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Abstract.

The Gravity and Ocean Circulation Experiment - GOCE
satellite mission measure the Earth gravity field with
unprecedented accuracy leading to substantial
improvements in the modelling of the ocean circulation
and transport. In this study of the performance of
GOCE, the new preliminary gravity models have been
combined with the recent DNSCO8MSS mean sea
surface model to construct a global GOCE satellite-only
mean dynamic topography model. At a first glance, the
GOCE MDT display the well known features related to
the major ocean current systems. A closer look,
however, reveals that the improved gravity provided by
the GOCE mission has enhanced the resolution and
sharpened the boundary of those features. A
computation of MDT slopes clearly displays the
improvements in the description of the current systems.
In the North Atlantic Ocean, the Gulf Stream is very
well defined and the Labrador and the Greenland
currents are clearly displayed. Furthermore, different
branches of the North Atlantic Current are seen. In the
North Pacific Ocean, the Kuroshio and its extension are
well recovered, also with its branches. In the Southern
hemisphere, both the Aghulas and the South Atlantic
current systems are very clearly displayed. In the
Antarctic Circumpolar Current system different flow
paths are revealed. The results of this preliminary
analysis using preliminary GOCE gravity models
clearly demonstrate the potential of GOCE mission.
Already at this stage the resolution and the estimation of
the surface currents have been increased by at least a
factor of two compared to similar pre-GOCE satellite-
only studies. Future GOCE models are expected to
further enhance studies of the ocean circulation.

Introduction.

During the late eighties as satellite altimeter data became
available globally over longer periods of time, huge
efforts were made in the geodetic community to process
global data sets to give joint analyses of geoid and ocean
dynamic topography, along with a reduction in satellite
orbit errors (Wagner, 1986, Engelis & Knudsen, 1989,
Denker & Rapp, 1990, Marsh et al., 1990, Nerem et al.,
1990). The quality of the available data were not sufficient
to recover the details of the general ocean circulation,
however the very large scales (>5000 km) of the dynamic
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topography could be recovered and compared with the
early oceanographic results obtained from hydrographic
data, e.g. Levitus and Boyer (1994). Already at this time
the importance of consistency between the reference
ellipsoids, as well as the role of the permanent tidal
correction were identified as major issues. Meanwhile in
local regions marine gravity data obtained from ships
could increase knowledge of the gravity field, and thereby
the geoid. Hence, such local data in combination with
altimeter data did yield more accurate estimates and
details of the dynamic topography (Wunsch & Zlotnicki,
1984, and Knudsen, 1991, 1992, 1993). More recently the
release of satellite gravity data from the GRACE
mission and the launch of the ESA Gravity and steady-
state Ocean Circulation Explorer (GOCE) satellite on
17th March 2009 are providing more accurate and
higher resolution global picture of the Earth’s gravity
field and its geoid. In turn, new details of the ocean
dynamic topography are expected to be detected
(Johannessen et al., 2003) (see also Hughes and
Bingham, 2008).

The GOCE satellite mission is a new type of Earth
observation satellite that measures the Earth gravity
field with unprecedented accuracy. Combining GOCE
geoid models with satellite altimetric observations of
the sea surface height substantial improvements in the
modelling of the ocean circulation and transport are
foreseen. In this study of the performance of GOCE, the
new preliminary gravity models have been combined
with the new DNSCO08MSS mean sea surface model
(MSS) to construct global GOCE satellite-only mean
dynamic topography models (MDT). The computation
of the MDTs follows the recommendations from the
GOCE User Toolbox (GUT) tutorials and is carried out
using GUT tools (Benveniste et al., 2007).

The three preliminary releases of the GOCE gravity
field models, i.e. the models derived using the so-called
direct method (DIR), the space wise approach (SPW)
and time wise approach (TIM) may all be used for this
study. However, the direct method yielded the model
with the highest resolution and it was found to be less
noisy. Hence, the analysis was carried out using this
model. Bingham et al. (2010) already demonstrated the
potential of GOCE using the TIM model in the Gulf
Stream area. The evaluation of the GOCE based MDT
was based on comparisons with a GRACE based MDT



and a MDT based on oceanographic in-situ data
constructed by Maximenko et al. (2009). The
comparisons are carried out using MDT heights as well
as the associated surface geostrophic current
components.

