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FIGURE 3.3-7 LEFT: THE DISTRIBUTION OF THE SUM OF 29 PAHS (LEFT). RIGHT: AGGREGATED AND WEIGHTED DISTANCES (AWD) FROM
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1.  Executive Summary

WP4 of JERICO-NEXT aims to synthesize the project’s activities in the other WPs and gather the contributions around
applied Joint Research Activity Projects (JRAPs) selected to benefit of and highlight JERICO-NEXT activities. In order
to fulfil this objective, methodologies developed or improved in WP3 were applied in the JRAPs;the provision of data
assembled and distributed was undertaken according to the WP5 recommendations; dedicated topical approaches of
the scientific strategy matured jointly with WP18&4 (Deliverable D4.1) were applied within the JRAPs, providing then in
return essential input to the future road map of the research infrastructures. Indeed, six JRAPs were implemented to
address different key environmental issues and/or policy needs such as those considered by the MSFD, and according
to the 6 JERICO-NEXT scientific areas:

1- JRAP#1 on pelagic biodiversity

2- JRAP#2 on benthic biodiversity

3- JRAP#3 on chemical contaminant occurrence and related biological responses
4- JRAP#4 on hydrography and transport

5- JRAP#5 on carbon fluxes and carbonate system

6- JRAP#6 on operational oceanography and forecasting.

These JRAPs were not intending to implement similar actions at each JERICO-RI site but only to a selection of
sites/regions according to the consortium interests and requirements from local to regional scales. Consequently, it is
paramount to regionally synthesize the preliminary results after deployments in JRAPs, which is the purpose of this
document.
The main document is organised according to the following regions and sites:

- Bay of Biscay (South East Bay of Biscay, Portuguese Margin and Nazaré Canyon, Girond Mud patch and

Bay of Brest)

- Channel and North Sea

- Kattegat and Skagerrak Sea

- Baltic Sea

- Norwegian Sea

- Med. Sea: From Liguria to the Ibiza Channel

- Med. Sea: Northern Adriatic Sea

- Med. Sea: Cretan Sea.

Results for those regions are presented in chapter 3 after consideration of the regional or site specificities related to
the most relevant scientific issues of the area and the most relevant societal and policy needs, respectively. As the
project and the JRAPs were not a priori organised to fit with regional to local needs, the reader may identify a weak
point in the way JERICO-NEXT is addressing scientific syntheses per region. Nevertheless, it is a preliminary work
towards the regional structuration of the R, as expected, and a significant effort was put forth to identify discrepancies
in the level of regional integration, and the recommended way to progress on this issue is presented in Chapter 4.

1) Bay of Biscay: SE BoB

e Involved JRAPs: JRAPs #1 34 6

e  Progress in the study of coastal small scale and mesoscale features from the combined use of multiplatform in-
situ and satellite data.

e  Progress in the application of innovative techniques (developed in WP3) in this area for data-gap filling, data-
blending, advanced Lagrangian diagnostics and performing observing system experiments (OSEs) and observing
system simulation experiments (OSSEs).

e  Success in the gathering of new high-resolution datasets from different surveys and actions in the area (ETOILE
with MASTODON-2D moorings deployment and TNA BB-TRANS).

"1 "1
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2) Bay of Biscay: Gironde and Bay of Brest

Involved JRAPs: JRAP #2

Success in gathering biological and biogeochemical observations on a major marine mudpatch located in a high
energetic environment. New evidence on the major role of hydrodynamics in controlling benthic diversity and
associated biogeochemical processes in this mudpatch.

Success in deriving high resolution spatial maps of clam dredging pressure in the Bay of Brest and in using these
maps to show the deleterious effect of this activity on benthic diversity hosted by maerl beds.

Success in the field testing of several techniques and tools (e.g., Image acquisition via mobile platforms and
sediment profiling, image processing via dedicated software, and O2 sediment microprofiling) developed within
both JERICO-FP7 and JERICO-NEXT.

3) Bay of Biscay: Nazare Canyon

Involved JRAPs: JRAPs #4 & 6

Success in the implementation of a high-resolution model with data assimilation able to describe the energetic
dynamics and coastal ocean impacts of this long submarine canyon.

Progress in understanding the crucial importance of real-time monitoring infrastructures (fixed platforms, HF
radars) to the characterization and operational forecasting of coastal ocean areas marked by the presence of
submarine canyons, view the energetic and short spatial scale processes that are associated with these
topographic features and the impacts canyons promote on larger domains of the coastal ocean.
Progress in understanding the dominant processes of subinertial dynamics in the Nazare Canyon area of
influence, contributing to define the main components of a real-time monitoring system for this area.

4) Channel and North Sea

Involved JRAPs: JRAPs #1, 4, 5

Successful implementation of innovative (semi-)automated techniques for the monitoring of phytoplankton
dynamics and C cycle in the English Channel and the North Sea - an extended shelf system influenced by
multiple sources of human pressure and contrasting hydrodynamical conditions

Some of these methods were compared with traditional laboratory analysis which helped to better address the
added value of innovative techniques in terms of improving the spatial and temporal resolution (both in surface
and in the water column), making it possible to consider functional and, sometimes, even taxonomical
characterization of phytoplankton communities composition as well as photo-physiology, at high resolution, in
almost real-time.

New insights into the seasonality of the spatial distribution of delta partial pressure of carbon dioxide (pCO2)
measured continuously on ships of opportunity at a regional scale in the North Sea, and the relation between
marine sinks of CO, with high total chlorophyll a fluorescence.

Automated techniques made it possible to characterize the size and functional composition of phytoplankton
communities (from pico- to microphytoplankton) through the main bloom episodes including outburst of potential
HABs as Pseudo-nitszchia spp. and Phaeocystis globosa (characterized as high or low red fluorescence nano-
eukaryotes: Nano high and Low FLR) from the Eastern English Channel (EEC) towards the southern North Sea,
in international cross-border (UK, FR, BE, NL) common research cruises, following the spatial and temporal
succession of spring blooms.

There is a need to increase the combined implementation of innovative and reference techniques both on current
monitoring of discrete stations as well as in continuous automated measurements performed on cruises and ships
of opportunity (as FerryBoxes), in order to increase the spatial and temporal resolution of the surveys of the
different eco-hydrodynamic regions of the area.
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5) Kattegat and Skagerrak

Involved JRAPs: JRAPs #1, 3, 5, 6

Harmful algae, phytoplankton diversity and abundance were observed in near real time at an aquaculture site on
the Swedish west coast. In situ imaging flow cytometry combined with machine learning and wireless
communications provided data every 20 minutes.

Data from HF radar, FerryBox, research vessels and oceanographic buoys were used together with results from
the 3D-NEMO Nordic ocean circulation model and remote sensing to describe the Kattegat-Skagerrak system.
Data from a FerryBox system revealed the occurrence of strong concentration gradients reflecting progressive
dilution along the South-North transect and highlighted harbours areas as hotspots for chemical compounds.
Microbial molecular markers representing bacterial species and genes were used to identify hydrocarbon pollution
or high nutrient loads.

Barcoding of phytoplankton and bacteria revealed previously unknown diversity in the pelagic communities
Carbon fluxes and carbonate system variability in the Skagerrak/Kattegat region is primarily driven by changes
in salinity resulting from the balance of freshwater inputs from riverine and Baltic sources and saline waters from
the Atlantic Ocean.

6) Baltic

Involved JRAPs: JRAPs #1, 5, 6

Different technologies for phytoplankton research have been successfully evaluated in the Baltic Sea. Operational
monitoring of phycoerythrin fluorescence started after in-depth study during JRAP1, which identified different
origins of this signal. To study filamentous cyanobacteria blooms, various sensors were tested and they were
largely complementary. New absorption method seems to provide reliable estimates for Chlorophyll-a
concentration, but still lacks automated maintenance procedures. Better understanding was obtained on the
range of conversion factor between electron transport rate (measured with fluorescence induction) and carbon
fixation rate, as well as of the reasons behind this variability.

Carbonate system components of the Baltic Sea showed large seasonal variability indicating high impact of
biological activity for pH and pCO.. Alkalinity of the Baltic Sea is difficult to model from other carbonate system
components and online sensors are required to understand its variability.

The joint studies between different (multinational) research groups using different technologies provided good
know-how exchange and should be encouraged. As well, multidisciplinary research efforts, including physics,
chemistry, biology and modelling, should be encouraged, to gain knowledge on the environmental challenges
more in detail.

7) Norwegian Sea
Involved JRAPs: JRAPs #1, 3, 6
The Norwegian Sea plays a major role as an area where potentially highly polluted waters from the North Sea
mix with water transported from the North Atlantic Ocean. This water is then transported into the Arctic region.
Analysis of the transport pathway of waterborne contaminants along the Norwegian coast was instrumental for
assessing the spatial range of contaminants with different properties and address questions regarding exposure
of the Arctic.
42 currently used pesticides in Europe, 5 artificial sweeteners and 11 pharmaceuticals and personal care products
were targeted during the study. Several compounds were detected in the Norwegian Sea, including current use
pesticides, artificial food additives and some pharmaceuticals. Their presence in this coastal area, and also in
high-latitude more open waters, highlight the potential for these contaminants to undergo long range transport
with marine currents.
Seasonal variability in temperature in the coastal area (up to a 15 “C differential between summer and winter
depending on latitude) is a large driving force on carbonate system variability, including a decrease in surface
water fCO, due to lower wintertime temperatures as well as the uptake of atmospheric CO, as water cools during
its northward journey from the North Atlantic to the Arctic Ocean.
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In addition, a focal point was the improvement of systems that provides knowledge for the transport of parasites
and harmful algae in the Norwegian Sea coastal area. Here the observations by FerryBoxes, fixed stations as
well as repeated transects were used to validate and improve numerical model simulations.

8) Mediterranean Sea: Ligurian to Ibiza channel

Involved JRAPs: JRAPs #1, 4, 6

Maijor investigation effort was led in the Liguro-Provencal area and the Catalan Margin to study the variability of the
Northern current through the combination of independent and complementary observational platforms. The
dynamics of the boundary currents were studied to identify the interplay between various forcings (remote,
thermohaline and wind), the generation of mesoscale and submesoscale instabilities, and data blending and
assimilation techniques were investigated.

Major results have shown a clear correlation between hydrographic changes led by climatic interannual variability
and the community composition of phytoplankton and zooplankton. The role of (sub)mesoscale processes have
shown to modulate biochemical processes and to locally enhanced marine biomass productions/accumulation.
The multiplatform observing system in the NW Mediterranean Sea, combined with growing centralized frameworks
of data management and distribution, i.e. Copernicus Marine Environment Monitoring Service and
SeaDataNet/SeaDataCloud, will provide the basis for an extended European coastal infrastructure.

9) Mediterranean Sea: Adriatic Sea

Involved JRAPs: JRAPs #5 & 6

During the project, important steps forward have been made on the development of capabilities to integrate new
kinds of experimental data and oceanographic models to support ecosystem management. The implementation of
an Adriatic oceanographic model assimilating surface current from coastal radar and temperature profiles from
fishing vessels (FOOS fleet) has been developed and tested, providing encouraging results. Surface currents from
coastal radars were integrated with results from drifter deployments to investigate zones of recruitment for small
pelagic fishes, highlighting the role of remote areas in supporting the ecological role of these environments.

One year of high frequency data of sea surface pCO, was successfully gathered at a fixed station in the
northernmost Adriatic. Results highlighted how the biological CO- uptake during phytoplankton blooms was able to
keep the central basin a strong CO, sink not only in winter, when low temperatures favor CO- dissolution, but
through most of the year, even when temperatures raised above 25°C.

The work carried on so far highlighted the potentiality of the area, where historical data and many observational
systems are available to support both ecosystem management and advanced marine researches. On the other
hand, they pointed out the need for integration of the existing facilities and observational systems also at a trans-
border level to address the climate and ecological challenges facing this basin.

10) Mediterranean Sea: Cretan Sea
Involved JRAPs: JRAPs #2 & 6
An interesting case of how the additional assimilation of glider profiles and FerryBox observations used in the OSE
experiment is beneficial for the Aegean Sea forecasting system in terms of reducing the system biases. This
improved the sea surface salinity model bias over the south Aegean (north of Crete and south of 37°N).
In the Cretan Sea, the vertical migration of mesopelagic organisms (macroplanktonic and micronektonic) was
observed by acoustical means for almost 2.5 years in the epipelagic and mesopelagic layers. The observed
organisms were categorized into four groups according to their migration patterns which appeared to occur at diel
and seasonal scale. The variability of the migration patterns was inspected in relation to the physical and biological
environmental conditions of the study area. Stratification of the water column does not act as a barrier for the
vertical motion of the strongest migrants that move up to 400 m every day. Instead, changes in light intensity (lunar
cycle, daylight duration, cloudiness) and the presence of prey and predators seem to explain the observed daily,
monthly and seasonal.
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This report clearly demonstrates how the consortium of the project is willing to progress on monitoring strategies in
several JERICO studies (besides the simulation experiments for transport studies, the analysis of search radius from
contaminant sources and the use of covariance in highly relevant low-concentration persistent contaminants, use of
multi-functional sensors, etc.); despite the difficulty and time-consuming activity of operating both fixed and mobile
platforms working in the highly dynamic complex and densely utilised coastal areas. By progressing on the integration
of scientific fields, it also shows the benefit of operating several platforms types (fixed & mobile, at sea, remote, &
numerical). For instance, we can emphasize what deployments in JRAPs have proved:

* JRAP #1: interest in deploying complementary observing systems for algal blooms to get information

interoperable at EU level.

JRAP #2: success in monitoring highly dynamic benthic ecosystems.

JRAP #3: possibility to successfully perform monitoring of contaminants in an interoperable manner.

JRAP #4: the highly resolved low-cost sensor and mooring deployments for specific transport or contaminant
studies, which shows the intent to be cost-efficient. The complementarity of remote + at sea and numerical
systems.

*  JRAP#5: coastal carbon fluxes and biogeochemical cycling: The relatively large variability of conditions
keeps being a challenge for sensor developers, with necessary periodic calibration needs that are possible
to tackle as shown.

*  JRAP#6: makes a strong case of the need for in-situ data vs models, in particular for coastal processes.

As a consequence, JERICO-RI already proved his capability to gather information and tools to qualify and quantify
processes, their scales, related challenges and the possible solution to progress on. As a next step, in agreement with
regional stakeholder, JERICO-RI should develop regional forum/center to share information (data and products),
expertises, practices, solution and training in line with regional purposes to support scientists and regional
stakeholders. This would support application of policies and regulations, based on applied collaborations between
scientists and other stakeholders to tackle common societo, environmental and scientific questions from local to
regional scales.

