.0538)
e NOfth hemisphere MSL Slope = 3,03 mavyr [LS.R = 0.0817] l [~ ——=—  North hemisphere MSL Slope = 3.11 mavyr [LS.R. = 0,0601)

I
: ‘ ll 4!11" :yi‘,
L l !'I .I'L 1 "f'rq lv,'l' it ’
" I:‘wL ,‘|I"“|' "1!
P i

24

-[ 111 ,‘ulrn

l\'l'” ]J { ”"

Mean (em)
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Regional Mean Sea Level

Mean (cm)

= No impactbetween North and South : GFZ_CCI
orbitis less homogeneousthan GSFC;
approximately 0.04 mm/yr

= The MSLtrend differencesbetween Southand
North hemisphereshave been calculatedand
displayedin the followingtable from graphics
below.

SLA (FES2012) with GFZ orbit
Mission tp, cycles 11 to 480
100 200 300 400

T T
Siope = 2.96 mmvyr [LS.R. = 0.0569]
Slope = 3.02 mavyr [LS.R. = 0.0679] '

Hemispheric MSL tre nd differences between South and North
hemispheres for the two orbit solutions

Altimetry missions GFZ_ccl Ref. [GSFC)
Topex/Poseidon 4=0.06 mm/yr 4=0.04 mm/yr
SLA (FES2012) with GSFC orbit
Mission tp, cycles 11 to 480
100 200 300 400

—T — T T
Siope = 3.14 mevyr (LS A, = 0.0556)

Stope = 3.1 mmvyr [LS.R. = 0.0604]

A T
South hemisphere MSL

Regional Mean Sea Level

= No significantimpactbetween Eastand West
= The MSLtrend differencesbetween Eastand
Westareas have been calculated and displayedin
the followingtable from graphics below.

SLA (GOT4V7) with GFZ orbit
Mission tp, cycles 11 to 480

100 200 300 400
T

“e West hemisphere MSL Slope = 2. t

'Y'W' PR = 0.114] B
1 f"} Bl ([i!d:l, | l “
1 |

Slope = 3.62 mmvyr !is,& =0.126]

Mean (cm)’

Area MSL trend differences between East and West areas for the
two orbit solutions

Altimetry missions GFZ_ccCl GSFC
Topex/Poseidon A=1.14 mm/yr 4=1.18 mm/yr
SLA (GOT4V7) with GSFC orbit
Mission tp, cycles 11 to 480
100 200 300 400

T
Slope = 3,78 mmyyr [LS.A = 0,127]

Slope = 2.6 LR = 0.104)

Lllf f{i ﬂi&,l I@ w 1534
' [k Al
il il
!""."‘" P P’" { .
TLU W
il ‘ ]
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Regional Mean Sea Level
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= No significantimpactbetween Eastand West
= The MSLtrend differencesbetween Eastand
Westareas have been calculated and displayedin
the followingtable from graphics below.

Area MSL trend differences between East and West areas for the
two orbit solutions

Altimetry missions GFZ_ccl GSFC

Topex/Poseidon 4=1.17 mmiyr 4=1.21 mmiyr

SLA (FES2012) with GFZ orbit SLA (FES2012) with GSFC orbit
Mission tp, cycles 11 to 480 Mission tp, cycles 11 to 480
100 200 300 400 100 200 300 400

Slope = zai:mvy-l S8 = 0.107]

Sope'm ;uw’{n ~0.118]

B

Mean (cm)

Slope = 3.8 rILS R =0.119]

Slope = L)F:yr( SA = 0.103] 3
"
i L il

| r fj'v’r‘ el
sl

Regional Mean Sea Level

= Low impact between [-100°,80°] and [-280° -
100°] longitude boxes : GFZ_CCI orbit is more

homogeneousthan GSFC : approximately 0.3

mm/yr

= The MSL trend differencesbetween new areas Altimetry missions GFz_cel GSFC
have been calculated and displayedin the
following table from graphics below. Topex/Poseidon 4=0.4 mm/yr 4=0.7 mmfyr

— Dueto stronginterannual signals (related to
ENSO oscillations), we can not say that one
solution is better than the other
SLA with GFZ CCl orbit (GOT4V7)
Mission tp, cycles 11 to 480
100 200 300 400
X W'}J:n:mvll-!l- 9.108] !
Slope = 3.18 mavyr (LS. = §.105)

1-100° 80°] area msL
e [-280* -100"] area MSL

)
I
| L

I‘U

"”hr\“"wi"‘ml lf ] .A, l l
1 W[ ik n{” “‘ i
[ 1

1

Mean (cm)

l urlw‘
l |
A ‘[l” 3 i

h A ;h i I
|‘ l

2 1 ! 1 1 1
1994 mo 1998 2000 2002 2004

‘ ”MUI‘NH ,‘ ; rilll 53

Mean (cm)’

2

Area MSL trend differences between [-280°,-100°] and [-
100°,80°] areas for the two orbit solutions

SLA with Ref. orbit (GOT4V7)
Mission tp, cycles 11 to 480
100 200 300 400

e [100° 80" area mst Slope = 2.74 mmyyr [LS.R, = Q1]

e [-280° -100°] area MSL
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Regional Mean Sea Level

Mean (cm)

= Low impact between [-100°,80°] and [-280° -
100°] longitude boxes : GFZ_CCI orbit is more
homogeneous than GSFC : approximately 0.3
mm/yr

— The MSL trend differencesbetween new areas
have been calculated and displayedin the
following table from graphics below.

= Dueto stronginterannual signals (relatedto
ENSO oscillations), we can not say that one

solution is better than the other
SLA with GFZ CCl orbit (FES2012)
Mission tp, cycles 11 to 480
100 200 300 400

Area MSL trend differences between[-280°,-100°] and [-
100°,80°] areas for the two orbit solutions

T T T
Slope = 2.76 mmyr [LS.R. = G 101]

Siope = 3.17 mmyyr [LSR. = d0934]

[-100* -a“ area MSL
e [-280* 100°] area MSL

>
T

ﬂle : E
I : it L&l )
el i T
| PP
; [

F!‘I ‘l‘ﬁl‘[u '

Altimetry missions GFZ_ccl GSFC
Topex/Poseidon 4=0.41 mmiyr 4=0.68 mm/yr
SLA with Ref. orbit (FES2012)
Mission tp, cycles 11 to 480

100 200 300 400

- l»mru'lmusm Y slwe-zrsn-'vwv(tvsn. =9.101) ¥
v [-280° -100°) ares MSL Slope = 3.43 mavyr [LS.A. = §.085] i

' A 8.84

lljr “ mm

i
5

il MMHJhwﬂ
L
| ls's;ai'f 1

Regional Mean Sea Level

Low impact detected on Annual and
Semi-Annual Signals

Round Robin Data Package
(RRDP)
Climate TeSmploral GFZ_cCl
- cales
Applications Versus
Ref.(GSFC)
Long-term :
evolution i
(trend) -
Global Mean Inter annual .
Sea Level sigals > '
ear) :
Annual  and '
semi-annual :
Signals
Long-term
Regional evalution
Mizrliea nnoel and T
semi-annual
rgignals
s —
Mesoscale signals < 2
manths
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— Amplitude differences are lowerthan 0.5 ecm for
annualsignal (see figures on nextslide)and 0.25
cm for semi-annual signal.

= It's not possible to determine which orbitis the
bestone fortheses scales
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal
= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA (GOT4V7) with GFZ orbit amplitude - SLA (GOT4V7) with GSFC orbit amplitude : annual signal
Mission tp, cycles 11 to 480
—T— T T T T

SLA (GOT4V7) with GFZ orbit amplitude - SLA (GOT4V7) with GSFC orbit amplitude : semi-annual signal
Mission tp, cycles 11 to 480
T

Amplitude (cm)

0.2 0.0 0.2

-100 0 100
Amplitude (cm)
> S
0.2 0.1 0.0 01 0.2

Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA (FES2012) with GFZ orbit amplitude - SLA (FES2012) with GSFC orbit amplitude : annual signal
Mission tp, cycles 11 to 480

SLA (FES2012) with GFZ orbit amplitude - SLA (FES2012) with GSFC orbit amplitude : semi-annual signal
Mission tp, cycles 11 to 480

100 0 100
Amplitude (cm) -50
-0.2 0.0 0.2
1 L 1
100 0 100
Amplitude (cm)
)
02 0.1 0.0 01 02
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30° corresponds to a period of one month

SLA (GOT4V7) with GFZ orbit phase - SLA (GOT4V7) with GSFC orbit phase : annual signal
Mission tp, cycles 11 to 480
——T T T —

SLA (GOT4V7) with GFZ orbit phase - SLA (GOT4V7) with GSFC orbit phase : semi-annual signal
Mission tp, cycles 11 to 480
— T T

100 0 100
Phase (degree) -50
E B
-10 -5 0 5 10

-10 0 10

Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30” corresponds to a period of one month

SLA (FES2012) with GFZ orbit phase - SLA (FES2012) with GSFC orbit phase : annual signal
Mission tp, cycles 11 to 480
T T T T T T T

SLA (FES2012) with GFZ orbit phase - SLA (FES2012) with GSFC orbit phase : semi-annual signal
Mission tp, cycles 11 to 480
T T —

- o

100 0 100
-50 b o
Phase (degree -
-10 -5 0 5 1C e :
100 0 100
Phase (degree)

[ B ]

