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Figure 1 Three fundamental elements of human civilization and the main criteria for evaluating contributions of Earth sciences to civilization
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Figure 2 The maps that have changed the world. (a) The world map made by Ptolemy (1495). (b) The geology map of England and Wales made by
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Figure 5 The Keeling Curve—changes in atmospheric CO,
concentration since 1958
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The contribution of Earth sciences to human civilization

Yi-Gang Xu

State Key Laboratory of Deep Earth Processes and Resources (DEEPER), Guangzhou Institute of Geochemistry, Chinese Academy of Sciences,
Guangzhou 510640, China
E-mail: yigangxu@gig.ac.cn

Earth science is a fundamental discipline that studies the structure, formation, and evolution of the Earth, with the ultimate
goal of understanding the planet and benefiting humanity. It possesses both basic and applied attributes. On one hand, it
serves as an integral part of the natural sciences system (including mathematics, physics, chemistry, astronomy, Earth
science, and biology), investigates the operational laws of the Earth system, giving rise to groundbreaking theories such as
plate tectonics and the Milankovitch theory. On the other hand, it promotes the effective management of Earth’s resources
and environment, while aiding in the resolution of socio-economically relevant and globally significant issues. Because it
consistently revolves around humanity’s fundamental questions and essential needs, Earth science is omnipresent in the
development of human civilization and has continually demonstrated its remarkable vitality. It has profoundly influenced
the advancement of human society through resource exploration and utilization, natural disaster prediction and mitigation,
environmental protection and sustainable development, infrastructure construction, scientific research and education, as
well as cultural and historical studies. As human needs have evolved across different stages of civilization, the focus and
methodological framework of Earth science research have undergone significant transformations, making the relationship
between humans and nature more complex and sensitive. Unfortunately, no comprehensive study has yet been conducted
globally on the interplay between Earth science and human civilization. On the eve of a new round of scientific and
technological revolution and amid the ongoing transformation of research paradigms, it is of great significance to
synthesize the contributions of Earth science to human civilization and analyze the underlying logical principles. Such an
effort would enhance the societal function of Earth science and empower it to better serve the progress of future
civilizations.

Human civilization refers to the sum total of material and spiritual wealth created and accumulated by humanity
throughout the course of social and historical development. It has undergone a succession of stages—from primitive
civilization and agrarian civilization to industrial civilization, and to ecological civilization. Here, from the perspective of
civilizational evolution, we propose three new essential elements of human civilization, including cognition, wealth and
governance. We also put forward three criteria for evaluating contributions of Earth sciences to civilizational advancement:
Does Earth science study (1) revolutionize human understanding, (2) enhance productivity, generate wealth, improve living
standards, or transform lifestyles, and (3) foster consensus, optimize human-environment relations, and advance global
governance?

Building upon this proposed elucidation framework, this paper systematically examines the historical contributions of
Earth Science to human civilization in the following three aspects: understanding nature, utilizing nature, and harmonizing
with nature. Several examples are illustrated in detail, notably including “Without geology, there can be no theory of
evolution”, “Map and plate tectonics that changed the world”, “Without geology, there would be no industrial revolution”,
and “Climate change research has changed the paradigm of world economic development”. We also highlight Chinese
geoscientists’ achievements in promoting socio-economic development both globally and domestically, analyze underlying
logical patterns, and elucidate insights from revolutionary geoscientific research.

Earth science has made tremendous historical contributions to human civilization and can contribute even more to its
future development. Special attention should be paid to the following four aspects: (1) reverence for nature and
continuously expanding the boundaries of human knowledge; (2) serving national interests and safeguarding national
security; (3) enhancing the ability to harmonize with nature, improving people’s well-being, and advancing the vision of an
“Earth-Life Community”; (4) expanding humanity’s living space and propelling civilization further into deep space.

Earth sciences, human civilization, three fundamental elements of civilization, evaluating criteria, historic
contribution, perspectives
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