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1. Introductlion

The avallabillty of satellite systems for locating low power
transmitters and storing the data they have transmitted has made
I+ possible to track relatively small and inexpensive drifting
buoys anywhere on the Earth's oceans. Such buoys have now been
in use In oceanography for nearlv a decade. This report attempts
to provide a brlef summary of the current level of technological
achievement, and to outline some future possibilities and needs.

2, Background

Drifting buoys have a long history of use In oceanography,
princlipally for the measurement of currents by followling the
motions of floats attached to some form of sea anchor or drogue.

Such technliques are normally restricted to limited areas by the
tracking method employed. Shore based visuai, radar or radlo
direction finding tracking systems suffer from range limitations,

while the flnite speed and endurance of ships and alrcraft
combine wlth their high operational cost +o make it Impractical
to track more than a few buoys for a few days or weeks,

The advent of artificlal satellltes carrylng systems for
collecting data from remote transmitters of relatively low power
elIminated many of these restrictions. However +the necessity of
determining buoy position by reference to some exlisting
navigation system resulted In comparatlively expensive systems
timlted +o working within the coverage of the nasigation system.
The development of systems which permitted the calculation of the
positlon of a buoy or other remote platform directly from

information recelved by the satellite, Independent of other
navigational alds, has removed even these limitations. The
avallablility of satelllite data collection and locatlion systems

which can routinely determine the position of a relatively
Inexpensive and low power statlon on a global basis has led to
the present interest In oceanographic applications of drifting
buoys and simllar automatic platforms.

In the decade for whlch practical satellite tracking systems
have been avallable, satellite-tracked drifting buoys have
already made significant contributions to oceanography. Buoys
tracked by the Zole satellite, and later by the RAMS system
aboard Nimbus |V, helped reveal the nature of the eddy field In
the Tasman Sea. The trajectorlies of drifters deployed as part of
the NORPAX project contrlibuted to the description of the easterly
drift in the North Paclflc. ODrifting buoys deployed In the Gulf



Stream and Kuroshio have helped describe the nature of the
meandering and eddy-shedding processes In these currents.
Similarly, the +trajectories of buoys Ir the Agulhas Current
helped clarlfy Ideas regarding the path of that current and its
Interactlons with bottom topography. Tracks of drifters In the
North Atlantic have conflrmed several old Ideas about the
current patterns at the talil of the Banks. The large array of
meteorological drifting buoys deployed In the Southern hHemisphere
for the FGGE has produced a great deal of Information about
current systems and the statistics of meso-scale motlons Ir the
Southern Ocean. Equatorlal regions In all three oceans have been
studied using drifting buoys, which have revealed detalls of both
time dependent behaviour and the structure of the mean currents.
One of the earllest appllicatlions of satelllte~tracked automatic
stations was In studying the movement of Arctlc pack ice, and
such statlons have been In almost continual use In both the
Arctic and the Antarctic ever since. The attached bibllography
glves references to all but the most recent work.

With care In the design, construction and handling of the
buoy and it+s components, |Ilfetimes of a year or more are not
unusual. Of the 368 buoys deployed for the FGGE, 263 continued
to transmlit for more than 6 months, 177 for more than a year, and
56 for more than 18 months.

In almost all cases the main Interect of oceanographers has
been in the buoy tracks, even though many of the buoys were
equipped with other sensors. Data from buoys equipped wlith
drogues In the upper mixed layer Is conslidered to be an accurate
measure of the currents In that layer. However, the drogues do
not last as long as the buoys, so that there has been
consliderable Interest In iInterpreting the data from buoys without
drogues. Rather surprisingly, the movements of such buoys are
not obviously dominated by the wind, to the extent that, for some
buoy types, It Is difficult to tell from +the buoy track whether
or not a drogue Is attached to the buoy.

The most commonly measured parameters have been barometric
pressure and surface water temperature. Both types of
measurements have been made reliably over long periods as part of
both research and operational programs. The main difficulty In
using the data has been that It Is often hard +o detect drifts or
shifts In the sensor callbratlions, due to a lack of other
comparlison data In the very lIsolated reglons where ithe buoys are

most valuable.

