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Abstract

The Research Group on Development Strategy of Earth Science
in China for 2035 was led by Professor Rixiang Zhu since April in
2020. Prof. Rixiang Zhu is an academician of the Chinese Academy of
Sciences, a fellow of the American Geophysical Union, and was awarded
the Petrus Peregrinus Medal by the European Union of Geosciences.
Prof. Zhu invited 15 leading scientists with different area of expertise in
Earth science from various institutions in China. The Research Group
held regular workshops, with members presenting brief overviews of
topics related to their research specialties and discussed frontiers and
needs in Earth science before 2035. Draft chapters were edited by Profs.
Chengshan Wang, Huijun Wang, Yigang Xu, Xianhua Li, Fuyuan Wu,
Shuzhong Shen, Renhe Zhang, Tielong Zhang, Peizhen Zhang, Fahu
Chen, Yongfei Zheng, Yongyun Hu, Rui Gao, Jie Fan, and Yongxin
Pan with helps from secretaries Bo Wan, Chaolin Zhang, Qiang Wang,
Xiumian Hu, Liang Zhao, Dabang Jiang, Yunpeng Dong, Yong Wei and
Xin Li. Edited versions were circulated amongst the whole group, and the

final document was collated and edited by Rixiang Zhu.

1. Scientific Significance and Strategic value of Earth Science

Earth science is the natural science that explains the Earth’s formation
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and evolution. Earth science is a highly applicable field of study due to the
fact that the planet not only serves as our home but also provides us with
essential life-sustaining resources. The scope of Earth science research
includes the structure, composition, and evolution of Earth’s layer, as well
as the process, change, mechanism, and interaction between layers. The
objective of Earth science research is to increase the level of understanding of
the planet and to use the acquired knowledge system to provide scientific basis,
technical support, and solutions for resolving major issues such as human
livable resources and energy supply, ecological environmental protection,
and natural disaster prevention and control.

The Earth is only a member of the vast universe, and it is
approximately 4.6 billion years old. The spatio-temporal scale of Earth
science research differs greatly from that of other disciplines. The
objects of Earth science research include the Earth’s interior layers
(crust, mantle, and core) and the Earth surface system (biosphere,
soil sphere, hydrosphere, cryosphere, geosphere, anthroposphere, and
atmosphere) . The research period spans from Earth’s formation to the
present. With the advancement of modern Earth science concepts, there is
a greater emphasis on resolving complex economic and social problems
and meeting the evolving needs of humans. Increasing emphasis is
placed on interdisciplinary development, and it is anticipated that the
interrelationships and internal evolution of different spheres will be
incorporated into the theory of the Earth system. It emphasizes the use
of new observations and new methods to integrate existing data, build
reasonable models to recognize and understand the Earth and planetary
space on which humans live, answer scientific questions about how
humans can be habitable and sustainable, and serve the country and the
public as technology advances.

This book proposes a strategy for the development of China’s Earth
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science disciplines to 2035, with the goals of promoting the balanced
layout and coordinated development of Earth science and their various
sub-disciplines; strengthening the advantageous areas of China’s Earth
science; promoting the development of China’s relatively weak sub-
disciplines and fields; encouraging the growth of interdisciplinary
research; promoting the development of sub-disciplines associated
with experimentation, observation, data integration, and simulation;
prioritizing the cross-integration of Earth sciences and mathematics,
physics, chemistry, and biology; and hastening the emergence of creative

achievements and theories in disciplines.

2. Research characteristics and development trends in the field
of Earth science

Earth science is entering the integration stage of various branches of
science, that is, the establishment of a new era of theoretical knowledge
and methodological technology system of “Earth system”. China’s
domestic and international earth science research is undergoing profound
changes in this direction. In general, the scope of Earth science’s research
is becoming more comprehensive. Meanwhile research technology
methods are becoming more advanced. Basic research and application are
becoming more closely integrated. The spatio-temporal scale of research
objects in Earth science is constantly expanding, and more emphasis is
placed on the coordinated development of interdisciplinary studies. The
advancement of Earth science is a priority for developed countries, and
in recent years, countries like the United States, the United Kingdom,
Germany, the European Union, and others have launched numerous
large-scale scientific initiatives like the Earth Lens Plan and the Future
Earth Plan. The advancement of earth science necessarily requires long-

term and extensive observation, detection, analysis, experimentation, and
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simulation, and even requires long-term intervention of organizational
systems forces.