According to the monitoring purposes in regions and sites, the need of integration in scientific fields is diverse and
JERICO-NEXT presented only a first steps. In the future, JRAPs, TNA & regions should engage with outermost regions
where regional projects take place and could be liaised with JERICO Rl to better connect these regions in the coastal
observing RI landscape. Because of these considerations, the consortium progressed towards regional integrated
coastal observatories and preliminary elements are presented in chapter 4.

A main lesson learned is that societal challenges and priorities at the regional level are important elements for the
structuring of a coastal observing system. Therefore, a key challenge for the future is to improve regionalisation of
the observatories for a better understanding of region-specific processes and an improved fit-for-purpose of
the JERICO-RI (see deliverable 1.2). Furthermore, the observatories need to be consolidated in terms of
performance, reliability and variables to optimally address and answer to key regional and pan-European
environmental challenges. The two above-mentioned aspects are the integration challenge that the consortium
wishes to tackle by implementing a regional structure of JERICO-RI.

The structuring process will be challenging because coastal observatories are not operated by the same organisations
and therefore may have differing objectives and means of operation (financial, logistical, etc.). Based on these
differences, we have proposed that the coastal observing systems in JERICO-RI can be structured hierarchically in
which all sizes and types of coastal observatories can function in JERICO-RI in an integrated and mutually beneficial
way. This will be reported in deliverable D1.4. This way towards a regional structuring of JERICO-RI is included in the
proposal for the 3 project of the JERICO series of projects, JERICO-S3, selected for funding during 4 years and to
start in early 2020. With regards to the WP4 of the present project, the final deliverable: D4.5 is in progress to report
results of each of the six JRAP activities and will be available by Sept. 2019 on the JERICO-RI website.
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2. Introduction

WP4 of JERICO-NEXT aims to synthesize the project’s activities in the other WPs and gather the contributions around
applied Joint Research Activity Projects (JRAPs) selected to benefit of and highlight JERICO-NEXT activities. In order
to fulfil this objective, methodologies developed or improved in WP3 were applied in the JRAPs;the provision of data
assembled and distributed was undertaken according to the WP5 recommendations; dedicated topical approaches of
the scientific strategy matured jointly with WP18&4 (Deliverable D4.1) were applied within the JRAPs, providing then in
return essential input to the future road map of the research infrastructures. Indeed, six JRAPs were implemented to
address different key environmental issues and/or policy needs such as those considered by the MSFD, and according
to the 6 JERICO-NEXT scientific areas:

1- JRAP#1 on pelagic biodiversity

2- JRAP#2 on benthic biodiversity

3- JRAP#3 on chemical contaminant occurrence and related biological responses
4- JRAP#4 on hydrography and transport

5- JRAP#5 on carbon fluxes and carbonate system

6- JRAP#6 on operational oceanography and forecasting.

These JRAPs were not intending to implement similar actions at each JERICO-RI site but only to a selection of
sites/regions according to the consortium interests and requirements from local to regional scales. Consequently, it is
paramount to regionally synthesize the preliminary results after deployments in JRAPs, which is the purpose of this
document.
The main document is organised according to the following regions and sites:

- Bay of Biscay (South East Bay of Biscay, Portuguese Margin and Nazaré Canyon, Girond Mud patch and

Bay of Brest)

- Channel and North Sea

- Kattegat and Skagerrak Sea

- Baltic Sea

- Norwegian Sea

- Med. Sea: From Liguria to the Ibiza Channel

- Med. Sea: Northern Adriatic Sea

- Med. Sea: Cretan Sea.

Results for those regions are presented in chapter 3 after consideration of the regional or site specificities related to
the most relevant scientific issues of the area and the most relevant societal and policy needs, respectively. As the
project and the JRAPs were not a priori organised to fit with regional to local needs, the reader may identify a weak
point in the way JERICO-NEXT is addressing scientific syntheses per region. Nevertheless, it is a preliminary work
towards the regional structuration of the RI, as expected, and a significant effort was put forth to identify discrepancies
in the level of regional integration, and the recommended way to progress on this issue is presented in Chapter 4.

Durand Dominique, Puillat Ingrid, Karlson Bengt, Grémare Antoine, Nizzetto Luca, Rubio Anna, Laakso L,
Mourre Baptiste (2016). JERICO-NEXT. Approaches to monitor European coastal seas. JERICO-NEXT-WP4-
D4.1-V3.0. https://archimer.ifremer.fr/doc/00382/49331/

Puillat Ingrid, Karlson Bengt, Artigas Felipe, Grémare Antoine, Nizzetto Lucas, Rubio Anna, Laakso Lauri,
Seppala Jukka, Mourre Baptiste (2016). JERICO-NEXT. Progress Report #1 JERICO-NEXT-WP4-D4.2-
061216-V2.0. https://archimer.ifremer.fr/doc/00382/49333/

Puillat Ingrid, Karlson Bengt, Artigas Luis Felipe, Grémare Antoine, Nizzetto Luca, Rubio Anna, Laakso Lauri,
Seppala Jukka, Mourre Baptiste (2017). JERICO-NEXT. Progress Report #2. JERICO-NEXT-WP4-DA4.3-
101217-V2.0. https://archimer.ifremer.fr/doc/00406/51702/
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3. First valorisation results for each region

3.1. Bay of Biscay

Involved institutes: IFREMER, CNRS-LOG, AZTI, H
Lead authors: Anna Rubio, Joao Vitorino (IH), Antoine Grémare (CNRS-EPOC)

Contributing authors: Felipe Artigas (CNRS-LOG), Ainhoa Caballero (AZTI), Luis Ferrer (AZTI), Alejandro Orfila
(CSIC-IMEDEA), Guillaume Charria (IFREMER), Pascal Lazure (IFREMER)

Involved JRAPs: 1, 3,4 and 6

3.1.1. The Bay of Biscay (BoB) (SW Atlantic European margin)

BoB is a complex region characterized by irregular bathy-topographical features (e.g. submarine canyons, and steep
changes of the orientation of the coast) and a narrow shelf (Figure 3.1-1). Four subareas have been tackled during this
period of JERICO-NEXT: The southeastern (SE) BoB, the Nazaré Canyon area (Portuguese margin), the Gironde and
the French Brittany coastal areas.
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Figure 3.1-1 Main characteristics of the circulation in the IBIROOS area, from Sotillo et al. (2015).
Overlapped are plotted the areas covered by the SE BoB, the Nazaré Canyon area (Portuguese margin),
the Gironde and the French Brittany coastal observatories

Along the slope, the main feature of the circulation common to all the areas is the Iberian Poleward Current (IPC) which
is intensified mostly in winter months. The extension of this current has been observed to reach as far north as the
coast of Ireland (see for instance Sotillo et al., 2015). The IPC is one of the main along-slope flows that promote trans-
boundary interactions along the Atlantic margin of Europe. At local scales other processes, like the intensification of
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the current or eddies generated through the interaction of the along-slope flow with the bathymetric irregularities, are
key in the modulation of the exchanges between the coastal system and the open ocean.

Borja et al. (2019) have identified the following pressing issues that can compromise the ecological status of the Bay
of Biscay: Pollution from hazardous substances (found in coastal locations close to urban and industrial areas);
Eutrophication in some estuaries and bays in Northern Brittany and extended estuarine plumes spread in the
continental shelf of the Bay of Biscay (occurrence of algal blooms); Decrease in biodiversity (different threatened or
declining species, including sharks, skates and rays, seabirds, whales, diadromous, and commercial fish species);
Existence of invasive species in the Bay of Biscay (Zorita et al., 2013) - due to growing maritime traffic and other
activities (e.g., aquaculture), the number of exotic species is expected to increase; More and new research has to be
done to fully understand and evaluate the impacts of climate change in the Bay of Biscay. In addition to those, other
important local environmental problematics and needs have been identified from the analysis of recent activities and
exchanges with stakeholders in each of the cited subareas.

3.1.2. The SE BoB
3.1.21. Specificities of the this region

Most relevant scientific questions from regional to local scales

The SE BoB is an area characterized by complex circulation patterns, thus, represents a particular challenge for the
accurate monitoring and forecast of 4D transport patterns. Over the shelf, the circulation is driven mainly by winds, with
seasonal variation in strength and direction (Solabarrieta et al. 2015). Over the slope, the IPC flows eastwards
(northwards) along the Spanish (French) coast advecting warm surface waters in winter (Le Cann and Serpete 2009;
Charria et al. 2013) (Figure 1). In summer, the flow is reversed and three times weaker than in winter (Solabarrieta et
al. 2014). The generation of these eddies (the so-called SWODDIES) occurs mainly in winter, when the intensified IPC
interacts with the abrupt bathymetry (Pingree and Le Cann, 1992). Teles-Machado et al. (2016) studied the generation
of SWODDIES in the NW Iberian margin, by means of a 20-year high-resolution numerical simulation, and found a
relationship between the formation of eddies, topographic features and the wind variability. A sudden decrease in
southerly winds resulted in the development of instabilities in the IPC and generation of eddies, being the anticyclones
(cyclones) formed mainly on the equatorward (poleward) side of the canyons and on the poleward (equatorward) side
of promontories or capes (Teles-Machado et al., 2016). The effect of SWODDIES on the primary production has been
previously investigated by different authors (Rodriguez et al., 2003; Fernandez et al., 2004, Garcia-Soto et al., 2002;
Caballero et al., 2014 and 2016). In several studies, the trapping of mesotrophic water from coastal areas by
SWODDIES has been observed using satellite data, but has not been quantified (e.g., Caballero et al., 2014). In-situ
measurements showed that the depth-integrated Chlorophyll-a (Chl-a) concentration was higher in the cores of
anticyclonic eddies than in their periphery, influencing the plankton composition (Rodriguez et al., 2003; Fernandez et
al., 2004, Caballero et al., 2014). In contrast, lower Chl-a concentrations have been observed in the cores of cyclones
(Garcia-Soto et al., 2002; Caballero et al., 2016).

At shorter time-scales, the variability is dominated by tides (mainly semidiurnal) and inertial waves (Rubio et al., 2011).
The River Adour is the main source of continental water (Valencia et al., 2004), while the rivers along the Spanish
coast (Nervidn, Bidasoa, Deba, Urola, Oria and Urumea) show much lower runoff (Ferrer et al., 2009;). Seasonal runoff
patterns are observed, with maximum runoff (over 1000m3.s-1 for the River Adour) during winter and spring and much
weaker runoff in summer (mostly under 100m3.s-).

In JERICO-NEXT, for the SE BoB, we focused on several topics. One was the study of the role of the SWODDIES in
the cross-shelf exchanges and on their observability using land-based and satellite remote-sensing data and more
generally in the role of mesoscale processes in the physical-biological interactions. A second important focus was to
study the internal waves' field thanks to the deployment of a Moving Vessel Profiler (MVP) and of 6 MASTODON-2D
moorings (low cost thermistor chains) during the ETOILE survey.

The most relevant scientific questions in this specific area are listed in the following.
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How ocean processes affect the surface transports? Identification of the key processes for accurate transport
estimates and study of their potential impact on the distribution of floating matter (plankton - or other pelagic
organisms, marine litter, pollutants, etc.)

How well these processes are observed by the existing systems? Can we suggest new approaches and
elements to improve coastal observatories?

How can we use observations to improve numerical models and how we can use both (models and data) to
develop new tools for improving applications of operational oceanography to relevant societal needs?

Study the presence and distribution of pollutants in the area and possible links with different current conditions.
Pollutants like: PAHs; Organochlorine pesticides (DDT, HCB, HCHs), PCBs, PBDEs (polybrominated
diphenyl ethers) and novel brominated flame retardants (several compounds).

Characterize the mesoscale and sub-mesoscale phytoplankton distribution and links between the hydrological
structure and the high-resolution spatial distribution of planktonic microorganisms.

High frequency variability induced by tides such as due to internal tides.

Most relevant societal needs and policy needs (including agencies/users potential list)

In this area, human activities such as sport, artisanal and commercial (industrial) fishing, tourism, industry, offshore
aquaculture and platforms, etc. are leading to an increasing human pressure which is also justifying the need to monitor
and observe this area. Consequently, in addition to previously identified scientific questions, other important local
environmental challenges and needs identified from the analysis of recent activities and exchanges with stakeholders
in the SE area of the Bay of Biscay are:

e Sustainable Fisheries & Aquaculture activities (bivalve): (i) Integrated management of commercial fishing
species (anchovy, hake, tuna...) and the understanding of the impacts that physical processes have in the
recruitment, biomass and distribution of this species towards more accurate stock models; (ii) Biotoxin control
for aquaculture (and depending on the installation activity impacts).

e Floating Marine Litter (FML) and plastic pollution: (i) Data for Lagrangian studies for source identification,
hotspots detection and forecast; (i) Integrated evaluation of FML impacts; (i) Management of FML removal
in coasts and open sea

e Hazards and coastal risks: (i) Extreme events forecast, floods and damage prevention; (ii) Adaptation
measures to the erosion of the coastline; (iii) Historical and real-time data for navigation safety and
contingency plan; (iv) Accurate wind and current high-resolution data for search and rescue operations.

3.1.2.2. Acquired data and archiving made
Data type Sampling Sampling period Institute responsible
location/area for data
Surface ocean currents | SE BoB, hourly data 2009-present AZTI
from HF radar
Slope Buoys (TS and | Se BoB, hourly data 2006-present for Donostia | AZTI
currents from 10 to 150m) buoy; 2006-2013  for
Matxitxako buoy
Glider data - BB-TRANS | SE BoB, sampling | 15/05/2018 - 15/06/2018 | AZTI, HZG (TNA
TNA campaign (TS, ADCP | depending on the Action) & CNR-ISMAR
currents, turbidimeter, | sensors
turbulence sensor...]
=1 |
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ETOILE survey (ADCP,| SE BoB, sampling | 07-08/2017 IFREMER, AZTI,
MVP, CTD, multi-spectral | depending on the CNRS-LOG
fluorometer  (continuous | sensors

recording, casts),

automated flow cytometry,

plastic sampling,

MASTODON-2D

moorings)

3.1.2.3. Collaboration with other international initiatives

LIFE LEMA - Intelligent marine Litter removal and Management for local Authorities (LIFE15 ENV/ES/000252) starting
in September 2016. One of LIFE LEMA tasks will focus on the applications of transport characterization from HFRs
and models (in coordination with JERICO-NEXT WP4 Task JRAP 6) to specific purposes related with FML

MyCoast project - A Coordinated Atlantic Coastal Operational Oceanographic Observatory. Interreg Atlantic Area,
2017-2020. There are many synergies with this project which will help to broaden the applications of standards and
JERICO-RI data and products in the Atlantic Area

COCTO (Coastal Ocean Continuum in surface Topography Observations) funded by TOSCA/ROSES in the frame of
SWOT altimetry mission - 2015-2018. Diagnostics developed in this project will be potentially used in the frame of
JERICO-NEXT for comparisons between numerical experiments and in situ observations.

