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Abstract: In the last decade, several initiatives have been taken at a European level to adopt the
Marine Strategy Framework Directive (MSFD) by promoting coordination and stimulating integrated
actions leading to consistent views on its final goal: the achievement of good environmental status
(GES). In its holistic approach, the MSFD fully acknowledges the complexity and variability of marine
ecosystems and demands constant scientific support for its actual implementation. Recently, the Joint
Programming Initiative on “Healthy and Productive Seas and Oceans” (JPI Oceans) launched the
joint action “Science for Good Environmental Status” (Science4GES), building on the contribution of
different scientific disciplines and communities to better fulfill the scope of the MSFD. In this paper
we illustrate and discuss a few crucial aspects of endeavors to implement the MSFD specifically
implied in the definition of the metrics for the 11 descriptors and GES in its complexity, as well as
improving the strategy governing its implementation. This presentation also describes the challenges,
aims and implementation plan for the JPI-O joint action, where a transdisciplinary approach may
help in progressing from the comprehensive and far-reaching vision of the MSFD to the achievement
of a durable GES.

Keywords: Marine Strategy Framework Directive; S4GES JPIO action; Good Environmental Status;
science-based support for MSFD

1. Introduction

The European Integrated Maritime Policy [1] aims to achieve coherence across the
range of economic activities in the marine environment carried out by different marine
sectors. The uses of marine resources should be constrained within sustainable limits,
as stated by the ‘Blue Growth Directive’ [2] and need to be harmonized as outlined by
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the Maritime Spatial Planning Directive (MSPD, [3]). In this context, the Marine Strategy
Framework Directive (MSFD, [4]) sets the standards conducive to sustainable marine
ecosystems, and provides the overarching compliance criteria that need to be followed in
conducting such economic activities (e.g., [5]).

The MSFD promotes actions for environmental assessments, defines environmental
targets and sets programs of monitoring and measures, with the overall objective of
maintaining or restoring the good environmental status (GES) of European seas and
their resources.

Our limited knowledge of the functioning of marine ecosystems is a stumbling block
in securing the long-term sustainable exploitation of seas and the maintenance of marine
ecosystem services over the coming decades (e.g., [6,7]). The MSFD is one of the initiatives
taken so far to establish criteria for the exploitation of the sea with a precautionary approach,
in order to prevent irreversible changes and to possibly revert or mitigate changes already
caused by human activities in the marine realms.

The innovations in environmental policy progress, as proposed by the MSFD, should
reside now in fostering an integrative, holistic ecosystem approach, looking at marine
environments as ensembles of functional units with complex interactions fully coupled with
the socio-economic system. This view constitutes the holistic ecosystem approach, which is
the novel trait of the MSFD (e.g., [8]). However, even considering the marine environments
by themselves, the very many organisms that interact with one another and with their
abiotic contexts form a complex system, whose non-linear dynamics are hard to assess.
Since the survival of one organism depends not only on abiotic (nutrients, temperature,
resources, pollutants, hydrodynamic forcing, etc.) and biotic (metabolic capacity, range of
tolerance to variations, plasticity, etc.) constraints, but also on its interactions with other
organisms, the pressure on one species cannot be understood only in terms of univariate,
prevalently abiotic-biotic interactions. Likewise, because of these multiple interactions the
local extinction or migration of one species may impact the whole community (e.g., [9]),
which thus demands us to go beyond the census of target species [10].

