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[bookmark: _Toc296004834][bookmark: _Toc304970336]Introduction
A main source of error to calculate the global or the regional Mean Sea Level (MSL) trends is the uncertainty to link together all the altimetry missions in order to provide a continuous MSL time series from 1993 onwards.  
A very strong effort has been already done to link together as well as possible the global MSL altimetry missions deduced from TOPEX/Poseidon (T/P), Jason-1 and Jason-2 (this work is presented in this report).  At the moment, the uncertainty due to this global bias is close to 0.2 mm/yr which is not negligible for MSL studies.
Concerning the regional MSL bias at basin scales, systematic geographical biases between altimetry missions have been already detected and not taken into account (except between Jason-1 and Jason-2) to calculate sea-level maps over all the altimetry periods. These errors could impact directly the regional estimation of the MSL trends with a potential effect locally higher than 1 mm/yr, significantly stronger than for the global MSL (0.2 mm/yr).
Therefore, the objective of this study is to provide new corrections containing the regional MSL biases between NASA/CNES missions (T/P, Jason-1, Jason-2). In this report we describe how the corrections are calculated and their impact on regional MSL trends.

[bookmark: _Toc296004835][bookmark: _Toc304970337]Estimation of global bias and impact on MSL trend
At the moment the MSL time series is referenced to the three NASA/CNES missions: TOPEX/Poseidon (T/P), Jason-1, Jason-2.  But the T/P mission has to be separate into 2 phases TOPEX-A and TOPEX-B corresponding to the change of the altimeter instrument. Therefore, the MSL time series is composed on 4 time series that have to be linked together:  TOPEX A and TOPEX B (February 1999), TOPEX-B and Jason-1 (April 2003), Jason-1 and Jason-2 (October 2008).
The global biases between these missions have been accurately calculated (Ablain et al, 2009). It strongly depends on the altimetry standards used to calculate the SSH which have to be clearly defined (see table in annex). Between TOPEX-B and Jason-1 and between Jason-1 and Jason-2, global biases can be accurately calculated thanks to the Jason-1 and Jason-2 verification phases (at the beginning of each mission) where both satellites were respectively on the same ground track than T/P and Jason-1 ones, and spaced out by 72 seconds and 54 seconds. The global biases and errors deduced are for:
· TOPEX-B/Jason-1 (April 2003) : 84.5 mm ± 1 mm
· Jason-1/Jason-2 (October 2008) : 74.6 mm  ± 0.5 mm
The error between Jason-1 and Jason-2 (0.5 mm) is lower than between TOPEX-B and Jason-1 (1 mm) because the ground processing between Jason-1 and Jason-2 is more homogeneous than with TOPEX-B as the orbit calculation for instance, but especially the instrumental parameters (range, SWH, Sigma-0,…).
For TOPEX-A and TOPEX-B, they are no overlapping between both datasets to accurately estimate the bias. Furthermore, a strong decrease of the MSL evolution during this period is observed in relationship with “La Ninã” 1999 preventing an accurate SSH bias calculation between TOPEX-A and TOPEX-B. Therefore, the global bias has been estimate with an uncertainty stronger: 
· TOPEX-A/TOPEX-B (April 2003) : 11.7 mm  ± 2 mm
All, the uncertainty associated to each bias is large enough to significantly affect the global MSL trend. Considering extreme bias errors, the global MSL trend is ranging from 2.8 to 3.3 mm/yr (Ablain et al, 2009). Therefore, a realistic error of ±0.2 mm/yr on the global MSL trend could be deduced. Notice that the impact of the SSH bias uncertainty is depending on the period and thus reduced with a longer period.


	Summary: 
The global MSL bias to link the altimetry missions together are :
-	TOPEX-A/TOPEX-B (April 2003) : 11.7 mm ±2 mm
-	TOPEX-B/Jason-1 (April 2003) : 84.5 mm ±1 mm
-	Jason-1/Jason-2 (October 2008) : 74.6 mm ±0.5 mm
The impact of the SSH bias uncertainties is  ±0.2 mm/yr on the global MSL trend




[bookmark: _Toc296004836][bookmark: _Toc304970338]Estimation of the regional MSL bias between Jason-1 and Jason-2
[bookmark: _Toc296004837][bookmark: _Toc304970339]Description of the regional MSL bias 
The correction of the regional MSL bias between Jason-1 and Jason-2 have been already calculated and applied in the last AVISO release concerning the sea-level map dataset for delayed-time. The description of this correction is presented here.
The map (Figure 1) of Sea Level Anomaly (SLA) differences between both missions is calculated during the Jason-1 verification phase (from Jason-2 cycles 1 to 20). It mainly highlights hemispheric differences (<1 cm) between both missions due to differences in orbit calculation (Ablain, 2010, Marine Geodesy). 

