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1 Summary

This report summarizes activities on the French research vessel Pourquoi Pas? operating as part of
the O�ce of Naval Research CALYPSO project during its main 2022 �eld program in the northwest
Mediterranean. Other components of this �eld program included the Netherland's research vessel R.V.
Pelagia, a 
eet of underwater gliders operated by the Scripps Oceanographic Institute and the Balearic
Islands Coastal Observing and Forecasting System (SOCIB).

2 Pourquoi Pas? Cruise Log - Feb 16 to Mar 12, 2022
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Figure 1: Operating the UCTD Winch

3 Underway Pro�ling

3.0.1 Overview

The primary underway pro�ling instrument used was an EcoCTD: an RBR Concerto CTD, WETLabs
BB2F chlorophyll 
uorometer and backscatter meter, and JFE Advantech Rinko Oxygen sensor all
mounted in a weighted aluminum housing and tow-yoed manually from the stern with an Oceanscience
UCTD winch.

Also aboard, and used sporadically throughout the cruise, was an MVP: a fully automated underway
pro�ling system that provides real-time data. It consisted of a towbody with a CTD, oxygen sensor,
and choice of chlorophyll or turbidity sensor, a deck-mounted winch, a cable-counting sheave hung
from the A-frame, and a laptop and interface box for system control and data acquisition.

3.0.2 EcoCTD vs. MVP comparison

Typical operation of the EcoCTD was to make one pro�le to 250 m every 5-6 minutes at a vessel
speed of 6 knots. Typical for the MVP was one pro�le to 200 m every 6-7 minutes at a vessel speed
of 3 knots, which used the entire 310 m cable payout available. The dissolved oxygen data provided
by the MVP sensor appeared to be of poor quality. These limitations meant that MVP was used
sparingly|mostly when there were mechanical issues with the primary system or when transiting
drifter-ridden waters|in spite of the bene�ts of real-time data, fully automated operation, and a
rugged, dependable setup. 362 pro�les were collected with the MVP during the cruise; 2833 casts were
done with the EcoCTD, � 98:5% of which returned pro�le data.

3.0.3 EcoCTD system details

EcoCTD System Details:

ˆ Rutherto: primary probe (2597 casts with data return)

RBR Concerto S/N 066098

JFE Advantech Rinko: S/N 0316

WETLabs BB2F: S/N BB2F-044
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Figure 2: MVP Winch and Sheave

ˆ Sedna: secondary probe (201 casts with data return)

RBR Concerto S/N 203743

JFE Advantech Rinko: S/N 0319

WETLabs BB2F: S/N BB2F-6136

ˆ Primary winch (WHOI): S/N WI-1029 (612 casts)

ˆ Backup winch (URI): WI-1030 (2224 casts)

ˆ Shaun yellow box: 121

ˆ Fall rate: 3 m/s

MVP system details:

ˆ MVP winch and sheave

MVP 30-350 winch: S/N M12469

Towbody: S/N M12895

JFE Advantech ARO-FT oxygen sensor :S/N 0BLL008

CT-Xchange: S/N 451065

Pressure-Xchange: S/N 307650

Turner sensor base: S/N A10302
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ADCP Con�guration File Bin Size (m) # of Bins Ambiguity Velocity
OS38 pp38gdfdNB SynchroExterne V1 6.txt 24 62 3.9 m/s
OS150 pp150gdfdNB 1.8.txt 8 55 3.9 m/s

Table 1: Hull-Mounted ADCP Con�gurations

Cyclops Turbidity: S/N 900308

Cyclops Chlorophyll: S/N 900382

ˆ Payout from tow position to max out: 310 m

ˆ Fall rate: 2 m/s

ˆ Retrieval rate: 1.0 m/s

3.0.4 Notes on operations

3.0.5 EcoCTD

We had trouble with the power supply boxes for the UCTD winch. The primary unit failed entirely,
and exploded parts of electronic components were found inside. The backup unit (S/N PS-1028) be-
gan failing intermittently during retrieval, and for a time we switched to running o� 4 12V lead acid
batteries provided by the ship, which were continually charged. On 3 March, a spare power supply
belonging to Shaun Johnston (SIO) was delivered from the Pelagia to the Pourquoi Pas? via small
boat. For the remainder of the cruise we ran that box o� of regulated 230 V AC, and had no issues.
(Previous boxes had run of regular ship's power, and it is possible that spikes in voltage fried them).

