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1. [bookmark: _Toc319330159]Introduction
The main objective of this document is to provide the analysis of the RRDP reports dedicated to the oceanic tidal model in open ocean (WP2400) in order to estimate the best algorithm to compute this correction and improve the sea-level calculation for climate applications. 
The following Round Robin Data Packages (RRDP) have been performed for Envisat and Jason-1 where the impact of new GOT4V8 tide model have been analyzed in comparison with GOT4.7 and FES04 models:

1. RRDP_WP2400_Tide_GOT4V8_vs_FES04_11-08-25.pdf
1. RRDP_WP2400_Tide_GOT4V8_vs_GOT4V7_11-08-25.pdf

GOT4.8 is the last version of the GOT model produced by R. Ray (2011); the difference with GOT4.7 is due to a better processing of the dry tropospheric correction for altimeter data (correcting for S1 and S2 effects). 

This document discuss the impact of all new algorithms separating the different climate applications defined in the sea level CCI URD (User Requirement Document) and separating the several temporal scales related with climate applications. A clearly and easily understandable impact indicator has been defined and is described in annex of this document (see Erreur ! Source du renvoi introuvable.).

[bookmark: _Toc310957461][bookmark: _Toc319330160]Global Mean Sea Level
[bookmark: _Toc310957462][bookmark: _Toc319330161]Long-term evolution
[bookmark: _Toc310957463][bookmark: _Toc319330162]Validation diagnoses used 
The validation diagnostic of the long-term sea-level evolution (A08-a) allows us to evaluate the impact on the global MSL trend using successively the different tidal model. Their impact is also analyzed separating descending and ascending passes (A08-b): the reduction of the MSL trend differences is a good quality criterion to determine which correction is the best one. 
[bookmark: _Toc310957464][bookmark: _Toc319330163]GOT4.8 Tide model
Using GOT 4.8 instead of GOT4.7 or FES04 models has no impact on global MSL trend estimation. 
[bookmark: _Toc310957465][bookmark: _Toc319330164]Inter-annual signals
[bookmark: _Toc310957466][bookmark: _Toc319330165]Validation diagnoses used
The monitoring of the differences between both corrections (A01) but also of the variance differences of SLA (A05) may provide information concerning the impact of the studied correction on the global MSL at inter-annual time scales.

[bookmark: _Toc310957467][bookmark: _Toc319330166]GOT4.8 Tide model
Considering GOT4.8 – GOT4.7 differences, no inter-annual signal is visible on ENVISAT data. Considering J1 data, we observe a diminution of the standard deviation of the difference of both models by 1 mm on the end of the period (from 2009); this variability is not explained.
We also note a slight diminution of the difference GOT4.8 – FES 2004 as a function of time, mostly visible for ENVISAT mission.
 
[image: ]
[bookmark: _Toc310957405][bookmark: _Toc319330145]Figure 1: [Diagnosis A01] Standard deviation differences of tide models (GOT4.8 - GOT4.7) for Jason-1 

[image: ]
[bookmark: _Toc310957406][bookmark: _Toc319330146]Figure 2: [Diagnosis A01] Standard deviation differences of tide models (GOT4.8 – FES 2004) for Envisat