Although most dritting buoys have been |launched from
research vessels or other scientifically oriented ships, many
have been deployed by normal commercial vessels, Including
contalner ships. A number have also been launched from alrcraft,
wlith no apparent degradation of thelr performance.
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3. Current Status
3.1 Data Collectlion and Location System

At the present tIme, the oniy operational satelllite-based
data collection and locatlon system Is the Argos system carried
aboard the NOAA serlies of polar-orbliting satellites. This system
flrst went into service In late 1978, and Is planned to continue
untl! at least 1987. The accuracy of buoy positlons obtained wlith
this system depends on the stabliliity of *+he buoy transmlitter, but
is usually better than 1 km. with currently avzilable commerclal
transmitters. There are normally two satel(lltes In operation,
which means that a minimum of 4 positlons per oay are obtained
from a buoy In equatorlal regions, and up to 28 pesitions per day
in polar areas. In temperate latitudes 8 posltliors per day are
typically provided. These are not equally spaced In time due to
the fact that the angle between the orbital planeg of the two
satellites Is approximately 60, rather than the 90 which would

glve equal spacling of the data.

The speclal buoy transmitters used with Argos transml+ at
Intervals of approximately 1 minute, and can send up to 64 data
vwords of 8 bits each on every transmission. By sending different
parts of the message In subsequent transmissions up to 256 data
words can be sent wlth good probability of receptlion of the
entire message.

The Argos system Is administered by Service Argos, which Is
located In Toulouse, France anr Is part ot the French space
agency, Centre Natlonal d'Etudes Spatliales (CNES). To avoid
Interference between buoys a reglstration procedure must be
foilowed, In which each buoy Is given a unique Identificatlion
code by Service Argos. Similarly. transmitters for use with the
system must meet certalin technjcal criteria and be approved by
Service Argos. The frequency band used (401 MHz) Is reserved for
environmental purposes, so that programs using the Argos system
must be related to environmental studies, and be accepted by the
Joint NOAA-NASA-CNES Argos Operations Commlitee which normally
meets two or three times a year. Detalls on the varlous
administrative procedures which must be followed may be obtained
by contacting Service Argos at t+he address given In Annex 1,
This administrative process should be begun several months before
the first transmissions are planned.

Depending on the requlirements of the buoy user, there are
several ways In which the data collected by the Argos system may
be obtalned. In addition to overseeling the administration of the
system, Service Argos also operates a data processing centre In
Toulouse, which can calculate buoy positlions and also decode data
transmissions. The resulting poslitions and data are +then
avallable to the user on computer compatible tapes on a monthly
or fortnighly basls. They are also avallable In computer flles
accessible by telephone, or telex, within between 1.5 hours and 8
hours after the tIme of transmission. Data meeting the necessary
criteria , Including an appropriate format for the transmissions
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from buoy to satellite, may be distributed automatically over the
Global Telecommunications System (GTS) operated by the World
Meteorologlcal Organization (WMO), again within 1.5 to 8 hours
after belng transmlitted by the buoy.

Althcugh the administration of the Argos system Is supplled
without charge, the data processing service Is operated on a cost
recovery basis, with charges based on the number of days for
which transmissions are received for each buoy plus +he costs of
data delivery. For 1982 the standard rate was 125 French Francs
per buoy day, plus 5 FF per day for access to the computer flles,
and 500 FF for each magnetic tape contalning data from one
experiment and sent outside the European Postal Union. However
The rate structure Is complicated and these are only examples, so
that Service Argos should be contacted for details. Government
and other non-proflt users may reduce +thelr costs by
participating In the Argos Joint Tarlff Agreement, which involves
payment of a fixed cost covering all buoy usage up to a certaln
maxImum. The best source of Information Is agaln Service Argos.

Buoy users requ!ring data within times shorter than a few
hours after transmlsslion have also the possibillity of recelving
the data dlirectly from the satel!lte. Each buoy transmission is
rebroadcast by the satellite as soon as it Is received, so that
anyone wlth a sultabie recelver within radio range of the
satelllte can receive the data. Such recelvers, or Local User
Terminals (LUTs) are already being operated by a number of
agencles, and are also avallable commerclally. Although buoy
positlons can be determined from the Information recelved by a
LUT, +he accuracies ~>chieved so far are measured In tens of
kilometers, much worse than those obtained thrcugh Service
Argos's Toulouse processing centre. Transmitters for use with
LUTs must still follow the Argos adminlstrative procedures, to
avold Interference aboard the satelllte. There is no charge for
use of the satellite with an LUT If the Argos processing centre
Is not also used. Some LUT operators have focund I+ prudeni o
take advantage of the "back=-up" service vftered b, Service Argos,
which permits a rapid change from LUT to Arges processing centre
In the event of a malfunction of the LUT, us we'!l as allowling
recovery of data up to three months after It was fransmitted.

