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Figure 1 Development trend of atmospheric science
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Atmospheric science, an active branch of Earth science, focuses on phenomena and
changes in the Earth’s and planetary atmospheres to serve societal development. Over
the past century, rapid advances in observations, theories, and numerical models have
positioned atmospheric science as a leading discipline in Earth system science,
significantly bolstering global development and supporting critical national strategies.
Under current international and domestic circumstances, atmospheric science in China
faces distinct opportunities and challenges, necessitating the strengthening of
systematic research deployment to address frontline scientific priorities and urgent
national needs. To this end, coordinated by the atmospheric science division of the
Earth Science Department at the National Natural Science Foundation of China, we
synthesized the discipline’s historical development, societal demands, international
research trends, and domestic academic capabilities. This analysis concluded key
scientific and technical issues: “the natural variability in the weather—climate—
environment system and its mutual feedback mechanisms with human activities”, and
“seamless, precise, and intelligent prediction of the weather—climate—environment
system”, respectively. To address the two key issues, six key research areas were
proposed: (1) Energy—water cycles and monsoons, examing multi-sphere coupling
processes and monsoon dynamics under climate change to enhance the understanding
of the Earth system change and optimize the human living environments; (2)
Disastrous weather, developing theory and method to deepen disasterous weather
understanding and improve the forecasting accuracy, safeguarding people’s lives and
property; (3) Atmospheric environment and health, unravelling atmospheric
physicochemical coupling mechanism to increase scientific understanding of health
risks and protect human health; (4) Earth system—socioeconomic coupling, focusing
on big data integration, Earth—socioeconomic coupling mechanisms, and numerical
modeling to address climate change and support digitalization and dual-carbon
strategies of China; (5) Integrated dynamics—artificial intelligence forecasting,
fostering the in-depth integration of atmospheric and information sciences to realize
intelligence predictions and technological transofrmation; and (6) Compound
meteorological disasters, exploring mechanisms, predictions, and risk prevention for
compound meteorological disasters to establish the first line of national disaster
defense and resilience. Breakthroughs in these key areas and associated scientific and



technological issues will contribute to the development of new atmospheric science
theories, deepen the understanding of the coupling processes of the Earth system's
layers, elucidate the intricate feedback mechanisms between the Earth and societal
systems, advance prediction capabilities, and enhance the overall ability of
atmospheric science to underpin sustainable societal development.

atmospheric science, key scientific and technical issues, key research areas, earth
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