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1. Introduction

An oceanographic experiment called MILONGA (Misuteagrangiane OceaNoGrafiche
nell’Arcipelago sud toscano) was carried out inwaers of the Tuscan Archipelago (northern
Tyrhennian Sea) in October 2011 as part the MOMgiBtdma integrato per il MOnitoraggio e

il controllo dell'ambiente MARinowww.lamma.rete.toscana.it/progetti/momaroject. The

goal was to monitor with state-of-the-art Lagramginstrumentation the thermohaline structure
and the circulation in this coastal area duringeeqal of about 2 weeks. The experiment was
planned and conducted by the LAMMA consortium (Wlamma.rete.toscana.it) with OGS as
sub-contractor. In addition, measurements of varicofiles of currents close to the surface
and on sea state (surface waves) were made by @Q&SI®. Ifremer (international partner
within MOMAR) was also involved during the same ipdrto collect other physical and

biogeochemical data. These are not describedsireipiort.

This report contains information about the oceaapigic instruments used during MILONGA
(Section 2) and about the measurements obtaineidgdtine experiment in October 2011
(Section 3). A brief discussion of the results toypded in Section 4.

2. Oceanographic instrumentation

2.1 CODE and SVP drifters

Two kinds of satellite-tracked surface drifters &vesperated during MILONGA. The first

design is the so-called Coastal Ocean Dynamics ritwpat (CODE) drifter developed by
Davis (1985) in the early 1980’s to measure coasteghce currents in the northeastern Pacific.
The second is the standard Surface Velocity Progi@w) drifter with mini-drogue used
worldwide as part of the Global Drifter Programr&D, Lumpkin and Pazos, 2007).

CODE drifters consist of a slender, vertical, 1ang negatively buoyant tube with four drag-
producing vanes extending radially from the tuberats entire length and four small spherical
surface floats attached to the upper extremitieshefvanes to provide buoyancy (Poulain,
1999). Comparisons with current meter measurem@dsis, 1985) and studies using dye to
measure relative water movements (D. Olson 199%kopal communication) showed that the

CODE drifters follow the surface currents to withth cm &, even during strong wind
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conditions. More recent slippage measurements @todt al., 2002) with acoustic current
meters positioned at the top and at the bottomhefdrifter showed that the CODE drifters
follow the surface currents within 2 crit and that they move in a manner consistent with the
near-surface Ekman dynamics with a velocity compone the right of the prevailing wind.
The CODE drifters used during MILONGA were produdag DBI (Florida). A schematic
diagram and pictures of CODE drifters are showhig 1.

CODE SURFACE DRIFTER

(a)

Flotaion ling

s | |

10097 cm

11d3em
Telght=04Kg

Figure 1. (a) Schematic diagram of a CODE driftgr) and (c) Pictures of the deployments of
CODE drifters during MILONGA. (d) CODE drifter depled at sea.

The SVP drifters consist of a surface buoy tha¢tlsered to a holey-sock drogue, centered at a
nominal depth of 15 m. Details on the original S¥#3ign can be found in Sybrandy and Niiler
(1991). The SVP drifters used during MILONGA wenanufactured by SIO. They were of the
SVP “mini” drifter design. They have a drag aretoraf the drogue to the tether and surface
buoy in excess of 40. A tension sensor, locatedvibéhe surface buoy where the drogue tether
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is attached, indicates the presence or absencéeofliiogue. Measurements of the water-
following capabilities of the SVP have shown thdten the drogue is attached, they follow the
water to within 1 cm$in 10 m/s winds (Niiler et al., 1995). A schernatiagram and pictures
of the SVP “mini” drifter are depicted as Figure 2.

SVP "mini" drifter

(Technocean drogue configuration)

surface
fioat T

@ |

Figure 2. (a) Schematic diagram of the SVP “miniiftér. (b) Two SVP drifters ready to be

deployed on the ship’s deck. (c) Deployments ofR &ifter during MILONGA. (d) SVP

drifter just deployed at sea.
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All drifters were localized by the Global Positingi System (GPS) and transmitted data (GPS
position, sea surface temperature, voltage, drqg@esence indicator, etc.) to the Iridium
satellite telephone system. The CODE drifters wan@agrammed to get GPS positions and
transmit to Iridium every 15 min. The SVP unitswsaitted every 2 hours.