[image: ]
[bookmark: _Ref290632106][bookmark: _Toc296004816][bookmark: _Toc304970317]Figure 1 : Map of SLA differences centered on the average between Jason-1 and Jason-2 during the Jason-2 verification phase

[bookmark: _Toc296004838][bookmark: _Toc304970340]Specification of the correction
It’s important to mention that although these hemispheric differences are small (<1 cm), they significantly impact the regional MSL trends (±0.5 mm/yr) as long as they are not corrected. Therefore, the objective is to produce a correction taking this regional bias error into account as well as possible. As the map of SLA differences between both missions is slightly noised and the ocean is not totally covered over the period of the Jason-2 verification phase (due to the ice coverage variation), it’s not possible to apply directly this map as a regional bias correction. Therefore, it would be better to modelize the hemispheric signal adjusting a polynomial function. 
The SLA differences are first averaged by band of latitudes and plotted (Figure 2). A polynomial function (degree 4) is then fitted on the SLA differences and we obtained these coefficients (unit is cm):
· 

Finally, this polynomial function corresponds to the correction which will be applied on the Jason-2 SSH bias to remove the global and the regional biases between Jason-1 and Jason62:
· 
 
[image: ]
[bookmark: _Ref290644388][bookmark: _Toc296004817][bookmark: _Toc304970318]Figure 2 : SLA differences between Jason-1 and Jason-2 versus the latitudes from the measurements (red curve) and after adjusting a polynomial function (blue curve)



[bookmark: _Toc296004839][bookmark: _Toc304970341]Assessment of the correction
In order to assess the correction, a grid containing the value of the polynomial function is calculated and applied to the Jason-1/Jason-2 SLA differences. The impact is plotted in Figure 3. The average differences are small (<0.5 cm) and mainly due to the orbit error. There are no systematic differences.
[bookmark: _GoBack]The global bias of the regional correction has also to be consistent with the global bias defined at the beginning of the document. It is calculated taking into account the cell surface of the grid containing the correction. We obtained a value of 75.2 mm whereas the global bias was estimated to 74.6 mm. The 0.6 mm of differences are due to the period which is different to calculate the global and the regional biases: only 11 cycles are used centered on Jason-2 cycle number 11 to calculate the global bias. Therefore, in order to be consistent with the global bias, the constant of the polynomial function has to be reduced by 0.2 mm: it becomes 7.68 cm instead of 7.74 cm. 
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[bookmark: _Ref290975011][bookmark: _Toc296004818][bookmark: _Toc304970319]Figure 3 : Map of SLA differences between Jason-1 and Jason-2 without applying the regional correction (just centered on the average) on top and after applying it on bottom.



	Conclusion: 

The SSH bias correction to adjust the Jason-2 SSH on the Jason-1 SSH is :


With:


Notice that this empirical correction strongly depends on the altimetry standards used on the Jason-1 or Jason-2 MSL calculation. If one of them is modified, especially concerning the orbit calculation, the coefficient of the polynomial function has to be revisited.






