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In memoriam

Abelardo Gomez Parra

The scientific and academic community deeply
mourns the loss of Abelardo Gomez Parra, resear-
cher at the CSIC and professor at the University of
Cadiz, whose career has left an indelible mark on
the development of marine chemistry and Marine
Sciences in Spain. His passing leaves a void that is
diffiicult to express, but also an intellectual legacy
that will continue shaping new generations of
researchers.

For more than four decades, Lalo (as we all knew
him) devoted his life to the training of doctoral
candidates and students, guiding them with a
unique combination of scientific rigor, intellectual
honesty, and a generosity that transcended the
academic sphere. For those who had the privilege
of learning by his side, he was far more than a
professor: he was an ethical reference, a patient
mentor, and a colleague always willing to share his
time, his knowledge, and his enthusiasm for scien-
ce.

A pioneer in the field of marine biogeochemistry,
Lalo was one of the forerunners of marine chemis-
try in Spain, contributing decisively to the consoli-
dation of this discipline within the national scienti-
fic landscape. His vision, always ahead of its time,
propelled research lines that are now fundamental
for understanding the functioning of coastal and
oceanic ecosystems.

Together with Prof. Lépez Ruiz, he founded the
Iberian Seminar on Marine Chemistry (SIQUIMAR)
in 1983, a space he conceived as a meeting point
for chemical oceanographers across the peninsula.
Thanks to his drive, SIQUIMAR became an essen-
tial platform for scientific exchange and the place
where many young researchers took their first
steps. His collaborative spirit, his ability to bring
people together, and his conviction that science
advances best when shared remain the essence of
this seminar.

Lalo was, above all, a good person, supportive,
approachable, and profoundly humane. A loyal
friend to his colleagues and a constant source of
support for those beginning their careers. His
way of understanding science, as an exercise in
responsibility, honesty, and service to society, is a
lesson that will endure in all who knew him.

Today we do not wish to say goodbye. We prefer a
“see you always,” because his memory will
remain alive in his students, in his colleagues, in
the projects he inspired, and in every advance
built upon the foundations he helped establish.

With gratitude and deep affection, his scientific
family.
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SUBSTANTIAL AND PROCESSUAL PERSPECTIVES OF THE
LIVING EARTH

Autores:
Josep L. Pelegri, Institut de Ciencies del Mar, CSIC
Topic: EOF - Large scale circulation
Presenter Name: Josep L. Pelegri
Keywords: allometry, entropy and complexity, exchange with outer space, life as a process, living Earth

The classical substantial perspective of life views individuals as physically differentiated
entities with temporal continuity. The processual view, in contrast, emphasizes
disequilibrium, with life maintained thanks to the continuous flow of matter, energy and
information in an open system, in constant renewal at relatively short time scales (Nicholson
and Dupré, 2018). Under the processual perspective, there are no differentiated entities,
only regions that spatially and temporally minimize entropy and increase complexity;
dynamic processes are locally amplified, generating resilience and the perception of an
individual, but “everything flows”. Here I focus on the ocean - as it contains 97% of the
Earth’s water, the central and essential element for planetary metabolism - to examine the
living Earth from both the substantial and processual perspectives. From the substantial
perspective, the Earth has spatiotemporal patterns that are similar to those of other living
systems. These patterns optimize the flux of properties resulting in universal allometric
relations, which can be extended to the planetary scale. From a processual view, there is
exchange of mass, energy and information with outer space at very different spatial and
temporal scales. The exchange of energy is very fast, allowing the ocean to potentially
renew all its stored heat in only hundreds of years. The exchange of matter, and particularly
water, currently takes place at a very low rate, but it was much faster in the early planetary
history and will speed up upon its termination. The eventual death of planet Earth will
represent another processual stage, as all the Earth’s water - and matter, energy and, why
not, its intangible essence - will return to the universe to create new stars and new worlds,
to continue contributing to the universal complexity.

Acknowledgments: This work is partly funded by the Spanish Government through project
SACO (Ministerio de Ciencia e Innovacion, reference PID2022-139403NB-C22), and with the
institutional support of the Spanish Government through the Severo Ochoa Center of
Excellence accreditation (CEX2024-001494-S) from AEI 10.13039/501100011033.
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MIXING PROCESSES FAVORING THE OXYGEN INCREASE
AND HYDROGRAPHIC CHANGES IN PATAGONIAN FJORDS
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A global inventory of oceanic dissolved oxygen (DO) indicates that only 0.6% of the ocean's
oxygen originates from the atmosphere. This makes the ocean highly sensitive to both
natural and anthropogenic disturbances that can disrupt the physical and biogeochemical
processes governing oceanic DO dynamics. The impact of ocean deoxygenation has
accelerated globally, driven by warming and diminishing deep-water ventilation. Therefore,
the primary objective of this work is to quantify, for the first time, the contribution of the
dissipation of turbulent kinetic energy and the diapycnal eddy diffusivity (diapycnal mixing)
to water ventilation, as evidenced by the occurrence of upward oxygen transport from deep
to subsurface layers denoted as positive dissolved oxygen fluxes in the northern Patagonian
fjords. A vertical microstructure profiler was used to measure, with high vertical resolution,
the dissipation rate of turbulent kinetic energy and the oxygen characteristics of water at
approximately 160 stations in the northern Patagonian fjords during seasonal campaigns in
2023. The results showed a range of dissipation between 10 and 10* W kg™, and diapycnal
mixing values ranging from 10° to 10° m”s™. The highest values of both variables were
recorded in the Chiloé Inner Sea, where previously reported intense mixing has been
attributed to tidal energy. Regarding oxygen flux records, larger positive fluxes were
reported in the surface layer (10° and 10° pmol L's™). Still, significant events of positive
fluxes were recorded subsurface and in the deep layers of the Puyuhuapi Fjord due to
intense diapycnal mixing forced by the advection of dense ocean waters. Moreover, intense
turbulence contributes to positive oxygen fluxes over more of the water column than just the
surface layer, especially in the Chiloé Inner Sea, driven by the interaction between the
semidiurnal tides with the complex topography of the region.

17
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Mesoscale eddies play a key role in the transport of heat, salt, nutrients, and biogeochemical
tracers. In the Northeast Atlantic, the Canary Eddy Corridor is a major pathway for the
propagation and evolution of coherent mesoscale structures. Recent studies have highlighted the
importance of submesoscale dynamics in enhancing vertical exchanges through frontogenesis
and ageostrophic processes.

