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1. Intr oduction

For centuriespur knowledgeof the oceans'surfacecirculationwasinferredfrom the drift
of oating objects.Dramaticexamplesincludewrecked ChinesgunksandJapanesglass
shing ballswhich have washedashoreonthe US westcoast(Sverdrupetal., 1942).Such
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obsenationscouldonly provide crudeideasof gyre-scalecurrents astherewasno way to
tell the exact beginning (in time or space)of the drifter's journey, or the trajectoryit had
taken. Currentscanbe more accuratelyinferred from ship drift measurementsA ship's
motionrelative to the surroundingwateris measuredy the shiplog; its absolutemotion
is estimatedfrom navigational x es. In the absenceof wind andthe “sailing” force of
o w aroundthe hull andkeel, the differencebetweenabsoluteandrelatve motionis the
velocity of the water (the current). However, dueto relatively large navigational errors
in the mostly pre-GPSdataset of ship drifts, suchcurrentestimatescan have errorsof
0O(20 cm/s) (Richardsonand McKee, 1984). In addition, a drifting ship is exposedto
both currentsand wind, making the relative role of the two forcesdif cult to separate.
Comparisorof shipdrifts with lesswindage-proneneasurementsave revealedsigni cant
differencesin the tropical Paci ¢ (Reverdin et al., 1994) and Atlantic (Richardsonand
Walsh,1986; Lumpkin andGarzoli, 2005). To reducethe wind force, investigatorsn the
early 1800sbeganusingdrift-bottlesto mapsurfacecurrents.Thesebottlesweretypically
weigheddown so that they were almostentirely submersedandtypically carrieda note
indicatingtheirlaunchlocationandtime (Sverdrupetal., 1942).Bottleshave beenusedto
mapcurrentsin regionssuchasthe North Sea(Fulton, 1897;Tait, 1930)andnorthwestern
Paci ¢ Ocean(Uda,1935).

A major steptowardscollectingtrue Lagrangiantiime seriesof velocity was madeby



attachinga seaanchor or “drogue”, to a buoyant objectthat would not extendfar above
the surfacebut could be tracked by triangulationfrom a x ed point (suchasananchored
ship). Obsenationsof this naturewerecollectedoff the US eastcoastasearly asthe mid-
1700s(Franklin, 1785; Davis, 1991)and were collectedworldwide in the famous1872—
1876Challenger oceanographisurney atmostof the354hydrographicstationg Thomson,
1877;Niiler, 2001). With the adwentof radio, drifter positionscould be transmittedrom
small, low-dragantennaendtriangulatedrom shore(Davis, 1991). Drifters of this type
are still manufcturedtoday often inspiredby the cruciform-shapediesignusedin the
CoastalOceanDynamicsExperiment(CODE).In CODE, 164 drifters were usedto map
currentsandtheir variability andto calculateLagrangianntegral scalesanddispersioroff
the Californiacoast(Davis, 1985).

The early 1970ssav the introductionof positioningvia satellite obsenationsof an
earthboundransmitters Dopplershift. This was rst doneusingthe NIMB US satellites
and later the more accurateArgos Data Collection and Location Systemcarriedaboard
the National Oceanicand AtmosphericAdministration(NOAA) TIROS-N polarorbiting
satellites. Severalindependengroupspromptly developedanddeployed satellite-tracked
surfacedrifting buoys. One of the earliestsuchdeploymentswasin 1975as part of the
North Paci ¢ Experiment(NORFAX). NORFRAX drifterswere3 m long, 38 cm-diameter

berglasscylinders, droguedat 30 m with a 9 m parachutgMcNally et al., 1983). An



arrayof 35 drifters, droguedwith 200 m of polypropyleneline andeithera 25 kg weight
or awindowshadesail, wasdeployedin the Gulf Streanregionin 1976-1978 Richardson,
1980). Thesddriftersincludedatetherstrainsensoto indicatedroguestatushbut thissensor
frequentlyfailedshortlyafterdeployment. A largearrayof over 300 Argos-tracleddrifters
was deployed as part of the Global AtmosphereResearctiProgram(GARP) First Global
GARP Experiment(FGGE) in 1979-80in the SouthernOcean(Garrett,1980). FGGE
drifterswerecon guredin variousdesignswith the“regular” varietyhaving atall (3.4 m)
surface oat and100m line actingasa drogue weightedat the endwith 29.5kg of chain.
Other FGGE drifters hadlarge vanesfor measuringwvind direction. From 1981-84,113
HERMES-typedrifters,droguedwith awindowshadesailat 100m depth weredeployedin
theeasterrandnorthernNorth Atlantic (KraussandBoning,1987).In 1983-8553 TIROS
and mini-TIROS drifters were deployed in the tropical Atlantic as part of the SEQUAL
(SeasondResponsef the EquatorialAtlantic) andFOCAL (Programméd-rancais€céan-
ClimatenAtlantiqueEquatorial)programs.The TIROS designhadawindowshadedrogue
of area20 m? centerecdat 20 m depth,while the mini-TIROS hada 2.2 m? windowshade
centerecht 5 m depth(RichardsorandReverdin,1987). The driftersdid not have sensors
to indicatedroguepresencealthoughtwo TIROS drifters recoreredafter 217 daysat sea

haddroguesn “excellentcondition” (RichardsorandReverdin,1987).



2. The SVPdrifter

In 1982the World Climate ResearchiProgram(WCRP)recognizedhat a global array of
drifterswould beinvaluablefor oceanographiendclimateresearchbut uncertaintieand
large variationsin the waterfollowing propertiesof variousdrifter designgposeda major
challenge,alongwith the high costsand excessve weight of somedrifter types(World
ClimateResearchProgram,1988;Niiler, 2001). The WCRPdeclaredhata standardized,
low-cost, lightweight, easily-deplged surfacedrifter shouldbe developed,with a semi-
rigid droguewhich would maintainits shapen high-shearo ws. This developmenttook
placeunderthe SurfaceVelocity Program(SVP)of the TropicalOceanGlobal Atmosphere
(TOGA) experimentandtheWorld OcearCirculationExperimen{WOCE).Initial funding
wasprovided by the US Of ce of Naval Researchwith subsequensupportfrom NOAA
andthe National ScienceFoundation.Competingdesignsveresubmittecby NOAA's At-
lantic OceanographiandMeteorologicalLaboratory(AOML), MIT' s DraperLaboratory
andScrippslInstitutionof Oceanograph{SIO) (Niiler, 2003).