Computation of the Mean Dynamic Topography

The practical task of computing a Mean Dynamic
Topography (MDT) from a mean sea surface (MSS) and
a geoid is conceptually very simple; however there are
some issues that must be considered in order to obtain a
good MDT product. Both the MSS and the geoid must
be represented relative to the same reference ellipsoid
and in the same tidal system. Then the MDT is
expressed by
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where h is the height of the mean sea surface above the
reference ellipsoid and N is the geoid height relative to
the same reference ellipsoid. The mean sea surface is
associated with a specific time period. When using the
MDT together with satellite altimetry, it is important
that the altimetry used for the MSS in the MDT
calculation has the same corrections applied as the
altimetry that is used for the computation of the sea
level anomalies. Also, it is important that the reference
time periods match.

Global gravity field models such as the GOCE models
are normally represented in terms of spherical harmonic
coefficient up to a certain harmonic degree and order L.
Hence, when subtracting a geoid model based on such a
set of coefficients from the MSS, then the residual
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consist of the MDT plus the unmodelled parts of the
geoid associated with harmonic degrees above L.
Naturally errors in both the MSS and in the gravity field
model will play a role, but they are ignored at this stage.
Subsequently, a proper filtering of the differences is
required to eliminate the short scale geoid signals to
obtain a useful estimate of the MDT. That is
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where MDT estimate is obtained by applying a filter F

on the height residuals in eq.(2). The best estimate in a
least squares sense
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is obtained when the filtering does little harm to the
MDT and minimizes the short scale geoid signals.

This filtering may be carried out in either the space
domain, where the MSS is usually represented, or in the
spectral domain where global geoid models are usually
represented. Both methods have their advantages and
their disadvantages. In both cases, it may be
recommended to augment the GOCE spherical
harmonic series using other higher degree harmonic
expansions of the gravity field to reduce the magnitude
of the short scale geoid signal in the MSS. The
developments of methodologies for computing MDT
models begun during the EU FP-5 GOCINA project
(Knudsen et al., 2005, 2007 and 2007a). Research
within the ESA GOCE User Toolbox study (GUTS)
(Benveniste et al, 2007) looked at several procedures for
determining the MDT, applying both space domain and
spectral domain methodologies. Bingham et al. (2008)
found that the spectral method is most efficient in
removing the short scale geoid signals. However, the
expansion of the residual heights into spherical
harmonic coefficients may be tricky due to data gaps
over land and at the poles. Also Losch et al. (2007)
studied how different filtering methods perform and
found that the spectral method is advantageous for
filtering of global dynamic topography fields, but only
in conjunction with remove-restore techniques that are
designed to reduce the land-ocean discontinuity. For
regional dynamic topography applications, the space
domain methods are likely to be more efficient and
accurate than spectral methods. For space domain
methods filters with a Gaussian-like roll-off give more
accurate results than those with sharp cut-offs space.

Surface geostrophic currents are associated with the
slope of the MDT. If accelerations and friction terms are
neglected and horizontal pressure gradients in the
atmosphere are absent, then the components of the
surface geostrophic currents (u,v) are obtained from the
MDT by

Tabel 1. Standard deviations of quantities after filtering with a quasi-gaussian function with half-width at half-max values varying
from 0.25° to 2.0° computed in a region covering 10<@<50 and 140<A<220 in the North Pacific.

Filter half-width (deg) | 025 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Geoid omission error (m) 0.165 0.040 0.009 0.005 0.004 0.003 0.002 0.002
GOCE-Maximenko MDT (m) 0.195 0.068 0.044 0.038 0.034 0.032 0.030 0.029
u component (m/s) 1.168 0.287 0.101 0.066 0.051 0.042 0.036 0.032
v component (m/s) 0.979 0.217 0.061 0.035 0.024 0.019 0.015 0.013
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where f=2w.sing is the Coriolis force coefficient, w, is
the angular velocity of the Earth, R is the mean radius of
the Earth, ¢ is the latitude, A is the longitude, and vy is
the normal gravity.

The GOCE preliminary geoid

As mentioned above in the Introduction, the preliminary
GOCE gravity field model derived using the so-called
direct method (DIR) was used for this study. This model
is represented in terms of spherical harmonic
coefficients up to harmonic degree and order 240 and
was found to have the highest resolution and to be less
noisy. The direct method aims at optimally combining
prior information (dominated by GRACE) with GOCE
observations, resulting in a so-called combined model
(Bruinsma, et al., 2004). GOCE data from the two
months period from 1 November to 31 December 2009
was used.

