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Drif te r  Observat ions in the Nordic 
Seas (1991-1995): D a t a  R e p o r t  

P.-M. Poulain, P. Zanasca and A. 
Warn-Varnas 

Executive Summary:  This memorandum describes the data acquired dur- 
ing the SACLANTCEN Nordic Seas Drifter Programme for subsequent scien- 
tific analyses. 

The drifter programme was a part of the Greenland-Iceland-Norwegian (GIN) 
Sea Project the aim of which was to develop an understanding of the com- 
plex physical processes causing variability a t  large, meso- and fine scales. It 
studied the characteristics and the variability of the near-surface ocean current 
and temperature in the Nordic seas in support of acoustic ASW and MCM 
operations. 

The majority of drifters were deployed from NRV Alliance during hydrographic 
surveys, providing unique measurements of current and temperature in the 
complex Iceland-Faeroes frontal structures which were combined with other 
oceanographic measurements for nowcasting and forecasting of ocean variabil- 
ity. 

After their use in the regio~l.al frontal zones where they were deployed, the 
drifters were dispersed by prevailing surface currents to sample most of the 
ice-free Nordic seas. They provided the first basin scale, accurate, near surface 
data set from which many important circulation characteristics were discovered, 
quantified and interpreted. The results of the drifter experiment demonstrate 
that drifter measurements can be a practical and cost effective alternative to the 
extensive use of stationary current meters. It is also an advantage of satellite 
tracked drifters that one need not stay in an area to obtain the oceanographic 
information. In addition, the drifter temperature measurements have been used 
in ~ i t u  to validate satellite remotely sensed data. 
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Dri f te r  Observat ions in t h e  Nordic  
Seas (1991-1995): D a t a  R e p o r t  

P.-M. Poulain, P. Zanasca and A. 
Warn-Varnas 

Abstract :  During the period June 1991 to August 1993, 107 Argos tracked 
drifters drogued to 15 m depth were released in the Nordic seas (or Greenland- 
Iceland-Norwegian [GIN] sea) to study the variability of the near-surface circu- 
lation and temperature fields a t  scales ranging from a few kilometres (mesoscale) 
to thousands of kilometres (basin-wide large scale). 

An additional data set, extending to April 1995, is 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 performance, position 
and temperature data, and Eulerian statistics. 

These drifter measurements comprise the first basin scale, accurate near-surface 
velocity and temperature in situ data over the ice-free Nordic seas. The data 
from these drifters describe the major circulation features of a large inhospitable 
ocean area which has an important role in crucial issues such as global heat 
budget, fisheries and defence. 

At smaller scales, the drifter observations were used, in conjunction with hydro- 
graphic data, to  study the mesoscale structure and dynamics of the complex 
circulation patterns in the Iceland-Faeroe Frontal zone. The drifter sea sur- 
face temperature measurements were also used to validate satellite sea surface 
temperature data. 
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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 Cli- 
mate 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 acoustic Anti-Submarine Warfare (ASW) and Mine 
Counter Measure (MCM) operations in the Nordic seas. 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 char- 
acteristics of water masses. Drifter data are also used to validate satellite sensed 
oceanic parameters. 

Drifter deployments began in June 1991 and by August 1993, 107 drifters had been 
released from various research vessels and volunteer observing ships. By April 1995, 
approximately 31,000 days of drifter data had been acquired through Service Argos. 
This memorandum describ-s the drifter data obtained from June 1991 to April 1995. 
The drifter position data were used to construct a velocity data set, from which maps 
and statistics of the near surface circulation were made. A detailed description of 
the Nordic seas circulation as measured by the surface drifters can be found in 
Poulain et a1 (1995). The direct measurements of near-surface currents provided 
by the drifters deployed in the Iceland-Faeroe Frontal zone complemented extensive 
sets of hydrographic data that were used to diagnose the frontal dynamics and carry 
out forecasting exercises of ocean variability (Miller, Arango et a1 1995 and Miller, 
Poulain et a1 1995). The drifter SST data have also been used as ground-truth 
observations to calibrate satellite SST retrievals (Essen et a1 1995). 
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Data  acquisition systems 

