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Drifter and Float Observations in the Adriatic Sea (1994-1996): 
Data Report 

P.-M. Poulain, P. Zanasca 

Executive Summary: This memorandum describes the current, temperature and 
other data, acquired during the Adriatic Sea drifter and float programme, of the 
Otranto Gap Experiment (OGEX), the aim of which was to develop an understanding 
of the complex physical processes which contribute to large and meso-scale 
oceanographic variability in support of military operations in the Adriatic Sea. 

Prevailing surface and intermediate currents dispersed the drifters and floats from the 
point of deployment, to sample most of the Adriatic Sea and some of the Ionian Sea, 
providing the first large-scale, accurate, near surface current data set of this sea area, 
from which important circulation characteristics were identified, quantified and 
interpreted. The trajectories of surface dnfters and subsurface floats in the coastal 
environment of the Adriatic Sea can be used for military mission planning and on- 
scene decisions for Mine Counter Measures (MCM) operations. In addition, the 
temperature data collected by Lagrangian instruments can be used to improve sound 
propagation models for underwater acoustic detection in the context of Anti 
Submarine Warfare (ASW). 

The results demonstrate that drifter and float measurements can be a practical and cost 
effective alternative to the use of stationary current meters. 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

intentionally blank page 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

Drifter and Float Observations in the Adriatic Sea (1994-1996): 
Data Report 

P.-M. Poulain, P. Zanasca 

Abstract: During the period December 1994 to November 1995, 62 Argos mcked 
surface drifters, one Argos tracked drifter drogued to 300 m and 3 Argos tracked sub- 
surface floats were released in the Adriatic Sea to describe the characteristics of the 
sub-tidal surface and intermediate level (300 m) circulation and temperature fields at 
scales ranging from a few kilometres (mesoscale) to hundreds of kilometres (large 
scale). 

These Lagrangian data sets, extending to December 1996, are described in this report. 
Full details of the data acquisition systems and data processing are provided to serve 
as a reference for the analyses published in the scientific literature. Graphics are 
included in the Annexes to illustrate drifter and float performance, position and 
temperature data, and Eulerian statistics. 

The drifter and float measurements comprise the first basin scale, accurate velocity 
and temperature in situ data over the Adriatic Sea. They describe quantitatively the 
major circulation features over the entire semi-enclosed basin in which issues such as 
defence, pollution and fisheries are paramount. 

At smaller scales, the Lagrangian data were used, in conjunction with hydrographic 
and satellite measurements, to study the mesoscale structure and dynamics of the 
complex circulation patterns in the Strait of Otranto and Southern Adriatic. 
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Introduction 

Several years ago, low cost, Argos tracked, Lagrangian mixed-layer drifters which 
could easily be deployed from ships of opportunity were developed by the World 
Climate Research Programme for long term sampling of the upper ocean environment 
(WCRP-26, 1988). This development afforded an opportunity for SACLANTCEN to 
begin a comprehensive measurement program of surface currents and sea surface 
temperature (SST) in support of Mine Counter Measure (MCM) operations in the 
Adriatic Sea. Lagrangian drifters provide a broad, basin-scale, coverage of mesoscale 
surface circulation and SST structures that can be used to complement ocean acoustic 
measurements and predictions of operational ocean acoustic environmental models 
and to study the movement characteristics of water masses. Drifter data are also used 
to validate satellite sensed oceanic parameters. 

In the early 19901s, subsurface floats that cycle vertically from a depth where they are 
neutrally buoyant to the surface, were developed to explore deep ocean currents and 
water mass properties in the world ocean basins. These devices are tracked by, and 
relay data to, the Argos system when they are at the surface. At depth, some designs 
are tracked acoustically. SACLANTCEN pioneered the use of such instruments in the 
relatively shallow and constrained geography of the Adriatic Sea with the objective to 
autonomously track intermediate currents near 300 m depth and to monitor the 
temperature in the water column for long time periods (i.e., up to a year). Such data 
are useful for MCM and ASW operations in the Adriatic Sea. 

Drifter and float deployments began in December 1994 and by November 1995, 6 3  
drifters and 3 floats had been released from various research vessels. By December 
1996, approximately 6,300 days of drifter data had been acquired through Service 
Argos. This memorandum describes the drifter and float data obtained from 
December 1994 to December 1996. The drifter and float position data were used to 
construct a velocity data set, from which maps and statistics of the circulation were 
made. A detailed description of the Adriatic Sea circulation as measured by the 
surface drifters can be found in Poulain (1998). 
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Data acquisition systems 

2.1 DRIFTER HARDWARE AND SOFTWARE 

2.1. I Surface drifter 
The surface drifter used in this study is similar to the one used in the Coastal 
Dynamics Experiment (CODE) in the early 1980's (Davis, 1985). It consists of a 
slender, vertical, 1 m-long negatively buoyant tube with four drag-producing vanes 
extending radially from the tube over its entire length (Fig. la). The total lateral 
extent of the system is about 1 m. The buoyancy is provided by four small spherical 
floats attached on the upper extremities of the vanes with a short (about 27 cm) 
flexible line. A small antenna for satellite tracking and data transmission is attached 
on the top of the tube and extends about 37 cm above the sea level (Fig. lb). A 
thermistor is embedded in the main tubular hull at about 40 cm under the sea level for 
measuring sea surface temperature (SST). The drifters used in this study were 
manufactured by Technocean, Cape Coral, Florida, USA. 