The early-stage development of Earth science is closely related to the
industrialization of human society. In recent years, however, more attention
has been given to the harmony between human beings and Earth and the
scientific research on planet earth. It is necessary to place the Earth in the
entire solar system and even the universe to understand how Earth works.
In the meanwhile, the traditional Earth science is about to enter a new era of
“Earth System Science”, and the combination of basic research and applied
research is increasingly closer, serving the resources utilization, ecology and
environment protection, and disaster resistance and reduction. The rapid
development of technology is becoming more and more important in support
of Earth science. By seizing the historical opportunity, Chinese Earth science
community should provide their scientific support to a shared future for
mankind and solutions to global governance.

Future Earth science will be balanced and coordinated development
at two levels of disciplinary development and major national needs,
will strengthen the dominant disciplines and fields of Earth science in
China. Future Earth science should also strengthen the development of
cutting-edge and basic sub-disciplines; support sub-disciplines related to
experimentation, observation, data integration, and simulation; emphasize
the merging of Earth science, Earth system science, and other disciplines
to obtain original results and propose new theories, as well as provide a
scientific basis for sustainable social development and improvement of

environmental quality.

3. Key scientific issues, development goals and important
research directions in the field of Earth science

The following is a list of the priority development areas in China for
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the various branches of Earth science to 2035.

Geographical science include: integrated geography (theoretical
geography, applied geography, regional geography, and historical
geography); physical geography (integrated physical geography, sectoral
physical geography, and human living environment); human geography
(integrated human geography, economic geography, urban geography,
rural geography, sociocultural and political geography); and information
geography (geographic remote sensing science, geographic information
science, geographic data science).

Geology: the origin and evolution of major biological taxa and their
integrative biological mechanisms; major climatic and environmental
evolutions on different time scales; mineral evolution and response
mechanisms in deep and surface geological processes of the Earth;
structure, genesis and evolution of major metallogenic systems; tectonics,
evolution and deep geodynamics of Tethys and East Asian lithosphere;
continental tectonic deformation and human habitability as a system;
warming of the paleo-climate system and abrupt changes in the climate
system; interaction of the Earth’s multi-sphere under the background of
global change, and the effects of Qinghai-Xizang Plateau on the geology,
resource and ecological environment; hydro-biogeochemical processes in
Earth Critical Zone, and ecological hydrogeology safety and ecological
safety of engineering geology in river basins.

Geochemistry: innovative geochemical tracing systems and precise
chronology; tectonic paradigms and mantle temperatures of the early
Earth; deep-Earth processes and the temperature-maintaining mechanism
of the planet’s climate; the interior state of the Earth and the matter cycle;
plate tectonic processes and the formation and evolution of continents;
mechanism connecting the internal and external systems of the planet.

Geophysics: new theories, new technologies and new methods of

geophysics; the deep structure of the Earth and the interactions between
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different Earth’s spheres; strong seismic mechanism of continents and
disaster evaluation; deep oil and gas reservoirs and the exploration and
development of green energy; core exploration technologies for strategic
key minerals; research and development of key geophysical equipment;
characteristics, mechanisms and, prevention and control of earthquakes
induced by human activities; key technologies and theoretical methods
for global integrated gravity field information acquisition.

Atmospheric science: space-air-ground integrated observation
network; changes and mechanisms of extreme weather and climate events;
atmospheric environmental pollution and impacts; research, development
and application of high-resolution Earth system numerical value; multi-
scale ensemble forecasting; weather, climate, environmental effects and
sustainable development of cities and urban agglomerations.

Planetary Science: primordial matter and planet formation in the Solar
System; impacts and surface geological processes; internal structure
of the planet; planetary magmatic activity and evolution of planetary
mantles; planetary atmospheres, oceans; magnetic field of the planet;
origin and evolution of planetary habitable environments; planetary
organic matter and life detection; exploration of extrasolar planets;

development and utilization of planetary resources.
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