The backbone of the MSFD is a set of 11 descriptors which explicitly address key
traits or processes linked to marine ecosystems, like the perturbations induced by anthro-
pogenic pressures (descriptors 2, 3, 5-8, 10 and 11), and the persistence of the intrinsic
structure (descriptor 1) or functioning (descriptor 4) of the systems [11]. The descrip-
tors are formulated to describe how the processes should go, though very qualitatively,
to secure the good status of such systems. On this basis, the MSFD proposes a list of
indicators (characteristics, pressures and impacts in Annex III in MSFD) which, once de-
termined, should lead to an assessment of the status of the environment (the descriptors)
and subsequently to the overall qualification of the environmental status. Despite the
innovative ecosystem view providing the conceptual framework of the 11 key descriptors
and the connected 57 criteria [2], the implementation of the MSFD faced several difficulties,
among which were discrepancies among the regions in the procedures for the assessment
(e.g., [12-15]), difficulty in moving beyond semi-quantitative assessments often based on
expert knowledge (e.g., [16]), ambiguity in the use of terms (e.g., [11]) and geopolitical
and governance problems [17-21]. Therefore, a number of initiatives have recently been
promoted to improve the implementation of MSFD to comply with its integrative view
in favor of a sustainable use of the sea (e.g., [22,23]). Among these, specific efforts have
explored aspects related to the metrics for the estimation of the various indicators, and
the criteria (and possibly values of the observables associated to the criteria) needed for
the assessment of GES (e.g., [24] for D4). The MSFD came into force in 2008 with the
goal of achieving GES by 2020. This interval represents the timeframe of the directive
and encompasses the necessary time for its implementation at national levels. In 2018,
the directive entered its second cycle (art. 17, [4]) when countries are required to achieve
coherent, coordinated and consistent updates of the determinations of GES. The initial
assessment of, and the member states reports on, the environmental status carried out
in the first six-year period showed a large variety of capacities and approaches, mainly
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describing a range of complexities and difficulties in the implementation of the directive
from several points of view (e.g., [25]). Challenges seem to be associated with the basic
assumptions, i.e., the definition and the metrics connected to the assessment of GES as
clearly revisited and refined in the second commission decision [2]. Moreover, the first
commission’s assessment [26] showed the need for significant improvements in the quality,
coherence and consistency of the definition of GES by member states.

The European Commission recognized that the criteria, methodological standards,
and specifications for GES monitoring and assessment should be based on the best available
science and technology, as well as on their improvements and progress when needed [2].
Despite this growing awareness, a more comprehensive and coherent connection between
science and MSFD still needs to be effected to make practical and operational aspects
efficient in providing effective assessments. In particular, we believe that (i) effective linkages
between emerging knowledge, innovative approaches and techniques in marine science,
and their implementations within the MSFD context should be developed; (ii) criteria,
including threshold values, methodological standards and proper representation of the
MSFD descriptors, improved on the basis of scientific and technical progress, should be
periodically reviewed and amended; (iii) efficient mechanisms to develop and include new
and innovative observational schemes and techniques, available for the member states,
should also be built and strengthened (e.g., [27]). These efforts should lead to more consis-
tency in the determination of the GES of different marine regions in the European seas.

Science must contribute to a revision of criteria, including the introduction of new
criteria; develop sound risk-based approaches where needed; provide rigorous definitions
and sharpen and refine or specify the concept of thresholds and subsequently of GES.
Science also has a responsibility to foster data harmonization and interoperability, as well
as to seek integrations among MSFD descriptors.

MSFD has made a valuable contribution to enhancing the awareness of the need for
the protection of the marine environment within the scientific community, as testified
by the more than 800 papers discussing the MSFD since 2002 (source: https:/ /clarivate.
com/webofsciencegroup/solutions/web-of-science/). However, this does not immedi-
ately translate into social awareness, which is still partial and often disconnected from
institutional initiatives such as the MSFD [28]. Today, after more than ten years of driven
initiatives, it is timely to provide a refreshed perspective with a robust and mature approach
to the definition of GES and its complexity. Indeed, the assessment metrics for the various
environmental aspects covered by the 11 descriptors are critical. In particular, defining
more clearly what we mean with the term “good” in environmental status evaluation is
necessary, as only this can lead to an appropriate, practical approach and the successful
implementation of the directive.

Herein, we report on the challenges, aims, implementation plan and progress of a
European action launched by the Joint Programming Initiative on Healthy and Produc-
tive Seas and Oceans (JPI Oceans) in November 2019 named Science for Good Environ-
mental Status (Science4GES; https:/ /www.jpi-oceans.eu/interdisciplinary-research-good-
environmental-status), which was intended to pave a complementary path to structure
the science—policy interface to support GES. JPI Oceans is an intergovernmental strategic
platform to coordinate and integrate research programs for tackling marine and maritime
challenges. It was officially adopted in 2011 by the Council of the European Union and
involves research funders from the European member states, associated countries and inter-
national partners in different typologies of action (https:/ /jpi-oceans.eu/). The joint action
Science4GES, within JPI, aims to contribute to a better understanding of GES and achieving
it in a more integrative way, i.e., by expanding the ecosystem view up to governance, thus
supporting the implementation of the MSFD and ultimately the sustainable use of the
sea (https:/ /www.jpi-oceans.eu/interdisciplinary-research-good-environmental-status).
Key to this will be improving our understanding of marine ecosystem functioning, how
multiple activities impact the environment, how to fulfil the requests of MSFD (see
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https:/ /www.jpi-oceans.eu/interdisciplinary-research-good-environmental-status) and
how to govern the whole process.