[bookmark: _Ref256689151][bookmark: _Toc296004840][bookmark: _Toc304970342]Estimation of the regional MSL bias between TOPEX-B and Jason-1
[bookmark: _Toc296004841][bookmark: _Toc304970343]Description of the regional MSL bias 
At the moment, only a global MSL bias is applied to link the TOPEX-B and Jason-1 MSL time data series in AVISO products. As previously described this value has been estimated to 84.5 mm ±1 mm. But regional differences have been also detected between these both missions (Ablain et al, OSTST Hobart 2007; Labroue et al, OSTST Seattle 2009) and they could be corrected.
As for Jason-1 and Jason-2, during the Jason-1 validation phase (from January to August 2002), TOPEX-B and Jason-1 SSH are in theory exactly the same (both missions are spaced out by 72 seconds on the same ground track). Therefore, they can be compared over this period in order to estimate the geographical bias.
The map of SLA differences, displayed on Figure 4 (top), highlights small differences between ±1 cm. They are systematic differences due the wet troposphere correction (derived from radiometers) in coastal areas. In order not to take into account theses inconsistencies between both missions, we directly calculated the SLA differences without applying the corrections in the SSH calculation except the SSB: Orbit – Range – SSB –MSS. Then we obtained the bottom map on Figure 4 where differences are reduced allowing a better observation of the residual differences. 
The separation of these maps between ascending and descending passes clearly shows a behavior completely different and almost opposed (Figure 5). A strong hemispheric signal (± 2 cm) is observed on ascending passes whereas the SLA differences are more homogenous on descending passes. We also observed a different value of the bias in a narrow band at the equator.
The source of these strong regional biases (ascending/descending and North/South: differences by “quadrant”) is mainly due to ground processing differences between both missions as a result of a “leakage” anomaly in TOPEX waveforms (for more details, please refer to Labroue et al, OSTST Seattle 2009). Other lower discrepancies are also explained by differences between orbit calculation and SSB corrections.
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[bookmark: _Ref290970358][bookmark: _Toc296004819][bookmark: _Toc304970320]Figure 4 : Map of SLA differences centered on the average between TOPEX-B and Jason-1 during the Jason-1 verification phase applying all corrections (on top) and only SSB correction (on bottom).
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[bookmark: _Ref290972385][bookmark: _Toc296004820][bookmark: _Toc304970321]Figure 5 : Map of SLA differences centered on the average between TOPEX-B and Jason-1 during the Jason-1 verification phase for descending passes (on top) and for ascending passes (on bottom).

[bookmark: _Toc296004842][bookmark: _Toc304970344]Specification of the correction

In order to correct the hemispheric bias observed between both missions, the SLA differences (without correction except the SSB) are calculated by band of latitudes (Figure 6), selecting all the passes and separating ascending and descending passes. As previously mentioned, the behavior of ascending and descending passes is opposed in each hemisphere with a similar feature close to the equator. 
[image: ]
[bookmark: _Ref290987992][bookmark: _Toc296004821][bookmark: _Toc304970322]Figure 6 : SLA differences between TOPEX-B and Jason-1 versus the latitudes selecting all the measurements (red curve), the ascending passes (green curve) and the descending passes (blue curve).

It seems judicious to propose a regional bias correction separating the ascending and descending passes, in order to also take it into account in along-track products. For map products, the interest is reduced since ascending and descending passes are roughly averaged inside a box. 
Because of the discontinuity at the equator and these ascending/descending effects, the correction is defined by type of passes, for the north hemisphere, the south hemisphere and the equator band.

For ascending passes the polynomial correction is therefore the following:



And for descending passes, it is:



These polynomial functions correspond to the correction which will be applied on the TOPEX SSH to remove the global and regional biases between TOPEX and Jason-1:
· 


The polynomial corrections are plotted on the both following figures for ascending and descending passes:
[image: ]
[bookmark: _Toc296004822][bookmark: _Toc304970323]Figure 7 : SLA differences between TOPEX and Jason-1 (in red) with polynomial functions superimposed versus the latitudes for ascending passes.
[image: ]
[bookmark: _Toc296004823][bookmark: _Toc304970324]Figure 8 : SLA differences between TOPEX and Jason-1 (in red) with polynomial functions superimposed versus the latitudes for descending passes

