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Abstract

This report describes the data set from the CALYPSO 2022 Campaign and the process-
ing and quality-control steps that were taken in producing the data set. The CALYPSO
Campaign was conducted from both the R/V Pourquoi Pas? from February 17-March 12,
2022 and the R/V Pelagia from February 20-March 16. For questions please contact Leo
Middleton at leo.middleton@whoi.edu.
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1 Background

The Coherent Lagrangian Pathways from the Surface Ocean to Interior (CALYPSO) project is
focused on the role of submesoscale ocean dynamics in subduction of organic and inorganic ocean
tracers from the surface ocean to the interior?]. The CALYPSO 2022 study region is the Balearic
Sea, between Majorca and the coast of mainland Spain. The CALYPSO program has had three
major eld campaigns: a Pilot Campaign (conducted during May-June 2018 in the Alboran Sea) in
2018 and two Intensive Operations Periods. The rst was in the Alboran Sea through March-April
2019, and the second was in the Balearic Sea, and is the topic of this data report.

In this report we will outline the data processing, quality control and formatting for all the relevant
data products to come out of the CALYPSO 2022 campaign. Speci cally this report covers the
EcoCTD operations aboard thePourquoi Pas? the UCTD operations aboard thePelagia the data
from two WireWalkers (CITE) deployed from the Pourquoi Pas? the CTD Rosette data from the
Pourquoi Pas? Drifter data, oat data and glider data. For Model and Satellite data, please see
the relevant sections of the CALYPSO Cruise Report (CITE).

Figure 1: Map showing the study region for the CALYPSO 2022 Campaign. Sea Surface Temper-
ature map from Sentinel 3 on the 22nd February 2022. R/\Pourquoi Pas? ship track split into
254 transects and three study sites.

Pourquoi Pas? Mobilize: Feb 16-17, 2022 Toulon, France
Pourquoi Pas? Depart: Feb 17, 2022 Toulon, France
Pelagia Depart: Feb 21, 2022 Palma, Majorca

Pourquoi Pas? Arrive: Mar 11, 2022 Toulon, France
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Pourquoi Pas? Demobilize: Mar 12, 2022 Toulon, France
Pelagia Arrive: Mar 13(?), 2022 Palma, Majorca

2 Methodology

2.1 Calibration Chain

Due to the large quantity of di erent observational platforms used during the CALYPSO 2022 cam-
paign, we have formalised the methodology for calibrating across the platforms. This is to ensure
that the measurements are as comparable as possible across di erent sensors and instruments.

The chain of calibrations can be found in Figure 2, where dierent line colours correspond to
di erent measured properties. The arrows imply a direction of calibration, so to understand the
chain of calibration you must start at the beginning for a given property. For example, the ultimate

reference point for the salinity is given by the CTD casts taken aboard the Pourquoi Pas? which
were pre- and post-calibrated to ensure consistency (referred to using the self-referential arrow).

2.2 In-situ calibration casts

Some of the instruments had speci ¢ calibration casts made to ensure the best match between
sensors (e.g. the EcoCTD was strapped to the CTD Rosette, and the MVP was alternated with
the EcoCTD for calibration). However, other sensors had no speci c calibrations during the cruise,
SO0 we make in-situ comparisons between casts that were taken in proximity to other sensors for
calibration. To standardise across the dataset we have used the same methodology to identify
these comparable casts and then another standard methodology for using those comparable casts
for calibration of temperature and salinity.

To identify comparable casts, we rst use a cut o time and distance for comparison, i.e. we only
consider casts from the two instruments that are within 10 km and 12 hours of each other. We then
compare each pair of casts from the two instruments, that fall within that space-time threshold.
We interpolate onto a common pressure grid and take the root-mean-squared (RMS) di erence
between both the measured conductivity and temperature. Plotting these quantities against each
other we can take a line of best t and use that scaling betweefkrys and Crys to create a single
metric for goodness-of- t (shown using the color scale). For example, in Figure 3 we have plotted
the RMS di erence between conductivity and temperature across pairs of comparable casts for the
EcoCTD and the CTD Rosette. The line of best t has a slope of 0.78, so we uSgys +0:78Trus

as our metric.

To calibrate conductivity and temperature once there are comparable casts, we compare the casts
in Temperature/Salinity space (although note that the calibration is made using a multiplicative



Figure 2: Schematic showing the chain of calibration for the dierent instruments during the
CALYPSO 2022 campaign. Colours denote di erent properties that require calibration and the
connections denote a calibration between the connected instruments.