The drifter positions were edited for outliers amikes using statistical and manual techniques
with criteria mainly based on maximum speed andak@md meridional displacements, as
described in Gerin and Bussani (2011) and Gerial.ef2011). Velocities were estimated by
central finite differencing the positions.

2.2 Arvor-C float

One coastal autonomous profiler, called Arvor-Cswperated during MILONGA to collect
data of temperature and salinity profiles. The Ar@o(André et al., 2010) is manufactured by
NKE (France). It is the coastal version of the Arfloat used for open sea monitoring as part of
the global Argo programme (www.argo.ucsd.edu). ifan difference is that the Arvor-C can
execute short cycles (chosen here as 3 hours)itoshwater (down to about 400 m) and has
claws to prevent drifting when it sits on the seafl The Arvor-C weighs less than 20 kg, is 2.1
m high and has a diameter of 11 cm. The scierpidigload (Seabird pumped CTD) is located
on the upper end cap, as well as a bi-band Iridiéids antenna (for data transmission, remote
control and positioning), and a Bluetooth anterfioa ¢onfiguration and testing). An external
bladder is fitted on the bottom end cap, to adjustbuoyancy when descending and ascending
along the water column, as well as anti-drift claits ascending speed reaches 15 to 20 cm/s.
For instance, a 2-s sampling period provides onglsimeasurement every ~35 cm. Data are
then averaged into 1-m high slices to reduce tr@éssom duration. A schematic diagram and

pictures of the Arvor-C are shown in Figure 3.

The float data were received via Iridium and decoaleOGS. Several spikes and outliers in the
temperature and salinity profiles were discardadgua manual editing procedure and the first
meter of data was discarded. Density was calculaged) standard formulas (UNESCO, 1983).
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Figure 3. Schematic diagram of the Arvor-C profiliftoat (left). Pictures of the Arvor-C and
its deployment during MILONGA (right).

2.3 SIO river and OGS prototype drifters

The SIO river drifter is a surface drifter with cpatt CODE type design, 67-cm-long
negatively buoyant tubular hull with four sails extling radially from the tube. The upper
extremities of the sails are spars fitted with filog material to provide positive buoyancy.
Spring-loaded spars allow quick deployment and séswage. The following components are
integrated into the drifter hull; Nortek Aquadopertical profiling Acoustic Doppler Current
Profiler (ADCP), LDG-SIO Barramundi controller, delks NEO-6 GPS and Iridium 9602 SBD

modem. The GPS receiver sampled positions at 1 Hz.

Two river drifters were operated during MILONGA. ©was fitted with a downward-looking 1
MHz ADCP to measure the relative currents belowdhtters. The drifter was set to measure
every 15 min and take 90 s averages. The numbeellsf was set to 20 and the thickness of
each cell was set to 1 m. The other river driftesvequipped with a upward-looking 2 MHz

ADCP to measure the relative currents near thaser&nd assess the slip of the instrument due
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to the combined effect of wind and waves. The @riftas programmed to measure every 15
min and take 90 s averages. The number of cellssetito 28 of thickness 11 cm. Both units
were also fit with additional spare GPS and Iridiomodems. Photographs of the SIO river

drifter are shown in Figure 4.

Figure 4. Pictures of one the SIO river drifter ¢eyed during MILONGA. The yellow case is
the additional spare GPS and Iridium modem.
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The OGS prototype drifter (Gerin and Poulain, 20349 the mechanical structure of the CODE
design but includes in the hull one downward-logkiNortek Aquadopp ADCP near the bottom
with acoustic frequency of 1 MHz, and one Nortekougneter near the top (frequency of 2
MHz). An small independent module is mounted nbartop, above the velocimeter, including
a GPS receiver, a GSM/GPRS modem, battery packaanantenna (Brunetti and Zuppelli,
2011). For MILONGA the drifter ADCP was programmead as to collect the average of 3-
minute measurements every 15 minutes in 30 cef®am size. GPS position data were stored
in a flash memory inside the module every 5 minated transmitted through SMS messages
every 15 min. A schematic diagram of the OGS drigeshown in Figure 5, as well as several
pictures of the drifter before, during and aftepldgment.

