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Abstract.

The Mediterranean Sea is undergoing rapid change, highlighting the urgent need for high-quality, long-term
datasets to investigate changes and assess impacts on its complex biogeochemical cycles. While dissolved
inorganic nutrients have been well documented in the Western Mediterranean Sea (WMED) through DIN-WMED
data product (Belgacem et al., 2019, 2020), reliable oxygen data have remained scares, despite dissolved oxygen

being a key driver of marine ecosystem health and central to carbon and nutrient cycling.

To fill this gap, we compiled and rigorously quality-controlled a new regional-scale dataset: CTD-O,WMED. This
product comprises over 1000 unpublished high-resolution vertical profiles of sensor-based dissolved oxygen
measurement collected between 2004 and 2023. The quality check process includes sensor post calibration
assessment, primary quality check and a secondary quality check based on crossover analysis with established

deep reference datasets, ensuring consistency and accuracy across space and time.

CTD-O,WMED provides an essential observational basis for assessing decadal oxygen variability, tracking
anomalies, and improving our understanding of ventilation processes in the WMED. It also serves as a benchmark
for calibrating oxygen sensor on BGC-Argo floats, and fore validating regional biogeochemical models. This
dataset represents a critical step toward more accurate estimation of oxygen trends in the Mediterranean Sea,

an increasingly vital metric in the context of global deoxygenation and climate change.

Data coverage

Coverage: 440 N-350 S, 60 W-14°E
Location name: western Mediterranean Sea
Date/time start: October 2004

Date/time end: April 2023
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1 Introduction

Oxygen in the ocean is primarily produced via photosynthesis in the surface layer by phytoplankton, especially in
regions of high primary productivity. The export and remineralization of organic matter from the surface, lead to
oxygen consumption at depth. This can give rise to oxygen minimum zones (OMZs) or Oxygen minimum layers
(OMLs), where biological respiration exceeds oxygen supply. While OMZs are prominent in certain oceanic
regions, the Mediterranean Sea is generally well-oxygenated and does not exhibit OMZ but rather OML.
Nevertheless, localized low oxygen events may become more frequent and intense due to ongoing climate changes
(Grégoire et al. 2023).

Ocean warming and increased stratification reduce oxygen solubility an inhibit vertical mixing, thereby limiting
the downward transport of oxygen-rich surface waters. These processes contribute to the expansion and
intensification of low-oxygen zones, with implications for biogeochemical cycling, ecosystem function, and
carbon export (Keeling et a., 2009). In deep ocean, enhanced remineralization and reduced ventilation can further
exacerbate oxygen loss. Moreover, denitrification under low-oxygen conditions can alter Nitrogen to Phosphorus

(N:P) ratio, influencing primary productivity and nutrient cycling.

Increased CO- levels and stratification also reshape biological communities and potentially lowering ecosystem
resilience. These biogeochemical shifts affect the distribution of Oxygen and other tracers, particularly in semi-

encloses basins such as the Mediterranean Sea.

The Mediterranean Sea has experienced significant changes in recent decades, including recurrent marine
heatwaves (Marullo et al., 2023; Martinez et al., 2023; Pastor and Khodayar et al., 2023), which affect oxygen
distribution (Reale et al., 2022; Alvarez et al., 2023). The region’s semi-enclosed nature and complex thermohaline
circulation and regional differences amplify its sensitivity to climate variability (Powley et al., 2016; Testor et
al.2017; Margirier et al., 2020).

Two major events have notably altered the Mediterranean thermohaline structure. In the eastern Mediterranean
(EMED),the eastern Mediterranean transient (EMT) of the mid-1990s shifted deep water formation source from
colder, less saline Adriatic Deep water to warmer , more saline Aegean/Cretan Water. This new deep-water masse
ventilated the Levantine basin and the lonian Sea around 1999 and reached the Sicily channel by 2001. When the
Aegean water weakened, the Adriatic deep water became dominant again between 2000 and 2010, though is

subsequent years it failed to reach the deepest lonian layers, ventilating instead the 2000-3000 m range

In the Western Mediterranean Sea (WMED), deep convection in the Gulf of Lion, has traditionally maintained the
ventilation of the Western Mediterranean Deep Water (WMDW). A peak in deep water renewal occurred during
the Western Mediterranean Transient (WMT) around year 2004. Since then, a decline in both the frequency and
intensity of deep convection has been observed (Fourrier et al., 2020 ;Li and Tanhua, 2020), leading to a weakening
of ventilation and intensification of the oxygen minimum at intermediate depths and affecting the uptake of

atmospheric oxygen (Ulses et al., 2021).

Long-term observational programs such as the Medar/Medatlas (Fichaut et al., 2003), MED-SHIP (Schroeder et
al., 2015), and MOOSE (Coppola et al., 2018) have provided valuable insights of these changes. Recent studies

are using Machine learning to reconstruct higher temporal and spatial resolution Oxygen datasets by satellite and
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other data sources (Liu et al., 2025).Yet, uncertainties remain about long-term impacts of deoxygenation and

acidification on Mediterranean marine ecosystems (Coppola et al., 2018; Alvarez et al. 2014).

To improve understanding of regional dissolved oxygen dynamics and the impact on biogeochemical trends, this
study presents a quality-controlled compilation of CTD oxygen profiles collected by the Italian National Research
Council (CNR)between 2004 and 2023 in the WMED. The dataset offers reliable CTD oxygen data that can
support assessments of water mass ventilation and long-term variability. This paper document the dataset and
described the quality control procedures, including calibration assessments and corrections, to ensure the scientific

reliability of oxygen measurements.

2 Dissolved oxygen data collection

2.1 The CNR data collection

The CTD-Oxygen in the WMED (CTD-O2WMED) dataset contains 1,382 CTD oxygen profiles collected within
25 cruises. In Figure 1, the spatial distribution of CTD profiles is depicted, highlighting the extensive coverage
across the Northern Western Mediterranean (WMED) and key hydrographic transects. Measures are concentrated
in the eastern part of the WMED: the subregions of the Ligurian sea, Tyrrhenian and along the Tunisia-Sicily-
Sardinia area. Spanning two decades from 2004 to 2023, the dataset exhibits robust temporal coverage, particularly
between 2004 and 2015 (see Fig.2a). In particular, the years 2005, 2006, 2010, and 2012 stand out with the highest
number of CTD stations, coinciding with years that included monthly surveys, indicating a more frequent repeat
frequency (see Fig. 2). While reasonable temporal coverage is observed between 2004 and 2015 (except for 2014),
the availability of stations diminishes between 2016 and 2023.

