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The general circulation of the ocean is studied with a primitive equation model. By
assimilating climatological data of temperatur e and salinity we produce a time varying
three-dimensional description of the ocean. We apply an assimilation method which
conserves the mass, heat and momentum balance of the ocean model. I ntegral quantities
such asthe meridional transport of heat can easily be calculated.

In a second step TOPEX/POSEIDON altimeter measurementsreferenced to a geoid are
assimilated in addition. The use of the satellite data leads to a significantly enhanced
seasonal cycle of the global heat transport.

| ntroduction

A major problem in physical oceanography is thedsination of the general circulation and
its associated transport of mass, heat and tr&oensdata. Difficulties arise, because the flow
field cannot be measured accurately enough bytditeservation of currents. Instead we have
to estimate the circulation from measured hydrogi@felds (temperature and salinity) and
additional data such as satellite altimetry.

Density and the internal pressure field of the acean be calculated from temperature and
salinity. The 'thermal wind' relation then allowsto derive geostrophic currents relative to
some unknown reference velocity. This referencecil has to be estimated with great care.
Finding a 'level of no motion' is only one exampienany possibilities. Alternatively we may
calculate a surface geostrophic velocity from tpes of the sea surface height (SSH) which
is measured by satellite altimetry. The combinatbaltimetric and hydrographic data then
provides a full description of ocean currents.

However, the general circulation estimated this y8ayot mass conserving. It cannot be used
to calculate mass and heat fluxes.

To avoid these problems we use an ocean genetalation model based on primitive
equations. It is the 'LSG' model which has beerelbped at the Max-Planck-Institute for
Meteorology in Hamburg to study the large scaleutation for long periods of time [e.g.
Maier-Reimer et al., 1993]. Into the LSG model wsimilate TOPEX/POSEIDON (T/P) data
using the adjoint technique [Giering, 1995]. Tlishnique does not disturb the model
balances of mass, heat, salt and momentum. ThecBovonly be adjusted by changing the
initial conditions or the forcing by the atmosphdreprevious numerical experiments we
found how important it is to include hydrographatalin the assimilation.

We will now estimate the annual cycle of the globaan circulation by assimilating T/P
measurements from 1993 [King et al., 1994] refegdrto a geoid and climatologic
temperature and salinity data [Levitus, 1982]. idep to achieve a cyclo-stationary solution



the same data are used repeatedly for four yedditidnally, estimates of the annual mean
of the global heat transport are assimilated.

Results

Figures 1 and 2 show the modeled SSH before aadta#t assimilation in difference to the
T/P data. Major improvements are visible mostlyhia Atlantic and the Southern Ocean.
High errors in areas of narrow currents can beamnpt by the model dynamics, which smear
out sharp gradients. Some of the differences hkevery high values north of Australia are
possibly due to errors in the geoid. The impadhefT/P data on the heat budget is shown in
Figures 3 to 5. The annual mean meridional heaspart is very close to its prescribed
values with and without assimilation. The annualeyon the other hand, shows a significant
increase in amplitude. Most of the surface heat ifustored locally and is associated with a
steric sea level change.
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Sea surface height of the LSG model when only yapbic data are
assimilated (a) and (b) difference between the hedil&SH and T/P
data. Units are cm. The rms value amounts to 1&2Many large scale
errors such as meridional gradients in the Atlaratid Indian Ocean an
the Antarctic Circumpolar Current are visible.
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Figure2
Annual mean SSH of the LSG after the additionahakgion of T/Pdata
(a) and (b) the remaining difference. Units are ¢fajor improvements
are found. Problems remain mostly in regions afrsly and narrow
currents. The rms value is reduced to 13.8 cm.
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1| vedatas ol Global annual mean meridional heat
' transport of the ocean. Red and blue
H B - lines show the modelled transport
= \ | ] before and after assimilation of T/P
5 (R /1 measurements, respectively. The
g '*\ : /| green line depicts the annual average
g e W . | | which we prescribe. Blue symbols
o ..... G __'.:L refer to independent estimates by
' : i i i i Hsiung [1985] and Talley [1984].
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Figure4
Annual cycle of the zonally averaged surface Heatifi m? before (a)
and after (b) assimilation of T/P measurements.

Units are W.rif. Most of this strong annual signal is stored Idgah the
ocean. Its annual mean is depicted in Figure 3. Miost visible
differences due to assimilation is an enhancedsedycle in mid-

latitudes of the Northern Hemisphere.
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Figure5
Annual cycle of that part of the zonally averagaedace heat flux which
is advected poleward by the ocean currents (a)reedad (b) after
assimilation of T/P measurements. Units are W Heat enters the oce:
mainly in the tropics. The annual amplitude is emted significantly by
assimilation.

Conclusions

It is possible to assimilate T/P altimetric datBerenced to a geoid, simultaneously with
hydrographic measurements into a global ocean mdtelannual cycle of the heat transport

is enhanced significantly while the rms differelaseraged over the year is reduced from
18.2 cm to 13.8 cm.



References:

« Giering R. , 1995: Erstellung eines adjungierterdils zur Assimilation von Daten
in ein Modell der globalen Zirkulatio®hD thesis, Max-Planck-Institut fur
Meteorologie Hamburg, Germany.

« Hsiung J., 1985: Estimates of global oceanic niami@ heat transporf. Phys.
Oceanogr., 151.405--1.413.

- Levitus S., 1982: Climatological atlas of the woolceanNOAA Prof. Pap. 1,3U.S.
Govt. Print. Office, Washington D.C., 173 pp. +fiches.

« King C., D. Stammer and C. Wunsch, 1994: The CMPO/MOPEX/POSEIDON
altimetric dataset, Rep. 30, 33 pp plus color gla@ent. for Global Change Sci.
Mass. Inst. Of Technol., Cambridge Mass

« Maier-Reimer E., U. Mikolajewicz and K. Hasselmahf93: Mean circulation of the
Hamburg LSG OGCM and its sensitivity to the theralote surface forcing]. Phys.
Oceanogr, 23, 731--757.

- Talley L. D., 1984: Meridional heat transport iretRacific Ocean]. Phys. Oceanogr.,
14, 231--241.