The drifter can be easily deployed in a cardboard box by any able-bodied person as 
its weight is only about 8.4 kg (Figs. l c  and Id). Since the deployment box is sealed 
with sea-water soluble tape, it breaks open within an hour of immersion and allows the 
drifter to extend its four drag-producing vanes. The transmitter is switched on by 
removing (manually before release or automatically in the water) a magnet that is 
originally attached to the hull with water soluble tape. 

Comparison with current meter measurements (Davis, 1985) and studies using dye to 
measure relative water movements (D. Olson, Personal Communication) showed that 
the CODE drifter-inferred velocities are accurate to about 3 crnls, even under strong 
wind conditions. 

The transmission period of the ST-5 transmitter is 90 k 6 s. The controller samples the 
thermistor once a minute and calculates an average temperature every 15 minutes. At 
the time of drifter manufacture, the SST sensor was calibrated to M. l °C  in the range 
of -5 to 39OC. The temperature data is transmitted by the ST-5 with 0.05OC resolution. 

In order to take advantage of a special scientific tariff for Argos tracking and data 
telemetry, the ST-5 was programmed to transmit with an intermittent duty cycle after 
30 days of continuous operation. A repetitive duty cycle with transmission enabled 
for 24 hours and disabled for the consecutive 48 hours was adopted. 
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2.1.2. Drogued drifter 
One drifter drogued to 300 m depth was used to track the intermediate currents. It is 
similar to the WOCEYI'OGA Lagrangian Drifter (Sybrandy and Niiler, 1991) but the 
tether between the subsurface sphere and the holey-sock was extended in order to 
have the drogue centered at 300 m nominal depth. Sea surface temperature and 
drogue presence data (from a sea water switch and a strain gauge) are telemetered 
with, and the positioning are done by, the Argos system. Transmissions are continuous 
(i.e., every 90 seconds) for 90 days after which they are enabled for one day out of 
three, during another 90 days. Details about the WOCl3TOGA Lagrangian drifter can 
be found in Poulain et al. (1996). The drifter used was manufactured by Clearwater 
Instrumentation, Watertown, Massachusetts, USA. 

2.2 FLOAT HARDWARE AND SOFTWARE 
The ALACE and MARVOR floats (Fig. 2) are systems that cycle vertically from a 
pre-determined depth where they are neutrally buoyant to the surface where they are 
located by, and relay data to, the Argos system onboard the NOAA polar-orbiting 
satellites. They change their buoyancy by pumping hydraulic fluid from an internal 
reservoir to an external bladder, thereby increasing float volume and buoyancy. For 
our study in the Adriatic Sea, both systems were programmed according to the 
following repetitive cycle: drift at 300 dbar nominal depth for about 2 days followed 
by about one day at surface (Fig. 3). 

2.2.1 ALACE float 
The Autonomous Lagrangian Circulation Explorer (ALACE) is a neutrally buoyant 
subsurface float originally developed to provide general circulation velocity 
observations and repeated vertical profiles for the World Ocean Circulation 
Experiment (WOCE). 

The ALACE is an aluminum cylinder about 1 m long and with 17 cm diameter (Davis 
et al., 1992). A complete float has a mass of about 23 kg. A 70 cm-long antenna is 
mounted on the top. A 35-cm diameter plastic disk surrounds the pressure case, 
perpendicular to the float axis, and about 25 cm from the top cap. It provides 
resistance to relative flow past the float and damps heaving oscillations when the float 
is at the sea surface. The major components of the ALACE are shown in Fig. 4. There 
are three major subsystems: a hydraulic system to adjust buoyancy, a microprocessor 
to schedule and control various functions, and the Argos transmitter and antenna. The 
external bladder that receives hydraulic fluid is located at the bottom of the float. It 
has the form of a hemisphere. When the float has the minimum volume, the bladder 
retracts into a hemispheric cavity of approximately the same radius than the lower end 
cap. A small oil-filled flexible tube mounted outside of the end cap is ported to an 
internally mounted strain-gauge pressure transducer in order to measure the external 
pressure. An internal thermistor is cemented to the lower end cap to report at-depth 
temperature. The power provided by a lithium battery pack corresponds to a typical 
autonomy of 128 dives down to 400 dbar. 

The profiling temperature ALACE has an additional temperature probe in the top end 
cap. It is manufactured from a stainless steel tube, 10 cm long and with 0.5 cm outer 
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diameter. It contains a thermistor packed in a thermally-conductive grease (Sherman, 
1993). Temperature and pressure are sampled every 2.5 seconds while the float is 
ascending. The temperature is averaged in 108 bins of 3 dbar. 

The oceanographic data telemetered to Argos includes (1) the pressure and 
temperature (internal) averaged during the first half and second half of the time spent 
at depth and (2) the 3-dbar averaged temperature profile. 

The ALACE floats used in this experiment were ballasted in laboratory to become 
neutrally buoyant at a nominal depth of 300 dbar for the typical values of 
temperature (14 "C) and salinity (38.7 PSU) encountered in the release area (Gacic et 
al., 1996). They were programmed to stay at the surface for 21.02 hours and to 
perform a complete dive cycle in 72.05 hours. 

The ALACE basic hardware was manufactured by Webb Research Corporation, East 
Falmouth, Massachusetts, USA. The float was equipped with a temperature sensor, was 
ballasted and was programmed at Scripps Institution of Oceanography, La Jolla, 
California, USA. 