‘ 2

48°W 1.2°E 7.2°E 13.0°

Figure 1. Spatial distribution of cruise stations with CTD oxygen data (black dots) in the CTDO2-WMEDv1
dataset. The red markers indicate stations (discrete measurements) from the reference.



100

101

102
103
104
105
106

107
108
109
110
111

112
113
114
115

116
117
118
119
120

121
122
123

124
125
126

(a) (b)
200 —— T 300

0

@

K

150

a 200

a

'_

O 100

B

o 100 [

38 50

E

=1

z 0
TOOERODO NN IWDON~DDO = N O 1 3 4 5 6 7 8 9 10 1112
000000 Frrrrrro T e e Mo NN
[=Rsg=R=ReRefoReReNaNeReReRel el eRePeNe el Meonths
AAANANNANNNAdANNAAAAN

Years

Figure 2. Temporal distribution of CTD oxygen profiles: A. annual distribution and B. monthly distribution.
e Assessment of sensor calibration

Dissolved oxygen has been measured using Sea-Bird (SBE43) oxygen sensor mounted on the CTD rosette, and
by Winkler titration of discrete samples collected in Niskin bottles at various depths. Theses samples were analyzed
onboard by different research team. In this dataset, we only evaluate the CTD sensor oxygen data, which were
post-calibrated against Winkler measurements as summarized in Figure 3. Note that discrete Winkler data are not

included in the final product.

The cruises listed in Table 1 were calibrated using Winkler titrations, following standard procedures (Grasshoff et
al. 1983; Langdon ,2010). Discrete samples were used to calibrate the CTD sensor, correcting for sensor drift, in
line with the approaches of Janzen et al. (2007) and Uchida et al. (2010). Calibration methods followed the
application note SBE 43 DO Sensor calibration and data correction (NO.64-2 from Sea-Bird Electronics,

www.seabird.com ).

Following Uchida et al. (2010), we assess the residuals between Winkler (O2 bottle) sensor (O2 sensor) after
calibration. or calibration limitations. Sensor data were matched to discrete samples based on pressure. For cruises
where more than one SBE43 sensor was deployed, the sensor with the smallest residuals relative to the Winkler

samples was selected for this assessment.

Figure 3(a) shows of the residuals (O2 bottle—O2 sensor) plotted against pressure, with cruises color-coded by start
date . residuals are generally smaller below 800 db, though systematic differences up to £15umol/kg are observed.
Figure 3(b) presents the residual distribution for each cruise using boxplots. High variability (standard deviation
of the mean residual > 7 pmol/kg) is observed for cruises such as 48UR20080905, 48UR20050412,
48QL20171023 and 48UR20041006.

In 48UR20080905, only five Winkler samples limiting calibration quality. For 48UR20050412, which had two
legs samples from one leg were used to calibrate the entire cruise. Some cruises (e.g., 48UR20060608) show

pressure-dependent residuals, indicating issues with pressure compensation during calibration.

Figure 3(c ) summarized cruise-level agreement using the mean residual and the percentage of values within +2
pmol/kg. According to Uchida et al., (2010), residuals should remain within this threshold after proper calibration.

Cruises where color-coded as follows: Green indicates cruises where > 40% of residuals within +2 pmol/kg


http://www.seabird.com/

127
128

129
130
131
132

(considered good agreement); Blue represent moderate or uncertain agreement (19 to <40% of mean residual

within £2 pmol/kg); Grey denotes cruises with systematic bias (<19% of mean residual >2 pmol/kg).

Eight cruises show good agreement, eleven are moderate, and the rest display systematic positive or negative
biases. These may reflect sensor calibration issues, bottle handling problems, or sensor drift. This analysis helps

flag suspect data for correction or further review. We do not discuss each cruise individually, as the purpose here

is to assess the outcome of the calibration process.
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Figure 3. Residuals between CTD oxygen data from SBE43 (sensor) and Winkler oxygen data (O2 bottle) for (a)
all dataset against pressure color coded with each cruise staring date; (b) boxplot distribution with % of residuals
within £2 pumol/kg and, (c) assessment of the mean residual of each expocode/cruise.

Table 1. Cruise summary table listed with number of stations. Refer to Belgacem et al. (2020) and Ribotti et al.

(2022) for cruise metadata.
Cruise  Cruise Expocode Research Date Start/End Nb CTD
1D vessel (RV) profile
2 MEDGOOS9 48UR20041006  Urania 6 - 25 OCT 2004 82
3 MEDOCCO05/ MFSTEP2 48UR20050412  Urania 24 APR - 16 MAY 2005 160
5 MEDGOOS11 48UR20051116  Urania 16 NOV - 3 DEC 2005 36
6 MEDOCCO06 48UR20060608  Urania 8 JUN - 3 JUL 2006 127
8 MEDGOOS13/MEDBIO06 48UR20060928  Urania 28 SEP - 8 NOV 2006 41
9 MEDOCCO07 48UR20071005  Urania 5-29 OCT 2007 81
10 SESAMEIt4 KM3 or 48UR20080318  Urania 18 MAR - 7 APR 2008 27
SESAME_KM3
11 SESAMEITS5 (Sesame 48UR20080905  Urania 5 - 16 SEP 2008 24
KM3 September 2008)
12 MEDCO08 48UR20081103  Urania 3-24 NOV 2008 60
13 TYRRMOUNTS 48UR20090508  Urania 8 MAY - 3 JUN 2009 86
14 BIOFUNO10 48UR20100430  Urania 30 APR - 17 MAY 2010 29
15 VENUS1 48UR20100731  Urania 31JUL - 25 AUG 2010 116
16 BONSIC2010 48UR20101123  Urania 23 NOV -9 DEC 2010 24
17 EUROFLEET11 48UR20110421  Urania 21 APR - 8 MAY 2011 31
18 BONIFACI02011 48UR20111109  Urania 9-23NOV 2011 18
20 ICHNUSSA12 48UR20120111  Urania 11 -27 JAN 2012 35
21 EUROFLEET2012 48UR20121108  Urania 8 -26 NOV 2012 75
211 VENUS 2 48UR20130604  Urania 4 - 25 JUN 2013 59
22 ICHNUSSA13 48UR20131015 Urania 15-29 OCT 2013 40
222 ICHNUSSA15 48QL20151123  Minerva 23 NOV - 14 DEC 2015 62
Uno
23 OCEANCERTAIN15 48QL20150804  Minerva 4 - 18 AUG 2015 90
Uno
24 ICHNUSSA17/INFRAOC 48QL20171023  Minerva 23 OCT- 28 NOV 2017 41
E17 Uno
25 ICHNUSSA/JERICO18 48DP20180918  DallaPorta 18-25 SEP 2018 10
27 JERICO-I11-2022 48DP20221015  DallaPorta 15- 25 OCT 2022 21
28 JERICO-I1I-EurogoShip- 48DP20230324  DallaPorta 24 MAR - 09 APR 2023 6