During the 1980sthesedesignscontinuedto evolve, andin 1985-89they wererig-
orously evaluatedon a numberof criteria including their waterfollowing characteristics,
qguanti ed by attachingvectormeasuringcurrent metersto the tops and bottom of the
drogues(Niiler et al., 1987,1995). Several droguedesignswere examinedand various

problemsidenti ed. For example, windowshadedroguescould twist and sail acrossa
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current; parachutedroguescould collapseand subsequentlyrovide very little drag; the
line-and-chairfFGGEdrogueprovidedtoo little areacomparedo the surface oat, result-
ing in signi cant slip with respecto the currentsat the droguedepth(Niiler etal., 1987,
1995; Niiler andPaduan,1995; Pazanand Niiler, 2001). Otherfactorswerealsoconsid-
ered;for exampletherigid three-dimensiondtristar droguewasfoundto have somevhat
betterwaterfollowing characteristshanthe holey-sockdroguedevelopedat AOML, but
the increasedmanugcturingand shipping costsand more dif cult deploymentsfor the
tristar outweightedthis bene t. By 1993a cleardesignfor the SVP drifter hademepged
which combinedthe holey-sockdrogueof the AOML drifterswith reinforcedtetherends
andsurface oat designsfrom SIO. This design(SybrandyandNiiler, 1992)becamethe
foundationfor future SVP drifter development.

The moderndatasetof “SVP” driftersincludesall driftersdeployedduringthe 1979—
1993 developmentperiodthat had a holey-sock droguecenteredat 15 m depth. AOML
spartype drifters with holey-sockdrogueswere rst deployedin Februaryl979 as part
of the TOGA/EquatorialPaci ¢ OceanCirculationExperiment(EPOCS) Large-scalede-
ploymentsof the rst modernSVP drifters took placein 1988 (World Climate Research
Program,1988)with the goal of mappingthetropical Paci ¢ Oceans surfacecirculation.
This effort wasexpandedo globalscaleaspartof WOCEandthe Atlantic ClimateChange

Program(ACCP),in whichthearrayof SVPdrifterswasextendedo coverthePaci ¢ and



North Atlantic Oceandy 1992andthe SoutherrandindianOceandy 1994 (Niiler, 2001).
Thearrayspannedhetropicaland SouthAtlantic Oceanby 2004 (Lumpkin andGarzoli,
2005).

Todaythe array of SVP driftersis known collectively asthe Global Drifter Program
(GDP), a componenif NOAA's Global OceanObservingSystem(GOOS)and Global
ClimateObservingSystem(GCOS)anda scienti ¢ projectof the DataBuoy Cooperation
Panel(DBCP) of theWorld MeteorologicalOrganizatiorandinternationalOceanographic
Commission. The scienti ¢ objectvesof the GDP areto provide operational nearreal
time surfacevelocity, seasurfacetemperaturdSST) and sealevel pressureobsenations
for numericalweatherforecastingresearchandin-situ calibration/\eri cation of satellite
obsenations. The GDPis managedn closecooperatiorbetweerNOAA/A OML in Miami,
Florida, NOAA/SIO's JointInstitute of Marine Obsenations(JIMO) in La Jolla, Califor-
nia, andthreeprivateUS drifter manugcturergClearwater Paci c GyreandTechnocean).
AOML arrangesand conductsdrifter deployments, processeshe data, maintains les
whichdescribeeachdrifter, andhostshe GDPwebsite(lwww.aoml.noaa.geo'/phod/dac/gdp.html).
JIMO superviseghe industry acquiresthe drifters from the various manugcturers,up-
gradesthe technology developsnew sensorsand createsenhancedlatasets(Pazanand
Niiler, 2004)to theresearcltommunity The manugcturersouild the SVP driftersaccord-

ing to closely-monitoredpeci cations.



a. Design

At presenttherearetwo basicsizesof SVP drifters: the original, relatively large SVP
drifter andthe new “mini” version(Fig. 1). The original designis extremelyrobustbut is
relatively expensve andheary. A moregracileredesigrwasproposedn DBCP Speci ca-
tion Rev. 1.2in Decembef002. This“mini” drifter is producedalongsideSVP drifters of

original dimensiondy severalmanufcturers.

[Figure 1 abouthere.]

Presenmanutcturerof SVPdriftersincludeClearwaterinstrumentatiorfWatertavn, MA
USA; www.clearvaterinst.com)Marlin-Yug (Sevastopol Ukraine;marlin.stel.sebastopol.ua),
MetoceanData SystemgqDartmouth,Nova Scotia,Canadawww.metocean.comfaci ¢
Gyre(OceansideCA USA; www.paci cgyre.com)andTechnoceafCapeCoral,FL USA,
www.technocean.com).

The surface oat of an SVP drifter rangesfrom 30.5cm (the smallestmini) to 40 cm
in diameter Originally, the surface oat hull was madeof 0.3—0.4cm-thick berglass
(thicker at the tetherprotrusion;c.f. Sybrandyand Niiler 1991, Fig. 3). Most manufc-
turershave now switchedto lessexpensve ABS (Acrylonitrile-Butadiene-Styrengjlastic
for surface oat hull construction.The surface oat contains:batteriesn diode-protected

packs,typically 4-5 packseachwith 7—-9 alkaline D-cell batteries;a satellitetransmitter



(401.650MHz, 10kHz) typically actvatedby removing a magnetfrom the oat hull; a
thermistorfor sub-skinseasurfacetemperaturelpcatedat the baseof the oat to avoid di-
rectradiatve heating;andpossiblyotherinstrumentsneasuringparometrigpressurewind
speedanddirection, salinity, or oceancolor. Most surface oats alsoincludea submer
gencesensoy consistingof two scravs extruding from the hull. This sensoris usedto
identify the presencef the drogue,which frequentlydragsthe surface oat beneaththe
seasurface— anabruptdropin the percentagef submegedtime indicateshatthedrogue
hasbeenlost. Onemanufcturer(Clearwater) hasreplacedhe submegencesensomwith a
tetherstrainsensorwhich moredirectly measuresiroguepresence Most manufcturers
apply cuprousoxide paintto the bottomhalf of the surface oat to reducebiofouling. A
polypropylene-imprgnatedvire ropetetherconnectshesurface oat to asubsuréce oat
(original design;5.6 mm diametertether)or directly to the drogue(mini drifter, with a
3.2mmdiametettether).

An SVPdrifter hasits droguecenteredat 15 m depthto measuremixedlayercurrents;
otheroptions(suchas100m) have beenmadeavailableto individualresearchersTheouter
surfaceof the drogueis Corduranylon cloth. In the original design,it is composedf 7
sectionseach92 cmlongand92 cmin diameterfor atotal lengthof 6.44m. Mini drogues
arenotyet standardize@mongthe manufcturers:they arecomposef 4 (Paci ¢ Gyre)

or 5 (Marlin-Yug) sectionsof original dimensionsor 4 (Clearvwater) or 5 (Technocean)



redesignedsectionsof diameter61 cm, length 1.22 m/section. Throughoutthe drogue,
PVC or polypropylenepipe ringswith wire ropespolkesprovide support,maintainingthe
drogues cylindrical shape.Thetopringis lled with polyurethandoamto provide some
positive buoyangy, reducingaccordion-typ@scillationswhentetherstrainis low (Sybrandy
andNiiler, 1992). Leadweights(in somedrifters, sandballastin a polypropylenepipe)
sewvn into the baseof the drogueinsurethatit hangsnearly vertically. The drogueis a
“holey-sock] i.e.eachdroguesectioncontaingwo 46 cm (mini: 30cm)diameteropposing
holes,which arerotated90 from onesectionto the next (seeFig. 1). Theseholesactlike
thedimplesof a golf ball by disruptingthe otherwiselaminar o w which would generate
organizedeevortices.As aconsequenceéhedroguedoesnot experienceanabruptchange
in dragcoefcient acrossacritical Reynoldsnumbemwhichwouldbeassociateavith vortex
sheddingNath,1977).