-10 0 10
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Mesoscale

Round Robin Data Package temporal scale (signals < 2 months):
(RROP)
Climate
Aoolicati TeST;zzal GFZ_CCl SSHcrossovers are the differences between
[FpEETAeNE Versus ascending and descendingpasses fortime
Ref.(GSFC) difference between both passeslowerthan 10 days
(in orcerto reducethe effect ofthe oceanic
éigl%dgnm ; variability)
{trend) : . . R
Inter annual : —- Crossovers Variance Differences =[-2,6] cm
Gé"batme&l'” signals (> 1 : (see figures on next slide) so the impact detected
ea Leve vear) : on a short temporal scale is significantto determine
Annual  and i which orbit solution is the bestone.
semi-annual :
Ewg”a_lts E = The two maps of SSH mean at crossovers (see
eigﬁt;r: : figures on nextslide) highlight clearly a bader SSH
Regional | o ndy ' consistencywith GFZ_CClorbitthan with GSFC.
Mii?{:fea Annual  and !
semi-annual :
Slgnalen =
r
Mesozcale Stnels < 2
rmanths
\""-.._..-'

Mesoscale

= Map of Variance differences of Sea Surface
VAR(SSH (GOT4V7) with GFZ orbit) - VAR(SSH (GOT4V7) with GSFC orbit) H eight (With GOT4V7tide Correction) at crossovers
Hsortp oydgs11104%0 between GFZ_CClorbitand Ref.: GSFC (ALL
PERIOD)

SSH (GOT4V7) crossovers : VAR(SSH with GFZ orbit) - VAR(SSH with GSFC orbit)
Mission tp, cycles 11 to 480
100 200 300 400

=% T T X T
Mean = 0.9924 StdDev = 1,173

SSH crossovers : difference of variances (cm”2) o
e

6 -4 2 0 2 4 6

Difference of variances (cm~2)

= Monitoring of Variance differences of Sea Surface 0
Height (with GOT4V7 tide correction) at crossovers

between GFZ_CCl orbitand Ref.: i i i i i i
GSFC(TEMPORALEVOLUTION) e e e e o o
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Mesoscale

= Map of Variance differences of Sea Surface
Heightat crossovers between GFZ_CCl orbitand
Ref.: GSFC (ALLPERIOD)

VAR(SSH (FES2012) with GFZ orbit) - VAR(SSH (FES2012) with GSFC orbit)
Mission tp, cycles 11 to 480
T —

T

SSH (FES2012) crossovers : VAR(SSH with GFZ orbit) - VAR(SSH with GSFC orbit)
1 1 | Mission tp, cycles 11 to 480

-100 0 100 N o = = s
SSH crossovers : difference of variances (cm”2) B Rt ¥ e
6 -4 2 0 2 4 6
g
g )
:
= Monitoring of VVariance differences of Sea Surface %
Heightat crossovers between GFZ_CClorbitand
Ref.: GSFC(TEMPORALEVOLUTION) i i i h i i

Mesoscale

= Map of Mean of Sea Surface Height at crossovers with the GFZ_CCl orbit
AND

= Map of Mean of Sea Surface Height at crossovers with the Ref. : GSFC orbit

Mean of SSH (GOT4V7) with GFZ orbit Mean of SSH (GOT4V7) with GSFC orbit
Mission lp,l:ycles 11 to 480 Mission tp, cycles 11 to 480

S

50 8

1
-100 0 100 -100 0 100
Mean (cm) Mean (cm)
B B ]
-4 2 0 2 4 4 2 0 2 4
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— Map of Mean of Sea Surface Height at crossovers with the GFZ_CCl orbit

AND

= Map of Mean of Sea Surface Height at crossovers with the Ref. : GSFC orbit

Mean of SSH (FES2012) with GFZ orbit

Mean of SSH (FES2012) with GSFC orbit

Mission tp, cycles 11 to 480

-4 -2 0 v

Conclusions

Conclusions:

* GFZ orbit is bader than GSFC orbit at
crossovers (-1 cm? on average)

» Concerning the MSL evolution:

= Low impact for the global MSL (0.14 mm/yr
over 13 years)

— Significantimpact for the regional MSL trends
(+/- 0.8 m/yr) : East/\West and North/South MSL
trend differences have been displayed : it's not
possible to determine which orbit is the best
one.

— Strong 58.77 signals are observed between
GSFC and GFZ : using GOT or FES models,
impactis not the same on the SLA ... more
investigations are needed

* From CLS point of view, GFZ orbit solution can
note replace GSFC for TOPEX

0 100
Mean (cm)
B
0 2 4

Copyright CLS.

RoundRobin Data Package
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evolution
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Topex/Poseidon orbit comparison :
GFZ_CCIl versus GSFC

APPENDICES : some additional plots...

Investigations on 58.77-day signal

Amplitude (cm)

-We observed a strong 60-day signalin differences between global mean of GFZ CCI
and GSFC orbit variations

=>this signal is due to the semi-diurnal aliasing with TOPEX orbit’s repetitiveness: it is
in fact a 58.77-day signal.

- Calculating the periodogramm of SLA using successively both orbits, we clearly
observe a strong signal at 58.77 days with the GFZ orbit (5mm instead of 1 mm with
GSFC ones)

=Thisresults suggest there is an error on GFZ orbit at these scales : this means for
semi-diurnal signal

Perlodogram of mean of GFZ CCl orbit - Ref.orbit Periodogram of SLA with GOT4V7 (reference period = 58.77)

Mission tp, cycles 11 to 480 6 Mission tp. cycles Mo de0

T T T T T T p -~ GFZOC erbit

[ < 1 [ —— Gsecarit
o4l -/ \\ 1 | / —

i / ] [ VI

[ . ; \ ] / AN
03 ! = = 04 / Fi % E

L / L] \ 4 T F, =l

i I - LY 4 = F i i~ bl

/ " \ / :

r / @ A g / 2 )

L /
02 Y4 . e z

r / \ 1]

: \
/ \
01 / \ 7
- ~

Lo ,/ e

Rl | L L 1 L ] o
575 8.0 585 560 595 50,0 575 sa0 585 59.0 59.5 0.0
Period (days) Period (days)
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Investigations on 58.77-day signal

- According to Ablain’s study (Lisbon 2010, OSTST), the 58.77-day signal observed on altimetric
missions depends on the oceanictide model applied : GOT or FES

=> it has been demonstrated that a 58.77-day error (not yet well understood) is present on
TOPEX data and has been assimilitated by stochastical tide model as GOT

- Calculating now the same SLA periodogram using FES04 instead of GO4.7, we obtained a very

diffrent result that in previuos slide :

Periodogram of SLA with FES04 (reference period = 58.77)

Mission tp, cycles 11 to 480
T T

0.6 T T T T

= We observe a 58.77 signalwith GFZ CClI —T G

——  GSFC

orbit decreases strongly while signal with
GSFC increases : close to 2 mm in both
cases o4t

[ 56.77 days

= This means that the 58.77-day signal
observed between GFZ and GFSC orbits is
complex differences: we can not determine
which orbit is the best one.

Amplitude (cm)

= We're making other analyses with other .
oceanic tide (as FES2012 and GOT083) ... o 580 5 50

Period (days)

Investigations on 58.77-day signal

Periodogram of SLA with FES2012 (reference period = 58.77)
Mission tp, cycles 11 to 480

0.6

T LU B T B T S ER

S PR, 5, N, |
—=— GFZCCl
——  GSFC

2
= 04 g -
€
e ~
v ]
= n
=
&
—g_ -
<

0.2

PREL SNPWNTEL ST L) Ty
57.5 58.0 58.5 59.0 59.5 60.0

0.0

Period (days)

Copyright CLS.



FORM-NT-GB-7-1

SL-CCI Phase I: synthesis of additional activities

CLS-DOS-NT-13-246 SLCCI-Synthesis-CCN-032 V1.3 Jan. 09, 15 40

Topex/Poseidon orbit comparison :
GFZ_CCIl versus GSFC

Mean of GFZ CCl orbit - Ref. orbit
Mission tp, cycles 11 to 480
T

— Map of Mean differences between GFZ_CCl orbit
and GSFC (ALLPERIOD)

On this map we observe clearly the differences [-
280°,-100°)/[-1007,80°] between the two orbits

Standard deviation of GFZ CCI orbit - Ref. orbit
Mission tp, cycles 11 to 480
=

200 -100 o
Mean (cm)" 0
-06 04 0.2 00 02 04 06
ol
-50
1 1 1
o . 100 0 100
= Map of Standard deviation differences between Siandori Daviiiionice)
GFZ_CClorbitand GSFC (ALL PERIOD) I - —

09 10 11 12 13
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7. Annex 3: Comparison of GPD and AVISO wet troposphere corrections for
TOPEX mission

Wet tropospheric correction comparison for
TOPEX mission between

GPD (FCUP) and reference (AVISO) correction

The GPD correctionis called : COAST_WET_TRQ in the following study
The Reference correctionis called :TRO_HUM_COMPOSITE (it correspondsto the correction usedin AVISO
products)

David Alexandre, Michael Ablain (CLS)

Wet tropospheric correction

comparison for TOPEX mission

Introduction:

« \We will observe and analyse the impact of the GPD (COAST_WET_TRO) wet tropospheric correction
TOPEX from FCUP for climate applications

+ We will compare this correction with the reference wet tropospheric correction used in AVISO products
noticed TRO_HUM_COMPOSITE in this presentation

* In order to determine the impact of the new wet tropospheric correction in terms of climate applications
and temporal scales, we will try in this study to indicate for each impact detected ifit's a positive (+) or a
negative (-) impact :

‘ Low impact ‘

‘ No impact detected ‘
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
T —
-
Long-term H
(evolution) !
Wiendy o i
Global Mean IMnual :
Sea Level signals (> 1 1
vear) !
Annual  and :
semi-annual :
Signals
Long-term
I— evolution
Megn Sea (trend)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Global Mean

No impact detected on Global Mean
Sea Level trend

= 0.04 mm/#yr on the GlobalMSL is very low (especially over
a 12-year period).
(seefigure on nextslide)

Global MSL
Mission tp, cycles 11 to 481
100 200 300 400
“siope = 30T menyr (LS = 0031y
Slope = 3.13 mmiyr [LSR. = 0.035]

= ISLAv‘\dLhEOA'SI_\\'IEI’_‘i‘RO‘
—— SLAwith TRO_HUM_COMPOSITE

Mean (cm)

L 1 il " L I il
1982 1996 1598 2000 2002 2004

Temporal evolution of SLA mean calculated globally.

