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CSIC SCIENTIFIC CHALLENGES: TOWARDS 2030

What are the major scientific challenges of the first half of the 21st century? Can we
establish the priorities for the future? How should the scientific community tackle them?

This book presents the reflections of the Spanish National Research Council (CSIC)
on 14 strategic themes established on the basis of their scientific impact and
social importance.

Fundamental questions are addressed, including the origin of life, the exploration
of the universe, artificial intelligence, the development of clean, safe and

efficient energy or the understanding of brain function. The document identifies
complex challenges in areas such as health and social sciences and the selected
strategic themes cover both basic issues and potential applications of knowledge.
Nearly 1,100 researchers from more than 100 CSIC centres and other institutions
(public research organisations, universities, etc.) have participated in this analysis.
All agree on the need for a multidisciplinary approach and the promotion of
collaborative research to enable the implementation of ambitious projects focused
on specific topics.

These 14 “White Papers”, designed to serve as a frame of reference for the
development of the institution’s scientific strategy, will provide an insight into
the research currently being accomplished at the CSIC, and at the same time, build
a global vision of what will be the key scientific challenges over the next decade.
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ABSTRACT

The ocean is a fundamental element for the
Earth and for the wellbeing of human societies.
It influences weather and climate, impacting
sectors such as marine ecosystems, economy,
tourism, and human health. Urgent actions are
demanded to help in understanding and
managing the ocean in a multidisciplinary and
integrated way. Here we present the major
ocean research challenges for the next decade,
CSIC contributions and leadership.
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EXECUTIVE SUMMARY

The ocean is an integral component of the Earth’s climate system. It covers
71% of the Earth’s surface and acts as its primary reservoir of heat and carbon,
absorbing over 90% of the surplus heat and about 30% of the carbon dioxide
associated with human activities, and producing half of the oxygen we breathe.
The ocean is also a complex and multidisciplinary system with structures and
underlying processes ranging from turbulence to the climate that we need to
understand for sound and knowledge-based management of a system that is
essential for life on Earth.

Furthermore, human actions and activities are drastically changing the func-
tion of our ocean in multiple and interconnected aspects. With these caveats
in mind, marine researchers at the Spanish National Research Council (Span-
ish: Consejo Superior de Investigaciones Cientificas, CSIC) have identified
nine outstanding scientific challenges that we must face in the next decade(s)
in order to support a healthier, safer, more resilient and sustainable future for
our oceans and societies, in line with the priorities set by supranational insti-
tutions such as the United Nations (UN), the Intergovernmental Panel on Cli-
mate Change (IPCC) or the European Commission (EC).

The first challenge tackles the needs for sustained and integrated ocean ob-
servations as a requisite for understanding the ocean’s state and variability and
itsrole in climate regulation. Indeed, the second challenge addresses ocean var-
iability and climate, exploring both physical and biogeochemical processes that

Ananda Pascual and Diego Macias (Topic Coordinators) 9
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influence and determine Earth’s climate. In the third challenge, achieving a re-
silient living ocean, the focus is shifted to understanding how to preserve
ocean’s life and biodiversity while still maintaining the flow of ecosystem ser-
vices. The fourth proposed challenge focuses on ocean health, understood in a
wide concept including how human actions are impacting the state and health
of marine ecosystems and how these impacts are influencing human health
through diverse feedback mechanisms. A safer ocean is the goal of the fifth chal-
lenge, in which the need of a better understanding about natural and anthropo-
genic hazards (defined as infrequent but intense and/or severe events) and ways
to mitigate their impact are explored for the multidimensional marine systems.
Then, the attention shifts to one of the most fragile and critical marine environ-
ments in the sixth challenge, the polar oceans. These regions are suffering the
largest impacts from climate change while their functioning and role in climate
regulation are still largely unknown. On the seventh challenge, key and emblem-
atic coastal ecosystems of Spanish shores are identified, being their main prob-
lems discussed in terms of future needs and priorities. Attaining a sustainable
coast, where more than half of the world’s population lives, in a changing ocean
is the main aim of this chapter. The eighth challenge steps into the emerging
field of big data and artificial intelligence applied to ocean sciences. Thus,
the main constraints and applications of big data to ocean research are explored
and potential solutions are deeply exposed in this chapter. The final challenge
(nineth), oceans and society, explores the multiple connections existing be-
tween these strongly dependent systems. Moreover, aspects such as responsi-
ble research and innovation, governance, management, ocean literacy, and ed-
ucation are explored and detailed in this last chapter.

