Development and Testing of Embedded Gridding within the Regional Ocean
Modeling System: | nteractions Between Near-Shore and Off-Shore

Currentsand M aterials

Jame C. McWilliams
Departmehof Atmosphert Science and
Institute of Geophysis and Planetay Physics
University of Californig Los Angeles
Los Angeles CA 90095-1565
Phone:(310)206-2&%ax:(310)206-529 Emailjcm@atmos.ucla.edu

Award N00014-00-1-0249
http://www.onr.navy.mil/oas/onrpgahm.htm

LONG-TERM GOALS

The goals of this project are (1) to improve the algorithms for computational modeling of local oceanic
regions that have significant interactions with their surrounding regions and (2) to simulate and
understand the controlling processes for dynamical coupling and material exchanges between
near-shore regions over continental shelves and adjacent off-shore regions over continental slopes and
in deep water.

OBJECTIVES

The objectives of this project are (1) to continue the development of the Regional Oceanic Modeling
System (ROMS) with respect to its hydrodynamic algorithms, physical transport parameterizations, and
range of represented biogeochemical processes; (2) to further refine and apply its nesting capabilities
using adaptive open-boundary conditions (OBCs) for imposing large-scale boundary data; (3) to
develop a Multi-Grid embedding capability in ROMS for simultaneously calculating solutions on
coarse-resolution (outer) and fine-resolution (inner) grids; (4) to use ROMS to investigate dynamical
coupling and material transport between near-shore and off-shore regions along the North American
West Coast (NAWC), with special attention to Monterey Bay, the Southern California Bight, and the
GLOBEC NE Pacific region off Oregon and Northern California; and (5) to use ROMS to investigate
the response of the NAWC region to remote forcing in the Pacific basin and the influence of NAWC
coastal phenomena (e.g., upwelling) on Pacific basin-scale phenomena.

APPROACH

The technical approach is computational simulation of oceanic fields for velocity, temperature, and
salinity; chemical concentrations of nutrients, @GO, etc.; and planktonic populations. The
computational model is ROMS, which is based on the hydrostatic Primitive Equations in
terrain-following curvilinear coordinates with a free upper surface. The boundary-value problems are
posed for various regional domains along the NAWC with specified surface forcing fields and boundary
data. The latter are imposed by adaptive OBC (Marchesiello et al., 2000). We are developing an
embedding capability for the local, fine-resolution grid in a sub-domain within the coarse-resolution
grid spanning the entire domain. Key researchers at UCLA on this project are Patrick Marchesiello,
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JamegvicWilliams, Pierrick Perven (newly hired),andAlexanderShchepetkinaswell asKeith
StolzenbaclandNicholasGruberfor biogeochemicaksues Aspectsof thegrid embeddingarebeing
donecollaboratvely with Yi ChaoandTony Songof JPL/NASA, andtherearesereralotherrelated
projects(RelatedProjects).

WORK COMPLETED

This projecthasbeenunderwayfor lessthanayear, althoughit doesgrow out of relatedmodel
developmentsandscientificstudieshatarejust beginningto bewritten up for publication.The basic
algorithmicstructureof ROMS involvesa quasi-monotoni@dwectionschemgShchepetki&
McWilliams, 1998),adaptve openboundaryconditions(Marchesielloet al., 2000;Results)andan
consenrative external/baroclinianode-couplingandtime-steppingchemewith exactmaterial
conserationandsubstantiallyextendedtemporalstability andefficiency (mss.in prep.).We addedca
message-passimmgpabilityinto ROMS for distributed-memorynultiprocessorsasanextensionof its
previousshared-memorparallelizationandwe arein the procesf carryingthisto afully two-level
hybrid parallelizationappropriateo distributedclustersof shared-memorynultiprocessor¢e.g.,IBM
Blue Horizonat SDSC).We have devisedandimplementeda new discretizatiorby local vertical
polynomialsandarenow testingits efficagy for reducingthechronicpressure-gradiermrrorin
terrain-folloving coordinategResults) We have extensvely analyzedohysicalandecosystem
simulationsof themean-monthlyJ.S. WestCoast(USWC) equilibrium state(Results) We are
beginningtheanalysisof oceaniaesponséo highwindsacrosgshe mountainof CentralAmerica(a
Ph.D.thesisprojectfor JuneChang).We have beguncalculationsof Pacific basinsimulationswith
multi-decadaNCEPforcing, to beusedin a 3-tier, 1-waynestingprocedurgbasin— USWC —
Montergy Bay) in our first studyof nearshoredynamicswith high resolution.Finally, we aremaking
designstudiesof Multi-Grid embeddingrocedurege.g.,Sullivanetal., 1996),with theintentionof
implementinga variantof the adaptve meshrefinemenprocedureof Blayo & Debreu(1999)this fall
duringanextendedvisit by Debreuto UCLA.