Building on the characterization of a long-lived anticyclonic intrathermocline eddy, we
investigate the role of submesoscale dynamics in driving diapycnal mixing within this structure.
The analysis combines high-resolution hydrographic and microstructure observations.

Preliminary results reveal strong spatial variability in turbulence, with elevated € and Kp
concentrated near frontal regions characterized by intensified vertical shear and strong
horizontal density gradients. These regions exhibit low Richardson numbers and reduced
potential vorticity, consistent with active submesoscale dynamics.

These findings highlight the importance of submesoscale processes in mediating energy transfer
from mesoscale circulation to turbulence and improving our understanding of mixing and tracer
transport in the Northeast Atlantic.

Acknowledgments: This work was supported by the SIRENA 2 project, funded through the
Pleamar Programme of the Biodiversity Foundation of the Spanish Ministry for the Ecological
Transition and the Demographic Challenge, and co-financed by the European Union through the
European Maritime, Fisheries and Aquaculture Fund (EMFAF).
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The Mediterranean Undercurrent (MU) undergoes complex transformations as it flows
through the Gulf of Cadiz. This study investigates the relationship between seafloor
topography and MU dynamics using near-bottom Eulerian observations, combining high-
resolution thermohaline and velocity profiles from rosette deployments with continuous
high-frequency time series from benthic landers. Our datasets reveal submesoscale
phenomena and mixing processes constrained by the rough boundary layer. Intense vertical
mixing and core dilution are driven by bottom roughness, which triggers the breakdown of
stratification at the sharp Atlantic-Mediterranean interface. Prominent topographic highs
induce mechanical splitting of the main undercurrent (Sanchez-Leal et al., 2017). Within
deeply incised channels and narrow gorges, strong lateral curvatures force secondary
circulation patterns, altering the expected core structure. Furthermore, a complex three-
dimensional circulation network emerges from the overlapping, cross-over, and subsequent
coalescence of sub-branches. These processes are highly modulated by tidal forcing,
periodically altering shear, stratification stability, and the overall net transport of the
undercurrent branches. These findings illustrate how the combination of abrupt bathymetry
and tidal forcing chisels the physical properties, pathways, and mixing rates of the
Mediterranean outflow before entering the open North Atlantic.

Acknowledgments: Crews of all IEO R/V. projects STOCA, INGRES3, INPULSE, DILAN
GUADALB, LANDERPICK.
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Sanchez-Leal, R. F., et al. (2017). The Mediterranean Overflow in the Gulf of Cadiz: A
rugged journey. Science Advances, 3 (11), eaao0609.
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The Gulf of Cadiz (GoC) is a region of high oceanographic complexity, where atmospheric
forcing, bathymetry and mesoscale dynamics interact to produce circulation patterns that
are difficult to characterise. This study presents observational evidence of a cyclonic surface
eddy located east of Cape Santa Maria, based on the simultaneous tracking of three
Lagrangian drifting buoys deployed in October 2022. The drifter trajectories revealed a
coherent and persistent rotating structure, with surface flow alternating between eastward
and westward components under the influence of meteorological forcing, bathymetric
constrains and mesoscale variability. Satellite-derived sea surface temperature and
chlorophyll-a fields showed negative thermal anomalies and enhanced productivity in the
eddy core, suggesting upwelling associated with the cyclonic circulation. High-resolution
Weather Research and Forecasting (WRF) model simulations identified wind episodes
conducive to the generation of favourable to positive Ekman pumping, which may have
contributed to maintaining and reinforcing the observed structure. Furthermore, the
Iberian-Biscay-Irish (IBI) numerical model reproduced the eddy, including flow
accelerations near the continental shelf edge, and upward vertical velocities within the
eddy. Complementary particle-tracking experiment using Ocean Parcels software indicated
that the eddy can act both as a retention zone and a pathway for offshore dispersion over
timescales of up to two weeks. These results demonstrate the value of integrating in situ
Lagrangian observations, different sources of information in-situ observations, remote
sensing, satellite data and numerical models to improve our understanding of small-scale
coastal circulation in the GoC.

Acknowledgments: This work has been carried out within the framework of the grant
CNS2023-144885, funded by MICIU/AEI/10.13039/501100011033 and the European Union
NextGenerationEU/PRTR through the WIND4US project. This study also forms part of the
BRISA project (PID2024-1598410A-100) and the project PID2023-150230NB-C21, “Coastal
biogeochemical exchange through the Strait of Gibraltar under climate change conditions.”,
funded by the Spanish Government. Marina Bolado-Penagos acknowledges support from the
DGP POST 2024 00907 grant, funded by the Junta de Andalucia / CUII and co-financed by
the European Social Fund Plus (FSE+).
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Mesoscale eddies in the Northeast Atlantic play a central role in the redistribution of heat,
salt and biogeochemical tracers, yet their identification has traditionally relied on Eulerian
descriptors that do not guarantee material coherence. This work characterizes them from a
dual perspective covering the period 1993-2021 in the region 30°W-6°W, 20°N-40°N. In a
first stage, we exploit the Mesoscale Eddy Trajectory Atlas (META 3.2) together with the
climatological eddy vertical structures to estimate eddy-trapped volumes and to compute
climatologies, and statistics of different eddy corridors of the SSH-based eddy transport,
distinguishing cyclonic and anticyclonic contributions. In a second stage, we build a
regional catalogue of Rotationally Coherent Lagrangian Vortices (RCLVs) from CMEMS
DUACS L4 altimetry by computing the Lagrangian-Averaged Vorticity Deviation on weekly-
initialised particle simulations over nine integration windows (T = 10-240 days). We present
preliminary statistics of both populations and discuss the differences between the classical
SSH-based transport with the materially coherent transport across the eastern boundary of
the North Atlantic Subtropical Gyre. Resolving this distinction is a prerequisite for
accurately budgeting the eddy-driven export of heat, nutrients and anthropogenic
pollutants, including marine litter, in the ocean.