2023
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The vertical distribution of dissolved oxygen in the WMED reflets the interplay between air-sea gas exchange,
biological activity, and regional circulation processes. In the surface waters, oxygen concentrations remain close
to atmospheric saturation due to gas exchange and photosynthetic production by phytoplankton. As organic matter
sinks and is re-mineralized in subsurface waters, oxygen is consumed, giving rise to vertical gradients. However,
unlike any other ocean basins where pronounced Oxygen minimum zone develops, the WMED remain relatively
well-oxygenated owing the periodic deep convection events in the Gulf of Lion (DF2) which generate the WMDW.
This dense, oxygen -rich water mass ventilates deep layers across subregions such as the Algerian (DS3, DF1),
Ligurian (DF3) and Gulf of lion (DF2) which are known to be among the most ventilated areas (Schneider et al.,
2014).

To provide a comprehensive view of this oxygen distribution, Fig. 4a presents the vertical CTD oxygen profiles
versus pressure across ten WMED subregions defined in Fig.4b, alongside data from reference cruises (Table 2).
The blue shading highlights the oxygen concertation range within each subregion, revealing clear spatial
differences across depth layers. one recurring feature is the intermediate depth oxygen minimum layer (OML),
typically found between 300 and 600 db. This layer corresponds to the core of the LIW, which is warmer, saltier,
and consistently lower in oxygen compared to surrounding water (Tanhua et al., 2013; Coppola et al., 2018;
Mavropoulou et al., 2020). The depth, thickness, and intensity of the OML vary regionally and interannually,
influenced by remineralization rates, nutrient availability, mixing intensity and regional circulation (Coppola et
al., 2018). In the Tyrrhenian subregion, the OML is followed by increasing Oxygen concentrations at depth,
suggesting downward diffusion of more oxygenated water. In contrast, the lowest oxygen concentrations in the
WMED are observed in the Sicily channel and Tyrrhenian Sea, where the LIW is prominent and deep ventilation
is weal. Meanwhile on the Alboran and Balearic seas exhibit relatively well(oxygenated profiles through the water
column, a result of both the influence of the WMDW and enhanced vertical fluxes driven by mesoscale and sub-

mesoscale processes that transport oxygen-rich surface water downward (Middleton et al., 2025).
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Figure 4. (a) Overview of CTD oxygen distribution versus pressure for the WMED in grey, from the original
dataset after the initial quality control (1st QC). The blue represents the vertical distribution within each subregion
(refer to Table S1). The black lines denote the mean profile of each subregion over the entire period. The red dots
denote the reference data. (b) Geographical map indicating the geographical limits from MEDAR/Medatlas sub-
regions (defined in Table S1, adapted from Manca et al. (2004)).
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3 Quality control methods
3.1 Primary quality control of CTD-O2 data

Each cruise was converted to standard units. The GSW toolbox was used to calculate conservative temperature
(CT), absolute salinity (SA), and potential density. Dissolved oxygen was converted from milliliters per liter (ml
L) to micromoles per kilogram (umol kg™) using potential density and the conversion factor 44.66 to ensure
uniformity. Then each cruise went through a rigorous scan for outliers. each parameter was assigned a data quality
flag. Initially set to 2 for acceptable values, flag 3 for questionable values and to 9 for data following WOCE.

However, the cruises did not necessarily have all parameters analyzed to the highest standards, and insufficient
metadata. There often are insufficient deep stations to compare data with reference data. The primary quality
control (1 QC) procedure involved the identification of outlier profiles and/ or data points in each cruise. Outliers
were flagged, indicating the quality of each value (refer to Table 3 in Belgacem et al., 2020). Flagging was specific
to the precision of each parameter for each cruise. Property-property plots were examined for each region, and
values identified as outliers in more scatter plots were flagged as questionable. Approximately 0.2% of CTD O2
data were considered outliers and flagged as 3. The 1% QC can be subjective, as it relies on the expertise of the

individual inspecting the data.

To assess the internal consistency and precision of the CTD oxygen data across cruises, we computed Median and
median absolute deviation (MAD) of deep oxygen concentrations (>800 dbar, as summarized in Fig.6 and Table
S3, in supplementary) to sidestep any variability associated with atmospheric forcing or mesoscale variability and

residual outliers.

Figure 5 (a) highlights the spatial variability in deep-water oxygen concentrations across the WMED. A distinct
east-west gradient is evident, with lower oxygen levels (blue tones) characterizing the eastern subregions,
including the Tyrrhenian Sea, Sardinia channel, and Sicily channel; in contrast , higher oxygen concentration(green
to yellow) is observed in the westernmost regions, reflecting enhanced ventilation associated with deep convection
processes in the Gulf of Lion. MAD was used as a proxy for precision, while comparisons of cruise-level medians

with regional medians served to identify potential biases or systematic offsets.

Overall, MAD values ranges from 0.1 to 7.5 pumol/kg. in well-sampled subregions (>5 cruises), high MAD or

anomalous medians were used to recognize potentially problematic cruise.

In the Ligurian Sea (DF3), among five cruises, cruise #3 and #21exhibited the highest MAD. While cruise 2, had
a median consistent with other cruises, cruise #3 was ~10 umol/kg lower, and cruise #6 was 1 ~6 umol/kg higher,

despite a low MAD. This discrepancy suggests potential bias or calibration issues, especially for cruise #6.

In the Balearic Sea (DS2), six cruises sampled the deep waters. All but cruises #3 and #6, showed low MAD.

These two cruises had MADs of 5.4 and 6.9 pmol/kg, respectively, raising concerns about their precision.

In the Algéro-Provencal region (DF1), ten cruises sampled this subregion. Cruise #24 has the highest MAD
(7.5pmol/kg) and the highest median but was also based on only two profiles, likely explaining the high
uncertainty. cruise #3 again showed an anomalously high median (197.6umol/kg), and cruise #6 has and elevated
MAD of 4.2 pmol/kg.
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In the Algerian basin (DS3), ten cruises showed generally good agreement (MAD between 1.8 and 4.1 pmol/Kkg).
however, cruise #22 (2013) had an elevated oxygen value, potentially capturing a real increase in deep oxygen. In

contrast, cruise #3 ( 2005), showed a regionally anomalous median, suggesting possible quality issues.