The level wind motor failed on the primary winch (S/N WI-1029) after approximately 600 casts.
On inspection of the unit, it was found that one of the brushes had worn away. For the remainder of
the cruise, we switched to the backup (URI-owned) winch (S/N WI-1030).

Rutherto was the preferred EcoCTD unit (the other units needed to be opened to download).
However, the cable for the Rinko occasionally had problems with water intrusion, leading the loss of
some oxygen data at various points throughout the cruise.

On 10 March, Rutherto struck the transom with force (winch was not stopped in time). The guard
around the Concerto sensors was knocked crooked.

Rutherto was strapped to the CTD rosette for calibration three times during the cruise, and Sedna
once.

3.0.6 MVP

There were no incidents of note during MVP operations. Early deployments were done with the
turbidity sensor installed, and later ones with the chlorophyll sensor. It appears that the towbody
made hard contact with the ship at some point|there are scratches and bottom paint on the tail �n,
and the plastic top of the oxygen sensor appears to have been impacted, but it is unclear how or when
the contact occurred. The oxygen data looked similarly poor for the entire duration, so that issue does
not appear to have been caused by the contact.

3.0.7 ADCP

The CALYPSO 2022 mission gathered ocean current data with three ADCP units. ThePourquoi Pas?
is equipped with hull-mounted 38 kHz and 150 kHz ADCP units (OS38 and OS150) that are operated
by the ship's electronics o�cers. We additionally installed a 300 kHz unit (WH300) in the deck well
for the duration of the cruise. We attempted to synchronize the pinging of the three units, but the
WH300 was not able to be run in this setup, causing its data collection to be delayed until Feb 22.
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Initial Date (UTC) Con�guration File Bin Size # of Bins Ambiguity Velocity
Feb 17, 17:05 WH300DEF Calypso BT 2 m 50 1.1 m/s
Feb 17, 20:41 WH300DEF Calypso autonome.txt 1 m 100 1.1 m/s
Feb 21, 16:57 WH300DEF Calypso autonome cellule 4m.txt 4 m 30 1.1 m/s
Feb 26, 06:19 WH300DEF Calypso autonome-MODIFIED.txt 2 m 50 1.1 m/s

Table 2: WH300 Con�gurations

Figure 3: Comparison plot of 48 m velocities measured by the three ADCPs shows generally good
agreement.

Figure 4: WH300 velocity magnitude and ship navigation showing bad data during fast transit
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Figure 5: WH300 echo intensity shows weak interference from OS150.

Figure 6: WH300 echo intensity show weak interference from ship bathysonde.

The hull-mounted ADCP units maintained the same narrowband con�guration �les throughout the
cruise. See Table 1 for a summary of the con�guration parameters.

The WH300 unit was calibrated with bottom tracking during the initial transit from port. After
calibrating, the bottom tracking was turned o� for the remainder of the cruise. The WH300 was not
able to synchronize with the hull-mounted units and was turned o� on Feb 18 until we could verify
that the units would not interfere with each other. On Feb 21 it was veri�ed that interference was
present but weak, so the unit was turned back on. However, the data only began to look realistic on
Feb 22 around 05:45 UTC. See Table 2 for a summary of con�gurations for the WH300.

The three units agreed well with each other for the periods that they were all operational and the
ship track was straight (see Fig. 3). During turns, all units exhibited unrealistic readings, although
the WH300 was a�ected the least.