INTRODUCTION

The ocean is a prime component of the Earth’s system, providing humans with
valuable ecosystem services such as climate regulation, food, energy, miner-
al resources, and cultural and recreational services. Oceans and seas are key
lungs and farms of our planet; they produce half of the oxygen we breathe and
up to the 16% of the animal protein for human consumption. The ocean, cov-
ering 71% of the Earth’s surface, acts as its primary reservoir of heat and car-
bon, absorbing over 90% of the surplus heat and about 30% of the carbon di-
oxide associated with human activities (NASEM, 2017). Consequently, aiming
to achieve climate and societal goals for sustainable future oceans are criti-
cal(Hoegh-Guldberg et al., 2019; Lubchenco & Gaines, 2019).

10 Ocean Science Challenges for 2030
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Yet, human activities have drastically changed the structure and function of
the sub-systems of our planet (atmosphere, biosphere, etc.) and their ma-
jor components (e.g. greenhouse gases). Oceans also trigger some major nat-
ural hazards, which threaten lives, critical infrastructures, and the econo-
my (e.g. sea-level rise). The health and productivity of our oceans are
severely endangered by climate change, overexploitation, ocean acidifica-
tion, deoxygenation, excess nutrients, chemical pollutants, and plastics. Hu-
man activities are, thus, degrading the ocean in many ways: from altering
their ecosystems to impacting their provided system services (e.g., Halpern
et al,, 2015). The size and magnitude of this set of environmental changes
has forced scientists to suggest that we are living in a new geological era,
called ‘Anthropocene’ (Steffen et al., 2011), in which human activities is the
biggest forcing. The growing human impacts on the ocean and their poten-
tial consequences for global change and their effects on wellbeing have been
clearly stated on the IPCC Special Report on the Ocean and Cryosphere in
a Changing Climate (IPCC, 2019).

In this context, the United Nations (UN) has proclaimed a Decade of Ocean
Science for Sustainable Development (2021-2030) to tackle the scientific
challenges that are necessary for a sustainable use of natural resources. With-
in this Decade, the UN wants to encourage the scientific community, the pol-
icymakers, the private sector, and the civil society to think beyond ‘business
as usual’ and aspire for a real change (Claudet et al., 2020). The objectives,
key areas for action, and problems to be tackled in this decade are attached to
the UN Sustainable Development Goals (SDGs), particularly constrained
within Goal 14: Life Below Water.

A similar view has been recently adopted by the European Commission (EC)
with its’ research and innovation mission on ‘healthy oceans, seas, coastal and
inland waters’ within the ‘Horizon Europe’ programme (COM/2018/435). In
this mission, the EC recognizes human impacts on marine ecosystems and their
importance for human wellbeing. This mission, thus, aims to raise awareness
of the ocean’s key roles among citizens and help to develop solutions on a range
of issues using multidisciplinary and transdisciplinary approaches beyond the
classic ‘silos’ attitude to science. As stated by the EC for its ‘mission oceans’: “a
major challengeis to tackle marine and freshwater ecosystem degradation and to
create a sustainable, circular, and blue economy that is based on sufficient quan-
tities of water as well as on healthy and functioning freshwater and marine eco-
systems for the benefit of the current and future generations.”

