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The Atlantic dimension of Portugal, with c. 1,700,000 km2 maritime area, led to the prioritization of the European Multidisciplinary Seafloor and water column Observatory - Portugal (EMSO-PT) in the national scientific infrastructures’ roadmap. In this work we present the EMSO-PT initiative: a research consortium joining 15 research institutions, with the aim of implementing a network of multidisciplinary underwater observatories in the Atlantic, as well as laboratories and data processing support infrastructures. EMSO-PT’s priority is to generate continuous scientific data on marine environmental processes related to the interaction between the geosphere, biosphere, and hydrosphere, and to develop new sensors and platforms which will extend ocean monitoring in the near future. Monitoring variables will include biotic and abiotic variables of the ocean floor and water column, namely temperature, salinity, turbidity, acoustics, currents, and dissolved oxygen. Data will be disseminated through European Multidisciplinary Seafloor and Water Column Observatory – European Research Infrastructure Consortiums (EMSO-ERIC) channels, allowing for the integration and open access of data acquired by all partners of EMSO-ERIC, and by the research community at large.
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INTRODUCTION

The ocean covers 71% of the Earth’s surface and drives global systems that make the Earth habitable for humankind. It provides food, materials, energy, and transportation. Weather, climate, and coastlines are ultimately linked to and regulated by the sea. Despite the worldwide recognition that the ocean provides life-sustaining services to society, human impacts are driving major changes on the ocean, which are putting liveability at risk. The minimization of anthropogenic impact requires ambitious levels of scientific evidence to support sustainable governance and management of human activities.

While there is a growing understanding of the importance of marine ecosystems for society and its intrinsic value (Selig et al., 2019), evidence shows that pressures from human activities on these ecosystems are increasing (e.g., Korpinen and Andersen, 2016; Lotze et al., 2018), putting the health of marine ecosystems at risk at a global scale (Borja et al., 2016). Ensuring a better understanding of the importance of the oceans, of human-ocean interactions and opportunities to act sustainably and reduce human impacts on marine ecosystem is of vital importance (e.g., Santoro et al., 2017; Barracosa et al., 2019; Borja et al., 2020). In particular, Blue Growth ambitions are becoming an important component of socio-economic development strategies (Eikeset et al., 2018). This can result in increasing pressures on marine and coastal ecosystems if this development is not designed and implemented with care. Thus, despite current regulatory framework, such as the Marine Strategy Framework Directive in Europe (European Commission, 2008) that was put in place to protect the marine ecosystem and biodiversity, it is likely that this challenging situation will continue into the future. Given the growing and seemingly limitless capacity to industrialize the oceans there is a need to reimagine how to effectively measure, monitor, and sustainably manage this 71 per cent of the Earth’s surface (Golden et al., 2017). The relevance of measuring and monitoring is increased due to the vast volume of the ocean which is neither fully observed nor adequately understood (Visbeck, 2018). This is widely acknowledged and targeted in the guidelines of the Framework for Ocean Observing, that provides a structure that allows ocean observing providers and users to engage in the ocean observation system at various points: from the inputs [e.g., essential ocean variables (EOVs)] to processes (observations and maintenance), to outputs (data and products) (Tanhua et al., 2019).

Due to the size, complexity and connectivity of the ocean, monitoring and data collection presupposes high investments, and nations need to cooperate to deliver the ambitious, costly science that is required to make informed decisions (Polejack et al., 2021). Sustained and systematic ocean observations are needed to document ocean change, initialize ocean system models, and provide critical information for improved understanding (Visbeck, 2018). This implies the use of ocean observatories, understood as collections of platforms capable of carrying sensors to sample the ocean over appropriate spatiotemporal scales (Liu et al., 2017). Furthermore, to effectively address the needs of scientific data and information in the development of socio-economic development strategies it is also necessary to acknowledge that the creation of products and services is not compatible with the approach that “one size fits all” and, therefore, differences in audiences require product development to be tailored to specific needs (Iwamoto et al., 2019). The needs of society (s.l.) must also be taken into consideration as a knowledge-based society is needed to meet the objective of sustainability (Carapuço et al., 2021).