IBIROOS - Real-time observations collected by EUSKOOS are automatically sent to the regional node of EuroGOOS
(via the focal point Puertos del Estado, Spain)

EMODNET - Real-time observations collected by EUSKOOS are automatically sent to the regional and platform nodes
of EuroGOOS

EUROGOOQS Coastal WG—Synergies between this group’s (created in 2018) and JERICO-RI’s efforts on mapping
the global network of coastal observatories and in the design of the roadmap for its future development. It is for sure
not related just to this subarea area but more generally to the whole JERCIO-RI.

3.1.24. Scientific progress so far

Coming back to the most relevant scientific questions asked here before, the JERICO-NEXT team working on the SE
of the BoB, led several actions to progress ahead, using analysis of historical remote sensing data, recently acquired
HF radar data, in situ observation thanks to gliders survey, cruise data and moorings. Efforts were driven on both the
data acquisition with their traditional interpretation methods and on the methodologies to derive new data products
applying these new analysis methods.

a- Towards a better characterisation and understanding of mesoscale processes and associated transport
of matter: Eddy & upwelling induced cross-shelf export of high Chl-a coastal waters in the SE Bay of

Biscay
Study of winter anticyclonic eddies from the analysis of historical remote sensing data

Different remote sensing data were combined in the period 2011-2014 to characterise winter anticyclonic eddies in the
SE BoB and to infer their effects on cross-shelf exchanges. The study focused in an anticyclonic eddy that develops in
a period when typical along shelf-slope currents depict a cyclonic pattern. While the joint analysis of available satellite
data (infrared, visible and altimetry) permitted the characterisation and tracking of the anticyclone properties and path,
data from a coastal HF radar system enabled a quantitative analysis of the surface cross-shelf transports associated
with this anticyclone. The warm core anticyclone had a diameter of around 50 km, maximum azimuthal velocities near
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50 ¢cm s-1 and a relative vorticity of up to -0.45 f. The eddy generation occurred after the relaxation of a cyclonic wind-
driven current regime over the shelf-slope; then, the eddy remained stationary for several weeks until it started to drift
northwards along the shelf break. The surface signature of this eddy was observed by means of high-frequency radar
data for 20 consecutive days, providing a unique opportunity to characterize and quantify, from a Lagrangian
perspective, the associated transport and its effect on the Chl-a surface distribution. The obtained results suggest that
the eddy-induced recurrent cross-shelf export is an effective mechanism for the expansion of coastal productive waters
into the adjacent oligotrophic ocean basin. See Rubio et al. 2018 for further detail.

Figure 3.1-2 MODIS-Aqua derived Chl-a (mg m-3) and HFR hourly surface current vectors on the 21
December, eddy cross-shelf Chl-a rich waters export towards the open ocean can be observed. Isobaths
(m): 200, 1000, 2000, 3000.

Study of upwelling process with HF radar and satellite imagery (visible and IR)

In another study also using historical data, upwelling processes along the oceanic eastern boundary of the SE BoB are
studied using HF radar and satellite imagery for the period 2009- 2016. The results of this analysis are compared with
those derived from the conventional way of estimating upwelling index in the area (wind forcing). This comparison is
done in order to assess the agreement between the two methods and remote sensing techniques.

Under N-NE winds (Wind speeds = 5 cm/s and a persistence of ~3 days) different intense upwelling processes during

the period 2009-2016 have been identified. These events have been identified by different data: Wind, HF radar (HFR),
Sea Surface Temperature (SST) and Chl-a data. During these events, westwards currents dominate along the French
shelf. As a result of these currents, there is an offshore and southward transport of the coastal surface waters in the
French shelf. This is translated in a cooling of surface waters and an instantaneous decrease of the Chl-a concentration
in this area due to the advection. Actually, Primary Productivity might have been enhanced in the area of upwelling but
the produced organic matter (chl a) was advected by currents. HFR is a useful tool to estimate the upwelling processes
in the study area.
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Figure 3.1-3(a) HFR Surface currents, (b) Chl-a and (c) SST satellite surface fields during an upwelling
favourable period. In b and c the values for Chl-a and SST along the pink section superimposed to the
satellite images are provided at the upper panels.

Mesoscale variability from HF radar and altimetry

To obtain and additional insight on the mesoscale dynamical features in the study area, we compare measurements
from HF radar and altimetry within the SE BoB, over the period 2009-2015. The results provide an evaluation of the
performance of different coastal altimetry datasets within the study area and a better understanding of the ocean
variability contained in both data sets.

The variability of the radar and altimetry measurements are higher near the coast, and both observing systems detect
the IPC and eddies, which are the main mesoscale processes within the area. The highest correlations between radar
and altimetry take place in the slope, where the IPC affords a great part of the mesoscale variability. Example of four
eddies detected by the HFR and the altimeter (even if the eddy core is not crossed by the altimeter track) is shown.
Besides, the IPC intensifications are also detected by the HFR and altimetry in late autumn and winter, mainly in the
nearest points to the coast between the isobaths 200 and 1000 m. From the joint analysis of Sea Level Anomaly (SLA)
and HFR data series, four main IPC events lasting around 2-3 weeks are described. For the four events, HFR currents
show a typical IPC spatial pattern, with poleward circulation along the slope intensified between the isobaths 200 m
and 1000 m and SST positive anomalies along the slope (increase of 0.5-1 °C). Please see Manso-Narvarte et al. 2018
for further details.
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Figure 3.1-4Comparison between SLA-derived and HFR low-pass filtered current anomalie along Jason 2
348 track, showing that the highest agreement between both observing systems occurs over the slope
(highlighted in grey). Two SLA products are used: CTOH-XTRACK product.

ETOILE Cruise Leg2.2 - mesoscale features and bio-phys coupling

In summer 2017, the area covering the CapBreton canyon (SE BoB) was surveyed in the framework of the ETOILE
cruise. The main objective of this campaign was twofold: Leg 1 and leg1.2 were devoted to the study of internal tides
in the area, while Leg 2.2 was designed to gather hydrographic and hydrodynamic data, as well as to determine the
distribution of phytoplankton and floating marine litter. During Leg 2.2, besides the various remote sensing data
available for this area, such as HF radar or satellite data, in situ hydrographic measurements were collected by a CTD
and a Moving Vessel Profiler. Likewise, other parameters such as temperature, conductivity and in vivo chlorophyll
fluorescence (total and per pigmentary/spectral phytoplankton group) were continuously recorded. Then, multi-spectral
fluorescence casts, chlorophyll a and particulate suspended matter concentration, as well as marine floating litter
abundance were sampled in selected stations. A saline frontal structure with high spatial variability was identified at
20-100 m depth at the edge of the continental shelf. This front separated the less saline coastal waters from the saltier
open sea waters. Furthermore, the surface current displayed an anticyclonic circulation when encountering the saline
front, showing coherence between the radar data and geostrophic currents derived from CTD data. The effect of these
features in the distribution of floating marine litter and phytoplankton is discussed in detail in Davila (2018). The
distribution of marine litter seemed to be spatially correlated with positive surface relative geostrophic vorticity (not
shown). The maximum concentrations were found located in the frontal zones at the periphery of cyclonic eddies.
Concerning phytoplankton, a Deep Chlorophyll Maximum was observed at ~50 m depth, highly dominated by Brown
Algae (Figure 3.1-5). When examining the vertical distribution of Brown algae it was found that their abundance was
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highly correlated with negative vorticity (corresponding areas with anticyclonic rotation), being this factor the most
influencing one, modulating the fluid dynamical niche of phytoplankton. On the contrary, Green Algae were mainly
influenced by salinity.
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Figure 3.1-5 Cross sections of multi-spectral fluorescence (Fluoroprobe). Brown algae were correlated
with areas of negative vorticity (or anticyclonic circulation; in black lines) whereas green algae seem to
follow the depression of the halocline (in white lines).

Transport of contaminants: Passive samplers

Four passive samplers were deployed in two different sites of the south-eastern Bay of Biscay; three of them were
collocated in the aquaculture facilities of Mendexa, whilst the fourth one was fixed to the buoy of Donostia. These
devices accumulated, during weeks even months (see Table 1), the chemical contaminants present in the water such
as organochlorine pesticides. After the recovery the samplers were sent back to NIVA for their processing and the
processed data was sent back to AZTI for further analysis of the data (in progress). The passive sampler deployment
on the fixed platforms delivered data that enabled the characterization of water contamination profile and the
assessment of the main seasonal fluctuation. Results are displayed in Figure 3.1-6.

Table1. Date of deployment and retrieval of the passive samplers in the Donostia buoy and Mendexa longline.

DEPLOYED RETRIEVED DEPLOYED RETRIEVED
10 MARCH 2017 5 DECEMBER 2017 | 21 FEBRUARY 2017 3 APRIL 2017
21 FEBRUARY 2017 8 JANUARY 2018

19 JUNE 2017 1 AUGUST 2017

I 1*"1 "1
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Figure 3.1-6 Results of the analyses of passive samplers deployed in the Bay of Biscay during 2017-2018.

Measurements provided consistent information on the contamination profile, with the relative proportion of different
contaminants substantially maintained between locations and across deployments in different seasons.

The major axis of variability appears to be represented by time. In particular, looking at the results from Mendexa,
winter and early spring concentrations appears to be higher than in summer for most compounds. This is an expected
behaviour. The targeted contaminants are prevalently hydrophobic volatile substances with the atmosphere serving as
major sources (Gioia et al., 2008; Lohmann et al., 2009). Lower temperatures favour partitioning of these compounds
present as gases in the atmosphere, towards the water. Among the persistent organic pollutants (POPs) regulated
under the Stockholm Convention (http://chm.pops.int/), PCBs were the most abundant group of contaminants. Among
the group of chlorinated pesticides, Hexachlorobenzene was the must abundant contaminant in seawater. All
congeners in the DDT group were below 10 pg/L, with a contamination profile dominated by methabolites such as
p,p’'DDE and p,p’'DDD, reflecting therefore the influence of secondary sources (e.g. old burden of contaminants
volatilizing from soils and depositing in seawater, or released from sediments) re-emitting “aged” pesticides.

b- Study of high frequency processes

ETOILE Survey - Internal waves

During the ETOILE field survey, a specific focus was drawn to investigate the field of internal waves in the SE Bay of
Biscay thanks to deployment of a Moving Vessel Profiler (MVP) and of 6 MASTODON-2D moorings (low cost thermistor
chains). The MVP was operated during 3.5 days along 10 round trips along a 44°N transect between depths of 20 m
to 150 m. We spotted solitons, with amplitudes up to 29 m and propagating at 0.25 to 0.8 m.s-1, over the shelf at each
internal tide. Supported by mooring data and SAR images we characterised the propagation of wave packets on a 24
km distance, including observations of polarity inversion and energy transfer between solitons. The comparison with
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the speeds calculated according to the KdV model was convincing, even if the limits from the equations and the Coriolis
dispersion did not permit to get a perfect fit. The results of this analysis are synthesized in a Master 2 thesis (Gauthier,
2018) and a publication in an international journal is in progress.
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Figure 3.1-7 Propagation of soliton packets (as shown by the black circles) during 4 MVP transects
completed in 8 hours.

c- Methodologies towards an operational observation of coastal hydrodynamics and associated transports

Facing recurrent problems of anthropogenic pollution, transport of harmful algae etc. researchers drove some effort
during the past decade to develop or improve methodologies to better estimate transport and mixing. The work led in
JERICO-NEXT focused on:

i) gap filling methods thanks to HF radar data,

i) computation of blended data products for a better assessment of transport at higher resolution (presentation of
2 cases here after), and,

iii) development of forecasting modelling capacities thanks to assimilation of data.
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The here below results illustrate this effort led in the SE Bay of Biscay thanks to the WP3 and WP4 of the JERICO-
NEXT project.

Gap-filling methods (WP3, IMEDEA-CSIC, SOCIB, AZTI)

In the last years, the use of Lagrangian metrics to study mixing and transport properties has been growing in
importance. A common condition among all the Lagrangian techniques is that complete spatial and temporal velocity
data are required to compute trajectories of virtual particles in the flow. The increased availability of high-frequency
continuous surface currents derived from HF radars, is providing new possibilities on the application of Lagrangian
methods to these observations for understanding small-scale transport processes in the coastal ocean. However,
hardware or software failures in the HFR systems can compromise the availability of data, resulting in incomplete
spatial coverage fields or periods without data. In this regard, several methods have been widely used to fill
spatiotemporal gaps in HFR measurements. Despite the growing relevance of these systems there are still many open
questions concerning the reliability of gap-filling methods for the Lagrangian assessment of coastal ocean dynamics.
In this context and within the WP3 T2.3, we have first developed a new methodology to reconstruct HFR velocity fields
based on self-organizing maps (SOMs). Then, a comparative analysis of this method with other available gap-filling
techniques is performed, i.e., open-boundary modal analysis (OMA) and data interpolating empirical orthogonal
functions (DINEOFs). The performance of each approach is quantified in the Lagrangian frame through the
computation of finite-size Lyapunov exponents, Lagrangian coherent structures and residence times. We determine
the limit of applicability of each method regarding four experiments based on the typical temporal and spatial gap
distributions observed in HFR systems unveiled by a K-means clustering analysis. Our results show that even when a
large number of data are missing, the Lagrangian diagnoses still give an accurate description of oceanic transport
properties. Please, see Hernandez-Carrasco et al. 2018, for further detail.
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Figure 3.1-8 Snapshots (April 04, 2013 18:00) of Residence Times computed from the three filled and the
reference HF Radar data for a scenario representing a decrease in bearing coverage in one of the
antennas (more details in Hernandez-Carrasco et al.,2018)

Case 1: First experiments on data blending in the SE BoB (WP3, CNR, AZTl): model + HF radar

The combination of the data obtained from multiplatform observing systems is an interesting approach for a better
understanding the three-dimensional coastal circulation. The application of data-blending methods to observations with
complementary spatial coverage can be used for extending the information to the nearby areas or vertically through
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the water column. In the case of HF Radar, the combination with observations in the water column is especially
interesting since it can broaden the application of this data to biological, geochemical and environmental issues, since
plankton or pollutants can be located deeper in the water column and not only follow surface dynamics. In the
framework of WP3 T3.2, the skills of two data blending methods applied to current velocity are compared in the SE
BOB area: the DCT-PLS method proposed by Fredj et al. (2016) and the ROOI method proposed by Jorda et al. (2016).
The former is based on a penalized least square (PLS) regression approach combined with a discrete cosine transform
(DCT) method, so based on a purely statistical approximation. The latter is based on a reduced order optimal
interpolation (ROOI) fed with spatial covariance matrix, which add physical information to the method.