Ananda Pascual and Diego Macias (Topic Coordinators) 11
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This mission on ocean health is also inbred on the new approach of the EC
to make Europe the world leader on green growth, pushing for a climate-neu-
tral, sustainable, and productive Blue Economy. The European Green Deal,
announced in the political guidelines of the Commission 2019-2024, puts
at the heart of EU actions the transition towards more sustainable and so-
cially fairways of producing, consuming and trading, while preserving and
restoring our ecosystems. Prevention and removal of pollution (chemical,
physical, bacteriological, nutrients, etc.) pave the way towards the EU am-
bition of zero pollution, which will be necessarily driven by behavioral and
socio-economic changes.

During the last decades, ocean science has made great progresses in explor-
ing, describing, understanding, and enhancing our ability to predict chang-
es in the ocean system. However, there is still a need to fully understand the
magnitude of the current problems in order to implement more effective
solutions (Visbeck, 2018; Laffoley et al., 2019). Highly inter- and trans-dis-
ciplinary topics and approaches are internationally encouraged in the field
of marine sciences. The response of marine ecosystems to a changing ocean
can be particularly difficult to predict or even observe in remote habitats
such as polar regions, the deep sea, and the high seas, as well as in many ter-
ritorial waters that lack regular biological monitoring (Murphy et al., 2016;
Levin and Le Bris, 2015). These changes can scale up regionally, which high-
lights the need of ambitious research efforts targeting these relatively poor-
ly known and iconic systems.

Managing the ocean and its natural resources requires that biodiversity and
climate concerns permeate all sectors—spatial planning, fishing, energy ex-
ploration and production, shipping, coastal development, tourism, and oth-
ers—, as well as all national, regional, and local development and planning pol-
icies and programs (Claudet et al., 2020). Hence, effective solutions must
support the integration of human and natural systems (Liu et al., 2015; Thiau-
It et al., 2019), and recognize and manage social-ecological tradeofts (Inge-
man et al., 2019).

As humans impact oceanic systems on every spatial scale (from local pollu-
tion to climate change), the ‘Anthropocene’ should be fully integrated across
all subsequent challenges. Acknowledgment of humans as an interactive and
dominant force necessitates the full inclusion of the anthroposphere in Earth
System analyses, so long gone are the days when Earth science used to encom-
pass only natural scientists. We must, therefore, move beyond traditional

12 Ocean Science Challenges for 2030
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disciplinary boundaries, and engage with those working on complementary
aspects of marine research. New synergies across disciplines in physical, nat-
ural, and social sciences, as well as humanities, engineering, business, and oth-
er fields, should promote new knowledge to inform sustainable development
options for our oceans and seas (Claudet et al., 2020). Designing and deploy-
ing integrated approaches will lead to systemic solutions regarding the ocean’s
health and planetary boundaries.

In the same line, science-policy integration should be fostered, as evi-
dence-based decision making should be fully rooted in science. We need to
produce science that fits the policy-maker needs so that it can be better trans-
ferred into action (Dilling and Lemos, 2011). It is, hence, necessary to improve
the way in which scientific results can quickly and effectively inform action,
and how we measure the impact of global and regional policies on the ocean
(Claudet et al., 2020). To achieve and maintain a sustainable development
promoted from the political leaders, mission-driven science (sensu Mazzu-
cato, 2018) is needed to inform policies and raise the knowledge bar of all
stakeholders.

In this international setting, the Spanish National Research Council (Span-
ish: Consejo Superior de Investigaciones Cientificas, CSIC), as the largest re-
search institution in Spain, aims at defining the future challenges to be tack-
led within the context of ocean research. The challenges listed in the present
work have been identified by CSIC researchers taking into account their ex-
pected positive impact for the society and considering recent scientific devel-
opments, societal needs, and the priority research lines defined at interna-
tional levels. By definition, challenges are characterized by its large complexity,
their need to be tackled by multi- and trans-disciplinary teams, and the un-
certainty about their full achievement. They represent, thus, the current
boundaries of the ocean sciences, which have been defined taking into con-
sideration the key aspects detailed above.