While the sizesof the surface oat anddroguevary, the manufcturersall aim for a
speci ¢c nondimensionagjoal: a dragarearatio of 40. Thisratio is the dragarea(drag
coefcient timescross-sectionadrea)of the drogue,divided by the dragareaof all other
components At a dragarearatio of 40, the resultingdownwind slip (seeSection4.a.) is
0.7 cm/sin 10 m/swinds; for comparisona standard=GGE-typedrifter hada dragarea
ratio of 10—12anda downwind slip of 8 cm/sin 10 m/swinds (Niiler and Paduan,1995;

Pazanand Niiler, 2001). In practice,the manufcturerprovided drag arearatios range
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from 37.5-45.9.Somemodi ed driftersincludesubstantiabdditionalcomponentsvhich
greatlyreducethedragarearatio. An exampleis Marlin-Yug's SVP-BTCdrifter whichhas

athermistorchainextendingto 60 m depth,reducingthedragarearatioto 6.8.

b. Deployment

Original-sizedSVP drifters are packagedwo per cardboardbox of dimension1.07 m
(3'6”) cubed. Eachdrifter weightsapproximately45 kg (100 lbs) and can be deployed
by a single person,althoughin heary seasit is recommendedhattwo peopledeploy an
original SVP drifter. Mini drifters are packaged ve per cardboardoox of the samedi-
mensionsor two in a box of size1.17 0.89 0.56m. The mini weighsapproximately
20kg (44 Ibs) andcaneasilybe deployed by oneperson.Thedrogueandtetherarebound
with papertapewhich dissohesin thewater andthetetheris sometimesvrappedarounda
watersolublecardboardubeto protectit from kinking. Thedrifter is deployed by throw-
ing it from the sternof avesselpreferablyfrom thelowestdeckandwithin 10 m of thesea
surface. The ship may be undervay; successfutleploymentshave beenconductedrom
cago shipssteamingat up to 25 knots. After deployment,it may take approximatelyan
hourfor thedrogueto becomdully soaled,allowing thepapertapeto dissole andtrapped
air bubblesto bereleasedbeforethedroguesinks.

Drifters have also beenair-deployed out of LockheedC-130 Hercules,operatedby
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the Air ForceResere “HurricaneHunters”(53dWeatheReconnaissancequadron403d
Wing, KeeslerAir ForceBase),andby the Naval Oceanographi©f ce (NAVOCEANO)
which conductssurweys supportingnaval operationgrimarily in the northernhemisphere.
Deploymentshave alsobeenconductedrom a C-141 Starlifter Air deploymentrequires
extensie rigging of thedrifter packageincludingaddingthe parachuteat a costapproxi-
matelyequalto thedrifter itself (P. Niiler, pers.comm.).

During the one-yeaperiod SeptembeR003—-Augus004,a total of 658 drifterswere
deployedin NOAA's contrikution to the Global Drifter Program. Of these 440 were de-
ployed off researchvessels201 off volunteerobsenation ships(typically calgo vessels),

and17 wereair-deployed.

c. Datatransmission

Drifter sensodata(includingSSTandbatteryvoltage)aretypically sampledatintervalsof
90s. Averagesarecalculatedover anobsenationcycle of sevento tensamplesandtrans-
mitted. Submegenceor strain datatransmissionvariesby manugcturer For example,
Metoceardrifterssamplethe submegenceour timesevery 90 s, andsumthetotal number
of undervatersamplesover a 30 minute averagingperiodto determinethe percentagef
time submeged. The dataareformattedfor transmissiorwith checksunmentriesprovided
in a 32-bit Argos(seebelonv) messageOlder drifters often useda duty cycle of 1/3 (typ-
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ically the transmitterspentoneday on, thentwo daysoff), which couldleadto signi cant
biasingof high latitudeinertial motion(Bogradetal., 1999).Nearlyall drifterssince2001
operateon a100%duty cycle. Recently-deelopeddriftersexploit multiplexing techniques
to increasalatatransmissionDuring onesatellitepass 6—7 dataframescanbe sentevery
90 s, or twice this mary with a45 srepetitionrate. Eachtransmitteris assigned Platform
TerminalTransmitte(PTT) codeby Argos,oftenreferredto asthedrifter ID number

Argos (www.argosinc.com)s an American-Frenclsatellite-basedystemfor collect-
ing, processingand distributing data. It is operatedby Collecte LocalisationSatellites
(CLS) in Toulouse,France,with a subsidiary(ServiceArgos,Inc.) in Largo, Maryland
USA. Since1978,the Argossystemhasbeencarriedon the US National Oceanographic
and AtmosphericAdministration(NOAA) PolarOrbiting EnvironmentalSatellitesto ob-
tainglobalcoverage In addition,a second-generatiofirgossystemwascarriedaboardhe
Japanes@dvancedearthObservingSatellitell (ADEOS-II), launchedn Decembe002.
This joint Argos/ADEOS-IIprogram(“Argos Next”) wasdeclaredoperationalon 5 May
2003; unfortunately the satellitefailed on 25 October2003. Futurelauncheswith next-
generationPArgos systemsare plannedaboardthe EuropearMETOP satellites beginning
in thelastquarterof 2005.

The positionof a drifter is inferred from the Doppler shift of its transmission.The

position-deducinglgorithmcanbe summarizedsfollows (Argos,1996). As the satellite
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approachegassesndrecededrom thelatitudeof adrifter, thesatellites speed 7.4km/s)
Doppler shifts the signal. The timing of the swing from blue to red (but not exactly the
latitude of the shift, dueto drifter motion; seebelow) givesthe drifter's latitude,andthe
rapidnesof the swing givesthe off-track direction (the closerthe satellitepassis to the
drifter, the more step-like the swing). The absolutemotion of the drifter introducesan
additional Doppler shift: at 20 N, a x ed point on the Earth's surfacetravels 437 m/s
westward. Thus,if the drifter is eastof the satellite pass,an additionalblue shift is su-
perimposedvhich reachests maximumasthe satellitecrosseghe drifter's latitude. This
Dopplershift decayswith increasedlistancefrom the drifter at a ratedependentiponthe
minimum satellite/drifterdistancegreaterdistanceequalsslower decay). The sign of this
shiftis estimatedrom least-squaresting andthe previoushistoryof thedrifter, andgives
the off-track direction.

