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The MIROC4m AOGCM is used for several paleoclimate experiments and sensitivity experiments. Comparison between Last
Glacial Maximum experiments using AOGCM and AGCM indicates that the change in surface wind over the North Atlantic is
important for the change in the Atlantic meridional ocean circulation (AMOC) during the glacial-interglacial cycle. The importance
of basal melting of the Antarctic ice shelves is revealed in 3-D ice sheet model experiments run with results from a doubled CO,
AOGCM experiment. By using doubled CO, experimental results and an offline biogeochemical model, the response of deep
convection in the Weddell Sea is investigated. In the first 500 years, deep convection is prevented by stratification but recovers during
the following 500 years due to increasing instability. Initial warming at high latitudes spreading to lower latitudes via teleconnection
is thought to be the result of the influence of polar amplification. To investigate this influence in ongoing global warming, we
performed a sensitivity experiment in which warming at high latitudes is artificially suppressed. The results show changes in tropical

precipitation via changes in the meridional heat transport and atmospheric circulation.
Keywords: AOGCM, paleoclimate modeling, glacial-interglacial cycle, polar amplification, Antarctic ice sheet, warm climate

1. AMOC in glacial-interglacial cycle oceanic heat flux. Therefore, these results suggest that the
The Atlantic meridional overturning circulation (AMOC) expansion of the glacial ice sheet strengthens the relationship
plays an important role in the formation and the maintenance between surface wind, oceanic heat flux and the AMOC.
of the climate through its impact on meridional heat transport.
Several reconstruction studies have shown that the AMOC 2. Response of Antarctic ice sheet to climate change
underwent several changes over the past glacial-interglacial Basal melting of the Antarctic ice shelves is an important factor
period [1]. In order to interpret the cause of the variability of  in the mass balance and retreat of the Antarctic ice sheet [3]. Basal
the AMOC over the past glacial-interglacial period, it is very melting of Antarctic ice shelves in the Last Glacial Maximum,
important to assess the impact of glacial ice sheet on the AMOC along with equilibrated doubled CO, climate are simulated with
and its mechanism. In this study, we have conducted several a circumpolar ocean model capable of resolving Antarctic ice
sensitivity experiments using an atmospheric general circulation shelf cavities [4]. The ocean model is forced by outputs from
model to interpret the results of last glacial climate simulations MIROC4m (AOGCM) experiments. The results show that under
performed with the coupled model MIROC. We find that the a warmer climate such as that of doubled CO, sea ice production
glacial ice sheet intensifies the surface wind by strengthening along the Antarctic coast decreases as a result of warmer
the atmosphere-ocean interaction at the North Atlantic mid- atmospheric conditions. This reduction in sea ice production is
high latitudes (Fig. 1). The wind perturbed by the glacial ice essential for the increase in basal melting because cold and dense
sheet topography intensifies the oceanic surface heat flux, and water above the continental shelf prevents intrusion of warm
this in turn further intensifies the surface wind (Fig. 1c). The subsurface water onto continental shelves (Fig. 2, right panel).
strengthening of the surface wind also intensifies the AMOC [2], Warming in the subsurface Southern Ocean alone cannot account

which plays an important role in maintaining the strong surface for the increase in the basal melt rate (Fig. 2, left panel).
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Fig. 1 Surface wind [m/s] and oceanic surface heat flux [W/m’] simulated in the coupled model MIROC. (a) Modern ice sheet experiment and

(b) glacial ice sheet experiment. (c) Response of surface atmospheric wind (arrows, m/s) and sea level pressure (colour, hPa) to shallow heat

forcing simulated in a linear baroclinic model.

3. Ocean convection in a warm climate

Changes in deep ocean circulation due to global warming
have a large influence on oceanic heat transport and ocean
biogeochemical cycles. In the previous fiscal year, we
demonstrated that the change in Antarctic Bottom Water
(AABW) could be the dominant mechanism behind changes in
millennial-scale oxygen concentration, using MIROC3.2 and an
offline biogeochemical model. In this fiscal year, we investigate
the response of deep convection in the Weddell Sea, which is
the main mechanism of AABW formation in the model. During
the first 500 years, enhanced freshwater input resulting from
increases in precipitation and sea ice melt decreases salinity
more rapidly near the surface than in the deep ocean, and the
resulting enhanced stratification prevents deep convection. This
response is also reported in CMIPS models [5]. After 500 years,
instability in the stratification due to deep ocean warming leads
to a resumption in deep convection (Fig. 3). These results have

been published in Global Biogeochemical Cycles [6].

4. Teleconnection from high latitudes

Warming at mid and high latitudes is greater and occurs
earlier compared to low latitudes in ongoing global warming.
It is suggested that mid and high latitude warming affects the
low latitude via a teleconnection mechanism [7,8,9,10]. In our
current study, the effect of mid-high latitude warming on the
tropical precipitation is investigated by conducting numerical
experiments under slightly idealized conditions: the Arctic
warming is artificially suppressed or amplified and the response
of the tropical precipitation belt to those changes is isolated. The
results show that the meridional migration of the intertropical
convergence zone, the latitude of the maximum rain belt in
the tropics, is only about 1 to 2 degrees. Large changes in the
precipitation are, however, simulated across a latitudinal zone
as wide as 20 degrees (Fig. 4). It was quantitatively shown that
this precipitation change is due to the change in the Hadley
circulation in such a way that meridional heat transport from the
Southern Hemisphere low latitudes to the Northern Hemisphere,

where the large warming occurs, is reduced.
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Fig. 2 Spatial distribution of the basal melt rate of ice shelves (top panel) and ocean temperature (color) and density (contour) transect of the
Amundsen Sea Sector (bottom panel) are displayed in this figure. The left panel shows the result of 2xCO, sensitivity experiment with present-
day atmospheric conditions, and the right panel shows the result of the 2xCO, experiment. Differences in the atmospheric conditions enable
warm deep water off the continental shelf break to flow onto the Antarctic continental shelves.
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