To test the methods’ skills, they have been applied to pseudo-observations of currents extracted from the 1Bl CMEMS
model field (ATLANTIC-IBERIAN BISCAY IRISH- OCEAN PHYSICS REANALYSIS), simulating a real observatory
configuration in the area. The outputs of the methods are compared with the IBI model data, which is also used as the
synthetic ‘truth’. The observations considered are a surface current field (simulating HF radar measurements) and at
two locations with current velocity profiles over the slope (simulating data from two ADCPs collocated on two slope
buoys).

For the ROOI method, different historical datasets have been tested to infer the spatial covariances (in order to be able
to assess the performance of the method with more and less realistic cases): the IBI model data itself, as the ideal
blending case where the model use for covariances is identical to the observations; a high resolution (HR) reanalysis
product (GLOBAL OCEAN PHYSICS REANALYSIS GLORYS12V1), which provides similar results to IBI (but
independent) ; and a low resolution (LR) reanalysis product (GLOBAL OCEAN PHYSICS REANALYSIS GLORYS2V4)
that offer the most realistic and challenging scenario since the obtained covariances are more independent to the
pseudo-observations obtained from IBI CMEMS model and the low resolution of the model grid is not resolving properly
the mesoscale contained in the pseudo-observations. For the DCT-PLS method, the only input are the pseudo-
observations obtained from the IBI CMEMS model.

First results were obtained for winter 2011, when the circulation is mainly driven by the slope current in eastward
direction along the Spanish slope and northward along the French slope. Results are presented in terms of RMSDs
between the outputs of the methods and the IBI ‘truth’ data. If we consider the LR reanalysis product, which is, as
mentioned, the one that provides the most realistic case, it is shown that the ROOI method provides the best results
for the U component if we consider the whole study area. Similar results using both methods are obtained for V and in
general in the areas with high density of observations.

In conclusion, each method has its pros and cons. On the one hand, the advantage of the ROOI method is that physical
information is used to carry out a more robust blending in areas where there is low density of observations. On the
other hand, the disadvantage is that you need a good model for the covariance matrices, and therefore, the DCT-PLS
method seems to be a good option if there is absence of a (good) model in the area.
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Figure 3.1-9 Mean RMSD relative to the mean current (of each grid point) for each depth (in meters). For
component U (top) and component V (bottom). The results obtained using DCT-PLS and ROOI (using
different datasets for the covariance matrices) are shown.

Case 2: Glider BB-trans TNA mission, first results of glider + HF radar data blending

The BB-TRANS mission took place from 17 May to 14 June 2018. A Slocum deep glider equipped with a CTD, ADCP,
fluorescence-turbidity and MicroRide sensors, measured the water column of the south-eastern Bay of Biscay, from
the surface to at a maximum depth of 1000 m. The aim of this mission was to acquire data along the water column and
within the area covered by a coastal HF radar system and crossed simultaneously by altimeters on board two different
satellites. These measurements permit first to test different methodologies of data blending for deriving
transport in the water column, together with surface currents obtained by the HF radar; and second, to evaluate
the accuracy of coastal altimetry along-track data in the study area. During the mission, besides de glider tracking
that allowed to monitor the position and the data measured by the glider, surface current fields and derived Lagrangian
Residual Currents (LRC), and surface LRCs (Figure 3.1-10) along with images from satellites, were used to change
when necessary the next positions and setting of the glider, in a near real time. During the mission the glider flowed
below the track of the Sentinel 3A’s 257 track and Jason-3's track 248 several times. Hereafter is the preliminary
analysis which is still in progress.

From the analysis performed up to now, both gliders crossed mesoscale eddies. For example, the shallow glider
crossed an anticyclonic core around 26 May, while the deep glider passed close to the periphery during the same days.
Around this date, a down-lifting of the seasonal thermocline is observed in the vertical profiles of the shallow glider
(Figure 3.1-10.c, black square). The down-lifting was more evident in the salinity and density profiles (Figure 3.1-10.c)
and had a clear impact in the fluorescence, whose Deep Chlorophyll Maximum reached deeper waters. Some days
after, around 2-3 June, the deep glider arrived at the periphery of a cyclone. In this occasion, an up-lifting of the
shallower isotherms (from surface to around 100 m depth) and a down-lifting of the intermediate isotherms (from around
100 to 400 m depth) is observed (not shown). The core of this cyclone was close to the position of the anticyclone
mentioned before. Therefore, two hypotheses could be obtained from this inverse polarity of these mesoscale
structures. First, both signals (in different dates) correspond to the same eddy but due to the interaction of the surface
waters with the wind, it is not observed the same polarity of the eddy in the sea surface and in deeper waters (0-100
m). And second, these signals correspond to two different eddies that occupied the same place, in a time difference of
a week. In order to test these last hypotheses, more analyses must be done for obtaining more conclusive results.
These analyses will be also complemented with high resolution model data from the Atlantic-Iberian Biscay Irish -
Ocean Physics Reanalysis, available in the Copernicus Marine environment monitoring service
(http://marine.copernicus.eu).
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Figure 3.1-10 (a) Tracks of the two altimeters crossing the area during the mission (the black/red line
represents the track of Jason 3/Sentinel 3A) and vertically integrated currents corresponding to the deep
glider (blue arrows). (b) Lagrangian Residual Current maps estimated from the HFR data and
corresponding to 25 to 27 May 2018 show well defined mesoscale structures in the area during the glider
survey. The trajectories followed by the deep-glider (red line) and shallow-glider (black line) during this
period are also shown (the asterisks indicate the beginning of the trajectory).(c)vertical potential
temperature, salinity, density and fluorescence (panels from top to bottom) distribution along the
shallow-glider tracks from the surface to 100 m depth. The black square delimits the signal of the eddy.

Improvement of forecasting capabilities thanks to Data assimilation (JRAP#6)
The ROMS domain used in the operational system covers the SE BoB, extending from 43.24° N to 44° N and from 3.4°
Wto 1.3° W, with a mean horizontal resolution of 670 m. Vertically, the water column is divided into 32 sigma-coordinate
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levels. The atmospheric forcing inputs used in ROMS are provided by MeteoGalicia (meteorological agency of Gallicia).
These data (with hourly and 12-km resolutions) are obtained using the Weather Research and Forecasting model
(WRF). At present, the conditions applied to the open boundaries are estimated using the hourly outputs obtained by
the Iberian-Biscay-Irish Monitoring and Forecasting Center, IBI-MFC, based on the Nucleus for European Modelling
(NEMO). These outputs are used only at the boundary points to reduce the size of the input files with information of
3D temperature, salinity and currents. Furthermore, every Friday ROMS is initialized in all the domain with the updated
data from NEMO, which include assimilation data of previous days. The objective of this new configuration is to correct
the possible deviations of the model due to the non-use of data assimilation. In the very near future, the atmospheric
forcing will be improved in spatial resolution from 12 km to 3 km. This will increase the variability of the results and
allow to capture local phenomena such as gales. ROMS also includes a Lagrangian particle tracking module. This
module is activated in the present configuration for the southeastern of the SE BoB and is running with currents at
high-temporal resolution (one minute). Several floats are located at the sea surface to forecast the drift of algae blooms,
especially towards the Mendexa region (a pilot aquaculture farm), marine litter or other type of pollution, and for search
and rescue applications. Here we show some examples of the forecast of the model, including currents,
temperature and salinity fields and trajectories of some floats from initial fixed points in the domain.

Surtace Salinty [PSU] + Fioats - 5 Dec 2018 - 24 h (Tota: 96 h)

e
R R ey

R e Ry
R
e

Figure 3.1-11 Examples of ROMS model operational outputs

For the SE BoB, we ran three different configurations, based on three different boundary condition options including:
1) sponge and nudging layers (with the same extension) near the open boundaries; 2) sponge layer without nudging
layer; and 3) without sponge and nudging layers. Generally, option 1 and 2 provides the smoothest results, while option
3 can cause the model breaks down. Using these options, after several hours the model results begin to differentiate
in a remarkable way. The recommendation is to use option 1 with an appropriate parameterization, but option 2 is also
recommended in order to reduce the size of the input files. Here we show some examples of these options for the
forecast between the beginning of 28 February 2018 and the end of 3 March 2018:

Currerits [ms] + Temparature [C] - 3 Mar 2018 - 24 h (Total: 96 h)
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Figure 3.1-12. Examples of ROMS model operational outputs from three different configurations, based
on three different boundary condition options

One experiment was carried out in collaboration with the European project LIFE LEMA, LIFE15 ENV/ES/000252
(http://lifelema.eu). Several small wooden boats and four surface drifting buoys were released during the ETOILE
survey. The information obtained is being analysed and compared with outputs from numerical models (winds, waves
and currents). Although the drift of these objects can be reasonably explained with a simple wind model (based only
on the wind module and direction), waves and ocean currents will be used to try to obtain other drift models.

3.1.2.5. Synthesis and way forward

The SE BoB is an area characterized by complex circulation patterns and where relevant human activities linked to
marine resources are concentrated, representing a particular challenge for the accurate monitoring and forecast of 4D
transport patterns. In JERICO-NEXT, for the SE BoB, we focused on the study of coastal processes at different scales
(from mesoscale to high frequency), on their role in the transport, water exchanges, physical-biological interaction and
on improving their monitoring using in-situ, land-based and satellite remote-sensing data and advanced data
processing methodologies. In addition to the study of eddy and upwelling induced cross-shelf export of high Chl-a
coastal waters using historical data, mesoscale features and bio-physical coupling were also tackled by two devoted
surveys: the ETOILE survey (leg 2.2) and the BB-TRANS cruises (JERICO-NEXT WP?7).

The ETOILE survey focus was however the study of internal waves, and for that purpose, high-frequency
measurements were performed thanks to deployment of a Moving Vessel Profiler (MVP) and of 6 MASTODON-2D
moorings (low cost thermistor chains developed within JERICO-NEXT WP3). In an additional field action, four passive
samplers were deployed in two different sites of the SE Bay of Biscay to characterize the chemical contaminants
present in the water, such as organochlorine pesticides.

Finally, capitalizing technical developments undertaken in JERICO-NEXT WP3 and WP4 the application of new
methodologies in the SE BoB allowed to progress towards an operational observation of coastal hydrodynamics and
associated transports; like: new gap filling methods to enable Lagrangian estimations from HF radar data, new data
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blending techniques for a better assessment of transport at surface and subsurface layers, and, improved forecasting
modelling capacities thank to assimilation of data.

Next steps on short term:

e Complete/publish the analysis of data from ETOILE survey Leg 2.2 - explore the vertical dimension (vertical
currents have been also computed and we are analysing this with fluorometer data in the water column).

e Process and analyse data form the two gliders in the BB-trans survey

e Progress in collaboration with CNR, University of Jerusalem (E. Fredj, based only on observational data) and
IEO (G. Jorda, using additional model data for covariances) on the application of data blending techniques in
the SE BoB. Two methods have been tested for the area with reasonably good results, and offer further
possibilities on the intercomparison of the methods’ skills (WP3) or their use for planning future deployments
in the area (JRAP4) and new products/application (WP3 / WP4) based on blended information (subsurface
transports, gap filled data series)

e Analysis of the Passive samplers’ data in the SE BoB in collaboration with L. Nizzetto (NIVA)

e The new ROMS configuration for the SE BoB is initialized in all the domain with the updated data from NEMO,
which include assimilation data of previous days. The objective of this new configuration is to correct the
possible deviations of the model due to the non-use of data assimilation. In the very near future, the
atmospheric forcing will be improved in spatial resolution from 12 km to 3 km. This will increase the variability
of the results and allow to capture local phenomena such as gales.

Next steps on mid and long term:

Among the lessons learned from the implementation of individual JRAP actions on of the most important is that to
conduct integrated studies we need data gathered in the same area with similar coverage and temporal scales,
and models that solve the same processes. So, the main work line to progress in the futures will be to gather
additional and truly Integrated observations in the area by means of:

(i) the integration of additional sensors to the existing moorings and facilities to build a truly integrated multiplatform
and multidisciplinary observing system.

(i) the addition to the operational observations of data from satellite, additional regular sampling activities in the area
and of one or more devoted oceanographic surveys for multidisciplinary process studies, cal/val

(iii) the capitalization of existent coastal facilities for experimentation in relation to the blue economy

(iv) Coupled biogeochemical modelling — DA for Physics, biogeochemical data for validation/assessment

(v) the capitalization of established transnational collaboration in operational oceanography related and scientific
projects

(vi) the analysis and update of key drivers (key scientific questions, needs) and the development of tailored
tools/products. For this it is very important to be in contact and even work in close collaboration to the stakeholders.

We need to solve the proper temporal and spatial scales (covering both coastal and open sea waters) and gather at
the same time multidisciplinary info (like fluorometry, plastic sampling) which is not easy, and couple all this with info
from physical-biogeochemical models.
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3.1.3. The Portuguese margin and the Nazaré Canyon
3.1.31. Specificities of the this region

a- Most relevant scientific questions from regional to local scales

The complex circulation of the southern Portuguese margin and Gulf of Cadiz area that is revealed by the numerical
modelling studies requires a more extensive support from observations. The processes described above link directly
main features of the mid-North Atlantic circulation with coastal ocean processes and are crucial to understand the
interactions between the North Atlantic basin, the Mediterranean Sea and the European and Northwest Africa coastal
ocean areas.-

Further observational evidences and a better understanding of the processes are in particular required to:

- detail the topographic B-plume circulation offshore in the western Gulf of Cadiz area and understand how it
interacts with major topographic features such as the Gorringe seamount (located 200km southwest Cape St
Vicente)

- understand how the B-plume circulation interacts with the wind-driven circulation of the North Atlantic basin
(a missing aspect in the cited studies)

- understand how the coastal ocean processes (e.g. the upwelling in the west Portuguese margin) connect with
the Gulf of Cadiz circulation and impact the Western Mediterranean and the mid-Atlantic basin (e.g. through
the westward “return” current of the B-plume circulation.

- Understand the impacts of this complex dynamics on the marine life and marine ecosystems in particular how
it promotes species connectivity in this large geographical area and how it impacts migratory routes of pelagic
fishes.

