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   A B S T R A C T

T o p e x / P o s e i d o n  ( T / P ) ,  G E O S A T ,  a n d  E R S - 1  i m p r o v e d
al t imet r ic  d a t a s e t  a r e  u s e d  t o  e s t i m a t e  a  m e a n  s e a
s u r f a c e  ( M S S ) .  T h i s  M S S  i s  d e d i c a t e d  t o  o c e a n o g r a p h y ,
f ocus ing  on  t he  accu racy  o f  t he  mean  sea  he igh t  a l ong
the  sa te l l i t e  g round  t racks .  The  3 -years  T /P  accu ra te  (1 .2
c m  rms )  mean  p ro f i l e  i s  p rocessed  t o  r e f e rence  t he  MSS.
A  two -yea r  ERS-1  mean  p ro f i l e  i s  ca l cu la ted  by  merg ing
p h a s e  C  a n d  G  da tase t ,  w i t h  a  1 .6  cm r m s  a c c u r a c y .  T h e
t w o - y e a r  G E O S A T  m e a n  p r o f i l e  i s  2  c m  rms  accu ra te .
These  two  p ro f i l es  a re  ad jus ted  to  T /P .  The  da ta  o f  t he
two  168 -day  ERS-1  geode t i c  cyc l es  a re  a l so  used ,  t o
p rov ide  a  g loba l  h igh  reso lu t i on  to  t he  MSS.  Fo r  a l l  t he
ERS-1  da ta ,  t he  ocean  va r i ab i l i t y  i s  r emoved  f rom the
sea  su r face  he igh t  by  sub t rac t i ng  the  T /P  sea  l eve l
anoma ly  (SLA) ,  t hen  the  o rb i t  e r ro r  a re  a l so  reduced  by
sp l ine - f i t t i ng  w i th  T /P  a rcs ,  a l l ow ing  a  6 .5  cm r m s
a c c u r a c y .  E G M 9 6  g e o i d  i s  r e m o v e d  t o  t h e  d a t a .  A
subop t ima l  i nve rse  techn ique  i s  app l i ed  to  es t ima te  the
MSS f rom these  res idua l s ,  on  a  1 /16°  g r i d .  Th i s
techn ique  t akes  i n to  accoun t  t he  l ong  wave leng th  b iases
on a l t imet r i c  a rcs  and  a lso  the  ocean ic  var iab i l i t y  no ise .
The  MSS i s  va l i da te  f i r s t  by  ana lyz ing  d i sc repanc ies  w i th
the  mean  p ro f i l es  ;  e .g . ,  l ess  than  1 .3  cm r m s  a n d  0 . 1 1
c m / k m  rms  w i t h  t he  T /P  mean  p ro f i l e  i n  a  g l oba l
eva lua t i on .  I t s  accu racy  i s  improved  compared  to  o the r
MSS,  pa r t i cu la r l y  a t  sma l l  sca les .  And  the re  a re  abou t
3 . 6  a n d  5 . 1  c m  r m s  d i s c r e p a n c i e s  w i t h  O S U 9 5  M S S  a n d
t h e  G R G S  M S S  r e s p e c t i v e l y .  T h e  s e c o n d  v a l i d a t i o n  i s
based  on  d i f f e rences  be tween  t he  t h ree  MSS,  and  t he
s tandard   dev ia t i on  i s  be low  11  cm.  A  f i na l  t es t  show tha t
t o  u s e  t h e  M S S  t o  re fe rence  a l t ime t r i c  Sea  Leve l
Anoma l i es  (SLA)  i s  va luab le :  i t s  a l l ows  a  merg ing  o f
severa l  sa te l l i t e  da ta  se t  reduc ing  sys tema t i cs  b ia ises .
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OBJECTIVE

• • The MSS must be accurate along and close to the satellite track pattern (e.g.,
T/P, ERS1-2, GEOSAT... JASON,Envisat,GFO)

• • The MSS must be contains the short wavelength of the geoid undulations at the
vicinity of the satellite ground tracks.

• • The MSS should be the reference for calculating and merging homogeneously
Sea Level Anomalies from differents satellites.

DATA

• Three-year T/P mean profile
   Cycles 11 to 121 (january 93 to january 96), NASA-JGM-3 orbit.

