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Abstract

Life depends on the ocean, with societal health, cultural systems and national economies reliant on ocean processes and
resources. As ocean resources are used, and humans continue to drive climate change, the benefits from the ocean to society
are being diminished. Science must meet the needs of policy and deliver to decision makers the information and tools for iden-
tifying pathways that support continued delivery of the benefits society derives from the ocean, whilst minimising impacts.
This is crucial if the world’s nations are to meet the goals and targets they have set under international agreements. Here, we
outline how a global assessment that focuses specifically on the ocean, the World Ocean Assessment, is linking science to
the governments of the world and their policies within an internationally mandated framework. In doing so, we identify key
elements that are needed for facilitating engagement by decision makers and uptake of knowledge, and the pathways taken
by the assessment in implementing them. We also provide insights into the evolution that the World Ocean Assessment has
undertaken over its first three cycles to progress its goal of enhancing the scientific basis of policymaking. We identify the
challenges in delivering science to policy at a global scale and the work that still needs to be done in filling gaps to achieve a
coordinated, comprehensive mechanism for connecting science with policy and ensuring future sustainability of the ocean.

Keywords Ocean sustainability - Global assessments - United Nations - Science—policy interface

Introduction

Life on Earth depends on the ocean. Societal health, cultural
systems and economies all depend on the processes driven
by the ocean and the wide diversity and abundance of marine
organisms and associated resources (Barbier 2017). The
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ocean provides food and jobs for billions of people (OECD
2020) and mediates the effects of climate change at a scale
far greater than terrestrial systems (Caldeira et al. 2018).
As ocean resources are used, and humans continue to drive
climate change, the benefits from the ocean to society are
increasingly being documented as declining and under threat
(UN 2016, 2021). Urgent action is needed that innovates
industries on land and sea and creates the societal behav-
ioural change needed to address and reverse impacts on the
ocean (Ryabinin et al. 2019; High Level Panel for a Sus-
tainable Ocean Economy 2023). This need was recognised
by the countries of the world at the 2022 United Nations
Ocean Conference, where it was declared that “Greater
ambition is required at all levels to address the dire state of
the ocean” and that “science-based and innovative actions
and international cooperation and partnerships based in
science, technology and innovation, in line with the pre-
cautionary approach and ecosystem-based approaches, can
contribute to the solutions necessary to overcome challenges
in achieving [the Sustainable Development] Goal 14”.!
It is estimated that, with the right flow of information to
make well-informed decisions that support a healthy ocean,
marine reliant industries globally can grow from the present
US$1.5 trillion a year to US$3 trillion (OECD 2020).
International governance is increasingly recognising the
need to support the conservation and sustainable use of the
ocean. The 2030 Agenda for Sustainable Development,
adopted in 2015, aims to transform the world to one that is
sustainable, equitable and peaceful through the achievement
of 17 sustainable development goals (SDGs; Weiland et al.
2021). The Agenda identifies SDG 14 to specifically focus
on the ocean, although the complex interactions between the
goals and their associated targets results in elements of the
ocean interwoven and contributing to the achievement of
most of the SDGs (International Council for Science 2017,
von Schuckmann et al. 2020). Similarly, many of the goals
and targets of the Kunming—Montreal Global Biodiversity
Framework cannot be achieved without consideration of the
ocean and the restoration and conservation of marine eco-
systems (e.g. Obura et al. 2023; Fu et al. 2024). The central
role of the ocean in mitigating climate change, previously
given little attention in climate policy is now formally rec-
ognised with the 26th Conference of the Parties of the UN
Framework Convention on Climate Change integrating the
ocean into its annual climate change negotiation process
(Dobush et al. 2021; Fullam et al. 2021). The Agreement
under the United Nations Convention on the Law of the Sea
on the Conservation and Sustainable Use of Marine Biologi-
cal Diversity of Areas beyond National Jurisdiction (BBNJ

! See:
ration.

https://www.un.org/en/conferences/ocean2022/political-decla
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Agreement) recognises the need to move beyond fragmented
approaches to governing the ocean beyond national juris-
dictions to a more holistic framework for protecting and
conserving marine biodiversity (Freestone 2012; Gjerde
and Yadav 2021). In addition, the Agreement provides the
potential of providing a framework that strengthens scientific
capacity and equity in the sharing of benefits from the ocean
(Morgera et al. 2023). Without recognition of the role the
ocean, marine industries and coastal communities have in
achieving the various goals and targets and aspirations of
these international frameworks, most will not achieve their
anticipated outcomes. Further, their achievement requires
understanding of the ocean, change occurring in the ocean
and the interlinkages of the ocean with the Earth’s natural,
social, economic and cultural systems.