The challenges described in this chapter represent the areas where CSIC will
concentrate its efforts in pushing the limits of scientific knowledge to support
a healthier, safer, more resilient and sustainable future for our society and our
oceans along the next decades. They are deliberately multi- and inter-disci-
plinary reflecting the need to tackle current marine challenges simultaneous-
ly and not sequentially (Lubchenco et al., 2015). This list is not exhaustive nor
closed, but it will be regularly updated in order to account for the future de-
velopment and needs of our society. Furthermore, this work also presents

Ananda Pascual and Diego Macias (Topic Coordinators) 18
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CSIC leadership and capacities to achieve the challenges, as well as the re-
sources needed to fulfill those aims. CSIC challenges are fully aligned with
SDGs and the recent UN initiative declaring the oceans as the new frontier
and the Decade of Ocean Science for Sustainable Development (2021-2030).
These challenges aim to engage the scientific community, policy-makers, busi-
ness, and civil society within a framework of joint research and technological
innovation. In this regard, CSIC, through its high-level multidisciplinary sci-
entific teams and technological experts, is already contributing to the six so-
cietal outcomes of the Decade: a predicted ocean, a safe ocean, a transparent
and accessible ocean, a clean ocean, a healthy and resilient ocean, and a sus-
tainably harvested and productive ocean.

14 Ocean Science Challenges for 2030
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ABSTRACT

Sustained and integrated ocean observations
are vital to establish the ocean state and
variability, to understand the ocean’s role in
climate change. We revise the international
frame of ocean observation and the main
scientific and societal questions that require
multidisciplinary data at a wide range of spatial
and temporal scales, and from the nearshore to
the open ocean. We present the observing
challenges for 2030, CSIC leadership and
capacities to achieve them.
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1. INTRODUCTION AND GENERAL DESCRIPTION

Sustained ocean observations?! are vital to establish the ocean state and variabil-
ity, to understand the ocean’s role in climate change facilitating climate predic-
tion and scenario development and contributing to testing and improving climate
models. Ocean observations and modeling are also essential to preserve ocean’s
health and to respond to real time society needs at regional and local scales, to as-
sure the sustainability of natural resources, the preservation and science-based
management of the marine and coastal environment, and to respond and man-
age marine geo-hazards. The international frame for science, technology and so-
ciety driven questions that require ocean observation and that need to be ad-
dressed in a 2030 horizon is well established (NASEM, 2017) and specific details
are provided in the other challenges from the CSIC Ocean Strategic Theme.

Research infrastructures and international cooperation are two key elements
of ocean observation at CSIC2. Research vessels continue to be essential, es-
pecially because they allow multidisciplinary teams of scientists, technical

1 To be understood in all this challenge as considering both in situ & remote observations, modeling and data, therefore covering the
whole ocean data value chain.

2 Plan Estratégico del CSIC en Grandes Infraestructuras de Investigacion (y propuesta de Plan de Accién 2020-2021), Torné et al., 2020 -
http://dx.doi.org/10.20350/digitalCSIC/12502.
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staff and students working together on a common goal and they also provide
a platform for enabling other infrastructures, such as autonomous and re-
motely operated vehicles; samplers and sensors; moorings, ocean bottom and
cabled systems, etc. In parallel, new monitoring technologies are being pro-
gressively implemented in the world ocean leading to major changes in our
understanding of its variability. For example, the last decade (2000-2010) has
seen the development of the Argo profilers’ sustained program that, togeth-
er with essential satellite and modeling components, contributed to the char-
acterisation and understanding of the large-scale variability in the open ocean.
More recently (2010-2020), multi-platform ocean observing systems such as
IMOS in Australia, IOOS in the US, or SOCIB in Europe have been implement-
ed, responding to a twofold paradigm change in ocean observation: from sin-
gle platform to multi-platform ocean observation and from proprietary data
to free, open and quality-controlled data, in some cases available in quasi real
time. The real challenge for the next decade is the integration of theses new
technologies and multiplatform systems to (1) monitor the variability at small
scales, e.g. mesoscale/weeks3 in order to (2) resolve the sub-basin/seasonal
and inter-annual variability and by this (3) establish the decadal variability,
understand the associated biases and correct them.