Argosestimateshe accurag of position x esat 150—-1000m. Thelargesterrorsoccur
whenasatellitepasss closeto, but notdirectly over, adrifter. In this situationthe Doppler
shift from the absolutedrifter motionis a relatively brief spike which canbe dif cult to
resole — possiblycausingthe Argospositionalgorithmto “place” thedrifter onthewrong
sideof thepass.Whenthishappenstherearerelatively largeerrorsin longitude with much
smallerlatitudinalerrors.Additional errorscanarisedueto satelliteinstrumentahoiseand

inaccuraciesn orbit andtime coding (Hansenand Poulain,1996). From a 70 day time
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seriesof position x esfor a groundeddrifter in Honolulu, Hawaii, we have calculated
theroot-mean-squarerrorin a x to be630m zonally, 270m meridionally This drifter's
transmittewasnotheldridgidly vertical,possiblyintroducingabiasto someof thesatellite
x es(J. Wingenroth,pers.comm.) thatwould not be experiencedy a drogueddrifter in
thewater The70-daymedianof the Argos x eswasnotsigni cantly differentfrom aGPS

X.

d. Drifter lifetime

The manufcturers'estimatefor an original SVP drifter lifetime is 400 days. In order
to examinethe accurag of this claim, we have calculatedthe half life for SVP drifters
deployedin 1998-2003.This wascalculatedor all drifterswhich hadnot run agroundor
beenpicked up by boaters.The remainingdrifters were sortedby the yearin which they
had beendeployed. For eachyear's batchof drifters, we calculatedhow mary daysof
obsenationswere obtained,and how mary daysof droguedobsenationswere obtained.
Drifters still transmitting(andstill droguedfor the droguehalf life) wereassignead large
placeholdewvalue (9999days). The histogramof theselifetimes wasusedto identify the
amountof time after which one-halfof the drifters wereno longeralive, andafter which
one-halfwerenolongerproviding droguedvelocity obsenations.The half livesareshovn
in Fig. 2. Transmitterlifetimes generallyincreasedluring 1998—2002from 291 daysin
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1998to 400daysin 2002,with a peakof 485daysin 2001.
[Figure2 abouthere.]

Thesecalculationsdo notincludedrifterswhich failed to transmitupondeployment: 12%
of driftersin 1998,5% in 2001and3% in 2003. More than half the drifters deployedin

2003werestill alive anddroguedatthetime of thesecalculationgNovember2004),mak-
ing their half life impossibleto determinegiventhe temporaldistribution of deployments
through2003andthe histogramof lifetimessofar, it is likely to exceed450days.

Thus, while someindividual batchesof drifters have had a high failure rate due to
causesangingfrom defectsduring manugcturingto deploymentin extremelyharshcon-
ditions (e.g.,air-deployed in the pathof a hurricane) the generaltendeng acrossrecent
yearsis encouragingln additionto the developmentof the mini drifter describecearliet
incrementaimprovementsin droguereinforcementtether/droguattachmentandtrans-
mitter designare successfullyincreasingthe value of the SVP drifter. At the sametime,
the costof a drifter hassteadilydropped,from USD 5475in 1993 (adjustedo 2003US

dollars;Niiler, 2003)to USD 1750today
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3. Drifter data: Quality control, interpolation and cover-
age

BeforeDecembe2004, position x esacquiredby two of the satelliteswere processedby
Argos.For atypicaldrifter neartheequatoy6—9 x esperdaywereacquired At higherlat-
itudesthe polarorbiting satellitepassesverecloser yielding 8—10 x esperdayat20 lat-
itude. Thetheoreticaimaximumwas28 x esperday at the poles(Argos,1996). In late
2004 the Joint Tariff Agreement(seewww.ogp.noaa.goargos/wervien.htm) negotiated
theuseof thefull satelliteconstellationup to four at present) Sincemid-Decembe004,
this “multi-satellite service”hasbeenyielding 16—20 x esperday for equatorialdrifters.
AOML'sDrifter DataAssemblyCenter(DAC; www.aoml.noaa.ge@'phod/dac/dacdata.html)
assembletheseraw data,appliesquality control proceduresandinterpolategshemto reg-
ular 1/4-dayintenvals. The raw obsenationsandprocessediataarearchvedat AOML's
DAC andat Canada Marine EnvironmentalDataService(MEDS; www.meds-sdmm.dfo-

mpo.gc.ca).

a. Quality control

The DAC rst visually examinesdrifter datafor evidencethat the datawere transmitted

while on the deckof a ship, the drifter wasaground,or the drifter hasbeenpicked up by
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a boater Thesedrifters areusuallyapparenfrom their trajectoriesandcanbe supported
by submegencevaluesandthe diurnal variationsin temperature Theseobsenationsare
removedfrom the dataset.

Next, the DAC identi es drifters which have lost their drogues. This is doneusing
the submegenceor tetherstrain obsenations. The droguelost datesare compiledin a
“directory le” which includeseachdrifter's deploymenttime andlocation, endingtime
andlocation, andthe type of death(e.g., picked up, ran aground,stoppedtransmitting).
Thesedatesarestoredusinga modi ed Juliandaycornventionin whichday 1 is Januaryl,
1979. For adrifter thatnever lostits drogue thedirectory le holdsthe placeholdewalue
0 for drogueoff time while it is still alive (still transmittinggooddata),or the dateof its

nal reliabletransmissionf it hasdied.

To eliminatethe moreegregiouserrorsin raw Argos x es,the DAC appliesa two-step
quality control schemgHansenand Poulain,1996). In this methodologythe velocity is
calculatedvia nite differencingof theraw x esbothforwardandbackwardin time. A x
is agged as“bad” if it producesa velocity greaterthanfour standarddeviationsfrom the
mearnvelocityin bothforwardandbackwardpassesTwo-way differencings usedbecause
aforward-onlycalculationmayfail to identify abad x if it comesmmediatelyafteragap

in dataacquisition.
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b. Interpolation

Theraw x esareinterpolatedo uniform 6-h intervalsusinganoptimalinterpolationpro-
cedureknown askriging (HanserandHerman,1989;HanserandPoulain,1996). Latitude
andlongitude(andSST)areinterpolatedndependentlyKriging assumesghattheobsena-
tions consistof a “true” signalcontaminatedy noise,the latterassumedo be white and
unbiasedzeromean). Interpolatedvaluesare constructedy a linear combinationof the
ve obsenationsprecedingand vefollowing theinterpolationpoint (if available),usinga
setof weightsconstructeguchthattheroot-mean-squardifferencebetweerthetruevalue
andtheconcurreninterpolatedvalueis minimized.