The WH300 also gave bad readings when the ship was traveling fast, with a cuto� speed around
10 knots (see Fig. 4). Post-processing of the turns and fast transits will be required for quality control
of the data.

The WH300 echo intensity was assessed for interference on Feb 21 and 25. There was weak inter-
ference of the OS150 unit seen on the WH300 echo intensity (see Fig. 5) and no interference of the
WH300 seen on the hull-mounted ADCP echo intensities. Other acoustic instruments caused weak
interference on the WH300 as well, such as the bathysonde (see Fig. 6). These interferences are not
expected to signi�cantly impact data quality.

3.0.8 Meteorological Measurements

The Pourquoi Pas? has a Mercury weather station installed and maintained by M�et�eo France and
consisting of the following instruments:
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ˆ Vaisala HMP35DE thermometer/hygrometer

ˆ Vaisala PTB220 barometer

ˆ Young 70721 pyranometer

ˆ Gill Windsonic ultrasonic anemometer

All instruments are installed at 30m above sea surface. There are two Gill anemometers, one to
port and one to starboard, that were combined and QCed into a single wind product by an on-board
processing algorithm. Flow distortion and stack contamination likely impacted the quality of the
meteorological data, particularly for certain relative wind directions.

4 Drifters, Floats and WireWalkers

4.1 Introduction

The main objective of CALYPSO, an ONR DRI project, is to improve our understanding on the 3D
dynamics in the upper ocean through which water and properties are transported from the surface
to depths below the mixed layer, by exploring the dynamics of the frontal areas in the Alboran
Sea (southwest Mediterranean Sea) at scales ranging between 1 and 100 km using data collected
by ship-born instruments (CTD, underway-CTD, ADCP, etc.), Lagrangian platforms (drifters and

oats), gliders and satellites. As part of CALYPSO, an experiment was carried out in the Balearic
Sea on 17 February { 11 March 2022 with the participation of international scientists (from the US,
Spain, Italy) on two vessels: the French R/V Pourquoi Pas and the Dutch R/V Pelagia. This report
provides information on the deployments of the drifters, 
oats and Wirewalkers deployed from R/V
Pourquoi Pas? and provided by OGS, (Italy), CMRE (Italy), ISMAR (Italy), RSMAS (Florida),
SIO (California), WHOI (Massachussetts) and URI (Rhode Island). After a brief description of the
Lagrangian instruments (section 2), details on the deployments are given in tables and graphs (section
3). Preliminary results can be found in section 4. Conclusions are in the last section 5.

4.2 Lagrangian instruments

4.2.1 SVP-type drifters

4.2.2 Standard Surface Velocity Program (SVP) drifter

The Surface Velocity Program (SVP) drifter is the standard drifter of the Global Drifter Program
(Niiler, 2001; Lumpkin and Pazos, 2006; Centurioni, 2018). It consists of a spherical surface buoy
tethered to a weighted nylon drogue that allows it to track the horizontal motion of water at a nominal
depth of 15 m (Fig. 1). A tether strain gauge measures the tension of the buoy-drogue connection to
monitor the drogue presence. The new design, also called mini-SVP, has a surface buoy of reduced
diameter (30.5 cm diameter) which contains alkaline batteries, a satellite Iridium transmitter and a
thermistor to measure Sea Surface Temperature (SST). The sampling period was set to 5 min. The 76
SVP drifters used during the CALYPSO 2022 campaign were manufactured by the Lagrangian Drifter
Laboratory (LDL) at SIO/UCSD in La Jolla, California.