2.2.2. MAR VOR float 
Also designed within the framework of WOCE, the MARVOR (which means sea horse 
in the old Celtic language) is a multicycle subsurface float that drifts freely at a 
prescribed pressure and provides direct measurements of the deep oceanic circulation 
(Ollitrault et al., 1994). It is a RAFOS1 type float that can be located at depth by 
recording times of arrival of SOFAR* signals emitted by moored acoustic sources. It 
ascends to the surface at regular intervals to transmit data via the Argos satellite 
system. 

The housing of the MARVOR is made up of an aluminum cylinder 17 cm in 
diameter, 1.8 m long (2.4 m with antenna) and 38 kg in weight (Fig. 5). It is sealed at 
the top by a hemispherical cap fitted with a hydrophone, an Argos antenna, a 
damping disk and a SAIL connector. The bottom end comprises all electro-hydraulic 
parts inside the tube and a neoprene bladder, outside, protected by a fiber glass 
housing. A pressure sensor is connected through the cap with bladder oil, and a 
temperature probe is stuck on the internal face of the cap. The hydraulic system 
permits the float to go either up or down by transferring oil from an internal reservoir 
to the bladder. Two valves, with different rates, are used to let oil flow from the 
bladder to the reservoir, under the effect of hydrostatic pressure. A motor driven 
micro-pump transfers oil from the reservoir to the bladder. Contrary to the ALACE, 
the MARVOR does not require ballasting to a prescribed depth prior to its operational 
use. The pressure level is simply programmed and, from the information provided by 
the pressure sensor, the volume of the bladder is modified to reach and maintain the 
desired pressure. Hence, the MARVOR is an isobaric float. At neutral depth, pressure 
and temperature are measured at 1-hour intervals with an accuracy of f0.03"C and 
f 10 dbar, respectively. Automatic buoyancy adjustments are made to keep the float at 
the selected operating depth. 

' RAFOS means SOFAR spelled backward and corresponds to a float that listen to sound signals 
emitted by fixed moored sources. 

SOFAR stands for Sound Fixing and Ranging. 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

Due to the unavailability of moored sound sources, the RAFOS acoustic tracking was 
not performed and locations were only calculated when the float came to the surface 
using the Argos system. In other words, we used the MARVOR as an autonomous 
system like the ALACE. 

Given the prescribed target depth of 300 dbar and the desired short dive cycle of less 
than three days imposed by experiment objectives, the MARVOR software was 
updated and the float was tested at sea in March 1995 (TEKELEC, 1995). The 
objective of the test at sea was to program the MARVOR in such a way as to minimize 
the descent time down to the shallow depth of 300 dbar keeping a limited depth 
overshooting. One short dive cycle of about 4 hours was performed. After setting 
various parameters controlling the actions of the two valves and the pump, the test 
revealed that the total time spent for buoyancy loss and diving to about 300 dbar was 
about 2.75 hours and that the time spent for rising up to the surface and buoyancy 
retrieving was about 1.5 hours. Fig. 6 depicts the pressure in dbar and the hydraulic 
actions (valve opening or pump activation times in tens of seconds) versus local time 
during the diving cycle. The pressure overshooting at the end of the dive was about 
34 dbar. Only one pump action during 5 seconds stopped the diving and forced the 
float to rise to the equilibrium depth near 300 dbar. Based on these experimental 
results, the parameters were set for the Adriatic mission with a diving phase of 
approximately 3 hours, 48 hours of free drift at 300 dbar, an ascent period with 
buoyancy recovery of about 1.5 hours and Argos transmissions at the surface for 
19.5 hours. 

The pressure and temperature measured at hourly intervals both at depth and at the 
surface are telemetered to the Argos system while the float is at the surface, along with 
ancillary technical data. 

The MARVOR float was manufactured by TEKELEC-Systemes, Les Ulis, France. It 
was tested and calibrated by IFREMER, Brest, France. 

2.3. ARGOS TRACKING AND DATA TELEMETRY 
The Argos Data Collection and Location System (DCLS) installed on the National 
Oceanographic and Atmospheric Administration (NOAA) polar-orbiting Tiros-N 
satellites, receives and processes all transmissions of the Argos transmitters visible by 
the satellites. The satellite orbit is sun-synchronous and has a duration of 
approximately 101 minutes (14 orbits per day). With the DCLS on two NOAA 
satellites (with an offset of 75" between orbital planes) the mean number of passes per 
24 hours over a site near latitudes 40°N and 46"N is 12. Each time a satellite passes 
over a telemetry ground station of the Argos ground system, the DCLS downlinks the 
recorded data. 