For governments to achieve the goals set under these
agreements, science must deliver to decision makers the
information and tools for identifying pathways that support
continued delivery of the benefits society derives from the
ocean, whilst minimising impacts. These must include the
key steps required for implementing assessment and regula-
tory frameworks and provide examples of good practice that
policymakers and managers can apply to deliver sustain-
ability within sub-national, national and regional contexts.
Such pathways need to be inclusive, recognise the rights
of, and access to benefits to all components of society and
acknowledge the connectivity of actions at the scale of the
global ocean (Pecl et al. 2022). Frameworks need to be able
to acknowledge and account for feedbacks and interactions
between society, the economy and the environment if they
are to deliver sustainability wholistically (Nash et al. 2020).

To date, progress in delivering such tools, however, has
been largely sectoral, with implementation at small spatial
scales and in locations where specialist capabilities exist
(e.g. Smith et al. 2007). This limits widespread scaling
of solutions, sharing of approaches and technologies and
implementation at the level of national governments. While
calls for recommendations on policy action that is grounded
in science are widespread (e.g. Brodie Rudolph et al. 2020;
Haas et al. 2022; Gaill et al. 2022), inclusive processes that
involve governance systems, industry and society in the gen-
eration of those recommendations and associated actions
are few (Fleming et al. 2023). Without inclusive, coordi-
nated and effective delivery and sharing of information and
tools that can support sustainability trajectories, the effec-
tiveness of international agreements focused on the ocean
will fall short with broad-scale implications across all of
society (Nash et al. 2020; Vierros and Harden-Davies 2020;
Hughes 2023).
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Inclusive participation and delivering
integrated multi-disciplinary science
to policymaking frameworks

The need for delivery of information, grounded in science,
that can inform policy at multiple scales has seen a number
of global assessments, mandated under international pro-
cesses developed over recent decades. Such assessments
have been highly effective in elevating awareness of topics
such as climate change (Hermansen et al. 2023) and biodi-
versity (Borie et al. 2020) and progressing policy dialogue
under international processes such as the United Nations
Framework Convention on Climate Change (Hermansen
et al. 2023). Such assessments provide a mechanism via
which information derived from multiple disciplines, vast
numbers of research topics and numerous parallel (but rarely
connected) discourses can be brought together.

In discussing a global framework for sustainable develop-
ment (which would eventually result in the 2030 Agenda) at
The World Summit on Sustainable Development, the gov-
ernments of the world recognised that an assessment specifi-
cally focused on the marine environment was needed to sup-
port the protection and management of “the natural resource
base of economic and social development”.? Although
assessments produced under established international pro-
cesses such as the Global Environment Outlook® and the
Intergovernmental Panel on Climate Change (IPCC)* focus
on topics of relevance to the ocean, their mandates require
that the assessments they produce, while multi-disciplinary
in content, are delineated in their focus on the ocean consid-
ered by their assessments. This has resulted in large gaps in
the consideration of social, economic and cultural aspects of
the ocean and wholistic delivery of relevant information that
is needed for comprehensively assessing the ocean and iden-
tifying the multiple pathways needing to be implemented for
achieving sustainability. For example, the Special Report on
Ocean and Cryosphere in a Changing Climate (IPCC 2019)
only considers impacts on oceans and associated ocean-
based communities associated with climate change. It does
not consider human use and other associated impacts on the
ocean, the interactions between multiple uses and the cumu-
lative effects of impacts, the flow-on effects on social, eco-
nomic and cultural systems and the pathways for addressing
those multiple impacts and multiple mechanisms needed for
setting a direction towards sustainability. The Global Envi-
ronment Outlook 6 (UN Environment 2019), while provid-
ing information on the state of the ocean and in association

2 https://www.un.org/esa/sustdev/documents/WSSD_POI_PD/Engli
sh/WSSD_PlanImpl.pdf.

3 https://www.unep.org/geol.
4 https://www.ipce.ch/.

those processes impacting the ocean, as well as an evaluation
of relevant ocean policies, also does not consider ocean-
related social, economic and cultural systems and the flow-
on effects of a changing ocean on these. Its consideration
of future outlooks and pathways for the ocean in achieving
sustainability is also limited. These assessments have clearly
demonstrated utility and uptake and delivery against their
mandates; however, their focus limits consideration of the
complexity of ocean systems, including the multiple inter-
actions between the various elements within ocean systems
(e.g. natural, social, economic, cultural) and the many, vari-
ous actors that need to be engaged in developing and imple-
menting solutions that support the goals and aspirations of
multiple international governance frameworks.

