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1. [bookmark: _Toc309392854]Introduction
The main objective of this document is to provide the analysis of the RRDP reports dedicated to the atmospheric corrections derived from pressure fields and used in the sea-level calculation: the Dynamical Atmospheric (DAC), the Inverse Barometer (IB) and the Dry Troposphere (DT) corrections. 
[bookmark: _Toc309392855]RRDP for DAC corrections
For the DAC, 2 RRDP has been performed:
· RRDP_WP2400_DAC_FILT70_vs_ECMWF_11-08-25.pdf
· RRDP_WP2400_DACera_vs_DACref_020911.pdf 

The first RRDP consists in comparing the new 70-day filtered DAC to reference DAC used in CNES/AVISO product to calculate the ERS-2 and Envisat sea-level height (SSH). The impact of using these both DAC corrections on the SSH calculation has been analyzed for ERS-2 and Envisat missions:
· for ERS-2 : from May 1995 (cycle 1) to December 2010 (Cycle 163)
· for Envisat : from September 2002 (cycle 9) to October 2010 (Cycle 94)
DAC models correspond to a combination of the high frequencies of a barotropic model forced by pressure and wind (MOG2D model: Carrrere and Lyard 2003; SWT New Orleans 2002) and the low frequencies of the Inverted Barometer developed by CLS assuming a static response of ocean to atmospheric forcing (ECMWF operational pressure fields), neglecting wind effects. The reference corrections correspond to the model used in CNES/AVISO products, based on Jason-1 and Jason-2 Nyquist frequency of 20 days (twice a cycle length). Thus, the high resolution Mog2D-model is used for periods smaller than 20 days while the Inverted Barometer is used otherwise.
As far as ERS-/EN mission are concerned, the Nyquist period of their sampling is 70 days which means that the operationnal DAC does not remove all atmospheric forced HF signals aliased in the data. For level 3 and 4 products, remaining aliased signals are smoothed thanks to a long wavelength error (LWE)correction; however for level 2 products these signals remain aliased in lower frequency signals and can interfere with climate/seasonal variability. 
A specific filtering (70 days) has thus been performed for Envisat and ERS-2 to take into account the specific cycle length of both satellites.

The second RRDP consists in comparing DAC derived from ERA-interim to the DAC derived from ECMWF operational model. The impact of using these both DAC on the SSH calculation has been analyzed for TOPEX/Poseidon (TP), ERS-1 and ERS-2 missions:
· for TP : from October 1992 (cycle 4) to October 2006 (Cycle 481)
· for ERS-1 : from October 1992 (cycle 15) to June 1996 (Cycle 53)
· for ERS-2 : from May 1995 (cycle 1) to July 2003 (Cycle 85)
The ERA Interim DAC correction has been computed while forcing the barotropic ocean model with the ERA Interim meteorological data (pressure and winds), which correspond to the latest global atmospheric reanalysis produced by the European Centre for Medium-Range Weather Forecasts (ECMWF). For more details, see The ERA-Interim reanalysis: configuration and performance of the data assimilation system (Q. J. R. Meteorol. Soc. 137: 553-597, April 2011 A). The reference DAC correction is computed from the ECMWF operational analysis (pressure and winds) as done in CNES/AVISO.
The interest of using an atmospheric model reanalysis is to improve the stability of the corrections and improve the quality of the corrections on the older period.
[bookmark: _Toc309392856]RRDP for IB corrections
For the IB correction, the following RRDP has been also computed:

· RRDP_WP2400_IB_ERAINT_vs_ECMWF_11-08-25.pdf
· RRDP_WP2400_IB_NCEP_vs_ECMWF_11-08-25.pdf

In these both RRDP, the IB correction derived from ERA-Interim and NCEP reanalyses has been compared to the IB correction derived from ECMWF operational pressure fields included in level-2 products (GDR).  The impact of using these new IB corrections on the SSH calculation has been analyzed for TP, Jason-1 and Envisat missions:
· for TOPEX/Poseidon : from October 1992 (cycle 4) to October 2006 (Cycle 481)
· for Jason-1 : from January 2002 (cycle 1) to December 2010 (Cycle 331)
· for Envisat : from September 2002 (cycle 9) to December 2010 (Cycle 94)
The ERA-Interim IB correction is computed from ERA Interim pressure fields already described in these report. The NCEP Reanalysis IB correction is computed from pressure fields provided by the NOAA-CIRES (Climate Diagnostics Center, Boulder, Colorado, USA, from their Web site at http://www.cdc.noaa.gov/).
The interest of using atmospheric model reanalysis is to improve the stability of the corrections and improve the quality of the corrections on the older period.

[bookmark: _Toc309392857]RRDP for DT correction
For the DT correction, the two following RRDP has been produced:
· RRDP_WP2400_DryTropo_ERAINT_vs_ECMWF_11-08-25.pdf
· RRDP_WP2400_DryTropo_NCEP_vs_ECMWF_11-08-25.pdf
In these both RRDP, the DT correction derived from ERA-Interim and NCEP reanalyses has been compared to the DT correction derived from ECMWF operational pressure fields included in level-2 products (GDR).  The impact of using these new DT corrections on the SSH calculation has been analyzed for TP, Jason-1 and Envisat missions:
· for TOPEX/Poseidon : from October 1992 (cycle 4) to October 2006 (Cycle 481)
· for Jason-1 : from January 2002 (cycle 1) to December 2010 (Cycle 331)
· for Envisat : from September 2002 (cycle 9) to December 2010 (Cycle 94