In the Tyrrhenian North region (DT1), with 14 cruises, this region has MADs from 1 to 4.5 umol/kg . Cruises #3
and #222 displayed larger MADs and only cruise #3 had high median, while cruise #2recorded the lowest deep

oxygen concentrations.

In the Tyrrhenian South region (DT3), the most frequently sampled region (20 cruises). MADs ranged from 0.1
and 5.3 umol/kg. elevated MADs were observed in cruise #2,#3,#5,#6,#10, and #24,suggesting noise.

In Sardinia Channel (DI1), fifteen cruises showed relatively consistent medians, but MAD values were generally
higher (3.5 to 6.5 umol/kg). Recent cruises, particularly cruise #24, showed the highest median (202.2 +6.3

pmol/kg), significantly higher than earlier cruses, possibly indicating calibration issues.

Following the approach adapted from Olsen et al.(2016), large MADs combined with anomalous medians and
limited spatial coverage (i.e., subregions) point to low internal precision and potential systematic error. Cruise #3
(multiple subregions) is consistently showing high MAD or biased medians. Cruise #6(DF3,DS2, DT3) has an
unusually high median in DF3 and high MAD in DS2 and DT3. Cruise #24 (DS3,DT1) is showing an elevated
deep oxygen and large MAD, save for Cruise #22. Cruise #2 (DT1, DT3) show low median and high MAD,

possibly indicating systematic error, same for cruise #5.
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Figure 5. Median and MAD of deep CTD oxygen concentrations (>800 dbar). Heatmaps showing (a) the median
and (b) the median absolute deviation (MAD) of CTD dissolved oxygen concentrations at pressure >800 dbar,
organized by cruise (rows) and geographic subregion (columns), Grey color indicate no data. Theses metrics

10



233
234

235

236
237
238
239
240
241
242
243
244

245

246
247
248
249
250
251
252
253
254
255
256

257
258
259
260
261
262
263
264
265
266
267

268

269

support the intercomparison of deep oxygen distribution and data quality across the CTDO2-WMED dataset,
(Table S3).

3.2 Secondary quality control: crossover analysis

The secondary quality control (2" QC) method involves comparing the CNR cruises with reference cruises. The
reference data are assumed to be accurate, and stable, particularly in deep water; however, this assumption may
not always be effective, for more recent cruises due to the region’s strong spatial gradients and potential long-
term changes in dissolved oxygen concentrations. In global data synthesis efforts such as GLODAP and CARINA,
a 1% agreement threshold has been widely used in crossover analysis to detect potential biases and ensure
consistency across cruises. However, this could don’t be valid for the case of the Mediterranean Sea. These changes
may affect the entire Basin in long-term, particularly the intermediate and deep water. Here, we check the
consistency of the reference dataset, test and identify accuracy thresholds and identify the least variable depth

range on which to apply the Xover analysis.

e Reference data:

The previously described CNR CTDO; profile data collection is compared to deep water observation from the
same area. A total of seven cruises have been identified (Table 2, Figure 6) with documented high-quality dataset
during which discrete oxygen measurements were collected in the Mediterranean Sea through international
projects. Defined as “reference cruise,” they adhere to the recommendations of the World Ocean Circulation
Experiment (WOCE) and the Global Ocean Ship-Based Hydrographic Investigations Program (GO-SHIP)
protocols (Langdon 2010). Among these, cruises 06MT20011018 and 06MT20110405 are significant surveys,
contributing to the GLODAPv2 dataset (Olsen et al., 2016). During these cruises, quality control procedures were
applied, and minimal corrections to oxygen measurements were made, ensuring excellent data quality. Additional
information regarding these cruises can be found in the work of Tanhua et al. (2013a) and Hainbucher (2012). For
further details, one can refer to the adjustment table available at https://glodap.info/ (last access: August 2024)
and the work by Olsen et al. (2020).

Similarly cruises 48UR20070528 (TRANSMED I1), 29AH20140426 (HOTMIX) and 06M220180302 (MSM72)
which are related to CARIMED (CARDbon, tracer, and ancillary data In the MEDsea) that aims to be an internally
consistent database containing inorganic carbon data (Alvarez et al., in preparation); which means that this cruise
underwent rigorous quality control processes. The TALPpro cruises conducted in 2016 (Tanhua ,2019a, 2019b;
Jullion, 2016) and in 2022 (Schroeder, 2022) are associated with the MedSHIP program, which follows the
guidelines established by the international GO-SHIP initiative. This program is dedicated to high-quality data
collection and analysis to evaluate the impacts of climate on marine environments (Schroeder et al., 2015, 2024).
Following the standards and charts of these programs, the quality of measurements obtained during these cruises
has been ensured, demonstrating both precision and reliability, and thus used as reference cruises in the 2™ QC.
To sum-up, we are using these bottle oxygen reference form seven cruises to check and evaluate the CTD-02

sensor-based dataset.
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Table 2. Overview of reference dataset utilized in the 2" QC process with their Expocode and Identification
number (ID). The data spans from 2001 to 2022.

ID Common name EXPOCODE Date starts and end Stations  Source Chief scientist(s)
6 M51/2 06MT20011018 18 Oct—-11 Nov 2001 6 GLODAPV2 Wolfgang Roether
TRANSMED_LEG

22 1l 48UR20070528 28 May-12 Jun 2007 4 CARIMED Maurizo Azzaro
64 M84/3 06MT20110405  5-28 Apr 2011 20 GLODAPvV2 Toste Tanhua

17  HOTMIX 29AH20140426 26 Apr-31 May 2014 18 CARIMED Javier Aristegui

Loic Jullion,

27 TAIPro-2016 29AJ20160818 18-28 Aug 2016 42  MedSHIP programme  Katrin Schroeder
72 MSM72 06M220180302 2 Mar—3 Apr 2018 130 Go-SHIP Jens Karstens

28 TAIPro-2022 11BG20220517 17-26 May 2022 24 MedSHIP programme Katrin Schroeder

(b)

Reference cruises

* 06MT20011018

*  4BUR20070528
06MT20110405
29AH20140426
29AJ20160818
06M220180302
11BG20220517

(c)
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8§ £ 400 [ 64/06MT20110405
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O E 300 [ 27/29A020160818
s ©
o £ [ 72/06M220180302
[7]
2 om I 25/11BG20220517
£
=]
Z 100

Regions
Figure 6. Reference cruises: (a) Map with stations. (b) Dissolved oxygen data from Winkler measurements and
corresponding mean profile from the reference cruises and (¢ ) Number of oxygen observations in the reference
for each region.
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Figure 6 (c ) presents a histogram of the regional distribution of the reference dataset, which aligns well with