Figure 5. Schematic diagram and pictures of the @@fotype drifter deployed during
MILONGA. The white case on top of the drifter camdahe GPS and GSM/GPRS modem.
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2.4 Waverider buoy

A datawell (model DWR-G4) mini directional waverrdéPS buoy was operated to measure
the characteristics of the surface gravity wavesinduthe MILONGA experiment. The

waverider was loosely anchored and moved freehh wite waves. It measured relative
displacements in the three directions (north, westiical) by using a single GPS (precision of
about 1 cm and sampling frequency 1 Hz). The falhgwvave parameters were obtained every
30 min: significant wave height, peak period, dit of the peak wave, and wave spectra.
Directional and spectral data were stored in ahflamory inside the buoy, and were not
transmitted on land via HF link. The waverider usdedng MILONGA is depicted in Figure 6.

Figure 6. Pictures of the waverider buoy deployadry MILONGA.
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3. Experiment in the northern Tyrrhenian Sea (Tusca Archipelago area)

3.1 Trajectories, currents and sea surface temperabm the CODE/SVP drifters
The 15 CODE and 2 SVP drifters were deployed otiober 2011 more or less uniformly

throughout the study area (uniform grid with tygidistance between drifters of 10 km) using

two boats, the Poseidon of ARPAT and a rented mmdat. The array of deployment locations
is shown in Figure 7, along with the initial traj@ges of the drifters in the Tuscan Archipelago
area. The 15 CODE drifters were deployed norththefMontecristo-Giglio-Argentario latitude

(~42.3°N) whereas the two SVP units were releasetteper waters south of this latitude.

14-day GPS drifter trajectories
42.8 \

42.7

42.6

42.5

42.4

42.3

42.2

42.1

42 L L L L I L
10 10.2 10.4 10.6 10.8 M 11.2

Figure 7. Deployment locations (dots) and initigljectories (colored curves) of the drifters
deployed on 11 October 2011 in the Tuscan Archgmelaaters. The 15 CODE drifters were
deployed north of the Montecristo-Giglio-Argentalatitude (~42.3°N) whereas the two SVP

units were released in deeper waters south ofldhitside.
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The deployment and last fix (as of 3 January 2@t@ydinates of the MILONGA drifters are
listed in Table 1. Five units had GPS failures bef2b October 2012, that is less than 14 days
after deployment. Note that Iridium transmissionstmued beyond the GPS failure dates and

tracks can possibly be reconstructed from theunddata (see Appendix 5.1).

‘IMEI Number ‘Deploy Date GMT‘LatN ‘LonE ‘ Last Date GMT | LatN ‘ Lon E ‘ Type
| 300234010751060| 11-Oct-2011 08:16 ‘ 42. 75| 10.68| 21-Dec-2011 02:4|7 2.08 ‘ 3.97 ‘ CODE
| 300234010652970| 11-Oct-2011 16:46 ’ 425 | 10.48| 17-Oct-2011 15:0:1 21 ’ 9.41 ’ CODE
| 300234010479080| 11-Oct-2011 14:24 ‘ 425 | 10.06| 24-0ct-2011 09:451 980 ‘ 10.52 ‘ CODE
| 300234010479070| 11-Oct-2011 15:35 ‘ 42.63| 10.38| 03—Nov—201100:4F 1.9% ‘ 9.9 ‘ CODE
| 300234010478080| 11-Oct-2011 15:30 ’ 42.37| 11.oo| 14-Oct-2011 013(1 2.3 ’ 11.21 ’ CODE
| 300234010477oso| 11-Oct-2011 13:12 ‘ 42.38| 10.38| 23-0ct-2011 1001 0.92 ‘ 10.09 ‘ CODE
| 300234010476080| 11-0ct-2011 14:59 ’ 42.63| 10.17| 03-Jan-2012 01o|9 0.74 ’ 6.11 ’ CODE
| 300234010475080| 11-0ct-2011 16:10 ’ 42.5| 10.27| 26-0ct-2011 2301) 441’ 9.0 ’ CODE
| 300234010474090| 11-Oct-2011 13:49 ‘ 42.38| 10.17| 05-Nov-2011 08: oF 4.39 ‘ 8.84 ‘ CODE
| 300234010473090| 11-0ct-2011 09:46 ’ 42.62| 10.58| 27-Oct-2011 lSJF 1.09 ’ 8.51 ’ CODE
| 300234010472090| 10-Oct-2011 16:45 ’ 42.54| 10.89| 16-Oct-2011 1245* 2.07 ’ 10.59 ’ CODE
| 300234010471090| 11-Oct-2011 17:23 ‘ 425 | 10.69|  05-Dec-2011 18: sF .2212‘ 7.44 ‘ CODE
| 300234010873500| 11-0ct-2011 13:00 ’ 42.37| 1079  29-Oct-2011 OOJF 1.03 ’ 9.55 ’ CODE
| 300234010879490| 11-Oct-2011 10:44 ‘ 42.62| 10.79]  12-Nov-2011 23:: sF 3.02 ‘ 5.94 ‘ CODE
| 300234010274890| 11-Oct-2011 12:35 ‘ 42.38| 10.58| 03-Nov-2011 09: oF 1.34 ‘ 10.52 ‘ CODE
| 300234010168380| 11-0ct-2011 14:22 ’ 42.21| 10.8].| 03-Jan-2012 02: 3|a 1.06 ’ 10.29 ’ SVP
| 300234010169380| 11-Oct-2011 13:53 ‘ 42.21| 10.69 03-Jan-2012 05'|1 0.944 ‘ 1.03 ‘ SVP