Sea Level

Climate

Applications

Temporal
Scales

Round Robin Data Package
(RROP)

COAST_WET_TRO
Versus
TRO_HUM_COMPOSITE

Long-term
evolution

(fretrea,

Global Mea
Sed Level

Inter annial
signals (= |1
Wear)

ARTTET. and
semi-annual
Signals

Regional

Long-term
evalution
(trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesoscale

Signals < 2
manths

Low impact detected on Inter annual
Signals

= The figure below shows the mean difference betweenthe
two corrections calculated globally by cycle.
— We observed inter annual signals slightly marked.

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission tp, cycles 11 to 481

100

T Mean= b7169

Mean (cm)
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Global Mean Sea Level

No impact detected on Annual and

Round Robin Data Package Semi-annual Slgnals
(RRDP)
. Periodogram of SLA (reference period = 1 year)
Climate TeSm plo ral COAST_WET_TRO - ymmmww w;wm B . .
Applications cales Versus E— suawantho_pum, i
TRO_HUM_COMPOSITE
: ; ]
Long-term H §
evolution 1 5
{trend) : 4
Global Mean Inter annual :
Sea Level sipells = I i ! ol
_________________________________ a1 360 380 w0 420
Annual : Period (days)
( semi?nnua E Pericdogram of SLA (period = [0, 1 year])
Signals Mission tg, cycles 11 1o 481
A T Sl e oMb WET_TRO 1 ]
Lofme=tErm b e St TR0, CoMBOSITE
Regional evolution
Megn Sea (trend) B oosf 4
Level Annual  and 2
semi-annual § |
Signals =0 " 1
Signals < 2 I
Mesoscale | 1 onths “:—‘-mf—ﬁx\f-f-——[\«\f\,«.r/‘/\/ ]

Mesoscale

Significant impact detected on a short
temporal scale (sighals < 2 months):

= Crossovers Variance Differences are generally negative
(see figures on nextslide) between Oand-2 cm?: this
means thatthe new GDP correction is better than the

Round Robin Data Package
(RROP)
Climate Temporal
i i Senles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Long-term \
evolution !
{trend) :
Global Mean Inter annual :
Sed Level signalls > .
ear) H
Annual  and :
semi-annual :
Signals |
Long-term i
A evalution :
Mein Sea (trend) i
Annual  and H
Lewvel 1
semi-annual i
5 :
d i
Mesoscale ( signals <
manths
M
e

reference one. Fewisolated values are positive : it might
correspondsto spurious GPD correction (see annex).

= Improvementis especially observedatthe end of the
period (relatedto TOPEX recorder anomalies)

= The map of SSH crossovers Variance Differences
showsthattheseimprovementis especially in Inclian
ocean (relatedto TOPEX recorder anomalies)

— Themap of SLAvariance differences (see figure on
nextslide) confirms a better SSH consistency with GPD
than with reference oneinthe same areas. To be noted
also a light degradation near equator line not observed on
SSH analyses.
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Mesoscale

VARISSH W COAST_WET_TRO) - VARISH wih TRO_HUM COMPOSITE) = Map of Variance differences of Sea Surface

ST | we R Heightat crossovers between GPD and
TRO_HUM_COMPOSITE (over allthe period):
- Significantimprovementin Indian Ocean

SSH crossovers : VAR(SSH with COAST_WET_TRO) - VAR(SSH with TRO_HUM_COMPOSITE)
Missicn tp, cycles 11 to 481
100 200 3 %0

M M N M i " N T T T T
% y we. ———  Man= 02711 Doy = 06018

= Temporal evolution of Variance differences of Sea
SurfaceHeightatcrossovers between GPDand
TRO_HUM_COMPOSITE:
-Strongerimprovementatthe end of the period i N

- GPDisworsein fewisolated cycles | v e

Ditference of variances (cm~2)

Mesoscale

= Map of SLAvariance differences betweenthe two corrections selectingtemporal signal lowerthan 2

months:
- Strongimprovementin Indian ocean (hetween 1 and 2 cm?)
- Small degradationin equator band not expected

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPOSITE) for FILTER HF

Mission tp. cycles 11 to 481
T —PLI—r T T T

1
"

Difference of variances WF {cm*~2)

10 05 00 05 10
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Regional Mean Sea Level

_ Significant impact detected on Regional

Mean sea Armrat and

Level : :
semi-annual :

Signals !

Mesozcale Starels < 2 ;
rmanths H

Round Robin Data Package Mean Sea Level
(RROP)
Climate Temnporal
Applications Scales COAS:‘WET‘TRO — We observe a strong impact (between 0.2 and 1 mm#ir)
ersus onthe regionaltrendsin Indian ocean
TRO_HUM_COMPOSITE
Long-term — it's likely an improvement of the regional trends because
aveliien : _the S8H crossovers am_alysgs clearly highlight a strong
{trend) i improvementofthe SSH in this area.
Inter annual H
Global Mean |, : . . . i .
cesLevel |SEnals (> 1 i = However it's not a linear signal since separating the
iear) — i period beforefafter cycle 370, we clearly observe the effect
nua o an i on the trends is only visible on second petiod (after cycle
semi-annual H e .
Signale_ i 370) : its is also related to the recorder anomalies on
"[ong—term TOPEX
) ( evolution
Fegional \(trend)

Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GPD
and TRO_HUM_COMPOSITE (over all the period)

SLA with COAST_WET _TRO trends - SLA with TRO_HUM_COMPOSITE trends
Mission tp, cyclos 11 10 481
T T T
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Regional Mean Sea Level

Round Robin Data Package Semi-Annual Signals
(RROP)

Climate Ternporal

Pl S enles COAST_WET_TRO = Amplitude clifferences are lowerthan 0.5 cm for
pplications

Versus annual signal (see figures on nextslide)and 0.25
TRO_HUM_COMPOSITE cm for semi-annual signal.

Long-term : = It's not possible to determine which correction

?t\f;l:dti)on : isthe bestone fortheses scales

Inter annual
signals (> 1
year)
Annual  and
semi-annual
Signals
Long-term
evolution

Global Mean
Sed Level

Regional
kean Sea

(frepre—
Level (’An nual  anch

semi-annual
rSignals
e

Signals < 2
rmanths

Mesozcale

Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : annual signal

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : semi-annual signal

SUA with COAST_WET_TRO ampitude - SLA with TRO_HUM_COMPOSITE ampltude - semiannual signal
Jassion tp, cpies 11 10 481
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30° corresponds to a period of one month

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
phase: annual signal

SLA wen COAST_WET_TRO phase - SUA weth THO_MUM_COMPOSITE phase - anrl snal : ;
oo e 1t} SLaA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
=< - phase : semi-annual signal

‘SLA With COAST_WET_TRO phase - SLA with TRO_MUM_COMPOSITE phase : semi-annual signal
Mgen tp cyviae 11 16 48]
T

Performances in coastal areas

In terms of SLAvariance, GPD correction is better than the reference one in coastal areas:

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPOSITE)
Mission tp. cycles 11 to 481

Difference of variances (cm~2)

1
) %0 ) C) 100

Coastal Distance (km)

Variance differences of SLAversus coastal distancesbetween GPD and TRO_HUM_COMPOSITE
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About availability valid measurements...

Difference of number of hits COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission tp, cycles 11 to 481

paot) 100 200 300 400
B e e e B e B
o T T 11 1 ¥ I 1
s 4
r Cycles
229 & 230
2k -
8 s Cycle
T N 308 4
4= -
Cycle ]
r 360 p
L 1 1 1 L 1
1994 1996 1998 2000 2002 2004

Thisfigure showsthe number difference between the two correction s calculated globally by cycle.
Concerning TRO_HUM_COMPOSITE, it's the number of valid measurements with ourvalidity flag
Concerning COAST_WET_TRO, it's the number of valid maasurements with ourvalidity flag andwalidity flag of gpd equalto 0 or 1

0= pointfor which the radiometer correction {rad_wet_tropo_cor) is valid - for these pointswet_GPD=rad_wel_tropo_cor
1=wiet_GFD s avalid estimate

- For all cycles, the number of measurementsis close (slightly less with GPD), but they are missing GPD
measurements forcycles 229,230, 306 and 360 ( < 10000 values)

About remaining spurious GPD values

Standard deviation (cm)

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission tp, cycles 11 to 481
100 200 300 400

—T—T — —r—rry — T
[ — Moan-&sﬁli ! ? !

20 1 Thisfigure showsthe standard deviation
difference between the two corrections

i 1 calculated globally by cycle.