Ocean observation is today intrinsically linked to open and quality-con-
trolled data in accordance with TRUST (Transparent, Responsible, User fo-
cus, Sustainability, Technology) and FAIR data (Findable, Accessible, In-
teroperable and Reusable data) principles. Accordingly, the International
Oceanographic Data and Information Exchange strongly encourages, with-
in the Quality Management Framework, to develop, implement and manage
quality management systems to ensure that data providers can prove their
capabilities to provide data and services in compliance with established
standards and responsibilities. The quality management systems have to be
reviewed to ensure compliance with international ICSU World Data System
and IODE standards.

The importance of accurate and reliable observations of the ocean has always
been recognized by the scientific community and has been recently remarked
by international expert committees such as the Intergovernmental Panel on
Climate Change, [IPCC, 2019], and the Committee on Earth Observation Sat-
ellites. Assuring their availability is among the objectives of a number of

3 Where the maximum of Kinetic Energy is found, and now, yes, we can monitor at these very high resolution.
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international projects, e.g., the European Commission, EC’s Copernicus pro-
gram, the European Space Agency, ESA’s Climate Change Initiatives.

The CSIC Ocean Observing challenge is well inserted in this international
ocean observing strategy, combining and integrating in situ and remote obser-
vations with modeling and data management. In this general frame, significant
steps forward have been achieved in recent years in bringing together the wide
range of ocean observing networks, forecasting initiatives and data portals,
from the open ocean to the coasts. The Global Ocean Observing System (GOOS)
is a good example and has resulted in the implementation of the Essential
Ocean Variables4 concept. The new 2030 GOOS Strategy (GOOS, 2019) is an
example of a scientific excellence driven observing system that is also consid-
ering more and more societal and coastal applications. This science and so-
ciety international strategy is fully in line with the CSIC mission and is again
akey element of the CSIC Ocean Observing Challenge.

Therefore, Spanish and European ocean research require a suite of integrat-
ed observatories covering a broad range of spatial and temporal scales from
the nearshore to the open ocean. Consequently, a CSIC Sustained and Inte-
grated Ocean Observation Plan, well coordinated with the Spanish National
R&D&I Plan is essential to be able to respond to science priorities and soci-
etal needs. This plan is presented here in a 2030 horizon and will have to be
monitored annually and reviewed every 5-10 years.

2. IMPACT IN BASIC SCIENCE PANORAMA
AND POTENTIAL APPLICATIONS

Addressing the most significant oceanographic research and societal requests
in 2030 will require a comprehensive range of ocean observing multidiscipli-
nary platforms and a strategic effort for integration of all the data. In this sec-
tion we have focused on the science and society questions that are likely, not
only to still be relevant, but even more pressing in 2030.

Many of the questions described below reflect challenging scientific problems
that will likely take decades to solve, especially if only limited resources are
available. These include the need for a global observational framework with
sustained ability to monitor changes in the ocean and enhance prediction of
the coupled ocean-atmosphere system, a capability to focus on process

4 Three associated GOOS Expert Panels: Physics and Climate, Biogeochemistry, Biology and Ecosystem.
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studies that improve understanding, a focus on environmentally sensitive re-
gions and the flexibility to deploy infrastructure during events or emergen-
cies. More specifically:

2.1. Major Science questions

e Howwill ocean circulation and distribution of heat and carbon affect the
climate system, climate impact and climate variability? How do they
respond to natural and anthropogenic drivers?

e What processes dominate mixing in the ocean and on what space and
time scales?

e What will be the interaction between major ocean currents and the shelf
environments and their influence on the ecosystem variability ?

e How will coastal ecosystems and communities respond to multiple
stressors?

e How does littoral water quality respond to land based water regimes and
uses?

e How will climate change affect the long term variability (volume, heat,
salt and nutrient transport) of major boundary currents and cycles of
primary production?

e How will ocean acidification affect marine organisms and ecosystems?

e How will regional effects of climate variability affect sustainable fisheries
and ecosystem changes?

e How will sealevel change on a range of spatial and temporal scales and
what are the potential impacts in the nearshore?

e How will ocean observations be more effectively integrated per se and
more effectively contribute to ocean forecasting through data
assimilation?

e How marine geo-hazards (earthquakes, submarine landslides and
tsunamis) can be mitigated ?

