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Figure 1 Category scheme for research trends and forefronts of Earth science
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Digital Earth (DDE) project
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Earth science, as a natural science that studies the formation and evolution of Earth as well as its resource, energy,
environment and disaster, is entering a new stage of development. With the intensification of global climate change, the
prominence of resource depletion issues, and the frequent occurrence of natural disasters, the importance of Earth science
research for sustainable human social development is increasingly prominent. Deep-time Digital Earth (DDE), as an
international grand science program established in 2019, has focused on the major scientific proposition of Earth evolution
since its formation, attempting to make paradigm shifts in the study of Earth science by coordinating global data and
sharing global knowledge of this field. Its work group has lately identified 30 research trends in the field of Earth science
from 2014 to 2023. By inviting scientists worldwide to vote, top 10 trends were selected as forefronts: three-dimensional
structure of the Earth; machine learning and big data analysis; critical minerals; past, present, and future climate change;
energy resources; global ocean carbon cycle; origin of life; carbon capture and storage; remote sensing; and natural
disasters and extreme earthquakes. In these top ten frontiers, four relate to the habitable Earth and two each pertain to deep
time and big data. This reflects a paradigm shift in the study of Earth science from individual layers to a comprehensive
“lithosphere-biosphere-climate” system, highlighting interdisciplinary integration. Moreover, machine learning, remote
sensing, and big data can be used to reshape research paradigms, such as global sedimentation rate models and three-
dimensional mantle convection simulations, showcasing technology-driven transformations. The selection of these top ten
frontiers demonstrates the power of technological integration. On one hand, it marks the progressive transition of Earth
science from a traditionally descriptive discipline through a modern experiment and calculation-based discipline to a
predictive systematic science. On the other hand, it harbors cognitive crises in “technological optimism” — when humans
use deep-time data to simulate the tectonic movement of plates over billions of years, they struggle to address the challenge
of climate change on a decadal scale. The Earth science revolution, which began with the plate tectonics theory and the
Earth system science in the late 20th century, is now advancing towards new levels driven by “deep-time big data-+artificial
intelligence”. The DDE program aims to build a globally shared one-stop processing and analysis platform through
integrating the Earth’s spatiotemporal big data over the past billions of years. For this purpose, it has organized a number of
important academic activities and made a series of conspicuous achievements. Its goal is to provide a big-data platform
through multi-layer interaction studies not only for the innovation of Earth science research but also for addressing the
climate change, resource scarcity and natural disasters on both global and regional scales. This article presents a brief
introduction to the 10 forefronts of Earth science, aiming to highlight what are the newest trends in this field and how to
advance Earth system science to recognize the past and present of Earth as well as to protect the planet’s future.

geosphere, Earth system, interdisciplinary crossover, sustainable development, Earth habitability
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