Figure 3: Root-mean-square di erence between all comparable pairs of casts between the EcoCTD
(speci cally Rutherto S/M 66098) and the mean of the two CTD sensors on the Rosette. Line of
best tis given in red.



factor in conductivity space). This gives two 2D distributions for each sensor that we wish to
align. This process is often done by-eye, which is used here as a check, however to standardise
across the data we use a metric for comparing two distributions: the Kolmogorov-Smirnov (KS)
index Fasano and Franceschin{1987]. We attempt to minimise this statistic by searching through
possible corrections in temperature/conductivity space to nd the best calibration for the input
data. We then add more calibration data, including the cast with the next best goodness-of- t
metric as described above, and repeat the process. We nd the optimum number of casts to include
to minimise the KS index to achieve the closest match between the two distributions at a certain
calibration.

3 CTD Rosette

The CTD Rosette (pictured in Figure 4) was used throughout the cruise to take water samples,
as well as having a variety of sensors attached. A total of 61 CTD stations were recorded dur-
ing the cruise. The depths of the proles ranged from 244 to 611 meters, with the majority of
casts falling between 250 and 300 meters in depth. Sensors on the CTD rosette included two
Seabird SBE3 temperature sensors (S/Ns 6394 and 5136), two Seabird SBE4 conductivity sen-
sors (S/Ns 3646 and 4855), a Seabird SBE43 Oxygen optode (S/N 3734), a FLNTU turbidity
sensor (S/N FLNTURTD-5187), a WetLabs C-Star transmissometer (S/N CST-383PR), a WET-
Star Chlorophyll-a uorometer (WS3S-699P), a SUNA V2 Nitrate sensor (S/N 1162), a Seabird
SBE18/27 pH sensor (S/N 0504), a Chelsea PAR light sensor (S/N 0491) and an Underway Visual
Pro ler.

3.1 CTD sensors

The two conductivity and temperature probes on the CTD Rosette performed well throughout
the cruise with few major errors. On the third cast there was a signi cant error in the sensors
in the upper 60 dbar during the downcast. This error gave a large di erence between the two
sensors, and the rst was reading very fresh values (down to around 20 psu), so the error may be
due to a problem with the pumping system for circulating ocean water, unable to ush out the
fresh water used for cleaning. The data above 5 dbar also shows a large deviation between the two
sensors on the upcast and downcast. Discarding the above mentioned data, the remaining data
is plotted in Figure 5, where we have shown the di erence between the two sensors for every cast
in temperature, conductivity and salinity. The sensors show good agreement across the 61 casts,
with a mean di erence in temperature across all casts of48 10 ° C on the downcasts and
2.7 10 % C on the upcasts. The mean di erence in salinity across all the casts isA45 10 4
ppt on upcasts and & 10 * on downcasts. These averages show that the temperature sensor
S/N 6394 is reading slightly warmer than the sensor S/N 5136, and the conductivity sensor 4855
is reading slightly less conductive than the sensor 3646.

The mean di erence between the two sensors, with a shaded standard deviation, is shown for all
casts in Figure 6. For both the temperature and conductivity sensors, the mean di erence/scaling



Figure 4. CTD Rosette

factor between the two sensors stays within a standard deviation of no di erence between the
sensors, for both the upcast and the downcast. However, for the conductivity sensor, there is a
more obvious bias, that is on the limits of being within a factor of the variability for the downcasts.
This mean bias appears in the later casts, suggesting a slight drift in the conductivity sensor. This
drift is particularly noticeable if you consider the deep casts shown in Figure 5, where at depth the
later casts clearly give a larger conductivity di erence than the early casts. This di erence results
in a maximum salinity o set of around 0.0009 between the two sensors, drifting from an initial

o set of around 0.0001. The deep casts do not have su ciently stable T/S to determine which of
the two sensors is drifting. There are also no measurable drift in the stability of the water column
when using density derived from the two sensors separately i.e. the number of spurious overturns
that occur due to signals from one sensor and not the other does not have a signi cant trend.

The CTD sensors are post-calibrated as well as pre-calibrated. The post calibration suggests a
gain of 0.999995 for the rst conductivity sensor (S/N 3646) and a gain of 1.0000153 for the second
conductivity sensor (S/N 4855). These conductivity o sets are consistent with the observed drift
(see Figure 6), so we apply linear drifts of

t ot
C{orected = 1+0:0000153——*— Cy; (1)
end start
t ot
Cgorecd = 1 0:000005——"— C;: (2)

end tstart

The temperature sensors both had negative drifts, of 0:07 10 3 C for the rst temperature
sensor (S/N 5136) and 0:28 10 * C in the post-calibration. These drifts are too small to be
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Figure 5: Di erence plots between the two sensors mounted on the CTD Rosette for temperature
(T, refers to S/N 5136 andT, refers to S/N 6394) and conductivity C, refers to S/N 3646 andC,
refers to S/N 4855). Salinity is also shown for reference.

visible above the noise in the di erence between the two sensors (see Figure 6), and when applied
they slightly increase the di erence between the two sensors, so we do not apply a correction to
the temperature sensors.