In the kriging procedurethe (true) positionis describedoy a structurefunction. For
this, Hansemand Poulain(1996)useda fractional Brownian modelthat candescribemo-
tion rangingfrom uncorrelatedrowniandiffusionto perfectlycorrelatedinearadwection.
They estimatedthe parametergor the model usingtropical Paci ¢ Oceandrifter obser
vationsfor the period 1988-1993. The resultingparameteryielded a model which was
a blend of adwection and diffusion, with adwection more signi cant for zonal displace-
ments. This resultis consistenwith studieswhich have found stronganisotropy in the
zonalvs. meridionalscalesof dispersionin the tropics, with muchlongerzonalintegral
length scales(e.g., Lumpkin and Flament,2001). This modelis probablynot the most
appropriatechoiceat higherlatitudesaway from strongzonalcurrents.
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Along with the interpolatedpositions,AOML providesformal error barson the posi-
tions. Thesecanbe invaluablein identifying large gaps— aslong astwo weeks— across
which the datahave beeninterpolated,asthesewill have large error bars. Researchers
working with the drifter datashouldapproacthesedatawith caution;they maybe useful
for calculatingmeanadwective pathways,but shouldnotbeincludedin calculationsof eddy

kinetic enegy or dispersion(seeFig. 3).

[Figure 3 abouthere.]

Followinginterpolationthezonalandmeridionalcomponentsf velocityarecalculated
via centerednite differencingover 1/2 day displacementsMany investigatorsnterested
in subinertiaimotion(e.g.,RalphandNiiler, 1999;Fratantoni2001;LumpkinandGarzoli,

2005)applyalowpasslter to thesevelocitiesbeforeproceedingvith their analyses.

c. Datacoverage

SVP drifter obsenationsnow cover mostareasof the world's oceansat sufcient density

to mapmeancurrentsat1 resolution(Fig. 4).

[Figure4 abouthere.]

The recentgrowth of the drifter arrayis shovn in Fig. 5. The numberof driftersin
the globalarrayhasincreasedremendoushdueto the efforts of mary individual investi-
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gatorsandinternationalpartnershipgontributing to the Global OceanObservingSystem
(GOOS).The GOOSgoal of maintaininga5 by 5 network of driftersrequiresanarray
of at least1250drifters. The drifter array reachedhis size on 18 Septembef005 (see

www.ogp.noaa.go'events/20050918lobaldrifter/).
[Figure5 abouthere.]

From 1998to 2003, drifter coveragehasincreasedn all basinsshown in Fig. 5 exceptthe
North Paci c. Recentair deploymentsby NAVOCEANO southof the Aleutian Islands,
alongwith future deploymentsfrom volunteerobsenation shipsrunningthe greatcircle

routebetweenJaparandCalifornia,areaddressinghis gap.

4. Velocity obsewations

Fig. 4 shavstime-mearsurfacecurrentdmiddle) andeddykinetic enegy (bottom)for the
world's oceansgcalculatedona 1l by 1 grid via Gauss-Markv decomposition(Lump-
kin, 2003). Annual and semiannuabmplitudesand phasegnot shavn) were calculated
at the sameresolution. All of the major westernboundarycurrents(Gulf Stream,Philip-
pines/Kuroshio,Brazil, North Brazil, EastAustralian,Mozambique/Agulhaand Somali)
areclearly seenasmaximain both meancurrentspeedandeddyenegy. Thetime-mean

zonalstructureof tropicalcurrentssuchasthenorthernSouthEquatorialCurrentandNorth
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EquatorialCountercurrentire prominentfeaturesof Fig. 4, as are the monsoon-dren
semiannuaturrentsof the equatorialndian Ocean.

SVP drifters provide imperfectpseudo-Lagrangianbsenationsat the droguedepth
— “pseudo” becausevater parcelscan upwell or downwell while the drifter staysat the
surface,andimperfectbecausef slip (seebelown). The resultingobsenationsof mixed
layervelocity arethusa combinatiorof slip, plusthedirectlywind-driven o w in theupper
mixed layer, plusthe 15 m-deepsignatureof the underlyingeddyandgyre-scalecurrents.
Time-meanplots of thesecomponentsderived from National Centersfor Environmental
Prediction(NCEP)Reanalysid/er. 2 windsandthe parameterizationdescribedelow, are

shavnin Fig. 6.

[Figure 6 abouthere.]

a. Slip,with andwithouta drogue

Slip is the horizontalmotion of a drifter that differs from the lateralmotion of currents
averagedverthedrdoguedepth.Slip is causedy directwind forcing onthesurface oat,
dragonthe oat andtetherinducedby wind-drivensheayandsurfacegravity wave recti -
cation(Niiler etal., 1987;Geyer, 1989). In orderto reducewave recti cation, the surface

oat is spherical(Niiler et al., 1987,1995). The original SVP designincludeda 20 cm
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diametersubsuréce oat betweerthe surface oat anddrogue,intendedto decoupleheir
motionandto provide additionalbuoyangy offsettingtheweighteddrogue.Thesubsurace
oat hasbeenomittedin therecentmini drifter redesign.The mostimportantdesignchar

acteristicghatminimizeslip arelow tensionbetweerthe surfacebuoy anddrogue,which

avoids aliasingwave motion, anda large dragarearatio (Niiler etal., 1987). As long as
the drogueremainsattachedo the drifter, the dowvnwind slip is estimatedat 0.7 cm/sper
10 m/sof wind speedNiiler andPaduan,1995).

Pazanand Niiler (2001) examineda dataset of 2334 SVP drifters, including 1845
which hadlosttheirdrogueswhile continuingto transmitlocation. They examinedresidual
(undroguedminus drogued)drifter motion usinga multiple regressionmodel with local
surfacewave height (from the Fleet Numerical Meteorologyand Oceanographyenter
FNMOC)andwinds(FNMOC,NCER andtheEuropearCenterfor MediumrangeWeather
Forecasting ECMWEF). The residualmotion did not have a signi cant relationshipwith
waves, eitherbecauseavave drift is negligible or becausehe relationshipis obscuredoy
errorsin or resolutionof thewave dataset. Residuamotionwasalignedonaveragedirectly
downwind, andwaslinearly dependentiponwind velocity with a global meanvalue of
7.9 0.7cm/sperl0Om/sof wind. Thisresultandthoseof Niiler andPaduan(1995)indicate

thatanundroguedSVP drifter experiences slip of 8.6 0.7 cm/sper10 m/swind.
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b. Ekmandrift

Niiler andPaduan(1995)analyzedhe Lagrangiarvelocity time seriesof 8 droguedSVP

driftersin the northeasPaci ¢ during Octoberl1989—-April 1990. They foundthatveloc-
ity andlocal wind (using 6-hourly ECMWF operationalwinds) was highly coherentat

subinertialperiodsof 5—20days.At shorterperiodsinertial oscillationsdominatedhe La-

grangianvelocity spectrawhile at longerperiodsmesoscal@ariations(uncorrelatedvith

local wind) dominatedhe spectra.The 5-20day bandpassedelocity was60-100 to the
right of the wind, consistentwith Ekmandynamics. For the bandpassedelocitiesand
winds, Niiler and Paduanderived the linear regressionmodelU = b ,, where 4 is the
wind stressat the oceansurface,U = u + iv, (u, v) arethe zonaland meridionalcom-
ponentsof velocity, i = P ~ 1 andthe complex coefcient b hasamplitudejg=0.28m (s
Pa) ! andangle77 totheright of thewind. This modelaccountedor 35%of thevariance
in thebandpassedrifter velocities.

