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1. [bookmark: _Toc315620024]Introduction
Within the Multimission work package (WP2500), the spatial homogenization sub-work package (WP2520) and the merging sub-work package (WP2530) are dedicated to the evaluation of the multimission merging methods to compute a gridded sea level Essential Climate Variable product. Two studies have been carried out:
· The impact of the missions used in the mapping
· The sensitivity to the mapping algorithms
The objective of this document is to provide results on the first study, the impact of the missions used in the mapping. The interest of this analysis is twofold. First, the analysis of the differences between the various datasets produced using different combination of satellites will give us information on the interest of using a multimission dataset: what is the difference of using 1, 2, 3 or 4 satellites in the merging process? Secondly, it will also bring information on the residual unhomogeneity between the missions used for the merging, and thus will allow us to highlight the defects of the homogenization process.
The satellites available during the altimetry period are described in Figure 1. A combination composed of 1 satellite from the [T/P, Jason-1, Jason-2] group, and 1 satellite from the [ERS-1, ERS-2, Envisat] group is available over almost all the period (except at the end of 1994). Additionally, the GFO mission brings information on another ground track between 2000 and 2008. T/P and Jason-1 are moved on the interleave track during the period 2003-2005 and in 2009 respectively, allowing us to have 4 satellites available during 2003-2005 and 3 satellites since 2009. With the launch of Cryosat-2 in 2010 the number will increase to 4 satellites. Finally a 5 satellite configuration will even be available when HY2 data will be available. 


[bookmark: _Ref305333497][bookmark: _Toc315620015]Figure 1: Number of satellites available to map the Sea Level 


Four combinations have been cross-compared for this study:
	Data set
	Description
	Available Period

	Maps TP/J1/J2
	Aviso/Duacs maps computed using 1 sat TP/J1/J2
	1993-2010

	Maps reference
	Aviso/Duacs maps computed using the reference constellation, TP/ERS or Jason/Envisat, 
	1993-2010

	Maps update
	Aviso/Duacs maps computed using the complete constellation: reference constellation + TP/J1 tandem + GFO
	2000-2010




The following comparisons have been performed :
	
	Dataset 1 
	Dataset 2 
	period 

	1 
	Ref map series 
	TPJ1J2 map series 
	1993-2010

	2 
	Ref map series 
	Upd map series 
	2000-2010




The following RRDP are on line on the SLCCI ftp: 
1. RRDP_WP2500_MultimissionMerging_Ref_vs_TPJ1J2_11-08-15.pdf 
2. RRDP_WP2500_MultimissionMerging_Ref_vs_Upd_11-08-15.pdf 


The mapping method used in the Aviso/DUACS system to produce these 4 datasets is fully described in the paper “ Dibarboure et al, 2011: Jason-2 in Duacs, First tandem results and impact on processing and products, Marine Geodesy 2 Special issue Vol 2”. 



[bookmark: _Toc315620025]Global Mean Sea Level
[bookmark: _Toc315620026]Long-term evolution
[bookmark: _Toc315620027]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 datasets. 
[bookmark: _Toc315620028]Comparison of long term estimation and inter-annual signals
The MSL trend obtained fromTPJ1J2 maps or multimission maps give very close results, within 0.1mm/year, when estimated over 18 years (1993-2010). The global MSL trend is not sensitive to the mission used.
	selection
	TP/J1/J2 Map
	Ref Map 
	Upd Map 

	-60/ 60
	3.0 mm/yr
	2.9 mm/yr
	

	Global
	
	2.9 mm/yr
	2.9 mm/yr



Tableau 1: [Diagnosis A201-a] Global MSL trend over 1993-2010 using three different datasets with a [-60;60] selection. 
We notice however a difference between the Ref maps and the TPJ1J2 maps in 1994: the two curves differ by several mm (up to 4mm), the latter giving a lower mean Sea Level for 1 year approximately during a period corresponding to the Geodetic Phase of ERS-1 (1994 to April 1995). 
This difference is not expected. In the Duacs system, an important assumption is made on the relative accuracy of the missions used: a reference missions (TP/J1/J2) hold the truth and the other missions are adjusted onto the reference. Thus the difference observed in 1994 is due to an anomaly on the Ref series, caused by the use of erroneous ERS-1 Sea Level Anomalies during the Geodetic Phase.
[image: X:\OCE_TMP\TSE2Linux\Figures\msl_G_TPJ1J2_Vs_REF.png][image: X:\OCE_TMP\TSE2Linux\Figures\msl_G_UPD_Vs_REF.png]
[bookmark: _Toc315620016]Figure 2: [Diagnosis A201-a] Left: Comparison of the MSL trend computed using the ref maps and TP/J1/J2 maps for latitude lower than 60 degres. Right:  Comparison of the MSL trend computed using the Ref maps and Upd time series over the whole globe 