4.2.3 The Directional Wave Spectra (DWS) drifter

This is essentially the surface buoy of an SVP drifter for which the drogue was replaced by a small ( 50
cm) stabilizing chain (Fig. 2, Centurioni et al. 2017a,b). It is equipped with a high-performance GPS
engine paired with in-house developed software algorithms for onboard computation of the Directional
Wave Spectrum (DWS). Location, SST, voltage and wave parameters are transmitted to Iridium
satellite at 30 min intervals. The transmission interval is programmable over the air. The 6 DWS
drifters used here were designed and produced by the LDL in La Jolla, California.
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Figure 7: SVP drifter (surface buoy and folded holey sock drogue)

Figure 8: DWS drifter (surface buoy with ballasting chain)
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Figure 9: ADOS drifter (surface buoy with thermistor chain)

4.2.4 The Autonomous Drifting Ocean Station (ADOS) drifter

This drifter is similar to the SVP drifter but a 150 m long tether replaces the drogue (Fig. 3).
The surface buoy measures sea surface temperature, while a customizable tether length and set of
nodes measure water pressure and temperature. The subsurface nodes use inductive communication
technology to send the data through the single-conductor impregnated steel wire rope combined with
a seawater contact that closes the electrical circuit. Two ADOS drifters with 10 thermistors each (at
10, 20, 30, 40, 50, 60, 80, 100, 125 and 150 m) were used during the CALYPSO 2022 experiment. SST
and subsurface temperature are measured with± 0.05 °C accuracy. The sampling rate for positionand
temperature is 10 min.The drifters were manufactured by LDL. The batteries of all the thermistors
were replaced and the 2 drifters were tested by shortening the chain with a resistance. One thermistor
of the second ADOS drifter did not work. It was deployed with only 9 working thermistors.

4.2.5 The WHOI drifters

WHOI drifters (Fig. 4) include a surface buoy, a nylon tether and a holey-sock drogue (5m longÖ 60
cm diameter) centered at depths of 8 m (yellow buoys), 22 m (orange buoys), 35 m (red buoys), and
50 m (blue buoys). SPOT Trace trackers were attached to the surface buoys to provide positions at 5
min intervals.

4.2.6 CODE-type drifters

The Coastal Ocean Dynamics Experiment (CODE) drifter was designed by Davis (1985) to measure
the currents within the top meter of the water column, mostly in coastal areas and marginal seas. It
is composed of a slender, vertical, 1-m-long negatively buoyant tube with four drag-producing vanes
extending radially from the tube over its entire length and four small spherical surface 
oats attached
to the upper extremities of the vanes to provide buoyancy (Poulain, 1999). The water-following
characteristics of the CODE were studied by Davis (1985) and Poulain and Gerin (2019). It was
demonstrated that CODE drifters follow the currents with an accuracy of about 3 cm/s, even under
strong wind conditions. The wind-induced slippage was estimated to be 0:1% of the local wind speed.
The CODE drifter used in the CALYPSO 2022 campaign is similar to the design manufactured by
Technocean/DBi (Fig. (5). It was constructed by MAXO, an Italian company, and was equipped
with a SPOT/GlobalStar Trace module, which includes a GPS receiver to measure position with high
accuracy (<10 m) and high frequency (every 10 min) (Gerin et al., 2018). Additional external batteries
have been �tted to the Trace modules in order to increase the autonomy of the drifters to a few months,
using 10 min sampling period. A total of 75 CODE drifters were available for the CALYPSO 2022
experiment.
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Figure 10: WHOI drifter: surface buoy (yellow), tether and drogue (blue).

Figure 11: CODE drifter (antenna, vanes and orange balls)
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Figure 12: CARTHE drifter

Figure 13: WAVY Ocean drifter

4.2.7 CARTHE drifters

CARTHE drifters were developed to be compact, easy to transport and assemble, and 85% biodegrad-
able (Novelli et al., 2017) so that very large deployments can be attempted in the ocean while being
eco-friendly (Fig. 6). About 1000 of these drifters were deployed during a single cruise in the Gulf
of Mexico (D'Asaro et al., 2018). A total of 150 of these drifters were used in the CALYPSO 2022
experiment. They were set to transmit their GPS positions every 10 min via the GlobalStar satellite
system.

