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OWECTXVES:Determinethe structureof oceanicnap.nl variabilityat time scalesof deeades to
centuries;characterizethe physicalmechanismsre.sponsiWefor tie variabili~, determinethe
relative importanceof hea~ fresh water,andmoment fluxes on the variability detemimethe
predictabilityof the variabiIhyon these timesscales.

ACCOMPLISHMENTS: Doeumenredthe sensitivityof the M&imode of thermobrdinecirculation
(THC) to various noise forcings, Explained,for the first ~im~the physics of the MM mode.
Developeda coupled model of the THC and showthat predictionof the THC k likely an U-posed
roblern, Completed co~plingJim l%ce’sI@ginal Sea Mode] (MSM) to the LSG oceanmodel’

?mishedan experimentdemonstratingutilityof the technique, simulatingthe Meditemanean
outflow.

Discovered anew mode of decadalclimak variability in the N. Padfie and the physics
responsible for h. IdenMledthe iarge impactof this mode on weather over N. America. Showed
the mode is predictable at hat three yearsinto the future. Completed23 years of a “hindeast”run
of Los Alamos’POP ocean model on theT3D, covering the yem 1965-198?, to evaluatehow
wellPOP reproduces observedEl Nfio variability, A compmablesimulation aimed at @cadal time
scaIesis in progress. Completeda hybrid coupledmodel that simulates the newly discovered
mode. Currently tuning it to produce operationaldecadal dirnate foreeasts.

The work has produced 17papers akeady pu~lisbed in nX&eedjournals, plus 4 additional
papers submitted,

HIGHLIGHTS OF RESEARCHEFFORTS:

S. Tett ad T.P. Barneft, 1998: North Pacific decadal varjalMify in an AOGCM.
Part 1: Description and mechanisms,

Simulateddecadalvariabilityin a coupledOcean-AtrnosphereGeneral Circuhion Model

(OAGCM)is deseribedand comparedwithobservations.The principal mode of variability in the

simulatedNorth Pacific shows a significantspectralpeak at a period of 10 years. The principal

mechanisms for this mode am, over the mostof the North Pacific, a response to Ekmanpumping

by the wind and, in the Kumshio region. .anaccelerationof the nofihward baroclinic flow caused

by a delayed response to wind stre%sforcing, The atmospheric wind stress response m the SST

changesis largely stochasticthough them is some weak evideneeof coupIing,
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Barnctt, T.P., D.W. Pierce, and l?. Sarawmm, 1998: On theorigins~f the
Pacific decadal oscillation:

The origins of decadaiclimate variabilityin the Pacificoceanam examinedby cornpaing

!he response of an atmosphericgeneralcirculationmodel to two different lower bouqdary

conditions: 1) seasonally-varying,climatologicrdsea surface tempersl~res;2] full couplingm an

oceanicgeneral cinmlmionmodeI. It is foundthat there is a spectralpeak in the variabilityof the

fidly coupled system at interdecadaltime scales,with patterns in 500 mb height andsea surface

temperature anomaly correspondinglo @ePacificDecadal Oscillation. No such peakexists in the

ctimatologically-fareedrun, which has a whitespectrum. Therefore,decadal variabihtyin the

north Pacific ocean is not simply a passiveresult of stochastic atmosphericforcing,but arises flom

propertiesof the coupledocean/atmospheresystemthat aet to amplifyvariabili~ in tie ir$erdecadal

time band.

Jones, P.D., K.R. .Briffrt, T.P. Barnett and S,F. B. Tetb 1998: EHgh-resolution
palaeodirnatk records for the last millenium; Interpretation, integration
and com arisen with AIOGCM control run temperatwes. The Hducem.,

1?8(4), 4 7-483.
L,,,.,

Palmoelimatology provides our onlymeansof Wessing climaticvariationslmforethe

beginning of instmmental records, The variousproxy variabIesused, however, have a number of

Iirnkationswhich must be adequatelyaddressedand understood. Besides their obviousspatial and

seasonalIknitnt.ions,d~ffixentproxies are alsopotentiallylimitedin their abifi~ to representclimatic

variationsover a range of different rimescales, Simple correkit,ionswith instrumentaldataover ~he

period since 1881 give some guide to whichare tie better proxies,indicating that cord and ice-core

bnsed reconstructions arepoorer than tre+ring and historical ones. It must be remembered,

however, that the quality of many proxy timeseriescandeteriorateduring earlier times.