[bookmark: _Toc315620029]Regional Mean Sea Level
[bookmark: _Toc315620030]Long-term evolution
[bookmark: _Toc315620031]Validation diagnoses used 
The validation diagnosis of the regional trend of sea-level differences using successively the two datasets allows us to evaluate the impact of the different corrections on the local MSL trends. 
[bookmark: _Toc315620032]Comparison of Regional mean sea level
Figure 3 left shows the TPJ1J2-Ref regional Mean Sea level difference over 1993-2010. Two sorts of patterns are observed. At first, short scales (~200km) differences are visible in high variability areas. Figure 4 shows a zoom of the MSL trends as seen by the two constellations in the Kuroshio area. In this region of strong mesoscale activity, strong differences are observed: the signature of the MSL changes in the current and seems better reconstructed in the Ref map than in the TPJ1J2 map. On the map of differences, we observe that over T/P ground track, the differences are almost zero, but that between these tracks, high differences, up to 10mm/yr, are visible. The difference is high in the area of strong mesoscale activity. Figure 4 shows a zoom of the MSL trend using the 2 series in the Kurioshio and the associated difference. This effect is the consequence of the poor sampling available when using TPJ1J2 only, and demonstrate the importance of the contribution of ERS1/2/Envisat satellites on regional MSL trend. Secondly, differences at longer wave length (up to several thousand km) with amplitude between -1mm/year and +1mm/yr are also visible at mid latitude notably. When estimated over a 10 year period (2000-2010) (Figure 5right), this signal becomes clearer, with two bands of negative trend differences along the geomagnetic equator. This difference, highly correlated with the ionosphere signal, highlights a residual error in one of the two dataset. This error is described with more details in the inter-annual chapter. 

[image: X:\OCE_TMP\TSE2Linux\DiffGrids_Ref_TPJ1J2.png][image: X:\OCE_TMP\TSE2Linux\DiffGrids.png]
[bookmark: _Ref305355104][bookmark: _Toc315620017]Figure 3: [Diagnosis A204-a] Difference of TPJ1J2 and Ref regional MSL trend on 1993-2010 (left) and 2000-2010 period (right)
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[bookmark: _Ref305391625][bookmark: _Toc315620018]Figure 4: : Maps of a) MSL trend TPJ1J2, b) MSL trend Ref, c) Difference of TPJ1J2 and Ref regional MSL trend on 1993-2010
Figure 5 left shows the Upd-Ref regional Mean Sea level difference over 1993-2010. The differences are strongly lower than for the TP/J1/J2 versus Ref comparison, at short scales but also at larger scales. When estimated over a 10 year period (2000-2010) (Figure 5 right), the differences remain very weak in general but are significant very locally: the ionosphere pattern described earlier is slightly visible also here, and in the North of the Indian Ocean a negative differences between -0.3 and -0.6mm/yr is observed over a large area. Moreover differences are also visible in the Arctic Ocean, (see zoom Figure 6 a). At these latitude, the ref maps are computed using ERS-1/2/Envisat missions (covering latitudes -82°/82°) whereas the Upd maps use additionally the GFO mission (covering latitudes -72°/72°). The introduction of GFO induces regional mean sea level trend differences between 66°N and 72°N. As shown by Figure 6 b, the average of the Mean Sea Level trend difference in this latitude band is about 1mm/yr: the use of GFO induces a lower mean Sea Level trend than when using ERS-2 or Envisat only. This difference is however weak regarding the high variability of the MSL evolution in such a small area. The difference is caused by the use of GFO but it is not obvious to determine if GFO improves or degrades the Mean Sea Level trend. In the DUACS homogenization process (see Dibarboure et al, 2011), ERS-1/2, Envisat and GFO missions are corrected, at long wave length notably, using TP/J1 or J2 as a reference. Above 66°, the Orbit Error Reduction, the first step of the process, is less efficient as no T/P, J1 or J2 data are available. The error associated with the SLA map is thus higher at these latitudes for the Ref and Upd maps.