The Mean Sea Surface

The DNSCO08MSS mean Sea Surface (MSS) (Andersen
and Knudsen, 2009) is the time-averaged physical
height of the oceans surface derived from a combination
of 12 years of satellite altimetry from a total of 8
different satellites covering the period 1993-2004. The
MSS is truly global and has been derived without a
polar gap by including all of the Arctic Ocean by
including laser altimetry from the ICESat mission.
DNSCO08MSS is derived independently of any geoid
model except for the region north of 86°N where no
altimetry is available, and it has been derived using a 2-
step procedure. In this procedure a coarse long
wavelength MSS is initially mapped from the 12 years
temporally averaged mean profiles of TOPEX and
JASON-1 merged with the adjusted 8 year mean
profiles from ERS-2 and ENVISAT. The adjusted mean
refers to the fact that the ERS-2 and ENVISAT is
initially ~ fitted onto the 12 year mean of
TOPEX+JASON-1 in order to ensure that no systematic
differences between the two datasets remains.
Subsequently retracked altimetry from the Geosat and
ERS-1 Geodetic Mission (Andersen et al., 2010) is
added using a remove-restore technique with respect to
the coarse long wavelength MSS. This way,
wavelengths with spatial scales down to roughly 15 km
are being mapped in the final DNSC08MSS.

The GOCE preliminary Mean Dynamic Topography

Both the geoid and the MSS were referenced to the
same reference ellipsoid and the same tidal system.
Then the residual obtained by subtracting the geoid
from the MSS were filtered in order to eliminate short
wavelength geoid signals not recovered by the
preliminary GOCE geoid model. Bases on experiences

and tests using an isotropic truncated Gaussian filter
with different filter widths were carried out for each
filter width the effects of the filtering were evaluated
using the standard deviations of filtered geoid residual
associated with harmonic degrees above 240 as well as
of filtered differences between the height residuals,
eq.(3), and the Maximenko MDT (Maximenko et al.
2009). In addition to the height differences, standard
deviations of the associated surface geostrophic current
components derived using eq.(5), were computed.

The results of the analysis of the filtering (see Table 1)
show that all quantities decrease rapidly with the half-
widths increasing from 0.25 deg to 0.75 deg. With half-
widths increasing from 1.25 deg to 2.0 deg, on the other
hand, the standard deviation hardly decrease. For all
quantities, the residual geoid signal associated with
harmonic degrees above 240 is believed to cause this
behaviour. Hence, the trade-off between minimising the
effects the residual geoid signal and filtering as little as
possible should be sought by selecting the filtering half-
width between 0.75 deg and 1.25 deg. In this analysis
the final filtering was carried out using the isotropic
truncated Gaussian filter with a half-width at half-
maximum of 1.0 spherical degree. With this filter width
the standard deviations of the filtered differences
between the GOCE MDT and the Maximenko MDT and
the associated surface geostrophic current components u
and v are 0.038 m, 0.066 m/s, and 0.035 mi/s
respectively. In addition, to smear out a North-south
striping at low latitudes a zonal filtering was applied
using a highly anisotropic filter with an East-west half-
width at half-maximum of 1.5 degrees at the Equator
and attenuating to O towards the poles as cos*(¢). In the
North-south direction the filter width was 0.25 degrees.
Subsequently, the standard deviations of the differences
between the filtered GOCE MDT and the unfiltered
Maximenko MDT and the associated surface
geostrophic current components u and v are 0.030 m,
0.070 m/s, and 0.050 m/s respectively. The resulting
MDT is shown in Figure 1. The surface geostrophic
current speed and direction are shown in Figure 2 and 3
respectively.

The GOCE preliminary MDT (Figure 1) display the
well-known features associated with the major current
systems (e.g. Knauss, 1996) such as the Gulf Stream,
the Kuroshio, the Agulhas, and the Antarctic
Circumpolar Current (ACC) systems. In the Western
Pacific Ocean the distinct high MDT values at the
centres of the gyres associated with especially the
Kuroshio are very clearly seen. Furthermore, high MDT
values are also found at the gyre associated with the
Agulhas current in the Southern Indian Ocean. In the
Southern Ocean the MDT decrease by about 1.5-2.0 m
across the ACC in accordance with its easterly flow
direction.