The Regular Process for Global Reporting and Assess-
ment of the State of the Marine Environment, including
socioeconomic aspects (known as the World Ocean Assess-
ment (WOA)), provides a mechanism to fill this gap, having
a specific focus on the ocean and an explicit aim to provide a
mechanism for delivering scientific information on the ocean
directly to governments through the United Nations (UN)
General Assembly (Evans et al. 2019). Similarly, to other
global assessments, it is not tasked with specifically generat-
ing new information, but rather summarising and integrating
expert information on all aspects of the ocean and providing
this information in a coordinated and unbiased way (Evans
et al. 2019, 2021).

Delivery of each assessment is driven by the member
states of the UN, via their representatives and experts (across
scientific, social, economic and governance disciplines) who
are involved in each WOA at multiple stages from concep-
tion to delivery. This involvement provides a direct connec-
tion between the science delivered through the assessment
with governments, their policymakers and those involved
in various elements of decision-making, whether that be as
part of international negotiations or in the implementation
of policies at the national and sub-national scales. In this
respect, the WOA plays a boundary or brokering role that
directly links science to the governments of the world and
their policies. Involvement by member states is facilitated
through several mechanisms including (i) formal govern-
ing bodies that have oversight of each 5-year cycle of the
Regular Process and the associated activities that occur
during each cycle, including the production of the WOA,
(ii) National and Intergovernmental Focal Points, which are
designated by member states and the secretariats of intergov-
ernmental organisations to facilitate the programme of work
for each cycle of the Regular Process, including nomination
of experts that contribute to the WOA and (iii) review stages
conducted during the initial scoping and later drafting stages
of each assessment. Member states also directly contribute
to the Regular Process through the facilitation and engage-
ment in regional and specialised workshops conducted as

@ Springer


https://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf
https://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf
https://www.unep.org/geo/
https://www.ipcc.ch/

Sustainability Science

part of the initial scoping and information gathering stages
of the WOA.

The WOA is relatively young compared to other assess-
ments, currently part way through its third cycle. In the spirit
of continual improvement and adaptability to policy needs, it
has undertaken an active evolution across cycles. Key areas
in which development and improvement have focused are
(1) linking science with policy across multiple scales; (ii)
inclusivity of engagement with, and delivery of products to,
ocean stakeholders; (iii) integration of content across the
environment, society and the ocean economy; (iv) provision
of options and tools for supporting decision-making.

For global assessments to have a meaningful impact on
policy formulation, it is essential that they bridge the gap
between the international and the national/sub-national lev-
els of decision-making and policy implementation. To assist
this, regional workshops covering most ocean regions are
held during each cycle of the WOA. These provide a path-
way for the flow of regionally based and produced informa-
tion, the incorporation of multi-disciplinary perspectives and
facilitate interactions between experts from different ocean
sectors including policymakers operating at the national and
sub-national scales. They also facilitate contributions to each
assessment cycle outside of formal participation in the writ-
ing of each assessment.

Recognising the need for input at multiple stages within
each assessment cycle, the workshops have been expanded
from one round of five workshops in the first cycle, to two
rounds of five workshops in the second and third cycle. This
expansion has specifically aimed to broaden input into the
development of assessments, at first, the scoping and, sec-
ond the content development stages to ensure that assess-
ments are broadly responsive to feedback provided by those
involved in the workshops and facilitate broad engagement
in the development of each assessment. Further, they are
purposefully regionally distributed to facilitate engage-
ment across geographic areas and direct support is provided
that facilitates the engagement of participants from under-
represented regions, including, in particular, least devel-
oped countries (LDCs) and small island developing states
(SIDS). This allows those involved in guiding the develop-
ment of each assessment to identify improved mechanisms
for engaging those that contribute and support the develop-
ment of each assessment and delivering the assessment and
its content in accessible and useable ways. It is through this
process that the WOA initiated during its third cycle the
development of digital delivery mechanisms that will even-
tually result in vastly improved access to and exploration of
WOA content (see also below).

