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Theoceandataassimilationis directedtowardsthecombineduse
of oceanmodelsanddataaimingto improve themodelrepresen-
tationof atimedependentoceanicstate.Themainpurposeof this
studyis to obtainanoceanicstateover thelastdecadeconsistent
with oceanobservations.The impactof combiningthedifferent
surfaceandsubsurfacedataon the simulatedoceanstateis stu-
diedusingtheHamburg LargeScaleGeostrophic(LSG) model.
It is a coarseresolutionOGCM (3 � 5o x 3 � 5o in thehorizontaland
11verticallevels)originally designedfor climatestudies.Theim-
plicit formulationin timeof theLSGallowsfor atimestepof one
month.Theassimilationtechniquesis basedon adjointmethod.
As a referencerun, the LSG model is forcedsubsequentlywith
monthly datafrom the NCEPreanalysesprojectfor 1950-2001.
We will further refer to this asreferencerun REF. The oceanic
statedeterminedby REF is comparedto theresultsfrom anopti-
mizedsolution(OPT), in which themodelis fitted to nineyears
(1993-2001)of TOPEX/POSEIDON(T/P) anomalies.Additio-
nally we utilize thesamedatasetsasin Wenzelet al. (2001)but
with reducedweights.As control parametersfor the optimizati-
onweusethemodelinitial temperatureandsalinity stateaswell
asthemeanannualcycle of thewind stress,air temperatureand
freshwaterflux, while the additionaltemporalvariability of the
forcing is takenfrom theNCEPreanalysis.

In theadjointassimilationtechniquethemisfit betweenthedataandcorrespondingmodelcounterpartsis formulatedin a costfunctionJ
which is minimized.Via themodelequations,whichmustbefulfilled exactly, thecostfunctiondependsimplicitly onasetof parameters
or controlvariables

�
Xl � .� Herewesolvefor theinitial conditionsaswell asthemeanforcing(monthlywind stress,air temperatureandfreshwaterfluxes),which

provide thebestmodel-datacomparisons.Becauseof thedifferentadjustmenttime scalesinvolved,themodelstatefor theupperocean
is mainly influencedby theforcing,while thedeepoceanremainscloseto theinitial statefor shorttimesof integration.In orderto adjust
boththeupperandthedeepoceanweusethesameproceduredescribedby Wenzeletal. (2001).We split theassimilationprocedureinto
two partsandapplythefollowing strategy:� Firstwe performtenyearsassimilationto improve initial statefor temperature,salinityandseasurfaceelevation.
The control variablesarereducedto only the initial conditionsfor the potentialtemperature,salinity andthe seasurfaceelevation for
January, 1992.Velocitiesaretakenfrom their first guessvalues.ThecostfunctionJ1 coversonly the lastnineyears(1993-2001)while
1992is usedto let thevelocitiesadjustto theoptimizeddensitystructure.� Oncetheminimumof J1 hasbeenfoundweperformanotherassimilationto find bettermonthlyforcingfields.
To startthis two optimizationcycles,which minimize thecostfunctionsJ1 andJ2, we needa first guessinitial modelstateandforcing
fields. It is takenfrom theoptimizedsolutionobtainedby Staneva et al. (2002)in which a hierarchy of seven-year(1993-1999)assimi-
lation experimentshave beendone.After improving the initial state,Januaryvaluesof theoptimal integrationareusedasinitial statein
minimizingJ2.

Nine-yearmeanSSHfrom theoptimizedsolution(left); RMSvariability of theseasurfaceanomalyfrom

OPT (right). Theunitsarein cm.Thetotal variability is givenon thetop right corner.

Comparisonsof sealevel of T/P altimetrydata(black)andmodelsimula-

tions(red)with tide gaugedataat Hilo, Hawaii Island(green),Thevalues

aretemporalanomaliesof therespective estimates.Theunitsarein cm.

RMS deviationsof the SSA from the T/P datafor the referencerun REF

(top) andtheoptimalsolutionOPT (middle).Thebottomfigureshows the

areameanRMS deviation asa functionof time. Theunitsarein cm. The

modelimprovementsin simulatingtheobserved TOPEX/POSEIDONsea

level variability by theassimilationis clearlyseen.

Temporalmeancorrelationof SSA betweenREF and T/P (top) as well

asbetweenOPT andT/P data(middle). The areameancorrelationsasa

functionof timeareshown at thebottompattern.

Nine yearsmeancorrelationof SeaSurfaceTemperature[oC] betweenREF andReynoldsdata(left) as

well asbetweenOPT andReynold data(right).

Time seriesof temperature[oC] obtained from the nine-year

modelsimulationsOPT andTropical AtmosphereOcean(TAO)

dataat 25m.