In this work we present the European Multidisciplinary Seafloor and water column Observatory – Portugal (EMSO-PT) initiative. It is based on a research consortium joining 15 Portuguese institutions, with the main goal of implementing a network of multidisciplinary underwater observatories in the Iberian Margin. It includes operational organization, university based research groups and support laboratories for marine robotics and data processing. The funding from the Portuguese National Funding Agency and regional funds is close to nine million euros, ensuring not only the acquisition of the basic instruments for deep sea and water column monitoring, but also the re-equipment of complementary laboratories to support further development of the initiative.



EMSO-PT INITIATIVE

The European Multidisciplinary Seafloor and Water Column Observatory – European Research Infrastructure Consortiums (EMSO-ERIC) is a distributed Research Infrastructure based on an integrated system of in situ Eulerian observatories. Its mission is the long-term observation of the deep seafloor and the water column by means of fixed-point multi-sensor platforms deployed in environmentally relevant sites of the European seas (Dañobeitia et al., 2020). A significant part of EMSO-ERIC services is provided through regional facilities. The Atlantic dimension of Portugal led to the prioritization of the EMSO-PT in the national scientific infrastructures’ roadmap. EMSO-PT is a European Large Scale Research Infrastructure, jointly funded by the Portuguese government and by the European Commission and corresponds to the Portuguese counterpart of the EMSO-ERIC.

The relevance of EMSO-PT data is particularly highlighted in view of Portugal’s maritime area which, including the Exclusive Economic Zones (EEZs) of the mainland and of the archipelagos of Madeira and the Azores totals c. 1,700,000 km2 (Ferreira et al., 2016). Portugal has the 5th largest EEZ within Europe and the 20th largest EEZ in the world. It’s 18 times more than Portugal continental area, and is still largely unknown and unexploited. This vast area will increase when the United Nations (UN) ratifies the submitted proposal to the Continental Shelf Extension, as provided under the UN Convention on the Law of the Sea, that aims to increase the maritime territory under the jurisdiction of coastal States. This increase in oceanic territory creates obligations toward fulfilling EU directives for the marine environment protection and conservation, an additional effort to obtain the necessary data as well as the capacity to efficiently exploit and transform it into knowledge.

Portuguese teams have participated in early EMSO initiatives, but their role was limited to the incorporation of seismic sensors and biological collectors. Instruments have been deployed in the two nodes in cooperation with Italy (in Iberia) and France (in Azores). EMSO-PT is structured as a national based integrated program joining technology and science, to develop leading edge instruments and techniques in line with the national and European priority to create the conditions for a sustainable exploration and exploitation of the deep platform. The consortium includes the main Portuguese research groups in the marine area, including robotics. Its composition, scope of activity and the role of each partner is described in Table 1.


TABLE 1. Members of EMSO-PT.
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The Objective

The main goal of EMSO-PT is to generate continuous scientific data on marine environmental processes related to the interaction between the geosphere, biosphere and hydrosphere. EMSO-PT will ensure the Iberian Margin node of EMSO-ERIC, through the installation of two underwater fixed-point observatories, one deep-site close to the former GEOSTAR - GEophysical and Oceanographic STation for Abyssal Research site (Miranda et al., 2015), and another shallower site in the Portuguese mainland northern coast (off the coast of Aguçadoura) (Figure 1). In each site an EGIM – EMSO Generic Instrument Module (Nadine et al., 2017) will be deployed in 2022. EGIM is a fixed mooring module with an instrument pack designed to continuously measure parameters of interest for most major science areas covered by EMSO-ERIC. It was designed and developed during the EU project EMSODEV – EMSO implementation and operation: DEVelopment of instrument module, with the objective to ensure accurate, consistent, comparable, regional scale, long-term measurements of ocean parameters (Garcia et al., 2017), which are key to addressing urgent societal and scientific challenges such as climate change, marine ecosystems and marine hazards. EGIM is to measure homogeneously a set of core variables using the same hardware, sensor references, qualification methods, data format and access, maintenance procedures in several European ocean locations as well as the same calibration methods (Pappalardo et al., 2015).
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FIGURE 1. Planned location of the two fixed underwater observatories. Location of deployment of the water column profiler, ocean-bottom seismometers (OBSs), and test area of the glider in the scope of the EMSO-PT pilot oceanographic campaign.