CTDO2-WMED dataset. both datasets consistently highlight the Tyrrhenian (DT1) and the Algerian basin (DS3)

as the most frequently sampled subregions over the multiple years.
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281 - Accuracy envelope in the WMED
282 To explore the feasibility of applying a broader accuracy threshold specific to the WMED, we assess whether
283 relaxing the accuracy threshold to 2% is appropriate for the reference cruises in DS3 and DT1, two regions
284 representative of contrasting deep-water dynamics.
285 For this analysis, each DO profiles from selected reference were interpolated to a standard pressure grid (0 -
286 3600 dbar) using a piecewise cubic Hermite interpolating. Mean DO profiles where then computed per cruise
287  and averaged across cruises to produce a composite profile for each region (Fig.8).
288 Both subregions display the typical WMED oxygen structure as described in section above. However, the degree
289 of interannual variability differs substantially between the two.
290 In the DT1 (Tyrrhenian Sea), oxygen profiles from different reference cruises show minimal variability between
291 800 and 2500 db, suggesting stable deep-water conditions; The Tyrrhenian deep waters are known to be ventilated
292 not primarily by deep convection but through lateral advection and double-diffusion process (Durante et ., 2009).
293  Signs of episodic ventilation, particularly in 2007 and 2016 have been identified and discussed by Li and Tanhua
294 (2020). The consistent/ slow increase in oxygen below 800 db likely reflect the influence of such processes, which
295 may also explain the weak development of a well-defined tracer minimum zone (TMZ) in this region.
296 In contrast, DS3 (the Algerian basin) shows significantly more variability. While the overall profile shape is
297  consistent, DO concentrations below 1500 db in recent cruises (2018 and 2022) are lower by 4-5 pmol/kg
298 compared to earlier cruises. These differences correspond to deviations of 2 to 4%, likely linked to temporal
299 changes that may be linked shifts in deep water formation. Studies using transient tracers, have reported enhanced
300 ventilation between 2001 and 2016. Consistent with our observations. However, as suggested by Li & Tanhua
301 (2020), the declining intensity of deep convection in recent years has reduced oxygen renewal at depth, a trend
302  clearly evident in DS3- Algerian basin, but not observed in the DT1- Tyrrhenian Sea, as also noted by Schneider
303  etal. (2014)
304 Figure 7 (a,b) confirm the contrasting DO patterns between the two subregions, while , while zoomed panels (c)
305 and (d) highlight the spread among cruises. The greater variability in DS3 supports the need to relax the 2" QC
306  threshold from 1% to 2% to accommodate natural variability rather than forcing potentially misleading corrections.
(a) DS3- Algerian basin (b) DT1- Tyrrhenian Sea
0 . 0
. 500 |
1000}
£ | g
sl 3000
3500 )
%50 200 250 300 160 180 200 220 240 260 280
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Figure 7. Average vertical profiles of dissolved oxygen in (a) the Algerian Basin and (b) the Tyrrhenian Sea.
Panels (c) and (d) provide a zoomed view of the deep layers below 800 db. Colored dots represent individual
oxygen sample, color-coded by cruise, while the solid-colored lines show the cruise-specific average profiles.

Defining a stable pressure range for crossover analysis

To assess consistency in the deep layer of the reference dataset, we computed pairwise ratios (A/B) of average
dissolved oxygen between the tested cruise (e.g., A:6/06MT20011018) and the six reference cruises (B). the results
are shown in Figure 8 and Figure S1-2S.

In DS3 (Algerian basin), 29.7% of pairwise ratio fall within 1%, and 60.5% within 2%, while 39% exceed the 2%
threshold, highlighting higher variability compared to DT1( Tyrrhenian Sea), where 71.7% of ratios lie within 1%,
and 98.7% within 2%, indicating more stable deep-water conditions. Most discrepancies in both regions occur

below 2500 db where data are sparser and naturel variability increases.

Cruise 72(2018) and 28 (2022) in DS3 consistently show 2-4% lower oxygen than earlier cruises (64, 17, 27),
suggesting long-term decrease in oxygen or episodic variability. These patterns align with Gregoire et al.( 2023)
and personal communication with L.Coppola, who attributed the 2022 anomaly to reduced deep convection. The
regionally stable layer across cruises lies between 800 and 2000 db, where interannual variability is minimal. This
depth range aligns with tracer minimum zone described by Li and Tanhua (2020), which reflects shifting
ventilation intensity over time. Given our dataset spans 2001/ 2004-2023 , a broader 800-2000 db is proposed for
crossover analysis to account for temporal and spatial changes.

This assessment follows secondary quality control procedures in the WMED; by adopting a 2% threshold, more
appropriate than 1% standard used in CARINA and GLODAP; we minimize the risk of applying unjustified

corrections to CTD oxygen data and accommodate the natural change in the region.
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Figure 8. Vertical distribution of the ratio between the tested reference cruise (top of each subplot) vs the other
references (in the legend box below).red continuous vertical line refer 2% accuracy envelope and red dashed line
refer to 1% envelope to . Similar composite figures are in supplement for subregions DT1(Fig. S1) and DS3 (Fig.
S2)(zoom: 800-2000 dbar)

e Crossover analysis:

A crossover analysis, following the approach of Johnson et al. (2001), Tanhua et al., (2011) and Lauvset and
Tanhua (2015), was conducted. Crossover analysis (Xover) was performed by checking the cruises CTDO2-
WMED dataset to the reference cruises. The method is based on the comparison of cruise pairs, where the
differences between two cruises within a predefined spatial distance, here a radius of 2° latitude (approximately
222 km) are assessed. The interpolated profiles for each station in cruise C1 were compared to the interpolated
profiles from cruise C2 within the specified maximum distance. A difference profile was generated for each pair
of stations, with a minimum of three stations required for each crossover. Calculations were performed on density
surfaces to ensure that data comparisons were made between the same or comparable water masses, thereby
mitigating biases associated with variations in salinity. Density values were calculated for each measurement, and
data from each profile were interpolated using a piecewise cubic Hermite interpolating scheme to standard density

levels. This iterative process was repeated for each station in the cruise, resulting in multiple difference profiles.
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The outcome is the weighted mean and standard deviation of the difference profiles for each cruise, referred to as
the offset. The weighting applied to the profiles is based on their variability, giving higher importance to parts of
the profiles with lower variability (adapted from Tanhua et al. 2010, 2015). In addition to conducting crossover
analysis over the full spatial extent of each cruise, regional crossovers also performed using a modified clustering
approach. In this method, clusters are manually defined based on predefined geographical subregions (Table S2);
When sufficient profile coverage was available, analysis was focused on the most frequently sampled areas: the
Tyrrhenian Sea (both DT1 & DT3), Algerian basin (DS3 & DF1) and the Alboran sea (DS1), as previously
described. This regionalized approach helps reduce the likelihood of comparing stations influenced by distinct

hydrographic regimes.