[bookmark: _Toc309392858]Global Mean Sea Level
[bookmark: _Toc309392859]Long-term evolution
[bookmark: _Toc309392860]Validation diagnoses used 
The validation diagnosis of the long-term sea-level evolution (A201-a) allows us to evaluate the impact on the global MSL trend using successively the different DAC solutions. Their impact is also analyzed separating descending and ascending passes (A201-b): the reduction of the MSL trend differences is a good quality criterion to determine which correction is the best. 
[bookmark: _Toc309392861]DAC solutions
Except a low impact of the DAC Era-interim solution on the global MSL of ERS-1 mission, the new DAC solutions tested, DAC ERA-Interim and 70-days filtered DAC, do not have any significant impact on the estimation of the global MSL trend. 
The following table shows the global MSL trends obtained with the different DAC solutions:

	Altimetry missions
	DAC (Reference)
	DAC ERA-Interim

	ERS-1
	6.34 mm/yr
	6.27 mm/yr (-0.07/Ref)

	ERS-2
	2.53 mm/yr
	2.5 mm/yr (-0.03/Ref)

	TP
	3.01 mm/yr
	3.03 mm/yr (+0.02/Ref)


Tableau 1: [Diagnosis A201-a] Impact of DAC ERA-Interim on global MSL trends 

	Altimetry missions
	DAC (Reference)
	70-day filtered DAC

	ERS-2
	2.64 mm/yr
	 2.64 mm/yr (+0/Ref)

	Envisat
	0.638 mm/yr
	0.642 mm/yr (+0.04/Ref)


Tableau 2: [Diagnosis A201-a] Impact of 70-days filtered DAC on global MSL trends
[bookmark: _Toc309392862]IB solutions
Concerning the ERA-interim IB, no impact is detected on the global MSL trend. 
Concerning NCEP IB, a weak impact is detected only on Jason-1 MSL trend.
The following table shows the global MSL trends obtained with the different IB solutions:

	Altimetry missions
	IB (Reference)
	IB ERA-Interim
	IB NCEP

	Envisat
	0.616 mm/yr
	0.625 mm/yr (+0.009/Ref)
	0.663 mm/yr (+0.047/Ref)

	Jason-1
	2.51 mm/yr
	  2.54 mm/yr (+0.03/Ref)
	2.58 mm/yr (+0.07/Ref)

	TP
	3.13 mm/yr
	3.15 mm/yr (+0.02/Ref)
	3.15 mm/yr (+0.02/Ref)


Tableau 3: [Diagnosis A201-a] Impact of IB on global MSL trends 

[bookmark: _Toc309392863]DT solutions
Concerning the ERA-interim DT, no impact is detected on the global MSL trend. 
Concerning NCEP DT, a weak impact is detected only on Jason-1 MSL trend.
The following table shows the global MSL trends obtained with the different DT solutions:

	Altimetry missions
	DT (Reference)
	DT ERA-Interim
	DT NCEP

	Envisat
	0.586 mm/yr
	0.591 mm/yr (+0.005/Ref)
	0.619 mm/yr (+0.033/Ref)

	Jason-1
	2.53 mm/yr
	2.55  mm/yr (+0.02/Ref)
	2.59 mm/yr (+0.06/Ref)

	TP
	3.12 mm/yr
	3.11 mm/yr (-0.01/Ref)
	3.1 mm/yr (-0.02/Ref)


Tableau 4: [Diagnosis A201-a] Impact of DT on global MSL trends 

[bookmark: _Toc309392864]Inter-Annual signals
[bookmark: _Toc309392865]Validation diagnoses used 
The monitoring of the differences between both corrections (A001) but also of the variance differences of SLA (A202) may provide information concerning the impact of the studied correction on the global MSL at inter-annual time scales. 
[bookmark: _Toc309392866]DAC solutions
A small variation at inter-annual scale is observed on the difference of the DAC correction (Era-interim DAC – operational DAC); it is due to the fact that the operational meteorological data are of poor quality on the beginning of the altimetric period and then both ERA-interim and operational data become closer from 2002. This impact is clearly visible on the time series of the SSH variance residual at TP cross-overs.
Concerning the 70-days filtered DAC, no variation at inter-annual scale is observed.
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[bookmark: _Toc309392829]Figure 1: [Diagnostic A001] Temporal variation of the difference DAC ERA-interim – DAC ECMWF operational
[bookmark: _Toc309392867]IB solutions
We note a jump in the difference of IB solutions (ERA interim – operational) for EN mission at the beginning of 2010; it is likely due to a problem in the computation when processing EN data (some data located on Earth have been included in the computation). Indeed no impact is seen on Jason-1 mission.
ON TP, a similar signal as the one observed on the Era-interim DAC is observed on the IB, due to the evolution of the quality of the operational meteorological system.
On EN and J1 mission, we also notice a strong interannual signal of the difference IB ERA interim – operational, the difference being slightly greater at the beginning and at the end of the period. For J1 SLA residual variance, we note that ERA-interim seems better until 2005 then ERA-interim and operational are similar.
Concerning the difference NCEP-ECMWF operational IB, we notice a strong inter-annual signal on EN, J1 and TP missions. For TP, the difference tends to diminish with time: both IB are more similar after 2002. For EN, we observe a strong trend of the IB mean difference, which is not visible on J1 mission. For EN and J1, the IB difference tends to increase at the end of the period (between 2008-2010).
Concerning SLA residual variance for TP, we note that IB NCEP is slightly better or equivalent to the operational one until 1995, then it becomes worse; for EN and J1, we note that the IB NCEP is generally worse than the operational one except on the second part of 2010 where it reduces more the variance, however this might be due to the above mentioned computational error.
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[bookmark: _Toc309392830]Figure 2: [Diagnostic A001] Temporal variation of the difference IB ERA-interim – IB ECMWF operational for EN (up) and J1 (bottom). Mean (left) and standard deviation(right)
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[bookmark: _Toc309392831]Figure 3: [Diagnostic A001] Temporal variation of the difference IB NCEP – IB ECMWF operational for EN (up), and J1 (middle) and TP (bottom). Mean (left) and standard deviation(right)

