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Figure 1 Temperature variation comparison of the Western Pacific Warm Pool region across two different time scales. (a) Temperature changes over
the past 10 million years, with an overall range of 26-32°C and a variation amplitude of approximately 5°Ct'**!, (b) Temperature changes in the same
region over the past 160 years, with a range of only 28.7-29.3°C and an amplitude of approximately 0.6°C!*]
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Flgure 2 Comparison of regional temperature relationships and amplification factors across different time scales. (a) Temperature change relationship
between WPWP and ODP1021 over the past 10 million years. The left panel shows temperature time series of both regions, while the right panel
presents temperature correlation scatter plot and linear regression analysis, with a slope of 2.42 indicating that temperature changes in ODP1021 are 2.42
times those of WPWP on the million-year scale. (b) Temperature change relationship between WPWP and the same mid-latitude region over the past
160 years. The left panel shows temperature time series on short time scales, while the right panel demonstrates that during the modern observational
period, temperature changes in the mid-latitude region are only 0.92 times those of WPWP. (¢) CESM model (LongRunMIP) temperature change
relationship for the same regions. The left panel shows long-term (5900 years) equilibrium simulation temperature time series under 4xCO, fixed
forcing experimental conditions, while the right panel indicates that in equilibrium climate simulations, temperature changes in the mid-latitude region
are 1.99 times those of WPWP, which is relatively close to paleoclimate records
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Figure 3 Comparison of temperature relationships and amplification factors across different time scales and data sources. (a) The temperature
relationships between mid-latitude regions (near ODP1021 site) and the Western Pacific Warm Pool under three different data sources. The red line
represents paleoclimate temperature records (10-million-year scale), the blue line represents modern observations (160-year scale), and the orange line
represents CESM climate model (5900-year simulation). (b) The amplification factors of the three data sources: paleoclimate records show the highest
amplification factor (2.42), modern observations show the lowest amplification factor (0.92), while the equilibrium simulation results of the CESM
climate model (1.99) are close to paleoclimate records. The bottom bars display the original absolute temperature ranges of the WPWP from three data
sources: paleoclimate records have a temperature range of 27.38-32.56°C, modern observations range from 28.25-29.42°C, and CESM model
simulations range from 28.92-33.23°C
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Figure 4 Heatmap ranking of LongRunMIP climate model performance based on paleoclimate amplification factor assessment. The evaluation uses
long-term simulation results under a quadrupled atmospheric CO, concentration scenario, ranking 9 models according to three metrics: York regression
slope (linear relationship between model amplification factors and paleoclimate records); model-data difference in amplification factor standard
deviation; and correlation coefficient between models and paleoclimate data. Colors from blue to red represent rankings from excellent (1) to poor (9),
with smaller values (deeper blue) indicating better model performance
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Figure 5 Global distribution of temperature change amplification factors relative to the Western Pacific Warm Pool under future equilibrium climate
conditions. Gray ellipses represent the coverage area of ocean grid cells, with grid definition following the standards of Dong et al.!*®): each sea surface
temperature grid coverage is constrained within rectangular regions, with tropical regions (|latitude|<30°) having a latitude width of 15°, polar regions
(50°<|latitude|<70°) having 25°, and mid-latitude regions using gradient settings to ensure grid consistency. To optimize visual effects, grids are
arranged in a staggered pattern and offset by half a width. Black numbers within ellipses represent average amplification factors calculated based on five
Group A models (CCSM3, CESM, HadGEM2, MPIESM 11, MPIESM12). Black dots represent the center positions of other grids, whose amplification
factor ellipses are not shown in the figure
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Yi Ge Zhangl* & Xiaoqing Liu?

! State Key Laboratory of Deep Earth Processes and Resources (DEEPER), Guangzhou Institute of Geochemistry, Chinese Academy of Sciences,
Guangzhou 610240, China

2 Department of Earth, Atmospheric and Planetary Sciences, Purdue University, West Lafeyette, Indiana 47907, USA

* Corresponding author, E-mail: zhangyige@gig.ac.cn

Deep-time paleoclimate research and modern climate change studies exhibit substantial differences in time scales and
magnitudes, limiting the application of paleoclimate records to understanding and predicting current climate change.
Bridging the gap between million-year paleoclimate records and century-scale modern observations is crucial for
improving long-term climate predictions and developing effective adaptation strategies. This study utilizes a “space-for-
time” approach by analyzing the amplification factors of temperature changes across global regions relative to the Western
Pacific Warm Pool (WPWP), placing climate changes across different time scales into a unified comparative framework.
This methodology removes temporal dimension differences and focuses on spatial temperature change patterns, enabling
direct comparison between paleoclimate records, modern observations, and climate model simulations.

Our findings reveal that over the past 10 million years, distinct temperature change patterns emerged globally, with mid-
to-high latitude regions showing amplification factors generally between 1.5 and 3.0; while in modern observations over
the past 160 years, these regions exhibit much lower amplification factors, often below 1.0. Specifically, using the mid-
latitude North Pacific (ODP Site 1021) as an example, paleoclimate records show an amplification factor of 2.42+0.23,
while modern observations show only 0.92+0.5. Interestingly, the global distribution of amplification factors from long-
term equilibrium climate model simulations resembles paleoclimate records, with an amplification factor of 1.99+0.07 for
the same region.

This fundamental difference between transient and equilibrium climate responses reflects the distinct physical processes
operating at different time scales. Modern observations primarily capture the climate system’s immediate response to
rapidly changing forcing, dominated by processes such as ocean heat uptake and atmospheric adjustments. In contrast,
paleoclimate records and long-term model simulations represent the system’s equilibrium response after sufficient time for
full adjustment, including deep ocean temperature changes, ice sheet responses, and ecosystem feedbacks.

This observation suggests that as the climate system approaches equilibrium, the spatial distribution of temperature
changes will transition from the transient pattern currently observed to the equilibrium pattern indicated by paleoclimate
records. The “pattern effect” concept is crucial for understanding this transition, as different spatial patterns of temperature
change trigger different climate feedbacks, potentially altering the system’s sensitivity to greenhouse gas forcing.

Model predictions constrained by paleoclimate records indicate that high-latitude regions will experience the strongest
temperature amplification effect (amplification factors of 2.5-3.0) in equilibrium climate change, much higher than the
transient amplification factors currently observed. Mid-latitude oceanic regions, currently showing relatively weak
warming, might experience long-term warming as deep ocean mixing processes allow full response to external forcing.
Tropical regions, while currently at the forefront of warming, might show relatively weaker warming in the long-term
equilibrium state.

The implications of these findings extend beyond academic understanding to practical climate policy and adaptation
planning. Current climate projections, primarily based on short-term observations and model simulations, might
systematically underestimate long-term warming in some regions while overestimating it in others. This study provides a
new bridge connecting deep-time paleoclimate with modern climate change research, demonstrates the unique value of
paleoclimate records in predicting future global long-term climate change, and offers scientific basis for developing
regional climate adaptation and mitigation strategies.

paleoclimate constraints, temperature amplification factor, equilibrium climate change, spatial temperature
pattern, pattern effect
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