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1. Introduction

ARGO-ITALY is the Italian component of a worldwide in siglobal observing system, based
on autonomous profiling floats, surface drifters, gliders and-ahgpportunity measurements.
It is primarily focused on the Italian seas, the Mediterranean and Blaclarsgédase Southern
Ocean and includes observation$ temperature, salinity, currents abishgeochemical/optical
propertiesof seawaterThe ARGQOITALY objective is to provide a significant and sustained
Italian contribution to the global ocean monitoring.

ARGO-ITALY contributes to international progransuch as Argo and Ewrgo (global
monitoring of water properties with profiling floats), GDP (Global Drifter Program to measure
nearsurface temperature and currents), EGO (gliding vehicles to measure water properties) and
SOOP (ShipOf-Opportunity Progam to temperature profilesyhich have been developed to
monitor the entire World Oceam a long term basis.

ARGO-ITALY is a costeffective longterm monitoring system thds a unique source of
information to study the role of the oceans, and the Mgadihean Sea in particular, on the
climate system. lalsoprovides the data required by operational ocean monitoring systems in
order to improve significantly extended forecasts of the atmosphere and oceans.IAMRGO
contributes to programs of operatadnoceanography, such aONGOOS (Mediterranean
Oceanography Network for the Global Ocean Observing Systamd)is essential for the
production of marine core and downstream services productsCagfernicus Marine
Environment Monitoring ServicéCMEMS). It is also an important component of GEOSS
(Global Earth Observation System of Systems).

ARGO-ITALY is funded by the Italian Mirgtery of Instruction, University and Research
(MIUR) since 2011. The operation of instruments at sea and the collection ofedgta in
February 2012A dedicated web site was developed to help with the internal organization of the
project, to publish graphical and tabulated summaries and photographs on the operation of
instruments in neareal time, and to post news, related lingsall project calls, etc. related to
ARGG-ITALY. The webb address:isvww.argoitaly.ogs.trieste.it

This report summarizes the activities of ARGIALY in 2016 in terms of procurements of the
instrumetts, their preparation and their deployments. Information about data praressin
archiving is also giverPlans for 20T and beyondre included in the last section
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2. Argo float activities in 2016
2.1 Float procurement
The following Argo floats were purchased 2016 with funds of ARGQOITALY:

1. Twenty(20) Novafloats fromMetOceanDartmouth CanadgFigurel). The Novauses
the Iridium global telephone network (SBD) for data telemetry and has a GPS receiver
for position. It is equipped ith a SeaBird CTD (SBE 41 CP). Five of these units have
SBE dissolved oxygen sensors (DpvEhey were deliveredt OGSin summer2016.

Figure V' tgaph of a Nova flot/vith the CTD sesors and Iridium
antenna at the top and blader (to change buoyancy) at the bottom.

2. Ten (1) Arvor-Ice floats fromNKE, Lorient, France The Arvorlce usesan algorithm
based on temperature readings to abort sungawhen sea ice is present at the sea
surface Five units were delivered in New Zealand and Tasmania for deployments in the
Southern Ocean in winter 2017.

2.2 Float deployments

In total, 28 Italian floats were deployed in 2@l(see Tables 1 and 2 foetils). These floats
were Arvor Deep Arvorand Provor designs manufactured by NKE (Franégex floats
produced by Teledyne Webb Research (UZ#y Nova/Dovaprofilers manufactured by
MetOcean(Canada) The majority of the floats transmit data via ltidi telemetry (Arvoil,
Provor Bio, Provor NytNova/Dova and some have Argos telemetry (Apex).
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One float wasieployed in the Black Sea ath@d units were released in the Mediterranean (Table

1). In the Mediterranean, most floats have a parking deptbGtBar and maximal profiling
depths alternating at 700 and 2000 dbar. In the Black Sea, the parking depth was set to 200
dbar.They all have cgles of 5 days, excephie deedloat WMO 690200 which hascycles of

10 days.

Most floats were deployed fromesearch vessels of opportunitye( R/V Minerva |, R/V
Tethys Il R/V Aegaecand R/V OGS Explora for the Mediterranean and Ri&te Nigrumfor

the Black Sea) with the help of colleagues from Itésgnce Greece, Romania ar®ulgaria.

The French Navy gdoyed three floats in the Tyrrhenian Sea from the F/S Belle Poule (Figure
2).

Figure 2 Arvor-1 float being deployd in the Tyrrhenian Sea
by the French Navy in June 2016.