2.1 DRIFTER HARDWARE 

The drifter used in this study is the WOCE/TOGA Lagrangian Drifter (Sybrandy 
and Niiler , 1991)) manufactured by Clearwater Instrument ation, Watertown, Mas- 
sachusetts, USA (Figs. l a  l b  and lc). The top flotation element is a small fiberglass 
sphere (33 cm diameter) housing an Argos transmitter and controller (Telonics ST- 
5)) allcaline battery packs, drogue-presence sensor (sea-water switch and/or strain 
gauge) and a thermistor for measuring SST. Attached to the surface float is a thin 
resilient tether terminating in a holey-sock drogue, centered at 15 m nominal depth. 
The tether is a 0.40 cm steel wire oceanographic cable coated with polyethylene to a 
diameter of 0.56 cm. A subsurface flotation sphere (20 cm diameter) is attached to 
the tether about 3 m below the surface to dampen the rapid movement of the drogue 
assembly, caused by breaking wind waves. The upper segment of tether, between 
the surface and subsurface spheres, is protected by heavy steel-mesh reinforced hose 
(1.9 cm diameter). The tether connections to the surface and subsurface floats and 
to the drogue are protected with cast rubber stress reliefs (carroting). 

The sea anchor for the WOCE/TOGA drifter is an eight section holey sock drogue 
made of Cordura nylon, a plastic-backed fray resistant cloth. The tether is attached 
to the drogue with a "taut-cross" hub from which extend six radials of the same 
oceanographic wire as the tether. The size of the drogue (6.41 m by 0.92 m)  was 
chosen such that the drag coefficient times the total frontal area of the drogue divided 
by the sum of the products of the frontal areas and drag coefficients of the tether 
and floats, the drag area ratio, R, is about 39 (Fig. la) .  With an R of about 39, the 
downwind slip of the drogue through water is expected to be less than 0.1% of the 
wind speed (Niiler et al 1995). The climatological winter months' mean resultant 
wind speed in the area of drifter data is less than 4 m/s (Hopkins, 1991)) it follows 
that the monthly mean wind-induced slip velocity is less than 0.4 cm/s. The drifter 
data were not corrected for bias introduced by wind produced slip. 

The transmission period of the ST-5 transmitter is 90 f 6 s. The controller samples 
the thermistor once a minute and calculates an average temperature every 15 min- 
utes. At the time of drifter manufacture, the SST sensor was calibrated to f O.l°C 
in the range of -5 to 40°C. The temperature data is transmitted by the ST-5 with 
O.l°C accuracy and 0.05". resolution. 
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Drogue presence is monitored by timing the submergence of the surface float with 
a sea-water switch. While the drogue is attached, drag causes the surface sphere to 
be submerged occasionally. If the drogue has been lost, the surface sphere remains 
at the surface and is not submerged by waves. When the surface float submerges, 
the contacts on the top of the sphere are shorted out by the sea water. The ST-5 
controller measures the length of time the contacts are shorted and accumulates 
these values over a 30 minute time period. The submergence number is updated 
every 30 minutes. 

By mid-1992, it became apparent that the sea-water switch on a number of drifters 
(Table 1) failed to activate, losing thereby its role as an indicator of drogue sepa- 
ration. Drifters deployed after October 1992 (Table l )  were equipped with a strain 
gauge transducer mounted on the inside of the surface float as a second drogue- 
presence indicator. Tension on the tether causes small deflections in the fiberglass 
shell of the surface sphere which are physically transmitted to a small flat square of 
semiconductor glued to the inside of the sphere adjacent to the tether attachment 
point. Strain on the sensor causes small changes in resistance in a Wheatstone bridge 
and this signal i amplified by a signal conditioner which is periodically interrogated 
by the ST-5 controller. Strain data are sampled every second and their statistics 
over a 30 minute interval are transmitted. The maximum and minimum values from 
the previous 30 minute time period are used to divide the strain range into four 
bins. This dynamic allocation was employed to account for the possibility that a 
higher sea state would result in a larger range of strain measurements than quiet 
conditions. The frequency of measurements in the four ranges of strain together 
with the highest and interval value of the strain measurements are transmitted by 
the ST-5. 

Battery level is also telemetered by the ST-5. For the majority of the drifters, the 
transmitter reports a non-zero number if battery voltage falls below working levels. 
A zero value indicates that the battery level is adequate. Some drifters (Table 
1) reported the battery level in volts and slow battery discharge can be detected 
(typically 0.4 volts per month at uninterrupted 90 s transmission periods). 