[bookmark: _Toc309392868]DT solutions
A strong inter-annual scale is observed, similarly as what is observed for IB:  for J1, we note that ERA-interim DT seems better until 2005 then ERA-interim and operational are similar. 
ON TP, a similar signal as the one observed on the Era-interim DAC and IB is observed on the DT solution, due to the evolution of the quality of the operational meteorological system.

[bookmark: _Toc309392869]Annual and semi-annuals signals
[bookmark: _Toc309392870]Validation diagnoses used 
The periodograms of differences between the DAC solutions allow us to determine the impact of the studied correction at annual and semi-annual scales (A003). Analyzing the sea-level periodograms (A206), we can describe the impact on the MSL calculation. The comparison with in-situ measurements (tide gauge) also gives a relevant indication of whether the periodic signals are reduced or not with the new correction (C003): a reduced annual or semi-annual signal is a good indication of a better correction.  
[bookmark: _Toc309392871]DAC solutions
Both DAC solutions tested do not have any impact at inter-annual scale.
The ERA-interim DAC has a weak impact at the annual scale, while the 70 days filtered DAC do not have any impact at this time scale.
The following table shows the amplitude of global MSL annual signal obtained with the DAC solutions:
	Altimetry missions
	DAC (Reference)
	DAC ERA-Interim

	ERS-1
	0.75 cm
	0.8 cm

	ERS-2
	0.71 cm
	0.75 cm

	TP
	0.68 cm
	0.72 cm


Tableau 5: [Diagnosis A206] Impact of DAC ERA-Interim solution on the annual signal amplitude of global MSL

	Altimetry missions
	DAC (Reference) - 70-day filtered DAC

	ERS-2
	0.01 cm

	Envisat
	0.001 cm

	TP
	Not applicable


Tableau 6: [Diagnosis A206] Impact of 70 days filtered DAC on the annual signal amplitude of global MSL

[bookmark: _Toc309392872]IB solutions
No impact at semi-annual scale is clearly observed.
A low impact (0.3 mm) is detected at the annual scale for both IB tested.
The following table shows the difference of amplitude of global MSL annual signal obtained with the new IB solutions:

	Altimetry missions
	IB (Reference) - IB ERA-Interim
	IB (Reference) - IB NCEP

	Envisat
	0.3 mm
	0.3 mm

	Jason-1
	0.34 mm
	0.3 mm

	TP
	0.38 mm
	0.42 mm


Tableau 7: [Diagnosis A206] Impact of IB solutions on the annual signal amplitude of global MSL

[bookmark: _Toc309392873]DT solutions
No impact is clearly observed at semi-annual and annual scales.
The following table shows the amplitude of global MSL annual signal obtained with the DT solutions:

	Altimetry missions
	DT (Reference) - DT ERA-Interim
	DT (Reference) - DT NCEP

	Envisat
	0.024 mm
	0.048 mm

	Jason-1
	0.01 mm
	0.035 mm

	TP
	0.03 mm
	0.06 mm


Tableau 8: [Diagnosis A206] Impact of DT solutions on the annual signal amplitude of global MSL


[bookmark: _Toc309392874]Regional Mean Sea Level
[bookmark: _Toc309392875]Long-term evolution
[bookmark: _Toc309392876]Validation diagnoses used 
The validation diagnosis of the regional trend of sea-level differences using successively two DAC solutions (A204-a) 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 (A204-b): the reduction of the MSL trend differences is a good quality criterion to determine the best correction. Cross-comparison of MSL trends evolution between altimetry missions collocated on the same period (B202) also gives a relevant indication of whether the potential MSL drift is reduced or not with the studied correction (C001). 
[bookmark: _Toc309392877]DAC solutions
Maps of regional MSL trend differences using the DAC ERA-interim instead of the reference DAC solution display significant trend differences especially at high latitudes in south hemisphere for TP (±1.5 mm/yr), ERS-2 (±2.5 mm/yr) and ERS-1 (±5 mm/yr). Some differences also occur near coastal regions: they reach several mm/yr for ERS-1 in the Bering Strait, the Hudson Bay and north Indian Ocean; differences of 1 mm/yr are visible for ERS-2 and TP. 
The trend differences between these 3 missions are explained by the length of their period which is not the same.
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[bookmark: _Toc309392832]Figure 4: [Diagnosis A204-a] Maps of MSL trend differences using successively the DAC derived from ERA-interim and from ECMWF operational pressures fields (reference) for ERS-2 on left, TP on right and ERS-1 at bottom.

The impact of the DAC solution filtered at 70 days is low (< 0.3 mm/yr) excepted at high latitudes where it can reach nearly 1 mm/yr. But at very high latitudes, which are partly covered by sea-ice the formal error of the MSL estimation is high (due to short local time series); therefore the trend differences are not relevant in these areas. Trend differences reach 1 mm/yr in the North Sea and in the Bering Strait. Notice that the square patterns observed on the trend differences are correlated to the maps of difference of DAC corrections.
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[bookmark: _Toc309392833]Figure 5: [Diagnosis A204-a] Maps of MSL trend differences using successively the 70 days filtered DAC and the operational one (reference) for ENVISAT on left and ERS-2 on right.