Buoy users have generally been very happy with the technical
per formance of the Argos sy=tem, and with the poslition accuracy
In particular. On the other hand, the complexity of the
administrative procedures has resulted In confuslion and delay for
many. Also the fezt that the cost of data processing and positlion
calculation, which must be pald by the user, Is comparable +o the
cost of the buoy Itself has iastr!'cted many users programs.
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3.2 Buoys
Although many of the drifting buoys used by oceanographers
contlnue to be bullt In labecratories or tEy small companlies

closely assoclated with laboratories, most of them follow similar
baslc desligns. The most common consists of a cylindrical spar
buoy, typically 20cm In diameter by 2 to 4 m in length, with a
conlicai floatation collar In the reglion of the water line. The
batteries, transmitter and other electronics are located Inslde
the spar, which may be of metal or plastic material, and the
antenna is located In a flbreglass reliniforced plastic cone or
cylinder at the top. Depending on the complexity of the
electronics and the battery Illfe desired, the buoys welgh between
70 and 150 kg. Commerclally avallahle buoys bullt along such
Ilnes have demonstrated good reilfabillty under all ocean
conditlons. Two examples are shown In Figure 3. A Illst of major
known suppllers Is glven in Annex 2.

The standard desligns have not yet fully explcited the
possibilities for simple, small llghtwelght buoys which are
permltted by the low power requirements of the trarnsmitters.
Some Indicatlions of these possibilities are glven by Hermes
Electronics' "alr drop drifter" , shown In Figure 4a, and the
CE!S CML 80 MP beacon, shown In Figure 4b. The former, which Is
sultable for deployment from light zircraft and small vessels,
can be packaged In a cube 60 cm on z slde, complete with drogue,
and weighs 29 kg with batteries for 6 months operaticns. The
latter, which was developed for attachment o0 the deck of salllng
vachts particlpating In long distance races, !s 40cm In diameter
and 15 cm In helght, with batteries for three to six months, and
could be equally well attached to any sort of simple float of
buoy to create an oceanographic drifting buoy.

3.3 Diogues

Confldence In the abllity of drifting buoys to represent
ocean currents Is greatly enhanced by the addition of a sea
anchor or drogue to increase the cross—-sectional area of the buoy
system at the depth at which the currents are to be measured. The
most wlidely used forms of drogue have been parachutes and window-
blind drogues. The drift of the buoy comes about as a result of
the combined forces of wind «rag, drag due to the notion of the
buoy hull with respect to the water, and drag on the drogue and
drogue line due to thelr motion with respect to the water at
thelr respectlve depths. In the simplest case, where the drogue
Is In the surface mixed leyer, the current seen by the buoy and
by the drogue may be assumed to be the same, so the only forces
which must be considered are the wlind drag, generallsed to
Include related ocean surface boundary layer effects acting In
the dlrection of t+he wind, and the drag due to tne movement of
buoy and drogue through the water. The ratio between these two
forces will depend on the relative densities of air and water
(1/1000) and the ratic of the cross-sectlional areas exposed to
alr and water. For s cyilindrical buoy with equal areas above and
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Figure 3. Two examples of commercially avallable drifting
buoys: al)Satare-Crozet Marisonde, b)Hermes Electronics FGGE

Drifter
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Figure 4. Two examples of advanced designs explolting the
compactness of Argos beacon +transmitters: a)Hermes Electronics
Alr Deployable Drifter, b) CML-80-MP from C.E.|.S.Espace,Centre
Commerclial de Gros, Avenue de Larrleu, 31094 Toulouse Cedex,

France
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below the water-line, and no drogue, the drift would be about 3%
of the wind speed If the logarthmic boundary layers were
neglected. In pracrice the wind drag seems to be much smaller
than would be expected from theorectical calculations, perhaps
due to the modification of the wind profile by waves or to the
reduction In the buoy drag coefficlent due to the high levels of
turbulence In the atmospheric boundary layer. With the addition
of a drogue It 15 possible to reduce the caliculated drift to less
than 1 or 2 cm/sec under all but the most extreme wind

condli+ions.