[image: X:\OCE_TMP\TSE2Linux\DiffGrids_Ref_Upd.png][image: X:\OCE_TMP\TSE2Linux\DiffGrids_Ref_Upd_2000_2010.png]
[bookmark: _Ref305357694][bookmark: _Toc315620019]Figure 5: : [Diagnosis A204-a] Difference of Upd and Ref regional MSL trend on 1993-2010 (left) and 2000-2010 period (right)


[image: ] [image: C:\Users\yfaugere\Desktop\sla_upd_ref_66-72_Ajust.png]
[bookmark: _Ref305354893][bookmark: _Toc315620020]Figure 6: : [Diagnosis A204-a] a) Map of MSL trend differences between Upd and Ref map series on [1993-2010] over the Arctic area, b) Temporal evolution of the Mean Sea Level in the 66N-72N latitude range



[bookmark: _Toc315620033]Inter-annual signals
In order to highlight inter-annual signals, yearly averages of differences between the map series have been computed. At first we analyze the yearly differences between the TPJ1J2 and Ref map series (Figure 7). As for the regional MSL differences, differences of several cm at short wavelength are observed in the yearly averages in the areas of strong mesoscale activity. Differences at longer wave length are also observed. Strong biases at basin scales are visible for the year 1994 (blue color) on the differences. As described in the global MSL dedicated chapter, these local biases are errors in the Ref dataset due to a wrong processing of the ERS-1 geodetic data. Moreover the ionosphere signal noticed earlier is clearly visible on all the maps. However, its amplitude varies, according to year: it is particularly strong on the years 1999-2001 when the solar activity reaches a maximum. During these years, the Ref maps are computed combining T/P data, processed using a dual frequency ionosphere correction (except on Poseidon cycles), and ERS-2 data corrected from ionosphere effects using the GIM model ionosphere correction. The model correction is known to be less accurate than dual frequency corrections so we can suppose that this signal is the residual signature of an error in the ERS-2 SLA used to compute the Ref maps.
Finally, we analyze the mean differences between the Upd and Ref map series (Figure 8). The main differences are located at high latitudes. In the Arctic, during 2000-2002, a positive bias is observed at latitude 66°N-72°N: the use of GFO induces a higher Sea Level than for ERS-2 only. This bias is strongly lower during 2003-2008 and with an opposite sign. This change of amplitude and sign is likely to be caused by the use of Envisat from 2003 onwards in the map calculation instead of ERS-2. This indicates first that, as explained earlier, errors are higher above 66° due to an inaccurate long wave length correction process, and secondly that this inaccuracy is probably higher during the ERS-1/2 period.
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[bookmark: _Ref315612724][bookmark: _Toc315620021]Figure 7: Yearly mean difference of tpj1j2 and ref on [1993-2009]
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[bookmark: _Ref305404044][bookmark: _Toc315620022]Figure 8: Yearly mean difference of upd and ref on [2000-2009]











[bookmark: _Toc315620034]Mesoscale
[bookmark: _Toc315620035]Validation diagnoses used 
The following diagnoses display the maps and the long-term monitoring of SLA variance for the various constellations. They underline the capability of mesoscale reconstruction but can also highlight errors in the data taken into account or a deficiency of the mapping algorithm. 

[bookmark: _Toc315620036]Comparison of the TPJ1J2, Ref and Upd time series
First, comparisons between REF and mono-mission TPJ1J2 constellations highlights the lost of energy in the areas of high mesoscale activity signal when using a mono-mission constellation (Figure 9, top). This behavior is quite homogeneous with time, except end of 1994, when only Topex/Poseidon was available. During this period, both datasets are based on Topex/Poseidon data only. Local increase in SLA variance can be observed in the Western Pacific and Indian Ocean. These effects are not explained. They might traduce errors in the mono-mission constellation. Further investigations are needed to understand this behavior, and quantify a potential residual errors in the ref maps, as well as the erro potentially transferred to the E1/E2/Envisat missions through the ling wave length error correction.
Comparing the Ref dataset to another 2-satellite constellation allows to underline the different capabilities of the different altimeters. Using TPN+J1 constellation rather than J1+EN constellation over the 2003-2004 period, underlines the better capability of the first constellation to sample mesoscale activity. Actually, SLA variance is always increased (Figure 9, bottom), except for a short period during which one of the altimeter measurement were unavailable. The impact is however not as clear as between REF and mono-mission constellations. Actually, even if the main impact is located on high variability areas, no clear SLA variance increase over these areas can be observed: in some cases, global SLA variance increase can be observed, traducing better sampling signal of the signal. It is the case in the Gulf Stream or in the South Atlantic confluence area. It is not the case in other areas, like the Kuroshio or some parts of Agulhas current, where areas of SLA variance decrease are also clearly evidenced. This behavior is not well explained, but could be linked with the specific interannual variability of the Streams considered. In the case of the Kuroshio, the elongated phase observed during the period here considered (2003-2004) means that lower mesoscale activity is observed East of 150°E. In this case, interest of TPN+J1 constellation, with higher temporal repetitively, is reduced. However, this can’t explain all the specific behavior of TPNJ1 constellation.

