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Editorial on the Research Topic
 Oceanobs'19: An Ocean of Opportunity



BRIEF HISTORY OF THE OCEANOBS DECADAL CONFERENCE SERIES

The OceanObs conferences are held once every 10 years for the scientific, technical, and operational communities involved in the planning, implementation, and use of ocean observing systems. They serve to communicate progress, promote plans, and to define advances in ocean observing in response to societies' needs. Each conference provides a forum for the community to review the state of the ocean observing science and operations, and to define goals and plans to achieve over the next decade.

The First International Conference on the Ocean Observing System for Climate (OceanObs'99, Saint Raphaël, France, 17–22 Oct 1999) was jointly convened by the Ocean Observations Panel for Climate (OOPC) and the World Climate Research Program's Climate Variability and Predictability Programme (CLIVAR) Upper Ocean Panel (UOP). The main objective was to define the operational measurements needed by several related programs, specifically CLIVAR, the Global Ocean Observing System (GOOS), and the Global Climate Observing System (GCOS). OceanObs'99 brought together about 300 attendees. The conference addressed technical and scientific challenges of ocean observing systems, and also covered data analysis, modeling, and assimilation. This conference led to concrete actions. Most importantly, consensus was reached within the ocean observing community to establish and grow an internationally coordinated ocean observing system for global physical climate and ocean carbon. The details of this system were subsequently defined and presented in the first GCOS Implementation Plan. OceanObs'99 also emphasized amongst other networks the need to build an international autonomous float program. This opportunity was taken up by sponsors, and the Argo system now provides critical operational data supporting a diverse range of services through improved short-term to seasonal weather and marine forecasting, and a better understanding of climate change, among many other benefits.

OceanObs'09 (21–25 September 2009, Venice, Italy) celebrated a decade of progress in implementing the initial ocean observing system. The conference convened over 600 scientists from 36 countries who represented diverse ocean stakeholder communities. Among the successes of this conference was a revolution in how physical and chemical oceanographers agreed to share data to better understand the global ocean. The outcomes included benefits through better weather forecasting, quantifying the change in pH of the global ocean, better understanding the physical and biogeochemical interactions between the ocean and the atmosphere, and heightened awareness that improvements in the tracking of biological variables are required. Many of these efforts led to major advances in understanding and projecting climate change. The conference developed the Framework for Ocean Observing (FOO; Lindstrom et al., 2012), which provided a strategy for defining and implementing physical, biogeochemical, and biological observing needs. This conference demonstrated the scientific and societal benefits of a sustained ocean observing system.

Now, the OceanObs'19 conference (16–20 September, 2019) seeks to further align the science, technology, and human capacity of ocean observing to address growing and urgent societal needs. The 140 Community White Papers collected under this Frontiers in Marine Science OceanObs'19 Research Topic summarize the perspective from all interested groups, including science, operational and commercial end-users, on the needs and aspirations for the coming decade. The aspirations span a broad set of communities, such as addressing the requirements of fisheries and ecosystem-based management practitioners, the maritime sector, national and local authorities, search and rescue, public and private sector researchers, and the public in general. An important goal is to further refine a governance framework that designates responsibility for product definition, production and timely delivery of fit-for-purpose information to serve user needs at the appropriate scales (global, basin, regional, national).

To reach these ambitious goals, the OceanObs'19 conference is focused around seven vital themes: Ecosystem Health and Biodiversity, Climate Variability and Change, Water Food and Energy Security, Pollution and Human Health, Ocean Hazards and Maritime Safety, Discovery, and Blue Economy. Two cross-cutting topics, Data and Information Systems and Observing Technologies and Networks, connect and integrate these themes. An overarching subject is Observing System Governance, which focuses all actors on adopting best practices for observing Essential Ocean Variables. It establishes communications protocols between elements of the Global Ocean Observing System. In addition, it guides activities to address gaps in our capacity to observe life in the sea. Ultimately, governance coordinates advocacy and planning for the funding needed to sustain ocean observations. Much of this coordination falls on the shoulders of the GOOS, and OceanObs'19 calls for the global community to participate and support this enormous effort.

