Description and comparison between Mean Sea Srfaces in the GOCINA project. 

Mean Sea Surfaces (hereafter called MSS) are by-products of satellite altimetry. Referenced to an Earth ellipsoid, they contain the geoid plus the mean dynamic dynamic ocean topography (MDT). 

Men sea surfaces are commonly used by geodesists and geophysicists to analyse geoid undulations, and studying crustal deformation, or Earth interior dynamics. Oceanographers using satellite altimetry can reference sea surface heights (hereafter called SSH) to the MSS. Due to the non perfect satellite positioning for repeat orbit missions, SSH are usually referenced to an MSS in order to reduce possible geoid cross-track artifacts. 

Three mean sea surface models have been selected for the GOCINA project. These three models have been released during 2000 and 2001 and are the newest mean sea surface models available. These are

	
	mean sea surfaces

	Selected
	CLS-01  (Centre de Localisation d’ Satellittes) – France

KMS-01 (National survey and Cadastre) – Denmark

GSFC-00 (Goddard Space Flight Center – Maryland, USA

	Older surfaces. 
	OSU95 (Ohio State University, Columby, USA)

CSR98 (University of Austin, Texas, USA).


Table 1. Mean sea surface models. 

All surfaces are computed and delivered on a 2' grid oceanwide between latitude ±80°(GSFC00) or  ±82° (CLS01 and KMS01). This resolution corresponds to 4 km at the Equator. 

Section 2 below describes the individual mean sea surfaces. Section 3. presents the mean sea surfaces for the region of interest for the GOCINA project. 

For evaluation and global comparison between the three mean sea surfaces the reader is referred to Hernandez and Schaeffer, (2000, 2001). 

2. Mean sea surface Description. 

Below a summay of the different data and processing applied to the individual mean sea surfaces.

	CLS 01
	T/P mean profile
	ERS mean profile
	GEOSAT mean profila
	ERS-1 geodetic data

	Selected time period
	1993-1999

7 years

(cycles 11-280)
	1993-1999

5 years 64 cycles


	1987-1988

2 years

(cycles 1-44)
	1994-95

- ERS-1 phase E

- ERS-1 phase G

	Coverage
	66°S-66°N
	82°S-82°N
	72°S-72°N
	82°S-82°N

	Groundtracks spacing
	320 km
	~80 km
	160 km
	~8 km

	Remarks
	used to reference other data
	referenced to T/P data.
	old dataset 

less accurate correction
	fine spatial resolution. 

each track adjusted to T/P mean profile


Table 2. Characteristics for the CLS01 Mean sea surface. 

	KMS 01
	T/P mean profile
	ERS mean profile
	GEOSAT geodetic data
	ERS-1 geodetic data

	Selected time period
	1993-1998

6 years

(cycles 11-232)
	1993-1999

5 years 60 cycles


	1985-1986

1.5 years

(cycles 1-44)
	1994-95

- ERS-1 phase E

- ERS-1 phase G

	Coverage
	66°S-66°N
	82°S-82°N
	72°S-72°N
	82°S-82°N

	Groundtracks spacing
	320 km
	~80 km
	~6 km
	~8 km

	Total of used points
	used to reference other data
	ERS-1 and ERS2 referenced to T/P data separately.

DGM04 orbits

 
	old dataset 

less accurate correction

corrected sea surface heights used
	2 interlaced repeats.

fine spatial resolution. 

xover corrected sea surface heights used.


Table 3. Characteristics for the KMS01 Mean sea surface.

	GSFC 00
	T/P mean profile
	ERS mean profile
	GEOSAT mean profile
	GEOSAT geodetic mission
	ERS-1 geodetic data

	Selected time period
	1993-1998

6 years

(cycles 11-232)
	1993-1997

3 phases used 

48 cycles


	1987-1988

1.9 years

(cycles 1-42)
	1985-1986

1.5 years


	1994-95

- ERS-1 phase E

- ERS-1 phase G

	Coverage
	66°S-66°N
	82°S-82°N
	72°S-72°N
	72°S-72°N
	82°S-82°N

	Groundtracks spacing
	320 km
	~80 km
	160 km
	~6 km
	~8 km

	Remarks
	Used to reference other data. 
	referenced to T/P data separately.

DGM04 orbits
	old dataset 

less accurate correction
	old dataset 

less accurate correction.

fine resolution

un-uniform coverage

along track  gradients used. 
	2 interlaced repeats.

fine spatial resolution. 

along track gradients used.


Table 4. Characteristics for the GSFC00 Mean sea surface.

All 3 mean sea surfaces are derived from different (but somewhat similar) subset of altimetry. The major difference is the fact that the CLS mean sea surface only uses finer scale geodetic mission altimetry from the ERS-1 satellite whereas both GSFC00 and KMS01 uses the older and Geosat geodetic mission altimetry. 
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Figure 1: Global map of the MSS CLS01 (units in m). On the continents, the EGM96 geoid height is used. 
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Figure 2: Global map of the MSS KMS01 (units in m).

3. Comparison with EGM96 geoid in the GOCINA study region
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Figure 3. Differences between CLS01  MSS and EGM96 geoid (same colorbar as Fig 5) 
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Figure 4. Differences between KMS01  MSS and EGM96 geoid (same colorbar as Fig 5)
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Figure 5. Differences between GSFC00  MSS and EGM96 geoid

A comparison for the GOCINA region between the MSS surfaces and EGM96 geoid model is given in the table below (all values are in meters). 

	
	Mean
	Standard Deviation
	Minimum
	Maximum

	KMS01-EGM96
	-0.36
	0.28
	-1.53
	1.40

	GSC00-EGM96
	-0.35
	0.28
	-1.43
	1.33

	CLS01-EGM96
	-0.31
	0.28
	-1.38
	1.86


Table 4. Mean difference, standard deviation, minimum and maximum of difference between the Mean sea surface models and the EGM96 geoid model

4. Comparison between Different Mean sea surfaces
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Figure 6. Differences between KMS01 and CLS01 MSS (KMS minus CLS). Color scale same as figure 8. 
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Figure 7. Differences between KMS01 and GSFC00 MSS (KMS minus GSFC). Color scale same as figure 8. 
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Figure 8. Differences between GSFC00 and CLS01 MSS (GSFC minus CLS). 

A comparison for the GOCINA region between the surfaces are given in the table below (all values are in meters). 

	
	Mean
	Standard Deviation
	Minimum
	Maximum

	KMS01-GSFC00
	-0.01
	0.11
	-1.17
	0.70

	GSC00-CLS01
	-0.05
	0.14
	-2.29
	1.41

	KMS01-CLS01
	-0.01
	0.13
	-1.95
	1.22


Table 5. Mean difference, standard deviation, minimum and maximum of difference between the Mean sea surface models

5. Data

Ascii grids of the mean sea surfaces used for this comparison is available at

ftp.kms.dk/GOCINA/MSS
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