A real-time monitoring and operational forecast system (MONIZEE system) covering the complete coastal ocean area
off Portugal (figure 1) was installed by Instituto Hidrografico in the course of the last few decades. The system is
presently collecting a comprehensive data set that allows not only to support regional users (e.g. national and local
authorities, port authorities, fishing and surfing communities) but also national commitments and international
programs. The MONIZEE system as a whole already contributed to JERICO. In JERICO-NEXT we extended this
contribution by focusing a subset of the global system — the Nazaré Canyon Observatory — which monitors the area of
influence of the Nazaré Submarine Canyon, one of the largest submarine canyons of the European margin. This
enabled us to address a particularly challenging area for numerical models, where the importance of the different
components of the observing system to improve model simulations and forecast can be well stated, and at the same
time to discuss some important aspects of the rich dynamics of the Portuguese coastal ocean area described above,
giving particular emphasis to processes that have a transboundary impact.
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The real-time monitoring infrastructure (MONIZEE system) operated by Instituto
Hidrografico on the coastal ocean region offshore Continental Portugal (right panel)
showing the position of tide gauge stations ( §} ), directional wave buoys (&, ),
multiparametric buoys (s ) and HF radar stations (7). Also included the position of
multiparamateric buoys to be installed in a near future (g ) and track of opportunity
shipborne measurements during buoys maintenance periods. On the left panel
details of the subset covering the Nazaré Canyon area of influence - Nazaré Canyon
Observatory (isobaths depths in m).

Figure 3.1-13 The real-time monitoring infrastructure (MONIZEE system) operated by Instituto
Hidrografico in the Portuguese continental margin (right panel) and details of the Nazaré Canyon
Observatory (left panel).

In JERICO-NEXT we focused in the area of influence of Nazaré Canyon (W Portugal) which is one key area in the
shaping of several of the processes above mentioned. This is the largest submarine canyon of the European margin,
extending for more than 200 km and cutting completely the continental shelf and slope. At local scales the Nazaré
Canyon is responsible for a broad range of impacts on the coastal ocean which have direct effects on the coastal
populations and the local economy. These include:

- Intensification and persistence of coastal ocean response to local wind forcing conditions (e.g. upwelling at
canyon head)

- Energetic mixing promoted by bottom intensified internal tides in the middle part of the upper section of the
canyon and affecting the Central Water and upper Mediterranean Water depths; this process can be
responsible for a contribution to the shelf environment of saline waters with MW influence.

- “Capture” of the nearshore sedimentary transit associated with the littoral drift, with a key role for the
sedimentary balance in the local coastal environment.

- Occurrence of high turbidity (flushing) events triggered by storms and leading to rapid exportation of
sediments from the canyon head to the deep abyssal plain offshore

- Amplification of surface gravity waves in specific locations due to wave refraction by the canyon topography
(in association with other processes) leading to the giant waves of Nazaré which since 2011 are promoting
an international interest in the Nazaré area with strong impacts on the tourism sector.

The regional impacts of the Nazaré Canyon are presently largely unknown. However the canyon occurs along the
northern flank of Estremadura Plateau a particularly sensible area for triggering of the (winter) Iberian Poleward Slope
Current (IPC) and where substantial adjustment occurs in the Mediterranean Water flow. These are two of the main
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along slope flows that promote trans-boundary interactions along the Atlantic margin of Europe. Existing observations
and ongoing numerical simulations indicate that the following processes could potentially affect the regional scale:

Interaction between canyon circulation and the Iberian Poleward Slope Current near the canyon mouth
potentially leading to changes in the expression of IPC along the Iberian margin north of Nazaré.

Role of the canyon in the process of adjustment of the Mediterranean Water flow passing the Estremadura
Plateau.

Energetic mixing between the main core of Mediterranean Water and North Atlantic Deep Waters (NADW)
below which occurs near the canyon mouth (1700m-2000m depth) and is promoted by bottom intensified
internal tides; the plume of deep saline water that exits the canyon mouth can potentially be transported along
the continental slope to other areas.

Effects on the deep ocean of the high turbidity nepheloid layers exiting the canyon upper section during
flushing events.

The most relevant scientific questions in this area are listed in the following:

Improve the understanding of the physical oceanography of the Nazaré Canyon area of influence. Several
observation sets already exist but the complexity of the area, the broad range of processes and the limitations
of the observations (in space or in time) do not allow to build a comprehensive image from the observations
alone. The work that is being developed in the framework of JERICO-NEXT aims to use a high resolution
model with data assimilation to fully extract from the observations set this comprehensive image. This will be
used to:

Characterize the shelf/slope circulation in the area of influence of the Nazaré Canyon

Evaluate the best strategies (in what regards the existent monitoring system as well as the available models)
to characterize and forecast the physical conditions that affect such a complex area marked by abrupt
topography and energetic processes.

Show the adequacy of the high resolution model with data assimilation to reproduce and forecast the dominant
subinertial processes in the area.

How do long submarine canyons (such as Nazaré Canyon) affect the regional scale namely how canyon
circulation interact with slope currents such as IPSC and MW and how mixing inside canyons followed by
slope transport can modify getting insight on the processes of interaction between the canyon circulation and
the slope processes (IPC, MW and NADW levels).

b- Most relevant societal needs and policy needs

In the case of the Portuguese margin (focusing Nazaré Canyon area) important regional problematics to which the
OOS can provide support are:

Need to monitor the coastal ocean environment as part of MSFD. The global monitoring system operated by
Instituto Hidrogréfico (in which the Nazaré Canyon observatory is inserted) is presently contributing to the
Portuguese implementation of MSFD. Potential users: General Direction for the Sea Policy (DGPM) and the
General Direction of Marine Resources (DGRM)

Support to key areas in the fisheries sector strongly dependent on shelf/slope conditions (e.g tuna fish farms
off the Southern Portuguese coast, offshore aquaculture areas). Potential users: at local level regional
associations and operators and local Town Hall services for support to fishing activities, at national level the
General Direction of Marine Resources (DGRM).

Support to new economical areas linked to tourism (e.g. tourism associated with big wave surfing in Nazaré).
Potential users: Local authorities such as Town Halls or local maritime authorities, event organizers.
Support to the management of marine protected areas such as the Berlengas Islands Reserve (in the Nazaré
Canyon area of influence) or the Gorringe Seamount (offshore the SW tip of Portugal). Potential users:
Portuguese Institute for the Conservation of Nature and Forests (ICNF).

Real-time environmental monitoring is required to support the nautical community in this area of heavy ship
traffic resulting from the confluence of routes from North Europe, Mediterranean and Africa. The monitoring
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system also has a key impact in supporting mitigation operations in case of accidents such as oil-spills.
Potential users: ship operators, port authorities, the national authority for civil protection (ANPC), the

Portuguese Navy.

+ Operational capacity and scientific knowledge to support national, regional and local authorities during crisis
at seas such as extreme weather events, oil-spill accidents or search and rescue operations. Potential users:
at national level Civil Protection Authority, Portuguese Navy including the General Direction for the Maritime
Authorities, at local levels: Town Halls.

3.1.3.2. Acquired data and archiving made
Data type Sampling location/area Sampling Institute
period responsible for
data
Currents from 7m to Nazaré Canyon hourly data M1 since 2009 | IH
about 80m depth M2 since 2010
Leixoes (NW Portugal area), hourly data | Since 2010
Faro (Gulf of Cadiz area)hourly d, ata | Since 2015
Water temperature at Nazaré Canyon M1 since 2009 | IH
chosen depths from 3m hourly data M2 since 2010
to 200m
Leixoes (NW Portugal), hourly data Since 2010
Faro (Gulf of Cadiz), hourly data Since 2015
Wave parameters Nazaré Canyon hourly data M1 since 2009 | IH
M1 & M2 buoys M2 since 2010
Leixoes (NW Portugal) , hourly data Since 2010
Faro (Gulf of Cadiz), hourly data Since 2015
Meteorological Nazaré Canyon hourly data M1 since 2009 | IH
Parameters M2 since 2010
(atmospheric pressure,
air temperature, relative Leixoes (NW Portugal), hourly data Since 2010
humidity, wind speed
and direction at 3m Faro (Gulf of Cadiz), hourly data Since 2015
height)
Sea surface height Nazaré Peniche Since 2010 H
Other &reas: 15 tide gauges along Since 1960
continental coast
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HF radar surface Nazaré Canyon 05-20 October | IH
currents Hourly data 2011
Lisbon bay, houry data Since 2012

Southern margin (Gulf of Cadiz), hourly | Since 2015
data

Note: In bold the data sets used in Instituto Hidrografico contribution to JERICO-NEXT JRAP#6

3.1.3.3. Collaboration with other international initiatives

GLOSS (Global Sea Level Observing System) - Data collected in selected tide gauges stations of the MONIZEE
network (such as the one installed in Nazaré) are feeding this program of the United Nations.

ENAMTWS (Northeast Atlantic and Mediterranean Tsunami Warning System) - Data collected in selected tide gauges
stations of the MONIZEE network (such as the one installed in Nazaré) are feeding this program of the United Nations
established after the Asian heartquake and tsunami of 2014.

Global Telecommunication System (GTS) - Real-time observations collected by the MONIZEE system are
automatically sent to GTS (via the focal point IPMA, Portugal).

IBIROOS - Real-time observations collected by the MONIZEE system are automatically sent to the regional node of
EuroGOOS (via the focal point Puertos del Estado, Spain)

EMODET - Real-time observations collected by the MONIZEE system are automatically sent to EMODNET.

MyCoast project - A Coordinated Atlantic Coastal Operational Oceanographic Observatory. Interreg Atlantic Area,
2017-2020. There are many synergies with this project which will help to broaden the applications of standards and
JERICO-RI data and products in the Atlantic Area

OCASO project - Coastal Environmental Observatory of the Southwest: INTERREG POCTEP 2015-2019.
Development of synergies between partners in Spain and Portugal aiming the establishment of an operational
oceanography transboundary structure for the southwestern Iberian area.

MarRisk project INTERREG POCTEP 2015-2019. Development of synergies between partners in Spain and Portugal
aiming the consolidation of a knowledge infrastructure for the assessment of coastal risks affecting the area of North
Portugal and Galicia (Spain) in a framework of climate change.

3.1.34. Scientific progress so far

A high resolution model with data assimilation based on the Harvard Ocean Prediction System (HOPS) was
implemented for the Nazaré Canyon area of influence in the framework of JRAP#6. The model (LAM-HOPS) has a
300m horizontal resolution and 30 double-sigma vertical levels and was run with wind stress and air-sea heat flux
forcing. A Shapiro filter scheme was used to incorporate sub-grid physics. A regional NEMO model
(IBI_REANALYSIS_PHYS_005_002, with 9km horizontal resolution and 75 constant depth levels) was used to provide
initialization and boundary conditions for the HOPS model. For the period covered by our cases studies daily mean
fields are provided in a regular grid at 50 depth levels by the Copernicus Marine Environment Monitoring Service. A
sequential Optimal Interpolation (Ol) scheme was used in LAM-HOPS to assimilate profiles of T and S collected by
CTDs or by currentmeters.

The high resolution HOPS model is being used both to improve our understanding of the subinertial processes that
affect the complex area of influence of Nazaré Canyon as well as to assess how several components of the Nazaré
Canyon Observatory MONICAN are contributing to improve the models ability to simulate and forecast this area.

IO "
JERICO-NEXT-WP4-D4.4-030919-V1.4

Page 41/244



ot

Ve JERICO-NEXT

Three scenarios (case studies) are presently being explored:

a. Evaluation of the add-value of currentmeter moorings (fixed platforms) using a comprehensive data set
collected in June-July 2007 which included repeated CTD/VMADCP coverages of the global area and data from 3
currentmeter moorings at positions along the canyon axis and was complemented with MUR SST data.

b. Evaluation of the add-value of multiparametric buoys fixed platforms) using observations collected in March-
April 2011 which included CTD/VMADCP/LowerADCP coverage of the canyon area of influence, 3 currentmeter
moorings along the canyon axis and 2 multiparametric buoys at mid-shelf and upper slope near the canyon providing
temperature at several depths and upper-100m currents.

Evaluation of the add-value of HF radar using data collected in a short period of test of the system which was held from
05 to 20 October 2011. The data set used in this scenario includes HF radar area and data from 2 multiparametric
buoys (temperature and currents in upper 100m) and is complemented with MUR SST data.

We present here a first set of results from the first case study which is particularly suited to illustrate the complex
interactions between the shelf and slope dynamics in this area of the Portuguese margin. This case study focusses
the period from June to July 2007 that corresponded to the transition from downwelling conditions to upwelling
conditions in this area. Two distinct phases of this transition period were covered by data collected onboard a research
vessel (CTD and Vessel Mounted ADCP profiles) and data collected in 3 currentmeter moorings. The high-resolution
model with data assimilation is used here, in each of these periods, to build a synoptic image of the oceanographic
conditions from the essentially non-synoptic observations.

Figure 3.1-14 illustrates some of these aspects using the surface (10m depth) fields for 21 June 2007, corresponding
to the decay phase of downwelling conditions and transition to upwelling (left panels) and for 06 July 2007
corresponding to the phase of upwelling conditions. On the top of this figure we present the Multiscale Ultrahigh
Resolution (MUR) L4 analysis of sea surface temperature for these two days, which give us the regional SST
distribution. Below we present the temperature and current fields obtained from the regional NEMO model and with the
high-resolution HOPS model. The HOPS results were obtained with assimilation of the available CTD profiles.

The comparison between the two models puts in evidence the importance of using a high-resolution model to simulate
(and forecast) the dominant physical processes in such a coastal ocean area characterized by important topographic
effects. The smoothed version of the topography used in NEMO does not allow to reproduce important aspects of the
shelf/slope circulation in the area. One of such aspects is the development of a large anticyclonic cell over the canyon
at mid shelf which occurs during the transition from downwelling to upwelling conditions. The large and intense vortice
that was obtained with HOPS assimilation runs for the 21 June 2007 is very similar to the anticyclonic cell in surface
currents observed in October 2011 with an HF radar system under similar wind forcing conditions (Figure 3.1-14,
bottom left panel).
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Figure 3.1-14 Surface temperature and subinertial currents in the area of influence of Nazaré Canyon
during weak downwelling conditions (left panels) and upwelling conditions (right panels). The 3 upper set
of figures refer to the numerical simulations conducted forthe period of June-July2007. The bottom left
figure corresponds to the surface currents measured on the 11 October 2011 by a HF radar system
during similar weak downwelling conditions. The bottom right panel shows the fluorometry
measurements conducted along a section crossing the Nazaré Canyon mouth on the 05 July2007. Details
are provided in the text.