In order to take advantage of a special scientific tariff for Argos tracking and data 
telemetry in which costs are reduced by a third if transmissions are only active for 24 
hours in a 72 hour window, the ST-5 was programmed to transmit according to the 
following duty cycles (Table 1): (1) The majority of drifters transmitted for 8 hours 
in every 24 hour period; (2) some drifters deployed in August 1993 had continuous 
transmissions for 90 days, followed by a cycle with transmissions enabled for 24 
hours and disabled for 48 hours in every 3 day time period (Fig. 2). 
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2.2 ARGOS TRACKING AND DATA T E L E M E T R Y  

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 visibile 
during orbit. The satellite orbit is sun-synchronous and has a duration of approx- 
imately 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 65ON and 75ON is 22 and 28, respectively. 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 fre- 
quencies. A given Doppler frequency shft  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 posi- 
tions 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 frequency shift, (2) unsatisfactory convergence due to noisy platform os- 
cillator and (3) unacceptable distance from ground track (platforms too close and 
too far from the ground track cannot be located accurately). The mean  lumber of 
locations per day in the 60 - 80°N latitude band varies between 10 and 20. We have 
calculated the distribution of the number of locations per day (Fig. 3) from all the 
drifters with transmission over a third of a day. The mean is 7 and the most frequent 
number is 9 fixes over the 8 hour window. The distribution of the number of all 
fixes with good data collection (including those without location) per day is also 
depicted in Fig. 3. The mean is 9 and the most probable value is 11 fixes per day. 
These relatively high statistics show that the sampling rate of the Argos DCLS is 
optimum for the high latitudes of the Nordic seas. The location accuracy is provided 
by Service Argos by means of location classes: Classes 3, 2 and 1 correspond to an 
accuracy better than 150 m, 350 m and 1000 m, respectively. 

Drifter data can be obtained via the Argos on-line consulation 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. 
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2.3 DEPLOYMENTS 

Most drifters were deployed in their deployment cartons. Because the deployment 
box is sealed with tape that readily dissolves in water and the on/off 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 carried by two able-bodied seamen and thrown over the side 
away from ship-generated turbulence while proceeding at normal ship speed. 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 majority of drifters were released from three deployment sites (Fig. 4). Seasonal 
releases were made northeast, east (in cold/low-salinity modified Arctic waters) and 
southeast (in warm/high-salinity North Atlantic waters) off Iceland by scientists of 
the Marine Research Institute in Reykjavik, Iceland. In August 1991, March and 
October 1992 and August 1993, drifters were deployed from the NRV Alliance during 
Iceland-Faeroe Front surveys. Seasonal and monthly releases were made in the 
Norwegian Coastal Current system northwest of Bergen in southwestern Norway by 
the Norwegian Coast Guard. Several efforts were made to seed the Greenland basin 
(by German and Norwegian scientists in June 1991 and August 1992, respectively), 
but ice conditions prevented a regular deployment scheme. 
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Table 1. Life statistics of the Nordic seas drifters, including drifter identification 
number; time, latitude and longitude of deployment and of last good fix; bucket 
temperature at deployment; the geographical area covered given by the latitude and 
longitude extrema; times of drogue loss and last good temperature; life times of 
drifter, of attached drogue and of temperature sensor; type of death and comments. 
All times are Universal Time (UT) and are expressed in modified Julian days referred 
to 1991 (see conversion tables in Annex A). 
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SURFACE FLOAT 

HOLEY SOCK DROGUE 

MIDOLE RINGS OF PVC PlPE t BOTTOM RING OF PVC PlPE -- 
FILED WITH LEAD ROD BALLAST 

TOTAL WEIGHT : 32 KG. 
TOTAL BUOYANCY IN FRESH WATER : 9.66 KG 
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A y2 crn ' 

Figure 1 Schematic diagram of the WOCE/TOGA Lagrangian drifter with compu- 
tation of dmg area ratio (a). Photograph of a WOCE/TOGA drifter recovered after 
8 months in the Norwegian coastal current: (b) Global view with Holey sock drogue 
in the foreground; (c)  Detailed view of the surface and sub-surface spheres. The S S T  
sensor is apparent on  the surface float. 
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Figure 2 Transmission time windows for all the drifte,r numbers shown in vertical 
scale, i .e. ,  periods of the day for which transmissions were rlceived at least once 
during the entire drifter life. 
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2 4 6 8 10 12 14 16 