• Two-year ERS-1 mean profile

  Merging phases C (7-17, nov. 92 to nov. 93) and G (2-12, mai 95 to mai 96) to get two full years of data with
the DPAF orbit

• Two-year GEOSAT mean profile
    Cycles 1 to 44 (years 87 and 88)

• ERS-1 geodetic phase
   2 Cycles (april 94 to march 95)

GRIDDING or ESTIMATION METHOD

Inverse method, taking into account large scale errors along the satellite tracks (Le Traon et
al., 1997)
OBSERVATIONS :
• Residuals of the Mean Heights to the EGM96 geoid
• Data noise :
- Mesurement errors
- Large scale errors (e.g. residual orbit error)
- Residuals of oceanic variability
METHOD :
For each grid point in the first calculation grid (0.25° x 0.25°) :
• Data are collected in the 200 km-radius influence bubble
• The mean is calculated and subtracted, to center the observations
• The observation covariance matrix is inverted
• A subgrid estimation (1/16° x 1/16°) is processed, using this covariance matrix, providing estimates

and errors
The bubble mean and the EGM96 are added back to the estimates

P.-Y. Le Traon, F. Nadal and N. Ducet, 1997 : An Improved mapping method of multi-satellite altimeter data, in press to Journal of Atmospheric and Oceanic Technologie.

Mean Sea Surface Dedicated
to Ocean Studies

Using the MSS to calculate Sea Level Anomalies

T w o  s e t  o f  S L A  h a v e  b e e n  c a l c u l a t e d :  f i r s t  b y  s u b t r a c t i n g  t h e  m e a n  p r o f i l e s ,  a n d

s e c o n d  b y  s u b t r a c t i n g  t h e  M S S  t o  t h e  a l t i m e t r i c  h e i g h t .  T h e n  t h e  S L A  m a p p i n g

h a v e  b e e n  p e r f o r m e d  e v e r y  t e n  d a y s  ( e a c h  T / P  c y c l e )  d u r i n g  1 9 9 3 ,  s e p a r e t e l y

w i t h  t h e  t w o  S L A  d a t a s e t .  A t  e a c h  c y c l e ,  m a p s  o f  d i f f e r e n c e s  h a v e  b e e n

c a l c u l a t e d .  T h e  t i m e  a v e r a g e  o f  t h e s e  d i f f e r e n c e s  e x h i b i t s  1 - 2  c m  a n o m a l i e s

r e l a t e d  t o  t h e  d i f f e r e n c e  b e t w e e n  t h e  M S S  a n d  t h e  T / P  m e a n  p r o f i l e .  T h e s e

a n o m a l i e s  a r e  r e l a t e d  t o  1 )  g e o g r a p h i c a l l y  c o r r e l a t e d  e r r o r s  c o n t a m i n a t i n g  t h e

M S S  a n d  2 )  b e t t e r  p r e c i s i o n  o f  t h e  M S S  ( n e a r  t h e  c o a s t ) .  T h e  t i m e  s t a n d a r d

d e v i a t i o n s  a r e  a s s u m e d  t o  s h o w  t h e  g e o i d  c r o s s - t r a c k  e r r o r s  n o t  w e l l  c o r r e c t e d  i n

t h e  S L A  r e f e r e n c e d  t o  t h e  m e a n  p r o f i l e s  ( a n o m a l i e s  o f  ~ 1 c m  r m s ) .  T h e  M S S  i s

a l s o  d e d i c a t e d  t o  i m p r o v e  h o m o g e n e i t y  b e t w e e n  T / P  a n d  E R S - 1  d a t a s e t .  T h e

d i f f e r e n c e  o f  T / P  a n d  E R S - 1  S L A  m a p s  r e f .  m e a n  p r o f i l e ,  a r e  c o m p a r e d  t o  t h e

d i f f e r e n c e  o f  T / P  a n d  E R S - 1  S L A  m a p s  r e f .  t o  t h e  M S S .  T h e  m a p  o f  t h e  d i f f e r e n c e

o f  t i m e  v a r i a n c e  o f  t h e  t w o  t y p e s  o f  S L A  s h o w s  a n o m a l i e s  i n  s t r o n g  g e o i d  h e i g h t

v a r i a b i l i t y  a r e a s .  P o s i t i v e / n e g a t i v e  v a l u e s  a r e  r e l a t e d  t o  a  « n o i s i e r »  M S S / M e a n

p r o f i l e  r e f e r e n c e  r e s p .  T h u s ,  t h e r e  i s  n o  s t r o n g  n e g a t i v e  i m p a c t  i n  u s i n g  t h e  M S S

a s  t h e  r e f e r e n c e  f o r  S L A .