2. Materials and Methods

As anticipated in the Introduction, this contribution is not an experimental study
but is a reflection on the synthesis of a discussion carried on during the preparation of
the JPI-Oceans action. Therefore, it is not based on experiments or novel observations
in the environment. Rather, it is based on a careful reading of the main EU documents
on the MSFD which is part of the truly vast literature published so far on the problems,
methods and practices related to the MSFD. The documents and the studies which were
relevant for illustrating the view of the authors are all included in the References section.
They constitute the materials. The method, as already mentioned, has been the exchange
of ideas taking place mostly in two workshops organized to set up the JP-Oceans action.
Our motivation for proposing publication in Sustainability is twofold. Firstly, Sustainabil-
ity constitutes an “advanced forum for studies related to sustainability and sustainable
development” and the MSFD has been the first attempt at a European level to foster a
holistic ecosystem approach to make the use of the ocean more sustainable. Secondly,
since its formulation, most of the attention of the scientific community has been focused
on the validation, refinements and homogenization of observational methods, i.e., on
the application of MSFD, while, in the view of the authors, some key components of the
MSFD demand a better framing in modern scientific theories, which might improve the
operational approaches to foster sustainability.

3. Results
3.1. Good Environmental Status

The determination of GES is based on fulfilling the criteria, as implicitly established
by the statements summarized by the 11 descriptors of MSFD ([4], Annex I), that describe
the key traits or processes of the systems that should be primarily considered. Their
assessment should be based on the values of ocean variables, associated with different
ecosystem features, and human pressures and their impacts on them. These variables
(human pressures and their impacts), most of which are state variables, and their related
indicators should be relatively simple to measure and communicate, allowing a better
common understanding across disciplines and better information transfer, giving policy
makers a clearer picture of changes and trends in the ocean system.

In subsequent documents, e.g., the commission decision 2017/848 of 17 May 2017, all
of the above was better clarified. The ‘Qualitative Descriptors’ of Annex I of the MSFD,
which were indeed very general criteria, as well as the features and pressure to consider for
assessment, were better explained and translated in the ‘Criteria Elements.” These, in turn,
should have also included appropriate indicators, methodologies and thresholds on the
basis of which the assessment of the status and the achievement of the targets for GES could
be accomplished. In brief, assessment of GES should have been based on the identification
of thresholds for specific indicators, monitored with established methodologies and related
to the features and pressures on marine environments. Thresholds are static values of state
variables while ecosystems vary in space and time.

The resolution of temporal and spatial variability, as well as of environmental feedback,
in the marine realm remains particularly difficult, because of its intrinsic complexity and the
non-linear dynamics (e.g., [29]) and internal connectivity that strongly characterize these
ecosystems [30-33]. This also implies that the determination of statistically robust trends
requires long-term time-series datasets, whereas indicators may also show different and
delayed responses to anthropogenic pressures and changes in environmental hydrological,
climatic and ecological conditions (e.g., [34]).

The analysis and identification of threshold values through EU and regional coopera-
tion (particularly the most recent DG-ENV-supported projects MEDCIS and MEDREGION
for the various descriptors, and the past research on thresholds of the DG-ENV activities
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ActionMed, IRIS-SES and H2020 DEVOTES), represent a scientifically challenging task
(e.g., [5,35]). Threshold identification assumes a sufficient knowledge of the dynamics
of the system to allow us to anticipate a shift in its functioning, should the threshold be
exceeded. Knowledge of (i) regime shifts and tipping points in ecosystem responses, and
(ii) the physical, biological and biogeochemical dynamics of the system, are therefore key
in the identification of relevant threshold values.

The achievement of a long-lasting GES might be better warranted by considering
these ecosystems as dynamical entities, better characterized by trajectories than by the
fixed values of observables [16,36]. Furthermore, besides profiting from the continuous
growth of new observational and numerical tools (e.g., [27-29]), the implementation of the
MSFD would also benefit from an integrated approach to data analysis.