Acknowledgments: The first author acknowledges support from the Ayudas para la
Formacion de Profesorado Universitario (FPU24) programme (Spanish Ministry of Science,
Innovation and Universities; grant FPU2024/00618). We also thank IEO-CSIC through the
Vulcana-IV project (2024-2026) and the ESMARES3 project (Monitoring of Marine
Strategies, Assessment of the Marine Environment and Definition of Good Environmental
Status), conducted by IEO-CSIC under the Interdepartmental Collaboration Agreement
between the Ministry for the Ecological Transition and the Demographic Challenge and the
Ministry of Science, Innovation and Universities, and co-financed by the European Maritime,
Fisheries and Aquaculture Fund.
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EVOLUCION A MEDIO PLAZO DEL SISTEMA PLAYA-DUNA-
MARISMA DE CAMPOSOTO A PARTIR DE IMAGENES DE
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Este estudio analiza la evolucién del sistema playa-duna-marisma en Camposoto (litoral
atlantico andaluz), localizado en la isla barrera de Sancti Petri. La playa y las dunas estan
compuestas por arenas de tamafo medio, con un perfil intermedio disipativo de marcado
caracter estacional La morfodindmica de la playa estd dominada por un oleaje de baja
energia . En el estudio se utilizaron 15 imadgenes de satélite Planet, con una resolucién
espacial aproximada de 3 m y una frecuencia de revisita diaria en el nadir. Se seleccionaron
cuatro imagenes por afio, correspondientes a los meses de enero, abril, junio y septiembre,
abarcando el periodo comprendido entre enero de 2019 y junio de 2022.

Los limites de los tres ambientes se digitalizaron de forma manual, tomando como indicador
la marca humedo-seca para la linea de costa y la vegetacién como limite entre el sistema
playa y la duna. Para delimitar la marisma alta se combiné un modelo digital del terreno
proporcionado por el Instituto Geografico Nacional y el indice NDVI como apoyo a la
fotointerpretacion. Ademas, se digitalizaron los abanicos de desbordamiento presentes en la
zona A continuacidn, se estimaron las superficies de cada uno de los ambientes y su
evolucion espaciotemporal, la cual fue relacionada con las condiciones hidrodinamicas
durante el periodo de estudio.

Los resultados muestran que los temporales se correlacionan con la variaciéon del
subsistema playa, mientras que las variaciones en la duna y marisma alta fueron causadas
principalmente por los ciclos anuales de la vegetacion. Por ultimo, durante el periodo de
estudio solo se observaron tormentas modales, que unicamente dieron lugar a la activacion
de un tnico abanico de desbordamiento.

References:
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The Ria de Vigo is a coastal upwelling system in northwestern Spain where
upwelling-downwelling dynamics strongly shape plankton community composition by
regulating the stratification and mixing of the water column, and consequently nutrient
inputs. In this system, the largest changes in community composition are observed within
the microphytoplankton fraction (>20 um), whose dynamics largely determine total
phytoplankton biomass. In this context, imaging devices such as the PlanktoScope provide
an affordable and efficient tool for detecting shifts in community composition and
identifying dominant groups within the 20-300 pm size fraction.

During the summer of 2025, we monitored the evolution of the plankton community in the
Ria de Vigo over a 30-day period. During this time, a marine heatwave event followed by an
upwelling episode was recorded. Daily sampling was carried out to evaluate the capability of
the PlanktoScope to monitor these rapid environmental changes. Size-fractionated
chlorophyll, flow cytometry, nutrient concentration, and PlanktoScope samples were
collected daily at the ECIMAT marine station. In addition, a real-time monitoring CTD
located at the station provided continuous measurements of the physical properties of the
water column. Preliminary results indicate that both biomass and community composition
remained relatively stable during the marine heatwave period. However, once the upwelling
event began, a rapid increase in plankton abundance was observed, mainly driven by the
larger size fraction (microphytoplankton). This response was associated with the intrusion of
colder, nutrient-rich waters into the system. The taxonomic composition of this size fraction
is currently being analyzed in EcoTaxa using the images acquired with the PlanktoScope.

Acknowledgments: We acknowledge BIOcean5D project for providing the PlanktScope
utilized in this study and for the training received in the frame of this project.
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This contribution is centred in the Ebro Delta domain and specifically in one of its inner
bays, named Alfacs Bay, a shallow wind-driven estuary which communicates with the
Mediterranean Sea and receives fresh water inputs from the Ebro channels. The objective is
to characterize the physical and biogeochemical dynamics in the area during two different
strong winds episodes in 2022. We used a coupled PHY-BGC modelling system composed by
the Regional Ocean Model System (ROMS) for physics, and Nutrient, Phytoplankton,
Zooplankton, and Detritus model (NPZD) for biogeochemistry. The general system is based
on the current operative service e3HOPE. Specifically, we performed a mother-child nested
grid of approximately 350 meters and 70 meters through 20 vertical levels.

Based on recent results from (Balsells F-Pedrera et al. 2026) as the first model configuration
test, we focused on the period from 15 March to 01 April as a strong eastern wind event,
and from 15 November to 01 December as a western wind event. L3 satellite data from the
Copernicus program and in situ data from campaigns have been used to validate the model
outputs from temperature, salinity and phytoplankton. The physical dynamics during these
periods are well reproduced by the model according to in situ data validation. On the other
side, we identified a phytoplankton bloom during mid-November, captured by the model and
satellite data. In summary we can conclude that we need to model and validate longer
periods to reproduce annual cycles but we consider that these tools have a huge potential
for decision making in the area.

Acknowledgments: With the support of the Industrial Doctorates Plan of the Department
of Research and Universities of the Generalitat of Catalonia.
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Coastal filaments in upwelling areas are key features that drive cross-shelf transport. This
study uses the offline Lagrangian model OpenDrift to assess the dynamics associated with
the presence of the Finisterre upwelling filament that develops in the Galician upwelling
region. In this work, we combine satellite and numerical simulations with the measurements
obtained during the oceanographic cruise RADPROF 2025, sampling biogeochemical
variables every summer along 43°N. In 2025 Lagrangian buoys were launched along the
filament. We characterise the filament evolution combining SST fields and temperature
profiles from observation. Lagrangian Coherent Structures (LCS) were computed from
model velocity fields and used to identify transport barriers and recurrent pathways.
Singularity exponents were also obtained from SST fields to identify the existing fronts
associated with the filament and their variability. Results show the model skill in
representing the appearance as well as the temporal and spatial variability of the upwelling
filament in response to upwelling winds. However, the models differ in the offshore
extension and the position of the filament front. The combination of Lagrangian diagnostics,
singularity exponents and observations shows that we can assess performance of the
different models allowing us to improve our understanding of the influence of the Finisterre
upwelling filament on regional oceanography, especially on the upwelling-induced export of
coastal waters.