[bookmark: _Toc296004843][bookmark: _Toc304970345]Assessment of the correction

In order to assess the correction, a grid containing the value of the polynomial function is calculated and applied to the TOPEX/Jason-1 SLA differences. The impact is plotted in Figure 9 and Figure 10 for respectively ascending and descending passes (without applying any correction). The average differences are small (<0.5 cm) and mainly due to the orbit error. They are not systematic.
As previously, the global bias of the regional correction has also to be consistent with the global bias defined at the beginning of the document. It is calculated taking into account the cell surface of the grid containing the correction. We obtained a value of 91.3 mm whereas the global bias has been estimated to 84.5 mm. The 6.8 mm of differences are due to the period which is different to calculate the global and the regional biases: only 11 cycles are used centered on Jason-1 cycle number 11 to calculate the global bias. Therefore, in order to be consistent with the global bias, the constant of the polynomial function has to be reduced by 6.8 mm on ascending and descending passes.
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[bookmark: _Ref292381100][bookmark: _Toc296004824][bookmark: _Toc304970325]Figure 9 : Map of SLA differences between TOPEX and Jason-1 for ascending passes without applying the regional correction (just centered on the average) on top and after applying it on bottom.
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[bookmark: _Ref292381123][bookmark: _Toc296004825][bookmark: _Toc304970326]Figure 10 : Map of SLA differences between TOPEX and Jason-1 for descending passes without applying the regional correction (just centered on the average) on top and after applying it on bottom.
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[bookmark: _Toc296004826][bookmark: _Toc304970327]Figure 11 : Map of SLA differences between TOPEX and Jason-1 without applying the regional correction (just centered on the average) on top and after applying it on bottom.







	Conclusion: 

The SSH bias correction to adjust the TOPEX SSH on the Jason-1 SSH is :


With for ascending passes :


And for descending passes:



Notice 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 concerning the orbit calculation, the coefficient of the polynomial function should be revisited.




[bookmark: _Toc296004844][bookmark: _Toc304970346]Estimation of the regional MSL bias between TOPEX-A and TOPEX-B

[bookmark: _Toc296004845][bookmark: _Toc304970347]Description of the regional MSL bias 

At the moment, only a global MSL bias is applied to link TOPEX-A and TOPEX-B MSL time data series in AVISO products. As previously described this value has been estimated to 11.7 mm ±2 mm using the altimetry standards defined in TOPEX AVISO products. The value of this global bias is very sensitive to the sea state bias correction applied on each altimeter side.  
Contrary to Jason-1/TOPEX and Jason-2/Jason-1, there are no over-lapping phase between TOPEX-A and TOPEX-B. Therefore, the map of SLA differences cannot be calculated over the same period but using a 50-day period before and after the TOPEX altimeter change on 10th of February 1999. But the maps of SLA differences obtained highlight strong areas of high oceanic variability (see Figure 12): they cannot provide reliable information on the regional MSL bias between TOPEX-A and TOPEX-B which is lower than the average oceanic variability between both periods.
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[bookmark: _Ref295979159][bookmark: _Toc296004827][bookmark: _Toc304970328]Figure 12 : Map of SLA differences between TOPEX-A and TOPEX-B for ascending (on bottom) and descending (on top) passes (TOPEX-A and TOPEX-B periods respectively cover cycles 231 to 235 and 236 to 240).

The method proposed to highlight a potential regional bias between TOPEX-A and TOPEX-B consists in using the ERS-2 mission to remove the effect of oceanic variability previously described. In a first time, the SSH differences at crossovers between ERS-2 and TOPEX-A, and between TOPEX-B and ERS-2, are calculated over a 50-day period (from cycles 31 to 235 for TOPEX-A, and from cycles 236 to 240 for TOPEX-B) and for crossovers lower than 10 days. In a second time, the average difference of these crossovers differences is calculated, allowing us to calculate the TOPEX-A and TOPEX-B differences and assuming ERS-2 differences are negligible between TOPEX-A and TOPEX-B period. The map of SSH differences obtained (Figure 13) is significantly more homogenous than previously in Figure 12 (the same scale is used). But the detection of regional bias is not very clear. A north/south signal is likely observed on ascending passes.
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[bookmark: _Ref295980841][bookmark: _Toc296004828][bookmark: _Toc304970329]Figure 13 : Map of SSH differences between TOPEX-A and TOPEX-B for ascending (on bottom) and descending (on top) passes derived from TOPEX/ERS-2 crossovers differences (TOPEX-A and TOPEX-B periods respectively cover cycles 231 to 235 and 236 to 240).