2.2. Major societal questions

The ocean affects us all. It influences weather and climate, impacting many
sectors such as agriculture, marine and coastal activities, marine ecosystems,
tourism, living conditions, human health and disaster preparedness, both re-
gional and globally®. Sustained ocean observations are needed and vital to

5 JCOMM Observing System Report Card 2018
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support the Blue Economy which is predicted to more than double its contri-
bution to the global value-added economy, reaching over $3 trillion by 2030
(OECD, 2016). In this challenge, the Blue Economy is understood as a knowl-
edge-based economy looking to the sea, not really for extraction of natural
goods but for data to address societal challenges and inspire solutions. Ac-
cordingly, the following societal questions are identified:

e How can we ensure sustainable food production in the ocean?

e What advances will be made in forecasting and mitigation of the impacts
of extreme events?

e What advances will give real time response to major natural and
anthropogenic hazards (tsunamis, oil spills at sea, etc)?

e How will broadly accessible virtual & distributed data centers and locally
held databases, aligned with the FAIR data principles, be established and
better ad hoc tools developed to improve access to information by society?

e What are the impacts associated with the changes in sea ice, especially
on the general circulation of the ocean, the climate and the primary
productivity? Can the most harmful changes be mitigated ?

e Whatis the role of plastics, coastal pollutants and pathogens on human
and ecosystem health?

e How will continued innovation contribute to ocean infrastructures’
development - including data - and optimization of use?

e Whatis the optimal way of ensuring the next generation of ocean
observing infrastructures and the continuity of the current long-term
observations?

e How public leadership in RDI is leading and contributing to innovation
- in particular for example in research ships building — and enhancing
private sector leadership in Spain6?

3. KEY CHALLENGING POINTS

3.1. CSIC Ocean Data Centre and Research Fleet

Decades of marine research activities led by CSIC have produced valuable his-
torical data that are scattered across the institutes and even archived analog-
ically in data reports. Yet a non-negligible amount of data is produced regu-
larly through individual research cruises on board the Spanish fleet. Different

6 The Sarmiento de Gamboa public investment of 25 million Euros initiated in 2002 implied in 10 years, commercial contracts of the
order of 300 million Euros for new research vessels at Freire shipyard (SOCIB IP, 2010).
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European initiatives such as SeaDatanet, EMODnet, CMEMInstac, among
others, have tried to coordinate the compilation of multidisciplinary data -
including metadata — acquired from a variety of ocean platforms: ships and
all the associated equipments, moorings, coastal sea level stations, drifters,
gliders, AUV’s, etc. Such data represent an incommensurable wealth of infor-
mation about the evolution of the oceans in the recent past. It is today well es-
tablished that we need long and reliable time series to respond to many of to-
day’s societal questions and accordingly, and aligned with major EU and
international initiatives, we propose to organize all existing historical and
present ocean data in anew CSIC Ocean Data Center.

Most of the historical data were collected from research vessels such as the
B/0O Garcia del Cid, the BIO Sarmiento de Gamboa fom CSIC and the BIO Hes-
pérides, operated by the Spanish Navy but with scientific operations being
carried out by CSIC/UTM well trained technicians.

However, both ships are more than 40 and 30 years old respectively and im-
mediate replacement is needed for the B/O Garcia del Cid to assure ship avail-
ability for scientists and regional at sea operations with technical and deep-
sea capabilities. Finally, it is also important to support the Ministry of Science
actions for a new research and logistics polar vessel.