The preliminary GOCE surface geostrophic current
speeds and directions shown in Figure 2 and 3
respectively, display much more details about the mean
ocean circulation. In Figure 2 the geostrophic flows of
the Gulf Stream, the Kuroshio, the Agulhas, and the
ACC systems are clearly depicted with their flows in the
right directions. In addition, Figure 2 and 3 display the
Equatorial currents remarkably well. Especially in the
Equatorial Pacific the Westward flow of the Equatorial
current and the Eastern flow of the North Equatorial
Pacific current are clearly seen. In the next section these
findings are addressed in more details.

Evaluation

The evaluation of the GOCE preliminary MDT is
carried out through comparisons with a GRACE based
MDT and a MDT which has been enhanced by
integrating oceanographic in-situ data (e.g. Rio and
Hernandez, 2004, and Rio et al., 2005, Rio et al., 2009).
In this evaluation the MDT constructed by Maximenko
et al. (2009) was used. The comparisons are carried out
using the associated surface geostrophic current
components, mainly, since the MDTs appear very
similar as pointed out above (See also Bingham and
Haines, 2006).

The GRACE based MDT was derived using the EIGEN
GLO04S gravity field model up to harmonic degree and
order 150 following the same procedure as described
above for the derivation of the GOCE MDT. However,
since the resolution of GRACE is poorer than GOCE
the filtering was carried out using an isotropic truncated
Gaussian filter with a half-width at half-maximum of
1.7 spherical degrees. In addition, a zonal filtering was
applied to smear out the North-south striping at low
latitudes. The GRACE derived surface geostrophic
currents shown in Figure 4 while the surface currents
based on Maximenko’s MDT are shown in Figure 5.

Both the GRACE based surface geostrophic currents
(Figure 4) and the surface currents based on
Maximenko’s MDT (Figure 5) display distinct and
consistent expressions of the major current systems
(Figure 3). However, by closer inspection it is evident
that the GRACE based surface current fields clearly
display less details than those based on the GOCE and
Maximenko’s MDT as expected from the coarser
resolution of GRACE.

Both with respect to the surface geostrophic current
speeds and the recovery of the many different flow
paths the GOCE derived fields agree very well with the
Maximenko flows (e.g. in the Equatorial Pacific where
the Westward flow of the Equatorial current and the
Eastern flow of the North Equatorial Pacific current).
Hence, the enhanced details in the preliminary released
GOCE MDT and the corresponding surface geostrophic
current are very promising and consistent with the

oceanographic in-situ data that has been used to derive
the Maximenko MDT. This is further quantified in the
subsequent sections with focus on the Gulf Stream, the
Kuroshio, the Agulhas, the Brazil-Malvinas confluence
and the ACC.

Discussion

In this study of the performance of GOCE, the new
preliminary gravity models have been used to construct
a global GOCE satellite-only MDT. Naturally, it is
important to have in mind that this preliminary first
release GOCE model only use a subset of data
processed using algorithms that may be improved as
more experiences are obtained. Later releases of the
GOCE gravity models will most probably be
significantly improved. The computation of the MDTs
followed the recommendations from the GOCE User
Toolbox (GUT) tutorials applying the so-called space
domain method. With no doubt the filtering may be
improved by incorporating elements of the spectral
method especially for eliminating the influence of the
short scale geoid associated with harmonic degrees
higher than degree where the GOCE models has been
truncated; in this case 240. Also the use of optimal
filtering methods where the actual error covariances are
taken into account may lead to substantial
improvements and, in turn, provide error estimates of
the filtered MDT (e.g. Knudsen et al., 2007).

The GOCE MDT display the well known features
related to the major ocean current systems. In addition,
the GOCE gravity model has enhanced the resolution
and sharpened the geometry of those features. A
computation of the geotrophic surface current speeds
clearly display the improvements in the description of
the current systems. Sub-current systems and their
different branches and flow paths are revealed. The
results of this preliminary analysis using preliminary
GOCE gravity models clearly demonstrate the potential
of GOCE mission. Already at this stage the resolution
and the estimation of the surface currents have been
increased significantly compared to similar pre-GOCE
satellite-only studies. Future GOCE models are
expected to further enhance studies of the ocean
circulation.

Acknowledgement: The GOCE User Toolbox is made
available by the European Space Agency through
http://earth.esa.int/gut/. The analysis has been supported
by the European Space Agency project “GUT2 -
Version 2 of the GOCE User Toolbox”, CCN 3 to
ESRIN Contract No 19568/06/1-OL (4200019568).