[bookmark: _Toc309392878]IB solution
Using the ERA-interim IB instead of the reference IB, impacts significantly the regional MSL trend estimation for the three missions. The impact is maximum at high latitudes but it is also visible at lower latitudes and in some coastal regions. At high latitudes, the trend differences reach ±1 mm/yr for EN, ±0.7 mm/yr for Jason-1 and ±0.9 mm/yr for TP.  
Note that the trend differences between these 3 missions are explained by the length of their period which is not the same.
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[bookmark: _Toc309392834]Figure 6: [Diagnosis A204-a] Maps of MSL trend differences using successively the ERA-interim IB  and the operational one (reference) for ENVISAT on left, Jason-1 on right and T/P bottom.

Using the NCEP IB instead of the reference IB, impacts significantly the regional MSL trend estimation for the three missions. The impact is maximum at high latitudes but it is also significant at low latitudes (equatorial Pacific Ocean, south Atlantic, Indian) and in some coastal regions. The trend differences are generally over ±0.5 mm/yr in most regions, and reach  ±2 mm/yr for EN, ±1.5 mm/yr for Jason-1 and ±1.4 mm/yr for TP.  
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[bookmark: _Toc309392835]Figure 7: [Diagnosis A204-a] Maps of MSL trend differences using successively the NCEP IB  and the operational one (reference) for ENVISAT on left, Jason-1 on right and T/P bottom


[bookmark: _Toc309392879]DT solution
Using the ERA-interim DT instead of the reference IB, impacts the regional MSL trend estimation for the three missions. The impact is maximum at high latitudes but it is also visible at lower latitudes in open ocean and in some coastal regions. At high latitudes, the trend differences reach ±0.2-0.3 mm/yr for the three missions, EN, Jason-1 and TP.  
The trend patterns differences observed for DT are similar to the one observed for the IB corrections as both corrections depend on the atmospheric pressure. 
Note that the trend patterns differences between the 3 missions studied are explained by the length of their period which is not the same.
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[bookmark: _Toc309392836]Figure 8: [Diagnosis A204-a] Maps of MSL trend differences using successively the ERA-interim DT  and the operational one (reference) for ENVISAT on left, Jason-1 on right and T/P bottom.

Using the NCEP DT instead of the reference DT, impacts the regional MSL trend estimation for the three missions. The impact is maximum at high latitudes but it is also significant at low latitudes and in coastal regions. The trend differences can reach more than ±0.5 mm/yr in high latitudes regions, and between 0.1 and 0.5 mm/yr elsewhere. 

[image: ][image: ][image: ]
[bookmark: _Toc309392837]Figure 9: [Diagnosis A204-a] Maps of MSL trend differences using successively the NCEP DT  and the operational one (reference) for ENVISAT on left, Jason-1 on right and T/P bottom


[bookmark: _Toc309392880]Annual and semi-annuals signals
[bookmark: _Toc309392881]Validation diagnoses used 
The analyses of periodic signals of regional mean sea level are performed thanks to diagnosis A205 where the difference of amplitudes and phases between SLA using successively 2 orbit solutions are mapped for annual and semi-annual signals. These diagnoses allow us to characterize the local or regional impact of new orbit solution.
The comparison with in-situ measurements (temperature and salinity profiles for instance) could also give a relevant indication of whether the periodic signals are better estimated or not with the studied correction (at the moment this diagnosis has not been yet processed).
[bookmark: _Toc309392882]DAC solution
Concerning the Era-interim DAC, a weak impact is detected on the regional MSL annual and semi-annual signals, mostly at southern high latitudes and for ERS-1 and ERS-2 missions. The impact of the 70-days DAC has not been estimated.
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[bookmark: _Ref302545434][bookmark: _Toc309392838]Figure 10: [Diagnosis A205] Amplitude differences (on left) and phase differences (on right) of regional MSL annual signals using successively DAC Era-interim and operational DAC solutions in the MSL calculation for ERS-2
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[bookmark: _Toc309392839]Figure 11:  [Diagnosis A205] Amplitude differences (on left) and phase differences (on right) of regional MSL annual signals using successively DAC Era-interim and operational DAC solutions in the MSL calculation for ERS-1
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[bookmark: _Toc309392840]Figure 12: : [Diagnosis A205] Amplitude differences (on left) and phase differences (on right) of regional MSL annual signals using successively DAC Era-interim and operational DAC solutions in the MSL calculation for TP
[image: ][image: ][image: ]
[bookmark: _Toc309392841]Figure 13: [Diagnosis A205] Amplitude differences  of regional MSL semi-annual signals using successively DAC Era-interim and operational DAC solutions in the MSL calculation for ERS-2, ERS-1 and TP.

[bookmark: _Toc309392883]IB solution
Diagnoses not yet performed.
[bookmark: _Toc309392884]DT solution
Diagnoses not yet performed.