15 ‘ - Tobe noted a strongimpactfor5 cycles. The

cyclenumbers are 123, 231,261,371 and
443,
o [ .
L K,l““‘r# q“ y ﬂ 3 Forall cyclesandmainly cycles noted above,
b ’g‘-.lp | some values of COAST_WET_TROare out
]l{l \,[ ] ofthreshold (see nextslide) :
l

{
: '@Lﬂ;‘hﬁ lid. g WL*‘"# t{lhu

1998 2000 2002 2004

o
v-
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About remaining spurious GPD values

abs(COAST_WET_TRO - TRO_HUM_COMPOSITE) >= 0.1m
Mission tp, cycle 122
O S ey

e

ABS(COAST_WET_TRO -
TRO_HUM_COMPOSITE) Cycle122 | Cycle123
Values number >=0.1m 3 2468

[m]

O R 0 o IO LI

Wet tropospheric correction
comparison for Topex mission

To conclude:

+ GPD correction is better than the reference one usedin et ROb(ER%apt)a Package

AVISO products:

= Better performances at crossovers andimprovement of Climate Temporal COAST WET_TRO

the regional MSLtrends particularly in Indian Ocean and Applications Scales Versus

fromeycle TRO_HUM_COMPOSITE

— However spurious measurements are probably

remainingin GPD correction for few cycles(see Annex) Long-termm !

and missing measurements have also been detected for evolution i

few cycles {trend)
Global Mean Ir?ter annual I

cen Level signals (= 1

+ Anomalies with tape recorder occurred from cycle 370 of ﬁi[ﬁal m— !

TOPEX mission . They produced missing measurements semi-annual

especially in this Indian ocean. A second effect has been Signals :

also observed on the TOPEX racliometer wet troposphere Long-term

correction which is degraded close to data gaps (due to Regional evolution

interpolation anomaly). e S | e

= The new correction (GPD) allows us to take into account Level ?g;ﬁ.’ilmuaaqd ]

these interpolation problem using the ECMWF model Signals

instead ofthe radiometer data.
Signals < 2
Mesoscale
rmonths
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Wet tropospheric correction
comparison for Topex mission

APPENDICES : some additional plots...

Few maps of statistic differences...

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Missi ), les 11 to 481
: on tp 'cyc es

.

= Map of Mean differences between
COAST_WET_HUMand TRO_HUM_COMPOSITE
(ALLPERIOD)

Onthis map we observe clearly the differences near
coast.

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission tp, cycles 11 to 481
v T -

100 0 100 W
Mean (cm)
- L e— 50
0.2 0.1 0.0 01 0.2
o
= Map of Standard deviation differences between 50
COAST_WET_TRO and TRO_HUM_COMPOSITE
(ALLPERIOD) L ——t s
On this map we observe clearly the differences in S
Indian ocean due to anomalieswith tape recorder S - ——

. . . . 0.0 0.2 04 06 08 10
especially in this region
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8. Annex 4: Comparison of GPD and AVISO wet troposphere corrections for ERS-
1 mission

Wet tropospheric correction comparison for
ERS-1 mission between

GPD (FCUP) and reference (AVISO) correction

The GPD correctionis called : COAST_WET_TRQ in the following study
The Reference correctionis called :TRO_HUM_COMPOSITE (it correspondsto the correction usedin AVISO
products)

David Alexandre, Michael Ablain (CLS)

Wet tropospheric correction

comparison for ERS-1 mission

Introduction:

« \We will observe and analyse the impact of the GPD (COAST_WET_TRO) wet tropospheric correction
ERS-1 from FCUP for climate applications

+ We will compare this correction with the reference wet tropospheric correction used in AVISO products
noticed TRO_HUM_COMPOSITE in this presentation

* In order to determine the impact of the new wet tropospheric correction in terms of climate applications
and temporal scales, we will try in this study to indicate for each impact detected ifit's a positive (+) or a
negative (-) impact :

‘ Low impact ‘

‘ No impact detected ‘
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Global Mean Sea Level

Found Robin Data Package Sea Level trend
(RROP)
Climate Temporal . .
COAST_WET_TRO = 0.1 mm/yr on the GlobalMSL is very low (especially over
Applications Scales v 4 iod
ersus a 4-year period).
TRO_HUM_COMPOSITE (see figure below)
T —
'Long—term ! Global M5L
evolution H Mission el, cycles 15 to 53
\(trend) H s:f’," S -
w """""""""""""""""" i - with COAST_WET_TRO Slope = 6.36 mmiyr [LE.A = 0.643] =
Global Mean m, el : —— SLA with TRO_HUM_COMPOSITE Siopa = 626 meniyr (LS R 7
Sea Level signals (> 1 ! AN A
vear) ! o \
Annual  and :
semi-annual : A
Signals :
Long-term i
Regional evolution
Megn Sea (trend) “
Level Annual  and
semi-annual
: 1 " 4 1 " 1 i " 1
Signals 1993 1994 1995 1996
" | Signals < 2 .
SROSCEE | months Temporal evolution of SLA mean calculated globally.

Global Mean Sea Level

No impact detected on Inter annual

Round Robin Data Package SlgnaIS
(RROP)
Climate Temporal .
S COAST_WET_TRO = The figure below shows the mean difference betweenthe
e cales .
Applications Versus two corrections calculated globally by cycle.
TRO_HUM_COMPOSITE
Long-term \
evolution : Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
H Mission el, cycles 15 to 53
e | e ; " » w0 “
Global Mea Inlter annhal | Lo mean-oages | sepe-odesmmyr
Sea Level sfemels () - r I
wear) | ! 3 I
ArTEt. and : 9y |
semi-annual ! =T [ ]
Signals g
Long-term =
- | evalution £
eglona (trend) L
kean Sea ]
Level Annual  and r '
semi-annual \ |
Signals asf | i I\ | ]
Mesoscale Slanels < 2 . . ” .
manths

Copyright CLS.



FORM-NT-GB-7-1

CLS-DOS-NT-13-246

SL-CCI Phase I: synthesis of additional activities

SLCCI-Synthesis-CCN-032

V1.3 Jan. 09, 15 53

Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sed Level sipells = '
................................. i
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Mesoscale

No impact detected on Annual and
Semi-annual Signals

Periodogram of SLA (reference period = 1 year)
Mission e, cycles 15 to 53
T T

Amplitude {em)

Period idays)

Periodogram of SLA (period = [0, 1 year])
Missian e1, cycies 15 ta 83
T St CoAST WET TG 1 e
< SUAwen TRD JUM_COMROSITE

s 4

Amgitude fcm)
4
T
.

sok

J J\/\!\ J “».x\\f:f\/\ﬂ / |

Period idays)

Round Robin Data Package
(RROP)
Climate Temporal
i i Senles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Long-term \
evolution !
{trend) :
Global Mean Inter annual :
Sed Level signalls > .
ear) H
Annual  and :
semi-annual :
Signals |
Long-term i
A evalution :
Mein Sea (trend) i
Annual  and H
Lewvel 1
semi-annual i
5 :
d i
Mesoscale ( signals <
manths
M
e

Strong impact detected on a short
temporal scale (sighals < 2 months):

—CrossoversVariance Differences are generally negative
(see figures on nextslide) between Oand-2 cm?: this
means thatthe new GDP correction is better than the
reference one. Fewisolated values are positive : it might
corresponds probably to spurious GPD correction (like for
GPD correction provided for Topex mission).

= Themap of SSH crossovers Variance Differences
showsthatthis improvementis especially near coasts but
alsoon large ocean. In fact several blue structures are
ohserved onlarge ocean.
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Mesoscale

VAR(SSH with COAST_WET_TRO) - VAR(SSH with TRO_HUM_COMPOSITE) = Map of Variance differences of Sea Surface
Mission e1. cycles 15 to 53 Height at crossovers between GPD and
o TRO_HUM_COMPOSITE (over allthe period)

ssovers : VAR(SSH with COAST_WET_TRO) - VAR(SSH with TRO_HUM_COM

-100 0 100 Mission el, cycles 15 to 53
SSH crossovers : difference of variances (cm”~2) 20 30 40 50
Mean = -0.4081 ¥ StdDev = 0.3591 !

2 -1 o 1 2

= Temporal evolution of Variance differences of Sea
SurfaceHeightatcrossovers between GPDand
TRO_HUM_COMPOSITE

Difference of variances (cm~2)

Regional Mean Sea Level

_ Significant impact detected on Regional

Round Robin Data Package Mean Sea Level
(RRDP)
Climate Temporsl COAST_WET_TRO . .
Applications Scales V;rsus_ — We obhserve a significant impact (between 0.2 and 1
mm#yr) especially in _coast areas but keep in mind the
TRO_HUM_COMPOSITE period study isvery short: only 4 years Il
lé?,gﬁlttieorr:n = it's likely an improvement of the regional trends because
{trend) i the GSSH crossovers analyses clearly highlight an
Global Mean |IMter annual i improvementofthe SSH in these coastareas.
Sed Level signalls > .
ear) !
Annual  and '
semi-annual :
Signalee !
L ong-term
Regional (evolution)
Mein Sea Ntrend)
Lovel | |AMMIET and ;
eve 9
semi-annual i
Signals E
Mesoscale Slanels < 2 i
manths i
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GPD
and TRO_HUM_COMPOSITE (over all the period)

SLA with COAST_WET_TRO trends - SLA with TRO_HUM_COMPOSITE trends
Mission el, cycles 15 to 53
T T T T T T

-100 0 100
Trends (mm/yr)
£ -
-1.0 0.5 0.0 05 1.0

Regional Mean Sea Level

Low impact detected on Annual and

Annual  and
semi-annual
Signals
Long-term
evalution

Round Robin Data Package Semi-Annual Signa|s
(RROP)
Climate . )
ronlicot Te;g;zzal COAST_WET_TRO = Amplitude differences are lowerthan 0.5 cm for
pplications Versus annual signal (see figures on next slide) and 0.25
TRO_HUM_COMPOSITE cm for semi-annual signal.
Lonlg’t?rm i = It's not possible to determine which correction
?t‘;ir:‘;‘f” : is the bestone fortheses scales
Global Mean Inter annual :
Sea Level semels (> i
ear) H