An improved MSFD approach should, therefore, take into account a clever exploitation
of additional tools, such as the advanced use of computational methods to map and model
environmental changes and impacts (e.g., statistical or mechanistic ecological models);
their coupling with observational data, also via data assimilation; their interoperability
via open standards and the exploration and exploitation of new technologies, sensors
and additional variables (e.g., [37-39]) which may fill existing gaps in understanding key
processes in marine ecosystems. In summary, the MSFD sets sound, broad ‘criteria’ as the
basis for the evaluation of environmental status. However, as a common methodological
approach was not proposed by the EU to the member states, metrics were not provided
and protocols were not constrained, and so the implications of dealing with geographically
distinct, dynamically different, complexly behaving marine ecosystems remain unsettled
(e.g., [12,26,40,41]).

3.2. How to Achieve Science-Based Support for the Implementation of MSFD?

In order to fulfil MSFD requirements, along with the science—policy interface and the
ecosystem approach, scientific syntheses of key ecosystem datasets need to be improved for
a better understanding of the determination of GES in the European seas. However, despite
the wealth of scientific information produced across Europe, much of this knowledge is
currently not in a form that can be readily used by policy makers and many stakeholders.
We believe that a bigger effort could be made by the scientific community to screen and
synthesize acquired knowledge with a focus specifically on providing the needed inputs to
comply with MSFD criteria and requirements. This sets a first target (rescue and revisit
the accumulated information and knowledge to exploit it from an MSFD perspective) like
the one carried out in the International Panel on Climate Change [42] or the Millennium
Ecosystem Assessment [43] communities. Furthermore, revealing trends and learning the
impacts of pressure, including cumulative impact assessments on the marine environment,
call for systematic observations over time. Understanding and integrating environmental
information with societal and economic developments and goals is also more and more
essential for an effective policy on the sustainable use of marine and maritime resource.
The gap existing between the earth system science community and the socio-economic
community (e.g., [44]) is a serious obstacle, because no GES achievement will be ever
possible without designing alternatives for socio-economic drivers.

The support of science for policy and governance should thus involve efficient and
effective science-based information and tools, ensuring that the resilience of marine ecosys-
tems to human-induced changes is not compromised. In this context, science can and
should support decisions and interventions, which in turn involve actors and components
far from the competences of the marine community. One of the problems recently high-
lighted is that the programs of measures carried out by different countries rely mostly on
previous policies and do not derive from a homogeneous, consistent plan based on the
possible new insights derived from MSFD-specific activities [21].

We believe that what is on the agenda of the marine science community is to quantify
the key processes that contribute to the variability and stability of the marine environment.
Building on this, it should be possible to (i) set proper observing systems in the light
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of the fact that we are likely still not measuring what actually counts but, often, merely
whatever we can actually measure [45] and (ii) set hypotheses and formulate effective
equations based on evidence, and subsequently collect ad hoc data. Blending observing
systems, modelling and theoretical studies will entail a synergetic approach towards the
definition of new methodologies and a recognition of the essential number of observables
and/or indicators.

3.3. Data Compilation in Standardized and Public Datasets

Ocean data, at national and EU level, appear sparse and heterogeneous in terms of
targeted variables, quality, sampling methodologies and strategy, etc. (e.g., [11,23,41,46-48].
This implies difficulties in providing available, harmonized data sets for interoperability,
comparability and for calibration and validation activities. Indeed, a harmonized strategy is
often lacking, due to what is available and/or feasible, based on national capacities. These
considerations were at the base of the EMODnet Sea Basin Checkpoints (https://www.
emodnet.eu/checkpoints), which assessed the quality of observation monitoring data at
the level of regional sea-basins by testing the data against specific end-user challenges. The
checkpoint data gaps and duplications as well as significant bottlenecks will be highlighted
with the contribution of S4GES’s effort. The harmonization strategy we propose for MSFD
implementation will take advantage of and get feedback from EMODnet organizations in
recognizing and filling emerging gaps in marine data availability.

Moreover, a holistic investigation of the marine ecosystem cannot be approached by
addressing the status of the system as the sum of single parts. In complex systems, such
as the marine environment, the “estimate” obtained as the sum of the single components
does not correspond to the one for the whole system and thus, the scientific community is
compelled to look for emerging properties [49].