The Nova floaWMO 69B179deployed in the Tyrrhenian Sea b8 February 2016uffered a
malfunctionafter cycle 35(on 9 August 2016and subsequentlyemained at the surfac&he
Deep Arvor float WMO 690320Was deployed o8 June 2016 in the deep areas southwest of
Greece [figure 3,see alsd?acciaroni et al., 2016Jhe maximal pofiling depth and the parking
depth were both set t4000 dbarin order to minimize the horizontal motions of the float.
Unfortunatelythis float, the first deep float to be deployed in the Mediterranean, provided only
10 profiles and stoppettansmittingafter 3 August 2016I'he cause of this failure has still to be
investigatedThe secondeep Arvor float WMO 6903203 was deployed in December 2016 at
about the same location SW of Greece. This time, in ordairimize groundingthe float was
progammedto profile down to 3000 dbaand to dift at a parking depth of 3000 dbaBoth
deep Arvor floats have Aanderaa oxygen sensors, but for the second one deploeshib&,

the oxygen profiles appeared todreoneous.

One floatequipped with biogeocheral and optical sensors (Provdut) wasdeployed in the
SouthAdriatic Sea The Prowr Nut is a Provor CTS 4 with Iridium global telephone network
(RUDICS) for data telemetry and a GPS receiver for position. It measuredbeatr ¢ertical
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resolution not oly temmperature and salinity (SBETD) but also irradiance at three wavelengths
(412 nm, 490 nm, 555 nm), fluorescencecolored dissolvedorganic matter, fluorescence of
chlorophylla, backscattering coefficient (530m) and #enuation coefficient (660hm),
dissolved oxygen (Aanderaa optode) and nitrate (SUNA) concentrations.

-

A 4
Figure 3. Deep Arvorfloat (WMO 690200 before deployment
on the R/V Aegaemn 8 June 2016.

Model 'WMO ' Deploy date Lat Lon Cycles Last TX date Lat Lon Status* Cycle**

Nova  690317¢ 25Feb201612:3941.25 10.5 35  13Feb2017 11:0440.43 13 = AS 5
Provor Nut 6903197 07-Apr-2016 21:46 41.57 17.38 83  10-Feb2017 10:3741.17 18.14 A 5
Apex 690319€ 14-May-2016 04:2/ 37.1 17.4 44  09-Feb2017 02:2938.39 18.22 A 5
Dova  690318C 31-May-2016 21:42 41.3312.08 52  10-Feb2017 12:0239.67 9.94 A 5
Arvor-l  690183¢ 01-Jun2016 08:59 42.24 39.87 51  13-Feb2017 09:06 44.38 35.32 A 5
Arvor-l  390184€ 04-Jun2016 16:32 40.08 13.34 42 | 10-Feb2017 12:1640.63 12.06 A 5
Arvor-l 390184¢ 05-Jun2016 11:43 39.26 10.77 41 | 11-Feb2017 12:1039.52 6.62 A 5
Apex 690319¢ 06-Jun2016 09:15 34.4 26.02 46  12-Feb2017 06:0932.8230.89 A 5
Arvor-D  690320C 08-Jun2016 05:47 35.2522.77 11  03-Aug-2016 06:1235.16 22.44 D 10
Apex 690319€ 24-Jun2016 10:09 43.73 9.69 16  10-Feb2017 B:36 42.61 9.67 A 5
Nova 6903201 21-Oct2016 00:24 33 =33 = 36  03Feb201701:5333.99 324 A 5
Arvor-D 6903202 07-Dec2016 23:5135.3522.98 15 | 12-Feb2017 06:1235.6122.67 A 5
Dova 6903204 08-Dec2016 14:38 34.18 2525 14  11-Feb2017 04:0333.87 25.83 A 5

*Status in early February 201A = active, D = dead; 5= activebut drifting at surface
**Cycle: Length of cycle in days.

Table 1. Status information for ti& Italian floats deployedh the Mediterranean and Black
Sea (grey rows) during016.
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Two Nova floats equipped with SBE 63 optical dissolved oxygen sensor (also cabled D
were deployed in th€yrrhenian and Levantine Seas in spring and fall 2016, respectively.

Ten Italian floats were deployed in tt@outh Pacific Oceanand the Pacificsector of the
Southern Ocean (Table 2) with the help of Italian colleagues onboarfd/¢théalica while
sailing from New Zealand tthe Ross Se@rigure 4) These floats include8 Nova and 2 Dova
floats All the floats were programmed tycle between the surface and 2000 dbar every 10
days ando drift at the parking depth of 1000 db&nly 5 of these 10 floats were still active in
early 2017. Float WMO 693181 stayed at the surface and stopped trarnsmgitfter about 9
days Float WMO 693184 stopped transmitting after 20 cyclefas WMO 690185 and
6903188failed right after deployment-loat WMO 69@3186 stopped tramitting after 26
cycles.

