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Figure 1 Two Earth system conceptual diagrams (details omitted). (a) The Bertherton diagram by NASA (1986). (b) The diagram by Steffen et al.

(2020). Revised from Refs. [1,3]
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Figure 2 The hypothesis that humans shape Earth’s fate. (a, b) Pathways by which human activities may lead to a “Hothouse Earth™'%!: (a) glacial
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Figure 3 The rejected stratigraphic proposal for the “Anthropocene”. (a) The proposed stratigraphic chart. (b) The proposed Global Boundary
Stratotype Section and Point (GSSP) — The sediment core from the bottom of Crawford Lake, Canada!™!
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Figure 5 Low-latitude forcing of climate cycles (revised from Ref. [32]). The green line at the top shows the oxygen isotope record from East Asian
speleothems, indicating variations in monsoonal precipitation at low latitudes; the red line represents the 20000-year precession cycle of solar insolation.
The blue line at the bottom illustrates sea-level fluctuations driven by the waxing and waning of Northern Hemisphere ice sheets. The purple shading in
the middle denotes the so-called “100000-year glacial cycles”, which are composed of 4 to 5 precession cycles
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Figure 6 Changes in (a) Earth surface temperature and (b) atmospheric CO, concentration over the past 500 million years (revised from reference
[12]). The dashed lines indicate the pre-industrial contemporary values, both of which are at their lowest levels over the past 500 million years
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Earth system science: quo vadis?—OQOdyssey of the Earth I

Pinxian Wang

State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China
E-mail: pxwang@tongji.edu.cn

The tracking for the environmental effects of greenhouse gas emissions has introduced contemporary systems thinking to
the Earth, leading to the birth of the Earth system science. After over four decades, two distinct directions of its future
development have emerged with different foci and spatiotemporal scopes. The first direction is represented by the U.S.
National Academy of Sciences 2022 report “Next Generation of Earth System Science”, which advocates a human
dimension-centered approach focusing on interactions among natural and social processes. By contrast, the second
direction, which is predominant in China, emphasizes exploring the natural processes to decipher the spatiotemporal
evolution of the Earth system itself, with the anthropogenic processes as just one component of the research. This endeavor
has been manifested in the biannual conference series on Earth system science in Shanghai since 2010.

This second direction, in effect, represents an “upgraded version” of the Earth system science research. It proposes to
embrace the latest advances in astronomy and space science, in Earth’s deep interior and molecular and micro-biology. This
will immensely broaden the scope of the Earth sciences through supersized cross-disciplinary collaboration, ultimately
leading to a full understanding of the Earth system, a goal that inevitably requires an endeavor of several decades.

A four-part paper series of “Odyssey of the Earth” is conceived to offer a systematic elucidation of the proposed
“upgraded Earth System Science* and to outline the framework and major research topics of the new initiation. The present
paper serves an introduction and will be followed by an in-depth analysis and more detailed discussions on the progresses
in astronomy, deep Earth and bio/geosphere interactions and their roles in the evolution of the Earth system.

Earth system science, natural scales, astronomy and space sciences, deep Earth processes, micro- and molecular
biology
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