NUMBER OF FIXES PER DAY 

Figure 3 Histogram of the number of position (solid black columns) and sensor data 
(open columns) fixes per day. 
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* ICELAND * NORWAY 

Figure 4 Bathymetry of the Nordic seas with sites of drifter deployments (star 
symbols). 
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D a t a  processing 

3.1 WEEKLY ROUTINE PROCESSING AND DISPLAYING 

The Argos data base in Toulouse, France was interrogated on an ad hoc basis via 
the telephone network to obtain recent drifter positions and SST data. Various 
maps showing the drifter latest position and SST together with a segmeted tail 
corresponding to the four previous weekly displacements, were routinely produced 
(Fig. 5). They were used to monitor drifter mavements (especially during sea trials) 
and to optimize additional seeding of drifters based on existing drifter numbers and 
positions. 

3.2 REDUCTION AND EDITING 

Data reduction 

Drifter position and sensor data was obtained from Service Argos once a month. The 
data for each drifter were read, reduced and written into individual files (B-fles) 
which were updated monthly as long as the drifter provided good data. The sensor 
data were processed and reduced in the following way. The sensor data (i.e., time, 
submergence, voltage, temperature and strain gauge) 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 fixes 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 1991 (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 
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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 8641 (the one with the longest life) are presented in Fig. 6 in which data 
spikes are evident. The location classes and the distribution of fixes during the day 
are also displayed. The 8 hour transmission window is striking. A slight shift of the 
transmitter internal clock is evident, amounting to about 1 hour 26 minutes in 1031 
days (or 5 s per day). 

Determination of time of last good fix and type of death 

The type of dysfunction or the circumstances of the termination receipt of good 
quality oceanographic data have been carefully investigated by examining the sus- 
pect records in the context of their proximity to the coast line or to the ice edge, the 
values of voltage and submergence, and the probability that they were picked up by 
seafarers. 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; Ice 
edge/Sinking (Table 1). 

Determination of time of drogue loss 

The sea-water switch on the surface flotation sphere provides submergence data 
which are used to determine whether or not the holey-sock drogue is attached. 
Typical values of submergence time for a drogued drifter vary around 5 minutes per 
half hour time period, depending on the sea state (Fig. 6). Upon drogue separation, 
the submergence time falls down abruptly to about zero, giving a clear indication 
of drogue loss. 

The strain gauge showed a dramatic reduction of voltage range at the same time as 
the sea-water switches began to indicate near zero submergence. This complemen- 
tary drogue indicator data confirm that even if the submergence switch does not 
function correctly at deployment, perhaps due to an accumulated film during stor- 
age and transport, data acquired are reliable after activation. An example is shown 
in Fig. 7 where the strain gauge voltage statistics and the submergence values for 
drifter 2460 are plotted versus time. The sea-water switch which did not operate 
for about 9 days after deployment yields non-zero submergence counts between days 
665 and 720. The range in strain gauge voltage, depicted by the minimum and max- 
imum values, shows an abrupt reduction at exactly the same time that submergence 
registers zero. 

The submergence counts and the strain gauge voltage range have been used to 
determine the time of drogue separation for all drifters. For a few ambiguous cases 
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(drifters 2466, 2467, 5586, 20324, 20333), the time of drogue loss was estimated or 
confirmed from correlation analyses between the drifter and the surface wind speeds. 
About half of the drifters (55 out of 107) lost their drogue before the end of their 
life. 

Location data editing 

As discussed above, Service Argos provides quality indices, designated location 
classes, for all locations determined. Being probabilistic, these indices do not pre- 
clude the occurrence of occasional large errors. An editing procedure derived from 
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 pro- 
cessed as follows: 

1) For each drifter, 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 8-hour transmission 
window are considered velocities corresponding to a time difference in excess of 16 
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 satifies NP(-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, de- 
ciding 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 
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is assigned the 999.999 value. The statistical editing process is then iterated (oper- 
ations 2 to 5) excluding the records flagged by a 999.999 time value. 

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 (value determined experiment ally). 

It is important to note that if one of the Chauvenet limits happens to be (or comes) 
within the drifter 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-l. 

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 reduced, 
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. 