Figure 9 illustrates an example of a crossover and offset between cruise pairs over the entire region, while an
overview of some crossovers vs. reference dataset are displayed in Section 4. All calculated offsets for each cruise

were examined to determine the presence of any likely biases in the measurements.

The number of stations in the overlapping region (i.e., within the predefined radius) is critical for accurate offset
estimation. For instance, as depicted in Figure 8 (a), 30 stations from C1 were compared to 14 stations from C2 to
estimate the offset; a limited number of stations can introduce uncertainty into the offset estimate. Additionally,
while the number of crossover cruises is significant, the Mediterranean Sea has a limited number of reference

cruises available.

Corrections Factor (CF) is estimated from the offset. CF were meticulously reviewed and justified whenever
adjustments were deemed necessary (Table 4), at this step, a set of potential correction factor is estimated from
the difference offsets. Here, we followed a conservative approach, we are comparing the median regional offsets
and choose to apply the correction factor with an absolute low percent of change (deviation from 1). This approach

is ensuring low change in the data and improves the internal consistency of the data.

Following adjustments/corrections, the last step involves evaluation the overall internal consistency of the entire
dataset CTDO2-WMED using the weighted mean (WM) of the absolute offsets (D) of all crossovers (L) and the
standard deviation (o), following Tanhua et al. (2009) and Belgacem et al. (2020). This assessment quantifies the
accuracy of the data product, as supported by previous studies (Hoppema et al., 2009; Sabine et al., 2010; Tanhua
etal., 2009). Notably, our evaluation is based on offsets relative to a reference dataset, providing a comprehensive
understanding of data consistency.

_ 2L D®)/(e()?
WM= ¥k 1/(a()?
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Figure 9. An illustration showcasing the calculated offset for dissolved oxygen between cruise 48QL20150804
and cruise 06MT20110405 (reference cruise). (a) Spatial distribution of CTD stations involved in the crossover
analysis, along with statistical information. (b) Vertical profiles of dissolved oxygen observation (umol/kg) from
both cruises that fall within the radius of 2° (800- 2500 dbar). (c) Display of the difference between both cruises
(thick dotted black line), standard deviation (thin dotted black lines), the weighted average of the offset (solid red
line), and h the weighted standard deviation (dotted red line).

4 Results of the secondary QC and recommendations

The outcomes of the crossover analysis are presented in terms of correction factors derived from comparisons with
selected reference cruises (Table 2). These corrections, aimed at enhancing measurement consistency, are
summarized in Table 4. The analysis assumes that the reference dataset represents the true values. This section
details the various crossovers, discusses the offsets, and outlines the derived correction factors. Each crossover
was thoroughly evaluated, and corrections were refined as necessary, considering the number of crossovers,
regional difference and the stations involved in each comparison.

The offsets and correction factors for each cruise indicated small changes. Few cruises fell outside the predefined
accuracy envelope of 2% and therefore required adjustments. Notably, cruises no. 25: 48DP20180918, no. 27:
48DP20221015, and no. 28: 48DP20230324 were excluded from the crossover analysis due to an insufficient number

of stations below 800 dbar; however, these cruises remain available in the final dataset.

In total, 265 crossovers were identified (including the entire extent and regional clustering) of the cruises and the
regional . The analysis suggested that deep oxygen measurements from specific cruises (no. 2, no.8, no.211 and

no.222) necessitated upward adjustment when compared to the reference cruises in the region. Conversely, cruises
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no. 3, no. 5, and no. 24 exhibited slightly elevated values relative to the respective reference datasets, indicating a
need for downward adjustments. Fourteen cruises did not require any corrections, demonstrating consistency with
the reference dataset and indicating a high quality of the measurements. A correction is endorsed when the offset

is outside the predefined accuracy envelope of £2%.

Table 3 and Figure 10, resume the possible improvements after corrections. In the subsequent text, a thorough
discussion about the adjustments (i.e., Correction factor) of the main challenging cruises is provided. The reader
is invited to compare the descriptions with the respective plots in Figure 10 and the corresponding crossover

summary figures for each cruise.

To validate our findings, we recalculated the offsets using the adjusted data after applying the corrections outlined
in Table 4.

Following the application of these adjustments, the offsets were reduced. The suggested cruises now fall within
the accepted envelope of 2% indicating an enhanced consistency of the measurements. This improvement is

evident in the adjusted data presented in Figure 10(in blue).

To evaluate the consistency, we computed WM using the offsets of the crossover estimated the selected adjusted
data, Figure 11. The level of internal consistency of the adjusted CTD oxygen dataset is estimated to 0. 998. The
adjustments removed potential biases arising from errors related to measurement, calibration, data handling

practices, and the lack of adherence to international standards improving the overall consistency.
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Figure 10. Results of the crossover analysis results for CTD dissolved oxygen, showing the recommended
correction before (in grey) and after (in blue) adjustment. Error bars indicate the standard deviation of the absolute
weighted offset. A correction means the original CTD Oxygen data must be multiplied by that amount (see Table
4). The dashed line represents the 2% accuracy envelope for an adjustment to be made.
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Table 3.Summary of the suggested multiplicative adjustments for CTD dissolved oxygen resulting from the 2nd
quality control

Cruise EXPOCODE Recom_mended
ID correction (x)

2 48UR20041006 1.032

3 48UR20050412 0.97

5 48UR20051116 0.96

6 48UR20060608 -

8 48UR20060928 1.03

9 48UR20071005 -

10 48UR20080318 -

11/12%  48UR20080905/48UR20081103 -

13 48UR20090508 -

14 48UR20100430 -

15 48UR20100731 -

16 48UR20101123 -

17 48UR20110421 -

18 48UR20111109 -

20 48UR20120111 -

21 48UR20121108 -

211 48UR20130604 1.028

22 48UR20131015 _

222 48QL20151123 1.03

23 48QL20150804 -

24 48QL20171023 0.97

aCruise #11 and cruise #12 were merged in the 2" QC.