I I L B | I an L | I
Reference: JERICO-NEXT-WP4-D4.4-030919-V1.4

Page 43/244



ot

e JERICO-NEXT

A second aspect is observed during upwelling conditions (Figure 3.1-14, right panels) when northerly winds promote
upwelling of cold (nutrient rich) subsurface waters along the coast and the development of a southward coastal jet. The
high resolution HOPS runs show that canyon topography and the blocking associated with the shallow (30m depth)
ridge between Cape Carvoeiro and the Berlengas and Farilhoes Islands both act to deflect the upwelling jet offshore,
directing him towards the continental slope region in the northern flank of Estremadura Plateau (the large plateau of
depth shallower than 200m that is located south of the domain). A potential biological impact of this process is
suggested by the section of fluorometry covered on the 05 July 2007 across the canyon mount area (Figure 3.1-14,
bottom right panel) and that depicts the deepening of high fluorometry values along the southern flank of Nazaré
Canyon, presumably due to subsidence promoted by the imping jet.

Finally a common aspect evident in both related to the way the slope circulation interacts with the shelf domain in the
Nazaré Canyon area of influence. The MUR SST regional fields show that in both cases warm oceanic water circulates
around the Estremadura Plateau and extends inshore over the shelf north of Nazaré Canyon. This interaction is
retrieved in the high resolution HOPS simulations, in which the northern boundary is located in the area where this
inshore penetration occurs. For the periods of downwelling conditions both MUR SST and HOPS show that this warm
oceanic water is feeding the poleward (downweling) current that develops along the coastal boundary. During the
upwelling conditions both MUR SST and HOPS show that this inshore penetration warm oceanic water cuts the
southward continuity of the coastal band of cold upwelled areas that extends along the coast northwards of Nazaré.

This intense interaction between the slope circulation and the shelf environment in the area of Nazaré Canyon does
not only have an impact on the local coastal ocean conditions (and consequent impact on the local ecosystems) but
can also impact the development of Iberian Poleward Current and change how this current influences regions further
north such as the northwestern Portuguese and Spanish slopes and the northern Spanish slope on the Bay of Biscay.
So by this transboundary process the interaction that takes place in Nazaré Canyon area (and the signature of the
upwelled waters there) can have a potential impact in the conditions found on those remote regions of the eastern
Biscay Bay.

Other processes acting on Nazaré Canyon can also promote a connection between the shelf and inner shelf
environments offshore Nazaré and the deep ocean regions offshore. Two of the most expressive of these processes
are illustrated in Figure 3.1-15. On the left of the figure we present a turbidity section along the Nazaré Canyon axis
during the development of a high turbidity (flushing) event. Several of these events occur in Nazaré Canyon each year
(mostly during winter) in association with periods of large waves associated with storms in the North Atlantic. These
processes lead to an injection of bottom sediments from the inner shelf onto the canyon head and the subsequent
rapid transport of sediments along the canyon axis to the abyssal area offshore from where they can subsequently
disperse in the deep ocean area.

A second processes is illustrated in the right panel of Figure 3.1-15 which shows the salinity and currents fields at
2000m depth from an HOPS simulation with assimilation of CTD profiles collected in the area in April 2011. Internal
tides promoted by the interaction of the barotropic tide with the Nazaré Canyon topography are focused at the bottom
of the canyon. This process is particularly important in areas where the canyon as the steeper topography such as
occurs near the canyon mouth. Here these bottom intensified tidal motions promote important mixing between the
Mediterranean Water and the North Atlantic Deep Water below. A plume of high salinity waters at 2000m depth is seen
in Figure 3.1-15 to emerge from the canyon mount and to continue along the slope, advected by the circulation at this
depth. These changes can then influence other areas far from the canyon geographic location.
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Figure 3.1-15 Two aspects of the interactions between the coastal ocean environment and the deep
ocean promoted by Nazaré Canyon. On the left observation along-axis turbidity measurements revealing
a high turbidity (flushing) event. On the right the salinity and current field at 2000m depth from a HOPS
simulation with assimilation of CTD data for the period 15-22 April 2011. Details are provided on the
text.

3.1.3.5. Synthesis and way forward

Synthesis and specific next steps

Knowledge Gaps
Several key questions remain to be clarified concerning the physical processes that affect the Portuguese coastal
ocean area and the associated impacts (on the marine ecosystems, sediment transport and bottom sedimentary cover,
contaminants dispersion, others). Among these some of the questions/gaps that require a transnational effort are:
e  Shaping of IPC by connections with basin circulation and by interactions with the shelf circulation
e Role of boundary currents (IPC but also MW) in promoting biological connectivity along the global coastal
ocean area that extends from NW Africa to the Northern Europe and linking the W Mediterranean and the
mid-Atlantic basin
e  Shaping of basin circulation features (Azores Current, but also by interactions in the coastal ocen area of
Gulf of Cadiz
e Deep (and fast) connections of the North Atlantic regimes promoted by submarine canyons.

Technological Gaps
Several gaps can be identified in our present capacity for the monitoring of this coastal ocean area.

e To extended real-time monitoring to the complete water column: Presently the real time monitoring is based
on multiparametric buoys and mainly focused on the upper water column depths (up to 200m depth) although
standalone sensors are being installed at deeper levels. Several of the processes that affect this coastal
ocean area, and particularly the main transboundary processes such as the IPC and MW, link surface layers
with intermediate and even deep circulation.

e To complete HF radar coverage. Presently only about one third of the Portuguese coastal ocean area
(continental margin) is covered by HF radar measurements.

e Optimization of surveys.

Numerical Modelling Gaps
e Assimilation models for the Portuguese margin area: several regional models are presently being used for the
operational forecasting of the oceanographic conditions affecting the Portuguese area. None of these models
however is an assimilation model capable of profiting from the
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Need for integration of biogeochemical modules in assimilation models.

Next steps (short-term)

In what concerns the specific objectives of IH contribution to JRAP#6 the short-term developments include:

The completion of the 3 case studies mentioned previously. For case study 3 this will require to complete the
implementation of a processing methodology for HF radar data and the implementation of the assimilation
strategy for HF radar data.

The completion of a two part paper exploring the data set and model simulations with data assimilation for the
period June-July 2007 (expected to be complete by the beginning 2019).

The conduction of an additional (forth) case-study aimed to assess the add-value of citizens data is being
planned for the first months of 2019. This will involve a period of observations in Nazaré Canyon area.

In what regards the developments of the Portuguese coastal ocean capacities based on the observing system
maintained by IH, the following short-term developments are envisaged:

Increase the capacities in biogeochemistry and biological sampling using the multiparametric buoys network.
This will include:

(@) Acoustical monitoring and marine mammal monitoring - IH is presently coordinating project SUBECO
that aims to integrate hydrophones in the multiparametric buoys maintained by this institute. The
near future development aims to extend this capacity to the complete network of multiparametric
buoys providing marine mammal and ambient noise monitoring along the complete Portuguese
coastal ocean area.

(b) Improve fluorometry and dissolved oxygen measurements - These parameters are already being
collected by IH multiparametric buoys but sensors are installed at 3m below the surface and by this
reason are rapidly affected by biofouling problems. Ongoing work aims to redefine measurements
strategy and sensors type in order to extend the valid period for these measurements.

(c) Microplastics sampling — IH will start soon a monitoring program using the multiparametric buoys
network. At the beginning this program will be developed in the framework of ongoing project
AQUIMAR, using the analysis equipment that is presently being acquired as part of this project.

(d) Extend collaborative actions with groups involved in other aspects of biological sampling profiting
from IH monitoring infrastructure (see “Future/Potential collaborations...” below).

Extend HF radar coverage. Ongoing discussions with Spanish colleagues will potentially lead to the
installation of one additional HF radar station that will allow the coverage of the northern Portuguese margin
(linking with a station existent in the Spanish Galicia coast)

Further development of modelling and operational forecasting capacities. Presently IH maintains an
operational forecasting capacity for the Portuguese margin based on wave models (with several models going
from basin scale models to regional and local area models) and circulation models (based in a non-
assimilation HYCOM model operated in close connection with the Hydrographic and Oceanographic Service
of the French Navy-SHOM). Short-term developments comprise:

(a) The implementation of HOPS both for the global Portuguese coastal ocean area as well as in high
resolution domains for specific sub-areas of interest, which is view as a first step towards the
implementation of an operational model with data assimilation for this global area. This works will be
an extension of the work developed in JERICO-NEXT profiting from the know-how acquired in the
assimilation strategies for fixed-platforms data and HF radar data or for the coupling with the regional
NEMO model.

(b) The start of implementations and test of the biogeochemical module already implemented in HOPS
model.

Articulation of monitoring and forecasting capacities for the continental shelf area with remote sensing
capacities. These developments will follow two main lines:
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(@) The interaction between IH teams and remote sensing teams aiming to jointly explore the potential

(b)

of the monitoring infrastructure to validate/calibrate remote sensing measurements and the impact
of remote sensing products in the modelling/forecasting capacities.

The articulation between IH monitoring and forecasting capacities for the Portuguese continental
shelf and slope and capacities that are being developed at IH (in collaboration with other partners)
for the bathymetric mapping of the inner shelf-littoral zone using satellite measurements. These

developments are being conducted as part of IH contribution for Horizon 2020 project “Coastal
Waters Research Synergy Framework — Co-ReSyf’.
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3.1.4. Gironde Mud Patch and Bay of Brest

Involved institutes: CNRS-UB, CNRS-UBO, IFREMER
Lead author: A. Grémare, Contributing authors: A. Carlier, J. Grall

3.1.441. Specificities of the this region

The West Gironde Mud Patch and the Bay of Brest are both located on the French Atlantic Coast. These are two
coastal ecosystems, which are under tight continental influence and therefore under strong anthropogenic pressure.

Although located offshore because of the strong hydrodynamics of the Atlantic Ocean, the West Gironde Mud Patch
is the main depository of particle input from the Gironde river-estuarine system. As such, it is potentially submitted to
disturbances directly (e.g. sediment instability) or indirectly (e.g. chemical contamination) associated with
sedimentation fluxes. lts bottom are harvested for both fishes (e.g. common soles) and invertebrates (e.g. Norway
lobsters). Overall, the structuration and dynamics of sediments in the West Gironde Mud Patch also appear to be
controlled by local hydrodynamics (e.g., major storms) and biological processes (e.g. bioturbation). The West Gironde
Mud Patch is thus submitted to an interplay between natural and anthropogenic disturbances, which makes its
monitoring within the Marine strategy Framework Directive especially challenging.

The Bay of Brest is a shallow semi-enclosed area connected to the Iroise Sea and submitted to a strong
hydrodynamics (macrotidal regime). It exhibits a large panel of benthic habitats, some of which harboring a strong
biodiversity (e.g. maerl beds). The Bay of Brest is a semi enclosed area, subject to a wide combination of disturbances,
including heavy demersal fishing pressure, excessive nutrient inputs from watersheds and proliferation of invasive
species. These perturbations are in strong interactions and do affect biodiversity and ecosystem functioning. The main
examples of such impacts are: (1) the link between farming activities and biogeochemical cycles (i.e., N and Si), and
(2) the effects of the proliferation of an exotic benthic suspension feeder (i.e., Crepidula fornicata) and benthic bivalve
fisheries on the biodiversity and the ecological quality status of benthic habitats (e.g. maerl beds). Moreover,
disturbances interact between each other in generating complex effects on ecosystem. Today, harmful algal blooms
become recurrent in the Bay, preventing the fishery of the great scallop and forcing fishing activities to switch preys,
which contributes to increase negative effects on maerl beds and associated benthic biodiversity.

a-_Most relevant scientific questions from regional to local scales

The overall objective of JERICO-NEXT JRAP2 was to assess the links between: (1) disturbance nature and intensity
and macrobenthic diversity, and (2) macrobenthoic diversity and cosystem functioning. An associated objective related
to the first of this two points was to contribute to the calibration of the biotic indices currently used to infer ecological
Quality Status from the analysis of the composition of benthic macrofauna.

JRAP 2 is composed of 4 research actions, which are associated with different combinations of geographical locations
and disturbance sources. The first one is taking place in the West Gironde Mud Patch (see above) and is aiming at
assessing the combined effects of continental inputs and ocean hydrodynamics on macrobenthic diversity and
particulate organic matter mineralization. The second research action is taking place in the Bay of Brest and is aiming
at assessing the effect of clam dredging on the structuration of maerl baeds and the macrobenthic diversity they host.
The third action is also located in the Bay of Brest. It is aiming at assessing the effect of the invasive species Crepidula
fornicata on macrobenthic diversity. The fourth research action is taking place in the Cretan Sea and is aiming at
assessing the effects of a sewage output on macro- and microbenthic diversity. Interactions between the four resarch
actions are insured by (1) the common necessity of assessing disturbance intensity at the right spatial and temporal
scales, (2) homogeneity in the assessments of diversity and common use of some instruments/methodologies/tools
developed within JERICO-NEXT and the former JERICO (e.g. ,Pagure 2‘, Sediment Profile Imaging and Image
analysis techniques, in situ sediment O, microprofiler), and (3) the use of a common field and data processing
approaches to assess the main two objectives of JRAP 2 (see above).

Due to the geographical structuration of the present report, the following section will only deal with the first three
research actions of JRAP 2 (i.e., those taking place in the West Gironde Mud Patch and in the Bay of Brest).
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b- Most relevant societal needs and policy needs

The West Gironde Mud Patch and the Bay of Brest are both concerned by the application of the Marine Strategy
Framework Strategy, which is aiming at preserving/improving the Ecological Quality Status of regional seas they are
part of. The marine strategy framework directive is based on an ecosystem approach. It integrates both structural and
functional descriptors including biodiversity (D1). Monitoring is a key step in the whole process of the Marine Strategy
framework Directive. Its sound implementation is far from casual especially in: (1) offshore systems such as the West
Gironde Mud Patch, where basic information required to define an optimal sampling strategy is still largely lacking, and
(2) areas submitted to multiple (natural and anthropogenic) disturbances such as the West Gironde Mud Patch and
the Bay of Brest. In both areas, an important societal need comes from the fishermen community who is worrying about
the ecological state of targeted commercial species (common sole, Norway lobster, great scallop, variegated scallop,
warty venus, European flat oyster). The bay of Brest is also concerned by the application of the Habitat Directive as it
hosts a ‘Natura 2000 at sea’ area. Managers of this special area of conservation need to know the proliferation stage
of invasive species, such as Crepidula fornicate.

3.1.4.2,

Overall 12 field cruises taking place within the framework of the three above mentioned research actions have been
achieved between April 2015 and June 2018 (see Table I). Most analyses are still in progress and an additional, non
initially planned) seasonal cruise will take place in the West Gironde mud Patch during January-February 2019.
Further details will be provided action per action (see below).

Acquired data and archiving made

Table I: Summary of the progress status of the different items constitutive of the three research actions taking place
in the West Gironde Mud Patch and the Bay of Brest.