Table 1. Iridium IMEI numbers, dates/times and poss of deployments and last fixes (as of 3
January 2012) for the drifters operated during MINGA. In total, 5 drifters (in bold) had GPS
failure before 25 October 2012 (less than 14 dder aleployment).

The entire tracks for the first 14 days after dgpient, that is until 25 October 2011 at 00

GMT, are depicted in Figure 8. Most drifters motedhe southwest and explored the waters
east of Corsica, in the vicinity of the Strait adriBfacio and northeast of Sardinia. Three drifters
entered the Strait of Bonifacio, 4 units veeredhi® southeast and were trapped by a cyclonic

gyre in the northern Tyrrhenian. Two drifters eweaty moved northward into the Corsica
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Channel (between Corsica and Elba) and reachesatlitheastern Ligurian Sea. In addition to
basin-scale and mesoscale motions, many driftesv skbiquitous meandering and looping

movements corresponding to sub-mesocale, inertigdal currents.

14-day GPS drifter trajectories
43.5 . T .

43

425

42

M5}

41

8.5 9 9.5 10 10.5 11 11.5

Figure 8. Same as Figure 7 but for the extended arehe northern Tyrrhenian Sea and

southeastern Ligurian Sea showing the entire drtfimcks for the first 14 days.

The drifter positions sampled every 15 minutes da@cted with dots in Figure 9. The dots are
color-coded as a function of time. The drifter piosi dots can also be color-coded with the
measured sea surface temperature (SST) (FigureS8J).values range between 23.5°C (first
few days after deployment) and about 19°C (2 wadies deployment).
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14-day GPS drifter trajectories colorcoded with time
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14-day GPS drifter trajectories colorcoded with time
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Figure 9. Positions of the MILONGA drifters colapeed with time.
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14-day GPS drifter trajectories colorcoded with SST (°C)
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14-day GPS drifter trajectories colorcoded with SST (°C)
43.5 \ \ \ 23.5

23
a3r 225
L do2
25F

L 215
L 21

42\ i
L 4205
20

415F 1
19.5
19

41| .

Il Il 1 Il

8.5 9 a5 10 10.5 11 11.5

Figure 10. Positions of the MILONGA drifters colowvded with the sea surface temperature.
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Velocities were estimated by finite differencingetldited drifter positions (central difference
with delta-t of 30 minutes for the CODE and 4 hdiarsthe SVP). Their magnitudes, or speeds,
are color-coded along the drifter tracks in Figlite Most speeds are bounded by 50 cm/s in the
Tuscan Archipelago waters. In contrast, currentsheamuch faster east of Corsica, in the Strait
of Bonifacio and in the Tyrrhenian, reaching 100xm

Pseudo-Eulerian statistics of the surface velxitterived from the drifters were also

calculated. The drifter velocities were averagetims of 0.1° x 0.1° overlapped by 50%. The
definitions of the pseudo-Eulerian statistics canfound in Poulain (2001). The number of

drifter observations (every 15 min and 2 hourstfer CODE and SVP drifters, respectively)

and the number of drifters in the bins are showfigures 12 and 13, respectively. The area
between Montecristo and Pianosa (eastern Tuscahip®eago) are the most sampled with

about 1000 drifter measurements and 10 driftersigiay observations in some bins.

The mean flow and mean kinetic energy (MKE) anesillated in Figure 14. Velocity vectors

are drawn at the center of mass of the observattoaach bin. Southward flow prevails in the

eastern sector off the continental Italian coast a particular between the Argentario and
Giglio. More to the west, prevailing mean curreate directed towards the southwest. Mean
currents can reach 20 cm/s and the correspondirg kiaetic energy can reach 400%shin

the Tuscan Archipelago area. More to the soutlthenTyrrhenian Sea and Strait of Bonifacio,

mean currents can reach 70 cm/s and the MKE céardper than 1000 cffs’.