In summary two specific goals and two complementary actions emerge. The
goals are:

CSIC Ocean Data Center: the general goal is to foster the recovery, exploita-
tion and preservation of historical data for climate studies and enhance the
existing real time and delayed mode data management procedures (mostly
but not only at UTM & SOCIB) including data distribution to major Europe-
an and International data portals (e.g., EMODnet, SeaDataNet, Copernicus,
GEOS, PANGEA). The CSIC Ocean Data Center will fill a historical gap and
present need and will also contribute significantly to increase CSIC interna-
tional visibility. For this, we plan to use existing know how and the distribut-
ed resources to launch an initiative at CSIC scale to recover historical data,
performing all the required tasks (harmonization, quality control, metadata)
and to apply similar data management procedures to all new CSIC Ocean &
Coastal Data, to guarantee sound archive of all CSIC marine data according
to FAIR principles and compliant with the OGC standards on data formats
and services. This initiative will also contribute to the reinforcement of Dig-
ital CSIC as arecognized standard data repository.
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FIGURE 1.1-Research vessels of the Spanish fleet: Garcia del Cid from CSIC (left), Hespérides (center)
and Sarmiento de Gamboa (right).

CSIC Regional Research Vessel: to develop a new regional research vessel
(30-40 m LOA), to mitigate the ageing of current oceanographic vessels, the
limited availability of ship time of the rest of the regional oceanographic fleet
and their limited operational capabilities. It should be a multi-purpose plat-
form flexible enough to operate regionally but with deep-sea capabilities and
general support for launching and operating a new generation of autonomous
and remote vehicles (AUV, ROV, etc.).

The two complementary actions from CSIC are related to ongoing research ves-
sels initiatives from the Spanish Ministry of Science and Innovation and the
Spanish Polar Committee. The first one is related to the existing scientific and
technical discussion for a New Open Ocean Research Vessel with polar capaci-
ties to substitute BIO Hespérides, and the second is related to a New Polar Re-
search & Logistics Vessel to provide direct support to the Antarctic spanish year-
ly projects developed on polar stations and camps. Further details can be found
in the Polar Challenge. CSIC researchers fully support these two initiatives.

3.2. Multi-platform integrated observation and modeling

in key selected areas

Understanding ocean variability requires appropriate sampling schemes and
different observing platforms and modeling capabilities that are today avail-
able, and that were not available ten years ago. Since this cannot be done in all
oceanic areas, it is important to focus efforts on science and society driven re-
gions where major advances can be expected.
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CSICis awell-respected international actor in these changes in ocean obser-
vation and modeling, well-coordinated in Spain with the initiatives from the
Spanish Ministry of Science and Innovation through COCSABO?7, the Nation-
al Ports Authority and the Spanish Institute of Oceanography. The coordinat-
ed access to ocean infraestructures, including on-land sensors (Simarro,
2017), fixed stations (e.g. the Gibraltar Fixed Time series observatory (Fle-
cha, 2015), research vessels, gliders, Argo profilers, drifters and buoys
(Garcia-Ladona, 2016; Tintoré et al., 2013), remote sensing, and data access
facilities, among others, has positioned CSIC and the Spanish scientific com-
munity in a leading position in the observation of the ocean in Europe.

To understand the ocean state and variability from large to local scale and its
biogeochemical impacts such as for example, ocean acidification, four specif-
ic regions and areas of interest have been identified: the Atlantic Ocean, the
Southern Ocean, the Polar Regions and the Boundary Currents, in all of them,
fully aligned with major international initiatives and existing and ongoing sci-
entific work and/or alliances. The specific proposal in this challenge is to fo-
cus on these regions and make use of existing research vessels transits com-
plemented by existing and new sustained glider transects to obtain the full
benefits of the ship based multidisciplinary efforts.

