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Tl WOCETOGACLIVAR Surface Velocily Program
(S has facilizaed development and deployiment of
Lagrimgian drifting bucys tosample the global upper ocean
circulation on time seales of days 1o years, This initiative,
noww knewn as the Global Deifier Progeam (GOP) of the
Data Bucy Cooperation Panel of the WO and 100,
comatiles amijor component of the effor o operatonaily
monibor gocan currents, Over [V countries and 41 principal
imvestigators have contriboted daca and resoorces o the
GLP. As of the heginning of 1997, over 750 VI drifiers
that reantineg Iy mepsure e surface lemperaties (55T were
bemg tracked globally. OF these, subsels have been
succsssfully equipged with additional instnamentation 1o
mieisune mixed laver wempentiure and salinity, burometric
pressune, winds, and ovean colour, In this note we present
i brief overvies of the evolution of the SV drfter and its
state-of-the-art upper coean measurements.

Drifter design

LB basic SY P drifter design consisis of a surface fleat for
satellite wlemetry of data and & subsurface drogue for
approximating water parcel mation al depth. The droguc
and Floar disigns have evalved from the ancestral window
shaske drogoe drifier with a spar buoy, o the TRISTAR
droguee with surfzce and subsurface oats, into the prezent
iy holey sock drogue (Fig. 1), The present designeombines
desired water following characteristics with affordability,
durzbnlivy, and ense of deplovment.

Hydrodynamics

Since winds ciuse drifters to sIip theough the water, il is
desirable 1o have subsurface drogees 1o follow the motion
representative of near surface circulation. However, a
surlwee oat, which s inevitably sulsject 1o the extremes of
wimad siress, seas, and swell, 15 reguired so that the drifier
cim lelemeter its observations. Furthennore, verticol shear
of the near susface current= and wave forces induce variable
ship along the length of the drogue (Niilar el al., 19875,
Consequently, upper ocean drifters are not perfact
Lagrangian parcels.

The SVE design minimises the direct effocts of wind
and waves al the surface with parially submerged foats
iFig. 2. see page 240 In addition, wave effects on the
drogue have been addressed with a subserface Moat; low
ftension in the tether comnecting the surlace and subsurface
floats allows the former o move in three dimensions with
the sea surface while the latres i3 relatively unatfected by
wind waves (Niiler gL al, 1987; Miiler coal., 19930,

Meanwhile. the vector slip (U1 of dollers may be
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sugeessMully modelled as a linear function of wind spesd
10 m W), vertical shear of horzontal corrents across the
length of the drogue (AL, drag area ratio (R), and the
angles relative 1o the wind and shear directions (o and [,
respectively:

U, =ae'™ W + he MU R il

where Kis the ratio of the drogue drag mrea o e som of the
drag arcas of the Toats and tethers {drag arca is the prodies
of the dirngs coetlicient and area). The slip and vertical shear
hizve been measured by veclor measuring current meaters
CYRACAS) at the top and hotom of drogues. Over 345 of
thevariance inthe skipof both drogee by pes can be accounted
for by limear fits 1o the four coefficients (a, b, o, and [
giving the result that B must be grester than 40 o achicve
less than 1 cns ship in 1 mds winds {performance in
stromger winds is unknown) (Miiler e ol 1995). At the
same time, it foellews that knowledge of the winds can be
weenil to correct drifter maotions for shp,
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Figure §. Scihemaric of the SVF drifier and various
fnstrumeens confiparations; the basic tayonr of surfoce
by, tether, and holey sock dropas: borometer,
sitnnergence sensors, 55T probe, god frradiance meer,
mwmnted on the surface foa and SealCal af tee foining of
the tesfer and drop,
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Crlohal deployment

Wil both the TRIS TAR wnd holey sock drogees minimiss
slip Enduced by vertical shear in the currents, the holey sock
hirs bezen used because s hightweazhn and durable. making
itinexpensive omanufzeiure and casy todeploy. Ower the
past decade the cosl ol the standard 5% F has dropgeed Trom
A 200 re 52,2000, while the mean hall fite hos morne than
doabled o 500 |,|:_|_':.':-. Tlyese i|'.||1|-.‘:--.-!:|:|-.‘:r'|'.:~ are direct
conseguences of the three way collaboraion belwesn
academi, '.||||'.|x||_':.'._ anl EOVEMmEnL in the develapmen
and deployment of the 5%E drifter.

