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Editorial on the Research Topic 
Marine Observations and Society: Pathways to Improve Public Engagement and the Science-Policy Nexus

Climate change, and the resulting global warming and acidification of the ocean is causing change to marine environments (United Nations, 2017; IPCC 2021) with serious implications for global ecosystems, food security and ocean economies (Allison and Bassett 2015; Pörtner et al., 2019). To ensure a sustainable future for all, there is a need to understand these changes and their impacts on the provision of services from the marine environment. This will also require the identification of knowledge gaps and the capacity needed to develop effective and sustained ocean observation systems that support the development of relevant responses (Evans et al., 2019; Wisz et al., 2020).
Improved societal understanding of the services provided by the ocean, and how humans affect the ocean are at the core of the development and implementation of sustainable decision-making and is particularly important within the context of achieving the globally agreed sustainability targets of the Agenda 2030 for Sustainable Development (Kelly et al., 2021). In order to shift current decision making and policy development to frameworks where the ocean and the services it provides to humans are considered at every step, universal understanding across all aspects of society is needed (Wisz et al., 2020). This will require multiple approaches and strategies, tailored to individuals, sectors and regions that incorporate many disciplines, methods and technologies as many of the papers in this special issue highlight.
A DIVERSITY OF APPROACHES TO IMPROVING OCEAN UNDERSTANDING IS KEY FOR BETTER DECISION MAKING
This special issue brings together differing viewpoints and processes aimed at improving societal ocean understanding through a collection of ten papers. It provides a number of suggestions that, if implemented, would lead to greater access to information that is fit-for-purpose and engagement by multiple sectors. The contributions can be grouped into four themes: citizen science; science, policy and governance; outreach and education; and communication approaches.
Citizen Science
Coordination and compilation of information on citizen science programs is often not organized across regions, making it difficult to assess their impact and effectiveness. Garcia-Soto et al. collated information on projects occurring in the North Sea and assuming similar densities of projects across coastlines, estimate the potential extent of projects across Europe and their growth through time. They conclude that uptake of emerging technologies (such as mobile phone applications) is likely to increase the number of projects and associated engagement, and that there is scope for growth in the focus of marine citizen science initiatives.
Dalby et al. investigated the motivation and barriers to engagement of participants in citizen science. They found that while citizen science has the potential to become an effective tool for monitoring and conserving marine ecosystems, understanding the limits of citizens’ engagement and their ability to collect large quantities of marine data is also important.
Science, Policy and Governance
Linking science to policy and governance for supporting informed decision making and development of effective adaptation strategies requires collaborative partnerships to ensure information provided is fit for purpose. Hetherington and Philips provide a series of practical steps for improving the delivery of science into processes for informing legislative decisions and effective policy. They stress that bridging science and policy involves ongoing engagement to ensure effectiveness.
Evans et al. explore the knowledge brokering role of the World Ocean Assessment in transferring complex scientific knowledge into useable products for society and some of the associated challenges in delivering information at such a scale. They identify that wider engagement with member states, the scientific community and marine industries is needed for the co-development of assessment inputs with managers, regulators and holders of maritime industry and business data in order to improve future assessments.
Through the examination of three case studies where Transnational Municipal Networks (TMNs) had been used to advance the incorporation of climate change adaptation and mitigation into marine governance, Dumala et al. found that spatial identity determined the scale and innovativeness of a networks’ operation. The effectiveness of strategies and actions jointly developed by networks, depend on the allocation of human resources and on the level of commitment of the involved cities in providing leadership into such processes.
Outreach and Education
There is increasing recognition of the importance of science communication in informing science literacy and policy. Arthur et al. found that publicly funded national research facilities, such as Australia’s Marine National Facility have an essential role to play in shifting from the provision of traditional research activities only, to targeted education and outreach via marine education, on-board training and engagement with a range age groups, societal sectors and ocean stakeholders.
Zielinski et al. found that increased incorporation of environmental subjects in school education, including those that consider uncertainty is needed to support the development of collaborations between researchers, data managers and educators to improve overall delivery of scientific information to society. To achieve this they propose a pathway that takes advantage of the technological abilities for environmental data collection, storage and processing, global and regional research and incorporates good practices in ocean literacy and education.
Communication Approaches
Communication approaches to environmental problems are multi-faceted and challenging, particularly when impacts are slow to become evident. Using lessons learned in communicating the impacts of climate change, Canfield et al. identify that sufficient training of scientists in communicating their research and framing messaging so that it can be understood and used by diverse audiences is essential for better communicating the nutrient pollution impacts and catalyzing action.
Although understanding of the need for protective measures from environmental threats and associated actions has increased, Mamzer et al. identify that there is still a need to educate the broader audience about the urgency of responding to these threats. They found that due to their specificity, that understanding of polar regions could act an indicator of current interest in sustainability and effective environmental protection.
Paterson et al. detail the development and installation of an art-science collaboration (‘Catching a Wave’) as a transdisciplinary approach to engaging multiple audiences with global environmental challenges. In doing so, they highlight that collaborative arts and science projects can enhance transformations in understanding and action by encouraging decision making that engages with emotion and intuition as well as cognition as a motivation behind change.
CONCLUSION
Providing society with a holistic understanding of the role of the ocean and the impacts of human activities on the services it provides is crucial in order to catalyze the behavioral change required for future sustainability. Science, communication and education need to come together via broad collaboration to apply integrated and cross-sectoral approaches to effectively share information on the ocean, the changes occurring, associated effects on communities and approaches for mitigating changes and adapting to these changes. Overall achievement of Agenda 2030 relies on the implementation of a range of multidisciplinary and innovative approaches to improving ocean understanding that leads to universal valuing of the ocean and the role it plays in sustaining a future for all.
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