In order to better highlight a potential north/south signal, the SLA differences are plotted by band of latitudes in Figure 14. The ascending passes clearly display a regional bias depending on the latitudes from 0.5 cm in the northern hemisphere to -1.5 cm in the southern hemisphere.
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[bookmark: _Ref296001685][bookmark: _Toc296004829][bookmark: _Toc304970330] Figure 14 : Map of SSH differences by band of latitudes between TOPEX-A and TOPEX-B for ascending (on bottom) and descending (on top) passes derived from TOPEX/ERS-2 crossovers differences (TOPEX-A and TOPEX-B periods respectively cover cycles 231 to 235 and 236 to 240)

[bookmark: _Toc296004846][bookmark: _Toc304970348] Specification of the correction

TOPEX-A/TOPEX-B SLA differences using TOPEX/ERS-2 crossovers have been plotted versus the latitudes in Figure 15. The signal is quite noisy contrary to the similar plots obtained between Jason-1 and Jason-2 or between TOPEX and Jason-1 (Figure 6). These oscillations are due to the method itself: the comparison of TOPEX-A and TOPEX-B SLA using ERS-2 SSH crossovers is not as accurate as SLA differences calculated during the Jason verification phases. In addition, these TOPEX-A/TOPEX-B SLA differences also contain ERS-2 differences between TOPEX-A and TOPEX-B phases. The hypothesis that these ERS-2 differences are negligible is not sure.
Therefore, as a result of these uncertainties, it seems not very relevant to adjust a polynomial function in order to propose an empirical regional correction homogenizing TOPEX-A and TOPEX-B MSL better, although the regional MSL bias highlighted in this study between TOPEX-A and TOPEX-B  (for ascending passes) is likely realistic. 
If a reprocessing of TOPEX data is foreseen in the future, the TOPEX SSH calculation could be significantly improves and the estimation of the MSL regional bias could be checked and estimated more accurately. 
[image: ]
[bookmark: _Ref296002597][bookmark: _Toc296004830][bookmark: _Toc304970331] Figure 15 : SLA differences between TOPEX-B and Jason-1 versus the latitudes selecting all the measurements (red curve), ascending passes (green curve) and descending passes (blue curve).


[bookmark: _Toc296004847][bookmark: _Toc304970349]Impact of regional bias corrections on the whole MSL time series 

The impact of empirical regional bias corrections proposed in this study to better link
Jason-1/Jason-2 and TOPEX/Jason-1 MSL has been analyzed calculating the MSL trends from 1993 to 2010 and applying or not the regional bias corrections (Figure 16, Figure 17, Figure 18). The MSL trend differences range from -0.2 to +0.3 mm/yr from North to South. Considering ascending and descending passes separately, differences are higher from -0.5 to +1 mm/yr.
Notice these new corrections have no impact on the global MSL trend as displayed in Figure 19. A very slight annual signal (lower than 0.2 mm of amplitude) is observed on global MSL differences. Indeed, the application of a grid correction (constant temporally but not spatially) generates an annual signal due to the annual data coverage variation in relationship with ice sea coverage (especially in northern hemisphere). 
  

[image: ]
[bookmark: _Ref296005482][bookmark: _Toc296004831][bookmark: _Toc304970332]Figure 16 : MSL trend differences from 1993 to 2010 between MSL time series without and with regional bias corrections on TOPEX/Jason-1 and Jason-1/Jason-2

[image: ]
[bookmark: _Ref296005502][bookmark: _Toc296004832][bookmark: _Toc304970333]Figure 17 : MSL trend differences for ascending passes from 1993 to 2010 between MSL time series without and with regional bias corrections on TOPEX/Jason-1 and Jason-1/Jason-2

[bookmark: _Toc296004833][image: ]
[bookmark: _Ref296005573][bookmark: _Toc304970334]Figure 18 : MSL trend differences for descending passes from 1993 to 2010 between MSL time series without and with regional bias corrections on TOPEX/Jason-1 and Jason-1/Jason-2

[image: ]
[bookmark: _Ref296006041][bookmark: _Toc304970335]Figure 19 : Global MSL trend differences from 1993 to 2010 between MSL time series without and with regional bias corrections on TOPEX/Jason-1 and Jason-1/Jason-2


w
[bookmark: _Toc304970350]Conclusions
The impact of empirical regional bias corrections proposed to better link
Jason-1/Jason-2 and TOPEX/Jason-1 MSL has been analyzed calculating the MSL trends from 1993 to 2010 and applying or not the regional bias corrections. The MSL trend differences range from -0.2 to +0.3 mm/yr from North to South. Considering ascending and descending passes separately, differences are higher from -0.5 to +1 mm/yr.
Notice that these new corrections have no impact on the global MSL trend as displayed. A very slight annual signal (lower than 0.2 mm of amplitude) is observed on global MSL differences. Indeed, the application of a grid correction (constant temporally but not spatially) generates an annual signal due to the annual data coverage variation in relationship with ice sea coverage (especially in northern hemisphere). 
· We recommend to use the regional MSL bias correction to link together the TP, Jason-1 and Jason-2 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).