d. WAVY Ocean drifters The WAVY drifters were designed by the MELOA project with �nancial
support from the EU Horizon 2020 Research and Innovation Programme (www.ec-meloa.eu). They
are equipped with GNSS, adjustable ballast module, 2 thermistors (near sea-surface temperatures),
Argos satellite communications, IMU and solar panels (Fig. 7). Eight Wavy Ocean were kindly made
available by the MELOA Consortium. Data are transmitted every 20 min.

e. ARVOR and APEX pro�ling 
oats An ARVOR pro�ling 
oat is an Argo 
oat manufactured by
NKE in Hennebont, France. It consists of a tubular body in stainless steel (Fig. 8). A SBE CTD,
GPS receiver and Iridium transmitter are �tted near is top. It changes its buoyancy by exchanging oil
with and external rubber bladder located at its bottom extremity. Two Arvor-I 
oats were used, one
standard and one with additional Aandeera Optode to measure dissolved oxygen concentration. They
were programmed to pro�le every 3 h down to about 200 m, after their �rst surfacing. Their parking
depth was set up to 350 m and the vertical resolution was 1 m. After the experiment, the 
oats will be
programmed with the standard MedArgo (Poulain et al., 2007) parameters, that is, alternated pro�les
to 700 and 2000 m with 5-day cycles. One APEX 
oat with SBE CTD manufactured by Teledyne
Webb Research in North Falmouth, MA, USA was also deployed. It was tracked by the Argos satellite
system and set to cycle down to about 200 m every 6 h. These 
oats are part of the Argo-Italy
program, the Italian contribution to the global Argo array.
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Figure 14: Arvor-I (left) and APEX (right) 
oats.
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Figure 15: Wirewalker pro�lers �tted with RBR CTD and Nortek ADCP: downward-looking (left)
and upward-looking (right).

f. Wirewalker pro�lers Two Wirewalker pro�lers manufactured by Del Mar Oceanographic in San
Diego, CA, USA were used in freely-drifting con�guration to monitor the upper water column (down
to 200 m depth) with high-frequency sampling (period as little as 15 min). The Wirewalker goes
up and down along a wire that is powered by the motion of the surface waves for descent and uses
its own positive buoyancy for ascent (Pinkel et al., 2011). One Wirewalker (Fig. 9 left) owned by
CMRE was �tted with a RBR Concerto CTD (S/N 203723), and Nortek Signature 1000 AD2CP
(S/N: 101670, downward-looking at 22.5°) powered by a RBR Fermata external battery pack. The
CTD data were retrieved inductively by a RBR Cervello (S/N: 203724) data controller and transmitted
in real time via iridium. The sampling frequency of the CTD was 4 Hz. Positions were monitored
with a GlobalStar SPOT Trace (ESN: 0-3184257, sampling every 5 min) and an Iridium Xeos Rover
(IMEI 300434063292990, sampling every 30 min). A 200-m cable was attached to the surface buoy
(0.9 m diameter) and had a double weight (two¾-inch steel plates with weight 32 kg) at its bottom
end. The other Wirewalker (Fig. 9 right), owned by URI was equipped with an RBR Maestro CTD
(S/N: 80280) was powered by an RBR Fermata and served as a logger for a Rinko oxygen sensor (S/N:
0322), a WetLABS ECO BBFL2 chlorophyll/CDOM 
uorometer and 700-nm backscatter meter (S/N:
ECO BBFL2SSC-1309), and a WetLABS 650-nm C-Star beam transmissometer (S/N: CST-1811PR).
These sampled continuously at 6 Hz. Internally logging JFE Advantech DEFI2-L PAR sensors were
mounted on both the pro�ler (S/N: 0AAO036) and the buoy (S/N: 0B1C018), and sampled at 1
Hz. A Nortek Signature1000 AD2CP (S/N: 100234), supplied by Andrey Shcherbina (APL/UW),
was mounted on the pro�ler in an upward-looking orientation. It was powered by its own internal
battery and logged internally; its sampling con�guration was adjusted from deployment to deployment.
Positions were supplied at 10-minute intervals by a GPS/Iridium beacon integrated into the buoy (S/N:
DMO-GLBCN-0005, IMEI: 300234066300020), and also at 5-minute intervals by SPOT Trace tracker
(ESN: 0-3184266). The buoy diameter was 0.75 m, the cable length was 175 m, and weight at the
bottom consisted of a single rectangle of¾-inch steel plate (dimensions 8 by 24 inches, weight 16 kg).