OBJECTIVE OF THE OCEANOBS'19 RESEARCH TOPIC COLLECTION

Community White Papers have been an integral part of the OceanObs conference series. The objective of the OceanObs'19 Research Topic in Frontiers in Marine Science is to provide a forum for community recommendations to inform the outcome of OceanObs'19 conference and to guide post-conference activities. The community responded to a call for input to OceanObs'19 with an overwhelming number of concepts and ideas, by submitting 430 abstracts as proposals for white papers. These abstracts were refined and combined into 140 Community White Papers (CWPs). These papers promote international collaboration, describe the status of a truly large-scale sustained ocean observing effort, and collectively help shape a vision for the future. They garner the collective knowledge of the community to evaluate and enhance the efficacy of our global and regional ocean observing networks. Each CWP addresses one or more of the seven themes described above and the two crosscutting topics, and makes recommendations on ocean observing governance. The CWPs specifically address improved connections between end users and providers of ocean observations, opportunities for integration of observing efforts and applications of information at the global and regional levels, and contribute to a vision in terms of ocean observing opportunities in the coming decade. They also identify substantial challenges that we need to overcome as a community and offer suggestions for solutions.

BROADER CONTEXT

The ocean provides essential services to our society. Ocean life and water quality are at the heart of the tourism, fisheries, and industries that provide benefits to millions of people. The ocean provides renewable energy and is major sources of oil, gas, and other minerals. By absorbing CO2 emissions from the combustion of fossil fuels and land use changes, the ocean moderates global warming.

Ocean observing systems are now essential to monitoring and forecasting changes in Earth's weather (minutes to days) and climate (decades to centuries; IPCC, 2013; Gleckler et al., 2016; Cheng et al., 2019). The public increasingly recognizes the critical importance of information about current and future ocean conditions to support diverse user needs. This includes better observations and predictions of wave, current, sea level, water quality, the abundance marine living resources, as well as improving marine, weather, and climate forecasting services. Major international weather and climate forecasting groups, including the European Centre for Medium-Range Weather Forecasts (ECMWF, 2016), the NOAA National Weather Service, and the World Meteorological Organization, have requirements for ocean information to enable a resilient and sustainable blue economy (WMO, 20191).

Today, over 40% of the global human population lives within 200 km of the ocean. Intense urban and industrial development are exerting increasing pressures on the ocean, especially on marine ecosystems on which all human societies depend. Climate change, resource extraction, pollution from our activities on land and in the ocean, and habitat degradation due to other human activities threaten the sustained productivity and health of the ocean. The fundamental link between the ocean and human livelihood and health has led to a global social outcry over the irresponsible use of marine ecosystems. This, among other global challenges, has led the United Nations to formulate a set of Sustainable Development Goals (SDG's; 2030 Agenda for Sustainable Development). The 2030 Agenda recognizes the connection between the ocean and human well-being under SDG14 and many other interlinked SDG's (Visbeck et al., 2014; United Nations General Assembly, 2015). With this momentum, the first-ever UN Ocean conference (United Nations, 2017) was convened to support the implementation of the SDG's. Subsequently, the UN proclaimed a Decade of Ocean Science for Sustainable Development (2021–2030). The Decade of Ocean Science seeks to mobilize the scientific community, policy-makers, business, and civil society around a program of joint research and technological innovation (UNESCO, 2017).

The outcomes of the OceanObs'19 conference represent a critical benchmark on how we address the challenge of sustainable development, and will significantly contribute to the Decade of Ocean Science. It is becoming more important than ever to integrate ocean observation and research agendas to meet societal needs (Visbeck, 2018). This opens opportunities for all nations to more actively engage in capacity development and in wise resource management. It provides opportunities for coastal and small island states to establish effective collaborations in multi-stakeholder processes to advance maritime activities, marine spatial planning, and effective ocean governance. It also helps to develop innovative strategies to adapt to climate change and to mitigate its impacts.

DEMOGRAPHICS OF COMMUNITY WHITE PAPER PARTICIPATION

The CWPs were contributed by more than 2,500 authors from over 79 countries. Figure 1 illustrates the geographic distributions of the authors. The authors represent organizations from various sectors, including governmental organizations (including civil and military), non-governmental organizations, non-profit organizations, industry, academic institutions, and private citizens. The number of authors, and the countries and sectors they represent, reflect the overwhelming interest and active involvement of the community. The community has high expectations for OceanObs'19 to shape the next decade of ocean observing.
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FIGURE 1. Geographic distribution of authors contributing to the OceanObs'19 Community White Papers.