In a studyof 1503 SVP driftersin the tropical Paci ¢ 20 S—20N, 1988-1996 Ralph
andNiiler (1999)removed the time-meangeostrophianotion usingthe hydrographiccli-
matologiesof Levitus (1982) and Kesslerand Taft (1987). They averagedthe residual
velocitiesin 2 by 5 binsandexaminedvariousmodelsregressinghis velocity ontocon-
current,interpolated-hourlywindsfrom operationaECMWE Niiler (2001)repeatedhis
calculationwith alargerdataset(30 S—30N, 1988-1999)usingNCEP reanalysisvinds.
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Thesestudiesfound that 49% of the varianceacrossthe bins could be accountedor by

the modelU = Au =f'?2, whereU is the magnitudeof the residual(Ekman)velocity,

u = | ] oj= Iisthefriction velocity dueto thetime-mearsurfacewind stress ,, is den-
sity, f is the Coriolis parameterandthe best- t coefcient A=(0.081 0.013)s 2. The
orientationof the Ekmanvelocity dependedipontheratio of thedroguedepthd =15mto
theEkmanlayerdepthscaleD = u =A, whichvariedfrom bin to bin. WhenRalphandNi-
iler (1999)plottedthe off-wind angleasafunctionof d=D they founda clockwise-rotating
(in the northernhemisphere3piral consistentvith thetheoryof Ekman(1905).

More recentlyRio and HernandezZ2003) subtractedime-meangeostrophiccurrents
andaltimetry-dervedgeostrophicurrentanomaliesrom concurrendrifter velocitiesover
theglobefor theperiod1993-1999to0 examinethewind-drivenageostrophieotion. They
foundthatthe time-varying geostrophicomponentvassigni cant at periodsgreaterthan
10daysin thelatitudeband15-30 (northandsouth),andat periodsgreaterthanfour days
at 30-90. At higherfrequenciedrifter velocitiesare predominantlyageostrophicyith
clearpeaksin the antigyclonic spectraat inertial andtidal frequencies.The ageostrophic
motionis signi cantly coherentwith the wind in the bandbetween20 daysandtheiner
tial/tidal periods.By separatelyxaminingsummerandwinter months Rio andHernandez
(2003)shaved thatthe Ekmandepth(parameterize@sin RalphandNiiler, 1999)varies

with the seasonathangeof wind speedover muchof theworld's subtropicalandsubpolar
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basins.

5. Other obsewations

Thefocusof this chapters on the velocity obsenationsmadeby SVP drifters. However,
this platformis capableof collectingmary othertypesof obsenations,someof which can
be combinedwith velocity to estimateheatadwection, ground-truthsatellite-basegrod-
ucts,andmary otheruses.Thus,abrief overview of theseobsenationsis warranted.

Seasurfacetempeature (SST) All standardSVP drifters measuretemperature20—
30 cm beneattthe seasurface. Thesedataare disseminate@n the Global Telecommuni-
cationSystem(GTS) by Argoswithin two hoursof receptionfor usein numericalweather
forecastingandoperationalSSTanalysis,andfor calibratingSST products(c.f. Reynolds
etal.,2002).

Barometric pressue: Many drifters, known as SVP-Bs, have beenout tted with a
barometeto measureaiir pressure Large-scalexperimentaldeploymentsbeganin 1994;
operationabarometricobsenationshave beencollectedsincel997. Thesedataarepartic-
ularly valuablein numericalweathermpredictionat high latitudes,wherefew in-situ obser
vationsareavailableif a stormdevelopsoutsidethe major shippinglanes. The barometer

portextends 20cmabovethetop of the surface oat to minimize spuriouslyhigh spikes
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in the pressure@ecordassociateavith submegence.

Wind: somedriftersincludea hydrophonefor noiselevel, which canbe corvertedto
wind speedandprecipitationestimatesanda 25 cm-by-20cm wind vanemountedto the
barometeportof thesurface oat (with accompaying two-axistilt sensotn the oat, and
swivel connectionfor the tether)to measurewvind direction. SVP drifters of this type are
known asMinimets (Millif f etal., 2003). The WOTAN hydrophonads typically mounted
eitheron thetether at a depthof 11 m, or betweenthe tetheranddroguetop. Recentair
deploymentsof thesedriftersin thepathof Cateyory 4 HurricaneFabianhave demonstrated
theability to measurehewind directionto within 10 (Niiler etal.,2004b),mappingthe
circulationof thehurricanemoreclearlythanin QuickSCA' data,althoughthehydrophone
becamesaturatect suchextremewind speeds.

Oceancolor: Somedrifters have includedan upwelling radiancesensormountedon
the surface oat just beneaththe seasurface,alongwith a downwelling irradiancesensor
Their obsenationshave beenusedto studychlorophyllvariationsin remoteregionssuch
asthe SoutherrOcean(Letelieretal., 1996).

Salinity. The rst salinity-measuringlrifters were developedat Scrippsinstitution of
Oceanograph{SIO) by attachinga SeaBirdSeaCaftthermistorandconductvity) to thetop
of thedrogue(11 m depth). In 1992-3,72 of thesedrifters weredeployedin the tropical

Paci ¢ and provided obsenationswhich comparedfavorably to the TAO mooring data
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(Kennanet al., 1998). Four of thesedrifters were recoveredafter 310 daysat sea,with
post-calibratiorrevealinga maximumoffsetof 0.02psu.

More recently drifters have beendevelopedwhich can measuresurfacesalinity. At
SIO, SeaBirdMicrocatshave beenmountedto the baseof the surface oat. Parallel de-
velopmenis beingconductedat WoodsHole Oceanographitnstitution. Thirty of the SIO
driftersweredeployedin the EastChinaSeain the period2000-200410 help evaluatethe
effectsof thedecreasingyangzte o w ontheecologyof SouthKorea.Two wererecovered
severalweeksafter deployment,andshoved no detectableoffsetwhenpost-calibratedP.
Niiler, pers.comm.).

Biofouling presentshe major challengeto obtainingextendedobsenationsof surface
salinity. Ongoingexperimentsarevaryingthe antifouling paintandthe pumpingsystems
for the SeaBirdMicrocats. CurrentGlobal Drifter Programplansincludethe deployment
of SVP-Microcatpairsin the Bay of Biscaywestof France,eachpair consistingof one
drifter with pumpingand one without, with sequentiaktecoveriesto evaluatethe success
and necessityof pumping. In the future, theseobsenrationswill provide calibrationand
validationfor satellite-denedseasurfacesalinity products.