The two observatories will include fixed deep sea moorings, planned to include a multisensory instrument package. The payload of each EGIM consists of a set of sensors targeting the measurement of temperature, dissolved O2, conductivity, pressure, turbidity, ocean currents and passive acoustics. A mix of other mobile and fixed ocean observation equipment will complement the EGIM data collection, along the water column (e.g., water column profiler) and ocean floor [e.g., ocean-bottom seismometer (OBS)].

EMSO-PT operation will follow the specifications defined by the appropriate EMSO-ERIC service groups. Fixed-point observations will be complemented by regular transects to be conducted by the gliders and/or autonomous underwater vehicles operated by the marine robotics research groups of the consortium.

In a first phase, data retrieval will be done at the time of equipment and sensors inspections and assessment of maintenance needs, planned to occur regularly at 6-months intervals. The maintenance and longevity of the observatory, as well as the data retrieval frequency will be assessed continuously and will be dependent on the evolution of the operation and identification of needs.

The Portuguese Institute for Sea and Atmosphere, I.P. (IPMA), which is both the Portuguese Meteorological, Seismological and Marine service, will disseminate all EMSO-PT data in the relevant national or international databases, through EMSO-ERIC channels and they will also be integrated in a new Ocean Atlantic platform in an effort led by IPMA, funded by the EEA Grants “Blue Growth” Program (Silveira et al., 2022).



The Stakeholders

EMSO-PT main national stakeholders are the R&D community, national administration entities related with ocean policy and governance and the economic sector.

Main R&D stakeholders are already in the partnership (Table 1). Their expectation is to support the monitoring of marine processes in the Iberian Margin as the basic information for their research (e.g., climate change, geo-hazards and geodynamics, deep sea biology, eutrophication. Micro-biological resources and adaptation of organisms to deep sea, ocean productivity, and non-renewable marine resources). The Portuguese marine robotics community are an important part of the initiative, as their role is not only to support monitoring observations but also to develop new approaches for long-term marine observation.

The two more relevant administration entities as stakeholders are the Directorate-General for Maritime Policy (DGPM) and the Directorate-General for Natural Resources, Safety, and Maritime Services (DGRM). DGPM mission it to develop, evaluate and update the National Strategy for the Sea, develop and propose the national policy of the sea, plan and organize the maritime space and monitor and participate in the development of the Integrated Maritime Policy of the European Union. DGRM mission is to develop maritime safety and services, including the maritime-port sector, the implementation of policies on fisheries, aquaculture, the processing industry and related activities, the preservation and knowledge of marine resources, as well as to ensure the regulation and control of activities in these areas. Both entities will benefit from EMSO-PT data to support the development of science-based policy and management of marine areas and uses.

Concerning the economic sector, the main stakeholders are the developers of near-shore aquaculture, fisheries and renewal, energy operators. Another area of major interest concerns deep sea mining where EMSO-PT will play a role, making available instruments and platforms for the definition of the biological and geological reference situation and the identification of any change of concern.

At the international scale, EMSO-PT stakeholders are those already identified by EMSO-ERIC as marine science researchers, marine technology engineers, resource managers, policymakers, marine industries and other ERICs (EMSO-ERIC, 2021).



The Need of Ocean Observatories and Laboratories to Support Science-Based Services

EMSO-ERIC identified ten science-based services: climate change, marine ecosystem, geo-hazards, access to the infrastructure, training and best practices, technology and engineering, data management, communications and branding, lobby and policy, and international relations and partnering. EMSO-PT follows the established framework and aims to make available a subset of these services focusing on climate change, marine ecosystem and geo-hazards, which are considered the most relevant for the main national stakeholders.

EMSO-PT will be focusing on the Iberian Margin as it is one key area for the monitoring of climate change. It is characterized by wind-induced coastal upwelling controlling fisheries, the presence of Mediterranean outflow with implications on deep ocean circulation and it provides excellent sites to study the variations in the hydrologic cycle. Up to now, and despite the changes observed in the structure and spatial distribution of fish species with commercial value and the growing need for a better understanding of the changes in critical ecosystems, the only data available on the changes taking place in the Iberian waters are those acquired by satellite platforms (mostly addressing the ocean skin), the network of multiparametric buoys managed by the Hydrographic Institute, an agency of the Portuguese Navy, and short campaign data concerning the water column.