11

72.7% within £2%

| N = 264 crossovers

0 50 100 150 200 250
Number of Crossovers

Figure 11. offsets calculated from CTD oxygen crossovers in CTDO2-WMED dataset after applying correction
factors. N is number of crossovers.

e CTD-02 adjustments
In section, we provide interpretations and recommendations supporting the proposed adjustments, including
discussion of any potential offsets identified, even for cruise where no correction was ultimately applied. Cruises

not mentioned here showed consistent CTD oxygen data and required no further review. All applied corrections

are summarized in Table 3.
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Cruise no. 2 (48UR20041006) has crossovers in three sub-regions: two in the Alboran sea, five and four in the
Algerian basin and the Tyrrhenian. Offsets in the three regions demonstrated a consensus regarding a mean offset
of 0.96 to 0.96 (Fig. 12).

agree about the increase and data of cruise 48UR20041006 seems to be lower than the reference cruises by 4%. In
Figure 3, the mean residual between Winkler and Sensor was higher than 2 pmol/kg, which might indicate
calibration issue. While this increase may appear excessive, it is important to consider that the regional deep
averages obtained from cruise no.2 were the lowest (Fig. 5). Adding to this, the WMED deep layer before 2004,
has stable ventilation, it is after 2004 the decline in ventilation has been noted. This may provide a rational for the
adjustment. That is to say that cruise 48UR20041006 could not have lower. We are applying in all regions the
lowest correction factor that changes in a minimum way the data among the different regions which is an increase
of 3.2% that means a correction factor of 1.032.

48UR20041006
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Figure 12. Summary of offsets for all crossovers found for CTD oxygen on cruise no. 2/48UR20041006. The solid
red line indicates the weighted mean of the offsets, with its standard deviation in dashed lines; the dashed grey
lines denote the predefined accuracy limits for Oxygen measurements; the black dots with error bars illustrate the
weighted median offsets in relation to individual reference cruises, along with their corresponding weighted
standard deviations in all WMED, the purple is for the Alboran Sea, Orange for the Algerian basin and blue for
the Tyrrhenian. The correction factor ,standard deviation, and percentage of change of these offsets in each
subregion are annotated within the figure. Note that the reference cruises along the x-axis are arranged in
chronological order for the different subregions.

Data from cruise no.3 48UR20050412 was compared to the same reference cruises as cruise no.2. The offset
between cruise no.3 and the reference cruises in the Algerian basin with five crossovers and four crossovers in
the Tyrrhenian Sea indicates that an adjustment toward a decrease is necessary. As pointed out in section 3.1

cruise no.3 could be of low precision compared to cruises conducted in the same regions.

Based on the agreement between the offsets in both the two subregions (Fig. 13), and even though the crossover
with reference 2001 showed good agreement (based on 3station in 3differenf geographic areas), it does not seem
robust. So, for this cruise, the offset we are using the overall offset of 1.03 (all WMED), that suggests correction

factor of 0.97 which supports a downward adjustment of ~3 %.
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Figure 13. The same as Fig.12 but for cruise no.3 48UR20050412

Cruise no. 5 (48UR20051116) had four crossovers in the Tyrrhenian Sea spanning the years 2011, 2016, 2018 and
2022 (Fig.S3). there is a good agreement in terms of in the precision shown in the weighted standard deviation of
0.01. A median of the weighted offset of 1.042 is found. Based on this, an adjustment toward a decrease of ~4.2%
is suggested for cruise no.5. The discrepancy may indicate potential issues with sensor. An adjustment of 0.96 is

suggested.

Cruise no. 6 (48UR20060608) has five crossovers in the Algerian basin and four in the Tyrrhenian Sea (Fig. 14).
Offsets in the overall basin and in the Algerian basin showed an increased trend of the offset with time. Seven

crossovers out of 9 from both subregions were within the 2% envelope.

Here the dynamic between both subregion is clear, low weighted standard deviation of 0.005 in the Tyrrhenian
indicate the good precision and good agreement between the four crossovers. In area the variability is less
pronounced. While in the Algerian known to be highly variable area, and very much representing the direct effect

of the Gulf on Lion, had larger standard deviation of 0.01 persistent in all with references except the 2022 reference.

We refrained from adjusting the data because most of the crossovers did not show consistency between regions
and potential trends is observed similar to average vertical profile in Fig.7(c) of the reference cruises in the
Algerian and there was good agreement with the references. The majority of the crossover fall within the 2%

accuracy. No adjustment is needed.
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Figure 14. The same as Fig.12 but for Cruise no. 6 (48UR20060608).
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Cruise no. 8 (48UR20060928) four crossovers in the Tyrrhenian Sea with reference cruises 06MT20110405,
29AJ20160818, 06M220180302 and 11BG20220517, they all agree about the 0.005 standard deviation and the
good quality of the data (Fig. S4). All offsets vary between 0.96 and 0.97 pointing to a correction toward an

increase of ~3%. The offsets are outside the 2% envelope. Here we suggest an adjustment of 1.03.

Cruise no. 9 (48UR20071005) has five crossovers in the Algerian basin and four crossovers in the Tyrrhenian

Sea. All showing median standard deviation od 0.005 indicative of the god precision of the data. Median weighted

offset of 0.97 is recorded in the Tyrrhenian and 0.98 in the Algerian basin. The largest offset was with
06MT20011018, where the offset is about 0.95 (Fig. 15), likely due to the large scatter among the limited number

of stations in both sub-regions. Despite, both subregions show a consistent deviation of about the 2% increase,

thus suggesting a correction factor of 1.02 that is within the 2% envelope. Therefore, no correction is recommended

for this cruise.
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Figure 15. The same as Fig.12 but for Cruise no. 9 (48UR20071005).
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Cruise no. 15 (48UR20100731) has two crossovers in the Alboran Sea with a median offset of 0.98+0.01, five

crossovers in the Algerian basin with an offset of 0.98+0.005, and four crossovers in the Tyrrhenian Sea showing

an offset of 0.97+0.005 (Fig.16). The data appear to be of good quality overall. Following our conservative

correction approach, the lowest observed percentage of change is 1.4, suggesting a correction factor of 1.014, that

is well within the 2% acceptance envelope. Therefore, no adjustment is applied.
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Figure 16. The same as Fig.12 but for Cruise no. 15 (48UR20100731).