[bookmark: _Toc309392885]Coastal areas
The impact of the DAC solutions, DAC Era-interim and 70 days DAC, on regional MSL trends is significant in coastal areas: DAC Era-interim can induces differences of several mm/yr on the MSL trend depending on the region; the impact of the 70-days DAC is weaker but differences can reach 1 mm/yr in the North Sea and in the Bering Strait.
[bookmark: _Toc309392886]High latitudes
The impact of the DAC solutions, DAC Era-interim and 70 days DAC, on regional MSL trends is the most significant in high latitudes regions: DAC Era-interim can induces differences of several mm/yr on the regional MSL trend mostly in the Southern Ocean and in the Arctic ocean where the differences between the DAC solutions themselves are the greatest; differences reach 7 mm/yr for ERS-1, 2 mm/yr for ERS-2 and more than 1 mm/yr for T/P. The impact of the 70-days DAC is weaker but differences can reach 1 mm/yr in the Southern Ocean, for both ERS-1 and ERS-2.

[bookmark: _Toc309392887]Mesoscale
[bookmark: _Toc309392888]Validation diagnoses used 
Sea-level analyses at crossover points and with along-track data allow us to detect improvements at short temporal scales (< 2months) for mesoscale application. The most relevant diagnoses performed in RRDP are the monitoring and the map of the variance SSH differences using successively 2 different orbit solutions in the sea-level calculation. 
Diagnoses A102, A103 and A104 display the map and the long-term monitoring of SSH differences at crossover points (mean and variance): the reduction of variance and the reduction of geographical biases indicate a better internal consistency of sea-level between ascending and descending passes within a 10-day window.
Diagnoses A203 and A209 (A209 not yet processed) display the map and the long-term monitoring of SSH variance differences relative to a mean sea surface (MSS): the reduction of variance indicates a better consistency with the MSS. Most of the time, it demonstrates an improvement of sea-level computation. But in some few cases, the variance increase can also indicate a systematic error in the MSS due to geographical bias for instance not taken into account. 
[bookmark: _Toc309392889]DAC solutions
[bookmark: _Toc309392890]ERA-interim
The improvement of sea-level estimation for short temporal signals (< 2 months) is very significant using the DAC solutions derived from ERA-interim for all missions tested: ERS-1, ERS-2 and TP. DAC Era-interim allows reducing the residual variance at cross-overs by 10 cm² in the Southern Ocean where the high frequency response of the ocean to atmospheric forcing is very important (Webb and de Cuevas 2002,2003); the reduction is also significant in the Arctic Ocean, north of Bering strait, and in the Hudson bay. Those results shows that the ERA-interim reanalysis is likely much more accurate in these regions and for high frequencies (periods below 20 days are included in the DAC) if compared to the operational ECMWF model which is used to compute the reference DAC.  
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[bookmark: _Toc309392842]Figure 14: [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the ERA-interim and reference DAC solutions in the SSH calculation for ERS-2 (on left), TP (on right) and ERS-1 (bottom).

If looking at the temporal evolution of the variance reduction at crossovers as a function of missions’ cycles, we note that ERA-interim has the greatest positive impact on the first years of the missions, then this impact diminishes until giving similar results as the operational DAC from year 2002. On the most recent years of the TP mission, we observe that both DAC have similar results in terms of crossovers variance reduction (T< 10 days for TP and T<35 days for ERS). This last result is also interesting as the operational forcing had a slightly better resolution than Era-interim on this period: 0.5° versus 0.7°. 
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[bookmark: _Toc309392843]Figure 15: [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the ERA-interim and reference DAC solutions in the SSH calculation for ERS-2 (on left), TP (on right) and ERS-1 (bottom)
[bookmark: _Toc309392891]70 days DAC
The improvement of sea-level estimation for short temporal signals (< 2 months) is very significant using the 70-days filtered DAC for all missions concerned, ERS-2 and EN. Indeed this specific DAC has been performed to fulfill  the Nyquist criteria of the 35-days sampling of these missions, and thus this correction allows removing more aliased high frequency signals in all high frequency variability regions (south-east Pacific and Indian, north of Pacific, Bering strait, north of Atlantic, Arctic ocean) and also in many shallow water regions (Patagonian shelf, Carpentaria sea, Thailand sea, Hudson bay, the Black sea, Red Sea, the Persian gulf, the North Sea ...). The crossovers variance reduction reaches 10 cm² in all these regions. 
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[bookmark: _Toc309392844]Figure 16:  [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the 70-days DAC and reference DAC solutions in the SSH calculation for ERS-2 (on left), and EN (on right).

The temporal evolution of the variance reduction at crossovers shows that the impact of the 70-days filtered DAC is stable in time on both missions studied: the mean variance reduction is 2.18 cm² for ERS-2 and 2.67 cm² for EN. 
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[bookmark: _Toc309392845]Figure 17:  [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the 70-days DAC and reference DAC solutions in the SSH calculation for ERS-2 (on left) and EN (on right).
[bookmark: _Toc309392892]IB solutions
[bookmark: _Toc309392893]ERA-interim
Using the Era-interim IB has a significant impact on short temporal signals estimation (< 2 months): for EN and Jason-1 missions which are ‘recent’ missions (starting in 2002), the crossovers variance reduction reaches 2 cm² at high latitudes, mostly in southern ocean and in Arctic Ocean; this result is interesting as Era-interim has a lower spatial resolution than the operational analysis on the period of interest.
The impact of the Era-interim IB is greater for TP mission which is an old mission (starting in 1992-). Indeed we know that the operational ECMWF analysis had strong errors at the beginning of altimetry, and thus the TP mission benefits from the better accuracy of Era-interim reanalysis on the first years of the mission. The variance reduction at TP crossovers reaches more than 8 cm² at high latitudes and 2 cm² in the Hudson bay and the Bering strait.