CONCLUSION

• The precision along the mean profiles is keeped (e.g; 1.3, 2.1, 4.1 cm RMS with T/P, ERS-1, and
GEOSAT profiles respectively) and comparable with the crossover differences (e.g; 1.6, 2.5, 3.7
cm RMS).

• A sensitivity study of the error show that errors are coherent with mean profile discrepancies.
• The mapping of the differences between the 3 MSS show that the CLS_SHOM MSS is not

degraded by a trackiness (data noise).
• Compared to other MSS the CLS_SHOM estimates MSS provides better resolution of the short

wavelength along the mean profiles.
• Comparisons between SLA calculated with MSS and with mean profiles show that the use of the

MSS would pollute the SLA mapping by only 1-2 cm RMS at short scales.

PERSPECTIVE
  
• • The CLS_SHOM MSS will be used for merging present altimeter data and futur data of Jason1,

ENVISAT, and GFO.
• The MSS corresponds to the mean oceanic level from 1993 to 1995. The MSS should be

determined over a longer period by a reference to 5 year T/P mean profile.
• Our processing and gridding method may be adapted for gravity anomaly and vertical deflection

calculations.

PREPROCESSING
  &

PROCESSING

Mean profile
T/P

Mean profile
ERS-1

Mean profile
GEOSAT

ERS-1
geodetic phase

period
1993-94-95

cycles 11 to 121
92/11 - 93/11
7-17 phase C
95/05 - 96/05
2-12 phase G

87/11 - 88/11
cycles 1-44

94/04 - 94/09
phase E

94/10 - 95/03
phase F

Resolution at the
equator

315 km ~ 80 km 160 km ~ 8 km

coverage 66° 82° 72° 82°

Remark

référence for all
observations

-2 phases
mixing

- Orbite DPAF

-introduce
interannual
variability

provide the
hight resolution

particularity

-adjustements of
E/E crossover

differences

-removing
oceanic

variability

-adjustement to
T/P mean

profile

-adjustement to
T/P mean

profile

-adjustements of
E/E crossover

differences

removing oceanic
variability

adjustement to
T/P mean profile

RMS of crossover
differences before
processing

1.66 cm 2.55 cm 6.54 cm ~13 cm

Internal accuracy

between 66°N et 66°S
1.2 cm 1.6 cm 2 cm 6.5 cm

accuracy related from
T/P

between 66°N et 66°S

1.2 cm 2 cm 3.2 cm 6.5 cm

accuracy related from
T/P

over 66°

4.8 cm 3.2 cm 10 cm

In order to validate and improve the MSS calculation, several tests are scheduled :

• Look at the differences between the T/P, ERS-1 and GEOSAT mean profiles
heights and corresponding interpolated values of the MSS.

• Compare the grid gradients with the along track mean profiles to verify the
restitution of the shorts wavelengths of the geoid.

• Comparing our MSS to MSS calculated with other dataset (e.g., the GEOSAT
Geodetic dataset), in particular the OSU95 MSS (Yi, 1995) and the GRGS MSS
(Mazzega et al., 1996).

Surfaces Satellites DH (cm) Standar
Deviation (cm)

DH/ds
(cm/km)

Standar
Deviation
(cm/km)

OSU95
T/P

ERS-1
GEOSAT
168 (1)
168 (10)

-0.39
0.12
-0.20
-0.49
0.70

3.64
5.34
4.94
8.80
9.68

 0

0.15
0.29
0.28
0.86
0.87

GRGS T/P
ERS-1

GEOSAT
168 (1)
168 (10)

-2.21
-2.73
-2.26
-1.95
-2.00

5.11
6.65
6.72
8.95
9.44

 0

0.42
0.48
0.49
0.91
0.91

CLS_SHOM
T/P

ERS-1
GEOSAT
168 (1)
168 (10)

-0.13
-0.17
-0.27
0.05
0.29

1.29
2.08
4.06
7.12
7.26

 0

0.11
0.15
0.18
0.80
0.78

Différence
between MSS

Mean(cm) Standard-deviation
(cm)

OSU95 - GRGS  -3.32  10.68

CLS_SHOM - OSU95  0.05  10.43

CLS_SHOM - GRGS  -3.09  10.18

VALIDATION


