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Oceanic nutrient cycle responses to interhemispheric SAI

Dong—Geun Lee!, Hyung—Jeon Kang?, Jong—Seong Kug?

'Division of Environmental Science and Engineering, POSTECH
2School of Earth and Environmental Sciences, Seoul National University

Given the exacerbatingglobal warming, climate engineering is increasingly discussed as a means to
deliberately cool the planet, including the stratospheric aerosol injection (SAl).It would raise planetary
albedo and thereby reduce the Earth’s surface temperature. Here we investigate how interhemispheric SAlI—
applied either in the Northern Hemisphere (NH _SAl) or the Southern Hemisphere (SH _ SAl)—modulates
the global marine biogeochemical cycle. As expected, NH (SH) SAl produce pronounced cooling in the NH
(SH) and a weaker, cross-hemispheric cooling response.In the NH _ SAl experiments, Southern Ocean (SO)
surface cooling deepens the mixed layer depth (MLD), reduces near-surface iron trapping, and prevents the
warming-induced intensification of biological productivity. By curtailing diatom-driven nutrient drawdown
inthe SO—the primary gatekeeper of the global nutrient conveyor—NH _ SAl partially recovers global nutrient
cycles.SH _SAl experiment drives stronger regional cooling and even deeper MLD, however, although
vertical mixing can increase surface iron availability, the combined effects with strong sea ice expansion
sharply reduce light availability, limiting productivity and recovers global nutrient cycles Therefore, both
hemispheric SAl strategies effectively resolve the warming-driven weakening of the global nutrient cycle,
but via different mechanism—nutrient limitation under NH _SAI: light limitation under SH _SAl.

Keywords: Climate engineering, Stratospheric Aerosol Injection (SAl), Nutrient Cycle,
Primary productivity, phytoplankton
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Hysteretic Response of Atmospheric River to
Carbon Dioxide Removal

Seohyun Chung!, Chanil Park?, Yeeun Kwon!, and Seok—Woo Son!

!School of Earth and Environmental Sciences, Seoul National University
’Department of Earth and Environmental Sciences, Boston College

Atmospheric rivers are key agents regulating global hydroclimate and local hydrological extremes.
Climate models project the increase and intensification of ARs in a warming climate, but their responses
to CO, mitigation remain unclear. Based on large-ensemble climate model experiments in which CO,
concentrations are systematically increased and then decreased to the present-day level, we show that AR
frequency and intensity do not fully return to their present-day states when CO, concentrations are reduced.
ARs are projected to be more frequent and intense even after CO, removal, particularly along the western
coasts of North America, Europe and South America, in East Asia, and in Antarctica, leading to increased
extreme precipitation in the midlatitudes and enhanced risk of Antarctica ice shelf destabilization. These
hysteretic responses are attributed to both thermodynamic and dynamic changes that manifest differently
by region but are closely related to the delayed recovery of the Atlantic meridional overturning circulation and
the Southern Ocean surface temperature.

Keywords: Atmospheric river, Carbon Dioxide Removal, Extreme precipitation,
Large-ensemble experiments, Climate change
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Unraveling the interactions between tropical Indo—Pacific
climate modes using a simple model framework

Hyo-Jin Park!, Soon—Il An!, Jae—Heung Park? and Chao Liu?

'Department of Atmospheric Sciences, Yonsei University
2School of Earth and Environmental Sciences, Seoul National University

The dominant interannual climate phenomena are mainly observedin the tropical Indo-Pacific Ocean
(PO). While climate modes such as the El Nifio—Southern Oscillation (ENSO), Indian Ocean Dipole (I0D),
and Indian Ocean Basin (I0B) can develop through intrinsic basin dynamics, interactions between the PO
and 10 significantly modulate their characteristics. Here, wequantifiedthe impacts of tropical Indo-Pacific
couplingusinganextended nonlinear recharge oscillator modelfor ENSO that incorporateskey tropical
|Oclimate modes. Enabling the PO-to-10 effect increased the amplitudes of the 10D and I0B by 23% and
38%, respectively, and regulated OB seasonality. Conversely, I0-to-PO connection increased ENSO peak
variability by 5%, shortened its periodicity by 1 year, and more than doubled the frequency of extreme ENSO
events when coupling strength was doubled. Over the past decade, strengthened Indo-Pacific interactions
resulting from positive feedback between basins, have contributed to increased variability and occurrence
of major climate modes.

Keywords: El Nifio—Southern Oscillation (ENSO), Indian Ocean Dipole, Indian Ocean Basin mode, Inter-
basin interaction
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Decadal variability of Eurasian winter surface temperature trend
linked to North Atlantic sea surface temperature trend

Ye—Jun Jun', Seok—Woo Son'", Kyong—Hwan Seo*?, Jin—Yong Kim*

!School of Earth and Environmental Sciences, Seoul National University
“Department of Atmospheric Sciences, Pusan National University
*Institute for Future Earth, Pusan National University
*Severe Storm Research Center, Ewha Womans University

Eurasia winter surface air temperature exhibits a distinct decadal variability. While a pronounced cooling
trend appeared from the late 1980s to the late 2000s, a significant warming trend has occurred thereafter.
This decadal trend change and the associated circulation change are investigated by conducting a series
of nonlinear stationary wave model experiments. The model experiments reveal that upper-tropospheric
convergence over the Greenland-Norwegian Seas and enhanced diabatic heating over the Labrador Sea
act as Rossby wave sources. The induced stationary Rossby waves yield a cyclonic circulation trend over
western Europe and an anticyclonic circulation trend over the Barents-Kara Seas in the pre-2000s, driving
the observed Eurasian cooling trend. The post-2000s Eurasian warming trend is associated with opposite-
signed Rossby wave sources, leading to a reversal of circulation trend. The Rossby wave sources over the
two regions are found to be modulated by sea surface temperature trends in the North Atlantic subpolar gyre
and by zonal wind trends at the exit of the Atlantic jet. This finding suggests that internal climate variability,
especially dynamic processes induced by sea surface temperature trend changes, plays a vital role in the
decadal variability of Eurasian winter temperature trend.

Keywords: Eurasian winter temperature trend, North Atlantic sea surface temperature, Rossby wave train,
internal climate variability, nonlinear stationary model
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