Time seriesof temperature[oC] obtained from the nine-year

modelsimulationsOPT andTAO dataat350m.
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Theassimilationresultsdemonstratethe improvementof the modelcapabilitiesof theconstrained
modelin comparisonwith the referenceoneto predictthe variability of the oceancirculationand
heatandfreshwatertransports.Theerrorsbetweenthemodelandthedataaresignificantlyreduced,
except in the equatorialPacific and ACC. The horizontalpatternsof SSA of T/P altimetry data
are quite similar to that obtainedby the constrainedmodel.The largestdifferencesbetweenthe
variability of the altimetry dataandmodelsimulationsareobserved in the equatorialPacific and
Indianoceans.Thedeviationsof theSSAvariability obtainedby theconstrainedmodelfrom thatof
theT/Panomaliesarebetterpronouncedin theregionsof thestrongcurrents.Thelatterindicatesthat
themodeltransportsin theoptimizedsolutionarestill weaker eventhoughtsignificantlyimproved
with respectto thehindcastexperiment.
The differencesbetweenthe temperatureestimatedby the constrainedmodelandthe temperature
taken from the Levitus climatologyandWOCE dataareshown aswell. The WOCE hydrography
andLevitus dataare interpolatedto the modelgrid, thereforeall small scalestructuresrelatedto
the eddiesin the WOCE hydrography areeliminated.The large-scalestructuressimulatedby the
modelarein visually goodagreementwith thedata.Thedifferencesaremainly pronouncedin the
upperlayers.The deviationsobtainedby the constrainedmodelclearly indicatethe modeldeficits
dueto its coarsehorizontalresolution.It is seenfrom the vertical sectionsthat the temperatureof
theassimilationexperimentcomparesbetterto theindependenttemperatureof theWOCEsections
thanto theLevitus climatology, indicatingthatthemodelstratificationtendsto becloserto thereal
hydrographicaldataratherthanto theclimatologicalones.Giving mostweightto theconstraintson
seasurfaceheightimprovesthedensityof themodelto a structuremorerealisticthanclimatology.

Temporal mean meridional heat transport [1015

W]. Red line with squares-fromOPT, black dash

line-from REF; black full line-datacompiled from

various estimates e.g. Schlitzer, 1993 (S93) for

Atlantic andTalley, 1984andHsiung,1985(TH) for

Pacific with errorbars(blueshading);greensquares:

datafrom Macdonald(1995).

Temporalmeanmeridionalfreshwatertransport.Red

line-from OPT, blackdashline-from REF, blackfull

line- datagiven by Wijf fels et al, 1992 (W92) with

errorbars(blueshading).

Timeseriesof thevolumetransportalongtheACC

from thenineyearoptimalsolutionOPT.

Latitude-timesectionsof the Pacific (top) and the Atlantic (bottom)

meridionalheattransport[1015 W] from thenineyearoptimalsolution

OPT.

A comparisonof depth-latitudesectionof temperature(o C)

taken at 180 oW acrossPacific and time averagedbetween

July andSeptemberfor: (top) differencesbetweenthe model

simulationsandWOCEdataand(bottom)differencesbetween

themodelsimulationsandLevitusdata.

A comparisonof depth-latitudesectionof salinity [psu] taken

at 180 oW acrossPacific and time averagedbetweenJuly

and Septemberfor: (top) differencesbetween the model

simulationsandWOCEdataand(bottom)differencesbetween

themodelsimulationsandLevitusdata.

A comparisonof depth-longitudesectionof temperature(o C)

taken at 24.5 oN acrossAtlantic andtime averagedbetweenJuly

andAugustfor: (top) differencesbetweenthe modelsimulations

and WOCE data and (bottom) differencesbetweenthe model

simulationsandLevitusdata.

A comparisonof depth-longitudesectionof salinity [psu] taken

at 24.5 oN acrossAtlantic and time averagedbetweenJuly and

August for: (top) differencesbetweenthe model simulations

and WOCE data and (bottom) differencesbetweenthe model

simulationsandLevitusdata.

� Themainaim of this studyis to investigatethevariability of theoceanicstatein the lastdecadesusing4D-
variationaldataassimilation.We demonstratedthat the combinationof the oceanobservationswith modelsis
beneficialfor theglobaloceananalyses.Theassimilationsignificantlyimprovedtheglobaloceanstate.

� It is clearlyseenthatthetemporalevolutionof thesealevel heightfrom theconstrainedmodelOPT is closer
to observationsthanthereferencerun.Thecorrelationof thesealevel heightbetweenthemodelandT/P datais
significantlyimprovedin OPT.

� A cross-comparisonof thehydrographicdata,T/P altimetryandtheindependentobservationsfrom theTro-
pical AtmosphereOcean(TAO) mooringarrayrevealedthat theassimilationis capableto compensatefor some
modeldeficiencies.

� The temporalmeanAtlantic and Pacific heatand freshwater transportsfit well to the data.The analyses
revealedstronginterannualvariability.

� Furtherconstrainingthemodelwith higherresolutionandadditionof new datawill bethenext step.
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