Regional
kean Sea
Lewvel

¥,
Annoal  andy
semi-annual

roignals
j S—

Signals < 2
manths

P

Mesoscale
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : annual signal

LA with COAST_WET_TRO amplitude - SLA with TRO_HUM_COMPOSITE amplitude : annual signz
Mission el, cycles 15 to $3
T

SLaA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : semi-annual signal

with COAST_WET_TRO amplitude - SLA with TRO_HUM_COMPOSITE amplitude : semi-annual si¢

Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30” corresponds to a period of one month

SLa with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
phase: annual signal

A T o m vy MLk haswssnnial gt SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
= phase : semi-annual signal

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE phase : semi-annual signal
Mission el. cycles 15 to 33
T
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Performances in coastal areas

In terms of SLAvariance, GPD correction is better than the reference onein coastalareas :
(to be noted only for coastal distance <50 km)

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPQOSITE)
Mission el, cycles 15 to 53
T 77—

T

— T T T
Mean = -0.3449

Difference of variances (cm~2)

Coastal Distance (km)

Variance differences of SLAversus coastal distances between GPD and TRO_HUN_COMPOSITE

Wet tropospheric correction

comparison for ERS-1 mission

To conclude:

RoundRobin Data Package

* GPD correction is better than the reference oneusedin

RRDP

AVISO products: ( )
Climets Temporal COAST_WET_TRO

= Better performances atcrossovers are clearly observed Applicaticns Scales Versus

near coasts and on large oceanin some areas. Caution,

; TRO_HUM_COMPOSITE
performances are degradedat crossoversfor 3 isolated

cycles:it's probably dueto spurious GPD correction as Long-termm !
observed for TOPEXmission (butnot demonstrated in this ewolution E
stucly). itrend) e
Global Mean Isr;ti;tsan(rlua} :
= A significantimpacton the regional MSLtrends in coast Ses Level yegar) :
areaswhich islikely adimprovementduethe reduction of Anmal and| T 1
variance at SSH crossoversinthese coastareas. Caution semi-annual :
should be exercised to analyse theseresults because the Signals :
periodis very short: only 4 years of data ERS-1 ! Long-term
sl evolution
= Finally, the analysis of SLAvariance differences versus fhean Sea f;re”dl) q
the coastaldistance confirmsa strongimprovementwith Level frua - arn :
- . semi-annual ;
GPD correction near coasts but only for coastal distances Signals :

inferiorto 50 km. For coastal distances includedbetween .
50and 100 km, the reference one used in AVISOproducts Mesoscale S‘g”atlhs « 2
is very slightly better. rmontns
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Wet tropospheric correction

comparison for ERS-1 mission

APPENDICES : some additional plots...

Few maps of statistic differences...

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission el, cycles 15 to 53
T

s
S0

100 0 100
Mean (cm)
3 L
-1.0 0.5 0.0 05 10

= Map of Standard deviation differences between
COAST_WET_TRO and TRO_HUM_COMPOSITE
(ALLPERIOD)

= Map of Mean differences between
COAST_WET_HUMand TRO_HUM_COMPOSITE
(ALLPERIOD)

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission el, cycles 15 to 53
T

Standard Deviation (cm)

0.0 05 1.0 15 20
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9. Annex 5: Comparison of GPD and AVISO wet troposphere corrections for ERS-
2 mission

Wet tropospheric correction comparison for
ERS-2 mission between

GPD (FCUP) and reference (AVISO) correction

The GPD correctionis called : COAST_WET_TRQ in the following study
The Reference correctionis called :TRO_HUM_COMPOSITE (it correspondsto the correction usedin AVISO
products)

David Alexandre, Michael Ablain (CLS)

Wet tropospheric correction

comparison for ERS-2 mission

Introduction:

« \We will observe and analyse the impact of the GPD (COAST_WET_TRO) wet tropospheric correction
ERS-2 from FCUP for climate applications

+ We will compare this correction with the reference wet tropospheric correction used in AVISO products
noticed TRO_HUM_COMPOSITE in this presentation

* In order to determine the impact of the new wet tropospheric correction in terms of climate applications
and temporal scales, we will try in this study to indicate for each impact detected ifit's a positive (+) or a
negative (-) impact :

‘ Low impact ‘

‘ No impact detected ‘
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
T —
-
Long-term H
(evolution) !
Wiendy o i
Global Mean IMnual E
Sea Level signals (> 1 1
vear) !
Annual  and :
semi-annual :
Signals
Long-term
- | evolution
Al {trend)
kean Sea
L Annual  and
evel )
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Global Mean

No impact detected on Global Mean
Sea Level trend

= 0.01 mm/yr on the GlobalMSL is very low (especially over
a 9-year period).
(see figure below)

Global MSL
Mission e2, cycles 1 to 85

F

40

&0

SLA with COAST_WET TRO
——  SLA with TRO_HUM_COMPOSITE

T

s'.m -I2.68 I;\Mf lILS\.R..- D.llsl
Stopa = 2,67 memyr LS R = 0.15]

Mean (cm)

Temporal evolution of SLA mean calculated globally.

Sea Level

Climate

Applications

Temporal
Scales

Round Robin Data Package
(RROP)

COAST_WET_TRO
Versus
TRO_HUM_COMPOSITE

Long-term
evolution

(fretrea,

Global Mea
Sed Level

Inter annial
signals (= |1
Wear)

ARTTET. and
semi-annual
Signals

Regional

Long-term
evalution
(trend)

kean Sea
Lewvel

Annual  an
semi-annual
Signals

d

Mesoscale

Signals <
manths

z

Low impact detected on Inter annual
Signals

= The figure below shows the mean difference betweenthe
two corrections calculated globally by cycle.
— We observed inter annual signals slightly marked.

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission e2, cycles 1 to 85
20 0 50 80

slope = 000G e | h

“U"_' = I’?nn-l‘n.)-b? i

Mean (cm)
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sed Level sipells = '
................................. i
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Mesoscale

No impact detected on Annual and
Semi-annual Signals

Periodogram of SLA (reference period = 1 year)

Amplitude {em)

Period idays)

Periodogram of SLA (period = [0, 1 year])
Missian £2, cycies 1 to 85
T

T St CoMST WET TG
< SUAwen TRD JUM_COMROSITE

Ampitude (cmi)

Round Robin Data Package
(RROP)
Climate Temporal
i i Senles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Long-term \
evolution !
{trend) :
Global Mean Inter annual :
Sed Level signalls > .
ear) H
Annual  and :
semi-annual :
Signals |
Long-term i
A evalution :
Mein Sea (trend) i
Annual  and H
Lewvel 1
semi-annual i
5 :
d i
Mesoscale ( signals <
manths
M
e

Low impact detected on a short
temporal scale (sighals < 2 months):

= Crossovers Variance Differences are generally negative
(see figures on nextslide) between Oand-2 cm?: this
means thatthe new GDP correction is better than the
reference one.

= The map of SSH crossovers Variance Differences
showsthattheseimprovementare concentratedin several
zones (seeblue structures on nextslide map)
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Mesoscale

VAR(SSH with COAST_ WET TRO) - VAR(SSH with TRO_HUM_COMPOSITE) = Map of Variance differences of Sea Surface
Heightat crossovers between GPD and
TRO_HUM_COMPOSITE (over allthe period)

S5H crossovers : VAR(SSH with COAST_WET_TRO) - VAR(SSH with TRO_HUM_COMPOSITE)
Mission e2, cycies 1 1o 85
0 “ w©

SSH crossovers : difference of variances (cm~2)

-2 -1 o 1 2

= Temporal evolution of Variance differences of Sea
SurfaceHeightatcrossovers between GPDand
TRO_HUM_COMPOSITE

Difference of variances (cm™2)

Regional Mean Sea Level

_ Significant impact detected on Regional

RoundRobin Data Package Mean Sea Level
(RROP)
Climate Temporsl COAST_WET_TRO .
Applications Scales v_ - —\\e observe a strong impact (between 0.2 and 1 mm#yr)
ersus in several areas.
TRO_HUM_COMPOSITE
LamE e 1 = it's likely an improvement of the regional trends because
evolution _the SSH crossovers an_alysgs clearly highlight a strong
{trend) i improvementofthe SSH in this severalareas.
Global Mean Inter annual :
Sea Level stgyals > :
ear) H
Annual  and :
semi-annual i
Sigoabea H
L ong-term
Rei 0 (e\.'olution
Megloga Ntrend)
EaN €8 | SRt and [
Level - :
semi-annual :
Signals !
Mesoscale Sieels < 2 H
months |
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GPD
and TRO_HUM_COMPOSITE (over all the period)

SLA with COAST_WET_TRO trends - SLA with TRO_HUM_COMPOSITE trends
M_is'iion e2, cycles 1 to 85
T T T T

Trends (mm/yr)

-0.2 -0.1 0.0 0.1 0.2

Regional Mean Sea Level

Low impact detected on Annual and

Annual  and
semi-annual
Signals
Long-term
evalution

Round Robin Data Package Semi-Annual Signa|s
(RROP)
Climate . )
ronlicot Te;g;zzal COAST_WET_TRO = Amplitude differences are lowerthan 0.5 cm for
pplications Versus annual signal (see figures on next slide) and 0.25
TRO_HUM_COMPOSITE cm for semi-annual signal.
Lonlg’t?rm i = It's not possible to determine which correction
?t‘;ir:‘;‘f” : is the bestone fortheses scales
Global Mean Inter annual :
Sea Level semels (> i
ear) H

