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Irreversibility of global climate system
and its potential predictability

24

Since the Industrial Revolution, persistent anthropogenic CO, emissions have driven long—term, large—scale global
warming. To mitigate these changes, international efforts like the Paris Agreement aim to reduce atmospheric CO,
through policies such as net—zero or negative emissions. However, the effectiveness of CO, reduction remains uncertain
due to the complex, nonlinear nature of the Earth system, raising the question of whether climate change is fully
reversible. This dissertation explores climate irreversibility, focusing on how the climate responds to various mitigation
scenarios. Using large—ensemble experiments with state—of—the—art climate models, it analyzes responses to different
CO, forcing scenarios through the lens of climate hysteresis and irreversibility.

Chapter 1 investigates large—scale hysteresis in the global climate, particularly the non-linear response of the
Intertropical Convergence Zone (ITCZ) and the Atlantic Meridional Overturning Circulation (AMOC) to CO, forcing.
While global temperatures show a linear response to CO,, the ITCZ exhibits delayed recovery, shifting sharply southward
as CO, levels decrease. This delay is linked to slower cooling in the Southern Ocean and delayed recovery of the AMOC,
which affects global energy exchanges. The findings suggest that these oceanic processes play a key role in driving
hysteresis in regional hydrological cycles.

The second part of Chapter I highlights the role of ocean heat storage in long—term climate irreversibility. Although
oceans act as a thermal buffer, heat stored in the deep ocean is released much more slowly than it is absorbed, leading to
multi—century regional warming even after CO, reduction. This pattern is particularly pronounced in subpolar regions
and the equatorial Pacific, impacting regional sea surface temperatures (SST) and precipitation patterns, which may
hinder climate recovery even after emissions are curbed.

Chapter II addresses uncertainties in climate response across different models and ensemble members, with the Arctic
being the most uncertain region during CO, removal. Variations in Arctic Ocean salinity and density influence AMOC
recovery, affecting the rate of Arctic cooling. Furthermore, the chapter reveals that some ensemble members show
AMOC collapse in response to mitigation, while others show recovery, depending on whether the AMOC crosses a
tipping point. This underscores the importance of understanding AMOC dynamics and the urgency of timely climate
action, as even small delays in mitigation can push the AMOC into an irreversible collapse.

Overall, this dissertation emphasizes the complexity of climate irreversibility and the need for long—term, proactive

adaptation and mitigation strategies to minimize enduring changes in the Earth’s climate system.
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A study on interaction between the tropical Pacific mean states
and El Ninno—Southern Oscillation

Geon-1Il Kim

School of Earth and Environmental Sciences, Seoul National University

Understanding the El Nifio—Southern Oscillation (ENSO) is crucial for accurate climate predictions, as it significantly
influences global weather patterns and socio—economic conditions. This study investigated the interactions between
ENSO and the tropical Pacific mean state. It examines the decadal modulation of ENSO amplitude, focusing on changes
in ocean circulation and stratification, particularly the roles of subtropical—-tropical cells and thermocline feedback. In
contrast, ENSO asymmetry is found to be a key driver of tropical Pacific decadal variability (TPDV), with nonlinear
rectification effects contributing to changes in the mean state. In addition to the internal variability perspective, the impact
of changes in the tropical mean state resulting from external forcing on ENSO variability has been elucidated through
the analysis of various scenarios. This study provides insights into the complexities of climate variability by elucidating
the intricate relationship between the El Nifio—Southern Oscillation and the tropical Pacific mean state, contributing to

enhanced precision in future climate change projections.
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In—Situ Generation of Planetary Waves and its Impacts
on the Middle Atmosphere

#4132, A9

Department of Atmospheric Sciences, Yonsei University
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