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Figure 1 (a) Global surface temperature change relative to the present-day and (b) atmospheric CO, during past 0.5 billion years at various timescales.
Surface temperature data is obtained from Judd et al.”!, Westerhold et al.l’), Clark et al.™), Kindler et al.l’), Morice et al.’’), and TPCC!!. Atmospheric
CO, data is obtained from Judd et al.’”), CenCO,PIP'", Bereiter et al.®! and IPCC!"
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Figure 3 Key research fields of integrating past and present climate and environmental change
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Modern climate research relies primarily on instrumental observations. However, the relatively short duration of meteorological
records limits our ability to identify the mechanisms underlying extreme climate events and to investigate climate variability on
decadal to centennial timescales, thereby constraining improvements in Earth system models and climate prediction skills.
Paleoclimate research, which reconstructs past climatic and environmental changes using natural geological archives such as ice
cores, tree rings, stalagmites, loess, and marine sediments, provides an opportunity to extend climate records far beyond the
instrumental period. Spanning timescales from millions of years to annual or even daily resolution, paleoclimate studies integrate
multiple disciplines to elucidate the roles of external forcings and internal climate feedbacks in shaping Earth’s climate evolution.
With continuing technological advances and increasing interdisciplinary integration, bridging past and future climate and
environmental change has become an essential direction in Earth system science.

This paper systematically reviews recent advances in four key areas. First, it examines the climatic and environmental impacts
of past global warming and cooling, with particular emphasis on representative warm intervals in Earth history that may serve as
analogs for future warming scenarios. Second, it synthesizes the mechanisms driving climate and environmental change across
multiple timescales, including tectonic, orbital, and sub-orbital variability and their interactions. Third, it evaluates the causes of
major extreme climatic and environmental events in the geological past, which provide insights into potential thresholds of the
Earth system and its complex nonlinear responses to external perturbations. Fourth, it assesses biases in Earth system model
simulations across different paleoclimatic backgrounds, including discrepancies in temperature, precipitation, and atmospheric
and oceanic circulation, as well as their underlying causes. These advances provide a solid basis for a deeper understanding of the
intrinsic dynamics of the Earth system.

Building on this synthesis, we identify several key scientific questions for integrated past—present climate and environment
research. To what extent are the mechanisms governing climatic and environmental responses to external forcing similar or
different across timescales from the geological past to the future? How are these responses modulated by interactions among the
atmosphere, hydrosphere, cryosphere, biosphere, and lithosphere, giving rise to nonlinear amplification, critical transitions, and
long-term feedbacks? Addressing these questions requires establishing a unified research framework encompassing five major
dimensions: comparisons between past and present climate states, climate variability across multiple timescales, major climatic
and environmental events, the key drivers of past climate change, and the systematic evaluation of model biases.

China has established a strong foundation and possesses considerable potential in this emerging direction. Extensive high-
quality paleoclimate proxy records have been accumulated, and comprehensive systems for modern climate observation and
numerical modelling have been developed. Nevertheless, important challenges remain, including a shortage of interdisciplinary
expertise and the lack of integrated research platforms. Advancing the integration of past and present climate and environmental
change research will require coordinated efforts to identify priority scientific questions, optimize interdisciplinary training
systems, promote the development and sharing of standardized databases, strengthen funding mechanisms and strategic program
deployment, and enhance research infrastructure and platform construction. Such efforts will not only provide robust scientific
evidence for distinguishing anthropogenic influences on contemporary global warming but also offer important theoretical and
practical support for achieving China’s “carbon peaking and carbon neutrality” goals.

past and present climate-environmental changes, abrupt event, integration research, strategic research
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