[image: ][image: ][image: ]
[bookmark: _Toc309392846]Figure 18:   [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the ERA-interim IB and reference IB solutions in the SSH calculation for EN (on left), Jason-1 (on left), and TP (bottom).

The temporal evolution of the SSH variance difference at TP crossovers also illustrates the stronger positive impact of Era-interim IB on the first years of the mission; both IB become more similar from year 2002 although the Era-interim one is still slightly better. For EN and Jason-1 mission, we observe a stable and very weak mean variance reduction if using Era-interim IB compared to the operational one (mean=0.2 cm²).
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[bookmark: _Toc309392847]Figure 19:  [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the ERA-interim and reference IB solutions in the SSH calculation for EN (on left), Jason-1 (on right) and TP (bottom).

[bookmark: _Toc309392894]NCEP
Using the NCEP IB has a significant impact on short temporal signals estimation (< 2 months): the NCEP IB tends to raise the crossovers residual variance for all missions mostly in the southern Ocean (until +5 cm²), likely due to its lower spatial resolution (2.5°). However although its lower resolution de NCEP IB allows reducing the residual variance in some regions: south-east Pacific and Indian (at ~50°S, where the ocean response to high frequency pressure forcing is strong) and the Bering strait, the coasts of the Arctic Ocean and the Barents sea.
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[bookmark: _Toc309392848]Figure 20:    [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the NCEP IB and reference IB solutions in the SSH calculation for EN (on left), Jason-1 (on left), and TP (bottom).

The temporal evolution of the SSH variance difference at TP crossovers illustrates the positive impact of NCEP IB on the first years of the mission, until year 1995-1996 (2-5 cm²); this is explained by the bad quality of the operational ECMWF pressure on the first years of altimetry.
For EN and Jason-1 mission, we observe a mean variance increase if using NCEP IB compared to the operational one: mean increase until 1.5 cm² for EN, and until 2-4 cm² for Jason-1.
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[bookmark: _Toc309392849]Figure 21: :  [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the NCEP and reference IB solutions in the SSH calculation for EN (on left), Jason-1 (on right) and TP (bottom).

[bookmark: _Toc309392895]DT solutions
[bookmark: _Toc309392896]ERA-interim
Using the Era-interim DT has a positive impact on short temporal signals estimation (< 2 months): for EN and Jason-1 missions which are ‘recent’ missions (starting in 2002), the crossovers variance reduction is weak (< 0.5 cm²) but nearly homogeneous on the global ocean. This result is interesting to point out as Era-interim has a lower spatial resolution than the operational analysis on the period of interest.
As for the IB results, the impact of the Era-interim DT is greater for TP mission which is an old mission (starting in 1992-). Indeed we know that the operational ECMWF analysis had strong errors at the beginning of altimetry, and thus the TP mission benefits from the better accuracy of Era-interim reanalysis on the first years of the mission. The variance reduction at TP crossovers reaches more than 3 cm² at high latitudes (southern ocean). 
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[bookmark: _Toc309392850]Figure 22:   [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the ERA-interim DT and reference DT solutions in the SSH calculation for J1 (on left), and TP (on left).
The temporal evolution of the SSH variance difference at TP crossovers also illustrates the stronger positive impact of Era-interim DT on the first years of the mission (the mean variance difference reaches 4 cm²), then both DT become more similar from year 2002 although the Era-interim one is still slightly better. For EN and Jason-1 mission, we observe a stable and very weak mean variance reduction if using Era-interim DT compared to the operational one.
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[bookmark: _Toc309392851]Figure 23:  [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the ERA-interim and reference DT solutions in the SSH calculation for EN (on left), Jason-1 (on right) and TP (bottom).

[bookmark: _Toc309392897]NCEP
Using the NCEP DT has a small impact on short temporal signals estimation (< 2 months): for recent missions (EN and J1) the NCEP DT tends to raise the crossovers residual variance mostly in the southern Ocean (until +1.5 cm²), likely due to its lower spatial resolution (2.5°). We note a small variance reduction in the Bering Strait and the Arctic coasts. For TP mission, we note that the NCEP DT has a global positive impact if compared to the operational ECMWF DT.
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[bookmark: _Toc309392852]Figure 24:    [Diagnosis A104] Maps of SSH variance differences at crossovers using successively the NCEP DT and reference DT solutions in the SSH calculation for EN (on left), Jason-1 (on left), and TP (bottom).

The temporal evolution of the SSH variance difference at TP crossovers illustrates the positive impact of NCEP DT on the first years of the mission (~ 1 cm²); this is explained by the bad quality of the operational ECMWF pressure on the first years of altimetry.
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[bookmark: _Toc309392853]Figure 25: :  [Diagnosis A102] Temporal evolution of SSH variance differences at crossovers using successively the NCEP and reference IB solutions in the SSH calculation for EN (on left), Jason-1 (on right) and TP (bottom).

