Grant-in-Aid for Scientific Research on Innovative Areas

Giant reservoirs of heat/water/material:
Global environmental changes driven by
the Southern Ocean and the Antarctic Ice Sheet

News Letter vol.1-2

A04 Model Group

Integrative modeling of the Antarctic ice sheet,
ocean, and climate (Model group)

Ayako Abe-Ouchi
The University of Tokyo, AORI

1. Academic Background and objective

Due to global warming, ice sheet ﬂuctuations and their
impacts on ocean circulation and sea level have been
growing concerns. Although the Antarctic ice sheet is a
giant freshwater reservoir, its response to climate change
was thought to be much slower than the Greenland ice
sheet, which is under the warmer climate. However, recent
studies have revealed unexpected variations of the
Antarctic ice sheet in the present and past, such as ice
mass loss over the past decades observed by satellites, and
reduced ice sheet in the past interglacial periods deduced
from ice cores and geological records. In particular, it is
very surprising that the Antarctic ice sheet was smaller in
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the last interglacial period (130,000 years ago) when the
Antarctic temperature was only 2 °
C higher than the present. However, the ice mass loss has not been scientiﬁcally
understood nor reproduced by numerical models, which
poses a serious concern for future projections.
In addition to the interactions between atmosphere, ice
sheet, and solid Earth, which are important for the Northern Hemisphere ice-sheet changes over the glacial cycles,
the interaction with the ocean is critically important for
the Antarctic ice sheet. Because most of the Antarctic ice
sheet terminates in the ocean with bedrock below sea
level, warm ocean water can melt the ice from below
(Figure 1 (b)) and cause rapid retreat
of the grounding line and acceleration of ice ﬂow.
In the current ice sheet models, if a
small ice sheet is used as the initial
condition, the small ice sheet size
can be maintained in a warm period
(“C” in Figure 1 (a)), but the models
have not adequately reproduced the
transient response of the large initial
ice sheet (“B” in Figure 1(a)) to warming.
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Figure 1. Cross sections of the ocean and ice sheet in and around Antarctica.
(a)Altitude distribution by model calculation of Antarctic ice sheet (A: Glacial
period, B: Present, C: Warm period). (b) Cross sections of the lines ①,②,③
in ”B:Present” (altitude distribution). Since in ② and ③, the grounding line is
below or on the sea level, irreversible retreat resulting from ocean-ice sheet
interactions are likely to occur.

On the other hand, global warming
is known to enhance hydrological
cycles and thus promote ice accumulation. The importance of quantitative projections of the eﬀects of ice
sheet melting and precipitation
increase on the ice sheet mass
changes have been deﬁned as an
internationally urgent issue. Consequently, the ice-sheet model simulations have been added to the model
intercomparison projects linked to
the IPCC Sixth Assessment Report.

Under these circumstances, we aim to reveal the past and
present states of the Antarctic ice sheet, the Southern
Ocean and polar climate as well as the mechanisms of
their variations, by using numerical models of atmosphere, ocean and ice sheet. Through the improved
understandings, we also aim to contribute to the future
projections. For these objectives, we incorporate the
observational ﬁndings from other groups and conduct
various numerical experiments by fully utilizing our expertise on the models of diﬀerent complexities and scales.
Our ﬁnal goal is the universal and integrated understanding of the role of the Antarctic ice sheet and the Southern
Ocean within the climate system at diﬀerent time scales

(Figure 2). Speciﬁcally, we endeavor to address the following subjects;

A) Drastically improve the Antarctic ice sheet models
based on collaborative research of observations and
high-resolution models, focusing on the roles of the ice
sheet - ocean interaction and ice sheet ‒ solid Earth interaction. Advance our climate model based on better
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understanding of processes in the atmosphereand ocean,
evaluate the reproducibility of the surface temperature of
the Southern Ocean and sea ice ﬁeld in the climate
models, and clarify the tipping points of the Antarctic ice
sheet and the Southern Ocean.
B) Reveal the causes for the climate variations and ice
sheet retreat in the warm periods over the past millions of
years, as well as the mechanisms of the Southern Ocean
and sea ice variabilities over glacial-interglacial cycles, by
numerical experiments using climate and Antarctic ice
sheet models and comparison of the model results with
paleoclimatic data.
C) Based on numerical experiments on climate changes
over the past decades to centuries, clarify the causes of
observed changes of the Antarctic ice sheet and the
Southern Ocean as well as those recorded in ice cores.
Furthermore, conduct long-term simulations to contribute to the future projections of the Antarctic environments through the international model intercomparison
projects.
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Figure 2. Overview: Subjects concerning our research and plans