In such a context, data alone will never be enough to fully represent and predict the
spatial/temporal variability of the system. A categorization and process-based context of
data collection is therefore needed, in terms of fitness for purpose, protocols and quality
control, in the light of a synergetic use of data along with modelling and remote-sensing
analyses. Although there are already good practices in the management of different
datasets, it would be beneficial for the scientific community and the end users to have a
synthetic overview of the available in situ products that are useful for MSFD descriptors.
These products should also support the model outputs and satellite algorithms, which
can provide a large-scale, synoptic picture of the physical and biogeochemical context. By
enhancing this synergy, MSFD descriptors can be closely linked to their scientific meaning.
The integration of earth observations (EO), remote and in situ, with modelling is conducive
to achieving the goal of defining “trajectories” in time of state variables, thus analyzing
the ecosystem as a whole in both space and time. Data collection, together with the inter-
calibration of data and data management, should focus on the dynamics of the ecosystem,
within the context of an integrated observing system.

The Science4GES initiative aims at fostering all the above.

3.4. The Implementation Plan of Science4GES
3.4.1. A Workshop Series as an Exchange Opportunity for the MSFD

The S4GES project is planning a series of scientific MSFD European workshops for
sharing new knowledge and its practical understanding, conceptual approaches and the
identification of needs and clues, as a structured learning process that will support an
“official task group”, the Marine Strategy Competence Center, and, in general, the entire
community working and addressing the MSFD. These workshops intend to induce a bottom-
up energetic flow in the scientific community, where researchers from different disciplines
will be cross-fertilized, thus paving the way to a realized holistic approach. This will be
further boosted by training schools for the younger generations. This activity will also
set possible platforms (e.g., an EU policy lab, knowledge hub and blue-bridge virtual
research environments) and adapt the implementation of the MSFD to different needs,
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for a better determination of GES. Among others, successful examples of the direction
described above have been represented by the two EU projects DEVOTES [50] and STAGES,
and the creation of the MSFD European Competence Center, which should provide a
comprehensive repository of scientific information on the MSFD.

The proposed approach will also contribute to structuring a dialogue between different
experts and facilitate a transformation from a silos approach (still disciplinary) to a true ecosys-
tem approach, aiming at building rules of correspondence between different communities.

The process of circulation of knowledge and ideas, open to contributions from dif-
ferent scientific communities and experiences, will result in background and reflection
documents about gaps and needs that are behind those questions set by policy makers.
This documentation will support decision makers to proceed in launching joint actions or
revisions when implementing the MSFD.

The MSFD European workshops organized under the S4GES action will also rep-
resent the “knowledge environment” where priorities and specific activities focused on
approaches to joint integrated observations (described in the following two paragraphs)
will be identified and set up, creating a scientific ‘fil rouge” and comprehensive conceptual
support for the JPI-O action.

3.4.2. Joint Integrated Observations

The development of integrated observing systems should include shared trans-disciplinary
monitoring platforms. Such a novel system can be achieved if specific activities are ded-
icated to the design of integrated methodologies and the development of technologies
for monitoring the relationships and actions of biological and morphological features,
omics, behavioral traits, etc., and biogeochemical and physical processes. This would help
to assist member state groups to implement monitoring programs according to adopted
strategies, and to promote common systems, by transferring knowledge and methods, in
practice, through direct hands-on joint actions at the national level. Moreover, the proposed
integrated observations will finally bring about harmonized, region-wide, innovative, cost-
efficient and effective schemes for the assessment of GES, for instance from the synergy of
modelling, satellite and in situ products.

It is necessary to take into account the analysis of essential variables, sampling tech-
niques and strategies, methodologies, calibration activities, data management and report-
ing, the reduction of costs and identification of central funding. In particular, testing the
interoperability of data (for a number of case studies), in order to integrate information
towards meaningful results, will identity feasible, efficient and effective implementation
approaches at a national level. Specific wrap-up indicators, able to account for a large vari-
ety of single parameters, and common protocols will be selected and used as benchmarks
for future interventions. In this context, the mounting of integrated, joint monitoring ac-
tions, organized, for instance, on shared multi-party and cross-disciplinary teams on board
European research vessels, will be also evaluated. The increased capacity building and
presence of multi-disciplinary experts on board observing campaigns will act as bridges to
operators and responsible authorities in an interconnected MSFD network.