In terms of climate change and marine ecosystem services, the focus of EMSO-PT is currently particularly related with the monitoring of the EOVs in the Iberian Margin focusing on the Gulf of Cadiz and NE Atlantic, and also related with the application of the European Marine Strategy Framework Directive. Methodologies were already identified by the European Union project EMSO-Link.

EMSO-PT will ensure the Iberian Margin node of EMSO-ERIC, through the installation of two underwater fixed-point observatories: one located SW of Cape São Vicente (South of Portugal), in the Gulf of Cadiz, and another at a shallower depth, off the coast of Aguçadoura (North of Portugal) (Figure 1). The location of Cape São Vicente was chosen to investigate the Mediterranean outflow water as it enters the Atlantic, which is known to affect deep water circulation on a global scale. In addition, the geological and oceanographic features of this region favor the presence of highly diverse benthic communities and also play a central role in the dynamics of marine mammals. The area is also very important for geo-hazards. It is the site where one of the largest known earthquakes occurred in 1755, coupled with a destructive tsunami. The Cape São Vicente site is complemented by a fixed mooring consisting of a water column profiler and an acoustic doppler current profiler which will be deployed in 2022 following tests performed in 2021. Ocean-bottom seismometers (vide EMSO-PT PILOT OCEANOGRAPHIC CAMPAIGN) were already deployed. The location of Aguçadoura in the northern part of the Portuguese mainland coast was chosen to support initiatives related with the blue economy: here the world’s first wave-farm was tested in 2008, and it is an area prone to the installation of near-shore fish farming (e.g., Silva et al., 2018). The two EGIM to be installed in these observatories have already been submitted to factory acceptance tests and sea acceptance tests during 2021 being the deployment scheduled for mid 2022. Underwater acoustics, that can also provide cost-efficient information for the follow up of marine mammal population dynamics, the characterization of fish reproduction changes, the understanding of adverse meteo-oceanographic conditions, can also lead to the identification of low-energy seismic events that will be used to support the operation and development of the tsunami and seismic early warning systems, under the responsibility of IPMA (Carrilho et al., 2021). Focus will be given to a better understanding of seismic and geological risk sources.

The land-based analytic and engineering network that supports data collection efforts were upgraded during the 2019–2021 period. Main equipment includes a mass spectrometry with inductively coupled plasma (ICP-MS) ICP PlasmaQuant, a MCSL-XCT, a X-ray fluorescence (XRF) core scanner, three gliders, a1 plankton multinet, a multibeam for the deep-sea remote operated vehicle (ROV) Luso, a long endurance autonomous surface vehicle, a water column profiler, and a pressurized bioreactor system.

Careful and watchful monitoring of key areas of the ocean is indispensable. Besides, a sounder understanding of the climate system also requires the inclusion of geological records from key regions into the models providing future climatic scenarios, because instrumental data is too short to assess variability beyond the last few hundred years. Similarly, the lack of long-term ecological data bares the need to compile the available information on fossil communities and their response to past climate, to evaluate today’s trends and future tendencies. The new monitoring devices will be a game changer.



Data Protocols

The European ocean observation landscape is characterized by a well-established workflow between data collectors, data aggregators and service providers. EMSO-PT data processing and sharing will be done through the channels defined within EMSO-ERIC, allowing for the integration and availability of data acquired by all European partners.

Each EMSO-PT partner will be responsible for the various stages in the data workflow, from sensor to data upload, assuring that the collected data are compliant with the standards and best practices established within EMSO-ERIC, including raw data quality control, formats and metadata, before being upload to the Integrated EMSO Data Access platform.

EMSO-PT will also feed other well-established and widely used data platforms, such as EMODnet, hopefully helping to fill in the gap in deep ocean information.

In addition, IPMA will also share the EMSO-PT outputs through IPMA’s platform for data sharing being developed in the scope of the “Atlantic Observatory – Data and Monitoring Infrastructure” project (Silveira et al., 2022) that aims to create an infrastructure for the aggregation and dissemination of oceanographic data contributing to the improvement in the research and monitoring of the Atlantic Ocean, whilst supporting the sustainable management of marine resources. All data in the different platforms is open access to all stakeholders.