The temporal variability of the currents can becdégd in terms of the velocity variance

ellipses and the kinetic energy of the fluctuatmgrents (also called the eddy kinetic energy,
EKE). These statistics are depicted in Figure Ifbthe Tuscan Archipelago area, the EKE is
essentially limited to values less than 300P/sm In other areas, for instance in the Strait of
Bonifacio, currents can become very variable anttéehe velocity variance ellipses and EKE
levels can be large (> 1500 is?).
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14-day GPS drifter trajectories colorcoded with speed (cm/s)
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Figure 11. Positions of the MILONGA drifters colowded with the speed.
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Number of observations in bins
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Figure 12. Number of drifter observations in 0.10.£° bins.
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Number of drifters in bins
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Figure 13. Number of individual drifters in 0.10xL° bins.
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Mean Flow (#0>=1 & #d>=1) superimposed on MKE (cmzlsz)
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Mean Flow (#0>=1 & #d>=1) superimposed on MKE (omzlsz)
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Figure 14. Mean flow (arrows) and mean kinetic gyefMKE, colors) in 0.1° x 0.1° bins.
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Figure 15. Velocity variance (ellipses) and eddyekic energy (MKE, colors) in 0.1° x 0.1°

bins.
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3.2 Trajectories and temperature and salinity efirom the Arvor-C float

The Arvor-C float was deployed on 10 October 20imf the Cappellini (Istituto Nautico di
Livorno) and provided temperature and salinity pesfevery 3 h until 24 October 2011 (Table
2). In total, the float executed 136 CTD profiletveeen the surface (0 m) and a maximal depth
of about 400 m.

Model Deploy Date GMT Lat Lon Last Date GMT Lat Lon | Files | Profiles

Arvor C 10-Oct-2011 14:35 | 42.64  10.68  24-Oct-2011 13:12 | 42.09 10.45 320 136

Table 2. Deployment and last fix coordinates ofAheor-C float operated during MILONGA.

The track of the Arvor-C is shown in Figure 16e#sentially moved to the southwest and then
southward, left the Tuscan Archipelago waters pasbetween Montecristo and Giglio on 21

October 2011 and continued drifting in the deepatews of the northern Tyrrhenian Sea. It

executed the last profile on 24 October 2011 at2&MT and stayed at the surface until it was
recovered on 27 October 2011.

The temperature and salinity profiles measuredhleyArvor-C show a surface mixed layer as
deep as 30-40 m above a thermocline extending eg de 150 m (Figure 17). The surface
temperatures span roughly 19-22°C. The temperaifithe water between 150 and 450 m

depth is in 13.87-13.94°C The sea surface salisigbout 38.19. There is a salinity minimum

(37.92) near 30-50 m depth. Below, the salinityeases with depth to reach a value of 38.68
near 400 m depth. These measurements can beatktm a temperature-salinity diagram

(Figure 18) in which we see the near-surface watkesacterized by temperatures in 17-22°C
and salinities between 37.81 and 38.26 and cornebpg to densities in excess of 1027.8

kg m>. The coldest (13.85°C) and saltiest (38.68) vgatee encountered below 400 m depth.

The spatio-temporal variability of the thermohalsteucture of the waters along the trajectory
of the float can be represented in contour diagraitis color-coded temperature, salinity and
density plotted versus time and depth (Figures )9-Phe mixed-layer depth varies from about
30 m on 10-14 October to 45 m on 16-17 Octoberlauk to about 28 m on 23-24 October.

There is a gradual cooling of the mixed-layer andakening of the thermocline. High-
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frequency variations (undulations of the thermue)i are also seen in the thermohaline

structure, possibly related

to internal waves.

Note that another profiling float Arvor-1 was depénl during the experiment. This float is not

considered in the report.
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Figure 16. Track of the Arvor-C with position dotdor-coded with time (top panel) and with a

dot at daily interval (bottom panel).
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Figure 17. Profiles of temperature (left) and sélr(right) measured by the Arvor-C float.

Depths are in meters. Mean profiles are in redhwibne standard deviation (green curves).