Subsurfacetempeature: Several drifter manufcturersare developing drifters with
thermistorchainsto measurdemperaturgro les of the oceans upperO(100m). These

obsenationswould beinvaluablefor measuringnixedlayerheatcontentvariability, which
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canbe poorly correlatedwith SST changegKelly, 2004). An arrayof driftersincluding
eightwith thermistorchainswereair-deployedaheadf HurricaneRitain Septembe2005,
successfullyproviding upperoceanheatmeasurmentg the Gulf of Mexico prior to the

storm's landfall nearthe Texas/Louisiandorder

6. Recentdrifter -basedstudies: an overview

A large numberof studieshave useddrifter obsenationsto map currentsandtheir vari-
ability in variousregions. Recentexamples(2000—presenthave focusedon the North
Atlantic (Flatauet al., 2003), LabradorSea(Cury et al., 2002), CaribbeanSea(Centuri-
oni andNiiler, 2003; Richardson2004), subtropicaleastermAtlantic (Zhou et al., 2000),
tropical Atlantic (Grodsk/ and Carton,2002; Lumpkin and Garzoli,2005), easterrSouth
Atlantic (Largier andBoyd, 2001),tropical Paci ¢ (Grodsk andCarton,2001b;Johnson,
2001;YaremchukandQu, 2004),centralsubtropicalPaci ¢ (LumpkinandFlament,2001;
Flamentet al., 2001),westernPaci ¢ (Niiler etal., 2003),North Paci ¢ (Rabinwich and
Thomson 2001),tropical Indian (Grodsk/ andCarton,2001a)and Southern(Zhouetal.,
2002) oceans. Sereral recentstudieshave alsofocusedon mamginal seasincluding the
Japan/EasfLee et al., 2000), South China (Centurioniet al., 2004) and Black (Poulain

etal.,2004;Zhurbasetal., 2004)seas.
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Becausdlrifters follow the two-dimensionabkurface o w, they areideal for studying
the dispersiorof surfaceparticlessuchas sh larvaeandotherplanktonandbuoyantpol-
lutantssuchas oil spills. Their obsenationsof dispersioncanalso be usedto quantify
the effect of mesoscaleariability uponmeantransportqc.f. Davis, 1991). Early studies
of oceanicdispersionfrom drifter obsenations(Richardson,1983; Davis, 1985; Krauss
andBoning, 1987)addressethe relevanceof Taylor's (1921)classicaldispersiortheory
Taylor demonstratethatthe meansquaredistancethata particlewill diffusecanbe char
acterizedn ahomogeneoustationaryeld of eddiesby time andlengthscalesknown as
the Lagrangianintegral scales.Thesearein principle differentfrom their Euleriancoun-
terparts althoughsomemixing length-basedtudieshave mappededdydiffusivities using
obsenationsof Eulerianlengthscalege.g.,Stammer1998). Lumpkin etal. (2002)com-
paredthe Lagrangianand Eulerianlength scalesfrom surfacedrifters and altimetry, and
foundthatthey wereproportionalonly in themostenegetic partsof the ocean(suchasthe
Gulf Stream)whereLagrangianparticlesareadwectedaroundeddiesat time scalesmuch
shorterthanthe Euleriantime scale. In the tropical Paci ¢, Baueret al. (2002) separated
meanandeddydrifter velocitiesusingoptimizedbicubic splinesandfound that eddy dif-
fusivity in this region is strongly anisotropic:zonaldiffusionis up to seventimeslarger
than meridionaldiffusion, dueto parceltrappingin coherentfeaturessuchas equatorial

andtropicalinstability waves(Baueret al., 2002). More recently ZhurbasandOh (2004)
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mappedhe global surfacediffusivity usinga methodologydesignedo avoid contaminat-
ing eddy statisticsby time-meano w shear Their mapsof apparentdiffusivity revealed
enhancedaluesin zonalbandsat 30 in bothsoutherrandnorthernhemispheresThey
attributed this to meanderingeddy-richeastvard currentsin the North Atlantic (Azores
Current)andNorth Paci ¢ (North SubtropicalCountercurrent)andto the westward drift
of Agulhasretro ection eddiesn the SouthAtlantic. In the SouthPaci c, they arguedthat
thedistributionindicatedthe presenc®f a SouthSubtropicalCountercurrent.

Eddy statisticsfrom SVP drifter obsenationscanbe comparedo thoseof simulated
driftersin generakirculationmodels,in orderto assestiow well the eddy-resolvingnod-
elssimulatenearsurfaceturbulenceandassociatetlagrangiarscales.Thistypeof analysis
hasshavn thatthe 1/12 -resolutionMiami Isopychic CoordinateOceanModel (MICOM)
underestimateBKE in the Gulf Streamextensionandocearinterior, perhapslueto thecli-
matologicaforcingemployedor thelack of verticalsheaiin thebulk mixedlayer(Garrafo
etal.,2001).Similarly, the1/10 -resolutionParallelOceanProgram(POP)modeldoesnot
reproducehe obsered Lagrangianscalesdueto the modelbeingtoo hydrodynamically
stablein thesurfacelayer(McCleanetal., 2002).

Drifter obsenationsof currentand SST are also extremelyvaluablewhen evaluating
therole of oceanicprocesse#n SSTvariations. Thesedatahave beenusedto show that

tropical instability waves, zonaladwection, storageand entrainmengll play a majorrole
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in the heatbudgetof the Paci ¢ (HanserandPaul, 1987;SwensorandHansen,1999)and
Atlantic (Foltz etal., 2003)equatoriakcold tongues.

A numberof methodologicahdwanceshare beenpublishedrecently addingvalueto
the SVP drifter dataset. For example,asnotedearlier mary obsenationshave beencol-
lectedby non-SVPdrifters, including the densedatasetcollectedby FGGEdriftersin the
SoutherrOcean.Recently PazanandNiiler (2004)announcec datasetof oceancurrents
derived by combiningthesedataafter applyinga drifter-dependenslip correctionmodel
(PazanandNiiler, 2001). Thetypesof driftersin this datasetinclude SVP (bothwith and
withoutdrogue) FGGE (includinglater FGGE-typedriftersdeployed by the International
Ice Patrol),andNavy-AN/WSQ-6.

Marny oceanicregions have beensampledvery heaily in sometimesof the yearand
lightly atothertimes,dueto infrequentbatchdeploymentsfrom researclhvesselor ships
of opportunity In regionswith strongseasonaluctuations, suchasthe tropical Atlantic,
this will producebiasedestimatesf the mean o w whenthe dataare averagedin bins.
Lumpkin (2003) addressedthis problemby dividing the Lagrangiarntime seriesinto spa-
tial bins and, within eachbin, decomposinghe time seriesinto time-mean,annualand
semiannuaharmonicsanda residual. This decompositiorwasperformedusinga Gauss-
Markov techniqudamiliarin the oceanographititeraturefor its usein boxinversemodels

(e.g..GanachaudndWunsch2000).Thisapproacltanresohe theamplitudesandphases
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of seasonaluctuationsthroughoutmostof thetropical Atlantic basinwith the presentlen-
sity of SVPdrifter obsenations(Lumpkin andGarrafo, 2005).