Platform location is determined by calculation of the Doppler effect on received 
frequencies. A given Doppler frequency shift corresponds to a field in the form of a 
half-cone with the satellite at its apex. The intersection of the various location cones 
obtained during the satellite overpass with the sea surface gives two possible positions 
for the transmitter. This ambiguity is removed using additional information, such as 
previous location and range of possible speeds. Prior to position calculation geometric 
tests are carried out to eliminate platforms for which an acceptable degree of accuracy 
cannot be guaranteed. The main causes of rejection are: (1) excessive erroneous 
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frequency shift, (2) unsatisfactory convergence due to noisy platform oscillator and 
(3) unacceptable distance from ground track (platforms too close and too far from 
the ground track cannot be located accurately). We have calculated the distribution of 
the number of locations per day from all the CODE surface drifters (Fig. 7a) and the 
WOCEITOGA drifter (Fig. 7b). For the surface drifters, only the first 30 days of 
continuous transmissions were considered. The distribution of the number of all 
transmissions with good data collection (including those without location) per day is 
also depicted in Fig. 7. For the surface drifters, the most frequent numbers are 12 data 
links and 8 positions per day. These statistics are good given that the mean number of 
passes per 24 hours over a site near latitudes 40°N and 46"N is 12. In contrast, the 
most frequent numbers for the WOCEiKOGA drifter drogued to 300 m are 11 data 
links and only 3 positions per day. This indicate that the surface buoy of the 
WOCEITOGA system remained often submerged hampering effective transmissions to 
the satellites, as confirmed by the sea water switch data (see Fig. 12). The location 
accuracy is provided by Service Argos by means of location classes: Classes 3, 2 and I 
correspond to an accuracy better than 150 m, 350 m and 1000 m, respectively. 

Drifter data can be obtained via the Argos on-line consultation service using, for 
example, the normal telephone network. In this way the data is available within a few 
hours from the time of measurement. With our approval, the position and SST drifter 
data were disseminated in quasi real time on the Global Telecommunications System 
(GTS) to be readily available for injection into weather forecast models of various 
national meteorological centers. At the end of each month, Service Argos copies the 
month-long data set onto floppy disks which are mailed to the user. 

2.4 DEPLOYMENTS 
Most surface drifters were deployed in their deployment cartons (Figs. l c  and Id).  
Because the deployment box is sealed with tape that readily dissolves in water and the 
onloff magnet is secured with the same paper tape, the box rapidly disintegrates in 
water releasing the drifter and turning on the Argos transmitter, within an hour from 
deployment. Drifters were generally thrown over the side away from ship-generated 
turbulence while proceeding at normal ship speed (Fig. Id). All of the drifters 
deployed from NRV Alliance were checked for good transmission prior to 
deployment using a portable Telonics receiver by partially opening the deployment 
box and removing the magnet. 

The deployment sites of the 62 surface drifters that were released in the Adriatic are 
shown with star symbols in Fig. 8a. The majority of them (52) were deployed in the 
eastern side of the Strait of Otranto as part of the NATO SACLANT Otranto Gap 
project whose major goal was to assess the regional oceanography and the marine 
geology of the Albanian continental shelf and the Strait of Ot ra~ to .  Clusters of 
drifters were deployed at fixed locations in the strait from December 1994 to October 
1995. Deployments in December 1994, May and August 1995 were conducted 
during hydrographic and mooring operations onboard the NRV Alliance (OGEXO, 
OGEXl and OGEX2 cruises). Additional releases in May, July and October 1995 
were performed by the Hellenic Navy Hydrographic Office. The repetitive seeding 
was planned to maintain a continuous minimal population of drifters in the Strait of 
Otranto area in order to study the mesoscale and seasonal variabilities of its surface 
currents. An attempt was made to extend the Lagrangian measurements to the entire 
Adriatic basin by releasing 10 drifters in the northern and central Adriatic in May 
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1995 during a "Programma di Ricerca e Sperimentazione per il Mare Adriatico" 
(PRISMA) hydrographic cruise. 

The WOCEjTOGA drifter drogued to 300 m and the MARVOR and ALACE floats 
were deployed from NRV Alliance during the OGEXI cruise (May 1995) in the Strait 
of Otranto area (Fig. 8b). The ALACE was recovered in the northern Ionian Sea on 
26 August 1995 during OGEX2. After maintenance and battery change, the same 
ALACE (with ID number 23590) was re-deployed at the same location in the Strait of 
Otranto in November 1995. A list with the drifter and float life statistics is shown in 
Table 1. 
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Data processing 

3.1. ROUTINE PROCESSING 
The Argos data base in Toulouse, France was interrogated on an ad hoc basis via the 
telephone network and Enhanced Location Software for Argos (ELSA) to obtain 
recent drifter positions and SST data. They were used to monitor drifter movements 
(especially during sea trials) and to optimize additional seeding of drifters based on 
existing drifter numbers and positions. Complete position and sensor data were 
obtained from Service Argos once a month on floppy disks. 

3.2. REDUCTION AND EDITING 

3.2.1 Drifter data reduction 
The data for each drifter (CODE and WOCESTOGA) were read, reduced and written 
into individual files (B-files) which were updated monthly as long as the instrument 
provided good data. The sensor data were processed and reduced in the following 
way. The sensor data (i.e., time, voltage and temperature) records telemetered during a 
single satellite overpass were decompressed, that is, each record was repeated by a 
number of times equal to a given compression index and the repeated records were 
shifted back in time by successive 90 s increments. The data were then sorted in 
increasing sequential order and the median values were estimated. These median 
statistics were assigned to the drifter location and were written into the output raw file. 
Note that the median sensor and the position times vary according to the time 
distribution of sensor data transmissions during the satellite pass. For the passes with 
good sensor data but for which no drifter location was provided by Service Argos, the 
output raw latitude and longitude were assigned with the 999.999 default value. 