Crafier deployment may ke place fromships oreven
aireralt; enee im the water, the dnfier packaging dissolves
and the deague unfolds iself under the influence of graviey.
The drifters telemeter ther wdentiliers angd measured
pawameiers o polar orbiting satellites from which Service
Mrgos produsces a caw data zetal boey lixes, These dat are
then rewtinely processed, archived, and distriboted by the
Cilerbid D Mer Dt Center s NOA A Atlantic Ozanngraphy
and Meteorology Laboratory CACMLY, which also wids in
the global deployment of dofters. Over 17 countries and 4 |
prancipal investizators hivve contrbuted dada and resounces
1o e GO

Instrurmenfation
Yelocity and 5T
WP drifters rowtinely provide in-sito data on mixed Lgyer

currents  and  sesn sorface
temperatnre (55T The 55T is

BT R T Rt |1}' a TEnperaie |'|||;';'5._'; ey | {a:l
located in o stainless steel housing T

oy The underside of the surface

Moat, where il is ned subject o 2

radiative heating (Fig, 1 Velociny 23

is derived from satellite fxes of 3

dnfier position over tme.

Most droflers operate for | 2
antevery 3days, as thizis adequate
153 '\-'\|||1|1‘.|_': -;__'In.-i'-ill QUL CUrTenls T

strwsture for the samnpled Gelds and provides data at & hoa
intervals, AscanbesceninFig. Sathe b day burst sampling
15 adequate Mo ohining smncih positions as a fusction of
time — the decormelation me scale Tor velocity in the
subtropacs and fropics is approximately & days (Hansen
and Herman, 1985, Interpelation ol S5T i alse perlormed,
mel the divrnal evele portion of the 357 structure funetion
1= mal resnlved by dreilters an the 1 day on, A -:l:l_':.-:- -.:-I'E'-.:}-l.:h':

{Fig. b}
Dropgne loss

Also standard for all 3% P drifvers are submergence sensors
an the surface Moat. A propesly deogoed deifier spends a
significant (raction of Lime compietely submerged as surfiee
wanves break and swell pass by, Thus, & marked decrense in
submerzence 15 a robust mdicator of droges loss, This
infermmation iz wsed i quality control drifter data by ACOML.
ko ledge of when drozoe 1oss ocours 1s alse being nsexd
o slisdy the behaviour of free driffing surface Moals, This
will provide sdditianal information cn wind forcing and
increase the ol wseful datn base beyord thal of only
drogued drftes (Pazan, 19946).

Salinity

Thermistors and conductivity cells have been attached 4o
SWE drilters at 11 metres depth to detemmine mixed Lyer
temperanere and salinity (Fig. 1) SeaCars wers purchased
fronm wied calibrated by SeaBird and roodified oz o newteally

[Hanscn and Herman, 198493, but [
iy b programmed willy g 10 {b}'
for different, consecutive sam-

Hu WM W‘M

phing |||,'|i|||,|:- Wo'hen adeiler i 0n, ':_-t'_
NOAA polar orbiting swiellites o
pEassIng Over |'|5:'|-. up ils [eans- =
. . . * o
miszions. Service Argos deter- =
manes deilter positions and 1rans- a
fers data to reguesting principal
i."l'n.":hl::.a:i'.ltllh ad the Dirifrer Data
Centerat MOAA AUML, whichn

wrn provides saw {Argos), edited 50
haad data removed ), and koggsd
{interpolated) data scis.,

[he kogeing nlerpelaton Figeee 2 Compar

- — ;
70 3ED 0 A
Julan Day (19525

isons af raw fasterivks ) and interpoloied (Tines) driffer data os o

assumes & emperal covariance  Reeciion of feee for (o) Satstade ad (l) sea swefaee Tesiperalire for drifter J3390,
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bacyant, steeamlingd

homsing. 34.3-
Sevenly-twn SVP

SeaCal drilters wene

2°N, 156°E

deployedin the westem et

equatorial  Pacific &

Croean in 1992 and =

1993, Several of these £ 31
&

passed withinfnatical
miles ol TOGA

i

COARE  moorings =]

copii ppred with SeaCans

in the mixed laver, |
% i 1y 435 -

allovwing a compari=on

ol the sensors. An T T
cxample is shown in e o e
Fig, 2, which depicts
drifter fixes as large
Bullets on top of a
Seallat mooring time
series from 25N, 15AYE. In other instances when: similar
comparizons could Be omade, the dnfiers vsually agreed
with the moonngs, or showed large gradicnts in salinity
nearhy to the moerings. The reswlis nal only confirm the
stabilivy of the SeaCul sensors on the drifiees, bot also e
veracily af larae temporal salinay gradients, associated
with spatially patchy convestion inthe region.