4.2.8 Drifter deployments

The drifter and 
oat deployments were conducted between 18 February 2022 and 10 March 2022. They
are described hereafter in chronological order. All deployments were conducted from R/V Pourquoi
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Figure 16: Deployment of a SVP drifter from the stern of the ship.

Pas?. Fig. 10 shows the deployment of an SVP drifter. Most of them were carried out from the stern
starboard side of the ship in between ECO-UCTD casts with typical distance between releases of 1
km ( 6 min at 6 kts). In total, 328 drifters; 3 
oats and 2 Wirewalkers have been deployed .

4.2.9 a. 18-20 February 2022

On 18-20 February, a total of 41 drifters were deployed to characterize the meso- and sub-mesoscale
circulation around 41N 15' and 04E 06' in the Balearic Sea, including 8 SVP and 33 CARTHE drifters.
The deployment coordinates are listed in Table 1.

4.2.10 b. 21-22 February 2022

Due to the strong Mistral wind conditions it was decided to move to the southwest and survey the
meso- and sub-mesoscale circulation near 40N 36' and 02E 42'. The initial deployments in this area on
21-22 February included 10 SVP, 5 CODE and 5 CARTHE drifters (see their deployment coordinates
in Table 2).

4.2.11 c. 23 February 2022

A large number of drifters were then deployed on 23 February in and around a strong northeastward
jet, including 14 SVP, 15 CODE and 15 CARTHE drifters (Table 3).

4.2.12 d. 24 February 2022

On 24 February drifters were released across an elongated cyclonic eddy, including 6 CODE and 12
CARTHE drifters (Table 4).

4.2.13 e. 25 February 2022

On 25 February more drifters were released in the northern branch of the eddy (in southwestward
current), including 8 CODE, 2 CARTHE, 3 SVP, 2 WAVY and 2 DWS drifters (Table 5).
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Figure 17: Deployment information for the drifters released on 18-20 February (8 SVP +33 CARTHE
= 41)
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Figure 18: Deployment information for the drifters released on 21-22 February (10 SVP +5 CARTHE
+ 5 CODE = 20)

4.2.14 f. 27 February 2022

On 27 February the eddy got more elongated and formed a ridge. Some CARTHE drifters were released
in a zig-zag pattern across the ridge (Table 6).

4.2.15 g. 1 March 2022

On 1 March there was a massive drifter deployment in a tight 2 km x 2 km square in the eastern
edge of a small eddy which had formed south of the ridge, including 3 CODE, 9 CARTHE, 9 SVP, 3
WAVY, 2 DWS, 1 ADOS and 36 WHOI drifters (Table 7). More details about this multi-layer drifter
experiment can be found in the Appendix.

4.2.16 h. 2-3 March 2022

On 2-3 March we moved to the north to explore another cyclonic vortex feature located near 40N 48'
and 02E 50'. In total, 10 CODE, 10 CARTHE and 1 ADOS drifters were deployed (see Table 8).

4.2.17 i. 4 March 2022

More drifters were deployed across the eddy and its western extension into a ridge on 4 March, including
9 CODE, 2 CARTHE, 5 SVP, 3 WAVY, 1 DWS, 1 ADOS and 36 WHOI drifters (see deployment
information in Table 9). The ADOS drifter released a day before showed erroneous temperature
readings at 5 thermistors. It was successfully recovered at about 17:00 UTC. We discovered that the
faulty thermistors had 
ooded or leaked. Spare thermistors were used and the drifter was tested with
a total of 5 sensors on the chain (20, 40, 60, 100 and 150 m).
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