Acknowledgments: This contribution is part of the DEMON project funded by Ministerio
de Ciencia, Innovaciéon y Universidades (MCIN/AEI/10.13039/501100011033) and by
European Regional Development Fund (ERDF). Additional funding was obtained from
Phys2Fish project of the Galicia Marine Science program of the MICIN Complementary
Science Plans for Marine Science, co-funded by Xunta de Galicia with NextGenerationEU
and the European Maritime, Fisheries and Aquaculture Fund (EMFAF).
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Barrier systems are highly dynamic coastal environments where shoreline position and
beach morphology vary significantly over short temporal scales due to tides, waves, and
storm events. Conventional shoreline mapping approaches, based on instantaneous
observations, often fail to capture this variability, limiting their ability to represent medium-
term coastal behaviour. This limitation is particularly relevant in erosion-prone areas
subject to both chronic retreat and episodic storm impacts. Such conditions are exemplified
by the Sancti Petri sandspit (SW Spain), a meso-tidal barrier system characterized by
seasonal wave forcing, dune development, and long-term erosion, with significant storm
impacts such as Storm Emma (2018).

This study applies a satellite-based tool that automatically identifies highly variable coastal
zones (Hi-Var zones) and shoreline positions from Sentinel-2 variance composites with
minimal user input (SatVar). Coastal change is quantified using a transect-based approach
analogous to the Digital Shoreline Analysis System, computing End Point Rate (EPR), Linear
Regression Rate (LRR), Change Envelope (CE), and Net Movement (NM). A total of 73
transects spaced at 100 m intervals were used to assess spatial and temporal variability.

Results show strong spatial heterogeneity in coastal dynamics. Hi-Var zones are largest in
the central sector, particularly in 2018 during Storm Emma, followed by a progressive
reduction in extent and a relative increase towards the northern and southern sectors.
Shoreline change envelopes exceed 65 m in central and southern areas, while other sectors
remain more stable. Temporal trends indicate contrasting alongshore behaviour driven by
storms, sediment redistribution, and management interventions and geological constrains.

SatVar demonstrates the value of variance-based approaches for capturing coastal dynamics
beyond instantaneous shoreline positions. The results identify the central sector as a
hotspot of change and provide a transferable framework for monitoring erosion-prone
barrier systems under increasing climatic and anthropogenic pressure.

Acknowledgments: MODUL (ProyExcel 00995); SCALE (PID2023-1517120B-100; FEDER-
UCA-2024-A1-27; SEADUNE (CNS2023-145756); and PAI RNM-328. Juan Montes was
supported by a postdoctoral contract (DGP POST 2024 00910).

27



MODELLING THE 2025 FLASH FLOOD IN MAR MENOR
WITH THE BELICH FORECASTING SYSTEM

Autores:
Eider Loyola Azanza, Centro Oceanogridfico de Baleares (COB, IEO-CSIC)
Thomas Duhaut, French National Centre for Scientific Research (CNRS)
Patrick Marsaleix, French National Centre for Scientific Research (CNRS)
Gabriel Jorda, Centro Oceanogridfico de Baleares (COB, IEO-CSIC)
Topic: EOF - Coastal oceanography
Presenter Name: Eider Loyola Azanza
Keywords: Decision Support System, Extreme Events, Mar Menor, Ocean modelling

The Mar Menor, Europe’s largest hypersaline lagoon, is highly vulnerable to continental and
atmospheric forcings due to its shallow depth and limited water renewal. In recent years,
eutrophication and hypoxia events have highlighted the role of intense freshwater inputs
and stratification in driving ecosystem instability.

Here, we investigate the physical response of the lagoon during the extreme storm event of
October 2025 using a high-resolution hydrodynamic modelling system forced by
atmospheric conditions and continental runoff. The simulations reproduce the rapid
freshwater inflow generated by torrential precipitation and resolve the resulting circulation
and stratification patterns within the lagoon.

Simulations characterised processes difficult to capture from observations alone, including
the spatial extent of the freshwater plume and the identification of highly stratified zones
acting as precursors to anoxia. Notably, the model successfully captured the breakdown of
this stratification driven by shifts in wind forcing.

This event demonstrates the system's capability to resolve complex interactions between the
lagoon and continental inputs and atmospheric forcing. Consequently, the model serves as
the physical foundation for the BELICH forecasting system and a core component of the Mar
Menor Decision Support System (DSS). By providing essential boundary conditions for
biogeochemical modules, it constitutes a robust tool for mitigating ecological degradation
through informed management strategies.

Acknowledgments: This work has been supported by the BELICH and BELICH-2 projects,
funded by Ministerio de Transicion Ecoldgica y Reto Demogréfico.
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Estuarine environments are increasingly exposed to climate-driven thermal extremes. In
coastal upwelling systems, however, the drivers and ecological impacts of estuarine marine
heatwaves (EMHWSs) remain poorly understood. This study investigates past and future
thermal extremes in the Ria de Arousa (NW Iberian Peninsula), a highly productive estuary
of major socio-economic relevance for shellfisheries and aquaculture.

Long-term observations (2008-2023), including in situ temperature records, satellite sea
surface temperature, and atmospheric datasets, were used to characterize EMHW
variability. A total of 38 EMHW events were identified, showing marked seasonal and
interannual variability, with the most intense events occurring mainly during autumn.
Statistical analyses indicate that EMHWSs are primarily driven by thermal anomalies in
adjacent oceanic waters, while local atmospheric forcing and upwelling play a secondary
role.

Future risks were assessed using dynamically downscaled SSP5-8.5 climate projections with
the WRF and Delft3D-FLOW models. Simulations project substantial increases in the
frequency, duration, and intensity of atmospheric heat extremes during the 21st century.
Hydrodynamic conditions associated with the most intense atmospheric heatwaves were
simulated, and species-specific thermal exposure was evaluated at typical burial depths for
commercially important bivalves. Results suggest that Venerupis corrugata and
Cerastoderma edule may be more vulnerable to thermal stress under future warming than
Ruditapes decussatus and Ruditapes philippinarum, which appear comparatively more
resilient.