References:
Andersen, O. B, and P. Knudsen, DNSC08 mean sea surface
and mean dynamic topography models. J. Geophys. Res.,



VOL. 114, C11001, 12 PP.,
d0i:10.1029/2008JC005179.

Andersen, O. B., P. Knudsen and P. Berry (2010) The
DNSCO08GRA global marine gravity field from satellite
altimetry, Journal of Geodesy, VVolume 84, Number 3, DOI:
10.1007/s00190-009-0355-9

Benveniste, J., P. Knudsen and the GUTS Team, 2007 : The
GOCE User Toolbox In: Proceedings of the 3rd International
GOCE User Workshop, 6-8 November 2006, Frascati, Italy /
Edited by Karen Fletcher. - Noordwijk : European Space
Agency, 2007.

Bingham, R. J. and K. Haines, 2006. Mean dynamic
topography: intercomparison and errors. Phil. Trans. R. Soc.
A, 364, 903-916.

Bingham R.J., K. Haines and C.W. Hughes, 2008: Calculating
the Ocean’s Mean dynamic topography from a Mean sea
surface and a Geoid J. Atmos. Ocean. Tech. 25, 1808-1822,
DOI:10.1175/2008JTECHO568.1

Bingham, R.J., P. Knudsen, O. Andersen, and R. Pail. A new
view of the mean North Atlantic circulation provided by
GOCE. Submitted to Geophys. Res. Let., 2010.

Bruinsma, S., J.-C. Marty, G. Balmino. Numerical Simulation
of the Gravity Field Recovery from GOCE Mission Data.
Proceedings of the Second International GOCE User
Workshop “GOCE, The Geoid and Oceanography”, 8 — 10
March 2004, ESA/ESRIN, Frascati, Italy (ESA SP-569, June
2004)

Denker, D., and R.H. Rapp, 1990: Geodetic and Oceanographic
Results from the Analysis of One Year of Geosat Data. J.
Geophys. Res., VVol. 95, N. C8, 13151-13168.

Engelis, T., and P. Knudsen.1989: Orbit Improvement and
Determination of the Oceanic Geoid and Topography from 17
Days of Seasat Data. Manuscripta Geodaetica, Vol. 14, No. 3,
193-201.

Hughes, C. W., and R. J. Bingham, 2008: An oceanographer’s
guide to GOCE and the geoid. Ocean Science, 4 (1). 15-29.
Johannessen, J.A., G. Balmino, C. Le Provost, R. Rummel, R.
Sabadini,, H. Sinkel, C.C. Tscherning, P. Visser, P.
Woodworth, C. W. Hughes, P. LeGrand, N. Sneeuw, F.
Perosanz, M. Aguirre-Martinez, H. Rebhan, and M.
Drinkwater,2003: The European Gravity Field and Steady-
State Ocean Circulation Explorer Satellite Mission: Impact

in Geophysics, Survey in Geophysics, 24, 339-386.

Knauss, J. A., 1996: Introduction to Physical Oceanography.
Prentice-Hall, Inc., 2nd Edition, 152-56.

Knudsen, P., 1991: Simultaneous Estimation of the Gravity
Field and Sea Surface Topography From Satellite Altimeter
Data by Least Squares Collocation. Geophysical Journal
International, Vol. 104, No. 2, 307-317.

Knudsen, P., 1992: Estimation of Sea Surface Topography in
the Norwegian Sea Using Gravimetry and Geosat Altimetry.
Bulletin Géodésique, Vol. 66, No. 1, 27-40.

Knudsen, P., 1993: Integration of Altimetry and Gravimetry
by Optimal Estimation Techniques. In: R. Rummel and F.
Sansé (Eds.): Satellite Altimetry in Geodesy and
Oceanography, Lecture Notes in Earth Sciences, 50,
Springer-Verlag, 453-466.

Knudsen, P., O. B. Andersen, and T. B. Andersson, 2007:
Optimal filtering of mean dynamic topography models. Proc.
3rd International GOCE User Workshop, Francati, Italy,
ESA Publications SP-627, ISBN 92-9092-938-3.

Knudsen, P., and the GOCINA Team: Integration of Altimetry
and GOCE Geoid For Ocean Modeling: Results From The

2009

GOCINA Project. Proc. 3rd International GOCE User
Workshop, Frascati, Italy, ESA Publications SP-627, ISBN
92-9092-938-3, 2007.