[bookmark: _Toc309392898]Coastal areas
Coastal regions are characterized by a strong dynamic response of the ocean to atmospheric forcing at high frequencies. Thus differences in the forcing fields and/or the high frequencies corrections (DAC) can potentially impact significantly these regions, especially if looking at the sea-level estimation for short temporal signals (< 2 months). 
Results show a significant and positive impact of using the DAC forced by ERA-interim instead of the operational one in these regions: DAC Era-interim allows reducing the residual variance at cross-overs by several cm² in the Bering Strait, on the Arctic coasts, in the Indonesian sea, and the Hudson Bay. Notice that all coastal regions are not impacted, only some located at high latitudes are concerned, because this is where the atmospheric forcing has the most of variability.
We note that ERA-interim has the greatest positive impact on the first years of altimetry, due to the lower quality of operational ECMWF analysis on this period.
The 70-days filtered DAC has a strong positive impact (> 10cm²) in all shallow water regions (Patagonian shelf, Carpentaria sea, Thailand sea, Hudson bay, the Black sea, Red Sea, the Persian gulf, the North Sea ...) for the missions concerned, ERS-2 and EN. Indeed this specific DAC has been performed to fulfill the Nyquist criteria of the 35-days sampling of these missions, and thus this correction allows removing more aliased high frequency signals in the high frequency variability regions including coastal zones. 
[bookmark: _Toc309392899]High latitudes
As coastal regions, some high latitude regions are characterized by a strong dynamic response of the ocean to atmospheric forcing at high frequencies: south-east Indian and Pacific Ocean, north Pacific, Atlantic. Thus differences in the forcing fields and/or the high frequencies corrections (DAC) can potentially impact significantly these regions, especially if looking at the sea-level estimation for short temporal signals (< 2 months). 
Results show a significant and positive impact (> 10 cm²) of the Era-interim DAC at high latitudes and mainly in Southern Ocean where the high frequency response of the ocean to atmospheric forcing is important; the reduction is also significant in the Arctic Ocean, north of Bering strait, and in the Hudson bay.
As already mentioned, ERA-interim has the greatest positive impact on the first years of altimetry, due to the lower quality of operational ECMWF analysis on this period.
As expected, the 70-days filtered DAC has a strong positive impact (> 10cm²) at high latitudes (southern Ocean, north Pacific, Arctic ocean) for the missions concerned, ERS-2 and EN. Indeed this specific DAC has been performed to fulfill the Nyquist criteria of the 35-days sampling of these missions, and thus this correction allows removing more aliased high frequency signals in all these regions. 


[bookmark: _Toc309392900]Conclusions and recommendations
The main conclusion of these analyses concerning DAC, IB and Dry Troposphere, is the great interest of the ERA-Interim reanalysis. This database is available on the entire altimetric period and results show the strong positive impact of using ERA-interim instead of the operational ECMWF database for mesoscale signals estimation: the impact of ERA-interim is maximum on older missions (E2,E1,TP), due to the lower quality of operational ECMWF analysis on the first years of altimetry; this impact is also more important at high latitudes and in shallow waters where the atmospheric forcing is more energetic and the ocean has a strong dynamic response at high frequencies.  On more recent missions, unexpectedly ERA-interim shows similar performances as the operational ECMWF analysis although the reanalysis has a wider spatial resolution. Note that the study also pointed out some strong impacts of ERA-interim on climate signals estimation but we could not determine if this impact is positive or not.
NCEP reanalysis generally deteriorates results if compared to the operational ECMWF analysis, except for the beginning of TP mission where it allows reducing the SLA residual variance showing the bad quality of operational analysis on this period.
The 70-days filtered DAC has a strong positive impact on the estimation of mesoscale signals in shallow waters and at high latitudes (southern Ocean, north Pacific, Arctic ocean) for the missions concerned, ERS-2 and EN. Indeed this specific DAC has been performed to fulfill the Nyquist criteria of the 35-days sampling of these missions, and thus this correction allows removing more aliased high frequency signals in all these regions. This correction has also a non negligible impact on the estimation of regional MSL.

· We recommend to use ERA-interim on first altimetry decade for ERS-1, ERS-2, TP and GFO. For more recent missions, ERA-interim could also be used at least for long-term signals estimation.

The 70-day filtered DAC has a strong positive impact on the estimation of mesoscale signals in shallow waters and at high latitudes (southern Ocean, north Pacific, Arctic ocean) for the missions concerned, ERS-2 and Envisat. Indeed this specific DAC has been performed to fulfill the Nyquist criteria of the 35-day sampling of these missions, and thus this correction allows removing more aliased high frequency signals in all these regions. This correction has also a non negligible impact on the estimation of regional MSL.

· We recommend to use the 70-day filtered DAC for Envisat, ERS-2 and ERS-1 (35-day repetitive missions). However, we do not recommend to use it when those missions are used in a multimission context as a large wave length error correction can be used to correct the residual aliasing effect.

[bookmark: _Toc309392901]Synthesis
This section synthesizes the impact of all the new algorithms dedicated to the orbit computation for each 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 tables (1 table per altimetry 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).




[bookmark: _Toc309392902]ERS-1
	ERS-1 [October 1992 -June 1996]

	Climate
Applications
	Temporal Scales
	Round Robin Data Package (RRDP)

	
	
	DAC ERA-interim versus Ref 
	IB ERA-interim versus Ref
	IB NCEP versus Ref
	DT ERA-interim versus Ref
	DT NCEP versus Ref

	Global Mean Sea Level
	Long-term evolution (trend)
	 
	
	
	
	

	
	Inter annual signals (> 1 year)
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	

	Regional Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	

	
	Annual and semi-annual Signals 
	 
	
	
	
	

	Mesoscale
	Signals < 2 months
	+
	
	
	
	

	Specific regional areas of main interest for climate studies:
	

	Coastal areas
	Long-term evolution (trend)
	
	
	
	
	

	
	Signals < 2 months
	+
	
	
	
	

	High latitudes
	Long-term evolution (trend)
	 
	
	
	
	

	
	Signals < 2 months
	+
	
	
	
	

	
	
	
	
	
	
	

	
	Legend :
	Significant impact
	Low impact
	No impact detected
	Not yet evaluated
	

	
	
	+
	: Positive impact (low)
	