Regional
kean Sea
Lewvel

¥,
Annoal  andy
semi-annual

roignals
j S—

Signals < 2
manths

P

Mesoscale
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : annual signal

SUA weh COAST_WET_TRO amgitude - SLA with TRO_HUM_COMPOSITE ampiitude : anual signat
3, cxres 10w

SLaA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : semi-annual signal

SUA with COAST_WET_TRO ampitude - SLA with TRO_HUM_COMPOSITE amplitude : semi-annual signal
Mission o2, cpfies 18 B8
T T T T T

T

Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30” corresponds to a period of one month

SLa with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
phase: annual signal

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE phase - anfual sgnal 3 .
Shvwes o3 cres 1 o Y SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
phase : semi-annual signal

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE phase : semi-annual signal
Sassian o3 cysies 119 85
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Performances in coastal areas

In terms of SLAvariance, GPD correction is generally better than the reference onein coastalareas:
(to be noted a strange behavior for coastal distance between 45 and 65 km)

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPOSITE)

— T T T
Mean = -0.4462

Difference of variances (cm~2)

Mission e2, cycles 1 to 85
T T T

—

T

Coastal Distance (km)

Variance differences of SLAversus coastal distances between GPD and TRO_HUN_COMPOSITE

Wet tropospheric correction
comparison for ERS-2 mission

To conclude:

» GPD correction is better than the reference one used in
AVISO products:

— Better performances atcrossovers and improvement of
theregionalMSLtrends

RoundRobin Data Package
{(RROP}
Cliimzie Termnporal COAST_WET_TRO
Applications Scales Versus
TRO_HUM_COMPOSITE
Long-term |
evolution :
{trend) e
Global tean Isr;;;tsan(rlua}
Sea Level ]
i1 I 3
Annual  and :
semi-annual :
Signals i
Long-term
sl evolution
{trend)
Mean Sea
Level .ﬁnngal and :
semi-annual ;
Signals .
rmonths
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Wet tropospheric correction

comparison for ERS-2 mission

APPENDICES : some additional plots...

Few maps of statistic differences...

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission e2, cycles 1 to 85
T

= Map of Mean differences between
COAST_WET_HUMand TRO_HUM_COMPOSITE
(ALLPERIOD)

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission €2, cycles 1 to 85
- T

100 0 100 —
Mean (cm)
. L —— 50
1.0 05 0.0 05 10

0

= Map of Standard deviation differences between 50

COAST_WET_TRO and TRO_HUM_COMPOSITE =2 = e e

(ALLPERIOD) L . L v

Standard Deviation (cm)
-

0.0 05 10 15 20
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10. Annex 6: Comparison of GPD and AVISO wet troposphere corrections for
Jason-1 mission

Wet tropospheric correction comparison for
Jason-1 mission between

GPD (FCUP) and reference (AVISO) correction

The GPD correctionis called : COAST_WET_TRQ in the following study
The Reference correctionis called :TRO_HUM_COMPOSITE (it correspondsto the correction usedin AVISO
products)

David Alexandre, Michael Ablain (CLS)

Wet tropospheric correction

comparison for Jason-1 mission

Introduction:

« \We will observe and analyse the impact of the GPD (COAST_WET_TRO) wet tropospheric correction
Jason-1from FCUP for climate applications

+ We will compare this correction with the reference wet tropospheric correction used in AVISO products
noticed TRO_HUM_COMPOSITE in this presentation

* In order to determine the impact of the new wet tropospheric correction in terms of climate applications
and temporal scales, we will try in this study to indicate for each impact detected ifit's a positive (+) or a
negative (-) impact :

‘ Low impact ‘

‘ No impact detected ‘
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Sea Level

{RROP)
Climate Temporal COAST_WET_TRO
Applications Scales Versus
TRO_HUM_COMPOSITE
P

Round Robin Data Package

rLong—terrn
evolution
Wtrend)

Global Mean
Sed Level

Inter—annual
signals (> 1
vear)

Annual  and
semi-annual
Signals

Regional

Long-term
evolution
{trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesozcale

Signals < 2
rmanths

.................................

Global Mean

No impact detected on Global Mean
Sea Level trend

= 0.06 mm/yr on the GlobalMSL is very low (especially over
a 9-year period).
(see figure below)

Global MSL
Mission j1, cycles 2 to 331
100 200 300
" siope = 2.1 menir [LSR = 0.0772) =
Slope = 2.57 mmiyr [LSR = 0.0769]|

Py - SEAML;COASII_WE’_TROI
—~— SLAwith TRO_HUM_COMPOSITE

Mean (cm)

Temporal evolution of SLA mean calculated globally.

Sea Level

Climate

Applications

Temporal
Scales

Round Robin Data Package
(RROP)

COAST_WET_TRO
Versus
TRO_HUM_COMPOSITE

Long-term
evolution

(fretrea,

Global Mea
Sed Level

Inter annial
signals (= |1
Wear)

ARTTET. and
semi-annual
Signals

Regional

Long-term
evalution
(trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesoscale

Signals < 2
manths

No impact detected on Inter annual
Signals

— The figure below shows the mean difference betweenthe
two corrections calculated globally by cycle.

= Notice that the signal observed on 2008-2009 highlightthe
improvement ofthe Jason-1 enhancement products usedin
GPD correction (in RADS) andnotusedin CCIWTC in
release1, this signalis not cdue directly to the GPD correction.

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j1, cycles 2 to 331

100 200 300
F T T
s r . Mean = -0.02969 Slope = ﬂlﬁ mmuyr ‘ .
0.3 :— 1
E o [l. b
F I
Pt h
0.1 : . -
i |"“¥ !
a.n:— i l_ B
i L e S it d ]
0.1 F 1 1 1 1 -
2004 2006 2008 2010
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_COMPOSITE
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sed Level sipells = '
................................. i
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Mesoscale

No impact detected on Annual and
Semi-annual Signals

Periodogram of SLA (reference period = 1 year)
Mission |1, cycles 2 to 331
T

LA WIth COAST_WET.
Qs SAwith TRO_HUM

an

Amplitude {em)

a0

Period idays)

Periodogram of SLA (period = [0, 1 year])
Mission |1, cycles 2 to 331
T

St CoMST WET TG
6| e st wen TR s cOMBOBTE ]

Ampitude (cmi)

szf 4

u\/\/\/\./\/\\u'\
oo ]

Round Robin Data Package
(RROP)

Climate Ternporal
Applications Scales

COAST_WET_TRO
Versus
TRO_HUM_COMPOSITE

Long-term
evolution
(trend)
Inter annual
signals (= 1
ear)
Annual  and
semi-annual
Signals
Long-term
evalution
{trend)
Annual  and
semi-annual
515{;@;—._
o N
Signals < 2

manths
M /
e —

Global Mean
Sed Level

Regional
kean Sea
Lewvel

Mesoscale (

Low impact detected on a short
temporal scale (sighals < 2 months):

= Crossovers Variance Differences are alternatively
negative and positive (see figures on next slide) between
0.5and-0.5 cm?: this indicator can’thelp us to determine
which solution isthe best(see annex).

= The map of SSH crossovers Variance Differences
showsthatthe impactis more strongernear coasthbut
that's also difficultto determine the best solution. The two
solutions seems very similar at mesoscale.

— Themap of SLAvariance differences (see figure on
nextslide) shows generally animprovementnear coasts
particularly in Indonesia and Caribbean regions.
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Mesoscale

VAR(SSH with COAST_ WET TRO) - VAR(SSH with TRO_HUM_COMPOSITE) = Map of Variance differences of Sea Surface
e o Height at crossovers between GPD and

TRO_HUM_COMPOSITE (over allthe period)

SSH crossovers : VAR(SSH with COAST_WET_TRO) - VAR(SSH with TRO_HUM_COMPOSITE)
1 " " A " 1 " " " i Il " N i " Mission 1, cycles 2 to 331
<100 ° 100 : l:“ l:ﬂ 300
SSH crossovers : difference of variances (cm~2) — - o6y RO = 0163

04 0.2 00 02 0.4

= Temporal evolution of Variance differences of Sea
SurfaceHeight atcrossovers between GPDand
TRO_HUM_COMPOSITE

Difference of variances (cm™2)

Mesoscale

= Map of SLAvariance differences betweenthe two corrections selectingtemporal signallower than 2
months:

- Improvementin Indonesia area andin Caribbean sea

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPOSITE) for FILTER HF
Mission j1, cycles 2 to 331
T _— T .5 T T

100 o 100
Difference of variances HF (cm~2)
i B —
-1.0 0.5 0.0 0.5 10
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Regional Mean Sea Level

_ Significant impact detected on Regional

Found Robin Data Package Mean Sea Level
(RRDP)
SIS Temporsl COAST_WET_TRO L )
Applications Scales Vereus = We observe a strong positive impact on the regional
ersus trends near coast and a low positive impact in offshore
TRO_HUM_COMPOSITE
ocean
Leng-term -
evolution i = To be n_oted few structures of positive values appear
{trend) i (seenextslide)
Global Mean Inlterl an(rlua1l :
Sealevel |'8M8%
vear)
Annual  and :
semi-annual :
Slgaabe ;
I'fong—terrn
) ( evolution
Regional \(trend)
Mean Sea :
Armrat and !
Lewvel . :
semi-annual :
Signals |
Mesozcale Signels < 2 H
rmanths H

Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GPD
and TRO_HUM_COMPOSITE (over all the period)

SLA with COAST_WET_TRO trends - SLA with TRO_HUM_COMPOSITE trends
Mission j1, cycles 2 to 331
T T T T T

50

100 0 100
Trends (mm/yr)
) B
0.2 0.1 0.0 0.1 0.2
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Regional Mean Sea Level

Round Robin Data Package Semi-Annual Signals
(RROP)

Climate Ternporal

Pl S enles COAST_WET_TRO = Amplitude clifferences are lowerthan 0.5 cm for
pplications

Versus annual signal (see figures on nextslide)and 0.25
TRO_HUM_COMPOSITE cm for semi-annual signal.