During the reading and reduction process, the data were converted into modified 
Julian days referred to the year 1994 (Annex A) and longitudes west of the 
Greenwich meridian were converted into negative east longitudes. The deployment 
coordinates (time, latitude, longitude and bucket SST) were added to the drifter time 
series as the initial record. A location class 4 (accuracy better than 100 m determined 
by ship GPS navigation system) was assigned to this record. The raw data time series 
for drifter 23326 are presented in Fig. 9a. Data spikes are evident in the position and 
temperature time series, especially in May 1995. The location classes and the 
distribution of position fixes during the day are also displayed in Fig. 9b. Edited time 
series are shown in Fig. 9c. 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

3.2.2 ALACE and MARVOR Data reduction 
The ALACE data (i.e., position, time, sea surface and deep temperatures, temperature 
profile) telemetered during each individual satellite overpass were processed using 
software developed by Scripps Institution of Oceanography, La Jolla, California, USA. 
Hexadecimal records were transformed into physical units using coefficients obtained 
from laboratory pressure and temperature calibrations. Converted data were written 
into the B-files. The MARVOR hourly temperature and pressure data were read 
directly from the raw Argos messages and written into the B-files without any 
processing. For the passes with good sensor data but for which no drifter location was 
provided by Service Argos, the output raw latitude and longitude were assigned with 
the 999.999 default value. The raw position data (latitude and longitude) are plotted 
versus time in Figs. lOa, lob and IOc for the two ALACEs and the MARVOR, 
respectively. Also shown for each float, are the times of surface fixes in a three day 
window. The 24 hour transmission period (at the surface) and the 48 hour diving 
period are striking for the two ALACE floats. 

The raw temperature and pressure (depth) data for the first ten dives of ALACE 
23589 are depicted in Fig. 1 1. 

3.2.3 Determination of time of last good fix and type of death 
The type of malfunction or the circumstances of the termination receipt of good 
quality oceanographic data have been carefully investigated by examining the suspect 
records in the context of their proximity to the coast line, their lack of motion and the 
probability that they were picked up by seafarers. The large temperature variations 
corresponding to diurnal heating of the air are also a good indicator of grounding. 
Thus, the time for the last good fix was determined and the type of "death" was 
classified into one of four categories: Grounded; Picked-up; Battery failure; Unknown 
(Table 1). As a example, drifter 23326 (Fig. 9a) ended up on the Italian shore and the 
time of last good fix was taken as 1 1  August 1995 at 06:56 UT. 

3.2.4 Determination of time of drogue loss (WOCETOGA drifter) 
The sea-water switch on the surface floatation sphere of the WOCDTOGA drifter 
provides submergence data which are used to determine whether or not the holey- 
sock drogue is attached. Submergence counts, i.e., the number of seconds the sphere 
is submerged per half hour time periods, are displayed in Fig. 12. Values as large as 
300 seconds (5 minutes) were obtained during the first 30 days of drift. After that 
time, except for occasional spikes, the nil submergence count indicates that the drifter 
had probably lost its drogue. 

3.2.5 Location data editing 
As discussed above, Service Argos provides quality indices, designated location 
classes, for all locations determined. Being probabilistic, these indices do not preclude 
the occurrence of occasional large errors. An editing procedure derived from 
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statistical tests for the full sequence of data values was applied, based upon speed 
between consecutive locations. 

The raw data in the period between deployment and last good fix times were 
processed as follows: 

1 )  For each drifter or float, a range of physically possible values of latitude and 
longitude are defined. Data points outside this range are flagged with a time equal to 
999.999. 

2) The records are arranged in ascending temporal sequence. Velocity components 
are estimated for each satellite separately by finite differencing successive positions. 

3) Only velocities computed from the data points inside the same 24-hour 
transmission window are considered. Velocities corresponding to a time difference in 
excess of 48 hours are excluded. Suspected outlier velocity points are searched using 
Chauvenet's criterion. Assuming that the underlying basic velocity distribution is 
Gaussian, this statistical test rejects observations that are more than c times the standard 
deviation from the mean. The value of c satisfies N P(-c) = 0.5 where N is the total 
number of observations and P is the cumulative distribution function of the Gaussian 
distribution (Hawkins, 1980). Thus, on average, half an observation is rejected, 
regardless of N. The Chauvenet limits obtained for the two components of velocity are 
then averaged. The velocity observations exceeding these averaged limits are 
considered to be unreliable. 

4) Since an unreliable velocity observation corresponds to two position points, 
deciding which point of the pair is the flawed location is not trivial. This choice is 
usually made by considering the location classes. The point with the lowest location 
quality index is chosen as the flawed observation. In the case of a pair of points with 
identical classes, the previous and successive velocity magnitudes are used. If the 
previous (successive) velocity magnitude is larger than the successive (previous) one, 
the first (second) point is considered flawed. 

5) When a latitude or longitude point is considered flawed, the corresponding time is 
assigned the 999.999 value. The statistical editing process is then iterated (operations 
2 to 5) excluding the records flagged by a 999.999 time value. 

The iteration procedure stops when one of the following conditions is fulfilled: (a) 
Three consecutive iteration loops result in no reduction of the number of edited 
points. (b) The difference between the mean speed (i.e., the magnitude of the mean 
velocity vector) computed from the present and previous edited velocity distributions, 
is inferior to 0.05 cm s-' (value determined experimentally). 