Using UPD rather than REF constellation clearly underlines the better mesoscale signal reconstruction, higher on high variability areas (Figure 9, center). Clear increase in SLA variance is observed on all the main streams of the circulation. The temporal evolution of SLA variance differences shows that the increase is not homogeneous with time. Some SLA brief variance reductions can be observed all along the period considered. Further investigation are needed to fully explain this signal, but higher errors in the signal reconstruction, especially in coastal areas (Philippians and Indonesian Seas, Amazon Delta and high latitudes areas) can explain part of this signal. It has also to be noticed that the mesoscale restitution in the Kuroshio is lower than in the Gulf Stram. We suppose that its specific variability can influence the results.



[image: ][image: X:\OCE_TMP\TSE2Linux\Figures\DiffGrids_Ref_TPJ1J2.png]
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[bookmark: _Ref305404880][bookmark: _Toc315620023]Figure 9: Variance differences: Temporal evolution (left, cm2) and spatial distribution (right, m2)
[bookmark: _Toc315620037]Conclusions and recommendations
The objective of this document was to analyse the impact of the missions used in the mapping of Sea Level Anomaly. Several configuration have been tested in this exercise. We compared successively one constellation of 1 satellite (TP, J1 or J2), 2 satellites (1sat+ E1, E2, or Envisat) or 3 satellites (2 sat+ GFO+TPN+J1N).
For the <Global Mean Sea Level, the various constellation give very close results, within 0.1mm/year. The global MSL trend is not sensitive to the mission used.
Then, concerning regional mean seal level, we surprisingly observed that adding missions to the merging process can degrades the Sea Level for certain scales. The degradation observed is a variable pattern around the geomagnetic equator. This error, due to errors in the ionosphere correction of ERS-1/2 (Bent/GIM model) impacts the whole globe zonaly and several thousand of kilometers in latitude with temporal variations at interannual scales (solar cycle) and seasonnal cycle. The erroneous SLA of these missions degrades the merged product at a the cm level. Ionosphere errors are also visible during Envisat/Jason-1 period when dual frequency correction are available on both missions. This must be investigated. In particular, deep investigations on secondary band might necessary. A correction should be developed at the Level 3 step, during the homogenization process. These effects will not be corrected by the SLCCI improvements at Level 2
We observed also a paticular sensitivity of using 2 or 3/4 satellites above 66°, where secondary missions are not adjusted on the reference mission. Error might be bigger during the ERS-1/2 period. Improvement of Multimission Calibration /homogenization is thus also needed at high latitude.
Finally, concerning mesoscale, the configuration using the highest number of mission possible exhibit the best performances in terms of variance, except on very localized areas. The Upd configuration has thus to be preferred for this application.
[bookmark: _Toc315620038]Synthesis

	Climate 
Applications 
	Temporal Scales 
	Round Robin Data Package (RRDP) 

	
	
	TPJ1J2 
Vs Ref 
	Upd 
Vs Ref
	TPNJ1 Vs 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) 
	+
	+
	

	
	Inter annual signals (> 1 year) 
	+
	?
	+

	
	Annual and semi-annual Signals 
	
	
	

	Mesoscale 
	Signals < 2 months 
	-
	+
	?






[bookmark: _Toc315620039]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: _Toc315620040]List of acronyms

	TBC
	To be confirmed

	TBD
	To be defined

	AD
	Applicable Document

	RD
	Reference Document
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