Acknowledgments: M.D. was supported by the Xunta de Galicia through a postdoctoral
grant (ED481D-2024-018). This work was partially funded by the Xunta de Galicia,
Conselleria de Cultura, Educacién e Universidade, under Project ED431C 2021/44, and by
the CAPTA Project (0062 CAPTA 1 E), funded by the European Regional Development Fund
(ERDF) through the Interreg POCTEP Programme of the European Union.
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Coastal upwelling systems respond to climate change in complex and still uncertain ways
due to the interplay of global warming, wind intensification, and increased ocean
stratification. To address this uncertainty, we propose the use of high-resolution global
climate models capable of resolving large-scale circulation as well as regional processes,
overcoming limitations of both low-resolution global models and regional approaches. In this
study, we use AWI-CM3, a global model with very high horizontal atmospheric resolution
(~15 km) and an ocean component based on FESOM2, capable of resolving mesoscale
processes at resolutions of up to 2 km. This configuration allows a consistent analysis of the
four major Eastern Boundary Upwelling Systems (Canary, Benguela, Humboldt, and
California) under a common climate forcing. Preliminary results show that the model
performs well in reproducing present-day variability across these systems. AWI-CM3 was
validated against observational datasets (ERA5, ESA, and GLORYS) for both atmospheric
and oceanic variables, with emphasis on both large-scale patterns and coastal regions. In
this sense, the model performs well, showing good agreement in representing the seasonal
and latitudinal variability of upwelling systems. Building on this evaluation, initial analyses
under the SSP5-8.5 scenario suggest consistent changes in upwelling-favorable winds and
associated surface conditions across EBUSs regions. Overall, these results highlight the
added value of high-resolution global modeling for EBUSs studies and provide a robust
framework for reducing uncertainties in the response of upwelling systems to climate
change.

Acknowledgments: This work was developed within the research project of the University
of Alcald (PTUAH25/CC-057).
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FROM OCEAN OBSERVATION TO USER-DRIVEN
SERVICES: CO-DESIGNING MUSSEL AQUACULTURE
MONITORING IN GALICIA
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The Observatorio Costeiro da Xunta de Galicia (OCXG) has run since 2008 as a regional
ocean monitoring and forecasting system supporting coastal management and maritime
sectors in Galicia (NW Spain). Operated by Intecmar, MeteoGalicia and CETMAR, the
Observatory integrates in situ monitoring networks, operational numerical models and
forecasting services that provide environmental information to public administrations,
researchers and marine industries. In recent years, the OCXG has evolved towards the co-
design of operational services tailored to end-user needs, particularly in climate-sensitive
sectors such as aquaculture.

Galicia hosts the largest mussel farming industry in Europe, based on more than 3,600
floating rafts (“bateas”) located mainly in the Rias Baixas. To improve understanding of the
relationship between oceanographic variability and mussel productivity, CETMAR developed
a co-designed monitoring system installed on a commercial mussel raft in the Ria de Arousa.
Farmers and technicians jointly defined monitoring priorities, optimized sensor deployment
to avoid interference with daily farming operations, and adapted maintenance workflows to
operational constraints.

The raft is equipped with meteorological and oceanographic sensors measuring
temperature, salinity, fluorescence, turbidity, together with load cells continuously
monitoring mussel rope growth under real farming conditions. Sensors installed at different
depths allow detailed characterization of water-column dynamics, including upwelling,
stratification and freshwater inputs, processes known to affect mussel growth. Data are
automatically transmitted, quality controlled, and published through an open-access web
platform at https://apromex.gal/recursos-apromex/.

Currently, the initiative is advancing towards operational early-warning services. Within the
Copernicus-supported MOLL-e MALONE service, OCXG, USC and NOW Systems developed
tailored tools combining Sentinel Raft observations with forecasting products from the
OCXG and Copernicus Marine Service. Operational modules include a salinity-based
mortality-risk indicator (Parada et al., 2012) for shelfish production areas and a
temperature-risk and welfare module for mussel aquaculture. These services transform
environmental observations into actionable indicators supporting adaptive management and
climate-resilient aquaculture.
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IMPROVING THE UNDERSTANDING AND PREDICTION OF
SEA BREEZES AND THEIR EFFECTS ON THE
METEOROLOGICAL CONDITIONS OF COMPLEX SEMI-ARID
REGIONS: THE BRISA FIELD CAMPAIGN ON THE COAST
OF CADIZ.
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The BRISA project focuses on sea breezes developed in three Spanish semi-arid areas: the
Gulf of Cadiz, Mallorca, and the Ebro Valley. The breezes in these regions interact with
processes of different scales, such as mesoscale thermal-low pressure systems, secondary
circulations generated in inhomogeneous surfaces, or the thermally-driven flows in complex-
terrain regions. These interactions affect the formation and the characteristics of the sea
breezes, with numerous impacts that affect society, highlighting their thermoregulatory role
during extreme temperatures, or their importance for inland and offshore wind energy
resources, among others. The methodology proposed in the BRISA project combines the use
of long-term in situ observations and experimental field campaigns, as well as the use of
numerical weather prediction models. In this work, we present the BRISA-Cadiz field
campaign (July 2026), which will bring together national and international boundary-layer
researchers and oceanographers to characterise the horizontal and vertical extension of the
breezes. The campaign includes the installation of a LIDAR just at the shoreline, the
launching of frequent radiosondes inland and at sea, the profiling of the atmosphere with
tethered balloons, the use of drones to characterise the horizontal boundary-layer
meteorology and turbulence contrasts between the land and the sea, or the use of marine
instrumentation to monitor the sea conditions.

Acknowledgments: Grant PID2024-1598410A-100 funded by MICIU/AEL/
10.13039/501100011033 and by the European Union.



THE ICATMAR’S OPERATIONAL OCEANOGRAPHY SERVICE
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Operational oceanography (OO) systems play exactly the same role as their atmospheric
counterparts. However, resolving the wide range of spatial and temporal scales involved in
the ocean processes presents technological challenges, that require continuous efforts to
expand observing systems and more advanced models of the state of the ocean. These
efforts provide substantial benefits to society across a wide range of sectors, including
marine safety, efficient navigation and maritime security, the blue economy, the ecosystem
structure and services, and our understanding of how the ocean evolves under a changing
climate. With these objectives in mind, the ICATMAR launched its OO service in 2023. This
regional initiative is aimed at deploying an observing network and developing a forecasting
system focused on the Catalan Coast (northwestern Mediterranean basin). We describe here
the components of the ICATMAR OO system. From an observational perspective, the most
distinctive component is the HF coastal radar network composed of 8 HF radars. One of
these radars is located in France and managed by CEFREM. This network provides an
unprecedented view of the coastal surface circulation over a coastal strip of about 300 km in
length, and a width of 60-80 km. It is complemented by a numerical forecasting system
based on several model configurations, including coupled ocean-atmosphere-wave
simulations among other features, aiming to improve the representation of coastal
dynamics.