Figure 4 A Novafloat ready to be deployed on R/V ltalica in January 2016.

Five Italian floats were also deployed in tB®uth Atlantic Ocean(Table 2) with the help of
Italian colleagues onbaéthe R/V Agulhas lIThese floats included Nova and 1 Dova floats
All the floats were programmed tycle between the surface and 2000 dbar every 10 ddys an
drift at the parking depth of 1000 db&loat WMO 6903193 failed at deploymefithe Dova
float WMO 6903191 stopped transmitting after only 13 cycles, wh&&asva floats were still
active in early 2017.

In summary, tithe end of 201,6the ARGO-ITALY program had a total @2 active floats,
including 37 instruments in the Mediterranean Sga) the Black SegFigure § and20in the
South Pacific South AtlanticandSouthern Ocea(souh o f (FegOre & )
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Model WMO Deploy date Lat  Lon Cycles Last TX date Lat | Lon | Status* Cycle**
Nova 6903181 17-Jan2016 16:41 -50.98 173.15 34 | 28-Jan2016 00:44 -50.62 173.65 D 10
Dova 6903187 17-Jan2016 21:55 -51.98 173.19 57 | 13-Feb2017 02:20-52.34 179.59| A 10
Nova 6903182 18-Jan2016 03:09 -53.01 173.17 72 | 11-Feb2017 11:16 -43.92 177.7 A 10
Nova 6903184 18Jan2016 12:29| -54.99 173.53 20 | 26-Jut2016 13:59 -56.13 177.17 D 10
Nova 690318t 18Jan2016 17:01| -55.99 1734 0 | 18Jan2016 17:22/-56.02 173.44 D 10
Nova 690318€ 19-Jan2016 02:10 -58 173.28 26 @ 15Sep2016 13:57-56.46 179.81 D 10
Nova 6903187 19-Jan2016 11:20/ -60 173.32 40 @ 12-Feb2017 14:08 -55.59 -164.17 A 10
Nova 690318¢ 19-Jan2016 16:06 -61 173.33 40 | 02-Feb2017 13:53 -60.65 -166.46 A 10
Dova |690319C 19-Jan2016 20:41 -62 | 173.4| 40 @ 12-Feb2017 14:19-60.96 -167.34 A 10
Nova 690318¢ 20-Jan2016 01:09 -63 | 173 0 | 20-Jan2016 01:26 -62.96 173.6 D 10
Nova 6903197 04-Feb2016 06:50 -58 0 0 | 04Feb2016 07:11 -58.02 0 D 10
Nova 6903197 04-Feb2016 21:23 -55 | -0.03 38  08Feb2017 13:53-51.19 20.9 A 10
Dova | 6903191 05-Feb2016 15:10 -51.5 0 13 ' 15May-2016 13:4£-50.69 4.71 D 10
Nova | 6903194 06-Feb2016 11:14 -48.01 3.6 38 | 10-Feb2017 14:03 -50.46 38.37 A 10
Nova | 6903195 07-Feb2016 0945  -44.96 6.55 38 | 11-Feb2017 13:56 -44.43 19.99 A 10

*Status in earlyFebruary2016: A = active, D = dead; ANP = active without positions.

**Cycle: Length of cycle in days.

Table 2 Status information for th&5 Italian floatsdeployedn the Southeri®cean during

2016.

ARGO-ITALY FLOAT TOT MISSION DAYS ON 31-Dec-2016 -- TOTAL FLOATS: 42

45°N

10w

10°E

20°E

Figure 5 Trajectories and positions (ale symbols) on 31 December 20df6the42 ARGO
ITALY floats active in the Meéditranean and Black Sea at the end of @0ILhe circle symbols
are colorcoded as a function of float age in days
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Figure 6 Trajectories and positions (circle symbols) on 31 Decembes @0the20 ARGO
ITALY floats in thesouthPacific, South Atlanti@and Southern OceanThe circle symbols are
color-coded as a function of float age in days.

Since 18 February®2, a total ol09ARGO-ITALY floatshave been deployed. In less tHan
years, they have provideabout 11000 CTD profiles. The histograms of number of CTD
profiles per float is shown in Figure Twentyseveriloats hae done more thar80 profiles.In
total, 12 floats (L1 %) have failed just after deployment.