[bookmark: _Toc310957468][bookmark: _Toc319330167]Annual, semi-annual signals and 60-day signals
[bookmark: _Toc310957469][bookmark: _Toc319330168]Validation diagnoses used 
The periodograms of differences between two different tide models allow us to determine the impact of the studied correction at annual and semi-annual scales (A03). Analyzing the difference of sea-level periodograms (A12), we can describe which correction allows us to reduce the periodic signals. Generally, a reduced annual or semi-annual signal is a good indication of a better correction.
[bookmark: _Toc310957470][bookmark: _Toc319330169]GOT4.8 Tide model
None significant impact is detected for these periods.
[bookmark: _Toc310957471][bookmark: _Toc319330170]58.74 days signals
Diagnostic ADD3 shows the periodograms of the residual SLA corrected from either tide model. 
The analysis shows that Jason-1 residuals corrected from GOT4.8 show a lower amplitude for 58.74 days frequency (1.5 mm) than when corrected from GOT4.7 (3 mm).
However, Jason-1 residuals corrected from GOT4.8 still show a higher amplitude for this frequency than when corrected from FES 2004 (0.5 mm).
[bookmark: _Toc310957472][bookmark: _Toc319330171]Regional Mean Sea Level
[bookmark: _Toc310957473][bookmark: _Toc319330172]Long-term evolution
[bookmark: _Toc310957474][bookmark: _Toc319330173]Validation diagnoses used 
The validation diagnosis of the regional trend of sea-level differences using successively tidal models (A11a) allows us to evaluate the impact of the different corrections on the local MSL trends. Their impact is also analyzed separating descending and ascending passes (A11b): the reduction of the MSL trend differences is a good quality criterion to determine the best correction. 
[bookmark: _Toc310957475][bookmark: _Toc319330174]GOT4.8 Tide model
Using either GOT4.8 or GOT4.7 model doesn’t have any significant impact on regional MSL trend estimations.
However using GOT4.8 instead of FES 2004 model can have a significant impact on regional MSL in several regions. Concerning Envisat regional MSL, the impact is visible in deep ocean with a stronger impact in Indian ocean and between Australia and New-Zealand, in some shallow water regions and at high latitudes. Concerning Jason-1, there is no impact in deep ocean, but a strong impact (1-2 mm/yr) at high latitudes and in some shallow water regions.
[image: ][image: ]
[bookmark: _Toc310957407][bookmark: _Toc319330147]Figure 3: [Diagnosis A11] Differences of SLA trends computed with the GOT4.8 model and with  the GOT4.7 model for  Envisat mission (above) and Jason-1 mission (below).

[image: ]
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[bookmark: _Toc310957408][bookmark: _Toc319330148]Figure 4: [Diagnosis A11] Differences of SLA trends computed with the GOT4.8 model and with  the FES 2004 model for  Envisat mission (above) and Jason-1 mission (below).
[bookmark: _Toc310957479][bookmark: _Toc319330175]58.74-day signals
Diagnostic ADD2 shows the differences between 58.74 days signal amplitude computed from SLA corrected from either tide model.
Considering the GOT4.8 - GOT4.7 differences, we clearly see the impact of the corrected S2 in GOT4.8. 58.74 days signal differences show a diminution reaching 0.5 cm in deep ocean; they are mostly localized at mid-latitudes.
If comparing GOT4.8 and FES 2004, many differences exist both in deep ocean and in all shallow waters; amplitude of these differences reach more than 0.5 cm.
[image: ]
[bookmark: _Toc310957409][bookmark: _Toc319330149]Figure 5: [Diagnosis ADD2] Differences of amplitudes of 58.74 days signal estimated from SLA corrected from GOT4.8 or GOT4.7, for Jason-1 mission (+/-0.5 cm).

[image: ]
[bookmark: _Toc310957410][bookmark: _Toc319330150]Figure 6: [Diagnosis ADD2] Differences of amplitudes of 58.74 days signal estimated from SLA corrected from GOT4.8 or FES 2004, for Jason-1 mission (+/-0.5 cm).

[bookmark: _Toc310957480][bookmark: _Toc319330176]Mesoscale
[bookmark: _Toc310957481][bookmark: _Toc319330177]Validation diagnoses used
Along-track sea-level analyses and differences at crossover points allow us to detect improvements at short temporal scales (< 2months) for mesoscale applications. The most relevant diagnostics performed in RRDP are the monitoring and the map of the variance SSH differences using successively 2 different tidal models.
Diagnostics A05 and A07 display the monitoring and the map of SSH variance differences at crossover points: the reduction of variance indicates a better homogeneity of the sea-level between ascending and descending tracks within a 10-day window.
Diagnostics A09 and ADD1 display the monitoring and the map of SSH variance differences relative to a mean sea surface (MSS): the reduction of variance indicates a better homogeneity with the MSS. Most of the time, it indicates an improvement of the sea-level computation. But note that in few cases, the variance increase can also indicate a systematic error in the MSS due to geographical bias for instance.