Acknowledgments: This work was supported by the European Maritime, Fisheries and
Aquaculture Fund (EMFAF) with the institutional support of the grant ‘Severo Ochoa Centre
of Excellence’ accreditation (CEX2024-001494-S) funded by AEI 10.13039/501100011033.
E. Garcia-Ladona and S. P. de Leon participate thanks to the funding from the project
MITCAT (REF-202330E10). This work has also the support of the OPALE project
(EFA146/03) funded by the INTERREG POCTEFA (2021-2027) program funded by the EU.
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Atmospheric forcing is critical for operational ocean forecasting systems. In this work, we
evaluate the sensitivity of the ROMS model to the ECMWF Artificial Intelligence Forecasting
System (AIFS) atmospheric products using the ICATMAR operational forecasting
configuration. The model domain covers the Northwestern Mediterranean Sea with a high
horizontal resolution of 1.3 km. The ocean boundary and initial conditions are provided by
the CMEMS MEDSEA product. ROMS forecasts are run for 3 days following a 7-day spin-up
period. Three atmospheric forcing products are compared. The first is ECMWF IFS Open
Data with 3-hour outputs. The second is the same IFS forcing degraded to 6-hour resolution,
and the third is the ECMWF AIFS product with 6-hour resolution. The objective is to
determine whether forecast differences are primarily driven by variations in forcing
frequency or by differences in the nature of the atmospheric model (Physical vs Machine
Learning). IFS generally produces stronger wind speeds, which likely enhance surface
cooling and vertical mixing, potentially redistributing heat into deeper layers. IFS also
shows stronger shortwave radiation peaks, although concentrated over shorter periods. In
contrast, AIFS tends to produce slightly warmer nighttime air temperatures. Pressure and
relative humidity are similar among the three products. The ROMS surface circulation,
temperature, and salinity fields are compared against available in situ observations. Results
indicate that, while all simulations reproduce the same temporal modulation, differences in
magnitude exist. The AIFS configuration exhibits an approximate one/two hours of temporal
lag in temperature. Differences associated with the atmospheric model type are larger than
those caused by temporal forcing resolution.

Acknowledgments: This work was developed within the Catalan Institute for Ocean
Governance Research (ICATMAR) and it was supported by the European Maritime,
Fisheries and Aquaculture Fund (EMFAF) with the institutional support of the grant '‘Severo
Ochoa Centre of Excellence' accreditation (CEX2024-001494-S) funded by AEI
10.13039/501100011033. And thanks to European Centre for Medium-Range Weather
Forecasts, and Copernicus Marine Service for providing the forcings used in this analisys.
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The Argo program has deployed autonomous profiling floats since 2001, providing global,
open-access observations of temperature, salinity, and biogeochemical variables. The
network currently consists of more than 4,000 floats. As a core component of the Global
Ocean Observing System (GOOS), Argo plays a key role in monitoring the state and
variability of the ocean (Thierry et al., 2025). Floats typically operate for 3-5 years before
battery depletion, after which they sink, with minimal environmental impact (Riser &
Wijffels, 2020).

Recovering floats at the end of their lifetime provides an opportunity for refurbishment and
redeployment, enhancing cost efficiency, extending the performance of floats, sensors, and
batteries, and supporting the long-term sustainability of the program. However, dedicated
recovery missions using research vessels are generally not cost-effective (Gonzalez-Santana
et al., 2023).

This work presents a new software tool that integrates Automatic Identification System
(AIS) ship data based in: 1) the VirtualFleet python library, a lagrangian based trajectory
prediction tool for Argo floats, and 2) real-time float positions to identify nearby non-
scientific vessels. The software supports the selection and contact of suitable ships, enabling
opportunistic float recovery through collaboration with civilian maritime traffic (ships of
opportunity). This strategy aims to enhance float recovery rates while reducing operational
costs and extending the lifetime of Argo assets.