For the new empirical corrections developed in this study, the impact concerns only the regional mean sea level at long-term scale (trends). The impact is significant and positive for climate studies.

	Impact of new regional corrections on TP/J1/J2 times series 

	Climate
Applications
	Temporal Scales 
	TOPEX+Jason-1+Jason-2 

	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 
	



[bookmark: _Toc302716807][bookmark: _Toc304970351][bookmark: _Toc296004848]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: _Toc304970352]Definition of altimetry standards

The definition of altimetric standards applied in MSL calculation to perform this study is defined in the table below.
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 (
FORM-NT-GB-7-1
)	 (
FORM-NT-GB-7-1
)
image3.jpeg
\J
cnes

CENTRE NATIONAL D'ETUDES SPATIALES




image4.png
dcesa

European Space Agency




image5.png




image9.png
350

150

08

06

04

02

02
Mean of SLA differences (cm)

04

1




image10.wmf
4

-8

3

-7

2

-4

-3

lat

*

5.6e

+

 

lat

*

3.7e

 

-

 

lat

*

3.04e

-

lat

*

5.03e

+

 

7.74

 

 

p(lat)

=


oleObject2.bin

image11.wmf
 

p(lat)

-

SSH

SSH

J2

dOnJ1

J2_Adjuste

=


oleObject3.bin

image12.png
St diforances (o)

Latiades





image13.png
Mean of SLA differences (cm)




image14.png
qll\ [T1 HHHI*
-1 —0.75 .5 —0.25 [} 025 05 0.75

Mean of SLA differences (cm)




oleObject4.bin

image15.wmf
-4

-8

3

-7

2

-4

-3

lat

*

5.6e

+

 

lat

*

3.7e

 

-

 

lat

*

3.04e

-

lat

*

5.03e

+

 

7.68

 

 

p(lat)

=


oleObject5.bin

image16.png
50 100 150 200 250 300 350

-1 1] 5 04 E [ 02 04 06 08
Mean (em ), X-X
Nbofdata 9166 | St.Dev : 0547088 | Skewness 1148690 | Mimimum 19500000
Mean : 9174663 | Rms : 9.190960 | Kurtosis 76502136 | Maximm  : 4600000





image17.png
- — E-
L L e e L,

Mean (em ), X-X
Nbofdata 9166 | St.Dev : 04500 | Skewness ~01161 | Miimum 32,1000
Mean : ~10.1500 | Rms : 101600 | Kurtosis  : 1702181 | Maximm  : 3.3000





image18.png
Mean (em ), X-X
Nbofdata 8924 | St.Dev : 0537159 | Skewness  : 1709969 | Mimimum  :  —22.400000
Mean : —9.081187 | Rms : 9.097060 | Kurtosis  : 73541072 | Maximm  : 0.100000





image19.png
,E 7!.6 7! 2 ET] E [ 04 08 12 1
Mean (em ), X-X
Nbofdata 8943 | St.Dev : 078053 | Skewness 053525 | Mirimom ;1950000
Mean : —9.99344 | Rms : 932616 | Kurtosis ~ : 1615539 | Maximm  : 460000





image20.png
SLA differences (cm)

1.0

0.5

0.0

-1.0

-15

[ —— Global

—— Dsc

—— Asc

T
Mean = -

Mean = -3.914e-07

Mean = 8.54e-08

12

8le-07

Latitudes




image21.wmf
ï

ï

î

ï

ï

í

ì

°

³

°

<

£

°

°

<

£

°

-

°

-

<

=

4

lat

lat

*

8.34e

+

lat

*

8.04e

-

lat

*

2.51e

+

lat

*

2.05e

-

8.72

-

4

lat

2

.