An extremelyexciting recentdevelopments the synthesiof SVP drifter obsenations
andsatellitealtimetry. Altimetry is excellentat capturingthe variationsof sealevel height
associateavith geostrophicrelocity anomaliesbut cannotyet mapabsolutesealevel with
sufcient accurag to resole time-mearcurrents.Furthermoresealevel anomalyfails to
accountfor signi cant ageostrophicomponent®f velocity variation,suchascentrifugal
effectsthat may accountfor differencesn drifter-derved and altimeterderived eddy ki-
neticenegy (EKE) on eithersideof the Gulf Streamfront (Fratantoni2001). In addition,
griddedaltimetric productssmooththe obsenationsandthustendto systematicallyunder
estimateEKE. Niiler et al. (2003)describea methodologyto synthesizeEkman-remued
drifter speedswith griddedaltimetric velocity anomaliesin regions wherethey are sig-
ni cantly correlated. This methodologyusesconcurrentdrifter and altimetry velocities
in orderto calibratethe altimetry, makingits amplitudeconsistenwith the in-situ obser
vations,and usesthe continuoustime seriesfrom altimetry to correctfor biaseddrifter
samplingof mesoscaléo interannualvariations. By applyingthis approachto the global
datasetof drifter obsenations,Niiler et al. (2004a)have produceda mapof the absolute
sealevel of theglobalocearfor the period1992—-2002In a similar study Rio andHernan-

dez(2004)synthesized geoidmodel,operationawinds, andobsenationsfrom drifters,
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altimetry, andhydrographyto produceanalternatve globalmeandynamictopography(Rio
andHernandez2004). Futurework will improve upontheseefforts by usingresultsfrom
the Gravity Recorery andClimateExperimen{ GRACE) andtherapidly growing datasets

of Argo oat pro les anddrifter trajectoriesn remoteregionssuchasthe SoutherrOcean.

7. Thefuture

The designof the SVP drifter hasclearly not ceasedo evolve — exempli ed by therecent
introductionof the mini drifter — while its qualitatve characteristiceand waterfollowing

propertieshave remainedelatively steadysincethe earliestdeployments.Incrementaim-

provementsn designandmanugcturingwill continueto increasedrifter lifetime, andal-

ternatve methodsfor detectingdroguepresencdgsuchastetherstrain)are being consid-
ered. New methodologiedor drifter dataanalysiswill continueto be developed,aided
by increasinginformationfrom the ever-growing drifter array and from other sourcesof

complimentaryobsenations.Densedeploymentsin eddy-rich,frontal regionswill helpus
improve our understandin@f eddy ux esandtheir role in modifying air-seaheat ux es
andwatermassformation.

The quality of drifter datawill alsoimprove with updatednterpolationschemesAs

notedby Hansenand Poulain(1996), the structurefunctionsusedin the kriging interpo-
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lation are derived from tropical Paci ¢ obsenationsand assumeuncorrelatedzonal and
meridionalspeedsAt high latitudes thesevelocity componentsreoftencorrelateddueto
loopingmotionin mesoscaleddiesandinertial oscillations.Futureinterpolationschemes
might exploit Lagrangianstochastianodelswith spin (e.g.,Venezianiet al., 2005)which
canincludethis behaior. Hansenand Poulain(1996)considereda structurefunction for
velocity which wasconsistentvith diffusion, but foundthatthetotal (asopposedo eddy
or turbulent) velocity wasnot robustly interpolated At the presentensityof drifter obser
vations,seasonatlimatologiesof nearsurfacecurrentscanbe mappedat suf cient density
to amelioratethis problem.Revisedinterpolationapproachewill provide bettererroresti-
matesof theinterpolatedpositionsandvelocity, andmay allow improved estimate®f the
LagrangiaracceleratiorD u=Dt.

In SeptembeR005the surfacedrifting buoy arrayof NOAA's GlobalOceanObserving
Systemand Global Climate ObservingSystemconsistedof 1250 SVP drifters at a nom-
inal global resolutionof 5 5. The major challengefacing AOML's Drifter Operations
Centerwhich coordinateslrifter deployments s to arrangedeploymentsin regionsof sur
facedivergenceandareasnfrequentlyvisitedby researclor volunteerobsenationvessels.
Thislogisticalchallengas beingaddressety air deployments,jncreasednternationako-
operation,andthe developmentof toolsto predictglobal drifter array coveragebasedon

its presentistribution andhistoricaladvection/dispersionAs the arraygrows, it provides
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invaluableobsenationsof oceandynamics,meteorologicatonditionsandclimate varia-
tions, and offers a platform to testexperimentalsensorameasuringsurface conductvity,

rain rates biochemicakoncentrationsandair-sea ux esthroughoutheworld's oceans.
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Figurel: Schematioview of two SVP drifter types. All componentsare shovn to scale;
muchof thetetherlengthhasbeenexcluded.The droguesarecenteredat a depthof 15m.
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Half Life of Drifters Deployed from 1998-2003
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Figure 2: Half lives (days)of drifters deployed in 1998—-2003. Black bar: half life of
transmitter(e.g.,velocity obsenations). Light grey bar: half life of droguedpositionob-
senations.Numbersabove the barsindicatehow mary drifterswentinto eachcalculation,
e.g.how mary driftersweredeployedthatyearwhich did not run agroundor werepicked
up. The 2003half livescould not be determinedecausenorethanhalf arestill alive and

drogued.
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Figure 3: Interpolatedocationsof two driftersin the SouthAtlantic (black points),with

shadederror barsfrom the kriging. For one of the drifters, 8—10 satellite x es per day
yields narrov error estimategsmallerthanthe black pointsfor somequarterday values).
Transmissionfrom the otherdrifter werenot pickedup by the satellitesfor 12 days;inter-

polationthroughthis gapyieldsa smoothtrajectoryandlarge locationerrorestimates.
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Figure4: Fieldscalculatedrom the mostrecentdecadgto 31 October2004)of quality-
controlledSVP drifter obsenations. Top: densityof obsenations(drifter daysper square
degree).Middle: meancurrentspeedcm/s).Bottom: meaneddykinetic enegy (cm?/s?).
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Figure5: Top: regions(colored)usedto subdvide datain bottompanel.Bottom: number
of obsenations(drifter-years)peryearin thedifferentregions.
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Time-mean speed, Ekman drift and slip removed
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Figure 6: Top: Time-meanspeedof all SVP drifters in the subtropicalNorth Atlantic,
October1989to April 2004, with Ekmandrift andslip removed. A separatescale(bold
arrowns) is usedfor speed®xceedingl0 cm/s.Middle: time-mearEkmandrift (Ralphand
Niiler, 1999;Niiler, 2001),showving thewind-drivencorvergencehatforcesthesubtropical
gyre (alsoseeFig. 15 of Rio andHernandez2003).Bottom: time-mearslip of undrogued
SVPdrifters,usingthe parameterizationsf Niiler andPaduan(1995)andPazanandNiiler
(2001).Drogueddriftersexperienceaslip which is smallerby anorderof magnitude.The
total time-meardrift of undroguediriftersis givenby the sumof thesethreepanels.
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