The emporal evolution of the number of active floadsshown in Figure 8 with weekly
resolution, along with the annual numbers of float deployments and float deaths for the period
20122016. Thefloat population in 20122016 is essentiallincreasing and reaching 6@

active instruments in 2016. In 2015 and 2016 the annual numbers of deployments (26 and 28,
respectively) were related smnual losses of 13 in 2015 andia£016.
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Argo-ITALY status table (31/12/2016, 109 floats deployed )
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end of 2086).
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Figure 8 Temporal evolution of the number of active floats with weekly resolution and
histogram of the annual float deployments and losses.

After less tlan 5 years of activitiesin the Mediterranean and Black sedélse maximum
operating life of theARGO-ITALY floatsis a bit more thad years (4500days, seéigure 9.
The mean half life is abo00 days for all floatsn the Mediterranean and Black seBkats
with Argos positioning and telemetry appear to hashartermean half life (neab00 days),
compared to neab00 days for the floats with IridiumArvor floats show the longest
performances with a mean half life of more than 600 days.

For thefloats deployed in the South Pacific, South Atlantic and Southern Ocean, after 4 years,
the maximal operating life is about 4 years, and the mean half life is about orfEigass 10).

In general, theNova and Dovdloats have significantly lower sunav rates.After a year (in
early 2017) only8 floats (out of 15 units, i.egbout53%) were still fully operational

Note that hese survival rate statistics have to be interpreted with caution since most of the floats
are still alive (4Zloats out of72 units for the Mediterranean and Black seas, 20 floats out of 37
in theSouthern l@misphere)Furthermore, these sistics include the floats with all the types of
fend of operating |lifed (l ow battery power,
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Figure 9 Survival rate diagramsfor all the ARGGITALY floatsin the Mediterranean and
Black seassemrated by transmission mode (top) and float tglpetom).
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Figure 1Q Survival rate diagrams for all the ARGIDALY floats in the South Pacific, South
Atlantic and Southern Ocean, separated by transmission mode (top) and float type (bottom).

Table 3summarizes the main statistics of ki@GO-ITALY floats for the perid 20122016. In
2016, more than3800 CTD profiles were obtained with Italian Argo float§hese profiles
provided data om total vertical distance of more th@200km in 20%6. For theperiod 202-
2016, the 109 floats of ARGO-ITALY provided data on a total vertical distance of more than
11000km in aboutl 1000profiles.
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Year 2012 2013 2014 2015 2016 | 20122016
Deployments
CTD floats deployed in Med 13 7 13 11 9 53
CTD floats deployed in BS 4 1 2 1 1 9
CTD floats deployed in SO 2 3 7 10 15 37
South Pacifiand Atlantic
Bio floats deployed 0 0 3 4 1 8
Deep floats 2 2
Total floats deployed 19 11 25 26 28 109
CTD profiles
CTD profiles in Med 400 1099 1560 1743 2358 7160
CTD profiles in BS 105 236 323 268 260 1192
CTD profiles in SQ South 6 90 205 475 815 1591
Pacificand Atlantic
Bio profiles 0 0 244 266 373 883
Deep profiles 15 15
Total profiles 511 1425 2332 2752 3821 10841
Vertical distances
(km)
Distance in Med 440 902 1485 1813 2195 6835
Distance in BS 71 210 283 257 247 1068
Distance in SQSouther 2 125 380 875 1374 2756
Pacific andAtlantic
Distance of bio floats 0 0 199 245 335 779
Distance of deep floats 50 50
Total distance km) 513 1237 2347 3190 4201 11488

Table3. Statistical information on the performance of hkiRGGITALY floats in 20122016.
2.3 Other float activities

In collaboration with colleagues from CNBMAR in La Spezia, Italyve are working on the
integraton of a camera omaApex float for the monitoring fgelly fish. This camera is fitted

with an independent telemetry system for data transmission to Iridium satellites when the float
is at the sea surface. The corresponding hardware and software corapesentiesigned and
developed in 2016, whereas the integration on the float andoseg tests are planned for
2017.
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3. SVP drifter activities in 2016
3.1 Drifter procurement

In 2016, a total of 28 SVP drifters were purchased from Metod@arimouth Canadawith
ARGO-ITALY funding. They were delivered at OGS ihuly 2016. Some of them (12 units)
were shipped to Dakar in Senegal for deployments in the tropical Atlantic Ocean in 2017 as part
of a collaboration between CRODT (Dak&eneggl SIO (La Jdi, Californig and OGS. The

other drifters (16 units) were shipped to New Zealand and South Africa for deploymémes i
Southern Ocean winter 2017.