Cruise no. 211 (48UR20130604) has an offset of 6% increase in oxygen observed the Algerian basin. A lower

offset magnitude is noted in the Tyrrhenian proposing an increase of 2.8%. Both median offsets indicate that

oxygen data for this cruise are lower than the references, although data precision appears good . In contrast, cruise

no. 22 (48UR20131015) from the same year shows smaller offsets magnitude in both regions (Fig.S5), suggesting

its oxygen values are higher than the references and might require a small downward adjustment. However, the

proposed correction factor 0.98+0.005 for cruise no.22 remain within the 2 % envelope, so no adjustment is

applied. For cruise no.211,the differing offset magnitudes between the Algerian and Tyrrhenian (6% vs. 2.8%,

respectively, Fig. 17) present a discrepancy; to balance these regional differences while respecting the predefined

+2% envelope, we recommend applying a correction factor of 1.028. this value reflects the smaller offset found

in the Tyrrhenian Sea and avoids overcorrecting the data, ensuring consistency.

23



512

513

514
515
516
517
518

519
520
521
522
523

524

525
526
527
528
529

530
531
532
533
534
535
536
537

48UR20130604

1.04 T T T T T T T T T
1.02 .
CF =1.028 + 0.005
1+ CF =1.037 £ 0.006 A=28% b
‘EUJ; A=3.7% E
£ 098t ; ¢ i ¥ AIWMED
c I Ch = 1,061 +0.008 #  Algerian Basin
%0.96* E I I ArBik E E . ®  Tyrrhenian Sea
[ah)
= E )
0.94 - E I ) .
0.92 b
09 1 1 1 1 | 1 | | 1 1 | 1 | 1 | 1 1 1 | 1 |
D B o oD A DD b DD A LD D b oD A
S P be@'g@" S be&g:'\ S P be@' o
QUGN B0 B IS N0 87 P N GO N 6@ (8
S S S S S B B ST S S
S X AR o V0 SRR O KRR D 0
S o (2 TS D o S SR X
NSRS SN S N S NN S SN A NN SN SR N SN

Reference Cruise

Figure 17. The same as Fig.12 but for Cruise no. 211 (48UR20130604).

Cruise no. 222 (48QL20151123) show a consistent median offset of 0.97 across four crossovers in the Tyrrhenian
Sea, spanning multiple years (Fig. S6). The data exhibit good precision, with a weighted standard deviation of
0.005. however, the persistent offset magnitude indicates a systematic underestimation of the oxygen relative to
the reference. Deep measurement from this cruise seems to be lower than the reference suggesting a correction of

3% toward an increase, corresponding to a correction factor of 1.03.

Cruise no. 24 (48QL20171023) has four crossovers over the Tyrrhenian Sea (Fig. S7) and shows CTD oxygen
values were slightly higher than the reference cruises. The median offset suggests a decrease of approximately
2.3%, indicating a correction factor of 0.97. precision remain high with, weighted standard deviation of 0.005.
Additionally, as shown in Figure 3, the means residuals between Winkler and sensor measurements for this cruise

was classified as poor, further supporting the need for adjustment. We decided to apply the correction.

5 Summary and conclusions

This study aimed to evaluate and enhance the consistency and accuracy of CTD oxygen measurements in the
WMED by implementing the 2nd QC procedure based on crossover analysis. Recognizing the limitations of
applying a uniform 1% accuracy envelope; originally developed for the Atlantic datasets; we identified a more
regionally appropriate threshold of +2% for the deep Mediterranean layers, particularly within 800-2000 db range.

This adjustment better reflects the natural variability and ventilation dynamics specific to the region.

As part of the 2" QC of the CTDO-WMED dataset, a total of 265 crossover comparison were conducted, both
spatially and regionally, using a set of high-quality reference cruises. The methodology presented here provides a
robust framework for future quality control efforts in regions with similarly complex hydrographic conditions.
While the majority of cruises fell within the revised £2% envelope, a few showed systematic offsets that warranted
correction. Adjustments were applied conservatively, only when deviations exceeded the defined threshold and
considering the lowest percentage of change; and are recommended for seven cruises. Although the quality of
these cruises is considerate moderate , they remain valuable for long-term trend analyses Rather then being flagged,

they are included in the final product. These adjustments led to measurable improvements in data consistency,
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increasing the internal agreement across cruises, as evidenced by the weighted mean of 0.998. Although a few
cruises lacked sufficient deep profiles to perform crossover analysis, their data are retained in the final dataset.

Importantly, the dataset aligns with FAIR data principles, and openly accessible.

Despite limitations in temporal coverage and the finite number of reference cruises, this updated dataset
significantly enhances our understanding of long-term dissolved oxygen variability in the WMED. It complements
and extends earlier efforts in the region (Schneider et al., 2014; Coppola and al. (2017); Moriarty et al.,
2017; Macias et al., 2018b; Mavropoulou et al., 2020 ;Li & Tanhua (2020); Cossarini et al., 2021; Friedland
etal., 2021 ;Ulses and al. (2021), and Fourrier et al. (2022).

Dissolved oxygen is a robust tracer for assessing both physical and biogeochemical changes, carrying the imprint
of water mass since their last ventilation. As global warming increases ocean stratification (Oschlies et al., 2008),
vertical mixing and thus oxygen renewal is expected to decline, contributing to long-term deoxygenation. This
trend is further amplified by increasing ocean heat content and acidification in surface layer (Yao et al., 2016;
Reale et al., 2021).

Given the scarcity of high-resolution oxygen observations in space and time, recent advances using model
simulations, machine learning, and autonomous platforms such as BGC-Argo floats and gliders are crucial. The
CTDO2-WMED dataset, in combination with these emerging sources, provides a valuable foundation for assessing
changes in the oxygen budget of the Mediterranean Sea. it supports ongoing efforts to understand the region’s

response to climate -driven oceanographic changes and to improve future projections.

6 Data availability

The CNR_O2WMEDV1 (Belgacem et al., 2024 [in review], see temporary link below) dataset is available at
PANGAEA (submitted on 21/08/2024, DOI in preparation). It consists of two parts; the first an aggregation of the
cruises prior correction which has undergone both calibration and 1%t quality check. The second is the adjusted data
product using the recommended corrections from the secondary quality control. The dataset is complementary to
the data product CNR-DIN-WMED available https://doi.org/10.1594/PANGAEA.904172. No special software is

required to access the data. the data from the reference cruises are not included in the final product. Table 6

summarizes the list of parameters included.

Table 4. Summary of data product parameters and units.

Variable Data Product file  Data product Units
parameter name  WOCE flag name
Expedition/cruise code EXPOCODE

Cruise ID CRUISE

Station number STNNBR

Year YEAR

Month MONTH

Day DAY

Latitude LATITUDE decimal degree
Longitude LONGITUDE decimal degree
Pressure CTDPRS decibar
Temperature CTDTMP °C

Salinity CTDSAL CTDSAL_FLAG_W

Oxygen CTDOXY CTDOXY_FLAG W  umol kg*
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