In the case where the drogue Is at 2 depth where the current
Is significantly different from +hat in the upper mixed layer the
sltuation becomes much more compiex. |f the current shear is
suffliclently large, the maln balance of forces Is between +he
drag on the buoy hull, the drag on the drogue and the drag on the
tether |Iine connecting them. Here the relative speeds of the
hull and drogue with respect to the water at thelr particular
levels will be Iinversely proportional to the square roots of
thelr respective areas. This makes I+ much more difficult reduce
the drift of the drogue relative to the water at iIts level +to
less than a few cm/sec, which may be quite signlficant it the
currents at that depth are only a few cm/sec. Differences In
direction between the currents In the surface layer and those at
the drogue depth may also lead to a large errors Iin the apparent
current at drogue depth.

The parachute Is attractive for use as a drogue because of
Its relatively low cost and welght and the large surface area
which can be obtained with from a compact predeployment package.
Also, because of the horizontal length of the shroud Iines, the
buoy may move relatively freely in the vertical direction in
response to waves. On the other hand, a parachute requlres a
certaln minimum drift through the water to remain open, and there
Is always concern that, once collapsed, It will remain closed due
to tangling of the shroud Iines. In most cases where parachutes
have been used, they have been deployed at depths of greater than

30m.

The other widely used type of drogue Is the "window bllInd",
which resembles a square sall suspended by a line attached to I+ts
upper yard. Thls has the advantage of remaining deployed even
when I+ has no motlion relative to the water. It 1Is also
relatlively compact and Is easlily packaged wlth the buoy when the
spars of the drogue are shorter than the buoy null. lts main
disadvantage Is Its great reslstance to vertical motion, which,
In the presence of waves, results In high loads on the buoy, the
drogue support line and the drogue Itself. To reduce this I+ Is
necessary to allow sufficlent stretch or compliance In the drogue

support |lne.

Many other types of drogues are possible. These include the
"sock" (a vertical cyllinder made of fabric with open hoops at the
ends), varlious shapes made of rigid material, and long lengths of

rope welighted at the free end.
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One of the problems wlth most currently avallable drogues Is
that their average Ilfetime Is less than that of the buoy. In
many cases, it Is not possible to unambiguously detect In +the
buoy trajectory the polnt at which the drogue has been lost.
Several different principles have been used in attempting to
design a sensor which will Indlcate whether the drogue Is still
attached, but the results have generally proven to be as
unrellable as the drogue, introcducing further uncertainties.

3.4 Sensors

The sensors which have been used most often on drifting
buoys have measured surface temperature and barometric pressure.
Although experience with such sensors goes back for several
years, and Includes the FGGE where more than 300 buoys with these

sensors were used, much care Is stlll requlired by the
manufacturer and buoy user +to ensure accurate and rellable
measurements. In order +t+o obtaln barometrlic pressure

measurements to an accuracy useful for the computation of
geostrophlc winds, careful attention must be giver to the cholce
of pressure sensor and to the design of the pressure inlet or
port. An accuracy of | mb over the life of the buoy Is still
dlfflcult to achleve, and even more dificult to verlfy. I f
barometric pressure measurments are required, It Is recommended
that one of the manufacurers with experlence In the FGGE be
consulted, as well as the meteorologlcal agencies wlith experlence

In uslng drifting buoys.

Measurement of the water temperature at a shallow depth on
tha buoy hull Is falrly stralightforward, and standard technliques

wlll yleld an accuracy of 0.1°C. The main problems are
radiational heating of the sensor, and sensor drift over the buoy
lifetime. One manufacturer encountered rellabillty problems

because housling for the temperature sensor was made of a material
which was electrochemlcally active wit+h the buoy hull, and
consequently corroded, reducing the sensor II1fe. Others have
avolded such problems by placing the temperature sensor inside
the buoy, In thermal contact with the metal hull. The true
accuracy of buoy temperature observations at sea has been
difflcult to assess due to the buoy sensors having differant time
constants and being at dlfferent depths from other conventional

sensors.

Much work has been done on developing systems for obtalning
water temperature measurements below the surface, with the result
that such systems can now be expected to have a rellable Ilfe of
several months and to not cost more than the rest of the buoy.
The maln problem has been In the mechanical englneering of the
connectlon between the cable contalning the temperature sensors
and the buoy hull, which usually has a very "lively" motlion In
the ocean wave field. In the eariler verslions, repeated flexure
of the cable under load led to breaking of the electrical
conductors. Thls problem seems t+o have been solved Independently
by the Polar Research Laboratory, the Bedford Institute of
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Oceanography, and the Laboratoire d'Océanographle Physique du
Mus&um d'Histolre Naturelle In Parls, all of whom have bullt
thermistor chalns which have survived several months at sea. The
systems bullt to date only measure In the upper 100 to 150m, but
efforts to extend thls depth are continuling. Much Improvement In
such sensors can be expected In the next few years If the present
level of development effort contlnues.