RESULTS

Out of thework completedWork Completed)we emphasizeéhreeresults.First, in Marchesiellcetal.
(2000)we shav thatOBCs—withnovel proceduresor radiationandadaptve (i.e., treatinginwardand
outwardinformationfluxesdifferently)nudgingto specifiedexternaldata—perfornwell by the criteria
of long-termstability andavoidanceof boundary-trappedrtifacts.This hasbeendemonstrated three
differentapplicationsthe mean-monthlyJSWCequilibriumcirculationwith boundarydatafrom
Levitus etal. (1994),thetransient-windesponsen the CentralAmericanWestCoastregion, and
eddy-sheddingrom the AgulhasCurrentoff SouthAfrica (Pervenetal., 2000).Second, whensteep
topographyandsharpstratificationoccurtogether(asis oftenthe casein realisticcoastaimodeling),
existing second-ordediscretizatiorschemegor pressure-gradiefidrce do notguarantesuficient
accurag, whichresultsin unphysicakcurrents.The problemis furtheraggraiatedby the useof
nonuniformverticalgrid spacingandthe step-likeprofilesgeneratedy boundary-layeverticalmixing.
It turnsoutthatthe intuitively attractve pathof usinghigherorderdiscretizatiorscheme$iasonly
limited succes®ecausehe modelfieldsarenever smoothenoughfor theseschemeso avoid unphysical
oscillations.To addresshe issuewe have developedadaptve techniquesvhich uselocal limiting of
polynomialinterpolantsn sucha waythatthe oscillationsarepreventedout in smoothregionsyield full
high-orderaccurag. Thelimiting is performedusingthe methodologyof shock-capturingechniques



(specificallythe Piecavise ParabolicMethod,Colella& Woodward,1984,andWeightedEssentially
Non-Oscillatoryschemesdl.iu etal., 1994),which werefurthergeneralizedo constrairthe coeficients
of quarticpolynomialinterpolantsThis is donea usingmulti-stagemethodwherethe orderof the
polynomialinterpolant(hencethe orderof accurag) is increasedraduallyin suchaway thatthe
lower-ordermethodprovidesbothaninitial estimateof interfacialvaluesandthecriterionfor
smoothnessyhich locally restrictsthe higherordermethodto avoid undesirabl@scillations.Currently
theseadaptve techniquesreemployedor computatiorof pressurgradientandadwectionof tracers,
andtestsareunderwaywith realisticcoastakimulationgmss.in prep.).Third, we have demonstrated
thatthe simulationsof theequilibriumUSWCcirculation(i.e., the CaliforniaCurrentSystemMiller et
al., 1999)with mean-monthlyorcing arefairly skillful in reproducingobsenationalclimatologiesof
surfacecurrents sealevel, andoceancolor—time-meanseasonatycle, andnon-seasonalariance(see
Fig. 1)—aswell asthesynopticpatternsof upwellingfilamentsandmesoscaleddiegmss.in prep.).
Thisimpliesthatmostof thevariability is dueto intrinsic instabilitiesof the prevailing currentsrather
thantransienwind forcing (which oftendominateson the continentakhelfnearshore). The primary
mechanismis baroclinicinstability, and,besideshapinghe meancurrentshrougheddyfluxesof heat
andmomentumthis leadsto a westwardanddowvnwardpropagatiorof eddyenegy off-shore.Finally,
in aprocessstudyof therole of along-shoreidgesandcapeswe have shavn thatupwellingintensityis
concentratedn the polevardedgeof suchfeaturesandthattheamountof cross-shorenaterial
exchangebetweershelfanddeep-wateregionsis greatlyenhancedver whatoccurswithout
along-shoreopographyaspredictedoy ananalyticalmodelof Tony Song(mss.in prep.).

IMPACT/APPLICATIONS

Thevalidatedtechnicalinnovationsin our evolving modelareprototypedor futureimprovementsn
operationabbserving-systengata-assimilatiorgandpredictioncapabilities. The scientificissueof
nearshore/of-shorecouplingandmaterialexchangearecentralonesin coastalboceanography

TRANSITIONS

Onetangiblemeasuref theutility of ourresultsis thatotherresearcherareeitherusingourevolving
ROMS codeor adaptingts algorithmsfor their our code.Currentusersof our versionof ROMS
includeChaoandSong(NASA/JPL),Miller andCornuelle(SIO), Moisan(NASA/Wallops),and
Pawvell (Berkelgy); also,ArangoandHaidvogel (Rutgershave adaptednary featuredor their version
of ROMS. In thenearfuture we anticipateadditionalusers principally throughthe NAWC and
Montergy NOPPprojects(RelatedProjects) We expectto contributeusefulknowledgeaboutcoastal
phenomenghroughpapersyetto bewritten.

RELATED PROJECTS

Ourrecentventureinto coastalbceanographypow extendsinto severalrelatedprojects.We beganwith
afocusonthe SoutherrCaliforniaBight, especiallywith regardto its waterquality [an EPA/NSF
projectontheL.A. UrbanWatershednow ending,anda California SeaGrantproject,whoserenaval
grantis pending].We have ajoint projectwith Chao[NASA/JPL]on usingembeddedriddingin
ROMS for studyingEasterrandWesternBoundaryCurrentinteractionswith the North Pacific gyres
[NASA]. We have a projectto modelthe NAWC carboncycle [NASA]. Finally, we arepartnersn two
NOPPprojects,oneonthe NAWC (led by Allen [OSU], McWilliams, andPowell [UCB]) andoneon



theMontergy NationalMarine Sanctuaryled by Charez[MBARI]).
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Figure 1. Comparisonsof USWC summer-mean surface elevation (top; Cl = 2 cm) and eddy kinetic
energy (bottom; Cl = 50 cm?s~?) between ROMSS (left) and observations (right) with hydrography
and drifters. There are different degrees of smoothing in the different panels.