Atmospheric Pressure

Burometers have Been placed on the surface float of VP
driffers o mepsure the mmospheric pressore s the sey
surface (Figs i The harometaer portextends vertically out
ol The 1op ol e Moat with @ pressure sensor located inside
with the electronics and banery pack, The baromelers are

calibrated prior 1o dofer assembly, and have a alf life of

aboul & halt year, The major obsiacle o acourate 3VPR
drifters results from submergence of the barometer post in
swns, giving erroneously hizh presseees, Thus, the duta ane
qualiy controlled by taking the median of only the lowes
L& measurements. SYPE drifters cost appresimately
23 400

Winds

Whale the SYPE drifter angments global ship monitoring
afatmosphenic pressure atsea level, the Minimet re prosents
a conceplual leap In Lagranpgian ccean measurements by
providing the wind stress condition following water parcels,
Tl Minimet is 2 SVPB drifter, modified to corry a wind
vane on the top of the surfaee flont and a WOTAM
hydrophione at 11 metres depth (Fig. 55 A compass
composed oFa 3-anis magnelometer and a 2-axis 10l senso
are honsed within the surface float, which s rolticnally
decoupled from the sebsorlce motions via a swivel in the
iether.

Lomparizens at zea with ansmometers mounted on a
ship bosw have shown that the Minimet vanes can measene
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Figure 4, Comparisen of solivive ar 13 medeptle s megsured be g SeaCat mooved ar 2°M, 156°F
aned dlrifters s ) it peised witkin & nawtical widles. {Mooring dara conertesy a1 Likas),
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Figwee 5. Scherarie of 2 odesd MasionetAADON drifter: o
SV deifier eqoipgned with o wind vane, radisies TPAR)
sersenr, frrpdionce sefivors, 33T prolie, termisior chain,
i WOTTAN hvdfropsiione,
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wind direction o owithin 8% inowands op 1o 3 nw's, and o
within 6% in higher winds up o S ow's, The wind speed
measurerments from the ship anemometers are beang used
i calibrate the hvdrophones.

Future innovations

Aowide variely of sensors mity be aiiached wthe 5V P ditter
soclong as the casing is newtrally Buovant and does not
stgnificantly alter the drye area catwo, To date. 5P dnfers
e been fited with SeaCats, barometers, hydrophones,
and wind vanes os alresdy descrbed. They Bave also been
cauipped with radiometers 10 measure radiance and
wrachimnce for bclegical productivily assessment, as well
as thermisior chains ot varions depth imervals dowm o as
much as 120 metres (Fig 5) Many other pacameiers of
physical chemical, and biological interestcan be imdagined.

Cureently, e SIO development Inbormeny is engaged
incalibrating the wind speed mensurements of the Ainimet
andimpraving confidence ingquality control. Another recen
development is an atfempt to increrse the lfetime of the
ether throwgh elimination of the subserface buoy from the
ariginal SVE design. Although the subsurbeee booy s
effective at decoupling wave molions from TRISTAR
dregues, holey socks hive been observed to twast and Told
in three dimensions regardless of its presence (Mifler et al.,
RG9S, This sdvinde will sacrlioe minimal hydrodynamic
advaniage Tor substantial reductions in oost and drogue
Fatlure,

From sporadic use of various drifter designs in the
post, o e present day global areay of standacd SYE

drifters. ob@imng accurale Lagrangian measarements i
ihe wpper cocan has become an altordable, reliable, and
predictable endeavonr, With the advent of globally inferred
sen surface winds and ocean colour from satellie
seatterometersand radicmeters, SV drifters further present
the opportunily oo directly test modeds of wind forsed
coerents and biological infTuences inthe Lagrangian frame.
This can be atempled with ungrecedented confidencs
becanse unlike its predecessors, the SYEP exhibiis casily
madelled behavious under vanous wind conditions,
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