The measurement of wind speed and wind directlion have also
recelved some attention, but no satisfactory technlque has
resulted. The maln problems are In finding an anemometer which
wlll functlion rellably In the harsh environment close +o the sea
surface, and In deciding how to Interpret measurements from a
level usually below the average helght of the wave crests.

Wave measurments have also been made from drifting buoys. In
view of the similarity In size and heave response between typlcal
drifting buoys and commerclally avallable wave measurling buoys
such as the "Waverlder"™, these operationally proven systems can
be readily adapted for use with multipurpose drifters. Also,
commerclially avallable wave measuring buoys equlpped wlith
approprliate satelllte transmitters can be used In a free drifting
mode If so deslred.

Other sensors which have been considered, but which have not
vyet recelved any serlious development effort, Include air
temperature, wet bulb temperature, alr-sea temperature
dlfference, Inclident radlatlon, and amblent nolse for
preclplitation and wind speed. ||+ has also been suggested that
drlifting buoys equipped with echo sounders could provide
bathymetric data In reglons which are presentiy poorly known,
such as parts of the South Paclfic and the Arctic Oceans.

One of the major problems with driftlng buoy sensors Is that
of determining thelr accuracy under operational condltlons. They
are normally deployed In remote areas, where there are very few
sources of more conventional data for use In comparlsons. The
sampling charactersitics of the buoy sensors may be so different
from sensors carrled aboard the ship launching the buoys that
comparlsons are difflcult, even when speclial procedures are
followed. A sensor which was operating perfectly at time of
launch may drlft or fall In some subtle way In the months
following. In planning drifting buoy programs 1 remote areas no
opportunlty to obtaln data whlch could verlfy buoy sensor
performance should be neglected.

3.5 Interpretation of drifting buoy data

To the extent to which drifting buoys follow the motlion of
water particles, thelr data may be conslidered to be Lagranglan,
I'n contrast with the Eulerlan data obtalned with sensors whlich
are fixed relative to the Earth. Lagrangian data requires an
entlirely dlifferent set of technliques for analysls and
Interpretation, much of which Is yet to be developed.
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Considerable progress has already been made In theoretically
relating the statlstlcs obtalned from Lagrangian measurements In
a number of simple flow flelds to those obtalned from Eulerlian
measurements of the same flows. In practice, however, most of
the work usling drilfting buoys In a quantitative way has relled on
transformation of the buoy data Into a quasli-~Eu'erian form. This
usually Involves an assumption that the flow Is steady, or at
least that the time requlired for features to change Is much
longer than the time required for a buoy to cross them.

Qualitative Interpretations of buoy tracks have also proven
to be useful In a varliety of ways. They can be used to relate
the locatlons of ship based observatlons to surrounding dynamlic
features. Also they may reveal flow patterns related to bottom
topography, In the deep ocean as well as on the continental
shelf, and thus ald In Interpreting moored current meter data.
Some types of oceanlc features Involve surface convergences, and
will consquentliy trap drifting buoys, which then can be used to
track the positions of the f{eatures.

The lack of understanding surrounding the effects of wind on
drifting buoys and on the currents of the uppermost few meters of
water has made many oceanographers Justiflably cautious about
directly relating buoy motlons to ocean currents. Indirect
evidence is beginning to accumulate which seems to Indicate that
wind effects are less Important than might be expected. An
example of +this Is shown In Figure 5, where the eddy kinetic of
buoy motlions In the North Atlantic Is clearly out of phase with
the eddy klnetlc energy of the winds. .
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4, Future prospocts and needs

Drift+ing buoys have obviously been accepted as one of the
standard tachniques avallable to oceanographers, even though,
like the orher standard technlques, they have some |Imltations.
Unlilke some of the other technlques, which have reached a plateau
of evolution, the drifting buoy technique Is still under actlive
Improvement and development along clearly defined llnes. One of
these Is In the area of sensors, particularly for subsurface
measurements, but also for surface observations. Another area In
which the technlique can be expected to evolve Is that of veloclity
measurement, where Improvements In drogue performance and
rallabliliity will comblne with Improved understanding of the
behaviour of the upper few metres of the ocean to reduce or
eliminate many of the uncertalntles currently experlenced iIn
Interpreting buoy movements In terms of ocean currents. Thus
there is every reason to expect Increased sclentific use of
drlfting buoys In programs requiring measurements from the upper

ocCean.