Leng-term
evolution
(trend)
Inter annual
signals (> 1
year)
Annual  and
semi-annual
Signals
Long-term
evolution

— It's not possible to determine which correction
is the bestone fortheses scales

Global Mean
Sed Level

Regional
kean Sea

(frepre—
Level (’An nual  anch

semi-annual
rSignals
e

Signals < 2
rmanths

Mesozcale

Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : annual signal

SUA wth COAST_WET_TRO amgitude - SLA with TRO_HUM_COMPOSITE ampiitude : anual signat
sassion 11 cycien 310 331

SLA with COAST_WET_TRO amplitude - SLA with
TRO_HUM_COMPOSITE amplitude : semi-annual signal

SUA with COAST_WET_TRO ampitude - SLA with TRO_HUM_COMPOSITE ampltude : semiannual signal
swusion 1 eycies 216 331
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30° corresponds to a period of one month

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
phase: annual signal

SLA win COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE phase - anfusl signal 5 i
S cpdendie 1) SLaA with COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE
= - phase : semi-annual signal

‘SLA With COAST_WET_TRO phase - SLA with TRO_HUM_COMPOSITE phase : semi-annual signal
Sassian ), ries 3163

Performances in coastal areas

In terms of SLAvariance, GPD correction is hetter than the reference onein coastalareas :
(to be noted a strange behavior for coastal distance <10 km)

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_COMPQSITE)
Mission j1, cycles 2 to 331
T

L e — T
- Mean = -0.2167

Difference of variances (cm™2)

1 1 1 1
20 40 60 B0 100

Coastal Distance (km)

Variance differences of SLAversus coastal distancesbetween GPD and TRO_HUM_COMPOSITE
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About availability valid measurements...

Difference of number of hits COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j1, cycles 2 to 331

(x10%) 100 200 300
—————r———————+————————

Hits

1 1 1 L
2004 2006 2008 2010

Thisfigure showsthe number difference between the two correction s calculated globally by cycle.

Concerning TRO_HUM_COMPOSITE, it'sthe number of valid measurements with our validity flag

Concerning COAST_WET_TRO, it's the number of valid maasurements with ourvalidity flag andwalidity flag of gpd equalto 0 or 1
0= pointfor which the radiometer correction {rad_wet_tropo_cor) is valid - for these pointswet_GPD=rad_wel_tropo_cor

1=wiet_GFD s avalid estimate

- For all cycles, the number of measurementsis close (slightly less with GPD), but they are missing GPD
measurements forcycles 114,177 and 248 ( < 1000 values)

About remaining spurious GPD values

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j1, cycles 2 to 331
100 200 300

T T T T T T T T T T T T
— Mean = 0.3574 J z U

08f- e This figure shows the standard deviation
I 1 difference between the two corrections
I | calculated globally by cycle.
06} = Tobe noted a strongimpactfor 6 cycles. The
r l 1 cyclenumbers are 32,46, 69, 262, 284 and
I P ; | 316.
o w‘ il % :: A ) I A A A IL}L:
Vf &L@. d M\vfﬂwr "’.,J 4.4‘?'“%:;‘; 'LL ﬁrﬁ &.f 5!}"-,.#' Forall cyclesandmainly cycles noted above,
[ . W | | some values of COAST_WET_TROare out
02k “! i ofthreshold (see nextslide):

Standard deviation (cm)

" N L " " " " " " L 1 .
2004 2006 2008 2010
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About remaining spurious GPD values

ABS(COAST_WET_TRO -
TRO_HUM_COMPOSITE) Cycle 45 Cycle 46
Values number >=0.1m 5 98

-100 o 100

abs(COAST_WET_TRO - TRO_HUM_COMPOSITE) >= 0.1m
= Mission c46 _ —
e ASR =

60 Ry

awf

20~

20

salvaalay

a0 f,

Wet tropospheric correction

comparison for Jason-1 mission

To conclude:

« GPD correction is better than the reference one usedin Reind ROb(ER%apt)a el
AVISO products particularly near coasts:
= Improvement ofthe regional MSL trends Climate Temporal COAST WET_TRO
— However spurious measurements are probably Applications Scales Versus
remaining in GPD correction for few cycles TRO_HUM_COMPOSITE
Long-term |
— Notice that the signal observed on 2008-2009 (slide 4) evolution :
highlightthe improvement ofthe Jason-1 enhancement (trend)
product s usedin GPD correction (in RADS)and not used Global Mean L’]?ti;tsa”(:“a} 5
in CCIWTC in release1, this signalis not due directly to Sea Level yegar) :
the GPD correction. oAl and| T ‘
semi-annual :
Signals i
Long-term
Regicnal evolution
Mein Sea firenc)
Level .ﬁnngal and i
semi-annual :
Signals ]
Mesascale Slenele < 2 E
rmonths ]
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Wet tropospheric correction
comparison for Jason-1 mission

APPENDICES : some additional plots...

Few maps of statistic differences...

Mean of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j1, cycles 2 to 331
T

= Map of Mean differences between
COAST_WET_HUMand TRO_HUM_COMPOSITE
(ALLPERIOD)

Onthis map we observe clearly the differences near
coast.

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j1, cycles 2 to 331
¥ T

Mean (cm)

0.2 0.1 0.0 0.1 02

= Map of Standard deviation differences between 50
COAST_WET_TRO and TRO_HUM_COMPOSITE
(ALLPERIOD) L . ! :

On this map we observe clearly the differences in S

Indian ocean due to anomalieswith tape recorder S -
especially in this region 0 o2 o e e 1o
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11. Annex 7: Comparison of GPD and AVISO wet troposphere corrections for
Jason-2 mission

Wet tropospheric correction comparison for
Jason-2 mission between

GPD (FCUP) and reference (AVISO) correction

The GPD correctionis called : COAST_WET_TRQ in the following study
The Reference correctionis called :TRO_HUM_RAD (it correspondstothe correction usedin AVISO products)

David Alexandre, Michael Ablain (CLS)

Wet tropospheric correction

comparison for Jason-2 mission

Introduction:

« \We will observe and analyse the impact of the GPD (COAST_WET_TRO) wet tropospheric correction
Jason-2 from FCUP for climate applications

+ We will compare this correction with the reference wet tropospheric correction used in AVISO products
noticed TRO_HUM_RAD in this presentation

* In order to determine the impact of the new wet tropospheric correction in terms of climate applications
and temporal scales, we will try in this study to indicate for each impact detected ifit's a positive (+) or a
negative (-) impact :

‘ Low impact ‘

‘ No impact detected ‘
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate Ternporal
) . S nles COAST_WET_TRO
Applications Versus
TRO_HUM_RAD
T —
-
Long-term H
(evolution) !
Wiendy o i
Global Mean m. nnual :
SeeLevel |SiZmals (> 1 H
vear) !
Annual  and :
semi-annual :
Signals
Long-term
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Global Mean

No impact detected on Global Mean
Sea Level trend

= only 0.01 mm/yr difference on the Global MSL
(see figure below)

Global MSL
Mission j2, cycles 2 to 91
0 40 0 80
SLA with CDAST, WET_TRO T Slope = 281 mmiTLS R = 0.341]

B0 Sl with TRO_HUM_AAD Siope = 2.6 mmiyr ISR = 0.342] ]

Mean (cm)

M|
20000

1
20105

P - L
2009.5 20100

Temporal evolution of SLA mean calculated globally.

Sea Level

Climate

Applications

Temporal
Scales

Round Robin Data Package
(RROP)

COAST_WET_TRO
Versus
TRO_HUM_RAD

Long-term
evolution

(fretrea,

Global Mea
Sed Level

Inter annial
signals (= |1
Wear)

ARTTET. and
semi-annual
Signals

Regional

Long-term
evalution
(trend)

kean Sea
Lewvel

Annual  and
semi-annual
Signals

Mesoscale

Signals < 2
manths

No impact detected on Inter annual
Signals

= The figure below shows the mean difference betweenthe
two corrections calculated globally by cycle.