suggestions am made for assessingproxy qualityover longer periods than the last cenw by

intercomparing neighboring proxies imd.by comparisonswith W-temporally resolvedproxies

such a borehole temperatures,
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Developingezlier vork, that was iimited to decadal resolution,wc have averaged

seventeentemperaturereconstructions(representingvarious seasonsof the year), all extending

back at least to the mid-seventeenthcentury, to form two mnually-resolved hemisphericseries

(NHIOand SH7), Over the 1901-91period, NH1Ohas 36WVariancein common with average

NH summer (June to August) temperatures and 70% on decadal time scales, SH7 has 16%

variance h common with averageS~ summer (Decemberto Febwry] temperatures and49% on

decadal time scaies, markedlypoorer than the reconstructedNH series. The coklest year of the

n@Ieniqmover the NH is 1601, the coldestdeca#e 1691-1700and the 17th is the coldest century,

A Principal ComponentsA.naIysis(PCA)is petiormed on yearly values

for the 1? reconstructions over the period 1660-1970. The correlationbetween PC1 and NH1Ois

0.92, even though PCI explains only 13,6%of the total variance of all 17 series. SirnikwPCA is

performed on thousand-yearlong GeneralCirculationModel (GC!M)data from the Geophysical

Fluid Dynamics Laboratory (GFDL) and HacUeyCentre (H~CM2), sampling these for the same

locations anti seasons as the proxy dam For Cd?IX, the correlationbetween its PCl and its NHIO

is 0.89 while for HADC.M2,the PCs group markedly differently. Cxoss-spectralardyses rue,.,
,.

performedon&e proxy data and the GFDL model data at two diffexentfrequency bands (0.02 and

0.03 cycles per year). Both analyses suggestthat there is no Iarge-scalecoherence in the series on

these time scales, This implies that if the proxydata are meaningfid,it should be relatively

sr.raightfmwardto detect a coherent near-globalanthropogerdesignal in surf$wetemperaturedata.

A. Grotzner, M. Latif, and T.P. Barnett, 1998: A decadd climate cycle in the
North Atlantic Ocean m simulated by the ECHO coupled GCM .

Inthispaper a decmktlclimate cycle in theNorth Atlanticthat was derived from an

extended-rangeintegrationwith a coupledocean-atmospheregeneralcirculation modelis

described. The decadalmode slmresmnny timum with theobserveddecadaf variability in the

North Ar!antic.The periodof the simuhm?doscillation,however,is somewhat longer tlmn that

estimated from observations. While the observationsindicate a period Gfabout 12years. the
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eoupleclmodel simulationyields a periodof about 17years The cyclic mttwe of the decadal

variabilityimplies someinheren~predictabiihyat these time scales,

The decadai mode is based on unstableair-sea interactionsand must be thereforeregarded

as an inherently coupledmode, It involvesthe subtropicalgyre and the North Atlanticoscillation.

The memory of the coupled system, however,resi@s in the Wean and is related to the oecanic

adjustment to low-frequencywind swvs curl variuions. In partic@r, it is found tha[variations in

the intensity of the Gulf stream and its ex~ensionam crucial to the oscillation.AIthot@ differing in

details, the North AtJanticdecadal mode and the NoxthPacific mode deseribed by M.Latif and T.

Barnett are based on the same fundamental~echani~ a feedbackloop betweenthe whd driven

subtropical gyre and the extratropicalatmosphericcirculation.

M. Christoph, T. Barstettj A. Bather, and J. Olwhuber: The Antarctic
CircumpoIar Wavein a Coupled Ocean-Atmosphere GCM

The existence of the so-calledAntarctic CircurnpokirWave (AC!W)suggestedby White

and Peterson (1996) fmm fragmerttasyobservationalevidence hasbeen conf~d ~ an extended

intem-t.ionof @lax Planck Institutecoupledgeneralcirculationmodel, The A(W constituwsa

coupledmode of the ocean-atmosphere-seaice system that inhabifsthe high latitudesof the

southernhemisphere. lCis chqaeterized by anomaliesof sqch climate variables as sea surface

temperature, sea level pressure, meridionalwindand sea ice, to name a few, The ACW signal in

the ocean propagates eastwardover most of the high latitude southernocean, advectedalong in the