Research Field Analysis: Analysis: Analysis: Data
Actions sampling Assessmen Macrofauna Functional | analysis:
t diversity and parameters | Linking
of imaging disturbance,
disturbance | profiles diversity and
functioning
West Gironde 3 sampled Relying Done Done
Mud Patch: stations on AMORAD
July 2010
West Gironde 8 sampled Relying Done In progress
Mud Patch: stations on AMORAD
October-
November 2016
West Gironde 7 sampled Relying In progress In progress
Mud Patch: stations on AMORAD
August 2017
"1 |

JERICO-NEXT-WP4-D4.4-030919-V1.4

Page 49/244




> F

West Gironde 4 sampled Relying In progress In progress
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Mapping In progress e
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January-
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Dredging stations appropriate
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Bay of Brest: 10 sampled Done In progress In progress
Dredging April stations,
2017 Including SPI
and
benthic 02 flux
Bay of Brest: Cancelled Not Not appropriate | Not Not
Invasive species | due to bad appropriate appropriate | appropriate
April 2017 weather
conditions
Bay of Brest: 30 ,Pagure 2“ | Done In progress Not
Invasive species | profiles appropriate
April 2018 (3 areas*10
profiles
per area)
3.1.4.3. Collaboration with other international initiatives
3.1.4.4. Scientific progress so far
West Gironde Mud Patch.

The initially planned sampling strategy for seasonal field cruises consisted in the sampling of 10 stations located along
two inshore-offshore transects (Figure 3.1-16). These two transects were indeed sampled during the first two seasonal
cruises. Due to bad weather conditions, this was not possible to do so during the third and fourth seasonal cruises
during which only the North transect was sampled. This led us to apply for additional shipping time to achieve another
field cruise during January-february 2019. This application is currently under evaluation. Most of the analyses are still
under progress.Some of the analyses of the October-November cruises are however completed, which already allows
to pinpoint interesting preliminary results regarding the relative magnitude of spatial and temporal changes in: (1) main
sediment characteristics, (2) macrobenthic diversity, and (3) sediment profile images. For all these parameters, the
main driving factor of spatial changes seems to be the inshore-offshore gradients (see Figure 3.1-16 for macrobenthic
diversity and sediment profile image characteristics) and there are no apparent differences between the two sampled
transects. Moreover, the comparison with the data collected in July 2010 show: (1) no signficant differences in sediment
granulometry and organic contents (data not shown) except at the very external end of the Northern transect, which
was muddy in 2010 but sandy in 2016; but (2) conversely major differences in both benthic macrofauna composition
(Figure 3.1-17A) and sediment profile image characteristics (Figure 3.1-17B) all along the Northern inshore-offshore
transect. Our current working hypothesis is that temporal changes in the studied characteristics are the main
parameters that should be put in correlation with the two disturbance sources constituted by continental inputs from
the Gironde River and Ocean hydrodynamics. The analysis of the literature regarding the West Gironde Mud Patch
suggests that this second source may be the major one in the case of major winter storms such as those, which took
place during the 2013-2014 Winter. This led us to undertake an additional cruise devoted to the spatial mapping of the
West Gironde Mud patch, which took place during May-June 2018.
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Legend:

| West Gironde Mud Patch Outline
= Sites sampled in 2016
x  Sites sampled in 2010
Sites planned in 2016

...
Lma Xm

e
o

XE
o
ot

0 25 5 10 15 20 Nautical Miles

Figure 3.1-16: Map showing the sampling plan adopted for the West Gironde Mud Patch seasonal
sampling cruises with the location of the stations that were successfully sampled during the July 2010
and October-November 2016 cruises. (see text for details)
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Figure 3.1-17 Non metric Multidimensional Scaling of benthic macrofauna compositions (A) and
Sediment Profile Image characteristics sampled in July 2010 and October-November 2016 (B). Modified
from Lamarque 2017.

Bay of Brest: Dredging.

The first challenge of this action was to quantify the disturbance caused by clam dredging at the appropriate (i;e., small
enough) spatial and temporal scales. This was achieved based on the analysis of the data generated by the Automatic
Identification System of fishing vessels system, which resulted in maps (i.e., one per fishing season) of dredging
pressure with a 50m*50m spatial resolution. These maps are shown in Figure 3.1-18. They clearly put in evidence very
high dredging pressure during 2015-2016.
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Figure 3.1-18 Maps showing the spatio-temporal changes in dredging intensity in the Bay of Brest
between 2012 and 2017. Taken from Tauran (2018) based on data by Pantalos (2015) and then Grall and
Le Garrec (2018)
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Most of the sediment characteristics and macrobenthic diversity analyses have been done but some of them are still
in progress. Already available data nevertheless clearly show major effects of dredging on sediment granulometry
(diminution of fines, data not shown) and benthic macrofauna composition (Figure 3.1-19).
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Figure 3.1-19 Results of the Principal Component Ordination of benthic macrofauna composition
recorded during the January 2016 field cruise (Green= zero fishing, Orange= low, Red= medium, Blue=
high, Purple= very high)

The results of the April 2017 field cruise on maerl characteristics have also been analysed based on the analysis of

sediment cores and sediment profile images using the AVIExplore software developed within JERICO. Results show
a clear impact on the vitality (data not shown) and the characteristics of maerl fragments (Figure 3.1-20).
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Figure 3.1-20 Box and whiskers plot showing the effect of cumulated dredging intensity on the mean
surface of living maerl individual pieces. C: controls, M: Medium dredging pressure; F: High dredging
pressure. The upper letters vindicate significantly differing groups (PERMANOVA, p<0.05)
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Moreover, the multivariate analysis (multiple linear regressions used to link maerl characteristics and fishing pressure
show that the characteristics of the maerl at the sediment surface are better explained by the dredging pressure during
the preceding year, whereas the characteristics of the maerl within the whole sediment column are better explained by
the historicity of dredging pressure, the most impacting year always being 2015-2016 (data not shown). This result
pinpoints the importance in explicitly taking in consideration not only accumulation but also the historicity of disturbance
when assessing its effects on biological communities.

Bay of Brest: Invasive species.

Little is known on the ecological impact of marine invasive species at regional scale, since scientific data are
fragmented and very site-specific. In the case of Crepidula fornicata, previous studies suggest that the extent of
biodiversity change in colonised areas depend on the biomass of C. Fornicata and on the observation scale (diversity
increase at very small scale, but diversity homogenisation at embayment scale). Such data remain too limited to allow
a generalisation of conclusions at regional (or maritime fagade) scales. For the Bay of Brest, the scientific question is
addressed at local scale and deals with the ecological impact of a benthic invasive species on the colonised benthic
ecosystem. But the conclusions should be confronted to those derived from other colonised bays in order to draw more
generic conclusion. For the Bay of Brest, the aim is to assess how the benthic biodiversity is influenced by the
proliferation stage of this exotic species by submarine imagery (underwater video system ,Pagure-2°). Diversity patterns
of epifauna (macro- and megafauna) are described along a Crepidula biomass gradient. Since the stock of C. fornicata
has declined in the Bay of Brest, changes of diversity are also investigated with respect to the vitality of Crepidula
banks (alive vs. Dead). The field cruise corresponding to this action was initially planned to take place during spring
2017. It had to be cancelled due to bad weather conditions. Consequently, the ‘Pagure-Next-2018’ cruise has finally
been achieved from 16th to 21th April 2018. The underwater video system ‘Pagure-2’ has been deployed over three
different areas of the Bay of Brest, representing three different stage of Crepidula fornicata proliferation (high density
live Crepidula bed; low density live Crepidula bed; dead Crepidula bed). In each area, an average of 10 imagery profiles
(each 300 to 900m long) were achieved, and both continuous video and still images (every 10 sec) data were collected
(Figure 3.1-21). This sampling strategy has been designed in order to assess the impact of the Crepidula fornicata on
epibenthic biodiversity with respect to alive Crepidula biomass considered as the main disturbance factor (varying,
over the 3 areas, from high live biomass to dead bed). In each area, some imagery profiles were also achieved on
locations without Crepidula (live or dead). These were considered as reference sites. All analysis procedures are still
under progress.

Ol+ Grab sampling shes (2013-2014)
— VIGO0 Profite ('shedge’ mode; 2018)

Biomass (g m7)
0 1000 3000 5000

Figure 3.1-21 Overall sampling strategy and examples of images collected using ,Pagure 2* during the
April 2018 field cruise.
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3.1.4.5. Synthesis and way forward

Synthesis and specific next steps (short-term)

West Gironde Mud Patch. Due to bad weather conditions, we were only able to sample 4 stations during our January-
February 2018 cruise. This was not satisfactory and we thus decided to apply for shiptime in order to achieve an
additional cruise in the very beginning of 2019, which was not initially planned and may somehow result in delay in
data interpretation. Some of the already collected results suggest changes in the spatial delimitation of the West
Gironde Mud Patch in relation with major storms (see above). In order to further document this point, another additional
cruise, specifically dedicated to spatial mapping, was achieved during May-June 2018. This will allow for a direct
comparison with available historical data (1987-1991). Our results already show major temporal changes in the
composition of benthic macrofauna and sediment profile images. During next year, we will complement the analyses
of all collected samples in order to tackle the two main scientific questions put forward by JRAP 2 (see above).

Bay of Brest Dredging. The analysis of AIS data have led to the quantification of dredging pressure at a very small
spatial scale, which enhances the possibility of a sound crossing with biological data. Such a crossing has already
been achieved for maerl vitality and structure, which has shown the importance of dredging historicity. During the next
year we will finalize the analysis of benthic macrofauna composition and apply the same statistical approach to assess
the effect of dredging on their spatio-temporal changes.

Bay of Brest Invasive species. At this stage, we have collected a sufficient amount of imagery data to assess the
impact of Crepidula on the epibenthic biodiversity in the Bay of Brest. The 5 days-cruise led to 30 imagery profiles,
representing ~8 hours of video and ~2500 high resolution photos. Extraction of relevant informations from videos and
photos and interpretation of data will be achieved in 2019, between semestres 42 and 48.of the JERICONext
project.Most of the imagery profiles were done over stations that were previously sampled for endofauna in 2013-2014.
This should allow to compare trends of biodiversity change in the endofauna and in the epifauna compartments, under
the same Crepidula influence.

Data integration and interpretation. The analysis of the interaction between disturbances, composition and
functionalities of benthic communities ultimately relies on: (1) a sound assessment of disturbance intensities, and (2)
the implementation of appropriate multivariate techniques. Point 1 is very well engaged for the two research actions
taking place in the Bay of brest. In the case of the West Gironde Mud patch, it will be handled through an interaction
with a French national project. It is essential that this project indeed provides expected inputs within the JERICO-Next
time frame. As for point 2, the West Gironde Mud Patch and the Bay of Brest — dredging research actions have already
shown the occurrence of major temporal changes in macrobenthic composition, which is a prerequisite for tackling the
two main scientific questions put forward by JRAP 2. This is not the case yet for the Bay of Brest — Invasive species
research action due to a delay in the achievement of its field cruise (see above). We already started using multivariate
techniques for interpreting some of our results regarding the effect of dredging in the Bay of Brest. During next year,
we will apply these approaches to the study of the questions put forward by all JRAP 2 actions.
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3.2, Channel and North Sea

Lead authors: Felipe Artigas (CNRS-LOG) & Alain Lefebvre (IFREMER)

Contributors: H. Aardema (HZG), Y. Bozec (CNRS-SBR), H. Brix (HZG), P. Claquin (CNRS-BOREA), V. Créach
(Cefas), R. de Blok (VLIZ-UGent), E. Debusschere (VLIZ), P. Fisher (HZG), J. Kromkamp (NIOZ), F. Lizon (CNRS-
LOG), A. Louchart (CNRS-LOG), K. Méller (HZG), E. Poisson-Calillault (ULCO-LISIC), M. Rijkeboer (RWS), A. Veen
(RWS), Y.G. Vonyova (HZG), J. Woschlaeger (HZG), G. Wacquet (CNRS-LOG)

Involved JRAPs: JRAP#1, 4, 5,

Contact persons: JRAP#1: Felipe Artigas
JRAP#4: Johannes.Schulz-stellenfleth
JRAP#5: Willy Petersen

Involved institutes:
JRAP#1: Phytoplankton dynamics and blooms

- Cefas: Véronique Créach (veronique.creach@cefas.uk)

- CNRS - LOG: Felipe Artigs (Felipe.Artigas@univ-littoral.fr); Fabrice Lizon (Fabrice.Lizon@univ-lille.fr),
Arnaud Louchart (Arnaud.Louchart@etu.univ-littoral.fr), Guillaume Wacquet (Guillaume Wacquet@univ-littoral.fr); -
BOREA : Pascal Claquin (Pascal.Claquin@unicaen.fr),

- IFREMER LER/BL Alain Lefebvre (Alain.Lefebvre@ifremer.fr); + LISIC ULCO Emilie Poisson-Caillault
(Emilie.Poisson@univ-littoral.fr)

- VLIZ: Elisabeth Debusschere, Klaas Deneudt, Jonas Moltermans, Leynert Tiberghien +U. Gent Reinhoud
de Blok

- RWS: Machteld Rijkeboer, Amold Veen, Heidi Aardema; +Thomas Rutten Projects, SME sub-conractor of
RWS (as NIOZ) NIOZ : Jacco Krokmap

- HZG: Klas Méller (klas.moeller@hzg.de); Jochen Wollschlaeger (Jochen.Wollschlaeger@hzg.de)

JRAPS5 (carbon cycles) partners working in the area:
- NIVA: Kai Sorensen (kai.sorensen@niva.no) & Andrew King (andrew.king@niva.no)
- HZG: Wilhelm Petersen (wilhelm.petersen@hzg.de) & Yoana G. Voynova (yoana.voynova@hzg.de)
- AWI/HZG: Philip Fischer (philipp.fischer@awi.de) & Ingeborg Bussmann
- CNRS: Yann Bozec (bozec@sb-roscoff.fr), Thierry Cariou (cariou@sb-roscoff.fr), Eric Macé (mace@sb-
roscoff.fr).

3.2.1. Specificities of the this region

3.21.1. Most relevant scientific questions from regional to local scales

General characteristics of the area

The North Sea — Channel — Celtic Seas represent two shallow epi-continental seas and a shelf area interconnected
and affected by mega-tidal regimes, increasing West-East gradient of freshwater inputs, and Western and Northern
intrusion of Atlantic waters. They consist in a succession of frontal zones, from continental margins to areas of tidal
fronts varying at daily to seasonal scales and are more or less extended regions of freshwater influence where also
important mixing by storms of different regimes and timing occur.