[bookmark: _Toc310957482][bookmark: _Toc319330178]Global analyses
The impact of using GOT4.8 model instead of GOT4.7 is globally weak (between 0.1 and 1.6 cm²) for both missions tested. The impact is half positive and half negative (annual cycle clearly visible on ENVISAT SLA data) with a global mean nearly null.
If considering GOT 4.8 versus FES 2004, we observe a strong positive impact (10-40 cm²) of the new GOT4.8 model as one could expect, because GOT4.8 is very similar to previous version GOT4.7 which already diminished significantly the residual variance of SSH and SLA.
[image: ] [image: ]
[bookmark: _Toc310957411][bookmark: _Toc319330151]Figure 7: [Diagnosis A05] Differences of SSH crossovers  computed with the GOT4.8 model and with the GOT4.7 model for Envisat (left) and Jason-1 (right) missions.
[image: ] [image: ]
[bookmark: _Toc310957412][bookmark: _Toc319330152]Figure 8: [Diagnosis A09] Differences of SLA residual variance computed with the GOT4.8 model and with the GOT4.7 model for Envisat (left) and Jason-1 (right) missions.
[image: ] [image: ]
[bookmark: _Toc310957413][bookmark: _Toc319330153]Figure 9: [Diagnosis A05] Differences of SSH crossovers computed with the GOT4.8 model and with the FES 2004 model for Envisat (left) and Jason-1 (right) missions.

[bookmark: _Toc310957483][bookmark: _Toc319330179]Regional analyses 
The following figures present the impact of the tidal models on SSH crossovers and on SLA residual variance on the global ocean for ENVISAT and Jason-1 missions. 
Concerning GOT4.8 vs. GOT4.7 and Jason-1 results, the analysis shows clearly the impact of the S1S2 correction in GOT4.8: improvements are mostly localized between latitudes +/-40 and in some coastal areas (amplitude of 0.25-1 cm), which is coherent with the pattern of the difference between both models. We also notice a degradation of the solution in the Hudson Bay. Analysis on crossovers also shows the improvement of the new solution but not on the same areas due to the time differences (DT) of the crossovers differences which do not always allow observing properly the S2 signal, particularly in the equatorial region. The impact of the new model is very weak when using ENVISAT data due to its sun-synchronous characteristic. However, thanks to more appropriated crossovers DT in some areas, we notice a raise of the variance when using GOT4.8 model in the Hudson bay and in the Norwegian and the Barents seas; this degradation might be explained by errors due to ice cover.

If comparing GOT4.8 vs. FES 2004, we observe a strong local positive impact of the new GOT4.8 model as one could expect, because GOT4.8 is very similar to previous version GOT4.7 which already diminished significantly the residual variance of SSH and SLA. Results for both missions tested show that GOT4.8 allows reducing drastically the residual variance (for along-tracks residuals and crossovers) in shallow waters regions with a variance reduction greater than 25 cm²; both models are equivalent in deep ocean. The analysis on ENVISAT data points out some high latitude regions that are characterized by a rising of the residual variance when using GOT4.8 (Weddel and Ross seas and Arctic ocean north of Bering strait): this degradation is likely explained by errors dues to the ice cover. The impact of the S1S2 correction in the dry tropospheric is not specifically visible here because it is very weak compared to the differences between GOT4.8 and FES 2004 for all other waves. 

[image: ]
[bookmark: _Toc310957414][bookmark: _Toc319330154]Figure 10: [Diagnosis A07] Differences of SSH crossovers computed with the GOT4.8 model and with the GOT4.7 model for Envisat mission.

[image: ]

[bookmark: _Toc310957415][bookmark: _Toc319330155]Figure 11: [Diagnosis A07] Differences of SSH crossovers computed with the GOT4.8 model and with the GOT4.7 model for Jason-1 mission.
[image: ]
[bookmark: _Toc310957416][bookmark: _Toc319330156]Figure 12: [Diagnosis ADD1] Differences of residual SLA variance computed with the GOT4.8 model and with the GOT4.7 model for Jason-1 mission (cm²).


[image: ]
[bookmark: _Toc310957417][bookmark: _Toc319330157]Figure 13: [Diagnosis A07] Differences of SSH crossovers computed with the GOT4.8 model and with the FES 2004 model for Envisat mission.

[image: ]
[bookmark: _Toc310957418][bookmark: _Toc319330158]Figure 14: [Diagnosis A07] Differences of SSH crossovers computed with the GOT4.8 model and with the FES 2004 model for Jason-1 mission.