It is important to note that if one of the Chauvenet limits happens to be (or comes) 
within the drifter or float velocity resolution, then the rejection limit is substituted by 
the constant resolution value for the rest of the iterative procedure. This is necessary 
to stop the loop process for some velocity distributions (usually with a relatively small 
number of points) which would have removed the entire set of observations. The 
velocity resolution was estimated by taking into account the position resolution 
provided by Argos (one thousandth of a degree) and the minimum time separation 
between fixes by the same satellite (about 100 minutes). It is about 1.85 cm s-' . 
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At the end of the statistical editing process, the data of the different satellites are 
recombined into a single sequence series. Records with identical times are edited, 
retaining only the data stream corresponding to the highest location class, or to the 
location more similar to the adjacent data points. Those records with time not 
substituted by the 999.999 value are written in a position edited file (named P-file) 
containing the position time, latitude, longitude and location class. 

When the position time series are scrutinized, remaining spikes are removed using a 
manual interactive program which flags the corresponding records with a time equal 
to 999.999 in the P-file. 

3.2.6 Determination of time of last good sea surface temperature (CODE drifters) 
The time of last good sea surface temperature was estimated by examining the 
temperature records and comparing them to typical climatological values in the sea 
area. Continuous unacceptable range temperatures were edited out by assigning the 
temperature cut-off time before the anomalous values start. 

3.2.7 Sea surface temperature editing (CODE drifters) 
For each satellite, the temporal temperature variations are computed from successive 
overpasses within the same 24-hour transmission time period. Using Chauvenet's 
criterion and the comparison with the neighboring variations, temperature points are 
edited iteratively in a way similar to the location data (see section 3.2.5). When only 
one temperature record is available in the 24-hour window, this value is compared to 
the mean temperature during the preceding and subsequent 24-hour time periods, and 
rejected if both differences exceed 0.15"C (threshold value obtained experimentally 
and equal to three times the temperature resolution). 

At the end of the temperature editing process, the data corresponding to the different 
satellites are combined and records with identical times are edited. The temperature 
time series are edited manually and all sensor data records (time, temperature and 
battery voltage) are written in a sensor edited file (called S-file) where the flawed 
temperature values are substituted by 999.999. 

3.3. INTERPOLATION AND FILTERING 
The despikec' data were interpolated onto regular intervals using an optimum analysis 
technique known as Kriging (Hansen and Herman, 1989; Hansen and Poulain, 1995). 
The Kriging used here employed an analytic function fit to a structure function 
computed from the entire despiked data set. The structure function is defined as 

where x, and xi are the observations (latitude, longitude or temperature) of the same 
instrument at tlmes t ,  and tj, and () represents an ensemble mean. Assuming stationary 
statistics, the ensemble mean was substituted by a time average procedure in which the 
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squared differences of the observations were sorted into one hour lag intervals and 
averaged. The results are presented in Figs. 13a and 13b for time lags up to 10 days. 
The number of pairs of observations considered is also depicted. Due to the 24-hour- 
011148-hour-off transmitter duty cycle, few data pairs exist for lags included between 1 
and 2 days, 4 and 5 days, etc. 

To provide structure function values at all possible lags needed for the interpolations, 
the empirical values must be modelled by a conditionally negative definite function. 

We used a fractional Brownian motion model (Hansen and Poulain, 1995) 

in which z denotes time lag (in days) and the parameters a and P are determined from 
the empirical data. The fitting of the above model was only applied for those time lags 
with many observation pairs to avoid data gaps created by the intermittent 
transmission mode. The parameter P was varied from 1 to 2 by increments of 0.01 
and for each value, a was obtained by least squares fitting. The pair of parameters 
corresponding to the maximum explained variance was selected. These parameter 
values are listed in Table 2. The corresponding model analytical functions are 
depicted in Fig. 13 (dotted curve). 

The edited position and temperature from the drifters and floats were interpolated at 
regular 2-hour intervals using the Kriging technique with the above structure function 
model. Following experimentation, 20 observations were selected, 10 preceding and 
10 following each interpolation point, to carry out the Kriging interpolation technique 
(files called K-files). When data are few, as at the beginning or end of a drifter life, or  
where data intermittent, interpolations were done with as few as a single observation on 
either side of the interpolation time. Both the interpolated value and an estimate of its 
accuracy were computed. 

The interpolated positions and temperature were then low-pass filtered with a designed 
filter cut-off period at 36 hours (-3 dB at 36 hours and -49 dB at 27 hours) in order 
to remove high frequency fluctuations such as diurnal temperature variations and 
tidallinertial currents. The low-pass time series were finally subsampled every 6 hours 
and the velocity was computed by finite centered differencing the 6-hourly 
interpolatedlfiltered position data. The processed data files (called F-files) contain 6- 
hourly values of position, velocity and temperature. The velocity for the first and last 
records of each drifter, the temperature after failure of the SST sensor, and all the 
variables during temporary grounding, were assigned the 999.999 default value. If the 
time difference between the interpolated point and the closest edited observation is 
larger than 3 days, the corresponding velocity was assigned 999.999 in order to avoid 
meaningless interpolated velocity estimates in large data gaps. As an example, the 
smoothed and interpolated time series for drifter 23326 are depicted in Fig. 14. The 
raw position fixes are also shown. Note how the Kriging and low-pass filtering 
processes fill the 2-day gaps of the intermittent duty cycle after 30 days of continuous 
transmissions. 
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Table 2 Values of the nlodel structure function paranzeters derern~itled from the enlpirical latitude, 
longitude and temperature structure functions. 