These innovative joint surveys are therefore envisioned as a downstream activity
that results from the synergetic analysis of model (physical and biogeochemical) outputs,
remote sensing products and available in situ measurements, in order to test hypotheses
and collect crucial data that may emerge from gap analyses. Finally, to meet evolving ocean
observation needs for MSFD, the role of joint, integrated observation approaches as a part
of the European Ocean Observing System (EOOS) will be taken into account in national
implementation. In this context, the integration of the European research oceanographic
fleet for conducting periodic MSFD-oriented surveys may create an appropriate framework
for better collaboration and interoperability of member states within emerging areas of
activity, sharing methodological advancements and coherent approaches.

The Copernicus Marine Service (CMEMS), i.e., one of the seven services of the Eu-
ropean Copernicus program, responds to issues emerging in the marine environmental-
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scientific sectors. By using satellite and in situ observations, it provides state-of-the-art
analyses and forecasts that offer the opportunity to observe marine environment events.
The integrated system proposed by S4GES will take advantage of continuous feedback with
the marine Copernicus community, in particular, by comparing approaches and method-
ologies with those implemented in the CMEMS Ocean Monitoring Indicators (OMIs), i.e.,
the available trends and data sets covering the past quarter of a century of key variables
used to track the vital signs of the ocean and changes in line with climate change.

3.4.3. Approaches of Augmented Observatories

The augmented observatories should be conceived of as integrated monitoring and
experimentation infrastructures (Figure 1) The definition of augmented observatory used
here is that adopted by the G7 working group (http://www.g8.utoronto.ca/science/20
17-annex1-seas-oceans.html), which states that “A deeper understanding of our oceans
and seas is needed for a better understanding and prediction of natural phenomena and
the impact of human activities on ocean ecosystems, their resilience and effect on climate,
including how and why the oceans are changing. This requires the continuation of existing
observations that are augmented by new technologies in an integrated, coordinated and
consistent way that also helps to close existing gaps” (see also [46]). Key to success will be
the synopticity and co-localization of observations relying on autonomous buoy stations or,
for specific regions, on ships-of-opportunity, floats and gliders. The use and integration
of innovative techniques will enable the provision of data with an appropriate resolution
in time and space for the assessment of the status, progress towards environmental tar-
gets and effectiveness of measures to achieve GES. Sampling will also be needed, and a
multiplatform adaptive sampling strategy should be developed. This can be accomplished
by experimenting with changing sampling rates and/or sampling scales or by integrating
autonomous mobile platforms such as gliders and AUVs, based on their outputs. Such ob-
servatories would generate massive amounts of data covering multiple variables and hence
could, through multi-use, satisfy the needs of many interested stakeholders—scientists,
politicians and environmental and operational agencies. These observations would need to
be linked to hydrodynamical models, not only to allow model testing and correction, but
also in relation to understanding environmental processes. These new approaches, together
with a harmonized view of specific and crucial indicators, will provide an unprecedented
opportunity for understanding the marine ecosystem. The ultimate goal is to provide
science-based novel approaches allowing the implementation of the MSFD and describing
more adequately the marine ecosystem and changes therein.

| MSFD GES descriptors |

D1 Biodiversity
D2 Exotic species
D3 Commercial fish stocks

| Synchronous observations |

“Classic” sensors |

| D4 Food web

| “Omics” D5 Eutrophication
| D6 Soil floor integrity
. D7 Hydrographical conditions
| Advanced optics | Data D8 Hazardous substances

1 D9 Hazardous substances in
| Intelligent sampling ‘ fish
D10 Litter
‘ “Traps” | . .
Analysis D11 Energy supply, including

underwater noise

‘ Passive sampling |

Figure 1. Conceptual flow from integrated observations, analysis and data management for assess-
ment of MSFD descriptors.


http://www.g8.utoronto.ca/science/2017-annex1-seas-oceans.html
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4. Implementation and Governance of the Action Science4GES

Assessing the status of the seas and oceans is a challenge that involves complexity in
terms of the interconnection of the physical, chemical and biological variables acting to
constitute the marine ecosystem as a whole. Merely defining the “health” of the marine
environment opens a Pandora’s box with respect to meaning and approach.

Seas and oceans are a challenging environment to manage per se. Among these
challenges, there is the problem of having to deal with dynamic or absent boundaries
and variable scales, which are defined by issue, e.g., pollution and fisheries, that contrast
with the existence of the rigid, jurisdictional boundaries that set the responsibilities for
the intervention.

