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Abstract

With the rapid advancement of marine observation and simulation capabilities,
together with major breakthroughs in data science, modern marine science has
experienced three major paradigm shifts: theory-driven, technology-driven, and
data-driven. Marine big data has become an essential pathway for human-
ity’ s progression from understanding the ocean to governing it. This article
analyzes the current development status across the entire upstream-midstream-
downstream chain of marine big data acquisition, analysis, and application, and
points out that tightly integrating the marine science and data science domains
to effectively address challenges in scientific, technical, engineering, and human-
ities aspects of marine development is one of the core issues in marine scientific
research. On this basis, it proposes the main directions and key technologies
for the development of marine big data science in the next 5-10 years, which
holds important practical significance and profound strategic importance for
accurately grasping ocean conditions, enhancing marine forecasting service ca-
pabilities, and safeguarding national maritime rights and interests.

Full Text
Abstract

Modern oceanography has undergone three critical paradigm transformations
—theory-driven, technology-driven, and data-dominant—propelled by rapid ad-
vancements in ocean observation and simulation capabilities alongside major
breakthroughs in data science. Ocean big data has become an indispensable
pathway for humanity’ s journey from understanding to managing the oceans,
with its importance for societal development and national core competitiveness
increasingly recognized worldwide. This paper analyzes the current develop-
ment status across the entire chain of ocean big data, from acquisition and
analysis to application. While big data can now be obtained from space-, air-,
land-, and ocean-based platforms, breakthroughs are still needed for acquisition
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in deep seas, extreme environments, and at high resolutions. In China, big data
storage, management, and mining remain at a preliminary stage compared to
other nations, although the country leads in data visualization. Many sectors
are actively seeking to apply ocean big data and track the latest scientific dis-
coveries; however, gaps sometimes persist between applications and upstream
data acquisition and analysis.

Ocean big data exhibits two distinctive features: spatiotemporal coupling and
geographic association. As multidimensional datasets with both temporal and
spatial attributes, the increasing resolution and frequency of observations de-
mand simultaneous analysis along both temporal and spatial axes, posing sig-
nificant challenges for deep analysis given the diverse, high-dimensional fac-
tors involved. Unlike other big data that may be randomly distributed, ocean
big data are geographically related—adjacent regions exhibit linear or nonlin-
ear associations, forming modal characteristics across different spatiotemporal
scales. Consequently, ocean big data acquisition, analysis, and application re-
main highly challenging. Effectively addressing scientific, technical, engineering,
and humanities challenges in ocean development through the close integration of
ocean science and data science has thus become a core issue in marine research.

Building upon this analysis, we propose five key research directions and enabling
technologies for ocean big data science over the next 5-10 years: (1) investigat-
ing potential areas and methods for fusing ocean science with data science; (2)
exploring observation and detection programs to support ocean big data de-
velopment; (3) identifying oceanographic and information science trends suited
to big data characteristics; (4) studying sharing mechanisms and collaborative
innovation platforms for ocean big data; and (5) exploring emerging industry
trends and technological requirements for ocean big data applications. Look-
ing ahead, we aim to develop methods for acquiring high-resolution ocean big
data under extreme conditions such as deep-sea trenches, create new analytical
theories and techniques for multidimensional ocean big data analysis, establish
open sharing platforms for ocean big data, and meet diverse needs in marine
food safety, pollution and human health, maritime disasters, biodiversity, and
the blue economy to facilitate the smooth establishment of new ocean big data
industries. This paper makes a significant contribution to understanding the
oceans and enhancing marine forecasting capabilities.
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