2. [bookmark: _Toc302747638][bookmark: _Toc319330180]Conclusions and recommendations
For the global ocean, the GOT4.8 model provides a small variance reduction on global ocean compared to GOT4.7, but a weak degradation is also detected in the Hudson Bay and in the Norwegian and the Barents seas. However, using GOT4.8 allows us to reduce 58.74-days signal estimated on MSL compared to GOT4.7 although this signal remains still stronger than if using FES 2004.

1. For Global ocean, we recommend to use GOT4.8 tidal model

Notice that in WP2700 dedicated to high latitudes areas, we studied the impact of 2 others oceanic tide models: DTU10 and TPXO. The analysis of the impact of these both models is performed in the dedicated validation report: SLCCI-ValidationReport_WP2600_HighLatitudes.docx. In this report, we recommend to use the DTU10 tidal model in the Arctic area and northern very high latitudes regions. 
[bookmark: _Toc302554847][bookmark: _Toc302747639][bookmark: _Toc319330181]Synthesis

This section synthesizes the impact of the new algorithms dedicated to the SSB correction for the Envisat altimetric mission and separating the different climate applications defined in the sea level CCI URD (User Requirement Document). The impact is also estimated for several temporal scales impacting climate studies for each application.

In order to have a clear view of these potential impacts, the information is summarized in a table (1 table per altimetric missions). An impact indicator clearly and easily comprehensible has been defined with 3 levels: significant impact, low impact, no impact detected. Each level is represented by a different color box.

The choice of a value indicator (significant, low or null) is quite subjective. As it depends on the application (Global MSL, regional MSL, mesoscale…), the rule to classify this impact has been defined in annex of this document (see Appendix B -).





[bookmark: _Toc302554853][bookmark: _Toc302747641][bookmark: _Ref303612621][bookmark: _Toc319330182]Definition of the indicator value
In this table, the choice of the indicator value is defined for each climate applications and temporal scales. The thresholds defined here are valid for time series long enough (> 7 years). If time series is too short, the thresholds have to be majored.

	Climate
Applications
	Temporal Scales
	Definition of the indicator value

	
	
	Significant impact
	Low impact
	No impact detected

	Global Mean Sea Level
	Long-term evolution (trend)
	Trend >0.15 mm/yr
	Trend> 0.05 mm/yr
	Trend< 0.05 mm/yr

	
	Inter annual signals (> 1 year)
	Amplitude> 0.5 mm
	Amplitude> 0.2 mm
	Amplitude< 0.2 mm

	
	Annual and semi-annual Signals 
	Amplitude> 1 mm
	Amplitude> 0.2 mm
	Amplitude< 0.2 mm

	Regional Mean Sea Level
	Long-term evolution (trend)
	Trend > 0.5 mm/yr
	Trend> 0.1 mm/yr
	Trend< 0.1 mm/yr

	
	Annual and semi-annual Signals 
	Amplitude> 5 mm
	Amplitude> 0.5 mm
	Amplitude< 0.5 mm

	Mesoscale
	Signals < 2 months
	Crossovers Variance differences > 1 cm²
	Crossovers Variance differences > 0.2 cm²
	Crossovers Variance differences < 0.2 cm²

	Specific regional areas of main interest for climate studies:

	Coastal areas
	Long-term evolution (trend)
	Trend > 0.5 mm/yr
	Trend> 0.1 mm/yr
	Trend< 0.1 mm/yr

	
	Signals < 2 months
	Crossovers Variance differences > 1 cm²
	Crossovers Variance differences > 0.2 cm²
	Crossovers Variance differences < 0.2 cm²

	High latitudes
	Long-term evolution (trend)
	Trend > 0.5 mm/yr
	Trend> 0.1 mm/yr
	Trend< 0.1 mm/yr

	
	Signals < 2 months
	Crossovers Variance differences > 1 cm²
	Crossovers Variance differences > 0.2 cm²
	Crossovers Variance differences < 0.2 cm²





[bookmark: _Toc302747642][bookmark: _Toc319330183]List of acronyms

	TBC
	To be confirmed

	TBD
	To be defined

	AD
	Applicable Document

	RD
	Reference Document
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