= a,cP 

Latitude 
Longitude 
Temperature 
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Data presentation 

Selected drifter and float data are presented in the figures of Annexes B to D. 
Information on instrument performance, survivability and time distribution of data is 
given in Annex B. Annex C includes various graphical representations of the drifter 
and float data, e.g., graphics showing the ensemble of total displacements and 
trajectories of all the drifters and floats, float temperature profiles and contour plots, 
etc. Annex D focuses on the Adriatic Sea. Trajectory plots for the individual seasons 
are presented. The loci of fast surface flows are shown. Some Eulerian statistics of 
velocity and temperature are displayed in 15' latitude by 15' latitude boxes. 
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I CODE SURFACE DRIFTER K) 

Figure 1 Schematic diagram of the CODE surfme drifrer (a). Photograph of a deployed CODE 
drifter (b). Photograph of the CODE drifter packed in its deployment cardboard box. The portable 
receiver used to test the Argos transmission before deployments is also shown (c). Launch of a CODE 
drifter from NRV Alliance (d)  
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. J- & .. [I- 

Figure 3 Dive cycle of the ALACE and MARVORJoats. Typical durations for descent and ascent are 
indicated in minutes for each instrument. 
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ARGOS ANTEtJ!!A 

Figure 4 Schematic of the ALACEjloat, without temperature probe. 
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Figure 5 Schematic of the MARVORfloat 
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Local t ~ m e  (hoursj 
Figure 6 Pressure (dbar) and hydraulic actions (valve opening or pump activation times in tens of 
seconds) versus local time during a rest diving cycle of the MARVOR. 

RAW DATA, FIRST 30 DAYS, DEC944ARW 

Figure 7 Histogram of the number of 
position (solid columns) and data (dor- 
dashed columns) for all the CODE 
drifrers during their jirsr 30 days of 
operation (a) and for the WOC,?YTOGA 
drifrer (b). 

TOGA DRIFTER 24518 RAW DATA 
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STRAIT OF OTRANTO b) 

LONGITUDE EAST 

$ MARVOR 23588 
WOCEITOGA 2451 8 

0 ALACES 23589 8 23590 

Figure 8 Bathymetry of the Adriatic sea with sites (star symbols) of surjiace dtifer deployments (a). 
Strait of Otranto and deployment locations of the TOGA/WOCE drifter and the ALACE MdUARVOR 
floats (b) 
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23326 : RAW DATA 
SJ-I I 

23326 : RAW DATA 
a4 

b) -............. - .  - .  - -  . . 

Figure 9 Raw data time series for drifrer 23326. (a )  Latitude, longitude and temperature. (b)  Location 
class and distribution of data received during an 24 hourperiod (dot and star symbols for NOAAl2 
and NOAAl4 satellites, respectively). 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

23326 : EDITED DATA , 
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F i  9c Edited time series 
of temperature, latitude, 
longitude for drifrer 23326. 
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F i r e  10 Raw position data (latitude and longitude) and times of surface fixes in a three day 
window for ALACE 23589 (a), ALACE 23590 (b). 
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Figure 10c Raw position data 
(latitude and longitude) and times of 
su@acefixes in a three day window 
for MARVOR. 

MARVOR FLOAT 23588: 18MAY9548JUN96 

1 
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Figure 11 Raw temperature and pressure (depth) data versus time forALACE 23589. For each of the 
first 10 cycles, the two deep pressures are plotted with star symbols (in red for thefirst halfperiod of 
immersion and in blue for the second) along with the vertical temperature profile measured during 
ascent. The successive profiles are shifted to the right of each other by 2 OC 

bo I 
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Figure 12 Submergence counts 
for WOCEITOGA drifrer 2451 8. 

T" 
Figure 13a Structure $. 
functions for position data + 

with analyticalfunction fit. ' 
W 

a 1 5 4 t a a i a  - W (-1 

Figure 13b Structurefunctions 
for temperature data with 
analytical function jit. 
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Annex A 
1994 day conversion tables 

All times in the Adriatic sea drifter data set are Universal Time (UT) and are expressed in 
modified Julian days referred to year 1994 (first year of the program). This annex contains 
the date conversion tables for years 1994 to 1996. 

Table A1 Modified Julian Day - Year 1994 (referred to 1994) 

Mont 
h 

Jan Feb Mar Apr May Jun Jltl Aug Sep Oct Nov Dec  
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Table A2 Modified Julian Day - Year 1995 (referred to 1994) 

Moot 
h 
Day 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

15 

I6 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1 

Jan Feb Mar Apr May Jul Aug 

547 578 

548 579 

549 580 

550 581 

551 582 

552 583 

553 584 

5.54 585 

555 586 

556 587 

557 588 

558 589 
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Table A3 Modified Julian Day - Year 1996 (referred to 1994) 

Moot 
h 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

Annex B 
Drifter performance statistics 

The statistics of the drifter and float system performances are presented in the tables 
and figures included in this Annex. The time distribution of the drifter data is 
represented in two ways: ( I )  Bar diagram showing the life times of all drifters and (2) 
the distribution of the number of active drifters as a function of time. Longevity 
characteristics are displayed in a survivability plot. 

Table B1 Surface drij'ler performance statistics: Maximum life time, half-life and number of 
ah~m-days. 

Maximum Life Time 
Half Life 

Number of Drifter-days and Drifter years 

Table B2 Days, years and percentage of drifter presence in the Adriatic and Ionian Seas. 