TOPICS OF THE COMMUNITY WHITE PAPERS IN THE COLLECTION

The OceanObs'19 CWPs provide important contributions to the overall conference objectives (http://www.oceanobs19.net/mission-and-vision/). The recommendations included in these papers contributed to the outcome of the conference by addressing the strategies and actions in four broad topics:

• Information to meet future user needs;

• Innovation to spur observing technologies, products, and user services;

• Integration to balance user and operator needs, capabilities, and knowledge worldwide;

• Interoperability to better communicate among observing systems, and to deliver products for users, following usability and other best practices across the globe.

The CWPs summarize key accomplishments in ocean observing, address gaps, and discuss the way forward. They emphasize the importance of ocean observations as the key source of information on natural hazards (e.g., harmful algae and bacteria blooms, tsunamis, storm surges, marine heatwaves, and storms and other extreme weather events), ecosystem health and biodiversity (including shifting distributions of organisms and the increased risk of extinctions), ocean pollution (including acidification, de-oxygenation, and plastics), and sea level change. They highlight the need for observations to support ecosystem-based management, marine and weather forecasting, climate predictions and projection, marine safety and navigation, decision support for climate adaptation, deep-ocean exploration, and seafloor mapping, among many other areas. The papers address observing systems of various scales, from the global ocean (e.g., Argo, GO-SHIP, Volunteer Observing Ships, and an active constellation of satellites), basin-scale (e.g., AtlantOS, Tropical Pacific Observing System 2020, Indian Ocean Observing System, Tropical Atlantic Observing System, Arctic Ocean and Southern Ocean observing systems, and a developing Deep Ocean Observing Strategy), regional scale (e.g., for boundary currents and inter-ocean exchanges), to various coastal observing systems. These issues and systems are all at the core of a developing blue economy.

Taken together, the CWPs represent a call to governmental and non-governmental organizations, industries, scientists and technologists, stewards and citizens to work together to support global ocean observing. They stress the need of furthering a coordinated development of the Global Ocean Observing System (GOOS) to ensure the delivery of information that will benefit human society over the long term.

Some of the strategies and actions the CWPs addressed included:

• Sustain the observation of Essential Ocean Variables (EOVs) for operational applications, including conservation and sustainable development, scientific research, and the assembling of climate data records;

• Reduce capability gaps, including the improvements of coverage and sampling in space and in time, measurement accuracies, and measurements of critical but under-measured observables (e.g., air-sea fluxes and ocean surface currents, ecosystem health and biodiversity in deep ocean as well as coastal areas).

• Develop cost-effective strategies and accelerate the infusion of technology to advance sensors, platforms, and networks;

• Facilitate a governance approach that integrates observational capabilities under the framework of GOOS (e.g., Moltmann et al., 2019) across (1) different scales in space and time (global, basin-scale, regional, to coastal, and routinely, frequently, and over the long-term) (2) various platforms (in-situ, sub-orbital, and satellite), (3) disciplines (physical, biological, biogeochemical, and geological, and improved linkages to the social sciences), and (4) observations and forecasts (including improvements of models, assimilation, and initialization of forecasts);

• Improve the link between users and observing systems, including the private sector and bodies such as the World Meteorological Organization, the Food and Agricultural Organization, and many other government and academic entities. This includes re-enforcing the feedback loop between users and observing systems, so that system design and implementation ensure a fit-for-purpose enterprise as described in the Framework for Ocean Observing (FOO);

• Innovate data and information services to support diverse user needs across different regions and sectors, and to meet the challenges of Big Data and distributed data systems;

• Enhance and refine best practices in sensor and observing system development as well as in data and information curation and delivery, to build an international, collaborative, and multidisciplinary community of practice that jointly collects and shares global observations on EOVs for measuring change accurately and reliably;

• Strengthen capacity building and knowledge integration across the ocean observing value chain, from data collection to the generation of information and its application;

• Foster international collaborations and coordination, including free and public data access (real-time or near real-time where applicable), sharing of resources, coordination of education and outreach, and management of a shared and responsible observing system governance that provides funds for these activities.

The OceanObs'19 conference has taken the recommendations from these CPWs and many other sources and voices of the community to inform plenary presentations, panel discussion, breakout sessions, and conference posters. This input is critical for the success of the OceanObs'19 conference, and will help define the outcome of the conference and the post-conference actions. Together, the CWP and OceanObs'19 will contribute to the development of a vibrant and blue economy that comprises many sectors, that supports policies that sustain development and conservation, and shape the next decade of ocean observing.
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FOOTNOTES

1https://en.unesco.org/news/new-agreement-bolsters-work-ocean-observations-research-and-services; https://public.wmo.int/en/media/news/wmo-hosts-oceans-meetings
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