Atlantic Ocean: yearly regular transits to Antarctica performed by both the
R/V Hespérides and the R/V Sarmiento de Gamboa are excellent opportuni-
ties to advance our understanding on ocean variability at yearly to decadal
time scale. Associated with these transits, we also propose to complement
these observations with new sustained monthly glider endurance lines from
Vigo and Cadiz up to the open ocean (6 gliders in each one) that will provide
aweekly to monthly variability of quasi continuous and real time physical and
biogeochemical data (further details in the forthcoming Boundary Currents
subsection). This initiative will be also linked to the North Atlantic section
A-25 of Go-Ship international program. The integrated CSIC data obtained
and the associated understanding of ocean variability will be a major asset to
enhance CSIC participation in EU initiatives such as EuroSea and forthcom-
ing Atlantic based projects (AIR Center, Horizon Europe, etc.).

Southern Ocean: The Drake Passage is one of the most navigated accesses to
Antarctica but less systematically monitored due to its weather. We propose
to establish a CSIC fleet of underwater gliders (6 gliders initially) to fill the

7 Commission for Coordination and Monitoring of the Oceanographic Vessel Activities
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observational gap from the BAE Juan Carlos I to Cabo de Hornos, to provide
real time data and monitoring the upper ocean physical and biogeochemical
variability. Contacts already exist for local support from INACH and from the
US (NOAA - Antarctic Ecosystem Research Division - and Rutgers
University).

Polarregions: Maintaining and increasing the technological and logistics ca-
pabilities of the current Spanish polar fleet is essential to guarantee the de-
velopment of polar ocean observations and the implementation of the Span-
ish Antarctic program. Both the Spanish Polar Committee and the recent
strategic plan of CSIC’s Research Great Infrastructures point out the neces-
sity of replacing in the near future (2027) the only Spanish ship with polar ca-
pabilities, the BIO Hesperides, to be decommissioned. The goal is therefore
to design an “oceanographic & logistics” vessel maximizing its efficiency (op-
erating time) with respect to its maintenance and operation costs. In addi-
tion, current and forthcoming satellite missions (e.g,. CryoSat, Saral AltiKa,
SMOS, CIMR), combined with in situ data from Argo floats, marine mammals,
etc., should contribute to improve the quality and coverage of the
observations.

Boundary currents: Ocean boundary currents are the hot spot of the societal
use of the ocean, for instance for fisheries, transportation, and recreation.
Boundary currents play a key role in the transport and distribution of heat
and biogeochemical variables. At large scale, they form western and eastern
boundary currents, important drivers of climate variability (Rudnick, 2016).
In marginal seas, boundary currents flow along the continental slope and drive
the main exchange with the open ocean, impacting the marine ecosystems
(Ruizetal., 2019). A cost-effective way to improve the sampling of the bound-
ary currents is through sustained observational programs using autonomous
underwater gliders. Gliders are well-suited to sample the Atlantic and Medi-
terranean Spanish boundary currents (Barcel6-Llull et al., 2019) and up-
welling systems. Establishing a CSIC glider fleet for sampling key sections of
the Atlantic and Mediterranean Spanish ocean boundary currents will con-
tribute to i) complement existing observing systems in Spain, ii) increase the
spatial and temporal resolution of measurements, and iii) observe the varia-
bility of the boundary currents in real time, across all seasons and under fa-
vorable or adverse weather conditions. The plan is to establish a fleet of 30
gliders, 6 in Vigo, 6 in Cadiz, 6 in Barcelona/UTM, 6 in BAE Juan Carlos I/
UTM, and 6 in Mallorca at SOCIB&IMEDEA.

Joaquin Tintoré and Antonio Turiel (Challenge Coordinators) 25

Copia gratuita / Personal free copy  http://libros.csic.es



CSIC SCIENTIFIC CHALLENGES: TOWARDS 2030

3.3. Filling observational gaps: Meso and submesoscale
Asintroduced in section 1, understanding the three dimensional pathways as-
sociated with meso and submesoscale structures and its impact on the large
scale ocean circulation and climate is today one of the most important inter-
national challenges (Mahadevan et al., 2020). Velocities at mesoscale are also
of particular relevance due to their role in a wide range of scientific and soci-
etal problems (maritime security, fisheries, coastal interactions, climate pre-
diction, etc.). Sound combination of sa