3.2 Drifter deployments

In total, 15 drifters were deployed in 2@l Ten drifters were deployed ihé South Pacifiand

in the Southern Ocean (Pacific Sectooyn R/V Italica with the help of Italian colleagues. Five
drifterswere released in the Mediterranean §edhe Malta Channel) with the help of Maltese
colleagues All drifters were SVP designsnanufactured by PacificGyre in Oceanside,
California. Hourly msitions and SST are transmitteid the Iridium satellite systenfrigure 1L
shows a drifter ready to be deployed in the Southern Ocean from R/V ltalica in January 2016.

Figure 11 SVP drifter manufactured by Pacific yre on the deck of R/V ltalica before
deployment in the Southern Ocean in January 2016.

Table 4 shows the status information of drifters deployed ir6.2Bight of the ten drifters
deployed south of New Zealand were still @gig in early 2017, after a year of drift in the
Antarctic Circumpolar Current. One drifter (IMBD0234062839720) stopped transmitting on
27 September 2016. Another olEl 30023406288800 started to malfunction in May 2016
and eventually stopped tramitting on 1 September 2016. Three of the five drifters drifters
deployed in the Malta Channel in August 2016 were still operating in early 2017. Two drifters
(IMEI 300234062837770 and 300234062837560anded on Malta Island and were re
deployed.Thefirst drifter stopped transmitting and the second was picked up in October 2017.
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The trajectories of the drifters deployed in 2016 are displayed in Figures 12 and 13, for the
Southern Ocean and Mediterranean Sea, respectively.

IMEI Deploy Date Lat Lon LastDate Lat Lon Status*

a30023406283972 20-Janr2016 01:04 -63 ' 173.57 27-Sep2016 23:0C-60.48 -135.58 D

a30023406283982 19-Jan2016 20:04 -62 | 173.4 17-Feb2017 12:0C-55.51-121.47 A
a30023406283%0 19-Jan2016 16:04 -61 173.33 17-Feb2017 12:0C -54.86 -106.79 A
a30023406283873 17-Jan2016 16:40-50.98 173.15 17-Feb2017 12:0C-47.62 -161.8 A
a3002340628398C 17-Jan2016 21:57 -51.98 173.19 17-Feb2017 12:0C -52.14 -152.51 A
a3002340628388C 18-Jan2016 03:07 -53.01 173.27 01-Sep2016 22:0C -48.79 -160.48 D
a3002340628397¢ 18-Jan2016 12:7 -54.99 173.53 17-Feb2017 12:0C -45.35 -121.75 A
a30023406283981 18-Jan2016 16:59 -55.99 173.4 17-Feb2017 12:0C -48.05-128.43 A
a3002340628378C 19-Jan2016 02:07 -57.98 173.28 17-Feb2017 12:0C -47.33 -99.92 A
a3002340628387z 19-Jan2016 11:20 -60 173.32 17-Feb2017 12:0C-49.88 -112.97 A

a30023406283777 17-Aug-2016 12:0( 36.15 14.27 |28-Aug-2016 06:0( 35.99 14.59 D

a3002340628375€ 17-Aug-2016 11:4( 36.23 14.28 27-Aug-2016 07:0( 35.95 14.46 D
a3002340628368% 17-Aug-2016 11:2( 36.32 14.31| 15Feb2017 08:0C 32.14 23.85 A
a3002340627492F 17-Aug-2016 10:47 36.41 14.33| 17-Feb2017 12:0C 31.28 18.43 A
a3002340620524¢ 17-Aug-2016 10:1% 36.5 14.37 14-Feb2017 21:0C 30.87 18 A
b30023406283777 25-Sep2016 13:0C 36.25 14.46 26-Oct-2016 04:0C 35.86 14.62 D

b3002340628375€ 25-Sep2016 11:0C 36.41 14.51| 08-Oct-2016 15:00 35.68 13.54 D

*Status in earlyFebruary2016: A = active, D = dead.

Table 4 Status information fothe Italian drifters deployed in the Mediterranean aSduth
Pacific / Southern Ocean 2016
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http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5287
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5286
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5285
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5278
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5279
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5280
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5281
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5282
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5283
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5284
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5305
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5304
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5303
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5302
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5301
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5328
http://nettuno.ogs.trieste.it/sire/drifter/traiettorie/traiettorie.php?id_drifter=5327
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Figure 12. Trajectories and last positiong€llowdots) of the 10 Italianlrifters deployed in the
Souther Oceaim January2016

Figure 13. Trajectories and last positiong€llowdots) of the Italiardrifters deployed irthe
Malta Channel in August 2016
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