Determination of time of last good temperature 

The time of last good temperature was estimated by examining the temperature 
records and comparing them to typical climatological values in the sea area. Contin- 
uous unacceptable range temperatures were edited out by assigning the temperature 
cut-off time before the anomalous values start. Failure of the temperature sensor 
was generally indicated by temperature values near -3.0°C. 

Temperature editing 

For each satellite, the temperature gradients are computed from successive fixes 
within the same 8-hour transmission time period. Using Chauvenet7s criterion and 
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the comparison with the neighboring gradient magnitudes, temperature points are 
edited iteratively. When only one temperature record is available in the 8-hour 
window, this value is compared to the mean temperature during the preceding and 
subsequent 8-hour time periods, and rejected if both variations exceed of 0.15"C 
(threshold value obtained experiment ally and equal to three times the temperature 
resolution). 

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

3.3 INTERPOLATION AND FILTERING 

The despiked data were interpolated onto regular intervals using an optimum anal- 
ysis technique known as Kriging (Hansen and Herman,1989; Hansen and Poulain, 
1995). The Kriging used here employed an analytic function fit to a structure func- 
tion 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 
drifter at times t; and t j ,  and () represents an ensemble mean. Empirical values of 
the location and temperature structure functions were computed separately for both 
the drogued and undrogued drifter data sets. Assuming stationary statistics, the 
ensemble mean was substituted by a time average procedure in which the squared 
differences of the observations were binned into one hour lag intervals and averaged. 
The results are presented in Fig. 8 for time lags up to 10 days. The number of 
pairs of observations considered is also depicted. Due to the 8-hour-011116-hour-off 
transmitter duty cycle, very few data pairs exist for lags included between 8 and 16 
hours, 32 and 40 hours, 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 (Hanse~  and Poulain, 1995) 
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in which T 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 (more than 3000 location pairs and more than 
5000 temperature 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. 8 
(dotted curve). 

By looking at the edited trajectories, it became evident that strong tidal motions 
were partially sampled by the drifters. Knowing that the semi-diurnal tide (M2 and 
S2) is predominant in the southern Nordic seas (Perkins et a1 1994), a tidal term 
was added to the location structure function model, that is 

The coefficient 7 was not determined from the empirical data because semidiurnal 
oscillations are barely seen in the structure functions (Fig. 8) and was given the 
constant value of 1. Changing the value of this parameter does not change the 
Kriging characteristics. The diurnal variability in both the location and SST was 
not modelled in the structure function because the 8-hour transmission window is 
too small to resolve the amplitude characteristics of the diurnal oscillations. 

The edited drifter data were interpolated at regular 2-hour intervals using the Krig- 
ing technique with the above structure function models. Following experimentation, 
20 observations were selected, 10 preceeding and 10 following each interpolation 
point, to carry out the Kriging interpolation technique. 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 SST 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 current components, especially the strong tidal and inertial currents. 
The low-pass time series were finally subsampled every 6 hours and the velocity was 
computed by finite centered differencing the 6-hourly interpolated/fdtered position 
data. The processed data files (called K-files) contain 6-hourly values of position, 
velocity and temperature. The velocity for the f i s t  and last records of each drifter, 
the temperature after failure of the SST sensor, and all the variables during tem- 
porary 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. 
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Table 2 Values of the model structure function parameters determined from the 
empirical latitude, longitude and temperature structure functions, for both drogued 
and undrogued data. 

TABLE 2 : STRUCTURE FUNCTION MODELS 

LATITUDE 
DROGUED 0.00504 1.53 1 
UNDROGUED 0.00998 1.36 I 

LONGITUDE 
DROGUED 0.03780 1.54 1 
UNDROGUED 0.09108 1.47 1 

TEMPERATURE 
DROGUED 0.03 195 1.02 0 
UNDROGUED 0.06641 0.87 0 
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Figure 5 Drifter location and SST on 15 March 1993 along with four previous 
weekly displacements. The solid black and open circle symbols correspond to drogued 
and undrogued driftersc respectively. The drifter ID number and SST (O C)are posted 
above and below the location symbol, respectively. 
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Figure 6 Raw data time series for drifter 8641. (a) Latitude, longitude and tem- 
perature. (b) Submergence time, battery voltage indicator, location class and distri- 
bution of data received during an 8h period (cross and dot symbols for N O A A l l  and 
NOAA12 satellites, respectively). 