0

lat

*

0.0137

-

lat

*

0.0672

+

lat

*

0.128

+

9.43

-

2

.

0

lat

5

.

1

lat

*

0.119

+

lat

*

0.143

+

lat

*

0.245

-

9.36

-

5

.

1

lat

lat

*

3.92e

+

lat

*

3.62e

+

lat

*

6.22e

+

lat

*

1.11e

+

9.06

-

 

 

p(lat)

4

8

-

3

6

-

2

4

-

3

-

3

2

3

2

4

-7

3

-4

2

-4

-2

if

if

if

if


oleObject6.bin

image22.wmf
ï

ï

î

ï

ï

í

ì

°

³

+

°

<

£

°

°

<

£

°

-

°

-

<

=

4

lat

lat

*

2.82e

+

lat

*

2.72e

-

lat

*

3.51e

+

lat

*

6.95e

9.04

-

4

lat

3

.

1

lat

*

0.0137

-

lat

*

0.0347

+

lat

*

0.00128

-

9.56

-

3

.

1

lat

5

.

1

lat

*

0.0951

-

lat

*

0.259

-

9.00

-

5

.

1

lat

lat

*

7.77e

-

lat

*

3.21e

-

lat

*

2.15e

+

lat

*

0.0141

+

8.80

-

 

 

p(lat)

4

7

-

3

5

-

2

4

-

3

-

3

2

2

4

-8

3

-6

2

-4

if

if

if

if


oleObject7.bin

image23.wmf
 

p(lat)

-

SSH

SSH

TP

dOnJ1

TP_Adjuste

=


oleObject8.bin

image24.png
SLA differences (cm)

Latitudes




image25.png
SLA differences (cm)

-10.0

105

Latitudes




image26.png
Mean ( cm ), X-X

Nbofdata 8943 | St.Dev : 06582390 | Skewness 00464979 | Mirimum  :  -22.1000000
Mean : —10.2574534 | Rms : 10275512 | Rurtosis ;384245000 | Maximm 3.3000000





image27.png
7! -16 -12 08 04 [] 0.4 ] 12 16
Mean ( cm ), X-X
Nbofdata : 8943 | St.Dev H 0.461477 | Skewness H —1.047254 | Minimum H —13.400000
Mean H —0.952093 | Rms H 1.058037 | Kurtosia H 159363400 | Maximmm H 12000000





image28.png
Mean (em ), X-X
Nbofdata 8924 | St.Dev : 0497071 | Skewness  : 2650571 | Miimum  : 24528571
Mean : —10.051525 | Rms : 10.063808 | Kurtosis  : 116604977 | Maximum  :  —0.700000





image29.png
Mean ( cm ), X-X
Nbofdata : 8924 | St.Dev H 0.457354 | Skewness H —2.834204 | Minimum H —15.528571
Mean H —0.962900 | Rms H 1.065997 | Kurtosia H 169591325 | Maxinmm H B.900000





image30.png
Mean ( cm ), X-X
Nbofdata : 9166 | St.Dev H 0.393070 | Skewness H —1.158528 | Minimum H —13.400000
Mean H —0.960489 | Rms H 1.037807 | Kurtosia H 284356785 | Maxinmm H 12000000





image31.wmf
 

p(lat)

-

SSH

SSH

TP

dOnJ1

TP_Adjuste

=


oleObject9.bin

image32.wmf
ï

ï

î

ï

ï

í

ì

°

³

°

<

£

°

°

<

£

°

-

°

-

<

=

4

lat

lat

*

8.34e

+

lat

*

8.04e

-

lat

*

2.51e

+

lat

*

2.05e

-

8.04

-

4

lat

2

.

0

lat

*

0.0137

-

lat

*

0.0672

+

lat

*

0.128

+

8.75

-

2

.

0

lat

5

.

1

lat

*

0.119

+

lat

*

0.143

+

lat

*

0.245

-

8.68

-

5

.

1

lat

lat

*

3.92e

+

lat

*

3.62e

+

lat

*

6.22e

+

lat

*

1.11e

+

8.38

-

 

 

p(lat)

4

8

-

3

6

-

2

4

-

3

-

3

2

3

2

4

-7

3

-4

2

-4

-2

if

if

if

if


oleObject10.bin

image33.wmf
ï

ï

î

ï

ï

í

ì

°

³

+

°

<

£

°

°

<

£

°

-

°

-

<

=

4

lat

lat

*

2.82e

+

lat

*

2.72e

-

lat

*

3.51e

+

lat

*

6.95e

8.36

-

4

lat

3

.