On one hand there is the need for monitoring the dynamics, understanding the drivers
and effects of human and natural inputs in the marine system, as well as evaluating effective
interventions to maintain or restore its health, which are grounded at the level of marine
science. On the other hand, the interrelations of socio-economic, environmental-legislative
and geo-political aspects require a different level of knowledge and actions which often
do not dialogue with the former level, because they involve a diversity of stakeholders,
sectors and disciplines which are outside marine science sensu stricto.

While JPIO S4GES, at first sight, seems to address the scientific challenges of under-
standing the marine ecosystem “solely,” in fact it aims at making effective and efficient
activities for achieving a “good” status, and designing and implementing the action needs,
therefore, a comprehensive and integrated approach.

Any implementation of an action refers to what is usually named “governance,”
which comprises the ensemble of process and actors which support the activities aimed at
achieving the objectives.

Concepts, structures, modes, schemes and properties of governance crowd the litera-
ture, and the ambiguity of these notions may have contributed to its abundant popularity
but abused use. In particular, ocean governance is usually oversimplified, because is based
on a linearized representation of the system: the natural environment on one side, and
the institutional structures which have interests or responsibilities in governing seas and
oceans on the other side. Indeed, governance relates to the processes of interaction and
decision-making among the actors involved in a ‘collective’” problem, which ultimately
lead to the creation, reinforcement or reproduction of social forms or structures including
institutional and informal boards.

In recent years, political scientists have largely debated about “governance” and new
modes of governance [51-54]. They associate the concept with a wide variety of different
phenomena, from decision-making processes to the development of policy instruments,
thereby addressing different institutional structures and actor constellations.

The term governance has therefore evolved as a generic fundamental concept which
comprises all institutionalized forms of political steering and the integration of societies,
into an intricate combination of sociological-economic theories and organizational models.

The numerous theoretical models and diversity of applications and contexts have
likely strongly discouraged the identification of a feasible and effective design for the
governance of a complex system [55-58]. This approach to MSFD mainly adopts a mode of
governance which could be similar to “network governance.” In the European Union, this
is assumed to be dominant with respect to “statism,” “pluralism” and “corporatism” [59],
and the relationship between public and private actors in the process of policymaking
is its main aspect. In the case of MSFD, the private sector is largely missing, but the
network mainly include different agents within member states and the commission, with
the involvement of responsible authorities and stakeholders as well. Nonetheless, it is
a mostly a top-down process. The governance of MSFD at the moment does not show
any attempt to approach the complexity of the constellation of actors, roles and interests.
Indeed, it shows a very crystallized institutional network, with a considerable time of
response and resistance to change. Despite the enormous budgets invested by member
states and the European Commission (EC) in the monitoring system and the analysis of
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the data, information is often incomplete or not adequate to make advances on the path
towards the goals. The governance of the process is indeed fundamental to enabling the
combination of dimensions and levels (roles, stakeholders, funds and data) to provide
effective and efficient products. In this context, private companies have developed new
topologies for their own connectivity, and we are definitely facing the unstoppable power
of leaderless organizations [60].

We are fully convinced that, in order to manage, steer and coordinate the interdepen-
dent actors framing the complex challenge of the GES, it is crucial to be aware that no
aspect is dominant or ruling. The engagement of multiple stakeholders has often been
promoted and models to manage the environmental challenges proposed [17,61], but an
efficient process to match human activities and environmental protection is still a long way
from being effectively implemented.

Environmental governance asks for an optimal fit-to-purpose structuring arising from
a self-organization process, which embeds top-down and bottom-up processes.

To simplify the complexity of the governance problem, we remark that a lot of science
has been already developed in this regard, mainly in the field of the optimization of
networks, which could set a reference for the proposition of more effective models of
governance in order to allow for GES to be achieved [62,63].

When translating these concepts in the context of the action S4GES and its contribution
to the MSFD, it is important to remind oneself that the MSFD is not a unique framework for
GES, but an “influence zone” of JPI-O. JPI-O is an intergovernmental European platform to
coordinate national research programs on marine and maritime issues. That is, it mainly
addresses scientists and public funding organizations for research activities. Presently,
many scientists are members of boards which support policy, and their organizations are
officially appointed by the responsible authorities as contributors to fulfilling the directive.
JPI-O action cannot influence a system where legislation, economic sectors and geographical
scales are considerably out of control and poorly permeable to suggestions. Nevertheless,
JPI-O can adopt many different typologies of activities, and, with an appropriate design,
can induce the system to evolve towards the desired objectives. It is a matter of timescales
and strategy.