EMSO-PT PILOT OCEANOGRAPHIC CAMPAIGN

The EMSO-PT pilot oceanographic campaign aimed to test the various oceanographic equipment available, targeting at collecting different types of data, gathered from the deployment of equipment on the seafloor and along the water column within the EMSO-PT strategy. The campaign took place off the SW coast of Portugal (Figure 1), between May 23rd and 26th, 2021, onboard the research vessel (RV) Mário Ruivo from the IPMA fleet (Figure 2A). It brought together several member institutions and included a research team of 20-people and crew.
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FIGURE 2. Deployments of oceanographic equipment in the scope of the EMSO-PT pilot oceanographic campaign on-board IPMA’s RV Mário Ruivo. (A) RV Mário Ruivo owned by IPMA. (B) Water column profiler being deployed by the Centre of Marine Sciences and University of Algarve team. (C) Ocean-bottom seismometer deployed by Instituto Dom Luiz and Associação para a Investigação e Desenvolvimento de Ciências teams. (D) Glider deployed by the Institute for Systems and Company Engineering, Technology, and Science Team.



Water Column Profiler

A fixed mooring consisting of a water column profiler and an acoustic doppler current profiler was installed, for the first time, on the Portuguese coast, to measure permanently in the water column: temperature, salinity, chlorophyll, dissolved oxygen, and pH (Figure 2B). The vehicle, powered by wave energy, takes repeated measurements of the first 150 meters of the water column, resulting in about 100 vertical profiles per day, contributing to the knowledge of the vertical structure of the ocean which is essential to validate hydrodynamic models. On October 9th the equipment was recovered with the support of the fishing vessels Finisterra I. After these tests, in the first semester of 2022 the equipment will be deployed.



Ocean-Bottom Seismometers

Three OBSs were deployed and placed on the seafloor to monitor structures that are moving, near the São Vicente canyon and the Gorringe Ridge (Figure 2C). Its aim is to collect data that will allow to understand what types of faults exist and their dynamics. Inside the OBSs, biological traps were placed to identify bacteria that live in the depths. On October 14th two OBSs were recovered with the support of RV Mário Ruivo. The third OBS is planned to be recovered in the first semester of 2022. Tests were very positive, and so OBSs will be deployed targeting long-time series starting from 2022.



Glider

Within EMSO-PT oceanographic campaign a glider was deployed offshore the coast to test the sampling of a set of chemical and biological variables with the aim of evaluating the effort need to extend Lagrangian observations as a complement to fixed platforms (Figure 2D).



FerryBox

Prior to the campaign, the vessel was equipped with a “FerryBox” (Petersen, 2014). It was used a prototype developed by Undersee, created in 2016 and launched under European Space Agency – Business Incubation Centres Portugal to develop the first Portuguese “FerryBox” system, that allowed for autonomous water monitoring while the ship was underway. Sensors available include water temperature, salinity, chlorophyll, pH, and dissolved oxygen. Further tests of this prototype, or similar instruments, will be done in the following sea-missions of RV Mário Ruivo to allow fine tuning for open ocean operation, aiming at its use by commercial ships, and promoting the cooperation with the economic sector in marine data acquisition.

Results from this first survey will be disseminated through EMSO-ERIC channels. For the years to come, annual EMSO-PT oceanographic campaigns onboard the RV Mário Ruivo are planned for the testing, deployment, maintenance and/or recovery of equipment and data dissemination will follow the same procedure.



Outreach

A short documentary about the EMSO-PT pilot oceanographic campaign is available from IPMA’s YouTube channel. Not only this documentary is relevant in terms of reaching the scientific community and national administration in terms of the effort necessary to perform these surveys, but it is also very relevant in terms of outreach targeting general society aiming at raising awareness. Besides being available on-line, on October 12th, 2021, the documentary was presented in two sessions of “FIC.A – International Science Festival” a Portuguese festival that offers a programme focused in the fields of science, technology, culture and art. Other short movies and outreach initiatives – mostly linking with visits from schools to the RV Mário Ruivo – are either done or planned in the scope of EMSO-PT initiative. Another example of a science communication video is also available at IPMA’s YouTube channel describing the EMSO-PT project and the importance of sea observatories. This movie presents the water column profiler deployed in the first EMSO-PT oceanographic campaign and the deep sea observatory EGIM to be deployed in 2022.