The expanded opportunity for engagement in the WOA,
facilitated through the regional workshops, goes some way
to addressing earlier criticisms around participation in the
WOA (Fawkes and Cummins 2019) and engagement in

@ Springer

international processes more broadly (e.g. Hulme et al. 2011;
Feary et al. 2014; Diaz-Reviriego et al. 2019; Singh et al.
2023), noting that there is always room for improvement. It
also results in the WOA being somewhat different to other
global assessments, where the design of individual assess-
ments and identification of topics and thematical content is
largely set internally and gathering of information is limited
to the efforts of individual writing teams. These workshops
are important mechanisms for connecting the WOA to the
wider community including governments, non-governmental
organisations, policy- and decision-makers, civil society,
business and scientists (all of whom have been represented
in workshops to date), a criticism made broadly of global
assessments (e.g. Beck and Mahoney 2018). Further, the
engagement provided through the WOA’s workshops pro-
vides those involved with a sense of ownership in delivering
each assessment. This sense of ownership is essential for
ensuring that assessments of this scale have broad uptake.
For society to understand the central role that the ocean
plays in sustaining life on Earth and what is required to
achieve sustainability, information must be delivered in inte-
grative formats that recognise the many interactions between
the environment, society, economics, culture and govern-
ance. The third WOA, due to be delivered in 2025, aims to
provide information on the ocean in a far more integrative
way than it has previously. This next assessment® will do
this by first requiring chapters associated with ocean econo-
mies to explicitly detail information relating to impacts on
the natural components of the ocean, social considerations,
including equity, and governance frameworks. Governments,
policymakers and managers benefit from having access to
information that demonstrates positive outcomes from the
implementation of frameworks and mechanisms that are
relevant to their context and region, and society has a clear
need for practical and applicable information. Provision of
such information was identified via the regional workshops
held during the scoping process for the third WOA and has
been echoed elsewhere (e.g. Gaill et al. 2022). In respond-
ing to this identified gap, these chapters are also required
to detail the available information and tools available that
can be used by governments, policymakers and managers
for guiding and directing ocean sectors along pathways
that support ocean sustainability. This is framed under an
expert-generated future ocean scenario that looks across the
environment, society, economics, technology, governance
and politics® and sets out an achievable set of goals that

5 The full annotated outline of the third ocean assessment can be
accessed at:  https://www.un.org/regularprocess/sites/www.un.org.
regularprocess/files/2_clean_ver_edited_annotated_outline_of_third_
assessment_final_clean.pdf.

6 See https://www.un.org/regularprocess/sites/www.un.org.regul
arprocess/files/guidance_for_writing_teams_for_web.pdf.
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are relevant to ocean economies. Second, the third WOA
requires all chapters to actively consider social, economic
and ecological components of the ocean so that each chapter
discusses the interactions between these components com-
prehensively. Third, the third WOA has incorporated specific
chapters that are focused on multi-disciplinary themes such
as gender, equity, human health and Indigenous knowledge
that ensure that multiple streams of information are inte-
grated. Finally, multiple approaches to delivering informa-
tion for use are being developed and implemented, includ-
ing the use of digital delivery and social media platforms,
with the view of being able to explore concepts and topics
from a more integrated (cross-chapter) perspective, thereby
increasing access to and use of information produced by the
assessment. To further support this, the third WOA is part-
nering with expert agencies such as the Intergovernmental
Oceanographic Commission of UNESCO, the Organisation
for Economic Co-operation and Development (OECD) and
the Intergovernmental science-policy Platform for Biodiver-
sity and Ecosystem Services (IPBES) Indigenous and Local
Knowledge Task Force to deliver specialist and targeted
information that facilitates integration across the environ-
ment, society, economics, culture and governance.

Pathways for furthering the delivery
of science for policymaking

The broad mandate of the WOA, the multiple scales at
which information on the ocean is produced and gaps and
uncertainties in knowledge, presents challenges to bridging
science with policy. There is still much work to be done
to ensure that policy action is well informed by science
if current rates of ocean degradation are to be halted and
reversed in a coordinated and effective way. This extends
to the WOA, where there are still gaps to fill and areas for
improvement that need to be addressed. Greater efforts are
needed in increasing inclusivity in the WOA, particularly in
engaging with LDCs and SIDS, and with Indigenous Peoples
to ensure that regional perspectives and multiple forms of
knowledge are acknowledged and appropriately recognised
in assessments. Further, greater inclusivity by, and engage-
ment with, practitioners developing and implementing pol-
icy is needed to support understanding of the information,
tools and mechanisms available that can be used in develop-
ing policies that directly create action towards sustainability
and identify the gaps that are needed to be filled to achieve
this. These are all elements often called for (e.g. Dilling
and Lemos 2011; Singh et al. 2023), but the mechanisms
for facilitating this inclusivity are rarely articulated beyond
conceptual frameworks.