23 26 2625 26.5 26.75
27 400
22F
° 27
. | 350
a S 27.5
o X,/
20 F 1300
° 277
[ ]
e o
191+ S L
e 2 250
—~ oo®
& 18 L
- - o 282 1900
L ]
A7 fo ® N
28.5
o °® F 1150
16 B
28.
100
15
29
r 50
14 oy
29.
13 !
37.75 38 38.25 38.5 38.75

Salinity

Figure 18. Temperature-salinity diagram based am Anvor-C measurements.

meters) are color-coded. Isopycnals are overlaid.

Depths (in

Borgo Grotta Gigante, 31/01/12 Rel. OGS 2012/2 OGA 1 SIRE

Page 24 of 78



M-" ISTITUTO NAZIONALE di Oceanografia e diGeofisicaSperimentale Trieste

~—z

Temperature (°C)
10/10 12/10 14/10 16/10 18/10 2010 2210 24/10
| 1 i i | i |

0

-50

-100

-150

-200

-250

-300

-350

-400

-450 T T

14 15 16 17 18 19

Figure 19. Cross-section of temperature (coloredtoars) versus time (following the float)
and depth (meters).
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Figure 20. Same as Figure 19 but for salinity.

Borgo Grotta Gigante, 31/01/12 Rel. OGS 2012/2 OGA 1 SIRE Page 25 of 78



M-" ISTITUTO NAZIONALE di Oceanografia e diGeofisicaSperimentale Trieste

~—z

Density P=0 (Kg/m®)

10/10 12/10 14/10 16/10 18/10 20/10 22/10 24/10

0

-50

-100

-150

-200

-250

-300

-350

-400

-450 w w

\ \
1027 1027.5 1028 1028.5 1029

Figure 21. Same as Figure 19 but for density.

3.3 Trajectories and relative current profiles frtdma river and prototype drifters

The river and prototype drifters were deployed @ Qctober 2011 in the vicinity of the
waverider buoy (Table 3) using Cappellini. All deifs were recovered the next day to check
their functioning and to redeploy them closer te waverider buoy. The SIO river drifter with
downward-looking ADCP and the OGS prototype wedeptoyed within about 1 h. However,
the SIO river drifter with upward-looking ADCP wast redeployed due to problems with GPS

fixes.

The trajectories of the drifters are depicted iguFé 22, along with the location of the

waverider buoy.
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‘ Drifter ‘Deploy Date GMT ‘ Lat N ‘ Lon E || Recovery Date GMT‘ LatN || LonE
| SIO River ADCP down | 10-Oct-2011 14:40 | 42.641 lO.(iF 1-Qct-2011 10:28 | 42,61 | 10.78
| SIO River ADCP up | 10-Oct-2011 14:45 | 42.61 10.6*3 -QKt-2011 10:31 | 4261 | 10.7¢
| OGS prototype | 10-Oct-2011 14:50 | 42.61 10.(if 1120414 08:55 | 42.64 | 10.73
| OGS prototype | 11-Oct-2011 11:48 | 42.651 10.7'F 1320411 07:48 | 4256 | 10.74
| SIO River ADCP down|  11-Oct-2011 11:48 | 42.651 10.7'F 3-0kt-2011 08:15 | 42.58 | 10.75

Table 3. Dates/times and positions of deploymemisracoveries of the SIO river and OGS

prototype drifters operated during MILONGA.
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427 -
<
b3
426+ .
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Figure 22. Trajectories and recovery locations @¥alots) of the SIO drifters with downward-

looking ADCP (first deployment in blue and secoegdldyment in cyan) and with upward-

looking ADCP (in green), and of the OGS prototyp#et (first deployment in red and second

deployment in orange). The position of the wavernmmy is depicted by a star-circle symbol.
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The data collected by the ADCPs fitted on the Sik@rrand OGS prototype drifters were
downloaded after the final recovery. Unfortunatatyappeared that no data were actually
recorded for the OGS drifter, probably due to amrein the setting or programming of the
ADCP. For the SIO river drifter with downward-lookj ADCP, the data was lost for the first
deployment due to an internal firmware error. Fer second deployment the ADCP data was
successfully recorded and downloaded. Graphicahsames of the ADCP data collected by the
river drifter during the second deployment are shas Figures 23 to 26. The SIO river drifter
with downward-looking ADCP moved approximately domard following a cycloidal path
characteristics of the superposition of a largdesdaift with motions of near-inertial or tidal
nature (Figure 22). The good quality of the dateessified by the ADCP amplitude plot (Figure
23).