	
	
	-
	: Negative impact (significant)
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




[bookmark: _Toc309392903]ERS-2
	
	ERS-2 [May 1995 -July 2003]

	Climate
Applications
	Temporal Scales
	Round Robin Data Package (RRDP)

	
	
	DAC ERA-interim versus Ref 
	DAC 70days versus Ref
	IB ERA-interim versus Ref
	IB NCEP versus Ref
	DT ERA-interim versus Ref
	DT NCEP versus Ref

	Global Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Inter annual signals (> 1 year)
	
	
	
	
	
	

	
	Annual and semi-annual Signals 
	 
	
	
	
	
	

	Regional Mean Sea Level
	Long-term evolution (trend)
	
	 
	
	
	
	

	
	Annual and semi-annual Signals 
	 
	
	
	
	
	

	Mesoscale
	Signals < 2 months
	+
	+ 
	
	
	
	

	
	Specific regional areas of main interest for climate studies:
	

	Coastal areas
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Signals < 2 months
	+
	+
	
	
	
	

	High latitudes
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Signals < 2 months
	+
	+
	
	
	
	

	
	
	
	
	
	
	
	

	
	Legend :
	Significant impact
	
	Low impact
	No impact detected
	Not yet evaluated
	

	
	
	+
	
	: Positive impact (low)
	

	
	
	-
	
	: Negative impact (significant)
	

	
	
	
	
	
	
	
	




[bookmark: _Toc309392904]Envisat
	
	Envisat [October 2002- December 2010]

	Climate
Applications
	Temporal Scales
	Round Robin Data Package (RRDP)

	
	
	DAC ERA-interim versus Ref 
	DAC 70days versus Ref
	IB ERA-interim versus Ref
	IB NCEP versus Ref
	DT ERA-interim versus Ref
	DT NCEP versus Ref

	Global Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Inter annual signals (> 1 year)
	
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	
	

	Regional Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	
	

	Mesoscale
	Signals < 2 months
	
	+
	+
	-
	+
	-

	
	Specific regional areas of main interest for climate studies:
	

	Coastal areas
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Signals < 2 months
	
	+
	
	
	
	+

	High latitudes
	Long-term evolution (trend)
	
	
	
	
	
	

	
	Signals < 2 months
	
	+
	+
	-
	+
	-

	
	
	
	
	
	
	
	

	
	Legend :
	Significant impact
	
	Low impact
	No impact detected
	Not yet evaluated
	

	
	
	+
	
	: Positive impact (low)
	

	
	
	-
	
	: Negative impact (significant)
	

	
	
	
	
	
	
	
	






[bookmark: _Toc309392905]Jason-1
	Jason-1 [January 2002- December 2010]

	Climate
Applications
	Temporal Scales
	Round Robin Data Package (RRDP)

	
	
	DAC ERA-interim versus Ref 
	IB ERA-interim versus Ref
	IB NCEP versus Ref
	DT ERA-interim versus Ref
	DT NCEP versus Ref

	Global Mean Sea Level
	Long-term evolution (trend)
	
	· 
	
	
	 

	
	Inter annual signals (> 1 year)
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	

	Regional Mean Sea Level
	Long-term evolution (trend)
	
	 
	 
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	

	Mesoscale
	Signals < 2 months
	
	+
	-
	+ 
	-

	Specific regional areas of main interest for climate studies:
	

	Coastal areas
	Long-term evolution (trend)
	
	
	
	
	

	
	Signals < 2 months
	
	
	
	
	-

	High latitudes
	Long-term evolution (trend)
	
	
	
	
	

	
	Signals < 2 months
	
	+
	-
	+ 
	-

	
	
	
	
	
	
	

	
	Legend :
	Significant impact
	Low impact
	No impact detected
	Not yet evaluated
	

	
	
	+
	: Positive impact (low)
	

	
	
	-
	: Negative impact (significant)
	

	
	
	
	
	
	
	








[bookmark: _Toc309392906]TOPEX/Poseidon
	TP [January 1993 - October 2005]

	Climate
Applications
	Temporal Scales
	Round Robin Data Package (RRDP)

	
	
	DAC ERA-interim versus Ref 
	IB ERA-interim versus Ref
	IB NCEP versus Ref
	DT ERA-interim versus Ref
	DT NCEP versus Ref

	Global Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	

	
	Inter annual signals (> 1 year)
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	

	Regional Mean Sea Level
	Long-term evolution (trend)
	
	
	
	
	

	
	Annual and semi-annual Signals 
	
	
	
	
	

	Mesoscale
	Signals < 2 months
	+
	
	-
	+
	 

	Specific regional areas of main interest for climate studies:
	

	Coastal areas
	Long-term evolution (trend)
	
	
	
	
	

	
	Signals < 2 months
	+
	+
	
	
	

	High latitudes
	Long-term evolution (trend)
	
	
	
	
	

	
	Signals < 2 months
	+
	+
	-
	+
	

	
	
	
	
	
	
	

	
	Legend :
	Significant impact
	Low impact
	No impact detected
	Not yet evaluated
	

	
	
	+
	: Positive impact (low)
	

	
	
	-
	: Negative impact (significant)
	

	
	
	
	
	
	
	




[bookmark: _Toc309392907]Jason-2 / GFO
No orbit solution has been tested in the RRDP procedure for these altimetry missions.


[bookmark: _Toc309392908]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: _Toc309392909]List of acronyms

	TBC
	To be confirmed

	TBD
	To be defined

	AD
	Applicable Document

	RD
	Reference Document
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