Knudsen, P., J.A. Johannessen, T. Gruber, D. Stammer, T. van
Dam (eds), 2005: GOCINA: Improving modelling of ocean
transport and climate prediction in the North Atlantic region
using GOCE gravimetry, Proceeding from the GOCINA
Workshop, Luxembourg, 2005, Cahiers du Centre European
de Geodynamique et de Seismologie, Vol. 25, ISBN 2-
9599804-2-5 199pp.

Knudsen, P., O. B. Andersen, R. Forsberg, H.P. F6h, AV.
Olesen, A.L. Vest, D. Solheim, O.D. Omang, R. Hipkin, A.
Hunegnaw, K. Haines, R. Bingham, J.-P. Drecourt, J.A.
Johannessen, H. Drange, F. Siegismund, F. Hernandez, G.
Larnicol, M.-H. Rio, and P. Schaeffer, 2007a: Combining
altimetric/gravimetric and ocean model mean dynamic
topography models in the GOCINA region. IAG symposia,
Vol. 130, Springer Verlag, ISBN-10 3-540-49349-5, 3-10.

Levitus, S. and T. P. Boyer, 1994: World ocean atlas 1994
volume 4: Temperature NOAA Atlas NESDIS 4, 117 pp.
National Ocean and Atmosphere Administration USA.

Losch, M., Snaith, H., Siegismund, F., Knudsen, P., GUTS,
team (2007).GOCE User Toolbox Specification: Scientific
Trade Off Study and Algorithm Specification, Proceedings
of the 3rd International GOCE User Workshop. Noordwijk,
ESA Publications Division, 303-310. (ESA SP ; 627.

Marsh, J.G., C.J. Koblinsky, F.J. Lerch, S.M. Klosko, T.V.
Martin, J.W. Robbins, R.G. Williamson, and G.B. Patel, 1990:
Dymanic Sea Surface Topography, Gravity, and Improved
Orbit Accuracies from the Direct Evaluation of Seasat
Altimeter Data. J. Geophys. Res., Vol. 95, N. C8§,
13129-13150.

Maximenko, N., P. Niiler, M.-H. Rio, O. Melnichenko, L.
Centurioni, D. Chambers, V. Zlotnicki, and B. Galperin,
2009: Mean dynamic topography of the ocean derived from
satellite and drifting buoy data using three different
techniques. J. Atmos. Oceanic Tech., 26 (9), 1910-1919.

Nerem, R.S., B.D. Tapley, and C.K. Shum, 1990: Determination
of the Ocean Circulation Using Geosat Altimetry. J. Geophys.
Res., Vol. 95, N. C3, 3163-3179.

Rio, M.-H. F. Hernandez, 2004. A Mean Dynamic
Topography computed over The world ocean from altimetry,
in-situ  measurements and a geoid model. Journal of
Geophysical Research 109 (C12).

Rio, M. H., P. Shaeffer, F. Hernandez and J. M. Lemoine,
2005. The estimation of the ocean Mean Dynamic
Topography through the combination of altimetric data, in
situ measurements and GRACE geoid: From global to
regional studies. In: Proceeding from the GOCINA
Workshop, Luxembourg, 2005, Cahiers du Centre European
de Geodynamique et de Seismologie, Vol. 25, ISBN 2-
9599804-2-5 pp. 171-176

Rio, M-H, P. Schaeffer, G. Moreaux, J-M Lemoine, E.
Bronner (2009) A new Mean Dynamic Topography
computed over the global ocean from GRACE data,
altimetry and in-situ measurements . Poster communication
at OceanObs09 symposium, 21-25 September 2009, Venice.

Wagner, C.A., 1986: Accuracy Estimates of Geoid and Ocean
Topography Recovered Jointly From Satellite Altimetry. J.
Geophys. Res., Vol. 91, No. B1, 453- 461.

Wunsch, C., and V. Zlotnicki, 1984: The accuracy of altimetric
surfaces. Geophys. J. R. astr. Soc., 78, 795-808.



30

120 150 0 300 330
Figure 1. MDT based on GOCE.
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Figure 2. Surface geostrophic current speed from MDT based on GOCE.
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Figure 3. Surface geostrophic current direction from MDT based on GOCE.
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Figure 4. Surface geostrophic current speed from MDT based on EIGEN GL04S.
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Figure 5. Surface geostrophic current speed from Maximenko’s MDT.
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