Mean of COAST_WET_TRO - TRO_HUM_RAD
Mission j2, cycles 2 to 91

x10™) 20 0 60 80
T

+ " Mean = -0/005037

[ Siope = -0.00878 Ity

Mean (cm)

2009.0 010.0 0105

= To be noted a strange behaviour on cycle 39 (see slide
aboutremainingspurious GPD values).
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Global Mean Sea Level

Round Robin Data Package
(RRDP)
Climate T |
esm Dlo el COAST_WET_TRO
Applications cales Versus
TRO_HUM_RAD
Leng-term H
evolution !
(trend) :
Global Mean Inter annual :
Sed Level sipells = '
................................. i
Annual :
(semi—annua :
\Signals
Lofme=tErm
I— evolution
Megn Sea i)
Level Annual  and
semi-annual
Signals
Mesozcale Starels < 2
rmanths

Mesoscale

No impact detected on Annual and
Semi-annual Signals

Periodogram of SLA (reference period = 1 year)
Mission 2, cydes 2 1o 91
T S with COAST_WET H .J

Amplitude {em)

Period idays)

Periodogram of SLA (period = [0, 1 year])
Mission |2, cycles 2 o 91
T

T St CoMST WET TG
se| — SUAwEnTED A D

Ampitude (cmi)

Climate

Applications

Round Robin Data Package
(RROP)

Temporal
Scales

COAST_WET_TRO
Versus
TRO_HUM_RAD

Long-term
evolution
(trend)

Global Mean
Sed Level

Inter annual
signals (= 1
ear)

Annual  and
semi-annual
Signals

Regional

Long-term
evalution
(trend)

kean Sea
Lewvel

Annual  and
semi-annual

Mesoscale (

Sighalim
=

manths
M /
e —

<)

Signals

Low impact detected on a short
temporal scale (sighals < 2 months):

= Crossovers Variance Differences are alternatively
negative andpositive (see figures on nextslide) between
0.2and-0.2 cm?®: this meansthatthe new GDP correction
is equivalenttothe reference one.

= The map of SSH crossovers Variance Differences
shows a light degradationin Incdonesia area relatedto
spurious GPD correction (see annex)

= Themap of SLAvariance differences (see figure on
nextslide) confirms a light degradation of SSH consistency
in the same area but only for one pass.
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Mesoscale

VAR(SSH with COAST_WET TRO) - VAR(SSH with TRO_HUM_RAD) = Map of Variance differences of Sea Surface

e acsing Heightat crossovers between GPD and
'v A By TRO_HUM_RAD (overallthe period):

: : - Alight degradationin Incdonesia area

SSH crossovers : VAR(SSH with COAST_WET_TRO) - VARISSH with TRO_HUM_RAD)
1 " " " " 1 " " " " 1 " " " " Misston 2 cyches 2 10 91

2 ) ® "
= Y T T ¥ T pa!
SSH crossovers : difference of variances (cm~2) " Man s o013 Seev « 01130

02 01 00 01 02

= Temporal evolution of Variance differences of Sea
SurfaceHeight atcrossovers between GPDand
TRO_HUM_RAD:

-No oneis better

Difference of variances (cm™2)

Mesoscale

= Map of SLAvariance differences betweenthe two corrections selectingtemporal signallower than 2
months:

- Improvementin Indonesia area exceptfora pass

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_RAD) for FILTER HF

Mission j2, cycles 2 to 91
T T T W_"—L_ T T T T

Difference of variances HF (cm~2)

-0.2 -0.1 0.0 0.1 0.2
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Regional Mean Sea Level

Round Robin Data Package

7?7 impact detected on Regional Mean
Sea Level

(RRDP)
Climate Temporal COAST_WET_TRO
Applications Scales Versus
TRO_HUM_RAD
Long-term :
evolution :
(trend) I
Global Mean Inlterl an(rlua1l .
Sealevel |'8M8% :
vear) :
Annual  and i
semi-annual .
Sigoae
I'fong—terrn
) ( evolution 7?
Fegional \(trend)
Mean Sea Pt e mms s e
Armrat and
Lewvel )
semi-annual
Signals
Mesozcale signals < 2
rmanths

— We observea?? impact

Regional Mean Sea Level

= Map of Sea Level Anomaly differences between GPD
and TRO_HUM_RAD (overallthe period)

SLA with COAST_WET_TRO trends - SLA with TRO_HUM_RAD trends

Mission j2, cycles 2 to 91
.,_IT_‘L,_| T T T T T T T

-0.4 -0.2

Trends (mm/yr)

0.0
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Regional Mean Sea Level

Round Robin Data Package Semi-Annual Signals
(RROP)

Climate Ternporal

Pl S enles COAST_WET_TRO = Amplitude differences are lowerthan 0.10 ¢m for
pplications

Versus annual signal (see figures on nextslide) and 0.05
TRO_HUM_RAD cm for semi-annual signal.

Long-term : = It's not possible to determine which correction

?t\f;l:dti)on : isthe bestone fortheses scales

Inter annual
signals (> 1
year)
Annual  and
semi-annual
Signals
Long-term
evolution

Global Mean
Sed Level

Regional
kean Sea

(frepre—
Level (’An nual  anch

semi-annual
rSignals
e

Signals < 2
rmanths

Mesozcale

Regional Mean Sea Level

= Map of Sea Level Anomaly differences amplitude for annual signal

= Map of Sea Level Anomaly differences amplitude for semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with TRO_HUM_RAD
amplitude @ annual signal

SUA with COAST_WET_TRO ampiitue - SLA weh TRO_HUM_RAD ampitude : annua! signal
Miswon 3. cycies 2159

SLA with COAST_WET_TRO amplitude - SLA with TRO_HUM_RAD
amplitude : semi-annual signal

SLA with COAST_WET_TRO amplitude - SLA with TRO_HUM_RAD amplitude - sembanual signak
Msgion 13 cyeien 315 91
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Regional Mean Sea Level

= Map of Sea Level Anomaly differences phase for annual signal.
= Map of Sea Level Anomaly differences phase for semi-annual signal.

To be noted a phase value equal to 30° corresponds to a period of one month

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_RAD phase:
annual signal

SUA with COAST_WET_TRO giase - SLA with TRO_HUM_RAD piase - anscal signal

SLA with COAST_WET_TRO phase - SLA with TRO_HUM_RAD phase :
semi-annual signal

‘SLA wth COAST_WET_TRO phase - SLA with TRO_HUM_RAD phase : semi-annual signal

Performances in coastal areas

In terms of SLAvariance, GPD correction is clearly better than the reference for coastal distanceis
inferiorto 20 km :

VAR(SLA with COAST_WET_TRO) - VAR(SLA with TRO_HUM_RAD)
Mission j2. cycles 2 to 91
) e

L e — T
- Mean = 0.01726

Difference of variances (cm™2)

0.4

1 1 1 1
20 40 60 B0 100

Coastal Distance (km)

Variance differences of SLAversus coastal distancesbetween GPD and TRO_HUNM_RAD
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About availability valid measurements...

Difference of number of hits COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j2, cycles 2 to 91
20 40 60 80

Hits

-700

2009.0 2009.5 20100 20105

Thisfigure showsthe number difference between the two correction s calculated globally by cycle.
Concerning TRO_HUM_COMPOSITE, it's the number of valid measurements with ourvalidity flag
Concerning COAST_WET_TRO, it's the number of valid maasurements with ourvalidity flag andwalidity flag of gpd equalto 0 or 1

0= pointfor which the radiometer correction {rad_wet_tropo_cor) is valid - for these pointswet_GPD=rad_wel_tropo_cor
1=wiet_GFD s avalid estimate

- For all cycles, the number of measurementsis close (slightly less with GPD), but they are missing GPD
measurements forcycle 9 ( < 600 values)

About remaining spurious GPD values

Standard deviation of COAST_WET_TRO - TRO_HUM_COMPOSITE
Mission j2, cycles 2 to 91

20 a0 60 80

- Mean = 0.3317 l ' ' J .

0
' This figure shows the standard deviation

difference between the two corrections
H i calculated globally by cycle.

To be noted a strongimpact for 2 cycles. The
H cyclenumbersare 19and 39.

0.8

0.6/ =1 -
‘ | Forall cycles and mainly cycles noted above,

somevalues of COAST_WET_TROare out
| ‘ ofthreshold (see nextslide):

Standard deviation {cm)

LIS A R S B |

0.4 |

5
I ﬁ___
'%L
E ;
53
-
5
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About remaining spurious GPD values

ABS(COAST_WET_TRO -
TRO_HUM_COMPOSITE)

Cycle 38 Cycle 39

Walues number »=0.1m

40 582

abs(COAST_WET_TRO - TRO_HUM_COMPOSITE) >= 0.1m

60

40

b4

20

-20

-40

LRI B L LA PR A

-60

slon j2. ¢

Wet tropospheric correction
comparison for Jason-2 mission

To conclude:

* GPD correction is equivalentthan the reference one used
in AVISO products:

— Few better performances atcrossovers particularly in
Indonesia area

— However spurious measurements are probably
remainingin GPD correction for few cycles and missing
measurements have also been detected for few cycles

RoundRobin Data Package
{(RROP}
Cliimzie Termnporal COAST_WET_TRO
Applications Scales Versus
TRO_HUM_RAD
Long-term '
evolution :
trend) | :
Global tean Isr;ti;tsan(rlua}
Sea Level s i
vear) H
Annual  and :
semi-annual :
Signals i
Long-term H
) evolution ?? H
Regional . H
{trend) i
Mean Sea 0 1 7] B s
Level fnuat e
semi-annual :
Signals i
Mesoscale Slenele < 2 :
rmonths ]
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Wet tropospheric correction
comparison for Jason-2 mission

APPENDICES : some additional plots...

Few maps of statistic differences...

Mean of COAST_WET_TRO - TRO_HUM_RAD
Mission j2, cycles 2 to 91
T

< AL

= Map of Mean differences between
COAST_WET_HUMand TRO_HUM_RAD (ALL
PERIOD)

Onthis map we observe clearly the differences near
coast.

Standard deviation of COAST_WET_TRO - TRO_HUM_RAD
Mission j2, cycles 2 to 91
- 7 -

Mean (cm)

0.2 0.1 0.0 01 02

= Map of Standard deviation differences between 50
COAST_WET_TRO and TRO_HUM_RAD (ALL
PERIOD) L . ! :

On this map we observe clearly the differences in S

Indian ocean due to anomalieswith tape recorder S | e—
especially in this region 0 o2 o e e 1o
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