When designing the three lines of activity for S4GES, i.e., i. discussing and training
according to a more integrative vision, from the environment to society and back; ii.
organizing joint observational campaigns and iii. making suggestions to optimize, enhance
and augment autonomous observation systems, all previous MSFD actions and the present
situation became part of the analysis. JPI-O had already contributed to the implementation
of other directives, for instance to the Water Framework Directive, promoting a pilot action
on intercalibration, where research had been jointly funded by the participating countries
and had provided impactful clues for solutions at the policy level. The added value of
JPI-O is its role in improving coordination and sharing best practices among the member
states. The “Healthy and Productive Seas and Oceans” Joint Programming Initiative is
another example of ongoing discussion on the combination of multiple activities on a single
platform. JPI-O has also promoted actions, already framed in the context of monitoring
and assessment, to foster Good Environmental Status (GES), e.g., “Munitions in the Sea”
and “Ecological Aspects of Microplastics.”

This being said, S4GES will not compete with actual structured governance but, on
the contrary, will hopefully pave a complementary path which will enable a long-term
transformation within the processes of assessing the GES. The way the three lines of
activities have been selected to facilitate this transformation are based on simple principles:

1 The organization of a workshop series which would induce a bottom-up energetic
flow in the scientific community, where researchers from different disciplines would
be cross-fertilized and explore new integrative approaches. This would be further
boosted by training schools and by reaching out to younger generations.

2 The design of joint observations with increased capacity building and the presence of
multi-disciplinary experts on board observing campaigns.
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3  The design of augmented observatories to provide clues and practical demonstra-
tion as a heuristic technique to impact the transformation of the approach towards
the objective.

Appropriate governance on how to tackle the complexity of the socio-economic—
environmental system has rarely been supported by adequate attention or a knowledge-
based approach. It has been mainly associated with the policy dimension and hierarchical
organization. Indeed, the governance of complex systems requires appropriate topologies
of its networks and the functioning of the interactions between stakeholders. In this regard,
we propose reflecting on the different paths and roles of the research community and the
responsible authorities, promoting as a first step a cross-disciplinary interaction within the
scientific community and a progressive integration of institutional aspects. As well as the
change of paradigm in evaluating good environmental status, the governance to achieve it
requires a transformation in the structure of the network involved, as well as its dynamics.

5. Conclusions

The S4GES action aims at catalyzing an in-depth exchange and discussion on what
could retard or hamper the achievement of the farsighted scope of the MSFD. This implies
the awareness that not all possible hindrances are evident from the start together with
the expectation that S4GES will contribute to highlighting many of them, in particular
i. the opportunity for a better exploitation of the existing frameworks for the analysis
of multicomponent, strongly interacting dynamic systems, since all marine ecosystems
belong to this category; ii. a synthesis of the, so far, quite scattered discussion on the
meaning of the indicators and on whether only state variables can properly play such role;
iii. a step change in the utilization of pre-existing knowledge which has been the basis for
other crucial initiatives, e.g., IPCC (2014); iv. the promotion of interaction among different
components of society that are focused, and often rely on, the marine environment, thus
not pursuing an integrated eco-socio-economic approach; v. an in-depth discussion on
what governance is, why it is necessary and in which way it can be implemented to help
the achievement of GES. Finally, S4GES, in coping with critical issues related to the deeper
and wider knowledge of ecosystem dynamics combined with a balanced exploitation of
natural resources preserving the integrity and good functioning of marine ecosystems (in a
context of crosscutting environmental issues such as climate change and climate-related
hazards), could also represent a pivotal chance for broader international cross-border coop-
eration and an international consensus on ensuring ecosystem-based approach principles
in marine management and maritime domain awareness and security in line with the
UN.’s Sustainable Development Goals. As a paradigmatic example, launching the roadmap
for developing an integrated marine/maritime policy in the Asia-Pacific region [64] may
represent an excellent opportunity for transboundary collaborations integrating global
socio-economic and environmental challenges.
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