AntarcticCircump@ Current and/orby a complexair/sea interaction. On average. it completes a

chit entirely around the southern ocean.MI is strongly dtssipateciin the S. Atlanticand in the

southernlndian, jmx ma.rgirmllymaintainingstatisticalsignificance in these areas.until it reaches

the south Pacific where it is reenergize. h extmtne eases, the completecircumpol~ propagation

is more clear, requiring about 12-16years tocomplete the circuit, The oceanic componentof the

mode is forced by the atmospherevia tlu,wsof energy and Ekn~iln-ktduceditdwction, The impact

of the SST anomalies on the overlying atmosphereis to establishpatternsof SLP in spatiai
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quadrature withthe associatedSSTpaltems. However, [hemain SLPsignrd ismoreofastrmding

wave pattern, as describedbe$owand likelydue mainly to other sources.

The atmosphericcomponentof theACW in the sea levelpressure fieki, a driver of the

ACW, is the Pacific SouthAmerican (PSA)oscillationdescribedoriginallyby Mo andWhite

(1985), This appears to be a preferre&naturalstanding mode of variability in the SLP field of the

sou!hem Hemisphere. The coupled clirhatemodei shov+’sthe origins of the PSA, and so the ACW,

are associated rnairdywithmid Mirude climateMeraetions. There is some ENSO-relatedsignal in

the ACW due to anomalouslatentheal reieaseassociatedwith precipitationanomaliesin the central

and western tropical Padfic. However,this component explains at most 30% of the ACW

variance, and generallymtwh less. Thus, the PSA, like its counterpartin the North Pacific, is

essentially a natural mode of the high southernlatirudes. The time scale of the ACW in the coupled

climate modeI integration,about4-5 years,COUM not be related to the time scale of the model

ENSO. Rather, it seemsthe dominate timescale has to do with the fact that the ACW has a wave

number three pattern’. T’his,coupledwiih the 12-16year-it time around Antarctic&results in

the local reappearanceof energypeaks @outevery4-5 years at whichtimes they can selectivelybe
1.,.,

reinforcedby the standing amiosphericpattern.

lt is hypothesizedthat the ACW as an entity represents@enet result of a movingcoupled

cliite anomaly interactingwith a spatially-freedfmei~g pattern in the SLP field (the PSA). As

the ACW moves into and out of phase with the resonant backgroundpattern the ACW is selectively

amplified or dissipated.

T.P. Barnett. K. Arpe, L. Bengtsson, M, Ji, A. Ktmlnr, 1997: Potential
Predictability of Midhwitude Climate Variability in Two General Ctrcukition
Models.

Ensembles of extendedAMIP runs fromthe general circulationmodels (GChls) of the

NationalMcteorologicti Center and MLKPlanckInstitute (Hamburg)are used to estimate[he

potmhd predicability (PP) of an index of [hePdcific-N@thAmerica(PNA). The PP of this

pa!rernin ‘perfect’predictionexperimen~sis 20-25% of the index’svariance. The models,
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partidady that fromMPI,capturevirtuallyal~of this variance in their hindcasts of thewinter PNA

for theperiod 1970-93.

The high levels of hcmail~-generated model noise in the PNA simulationsreconfirmthe

need for an ensembIe averagingapproachto climateprediction. ‘Thismeans the forecastsought to

be expressed in a probabilistic manner. It is shown that the models’skills are higher by about !iO%

during strong SST events in the tropicrdPacific,so theprobabilistic forecasts need to be

conditional on *e tropicalSST,

M. Lr@f and T.P. Bar~ett,
Pacific and North America:
Barnett, 1996:

1996: Decadal climate yariabiIity
D.ynamies and predictability. M

over the North
Latif and T.P.

The dynamics and predicability of deeadaiclimatevariabilityover theNorth Pacific and Norrh

America were investigatedby analyzingvariousobserv@.ionaldatasets and the outputof a state of

the art coupled ocean+rrmspheze geaeral circulationmodel which was integrated for 120years.