N A T O  UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



N A T O  UNCLASSIFIED 

Figure 7 Submergence counts and strain gauge voltage statistics for drifter 2460. 

- 27 - N A T O  UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



N A T O  UNCLASSIFIED 

Figure 8 Empirical structure functions for drogued (a) and undrogued (b) position 
data and for drogued (c) and undrogued (d) temperature data, as a function of time 
lag. The number of data pairs is also shown. The model analytical best fit functions 
are represented by dotted lines. 
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Figure 8c 
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Figure 8d 

NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

Da ta  presentation 

The drifter data are presented in the figures of Annexes B and C. Information on 
drifter performance, survivability and time distribution of drifter data is given in 
Annex B. Annex C includes graphics showing the ensemble of drifter trajectories 
(all data, drogued data and temperature data). The spatial distribution of data 
is displayed as the number of observations in 4" latitude by 2" longitude boxes. 
The velocity and temperature statistics (mean and variance) in these bins are also 
presented. 

The complete set of graphics with the edited and interpolated data time series for 
each drifter separately, together with a graphical representation of its interpolated 
trajectory (Annex D) , is available upon request from SACLANTCEN. 

The SACLANTCEN Nordic seas data (raw Service Argos retrievals and the edited 
and interpolated drifter data sets) have been forwarded to the WOCE/TOGA Drifter 
Data Center, at MEDS, Canada, for dissemination to the scientific community. 

NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

5 
Acknowledgements 

The authors would like to express their gratitude to all the people who kindly de- 
ployed drifters at various locations in the Nordic seas. In particular, we thank 
S.-A. Malmberg and J. Briem for the numerous releases off Iceland, T. Vinje and E. 
Fahrbach for releases in the Greenland basin and M. Mork, K. Orvik and the Nor- 
wegian Coast Guard for seeding the Norwegian shelf. We are grateful to R. Della 
Maggiora and A. DYAgostino who helped with the drifter handling and deployments 
from NRV Alliance and to P. Giannecchini who produced weekly maps of drifter 
displacements and the trajectory and time series plots of this report. Thanks to P. 
Niiler who advised us when planning the Nordic Seas Drifter Program. 

NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

References 

Essen, H.-H., Nacini, E. and Poulain, P.-M. (1995). Comparison of satellite-retrieved 
sea-surface temperatures with drifter- and ship-borne measurements. SACLANT- 
CEN SM-297, La Spezia, Italy, SACLANT Undersea Research Centre. 

Hansen, D.V. and Herman, A. (1989). Temporal sampling requirements for surface 
drifting buoys in the tropical Pacific. Journal of Atmospheric and Oceanic Technol- 
ogy, 6: 599-607. 

Hansen, D.V., and Poulain, P.-M. (1995). Prc:essing of WOCE/TOGA drifter data. 
Journal of Atmospheric and Oceanic Technology, 12: submitted. 

Hawkins, D.M. (1980). Identification of outliers. London Chapman and Hall. 

Hopkins, T.S. (1991). The GIN Sea - A synthesis of its physical oceanography and 
literature reviews 1972-1985. Earth-Science Reviews, 30: 175-318. 

Miller, A.J., Arango, H.G., Robinson, A.R., Leslie, W .G., Poulain, P.-M. and Warn- 
Varnas, A. (1995). Quasigeostrcphic forecasting and physical processes of Iceland- 
Faeroe frontal variability. Journal of Physical Oceanography, 25: 1273-1295. 

Miller, A.J., Poulain, P.-M., Robinson, A.R., Arango, H.G., Leslie, W.G. and Warn- 
Varnas, A. (1995). Quantitative skill of quasigeostrophic forecasts of a baroclinically 
unstable Iceland- Faeroe Front. Journal of Geophysical Research, 100: 10833-10849. 

Niiler, P.P., Sybrandy, A.S., Bi, K., Poulain, P.-M. and Bit terman, D. (1995). Mea- 
surements of the water following capability of holey-sock and TRISTAR drifters. 
Journal of Atmospheric and Oceanic Technology, 12: accepted. 

Perkins, H., Sherwin, T.J. and Hopkins, T.S. (1994). Amplification of tidal currents 
by overflow on the Icelan-Faeroe Ridge. Journal of Physical Oceanography, 24: 
721-735. 