MOVING FORWARD

With the start of the UN Decade of Ocean Science, research priorities to support the sustainable use of ocean and coastal resources and their conservation are in the spotlight. With the increased awareness that science is the baseline to address this challenge, at present we are at the most favorable time to boost initiatives that converge to wider geographic scope initiatives as EMSO-ERIC. This adds an additional responsibility to scientists that must be ready to take advantage of this opportunity. Now is the time to take a step forward in ocean observation, despite (and because of) the complexity of ocean and coastal agendas, the multitude of approaches to marine spatial planning, magnified by often-conflicting interests between economic activities and nature conservation.

EMSO-PT roadmap implies the following stages:


1)to revisit the scientific key issues and science services to be addressed related with the seafloor and water column previously identified in the scope of EMSO-ERIC;

2)to clarify the data needed to address scientific issues and foster means to better identify the needs of information and better connect to stakeholders, including societal needs, in the scope of Blue Growth ambition;

3)to establish a sustainable monitoring program of the seafloor and water column, while resorting to satellite and modeling efforts;

4)to identify new platforms and technology for complementing data acquisition and foster higher coverage of ocean observations by means of fixed platforms (e.g., deployment of two EGIM’s off the Portuguese coast in 2022) to extend Eulerian observations and also mobile platforms (e.g., autonomous vehicles) to extend regular Lagrangian observations to major water masses that interact with the different Portuguese Atlantic territories;

5)to reinforce the link of EMSO-PT with the goals of other initiatives, such as the GEOSTAR mission (Beranzoli et al., 2002; Miranda et al., 2015), that targeted to deploy in the sea-bed a bottom station designed to support operation of a wide range of sensors able to collect multidisciplinary data on the same location;

6)to strengthen the data acquisition, processing, management, and dissemination infrastructure in order to assure its quality and widespread use;

7)to contribute to the establishment of links with and between other ocean observation initiatives, such as OceanSITES, an integral part of the Global Ocean Observing System, to foster the Findable, Accessible, Interoperable, and Reusable (FAIR) data principle, and harmonize data quality control, format and metadata procedures; and,




8)to find strategies to deal with marine big data challenges in the phases of data storage, data computing, and analysis in accordance of the guidelines of EMSO-ERIC and other initiatives led by IPMA, as the “Atlantic Observatory – Data and Monitoring Infrastructure” project (Silveira et al., 2022) and the digital platform “we are Atlantic.”





DISCUSSION

The pressures on the ocean and its resources will increase in the next decade owing to climate change and human activities. Our ability for sustainable management of the ocean will depend on the data collected and the information and knowledge derived from it. The study of the ocean – open ocean, deep sea or even processes in shallow coastal waters – needs sustained long-term observations and new distributed ocean observatories are required. The means to collect data are vital and ocean observatories must be acknowledged as the backbone of ocean management.

Despite the existence of several platforms capable of data acquisition in Europe, and worldwide, data coverage is asymmetric and still insufficient to deal with new challenges arising in ocean science. This situation must also be seriously taken into consideration because oceans have no watertight borders and unless data coverage is representative, our common ocean is at stake.

“The EU Blue Economy Report 2021” (European Commission, 2021), provides an overview of the performance of the EU economic sectors related to oceans and the coastal environment, and stated a turnover of €650 billion in 2018, and the EU blue economy is referred as being “in good health.” But in the absence of representative ocean data can we assess the impacts of blue economy in its overall success? Adding to the pressure of climate change, human activities and the expected boost of the “Blue Growth”?