Number of Drifter-days and Drifter years 
in the Adriatic Sea (North of 40N) 

in the Ionian Sea (South of 40N) 

years 
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Figure B1 Horizontal bar diagram showing the life rimes of all the drifrers andfloats berween 
December 1994 and December 1996. 
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TIME DISTRIBUTION OF DATA 

Figure B2 Total number of simultaneous drifters andfloats alive as afunction of time. 

FRACTIONAL DECAY: ADRIATIC DECgCDECW 

0.3 - 
03-  

a1 - MEAN HALF UFE = 102 DAYS 

Figure B3 Drifter survivability plot showing the fraction of deployed drifters still transmitting (and 
freely drifting with the currents) as a function of time after deployment. The time corresponding to a 
fraction of 0.5 is the mean half life, i.e., 102 days. 
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Annex C 
C o m p o s i t e  t ra jectory  maps and t e m p e r a t u r e  c o n t o u r  plots 

This section includes geographical maps and vertical cross-sections with various 
representations of the global data set. Composite "spaghetti" diagrams (total displacements, 
trajectories of drifters and floats) and contour plots of the temperature profiles obtained 
from the floats are presented. 

TOTAL DRIFTER DISPLACEMENTS 

Longitude east 

Figure C1 Total displacements for all the drifrers andfloats. Star and solid circle symbols indicate 
the deployment and last fir locations, respectively. The lines are color coded with respect to the 
difleerent deployment episodes. 
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FILTERED DRlRER TRACKS: DEC94-DEC96 

COO€ dnbn:  green ( D d ) ,  red (PAISMA May95). blue (OOEX May351 

magenla (Ju195). cyan (Aug95) and black (06) 

Fbab and WOCUSVP dnfler : ydbw 

Longitude east 

Figure C2 Filtered trajectories for all the drifers andfloats color coded with respect to the 
different deployment episodes. 

Report no. changed (Mar 2006): SM-340-UU



SACLANTCEN SM-340 

WINTER 95 
46 

45 

5 44 
0 
C 

43 43 
2 - .- 
3 42 

41 

M - 
12 14 16 18 20 

SUMMER 95 

longitude east 

SPRING 95 

FALL 95 

longitude east 
WINTER 96 

7" 

12 14 16 18 20 
longitude east 

Figure C3 Filtered trajectories of the sugace drifrers for the different seasons. 
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a) ALACE 2: - 3 

18 18.- 
Longitude East 

ALACE 235W 

401 -, - 
14 15 16 17 18 1 E 

Longitude East 
Figure C4 Edited trajectories of the ALACEfloats with su$ace (deep) segments in white (black) 
superimposed on the bathymetry. The bathymetry (1/12O resolution) is color-coded and is also 
contoured (isobaths of 300 and 1000 m in red. A star symbol is shown at the deployment location : (a)  
float 23589 and (b)float 23590. 
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ALACE 23589 Temperature Cross-Section (deg C) 

ALACE 23590 Temperature Cross-Section (deg C) 

170 180 190 200 210 22C 230 
Time (days of 1995) 

350 400 450 500 550 600 650 
Time (days of 1995) 

Figure C5 Contour sections of the temperature in the water column above 80 m as afunction of time 
following the Alace floats: (a)  23589 and (b)  23590. The development ofthe seas& mixed-layer and 
thermocline in spring and summer is evident, along with strong localized mesoscale tempemre features. 
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Annex D 
Drifter data in the Adriatic Sea: 

Velocity and temperature statistics 

A composite "spaghetti" diagram and a plot showing the loci of the fast surface currents 
(speed in excess to 40 crn/s) are showed for the Adriatic Sea. Eulerian statistics calculated 
by averaging the drifter low-pass filtered velocity observations in bins of 15' latitude by 15' 
latitude are reported. The number of observations, the mean value and the variance are 
displayed. The statistics are represented as mean velocity vectors and principal axes of 
variance. The principal axes of velocity variance have been computed as follows: Their 
length is equal to twice the roots h, and h, of 

where u' and V' are the residual velocity components. The direction of the major axis, 8, is 
related to (u'v') by 

(u' v') 
0.5 tn(28) = (("12) - ( u l ? ) )  

The seasonal cycle of the sea surface temperature is also depicted. 
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Figure Dl  Low-pass filtered drifter trajectories in the Adriatic Sea color-coded according to the 
deployment events: 3 December 1994, OGEXO (magenta), 6-16 May 1995, PRISMA (blue), 17-22 
May 1995, OGEXI (green), 25 July 1995 (black), 26 August 1995, OGEX2 (red) and 13 October 
1995 (cyan). Star and solid circle symbols are depicted at the deployment and last "good" transmission 
sites, respectively (a). Drifter trajectory segments corresponding to speeds in excess to 40 c d s .  The 
number of individual drifters (posted numbers) and the number of 6-hourly velocity observations 
(green tints) in 15' by 15' bins illustrate the non-uniform spatial distribution of the dn$erdata set (b). 
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Figure D2 Maps of mean currents (a) andprincipal axes of sub-tidal velocity variance (b)  as estimated 
in 15' by 15' bins from the entire surface drifrer data set. Gray shades indicate regions deeper than 
200,1000 and 1200 meters. 
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Figure D3 Low-pass filtered sea surface temperature for all the drifters plotted versus time. The 
seasonal variations between 10°C and 28°C are evident. 
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