Acknowledgments: This project has received funding from the European Union’s Horizon
Europe research and innovation programme under project ID: 101188133.
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A correct characterization of the main surf zone and wave-break type is crucial for naval
supporting on amphibious beaching operations and maneuvers. Here, the methodology
developed by the Naval Support Section at IHM is described and applied to real-case Navy
operations. It is based upon the outputs of an operational metocean modeling system forced
by sea-level, ocean waves, and winds. By assuming a Rayleigh distribution for wave heights,
and applying wave-breaking and break-type criterions by Goda and Iribarren, respectively,
this methodology quantitatively determines the time-spatial distribution of the main surf
zone and proportions of wave-break types (spilling, plunging, surging/collapsing) from usual
sea-wave parameters (significant height, peak period, and wave direction) plus an adequate
beach relief model. It is worldwide exportable and applicable to field and model data, for
both short-term forecasting and climate (historical) analyses. Examples of application to
naval support on actual amphibious exercises are provided as case-studies.
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SOCIB GLIDER OBSERVATIONS: REVEALING
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Ocean gliders can resolve physical and biogeochemical variability across different spatial
and temporal scales. The combination of long-endurance glider missions with high-
resolution sampling bridges the observational gap between traditional ship-based, fixed-
point, and remote sensing observations. The glider observations can capture variability
ranging from basin-scale circulation patterns to mesoscale and submesoscale features that
drive vertical exchanges, tracer transport, and ecosystem responses. Since 2011, the SOCIB
glider facility has adopted a dual approach, integrating sustained monitoring and process-
oriented experiments in the western Mediterranean. A cornerstone of SOCIB operations is
the Canales endurance line across the Ibiza and Mallorca Channels, which has been
maintained for more than a decade. Over 70 missions have collected more than 90,000
physical and biogeochemical profiles, including temperature, salinity, dissolved oxygen,
chlorophyll a, and turbidity. These long-term observations revealed the physical and
ecosystem variability of water-mass transport patterns, the influence of Atlantic Water
inflow and intermediate-water pathways, and the role of fine-scale dynamics in shaping
regional circulation. The Canales endurance line has provided new insights into ocean
warming, salinification, and biogeochemical change in the western Mediterranean Sea. It
has revealed how fronts, eddies, and filaments regulate the transport of heat, salt, carbon,
and other tracers, while enhancing vertical exchanges that influence biological productivity.
In addition to the endurance line, dedicated multi-glider experiments such as the Calypso
DRI Program have resolved transient and energetic phenomena, 3D transports, and those
associated with mesoscale eddy interactions and frontal instabilities. These process-oriented
experiments demonstrate the unique capability of gliders to resolve mesoscale and
submesoscale dynamics and quantify their influence on vertical transport, biogeochemical
cycling, and ecosystem functioning. Both sustained and process-oriented glider observations
help us to understand ocean dynamics and their biogeochemical impacts across scales while
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improving our ability to monitor and predict Mediterranean ecosystem variability and
climate-driven change.
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Efficient and sustainable coordination for systematic marine observation at national level
requires clear collaboration procedures between institutions, ultimately supporting
European and international policies. Spain stands out in Europe, as a result of 1) number
and diversity of glider technologies; 2) multidisciplinary profile (universities, research
center, ICTS, etc.) and objectives (scientific research, services) of the institutions involved;
3) geographical distribution of each operator node (Atlantic, Cantabrian and
Mediterranean); 4) unique capabilities of each one (highly qualified technical personnel,
data management and processing, high-level training, sea operations, piloting, integration
of on-demand payloads) and 5) their specific weight and alignment with the Spanish System
of Science, Technology and Innovation policies. Currently, the national glider fleet operates
in a decentralized manner, focusing on regional goals and supported by initiatives without
coordination at national level. As a result, opportunities and added value may be limited
across regional, national, and international domains due to absence of a coordinating entity.
Then, it becomes pertinent to implement a Spanish Committee of Glider Operators - CEOG
(from its initials in Spanish), aimed at bringing together existing capabilities in an efficient
and coordinated manner from which to generate greater strengths and opportunities at
national level in marine observation for scientific purposes and derived services for the
benefit of society, which make it possible to be projected in European and international
programs context, allowing Spain a greater involvement in strategic decision-making. Given
these considerations, establishing CEOG has been recognized as essential. This presentation
will outline the state of the art of the Spanish glider network and the initial actions taken by
the involved institutions towards this goal. The presentation will also aim to strengthen
engagement with external users of Spanish glider data, promoting wider accessibility,
visibility, and scientific and societal uptake of the observations and services provided by the
network.
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Coastal downwelling processes play an essential role in coastal ocean dynamics. Among
others, they influence physical transport patterns and biogeochemical functioning, shaping
the local hydrodynamics, hydrography and marine ecosystems. In the southeastern Bay of
Biscay, high-frequency (HF) radar surface current measurements have been used for
investigating circulation patterns in response to upwelling and downwelling events (Lorente
et al., 2023). However, while HF radar provides valuable insights into surface currents, it
does not capture subsurface ocean dynamics. To address this limitation, data collected from
a glider mission were combined with HF radar observations, mooring data, and numerical
model outputs. This combination provides data at an unprecedented spatiotemporal
resolution in this area, enabling a detailed examination of these events and their influence
on the transport of coastal and shelf waters and coastal ecosystems.

An example of this multiplatform approach is the campaign conducted from 23 September
to 13 October 2022. During that period, a glider equipped with a Conductivity-Temperature-
Depth (CTD) crossed the continental shelf during and after a 5-day storm that generated
onshore surface currents and a subsequent downwelling event. After the storm, the
hydrographic profiles depicted a gradual relaxation of this event over approximately 5 days,
while surface currents showed an intensified eastward along-coast transport. The CUI
coastal upwelling index derived from HF radar surface current data (Lorente et al., 2023)
showed good agreement with the glider observations. Then this index was used to quantify
the strength of the onshore currents and to identify historic wind events favouring coastal
upwelling and downwelling over the last 15 years. Ongoing work focuses on combining the
surface forcing with background stratification from mooring observations, aiming to, with
the support of the regional model, better understand how different stratification regimes
modulate the effect of the surface conditions and, thus, the intensity of the downwelling.

Acknowledgments: Authors thank the Emergencies and Meteorology Directorate of the
Basque Government for sustaining EuskOOS, as well as P. Losa and EKOCEAN crew for
their support and availability during the glider deployment and recovery operations.
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Marine heatwaves (MHWSs) are periods of anomalously high ocean temperatures that can
alter marine ecosystems and have negative socio-economic consequences. Although
research interest in MHWSs has increased over the past decade, the limited availability of
long-term in-situ observations has constrained our understanding of their subsurface and
vertical structure, particularly in coastal regions where ecosystems are highly vulnerable
(Malan et al., 2025). This work builds on previous satellite-based studies in the Balearic and
Mediterranean Sea (Fernandez-Alvarez et al., 2025; 2026) and expands the analysis to
consider the three-dimensional structure of MHWs.

During summer 2025, satellite observations detected an intense MHW that began in early
June and peaked at the beginning of July. Here, we use autonomous glider observations
collected off the coast of Mallorca to investigate the evolution of this event and the role of
transport dynamics in shaping its vertical structure. Satellite data (including the new SWOT
satellite) are further used to analyse the influence of fine-scale structures on the evolution
of the MHW.

We find that the event was characterised by the confinement of anomalous warming to a
thin surface layer. A filament of fresher water (AS ~1 g/kg), intruding from the south on 28
June down to 60 m, acted as a density barrier concentrating the MHW signal in the
uppermost 10 m and intensifying the surface temperature anomaly (more than 3°C over a
2009-2025 climatology). A wind mixing event around 8 July generated a well-mixed layer of
~20 m, redistributing heat vertically and shifting the most intense part of the MHW signal
to deeper layers.

Acknowledgments: B.F.-A. received support through an FPU grant from the Spanish
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(grant no. CEX2021-001198).
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In situ test sites are permanent marine platforms or locations equipped with
instrumentation to monitor physical, chemical, and biological variables, while also serving
as a basis for biological and ecological research. At the Marine Research Centre of the
University of Vigo (CIM-UVIGO), we have adopted an operational oceanography approach
based on the use of a mussel raft, integrating aquaculture (mussel farming) with ecological
research (artificial reefs), and incorporating the latest technologies to advance these studies
to a new level.

The use of a traditional platform within an aquaculture area reduces its visual impact. At the
same time, its construction with innovative and more sustainable materials, combined with
solar-powered energy systems, enables the collection of highly valuable environmental data
with minimal ecological footprint. The platform is equipped with a meteorological station,
light pollution sensors, a yo-yo system with a multiparametric probe, and an inertial system
to monitor both the structure and the culture ropes. In addition, it has been recently
complemented by a remotely operated vehicle (ROV) providing real-time 4K imagery,
operated from the lab via internet, opening new possibilities for ecological research.