EMSO-PT aims to be a contribution toward this end in providing data, information and knowledge converging to the “big picture” of the state of the ocean. It is foreseen that data from fixed Eulerian observations observatories (e.g., EGIM) will be complemented with data collected by mobile platforms (e.g., autonomous vehicles) to extend regular Lagrangian to major water masses that interact with the different Portuguese Atlantic territories. It is foreseen that EMSO-PT will foster the establishment of a multidisciplinary monitoring network joining the efforts of 15 Portuguese research institutions toward interinstitutional cooperation and collaboration, vital for the success of such an ambitious (and needed) goal.
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Continental Shelf Extension
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arine and Environmental
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Faculty of Engineering of
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Centre for Environmental
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Faculty of Sciences of the
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Instituto Superior Técnico

Centro de Investigagao
Tecnoldgica do Algarve

Space & Earth Geodetic
Analysis Laboratory

CEilA

University of Evora

University of the Azores

Public institution under the jurisdiction of the Portuguese Ministry of Sea. Has
responsibilities at national territory level in the areas of the sea and atmosphere.
PMA is the coordinator institution of EMSO-PT.

nstitution integrated in the national scientific and technological system,
recognized in teaching and innovation in Engineering.

Associate Laboratory with more than 30 years of experience in R&D and
echnology transfer. Its participation is led by the Centre for Robotics and
Autonomous Systems.

Public institution belonging to the Ministry of the Sea, whose mission is to
prepare, present and support the proposal for the extension of the Portuguese
continental shelf to the Commission on the Limits of the Continental Shelf.
Research and advanced training institution of the University of Porto, working at
he frontier of Ocean Knowledge and Innovation.

ndependent non-profit research organization within the University of the
Algarve system, dedicated to R&D in marine sciences.

Higher education institution that undertakes activities in the realms of education,
research, and innovation at international level.

Associate Laboratory, within the University of Aveiro, aims to foster impactful
research and innovation and promote a knowledge-based, sustainable
economy.

Education and research institution, which aims to promote the quality of the
higher education and to develop competitive research units, both at a national
and at an international level.

Part of the University of Lisbon, a premium engineering, science, and
echnology school in Portugal that integrates competences from all fields of
engineering and fundamental sciences.

Non-profit research organization with the objective of providing a link within the
innovation chain between fundamental research as a source of knowledge and
practical application as the use of knowledge which can be commercially
exploited.

Part of the University of Beira Interior, it has vast experience in the acquisition
and processing of global navigation satellite system.

Centre of Engineering and Product Development that designs, implements, and
operates innovative products and systems for high-tech industries, such as, the
aeronautics, automotive, urban mobility, ocean, and space ones.

Higher education institute including R&D with a mission to produce knowledge
through scientific and artistic research, experimentation, technological and
humanistic development.

Centre of Instituto do Mar (IMAR) is integrated in an Associated Laboratory
based in Horta. They are strategically involved in the study of open-ocean and
deep-sea ecosystems, with a special focus on the Atlantic but with extensions
to other ocean basins.

Coordination of the ocean observatory located SW of Cape Sao Vicente (South
of Portugal), in the Gulf of Cadiz. Vessels operations and equipment test. Data
streaming. Research focus: geo-hazards and geodynamics.

Marine robotics. Functional and technical specifications of the
equipment-autonomous platforms. AUV. Research focus: ocean engineering.
Coordination of the ocean observatory located off the coast of Agugadoura
(North of Portugal). Marine robotics. Functional and technical specifications of
the equipment-autonomous platforms. AUV. Research focus: ocean
engineering.

In situ studies. Servicing and maintenance of deep sea observatories with the
support of ROV Luso. Research focus: strategic raw materials.

Deep sea biology. Eutrophication. Micro-biological resources and adaptation of
organisms to deep sea. Research focus: ocean productivity and non-renewable
marine resources (bio).

Oceanographic data management. Research focus: climate.

Marine robotics. Functional and technical specifications of the
equipment-autonomous platforms. AUV. Research focus: ocean engineering.
Geophysical exploration and data management. Research focus:
non-renewable marine resources (bio and geo).

Marine Geo-resources. Strategic raw materials. Research focus: deep-sea
hydrothermal processes.

Marine robotics. Functional and technical specifications of the
equipment-autonomous platforms. AUV. Data-driven vertical profiler Research
focus: ocean engineering.

Ocean geophysical and biological monitoring through passive acoustics. Impact
of man-made underwater sound. Research focus: marine acoustics.

Global navigation satellite system targeting observations for scientific
applications.

Marine robotics. Research focus: ocean engineering.

Integration between deep sea and land seismic networks. Research focus:
active seismic processes.

Coordination of Azores Node. Environmental impact analyses. Research focus:
marine ecosystems dynamics.