Poulain, P.-M., Warn-Varnas, A. and Niiler, P.P. (1995). New surface of the Nordic 
Seas as measured by Lagrangian drifters. Journal of Geophysical Research: accepted. 

Sybrandy, A.L. and Niiler, P.P. (1991). WOCEITOGA Lagrangian drifter con- 
struction manual. SIO Ref. 9116, WOCE Report 63, San Diego, California, Scripps 
Institution of Oceanography. 

NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

WCRP-26 (1988). Report of the First Meeting of the Surface Velocity Programme 
Planning Committee, SVP-1, and TOGA Pan-Pacific Surface Current Study. WMO/TI? 
323, WOCE Report 24/88, Wormley, United Kingdom, WOCE International Project 
Office. 

NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

1991 day conversion tables 

All times in the Nordic seas drifter data set are Universal Time (UT) and are ex- 
pressed in modified Julian days referred to year 1991 (first year of the program). 
This annex contains the date conversion tables for years 1991 to 1995. 
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Month Jan Feb Mar 
Day 

1 
2 
3  
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
2 0 
2 1 
22 
2 3  
24 
2 5 
2 6 
27 
2 8 
2 9 
3  0 
3  1 

MODIFIED JULIAN DAY 
Year 1991 (referred to 1991) 

Apr May Jun Jul Aug Sep Oct Nov Dec 
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MODIFIED JULIAN DAY 
Year 1992 (referred to 1991) 

Month Jan Feb Mar Apr May 
Day 

N A T O  UNCLASSIFIED 

Jun Jul Aug Sep Oct Nov Dec 
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Month Jan 
Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
24 

MODIFIED JULIAN DAY 
Year 1993 (referred to 1991) 

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee 
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Month Jan 
Day 

MODIFIED JULIAN DAY 
Year 1994 (referred t o  1991) 

Feb Mar Apr May Jun Jul Aug Sep O c t  Nov Dec 
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Month 
Day 

Jan Feb 

MODIFIED JULIAN DAY 
Year 1995 (referred to 1991) 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Dri f ter  performance statistics 

The statistics of the drifter system performances are presented in the tables and 
figures included in this Annex. The time distribution of the drifter data is repre- 
sented in different ways: (1) Bar diagram showing the life times of all drifters; (2) 
the distribution of the number of active drifters as a function of time; and (3) the 
distribution of the number of drifter-days per month, also including the separation of 
drifter data in the Nordic and Barents seas. Longevity characteristics are displayed 
in a life time histogram and in a survivability plot. 
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Table B1 Drifter performance statistics: Maximum life time, half-life and number 
of drifter-days. 

TABLE B1: DRIFTER PERFORMANCE STATISTICS 

MAXIMUM LIFE TIME 

DRIFllNG TRANSMITTER: 103 1 DAYS 

DRIFTING DROGUED: 809 DAYS 

DRIFTING GOOD SST SENSOR: 923 DAYS 

HALF-LIVES 

DRIFTING TRANSMITTER: 191 DAYS 

DRIFTING DROGUED: 157 DAYS 

DRIFTING GOOD SST SENSOR: 1 14 DAYS 

NUMBER OF DRIFTER-DAYS (OR DRIFTER-YEARS) 

DRIFTI :.JG TRANSMITTER: 30986 DAYS 85 YEARS 

DRIFZlNG DROGUED: 20845 DAYS 57 YEARS 

DRIFTING UNDROGUED: 10141 DAYS 28 YEARS 

DRIFTING GOOD SST SENSOR: 21979 DAYS 60 YEARS 
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Table B2 Days, years and percentage of drifter presence in the Nordic and Barents 
seas. 