1

lat

*

0.0137

-

lat

*

0.0347

+

lat

*

0.00128

-

8.88

-

3

.

1

lat

5

.

1

lat

*

0.0951

-

lat

*

0.259

-

9.32

-

5

.

1

lat

lat

*

7.77e

-

lat

*

3.21e

-

lat

*

2.15e

+

lat

*

0.0141

+

8.12

-

 

 

p(lat)

4

7

-

3

5

-

2

4

-

3

-

3

2

2

4

-8

3

-6

2

-4

if

if

if

if


oleObject11.bin

image34.png
Descending SLA differences (cm)




image35.png
I I #
-5 35 —‘2 —0.5 25

Ascending SLA differences (cm)




image36.png
Descending SSH differences (cm)




image37.png
-2
Ascending SSH differences (cm)




image38.png
1

A

T

50

50

-150

—200

250

1

12

08

T

o

[]

04

ET]

-2

-16

Descending SSH differences (cm)




image39.png
7! 7!.6 7! 2 08 04 [ o4 o 12 16

Ascending SSH differences (cm)





image40.png




image41.png
o 50 100 150 200 250 300 350

]

-1 -07 4 E 02 05 08
Global/Regional MSL slope differences (mm/year)





image42.png
o 50 100 150 200 250 300 350

-1 X 6 04 02 02 04 06 o8
Global/Regional MSL slope differences for ascending passes (mm/year)




image43.png
50 100 150 200 250 300 350

] 6 -84 E 02 £ o6 o8 !

Global/Regional MSL slope differences for descending passes (mm/year)





image44.png
MSL (cm)

T T T T T T T T
L —— Global Slope = -0.004819 mm/yr

041

02

[ T i B e

04
FToPEX A TOPEX B

1995 2000

Years




image45.png
CNES POE GSFC POE (09/2008), CNES POE (GDR-C
(GDR-C standards) TTRF2005+Grace standards)

MSS CLSO1 (v)

~up 10 cycle 85 ECMWF
model computed from
ECMWE model computed | ECMWE model computed from rectangular | rectangular grids
from gaussian grids grids - cycle 86 onwards:
ECIMWE model computed
from gaussian grids

Jason2 Jasor! TUR with dift correction [Scharoo et al
radiometer | radiometer | ~2004] and empirical correction of yaw
(AVR) (JMR)  [maneuvers [T/P 2005 annual validation report]

MWR Corrected from side
fobes flom cycle 41*

~before cyes

Dual-Frequency Updated
with S-Band SSB

- cyB5 onwards: GiH8mm

Filtered duakfrequency altimeter range
measurements (for TOPEX) and Doris (for
Poseidon)

Fittered duakfrequency
altimeter range measurements|

“before cycle 85
homogeneous GDR-B
standards
- cycle 86 onwards:
Labroue (2007) version

Non parametric SSB (G0R | Non parametric SSA (for TOPEX) [Tran,
product) 2010], BMA formula (for Poseidon).

GOT47

Elastic response to tidal potential [Cartwright and Tayler, 1971], [Cartwright and Edden, 1973]

[Wahr, 1985]

High Resolution Mog2D Model [Carrére and Lyard, 2003] + inverse barometer computed from ECAMWE
model (rzctangular grids)

-USO correction from
Dorig/Altimeter ionospheric bias, TOPEX-
dason2 1 T/ | Jasont 1 TR | o o bias | 2UXIHarY fls + bias for

global MSL | global MSL side-B
e e TOPEXIPageidon 2005 annual vlidaion | g 4 cor oo fump

() Y8586 transition (pcl)

* Composite et troposphere is computed using radiometer further than 50 km from the coasts and ECUWE model for
distances between 10 and 50 km. Note that for Envisat difting period (after cycle 95) no Composite tropoSphers is currently
computed. The MWR radiometer correction is used.




image1.png
ac
CLS

COLLECTE LOCALISATION SATELLITES




image2.jpeg




image6.png
BRS






image7.png




image8.png




