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In the adjointassimilationtechniquethe misfit betweernthe dataandcorrespondingnodelcounterpartss formulatedin a costfunctionJ
whichis minimized.Via the modelequationsywhich mustbefulfilled exactly, the costfunctiondependsmplicitly onasetof parameters
or controlvariables{X; }.

= Herewe solve for theinitial conditionsaswell asthemeanforcing (monthlywind stressair temperatur@andfreshwaterfluxes),which
provide the bestmodel-datacomparisonsBecausef the differentadjustmentime scalegnvolved,the modelstatefor the upperocean
IS mainly influencedby theforcing, while the deepoceanremainscloseto theinitial statefor shorttimesof integration.In orderto adjust
boththeupperandthe deepoceanwe usethe sameprocedurealescribedy Wenzeletal. (2001).We split the assimilationproceduranto
two partsandapplythefollowing strateyy:

= Firstwe performtenyearsassimilationto improve initial statefor temperaturesalinity andseasurfaceelevation.

The control variablesarereducedto only the initial conditionsfor the potentialtemperaturesalinity andthe seasurfaceelevation for
January1992.Velocitiesaretakenfrom their first guessvalues.The costfunctionJ; caoversonly thelastnineyears(1993-2001)while
1992is usedto let thevelocitiesadjustto the optimizeddensitystructure.

= Oncetheminimumof J; hasbeenfoundwe performanotherassimilationto find bettermonthlyforcing fields.

To startthis two optimizationcycles,which minimize the costfunctionsJ; andJ,, we needa first guesganitial modelstateandforcing
fields. It Is takenfrom the optimizedsolutionobtainedby Stanea et al. (2002)in which a hierarcly of seren-year(1993-1999)assimi-
lation experimentshave beendone.After improving theinitial state, Januaryaluesof the optimal integrationareusedasinitial statein

Theoceardataassimilations directedtowardsthecombineduse
of oceammodelsanddataaimingto improve themodelrepresen-
tationof atime dependenbceanicstate.Themainpurposeof this
studyis to obtainanoceanicstateover the lastdecadeconsistent
with oceanobsenations.The impactof combiningthe different
surfaceandsubsurdcedataon the simulatedoceanstateis stu-
died usingthe Hamlurg Large ScaleGeostrophidLSG) model.
It is a coarseaesolutionOGCM (3.5° x 3.5° in thehorizontaland
11verticallevels)originally designedor climatestudies.Theim-
plicit formulationin time of theLSG allowsfor atime stepof one
month. The assimilationtechniquess basedon adjoint method.
As areferencaun, the LSG modelis forced subsequentlyvith
monthly datafrom the NCEPreanalysegrojectfor 1950-2001.
We will furtherreferto this asreferencaun REF. The oceanic
statedeterminedy REF is comparedo theresultsfrom anopti-

mizedsolution(OPT), in which the modelis fitted to nineyears
(1993-2001)of TOPEX/POSEIDON(T/P) anomalies Additio-

nally we utilize the samedatasetsasin Wenzeletal. (2001) but

with reducedweights.As control parametergor the optimizati-
onwe usethe modelinitial temperatureandsalinity stateaswell

asthe meanannualcycle of the wind stressair temperaturand
freshwaterflux, while the additionaltemporalvariability of the
forcingis takenfrom the NCEPreanalysis.
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OPT (right). Theunitsarein cm. Thetotal variability is givenon thetop right corner
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The OceanState

The assimilationresultsdemonstratéhe improvementof the modelcapabilitiesof the constrained
modelin comparisorwith the referenceoneto predictthe variability of the oceancirculationand
heatandfreshwatertransportsTheerrorsbetweernthe modelandthe dataaresignificantlyreduced,
exceptin the equatorialPacific and ACC. The horizontal patternsof SSA of T/P altimetry data
are quite similar to that obtainedby the constrainedmodel. The largestdifferencesbetweenthe
variability of the altimetry dataand model simulationsare obsered in the equatorialPacific and
IndianoceansThedeviationsof the SSAvariability obtainedoy the constraineanodelfrom thatof
theT/Panomaliesarebettermpronouncedn theregionsof thestrongcurrents.Thelatterindicateghat
the modeltransportan the optimizedsolutionarestill wealer eventhoughtsignificantlyimproved

with respecto the hindcastexperiment.

The differencedetweenthe temperatureestimatedoy the constrainednodelandthe temperature
taken from the Levitus climatologyand WOCE dataare shavn aswell. The WOCE hydrograply
and Levitus dataare interpolatedto the model grid, thereforeall small scalestructuresrelatedto
the eddiesin the WOCE hydrograply are eliminated.The large-scalestructuressimulatedby the
modelarein visually goodagreemenwith the data.The differencesaremainly pronouncedn the
upperlayers.The deviationsobtainedby the constrainednodelclearly indicatethe modeldeficits
dueto its coarsehorizontalresolution.It is seenfrom the vertical sectiongthat the temperatureof
the assimilationexperimentcomparedetterto the independentemperaturef the WOCE sections
thanto the Levitus climatology indicatingthatthe modelstratificationtendsto be closerto thereal
hydrographicablataratherthanto the climatologicalones.Giving mostweightto the constrainton
seasurfaceheightimprovesthe densityof the modelto a structuremorerealisticthanclimatology
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A comparisonof depth-latitudesectionof temperaturg® C)
taken at 180 °W acrossPacific and time averagedbetween
July and Septembefor: (top) differencesbetweenthe model
simulationsandWOCE dataand(bottom)differencedetween
the modelsimulationsandLevitus data.
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A comparisorof depth-latitudesectionof salinity [psu] taken
at 180 °W acrossPacific and time averagedbetweenJuly
and Septemberfor: (top) differencesbetweenthe model
simulationsandWOCE dataand(bottom)differenceetween
the modelsimulationsandLevitus data.

SummaryandConclusion
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A comparisonof depth-longitudesectionof temperature(® C)
taken at 24.5°N acrossAtlantic andtime averagedbetween]uly
and Augustfor: (top) differencedetweenthe modelsimulations
and WOCE data and (bottom) differencesbetweenthe model
simulationsandLevitus data.
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A comparisonof depth-longitudesectionof salinity [psu] taken
at 24.5°N acrossAtlantic and time averagedbetweenJuly and
August for: (top) differencesbetweenthe model simulations
and WOCE data and (bottom) differencesbetweenthe model
simulationsandLevitus data.

= Themainaim of this studyis to investicatethe variability of the oceanicstatein the lastdecadesising4D-
variationaldataassimilation.We demonstratedhat the combinationof the oceanobsenationswith modelsis
beneficialfor the globaloceananalysesTheassimilationsignificantlyimprovedthe global oceanstate.

= It Is clearlyseenthatthetemporalevolution of the sealevel heightfrom the constraineanodelOPT is closer
to obsenationsthanthereferencaun. Thecorrelationof the sealevel heightbetweerthe modelandT/P datais

significantlyimprovedin OPT.

= A cross-comparisoaof the hydrographicdata, T/P altimetry andthe independenbbsenationsfrom the Tro-
pical AtmosphereéDcean(TAO) mooringarrayrevealedthatthe assimilationis capableo compensatéor some

modeldeficiencies.

= The temporalmeanAtlantic and Pacific heatand freshwater transportdfit well to the data. The analyses

revealedstronginterannuabariability.

= Furtherconstraininghe modelwith higherresolutionandadditionof new datawill bethe next step.
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