3.2 Chlorophyll

Chlorophyll was calibrated using bottle samples taken from the CTD casts at various points. FILL
Description of sampling and measurement.

Plotting the CTD uorescence data against the bottle samples in Figure 7, you can see a good
t between the two. One sample that does not t the trend has very high PAR and so may be
a ected by non-photochemical quenching, and the other anomalous point is part of a triplicate, so
is not weighted heavily in the t.
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Figure 6: Di erence plots between the two sensors mounted on the CTD Rosette for temperature
(T, refers to S/IN 5136 andT, refers to S/N 6394) and conductivity C, refers to S/N 3646 and
C, refers to S/N 4855) plotted against cast number. The shading designates a standard deviation
in the sensor di erence. The post-calibration o set is marked with a dotted line. Salinity is also
shown for reference.
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Figure 7:

3.3 Backscatter

3.4 Oxygen

4 EcoCTD

The EcoCTD [Dever et al, 2020] is a pro ling instrument that can be deployed from a moving
vessel in a tow-yo mode or in a single-cast mode to measure temperature, salinity, dissolved
oxygen, and bio-optical properties. The EcoCTD was a key measurement in the CALYPSO 2022
Campaign because of its ability to measure physical and biological properties at high horizontal
resolution. This report describes the EcoCTD data set from the Campaign and the processing and
quality-control steps that were taken in producing the data set.

The CALYPSO 2022 Campaign involved two ships: the R/VPourquoi Pas? (PQP) and R/V
Pelagia The Campaign also included 8 gliders, AUV operations, hundreds of drifters and multiple
oats. The study region is depicted in Figure 1, split into 3 study sites and 254 transects. The
Pourquoi Pas? set sail from Toulon, France on February 17, 2022 and returned to Newport on 11
March.
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4.1 File Formats and Dataset Management

Data processing was organized in three levels:

" Level-0: Raw data as downloaded directly from the instruments. Raw les from the EcoCTD
are SQLite databases with the *.rsk le extension. Because the instruments were used in
tow-yo mode, one le may include many pro les. The cruise was split into 40 transects based
on the ship track for ease of analysis (Tabl@? and Figure ??). For convenience, Level-0 les
in a *.csv format are also generated. These les contains an exact replica of the raw data,
minus some of the metadata included in the *.rsk les.

" Level-1: Data are geo-referenced, splitinto down- and up-casts and separated into individual
NetCDF les (see section 5.3). Calibration coe cients are applied to measured bio-optical
variables (backscatter and chlorophyll) and derived quantities (e.g. salinity, sea pressure,
depth ...) are included. Only downcasts are processed for ECoOCTD proles. The prole
numbers associated with each cruise transect are listed in Tale.

" Level-2: Quality analysis is completed using ancillary datasets, and corrections are applied.
These corrections include sensor alignment and cross-calibration with the shipboard CTD.
QC ags are also included in the NetCDF les

" Level-3: Level-2 data are interpolated vertically onto a common depth grid and merged into
a single netCDF le. Dimensions are depth and pro le number.

INCLUDE TRANSECT TABLE?

A total of 2795 pro les were collected to depth ranging from 160 to 250 m. The pro les can be
separated into 254 transects that are selected based on the RV PQP's heading. Three sampling
phases or “sites' were also de ned for convenience. Two distinct ECOCTD probes were used during
the CALYPSO 2022 cruise with serial numbers 66098 (known as 'Rutherto’) and 203743 (known
as 'Sedna’). Rutherto was primarily used (2595 casts), with only 200 casts made with Sedna.

4.2 EcoCTD probe

The EcoCTD is composed of three sensors, all sampling at 8 Hz (Figure 15):

" One RBR Concertd (SN066098) Conductivity-Temperature-Depth (CTD), which also acts
as a logger. The CTD head is facing downward during free-fall and is protected by a plastic
guard.

" One JFE-Advantech Rinko Il dissolved oxygen sensor (SN-IX ME: #### >). The
sensor is facing downward at an angle of 2%rom the vertical, and is located 48 cm from
the CTD sensor.
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