The dominant human activities are fishing, shipping, ports wind farms, oil and gas production and aggregate (sand)

extraction. Together with eutrophication, they represent the main pressures that need to be addressed for the Water
Framework and Marine Strategy Framework Directives
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Therefore, there is a need to enhance the understanding of the dynamics of plankton diversity and especially the
dynamics and determinism of algal blooms which ensure rich living resources, but which also could lead to harmful
events (HABs), by combining data on phytoplankton distribution, abundance and diversity as well as primary
productivity, with chemical and physical oceanographic data.

/ O
Figure 3.2-1 Residual Currents in the Channel (Lazure & Delmare, 2012; left) and North sea (OSPAR,

2000; right)
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Figure 3.2-2 Monthly mean horizontal velocity (3D) of the Atlantic-European North West Shelf in
December 2016 (A), March 2017 (B), June 2017 (C) and September 2017 (D).
NORTHWESTSHELF REANALYSIS PHY 004 009 (downloaded 24/05/2019 from CMEMS)

Most relevant scientific questions and those targeted in JERICO-NEXT

Within the JERICO-NEXT project, we addressed phytoplankton dynamics (JRAP1) and Carbon fluxes (JRAP5) through
the implementation of automated sensors for phytoplankton research vessels, Ferrybox systems and oceanographic
observatories including instrumented fixed platforms and buoys. This field work was kept in connection with analytical
developments, modelling and earth observation issues as presented in section 3.2.4.

Main scientific question JRAP1 addresses in this region:

One of the main questions that needs to be addressed by applying (semi-)automated temporal and spatial approaches,
was to assess the temporal and spatial variability of phytoplankton distribution in these highly productive but changing,
heterogeneous and vulnerable systems, from mesotrophic to eutrophic, in order to study what conditions trigger the
outbursts of selected species/groups including noxious algae (HABs), what drive their export or lasting, what is the
influence of connectivity amongst the different systems, and what is the role of short-term changes and patchiness.

JRAP#1 concerns the use novel automated and in part autonomous methods for observing/discriminating
phytoplankton and harmful algal blooms, at the individual organisms/colonies level as well as considering the whole
community, to determine the species/size-class/functional groups composition as well as phothosynthetic parameters.
Tests, inter comparison and combination of several sensors are applied to observe and explain the development of
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algal blooms. An important objective is to set up recommendation on observational methods suitable for this trophic
region.

These approaches, if sustained, could allow to study long-term changes in these areas, in response to environmental
management of human pressures (in the frame of MSFD) and climate change.

There is a need in combining phytoplankton monitoring with environmental parameters in order to address also the
following specific matters and questions:
- Impacts of nutrients inputs and ratios on phytoplankton biodiversity and productivity, including focus on HAB
- Dynamics of Phaeocystis globosa and other species or groups responsible of blooms
- Competition or synergy between Phaeocystis globosa and Pseudo-nitzschia
- Transboundary transport and advection of blooms especially in frontal systems in the whole Channel and
North Sea system
- Occurrence of sporadic toxic blooms in mid-Channel waters
- Importance of extreme events (i.e., storms, floods) on phytoplankton dynamics
- Development of reference values, threshold and indicators
- Role of wind, tidal forcing and bathymetry for transport within the German Bight
- Small-scale spatial dynamics of phytoplankton in the eastern Channel and Southern North Sea submitted to
multiple influence from Atlantic Waters and important estuarine loads (Seine, Thames, Schelde-Rhine)
- How the study of physiological parameters in vivo and in situ in the euphotic layer help to better understand
phytoplankton dynamics in relation with its potential environmental controlling factors?
- How to manage to get more accurate GPP rates by integrating all physiological regulation and acclimation
occurring in the water column? Can this approach change the map of phytoplankton dynamic in spatial
sampling?

Main scientific question JRAP5 addresses in this region:

JRAP#5 aims at addressing the role and responses of the European Coastal Ocean and Marginal Seas in the global
C-cycle, and to provide recommendations for a European integrated C-cycle monitoring. In practice, sea surface water
pCO2-concentration and other relevant parameters are measured throughout EU utilizing fixed stations and Voluntary
Observing Ships (VOS). The aim in this JRAP is to measure for one full year simultaneously, combine results and
along with publishing the results, try to find best practices for observations, and standard operating procedures.

In this region, one objective is to connect the pCO2 measurements with phytoplankton outbursts (detected by total
chlorophyll a in vivo fluorescence). One further goal would be to be able to discriminate main phytoplankton blooming
groups in the area (like Phaeocystis globosa and diatoms in North Sea) together with water masses.

3.21.2. Most relevant societal needs and policy needs

Assessment of Good Environmental/Ecological Status for the MSFD, WFD,

- Assessment of the eutrophication status for the OSPAR Common Procedure and the Quality Status Report

- Definition of reference conditions or threshold for nutrients and phytoplankton (biomass, blooms frequency,
composition)

- Evaluation of sediment fluxes and budget along the shelf, essential for coastal evolution (estuaries and
shoreline)

- Reliable forecast of surface currents (e.g., for search and Rescue) and volume transports (important for
biological and chemical models) within the German Bight

- Assessing carbonate system parameters on a seasonal and regional scale, to better understand/quantify
the local carbon budgets and potential effect of coastal ocean acidification and effect of climate change on
productivity

- Support to the management of marine protected areas.
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- Real-time environmental monitoring which is required to support decisions from authorities, environmental
managers and professionals when considering results from Institutes implementing monitoring programmes

in the area of HAB.

- Strengthen the operational capacity and scientific knowledge to support national, regional and local authorities

during HAB crisis.

3.2.2. Acquired data and archiving made

Data type Sampling Sampling period Institute
location/area responsible of the

data

Phytoplankton including | Eastern English | 1992-2017  (weekly  to | Ifremer*

harmful algae - microscopy Channel monthly sampling frequency)

Main physico-chemical | Eastern English [ 1992-2017(weekly to | Ifremer

parameters (T, S, Nutr, 02, | Channel monthly sampling frequency)

Turbidity (or SSC)...)

High Frequency | Eastern English | 2004-2018 (measurement | Ifremer

measurements ~ from  the | Channel every 20 min)

MAREL Carnot instrumented

station

High Frequency | English Channel | 2014-2018 [fremer

measurements from a Pocket

Ferry Box and a Ferry Box

High Frequency | North Sea and | 2000-now Cefas

measurements from  buoys | Thames estuaries

(X3) with automatic collection

for nutrients and phytoplankton

Main physico-chemical | Dutch Marine | 1990 - now Rijkswaterstaat

parameters (T, S, Nutr, 02, | territories in the

Turbidity (or SSC)...) North Sea

Continuous ~ measurements | North  Sea - | 2012-now Cefas

with automated pulse-shape- | English Channel -

recording flow cytometry, T, S, | Celtic Seas

Fluorescence

Surface current | German Bight 2010-2018 HZG

measurements from three

HF radar stations

FerryBox data on the | German Bight 2010-2017 HZG

Cuxhaven-Immingham line

=1 |
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(T, S, pH, turbidity, pCO2,
02, fluorescence)

FerryBox data on the
Bisum-Helgoland line (T,
S, pH, turbidity,, pCO2,
fluorescence, 02)

German Bight

2010-2018

HZG

FerryBox data from the
Cuxhaven station (T, S,
pH, turbidity, nutrients,
fluorescence, 02)

German
estuary

Bight/Elbe

2010-2018

HZG

FerryBox data on the
Roscoff-Plymouth line (T,
S, pCO2, turbidity,
fluorescence, 02)

English Channel

2011-2018

CNRS

FerryBox data on the
Roscoff-Cork line (T, S,
DO, chl-a, Trb, CDOM)

Celtic Sea

2014-2016

CNRS

HF data on the ASTAN
buoy off Roscoff (SST,
SSS, DO, Fluorescence,
pCO2)

English Channel

2016-2018

CNRS

Automated pulse shape-

English Channel,

2017-05-08 until 2017-05-

VLIZ,CNRS-LOG,

Sea, Thames Estuary

recording flow cytometer | Southern bight of North 12 RWS

(3 parallel sensors); Sea, Thames Estuary

Flowcam; Zooscan;

Fluoroprobe, FRRF,

pigment, nutrients, T, S,

Chla, NGS

Automated pulse shape- | Englisch Channel, 2018-04-16 until 2018-04- | VLIZ

recording FCM, flowcam, | Southern bight of North 20

zooscan, nutrients, Sea, Thames Estuary

pigment, S, T, Chl a

Automated pulse shape- [ English Channel, 2014/09-10 CNRS-LOG (U.
recording flow cytometer, | Southern bight of North 2017/04-05 Littoral)
multi-spectral fluorometry | Sea, Thames Estuary

FRREF profiler, PAR and Englisch Channel, 2017/04-05-06 CNRS-LOG-U.Lille
Trios data Southern bight of North 2018/04-07

*Ifremer’s data are submitted to QA/QC procedures within Quadrige2, Sismer and Coriolis data management
systems. Most of these data are also transferred to EMODNET and to the ICES DOME databases.
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3.2.3. Collaboration with other international initiatives

The JERICO-NEXT cruises organised by VLIZ in 2017 are in collaboration with the ESFRI initiative LifeWatch, and
they involved CNRS-LOG, RWS and NIOZ.

PHYCO (2017) cruises were also part of preliminary cruises for the implementation of the Monitoring Programme of
the MSFD in France.

The same sensors were also tested in other Regional areas as the Skagerrak-Kattegatt and the Baltic Sea (Aranda
cruise, SMHI, SYKE, CNRS-LOG and CNRS-LOV) as well as in the Southern Bay of Biscay (IFRMER, AZTI and
CNRS-LOG) and the Mediterranean Sea (CNRS-MIO).

The use of satellite data is an important building block for providing spatially coherent information on phytoplankton

abundance and variability. Some JERICO-Next colleagues were also involved in the INTERREG “Channel” S-3
EUROHAB (2017-2021), working on Sentinel-3 satellite products for detecting Eutrophication and Harmful Algal Bloom
events in the French-English Channel. Moreover, within the JMP-EUNOSAT project (Feb 2017 - Feb 2019) all countries
around the North Sea have worked together towards joint monitoring and assessment of eutrophication for MSFD in
the North Sea.

3.2.4. Scientific progress so far
3.24.1. Field measurements with automated systems in the North Sea

North Sea Ferry Box combined pCO,, in situ in vivo fluorescence and hyperspectral spectrophotometry (HZG).

Different continuous measurements were performed in the Haiden-Zeebrugge-Immingham-Moss and the Cuxhaven-
Helgoland-Immigham ferrylines, in the frame of both JRAP#1 and JRAP#5.

The goal was to be able to connect the pCO2 measurements with phytoplankton outbursts detected by total in vivo
chlorophyll a fluorescence.
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Figure 3.2-3 : Continuous recording of pCO2 from 2013 to 2017 in the central North Sea. FerryLine cruises
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The difference of pCO2 between the atmosphere and the sea surface (ApCOZ) reveals a distinct behavior of shallow

well mixed regions and deeper, stratified areas in the summer:
. pCO2 is undersaturated during spring along all routes and in autumn, in the region of the DoggerBank

. pCO2 is supersaturated in summer in the English Chanel region and Dogger Bank and in autumn, in the
Southern Central North Sea
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Anomalies of pCO2 and DO show similar patterns during spring, but differ in the spatial distribution during other
seasons probably caused by different thermal behavior of pCO2 and oxygen. Morevoer, the measurement of pCO2

can be combined with dissolved oxygen measurements to potentially derive a time series of productivity estimates
along these transects.

Eb}ing
Delta pCO2

Winter
Delta pCO2

Delta pCO2
100

-100

Summer -200

Delta pCO2

Autumn
Delta pCO2

Figure 3.2-4 Continuous recording of delta pCO2 at four seasons in the central North Sea. Haiden-
Zeebrugge-Immingham-Moss and Cuxhaven-Helgoland-Immigham ferrylines.

Moreover, in research cruises, it was possible to test hyperspectral measurements to discriminate main phytoplankton
blooming groups in the area: Phaeocystis globosa and diatoms.

FerryBox systems are a mature tool to continuously measure carbon related parameters like pH and pCO2 along large

sections of the southern and central North Sea. Data sets provide a detailed picture of the carbon dynamics in surface
waters in different regions and at different seasons. The combination with automated sensors for phytoplankton
discrimination represents the next step of integration between C cycle and phytoplankton dynamics.
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Figure 3.2-5 Continuous recording of in vivo chlorophyll a fluorescence and chl a with the Hyperspectral
Absorption sensor (HYAbs). Discrete measurements with a PSICAM. RV "Heincke"

North Sea Seasonal phytoplankton dynamics (abundance and primary productivity (RWS, NIOZ)

In the frame of regular monitoring of the Dutch part of the southern North Sea, RWS operated, in collaboration with
NIOZ, a field test of automated pulse shape-recording flow cytometer (PSFCM, Cytosense) and a Fast Repetition Rate
fluorometer (FRRF) instruments., in preparation of routine monitoring as part of a Ferrybox system between Norway
and the Netherlands.

Four seasons were sampled in 2017 (Aardema et al., 2018). Phytoplankton total abundance, red fluorescence and
community composition showed high spatial heterogeneity in the Dutch North Sea from April to August 2017 (Fig. 3.2-
5, Aardema et al., 2018). The relative abundance of picophytoplankton was generally higher offshore and in the
northern part of the area.The pico-red group was always dominant even though they contributed less to total red
fluorescence. The pico-Synechococcus group showed a strong numerical presence offshore in April and in most of the
Dutch North Sea in June. The nano-red group was often a dominant group, both terms of cell abundance as well as
for their contribution to total red fluorescence. The nano-cryptophytes were never abundant interms of abundance, but
contributed to the total red fluorescence in the northern offshore regions. Notwhistanding microphytoplankton
represented always less than 10% of the total cell numbers, they sometimes dominated the total red fluorescence,
mostly in coastal regions (Figure 3.2-6; Aardema et al., 2018). Photosyhsiological parameters were addressed and
gross primary productivity was estimated: it ranged from minimum values in June to peak productivities recorded in the
coastal zone in May (Figure 3.2-7). Average GPP was highest in April (when spatial heterogeneity in GPP was low)
and lowest in August (Aardema et al., 2018).
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Figure 3.2-6 Use of automated Flow Cytometry to address phytoplankton functional/size groups spatial
and temporal distribution in the S. North Sea (RWS cruise, Aardema et al., 2018). From top to botoom :
Total Red Fluorescence (proxy of chl a, 10), Cell counts, Contribution of each of the 5 cytometry classes to
total reed fluorescence and to total cell counts.
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Figure 3.2-7 Estimations of seasonal surface and water column Gross Primary Productivity of
phytoplankton from continuous and discrete measurements with a Fast Repetition Rate fluorometer
(FRRf). in the S. North Sea (RWS cruise, Aardema et al., 2018)
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