Both the observations andmodel resultssupportthe picture that the decadal variabiii~ in the region

of interest is based on a cycle involvingunstableocrmn-atnmsphereinteractionsover the North

PacitIc. The pqriod of this cycle is of rheorderof a few deeadcs,

The cycle invohwsthe two majorcireularicxtregimes in the North Pacific chnate system,

the subtropical ocean gyre~d the Aleutianlaw. When, for instance, the subtropicaloemn gym is

anomalously strong, more warm tropicalwatersare translated poleward by the Kuroshioand its

extension, leading to a positive SST aao@y in the North Pacific. The atmospheric response to

this SST anomaly involvesa weakenedAleutianlow and be associated fluxes at the air-sea

interface reinforce the initial SST anomaly,so that the ocean and atmosphere act as a positive

feedback system. Both the anomalousheat ilux and reduced ocean mixing in response[o a

weakenedstorm track contribute to this positivefeedback,

The atmospheric response,however,consists also of a wind stress curl anomalywhich

spins down the subtropicalocean gyre, therebyreducing the poJewardheat tmnspor%znd the inithl

SST anomaly. The ocean adjusts with somerim lag to the change in the wind stresscurl, and it is

this tmnsient ocean responsethat allowscontinuousoscillations, The {ransientresponsecan be
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expressed in ferms of bamchnicplanetarywaves,rmdlhe decarktltime scale of the oscillation is

thereforedetermined to first order by wavetimescales.

The existence of such a cycleprovidesthe basis of long-rangechmate forecastingover

North America at decadai time sotdes. At a minimum,knowledgeof the presem phase of the

decadaJmode should allowa “nowcast”of expectedclima@“bias”over North America,which is

equivalent to a climate forecastkeveralyearsahead, The implicationsof the Pacific mode for the

climate in the Aflanticregionwere also discussed, It was shownthat a large part of the iow-

fiequency SST variawlityin the subtropicalAtlanticcan be attributedto remote forcingat the

Pacific.

D.W, Pierce, K.Y. Ktm, and T.P, Baruett, 1996: Variability of the therrnohaline
cirmtIation in an ocean generaI circulation model coupled to an atmospheric energy
balance model

The variabilityof the ocean’sthermohalinecirculationin an oceanic general emulation model

(OGCA4)coupIed to a two-dimensionalatmosphericenergy balancemodel (EBM) is examined. The

EBM cakxdates air temperaturesby balancinghea$fluxes, includingthat from the oceanmrfac~ air

temperatureandocean circulationevoke mgeher without’imposedtempera@rerestrictionsexcept

specificationof the sohr constant, The heat couplingis scale dependent such that small-scaleocean

temperatureanomalies are dampedquicklywhile large-scale ones lose heat slowly by longwave

emission 10space. Theseboundaryconditionsare mozerealistic rhanrestoring conditionseven

when weak couphng is used,since they allowchanges in air tempmmtre and wholesaleshifts in the

phnetzy heat balance.

It is found that couplingthe EB}I to the OGCM increases the stability of the ocean’s

thexmohaIinecirculation. This increasedstabilityarises from the abilityof the coupled mode] to

devehp a faur times greaterSAWsurfacetemperatureresponse to a given change in thmmohaline

overturning than when traditionalrestotingboundary conditions are used. The sense of this

incre.~ed response works to stabilize the therrnohtditmoverturning. The specific valueof the srnall-

scnlethermn!couplingcoefficicn!itlso influencesthe stabilityeven though the large-scn!ecoefficient
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is aIwayssmall {2W ~-2 C-1); this s~gges~sthat small-scaleprocessesm“gh~determinethe htrge-

scale s\abiIity,

Latif, M. and T.P. Barnett, 1994: Causes of decadal climate wjriabjlity over the
North Pacific/North American sector. Science, 266, 634-637. -

The cause of decadalclimatevariabijhyover the North PacificOcean andNorthAmerica is

investigatedby the analysisof data froma multidixxxialintegr@onwith“asta~e-of-the-~ coupled

ocean-atmospheremodel and observations. Abovtone-third Qf the low-frequencycli~ate

variabilityin the regionof interestcan ~ attributedto a cycle involvingunstableair-seainteractions

betweenthe subtrqpic~ ~re circulationin the North Pacific and the Aleutian low-pressuresystem.

The existence of this cycleprovides a ~ais for iong-rangeclimate forecasting oyer tie western

United States at decadal~imescales.
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