RD: adcp amplitude (counts) Counts

. l]l1“l!l BT TT 0T IlIHllHﬁ

1100

Depth (m)

180

2011/10/12 2011710113 2011/10113

Time

20 L
2011/10/M1 2011/10112

Figure 23: Acoustic intensity measured by the doamwooking ADCP mounted on the SIO

river drifter versus depth and time.

The swift southward drift of the river drifter dtet beginning of its mission is reflected in the
negative, southward current measured by the ADC# amrected for the motion of the
instrument, the latter being measured with the ambolHz GPS (Figure 24). Note the
periodicity of both the eastward and westward vigfocomponents (Figures 24 and 25). Our
preliminary analysis suggests a periodicity of abb®5 hours. Since the inertial frequency at
the experiment location is approximately 17.7 hptinge cycloidal river drifter path and the

periodical measured currents should result fromm-mestial currents.
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Figure 24: Meridional velocity versus depth anddias measured with ADCP and corrected

for the drifter motion (using the onboard GPS data)
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Figure 25: Same as Fig. 24 but for the zonal v&joci

The vertical velocity (Figure 26) shows at leaseéhdownwelling events, with the strongest
one occurring just before midnight on 11 Octobet20
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Figure 26. Vertical velocity measured by the dowrtalaoking ADCP mounted on the SIO

river drifter versus depth and time.

3.4 Surface wave measurements from the waveridsy bu

The waverider buoy was anchored in the Tuscan pethgo waters on 10 October and was
recovered on 13 October (see Table 4 and FigureT2®) data collected by the buoy are only
illustrated as an example for a 30-min time peoadll October 2011 at 1.40 GMT. The exact
positions of the buoy during the period are degidh Figure 27. These are the distances in m
sampled every second with respect to a mean pogitioing the period of 30 minutes. Time
series of the 3D displacements of the buoy (vdrtma heave, zonal and meridional
displacements) sampled at 1 Hz are shown in Fi@@&e The distribution of the heave
displacements as well as the normal distributiorctvbest fits the data are shown in Figure 29.
The directional spectrum is depicted as FigureT3@ significant wave height for this period is

35 cm, whereas the peak wave period is 2.7 secamtislirection of the peak wave is from the
northwest.
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LatN | LonE

‘ Deploy Date GMT | Lat N | Lon E | Recovery Date GMT

‘ 10-Oct-2011 15:40 | 42.66| 10.7o| 13-0ct-2011 10.1o| 6612| 10.70

Table 4. Dates/times and positions of deploymemisracoveries of Datawell waverider buoy
operated during MILONGA.
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Figure 27: Relative positions of the waverider baoying 30-min period on 11 October 2011
at 1.40 GMT. Positions are sampled every secondaa@dieviations with respect to a mean

location calculated over the period.
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Figure 28: Time series of vertical (heave, red) dadizontal (meridional — green and zonal —

blue) displacements of the waverider buoy duringr®0 period on 11 October 2011 at 1.40

GMT.
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Figure 29: Distribution of the heave vertical diapements of the waverider buoy during 30-
min period on 11 October 2011 at 1.40 GMT. The rabmistribution which fits the data is also

shown.
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Figure 30: Directional spectrum of the surface waas measured by the waverider buoy
during 30-min period on 11 October 2011 at 1.40 GMT

Figure 31 shows the significant wave height and pleek period during the MILONGA
experiment (10-13 October 2011). It can be seenthb®last day the significant wave height
increase from about 15 cm to more than 80 cm. dak period remained mostly between 2

and 4 seconds.
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Figure 31: Significant wave height and peak peradneasured by the waverider buoy during
the period 10-13 October 2011.
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4. Discussion and conclusions

Oceanographic physical properties, such as neéaesucurrents, profiles of temperature and
salinity and surface wave characteristics, haven lseecessfully measured in the area of the
Tuscan Archipelago in the northern Tyrrhenian Seafperiod of about 2 weeks starting on 10