While the workshops conducted as part of each assess-
ment cycle go some way to facilitating this, further work is

needed to increase involvement in the assessment process,
particularly by underrepresented communities. As part of
the development of the third WOA, a specific workshop
involving representatives from Indigenous, Traditional
Owner and local community knowledge holders was con-
ducted with an explicit view of discussing and identifying
pathways for supporting inclusivity. Formal mechanisms
that can be implemented in the fourth cycle of the Regular
Process are currently being developed as an outcome from
that workshop. In addition, as identified earlier, the WOA
coexists with other regularly produced global assessments
that also deliver information of relevance to ocean decision-
making. Opportunities exist for synergies and complemen-
tary activities with those assessment processes, through the
identification of reciprocal needs and coordinating efforts in
simplifying the delivery and transfer information for ocean
policy. This will have the additional benefits of reducing
duplication, ensuring messaging around science is consistent
and better integrating outputs.

Innovative approaches to improve accessibility to infor-
mation once assessments are delivered is also needed to
enhance uptake by those that require access to information.
The third WOA is planned to be provided for the first time
via a dedicated digital platform that allows for quick and
easy access to content. This will move delivery of infor-
mation beyond a static downloadable format and towards
one that can be explored in multiple ways. Future plans,
beyond the current assessment cycle, are for this platform
to be interactive, providing direct linkages to the sources
of information and data, thereby facilitating deeper under-
standing and sharing of content. These efforts will need to
be further built upon to expand the delivery of information
across multiple platforms, in languages beyond the official
languages of the UN and in formats that minimise exclu-
sivity, particularly across societal minorities (e.g. the visu-
ally or hearing impaired). This will not only support greater
access by decision-makers and the broader community, but
also address current challenges to scientific literacy and
enhance capacity in regions where it is needed: elements
key to bridging science with policy and societal behavioural
change.

Broader mechanisms for gathering feedback on the util-
ity of the WOA, particularly by practitioners developing
and implementing ocean policies, are needed to ensure that
the WOA continues to adapt and deliver to societal needs.
At present, feedback is largely limited to a lessons-learned
process, which involves governmental representatives, those
involved in writing and reviewing the assessment and the
secretariat and expert coordinating group for the WOA. This
includes providing feedback on challenges faced and what
could be done to overcome those challenges. While this is
an avenue for gathering the views of many (more than 700
experts were involved in the second WOA), this feedback

@ Springer
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is limited to the practical and procedural elements of each
assessment cycle and provides no clear mechanism for eval-
uating the use and uptake of information into policy.

As part of the workshops for the third WOA, the secre-
tariat for the Regular Process distributed a survey gauging
the awareness and use of the first and second assessment.
These aimed to better understand the utility of assessments
and where improvements to the WOA could be introduced.
The survey identified that while there was awareness of the
WOA amongst many of the participants, actual use of the
assessment was limited. This was identified as the result of
two inter-related factors: (i) the format of the assessment
(printed in case of the first WOA and delivered as two sepa-
rate pdfs in the case of the second WOA) limited the ability
to search for and extract information that might be derived
from multiple chapters and (ii) limited access to regional
information. When queried as to what would be of most use,
many participants again identified that being able to access
and easily digest information was a priority, whether that be
through summaries for policymakers, factsheets or online
databases that collate and deliver information of relevance.
As far as we are aware, this is the first time that a global
assessment has directly gathered feedback from the commu-
nity on its utility. This evaluation process, however, was lim-
ited to workshop participants only and did not include others
that might access and use the WOA. Further development
of processes that support the provision of wider feedback is
needed to facilitate a process of continual improvement that
improves information delivery for ocean action.

Conclusions

The timing of the delivery of the third WOA aligns with
the third UN Conference to Support the Implementation of
Sustainable Development Goal 14: Conserve and sustain-
ably use the oceans, seas and marine resources for sustain-
able development, to be held in June 2025 in Nice, France.
The preliminary findings of the third WOA are planned to
be delivered to this gathering of national governments, UN
bodies, intergovernmental organisations, non-governmental
organisations, scientists, business leaders and ocean advo-
cates, with the conference providing a mechanism for sup-
porting the delivery of the information captured by the third
WOA directly to decision-makers and the broader ocean
community. The conference also provides the opportunity
to gather information from the community for continuing
improvement of the WOA and identify synergies and col-
laborative efforts with other international processes for
improving the delivery of science to policy. Only through
this continual exchange of perspectives and associated learn-
ing will the goal of the WOA to enhance the scientific basis
of policymaking for the ocean be achieved.
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