TABLE B2: DRIFTER DATA IN THE NORDIC AND BARENTS SEAS 

NORDIC SEAS (WEST OF 20E) 

NUMBER OF DRIFTER-DAYS (OR DRIFTER-YEARS) 

DRIFTING TRANSMITTER: 

DRIFTING DROGUED: 

DRIFl'ING UNDROGUED: 

26748 DAYS 73 YEARS 

18964 DAYS 52 YEARS 

7785 DAYS 21 YEARS 

DRIFTING GOOD SST SENSOR: 19625 DAYS 54 YEARS 

BARENTS SEA (EAST OF 20E) 

NUMBER OF D m - D A Y S  (OR DRIFTER-YEARS) 

DRIFTING TRANSMI'ITER: 4238 DAYS 12 YEARS 14% 

DRIFTING DROGUED: 

DRIFTING UNDROGUED: 

1882 DAYS 

2356 DAYS 

5 YEARS 

6 YEARS 

DRIFllNG GOOD SST SENSOR: 2348 DAYS 6 YEARS 11% 
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DEPLOYED DRIFTERS 

Figure  B2 Total number of simultaneous drifters alive (solid), with drogue attached 
(dashed) and with good S S T  sensor (dotted) as a function of time. The distribution 
has two major peaks i n  October 1992 (51 drifters) and i n  August 1993 (44 drifters) 
corresponding to the major deployments carried out during the GIN92 and GIN93 
Iceland-Faeroe Front surveys, respectively. 
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SACLANTCEN NORDIC SEAS DRIFTER PROGRAMME 

I L  ,&A 1 , I I I 
1 ' 1  l n l ' l ' l r l '  

0 100 200 300 400 500 goo 700 800 900 IMX) 1 

0 100 200 300 400 500 600 700 800 

LIFE TIME (DAYS) 

Figure B6 Histogram of drifting transmitter (red), drogue (green) and SST sensor 
(blue) life times. 
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Com posite maps and Eulerian statistics 

This section includes geographical maps with various representations of the global 
data set. Composite "spaghetti" diagrams (Total displacements, trajectories of 
drogued and/or undrogued drifters, trajectories of SST drifters) are presented. Eu- 
lerian statistics have been calculated by averaging the velocity and temperature 
observations in bins of 4' latitude by 2' longitude. The number of observations, 
the mean value and the variance are shown. For the velocity data, the statistics are 
represented as mean velocity vectors and principal axes of variance; whereas for the 
temperature data, the mean and variance are simply posted. The principal axes of 
velocity variance have been computed as follows: Their length is equal to twice the 
roots XI and X2 of 

where u' and v' are the residual velocity components. The direction of the major 
axis, 0, is related to (u'v') by 
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( u'v' ) 
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Figure C1 Total displacement vectors connecting the deployment site (start symbol) 
to the location of last good fiz (circle symbol). The vectors are arbitrarily color coded. 
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Figure C 2  Drifter trajectories corresponding to (a) all the drifter data, (b) the 
drogued drifter data and (c) the SST drifter data. The trajectories are arbitrarily 
color coded. 
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Figure C2b 
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Figure C2c 
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(0 3 a , ,  
N _ a  

Figure C3 Number of 6-hourly drifter data in 4" latitude by 2" longitude bins for 
(a)  the whole duration of the drifter pTOgTam (June 1991 to April 1995) and for the 
individual years: (b) 1991, (c)  1992, (d)  1993, (e) 1994 and ( f )  1995. The values 
are posted and color coded. 
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Figure C3b 
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Figure C3c  
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Figure C3d 
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Figure C3f 
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1 
Figure C4 Eulerian velocity statistics in bins of 4" latitude by 2' longitude, as 
computed from the drogued interpolated/filtered drifter observations. (a)  Number of  
6-hourly velocity observations, (b) mean velocity vector and (c )  principal axes o f  
residual variability. The mean and variance statistics are only plotted i n  those bins 
with more than  50 observations. The number of observations, the mean  speed and 
the major axis half-length are also color coded. 

- 79 - NATO UNCLASSIFIED 

Report no. changed (Mar 2006): SM-299-UU



N A T O  UNCLASSIFIED 

N A T O  UNCLASSIFIED 

Page intentionally left blank 

Report no. changed (Mar 2006): SM-299-UU



NATO UNCLASSIFIED 

Figure C4b 
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Figure C4c 
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Figure C5 Eulerian temperature statistics i n  bins of 4' latitude by 2' longitude, as 
computed from the interpolated/filtered drifter observations. (a)  Number of 6-hourly 
S S T  observations, (b) mean temperature and (c )  temperature variance. The  mean  
and variance statistics are only plotted i n  those bins with more than 50 observations. 
The  number of observations, the mean temperature and its variance are also color 
coded. NATO UNCLASSIFIED 
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Figure C5b 
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Figure C 5 c  
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