October 2011. The following data have been coltecte

1) Drifter Data A total of 17 drifters were released in the asea provided data of surface
currents and sea surface temperature. After 2 wekHlsift, only one drifter remained in the
study area. At least 2 drifters crossed the Cor€lbannel and moved northward into the
Ligurian Sea. The majority of the drifters moved tte southwest in the direction of the
Bonicafio Strait. Three units crossed the straitl anoved westward between Corsica and
Sardinia. Four drifters circulated anticyclonicallythe northern Tyrrhenian Sea. The surface
circulation in the Tuscan Archipelago waters duting period of study was mainly to the south
with some intensification near the Tuscan coast. atidition, time-variable mesoscale,

submesoscale, and inertial/ tidal motions prevailed

2) Float Data The Arvor-c float measured a total of 136 temper and salinity profiles
between the surface and a maximal depth near 40 mixed layer is dominant with depth of
30-45 m on top of a thermocline (as deep as 158md)a salinity minimum centered near 40 m
depth. In two weeks the thermocline is seen to eealdigh-frequency variability is also
evident in the temperature and salinity profiléscadn be speculated that they are the signature

of internal waves.
3) ADCP Data The river drifter measured current profiles bedawe¢he surface and 20 m depth.
Besides mean and mesoscale currents, inertialrtgrage dominant in the records. The currents

appear to be quite barotropic in the near-surfagerl

4) Waverider DataThe significant wave height and the peak peribdhe surface gravity

waves in the area of study range from 25 cm to @l8&ucm, and from 2 to 4 seconds,

respectively.
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5. Appendices

5.1 Recovery of drifter positions using Iridium

It is interesting to assess the accuracy of thetipns provided by the Iridium system since
many drifters had premature GPS failures but kepting with the currents and transmitting to
satellites. Drifter with IMEI numbeB8002340101is considered as an example. The GPS
positions (magenta track) and Iridium positionsldoed dots) for this drifter are depicted in
Figure Al. The color-coding for the Iridium posi®correspond to the accuracy of the position
in km. It can be seen that the Iridium longitudes noisier than the latitudes, and that the
accuracy parameter provided by Iridium is not neags a good quality indicator as this
parameter does not systematically increase fortpdar away from the real track. Figure A2
shows the time series of the positions. It is obsithat the Iridium longitude are less accurate
than the latitudes.

drifter: 300234010168380
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Figure Al: GPS (magenta track) and Iridium posisqcolored dots) of drifter
300234010168380. The color-coding for the Iridiuosifions correspond to the accuracy of
the position in km.
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Figure A2: Time series of the GPS (magenta track) #ridium positions (colored dots) of
drifter 300234010168380. The color-coding for thdilm positions correspond to the

accuracy of the position in km.

A simple editing can be applied to remove Iridiumsition outliers by excluding positions

corresponding to speed in excess of 200 ¢ These points are shown in black in the

following plots showing the positions (geographicaps and time series) of all the CODE
drifters operated during MILONGA (Figures A3 to A2&dited trajectories still include some

noise (generally less than 1 km) and will be lowgéltered. In this way, full low-pass filtered

trajectories can be used for possible recoveryhefdrifters (those still alive as of 3 January

2012) and for the study of low-frequency surfaceents.
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Figure A3: GPS (magenta track) and Iridium posisdcolored dots) of drifter
300234010168380. The color-coding for the Iridiuosifions correspond to the accuracy of

the position in km. Black positions indicated psicorresponding to speed > 200 cth s
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Figure A4: Same as Figure A3 but for drifter 300@38@751060.
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Figure A5: Same as Figure A3 but for drifter 300@38652970.
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Figure A6: Same as Figure A3 but for drifter 300238479080.
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Figure A8: Same as Figure A3 but for drifter 300238478080.
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Figure A9: Same as Figure A3 but for drifter 300238477080.
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Figure A10: Same as Figure A3 but for drifter 308@30476080.
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Figure A11l: Same as Figure A3 but for drifter 3082304 75080.
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Figure A12: Same as Figure A3 but for drifter 308@30474090.
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Figure A13: Same as Figure A3 but for drifter 308@30473090.
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Figure Al4: Same as Figure A3 but for drifter 308@30472090.
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Figure A15: Same as Figure A3 but for drifter 308@30471090.
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Figure A16: Same as Figure A3 but for drifter 308@30873500.
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Figure A17: Same as Figure A3 but for drifter 308230879490.
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Figure A18: Same as Figure A3 but for drifter 308@30274890.
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Figure A19: Same as Figure A3 but for drifter 308230169380.
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5.2 Individual temperature and salinity profilesamered by the Arvor-C

The following plots depict the 191 individual ples of temperature and salinity measured by
the Arvor-C between 11 October 2011 and 24 Oct@drl. Significant spikes have been
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