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The mean dynamic topography of the surface of the North Atlantic is estimated using an
inverse model of the ocean circulation constrained by hydrographic and altimetric
observations. Thisestimateisused to compute a geoid height correction over the North
Atlantic that is consistent with both the JGM-2 geoid model, oceanogr aphic
observations, and ocean dynamicswithin realistic uncertainties. The correction reduces
the uncertainty in the geoid model expanded to spherical harmonic 40 to a level of about
5cm.

| ntr oduction

The geoid height can be computed by subtractingcaanographic estimate of the mean
dynamic topography from the altimetric mean seéaserheight (SSH) [Roemmich and
Wunsch, 1982]. The mean SSH above a referenceaillips known from the
TOPEX/POSEIDON (T/P) observations within an undatteof a few centimeters, most of
this uncertainty being due to the natural varigpif the ocean rather than the instrumental
error. This SSH is combined with an inverse modéheate of the mean dynamic topography
to compute the geoid height in the North Atlantic.

| nver se calculation

The mean dynamic topography of the North Atlargiestimated using the 2.5° longitude by
2° latitude finite difference inverse model of Miercet al. [1993]. The model finds an ocean
circulation, and the associated dynamic topogragitat,best fits in a least-square sense
observational and dynamical constraints.

The ocean circulation and the associated topographyequired to satisfy mass, heat, and
salt conservation in addition to the thermal wind geostrophic balances. The solution is
also required to be consistent with hydrographit @timetric observations. The
hydrographic observations consist of an estimatee@fmean density field and its variance
calculated using a compilation of more than 100 drographic stations collected over the
past 70 years [Reynaud, 1996; LeGrand et al., 1994 altimetric observations consist of
the mean dynamic topography estimated by subtattie JGM-2 geoid model [Tapley et al.,
1994] from the mean of 2 years of T/P SSH obseraat{cycles 2 to 75) corrected for
environmental effects. The topography is computedgthe satellite tracks in a latitude band
of the North Atlantic from 20°N to 50°N and thereaaged onto a 5° longitude by 4° latitude
grid. The uncertainty in this topography estimatealculated using the spatial autocorrelation
function of the uncertainty in the JGM-2 geoid exged to spherical harmonic 40 [Rapp, Le



Traon, personal communication, 1994] and the uat#ytin the 5°x 4° mean SSH calculated
with the assumption that the oceanic mesoscalabiéty has a decorrelation scale of

100 km. The resulting topography uncertainty is ohated by the geoid height uncertainty
and is on the order of 20 cm.

An ocean circulation consistent with the observatla@onstraints and the dynamical
constraints is found by the inverse model. The ntaramic topography estimated by the
inverse model is consistent with known featurethefcirculation in the North Atlantic such
as the Gulf Stream and its recirculation, and thigrepical gyre. The uncertainty in the mean
dynamic topography estimate decreases on averageaioout 5 cm for an estimation of the
topography onto the inverse model grid (2.5° lamdgt by 2° latitude) down to about 0.3 cm
for an estimation of the topography onto a 37.5Yltude by 30° latitude box [LeGrand et al.,
1997].

Geoid correction

The inverse estimate of the mean dynamic topograpthe North Atlantic has a smaller
uncertainty than the T/P - JGM-2 estimate and opees it to yield a significant
improvement of the JGM-2 geoid height model. Bubtracted from the T/P mean SSH to
estimate the geoid height onto the 5° longitudd blatitude grid (Figure 1a). The T/P -
Inverse geoid height differs from the JGM-2 geogight by values on the order of 10 cm and
is better visualized as a geoid height correctiois. slightly more consistent with the recent
EGM96 [Lemoine et al., 1997] geoid height estintasn with the JGM-2 estimate at a scale
of 1000 km [LeGrand et al, 1997], which suggestd the inverse geoid correction goes in
the right direction. However, the inverse geoidghéeestimate is still different from the
EGMO96 estimate. This difference is plausible if @oasiders that the EGM96 estimate is
noisy at scales of 1000 km.

The crucial point in an ocean modeling estimatthefgeoid height is the calculation of its
uncertainty. The present uncertainty calculatiguages that the uncertainties in the mean
SSH and in the mean dynamic topography are deatetel The uncertainty in the mean
dynamic topography is calculated by the inverseguare taking into account modeling
errors and observational errors. Estimating modetimors is difficult, but not critical
because the difference between the topography tamagrin a calculation with modeling
errors multiplied by two and the topography unaatiain a calculation with modeling errors
divided by two is of the order of 20% (differendelocm in the Gulf Stream, and less than

1 cm elsewhere). Observational errors are estingitedtly from the data, and despite some
crude approximations are surely accurate to wiimmorder of magnitude. All the sources of
uncertainty in the geoid height estimate have theen accounted for in this calculation, and
the resulting geoid height uncertainty estimatgFe 1b) is fairly robust.



Figurel
(a) Correction to the geoid (cm) estimated on the4& grid by
the inverse model. (b) Uncertainty (cm) in the &*xorrected
geoid height estimate.

The total uncertainty in the corrected geoid heigtun the order of 5 cm in the interior of the
ocean at the scale of the 5°x 4° grid, and is aboatthird of the corresponding uncertainty in
the JGM-2 estimate. The uncertainties are highar tiee continents because the SSH is not

precisely know in the 5°x 4° boxes correspondinthese regions due to the small number of
independent observations.

Conclusion

The 5 cm precision is as good as that expected imtermediate gravimetry missions
[Minster, personal communication, 1996]. Highergs®sn gravimetry missions will not fly
before several years, and oceanographic geoidassnsould be used in the meantime. The
main difficulty to overcome in order to estimate gpeoid height over the global ocean using
an inverse model of the ocean circulation is t@eine the mean density field and its
uncertainty. The hydrographic data base is scartde of the North Atlantic, and a global
geoid estimate is unlikely to be as precise ad\ibrgh Atlantic estimate.
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