Al though oceanographers can take credit for the Initial

demonstrations that small drifting buoy systems were feasible,
much of the subsequent Improvement In rellabillty and measurement
capabllity has been achleved In response to the needs of

meteorologlsts. The planning and Implementatlion of the Flir s+
Garp Global ExperIment, with clearly stated requlirements and
definlte deadllnes, provided the momentum which brought
substantlal advances In drifter technology. The FGGE buoy array
clearly demonstrated the capabllities and cost-effectliveness of
such buoy systems, but thelr Incorporatlon Into operational
meteorologlcal systems has been much slower than hoped for. In
the absence of a well defined meterologlical demand for more,
better, and cheaper buoys, would-be buoy developars have been
faced wlth an unorganlzed oceanographlic research community In
which every Investigator wants things done according to his own
ldeas. Thls has slowed the pace of development of standard
"operational" buoys, but wlll hopefully result In the most rapid
evolution of a new generation of sensors and buoys, provided
sufficlent resources are avallable to permit experimentation.

The only currently foreseen large scale experimental
requirement for drlfting buoys, aslde from operational
meteorolglical arrays, lles In the World Ciimate Resaarch Program
(WCRP). Unfortunately the speciflcatlions for +he observing
systems to be used In the varlous experiments within thls program
are currently belng established, before the evolution of the
newer generatlon of drifting buoy systems Is very far advanced.
If dritting buoy techniques are to make an optimum contribution
to the WCRP, a more organised and coordlnated effort Is requlred.
Such an effort mlght also provide a focus for fundling.

Although the use of drlft+lng buoys In operational
meteorology has been less than expected, I+ Is still not
Insigniflicant. To the extent that thelr requirements are not
mutually exclusive, meteorologlsts and oceanographers have much
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to galn by cooperation. Buoys deployed primarlly for
oceanographic purposes may contrlibute useful meteorologlical data
If equipped with sultable sensors, and meteorologlical buoys may
sIimllarly provlide oceanographlc data. Hardware developments
almed at one appllication may be benefliclal to the other. One
communlity may be able to assist the other In the testling,
deployment or +tracking of buoys. Thls mlight take place on a
local, national, reglonal or global scale. Suitable coordination
mechanisms would greatly facllltate thls.

A large amount of drifring buoy data has been collected In
the last decade. Although +the holdings of Indlvidual
Investigators may not seem very large, the total data set Is
potentially useful for large scale clrculation studles, and
climatologlically oriented research. An effectlve way of
collecting and archiving drilfting buoy data Is needed to Improve
I+s avallabllity for such purposes.

One of the attractive features of the current situation Is
that the Argos data collectlion and location system provides
global coverage, so that the same buoys may be used anywhere In
the world. In view of the small slze of the total drifting buoy
market, this helps to keep the cost of buoy electronics below
what It would be I|f each country were using something different.
I+ also means that buoys which drift out of the area of Interest
of thelr original deployer may still be used by anyone willing ‘o
pay the cost of the tracking. The most Important feature of the

current satelllte tracking system Is that even the most remote
areas are covered, where the rarlity of data makes buoy
observatlions most valuable. In order to be sure of the future

avallabil ity of such systems, buoy users must continue to make
thelr needs known to the agencles planning =znd operating
satell ltes.

it seems clear that drifting buoys have earned a permanent
place in the "tool-~kit" of the research oceanographer. As long
as sultable tracking and data recovery systems are avallable,
there wlll continue to be an Interest In thelr use. Indeed, the
Increasing costr of bullding and operating research vessels may
be expected to stImulate the use of automatic platforms of all
kinds, elther to substlitute for ships In some kinds of work or to
Improve the effectliveness of ship operations. On the other hand,
the development of buoys, automatic platforms and related sensors
requires funds and effort which seem to be increasingly hard to
find within the research community. Without some definlte
commitments, reallzation of the full potentlial of such systems
will take much longer than It wouid 1f even relatively modest
resources were avallable. In any case the rapld evolution of
sensor +Yechnology and +the expanding use of mlcroprocessors
combined wlth +the avallablilty of a global satelllte data
collection and locatlion system mekes I+ practically ‘certain that
drifting buoys and other automatlic platforms will play a major
role In future oceanographlic experiments and ocean monitoring

systems.
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Annex 1: How to Contact Service Argos

Address:
Servlce Argos
Contre Spatial de Toulouse
18, avenue Edouard-Belln
31055 Toulouse Cedex
France

Telephone: (61) 53.11.12
Telex: 531081 F
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Annex 2: Major Commerclal Buoy Suppllers

The followling

manufacturers

all supplled buoys

which

performed satlsfactorlily during the FGGE, and have since suppllied

buoys to varlous agencles.