In the study of artificial reefs, research is often limited to sessile fauna, as these structures
are typically analyzed only after removal. However, this approach enables in situ
observation, with remote operation at flexible time intervals and high image resolution. This
allows not only the study of sessile organisms but also the observation and identification of
motile fauna in their natural environment. In aquaculture studies, such as mussel farming,
the use of the ROV enables intensive remote monitoring of growth, health (e.g., valve
activity), and mortality. This approach optimizes time and resources, reduces stress on
cultured organisms, and allows immediate observation following environmental events
(storms or floods), making it possible to assess organism responses in real time.
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Climate change is altering Antarctic ecosystems and the habitats of chinstrap penguin
(Pygoscelis antarcticus) colonies, which show measurable environmental shifts. Accurate
monitoring methods are therefore needed to track these changes and quantify their spatio-
temporal variability. This study presents two artificial intelligence approaches trained on
multispectral, RGB, and thermal imagery acquired by Unmanned Aerial Vehicle (UAV) based
sensors over chinstrap penguin colonies on Deception Island (South Shetland Islands,
Antarctica). The first model characterises the habitats of two colonies (Baily Head and
Vapour Col) by upscaling UAV data to Sentinel-2 satellite imagery and applying super-
resolution, which extends spatial coverage with improved spatial resolution. The second
model produces an accurate census of individuals at Vapour Col by combining RGB and
thermal imagery with convolutional neural networks (YOLOv26). The results show that
UAVs complement the limitations of conventional monitoring techniques and allow tracking
of colony dynamics under ongoing climate change scenarios, supporting conservation and
management measures in Antarctica.
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The Pasaia Ocean Autonomy (POA) enhances coastal operational observing in the south-
eastern Bay of Biscay by integrating two SeaExplorer ocean gliders and other marine
autonomous systems (MAS) into the established EuskOOS-RI infrastructure. It expands
flexible, multidisciplinary sampling beyond what ship campaigns and fixed stations can
provide and is working towards facilitating external access to platforms, data and services
for the wider research community. Glider missions are conducted with interchangeable
payloads combining physical, biogeochemical (e.g., CTD, chlorophyll, CDOM, dissolved
oxygen, turbidity/backscatter, nitrates) and biological sensors (scientific echosounder).
Observations are interpreted in a multiplatform framework together with HF radar, mooring
and satellite products, and, when possible, complementing routine vessel-based trawl-
acoustic surveys. Multiple campaigns conducted since 2021 have enabled the investigation
of diverse physical and biogeochemical processes, including summer warming events and
the evolution of the subsurface chlorophyll maximum, among others. In parallel, glider-
mounted echosounders strengthened acoustic detection of juvenile European anchovy and
other pelagic species, improving the ability to observe migrations and short-lived biological
events that can be missed by conventional sampling. Overall, POA demonstrates the added
value of integrating gliders into a multiplatform operational system, delivering timely, high-
resolution information on coupled physical, biogeochemical and biological processes and
supporting more responsive coastal monitoring in the Bay of Biscay.
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support during glider deployment and recovery operations. Funding was provided by
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Projects).
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The MacPAM project has successfully demonstrated the potential of underwater gliders as
long-endurance platforms for passive acoustic monitoring (PAM) of cetaceans in the Canary
Islands and the wider Macaronesian region. By integrating autonomous gliders equipped
with broadband acoustic recorders, MacPAM has generated one of the most extensive
mobile bioacoustic datasets collected to date in this area, significantly advancing knowledge
of cetacean presence, distribution and habitat use.

Over multiple missions spanning more than 4,200 km and over 170 of days at sea, the
project has produced detailed maps of marine acoustic noise and cetacean detections,
contributing directly to Descriptor 11 of the Marine Strategy Framework Directive
(underwater noise) and to biodiversity monitoring objectives. These surveys have started to
unveil spatial and seasonal patterns in the occurrence of both mysticetes and odontocetes,
confirming the ecological importance of Canary waters as year-round habitat.

From a technological perspective, MacPAM has delivered major advances in large-scale
bioacoustic data processing. The project has developed automated detection, clustering and
classification workflows capable of handling millions of echolocation clicks, combining
spectral similarity, temporal proximity and modern machine-learning techniques. Notably,
generative adversarial networks (GANs) and autoencoders have been used to address initial
data scarcity, signal variability and noise, enabling more robust and homogeneous
clustering of odontocete signals.

Finally, MacPAM has provided valuable operational lessons on the use of gliders for
long-term ecological monitoring in dynamic oceanic environments. Overall, the project
establishes a solid scientific and technological foundation for future long-term,
ecosystem-scale monitoring of cetaceans and underwater soundscapes in the Canary Islands
and beyond.
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Despite technological developments addressed to ocean-monitoring have significantly
improved during the last two decades with new platforms, sensors and telemetry systems,
there are still many unsolved gaps in terms of data quality, reliability, efficiency and
sustainability. Ocean glider technology offers a new approach in terms of monitoring
capacity and sustainability, enabling observations at spatiotemporal scales hitherto
unavailable. PLOCAN Glider School is a hands-on ocean-glider technology and training
forum addressed to ocean-glider technologies and their wide range of monitoring
applications learning. Students and professionals from marine and maritime fields
interested in learning about this specific and emerging autonomous ocean vehicle
technology are truly welcome to join in. The PLOCAN Glider School is a training action
promoted by PLOCAN in line with international programs and projects such OceanGliders,
EuroGOOS, AQUARIUS-RI, among others, that provides a state-of-the-art overview and the
operational basis approach to this technology through theoretical and practical teaching
sessions in both wet-lab and open waters of Gran Canaria. Leading corporate and research
institutions partners from worldwide closely cooperate with the PLOCAN Glider School by
teaching some of the didactical program contents, that includes as main topics (for each
glider technology) a technology overview, nuts and bolts: how it works, mission setup and
piloting, deployment and recovery in open waters, data management and applications,
maintenance, etc. The present work summarize the contribution role of fifteen years of
PLOCAN Glider School where more than two hundred-forty attendees from thirty-six
countries of the five continents have been trained, in addition to the support by twenty-eight
leading companies (as leading developers in this field) and institutions (as leading
operators), enabling the development of new user groups and fostering the growth of the
international glider community in support of initiatives such as EOOS and GOOS aiming to a
more efficient and sustainable global ocean-observing strategy.
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