Hermes Electronics Ltd.,
P.0. Box 1005

Dartmouth,
Canada

Nova Scotlia
B2Y 4A1

Telephone:(902) 466-7491
Telex:019-21744

Polar Research Laboratory,

Inc.

123 Santa Barbara S+.

Santa Barbara,

U.S.A.

Callfornia 93101

Telephone: (805) 963-1929
TWX: 910-334-3465

Safare-Crouzet

B.P. 171

06005 Nice Cedex

France

Telephone: (93) 84.72.79
460813 F

Telex:

Simrad as

Offshore and Naval

Divislion

P.0O, Box 6114 Etterstad

N-Oslo 6
Norway

Telephone:

Telex:

47 2 67 04 90

16136 sim n
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Annex 3: Bibllography on Drifting Buoys

The following bibllography was compiled by the members of
SCOR WG 66, to cover the period from 1972 through 1981. As well
as published articles, It Includes many Internal and manuscript
ichorts. For convenlience It has been divided Into three
sectlons:

(A) Sclentiflc appllications and results

(B) Technlcal Information

(C) Interpretation of Lagranglan data.
In cases where material In a document Is relevant to more than
cne of the sections It Is listed In all relevant sections.

Rather than repeating the addresses of sources for
unpublished materlal, they have been |Isted separately and are
referenced by superscripts In the cltatlions.
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Addresses of Sources for Unpublished Materlal

Superscript

1

Source

NOAA Da+*a Buoy Office

Natlonal Space Technology Laboratories
NOAA

NSTL Statlion, Misslisslippl 39529

U.S.A.

CSIRO Divislion of Oceanography
P.0. Box 21

Cronulla, N.S.W. 2230
Australla

Troplcal Ocean-Atmosphere Newsletter
Dr. David Halpern

JISAO

Unlversity of Washington AK-40
Seattle, Washington 98195

U.S.A.

Polymode News

Woods Hole Oceanographic Institutlion
Woods Hole, Massachusetts 02543
U.S.A.

Worid Meteorologlical Organization
Case Postale No. 5

CH-1211 Geneva 20

Swltzerland

Etablissement d'Etudes et de Recherches

Meteorologliques
Minlstere des Transport
77, Rue de Sévres
92106 Boulogne~Blllancourt Cedex
France

Laboratolre d'OcSanographle Physique
Museum d'Histolre Natuelle

43-45 rue Cuvlier

75231 Parls Cedex

France

CSIR Natlonal Research Institute for Oceanology

P.0O.Box 320
Stellanbosch 7600
South Africa



10

11

12

13

14

15

16

17

19
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Centre O:eanologlque de Bretagne
CNEXO

B.P. 3*7

29273 MBrest Cedex

rance

HGAA Environmental Research Laboratory
Boulder, Colorado 80302
U.S.A.

Hawall Institute of Geophysics
2525 Correa Road

Honolulu, Hawall 96822

U.S.A.

Scripps Institution of Oceanography
Uriverslity of Callfornla

La Jolla, Callfornla 92093

U.S.A.

INDEX Coordlinsztor

Nova University Ocean Sclences Center
8000 North Ocean Drive

Danla, Florida 33004

U.S.A.

Woods Hole Oceanographic Instltution
Woods Hole, Massachusetts 02543
UOSOA.

Argos Users Conference
Service Argos

Centre Spatial De Toulouse
18 ave Edouard-Belin

31055 Toulouse Cedex
France

Polar Sclence Center
Universlty of Washington
Seattle, Washington 98195
U.S.A.

Natlonal Meveorological Center

NOAA
Camp Springs, Maryland 20233

NASA Goddard Space Fllght Center
Greenbelt, Maryland 20791
U.S.A.

Natlonal Centre for Atmospherlic Research

P.0.Box 3000
Boulder, Colorado 80307

"U.S.A.
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