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Pliocene vegetation Pliocene - Pre-Industrial surface elevation difference (km)
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The MIROC4m AOGCM is used for several paleoclimate experiments and sensitivity experiments. (1) The impact of mid-high-latitude
warming on the tropical rain distribution under a realistic future scenario is investigated by numerical experiments. The core experiments
are conducted by restoring the mid-high latitudes to future warming conditions in an atmosphere-ocean general circulation model, and
the mechanism behind the ‘teleconnection’ is elucidated. (2) The impact of glacial ice sheets on the climate and the Atlantic meridional
overturning circulation and its mechanism is investigated by numerical experiments. By conducting partial couple experiments, the role
of changes in surface wind, atmospheric freshwater transport and the thermal heat flux is elucidated. (3) A transient simulation from the
Last Glacial Maximum to the present interglacial was conducted. It is shown that an abrupt climate change could occur under a continuous
glacial meltwater that is consistent with ice sheet reconstructions. (4) The Late Pliocene is the most recent time in history with sustained
global warming similar to that projected for the end of the 21st century. The climate of that period is investigated using the latest boundary
conditions from PlioMIP2.

Keywords: AOGCM, paleoclimate modeling, glacial-interglacial cycle, warm climate

1. Teleconnection between warming in high latitude response to the 21st century mid-high latitude warming with
and precipitation in low latitude and without ocean dynamics. The precipitation tends to increase
One of key features of the global warming is a rapid warming in the north and decrease in the south for the October-January

in the Arctic region and slow changes in the Southern Ocean. average in both cases, but the degree of migration is suppressed

This asymmetric response is also projected for the late 21st by the ocean dynamical feedback. The mechanism behind this

century. In the current study, the impact of such asymmetric response was published in Yoshimori et al. (2018).

mid-high-latitude warming between the hemispheres on the

tropical rain distribution is investigated. A series of numerical 2. Ice sheet effect on climate through ocean circula-

experiments using a hierarchy of general circulation models tion

with different complexity of ocean representation reveals During the glacial period, climate shifted frequently between

the importance of the ocean and the atmosphere in the warm interstadials and cold stadials. Previous studies have

‘teleconnection’. The atmosphere-ocean general circulation pointed out the importance of the glacial ice sheets in causing

model, MIROC4m, is integrated with the regional nudging  the frequent climate shifts (Sherriff-Tadano, 2017). In this

technique in which only mid-high-latitude warming is applied study, we explored the processes by which the glacial ice sheets
as the external forcing from the preindustrial to the late 21st modify the climate and the Atlantic meridional overturning
century. In this nudging experiment, about half of the difference circulation (AMOC). For this purpose, we performed partial
in the tropical rain change from the late 20th to the late 21st coupled experiments with an atmosphere-ocean coupled general
centuries between the south and the north of 10°S for the circulation model MIROC4m. As a result, we found that the

full simulation is captured. Figure 1 shows the precipitation expansion of the glacial ice sheets modified the climate and
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the AMOC mainly through strengthening the surface winds
and the surface cooling. With respect to the wind effect, the
strengthening of the surface winds intensified the AMOC by
enhancing the salt transport to the deepwater formation region
via the wind-driven ocean circulation. On the other hand, we
find that the stronger surface cooling weakened the AMOC
through increasing the sea ice over the northern North Atlantic
and Southern Ocean. Hence, we found that the total impact of

glacial ice sheets on the AMOC is determined by the relative
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Fig. 1 The difference in precipitation for October-November-December-

0 60E

January between the late 20th century and the late 21st century
(mm day-1) : (a) atmosphere-ocean general circulation model; (b)
atmosphere general circulation model with a mixed-layer ocean
model. Both show the effect of mid-high-latitude warming. The
zonal average is also shown on the right panel. The dots indicate
the grids with high significance. Redrawn from Figs. 3b and 3d
in Yoshimori et al. (2018) (© Copyright 2018 AMS).
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Fig. 2 Responses of the AMOC to glacial ice sheets and freshwater

hosing. Freshwater hosing is applied over the northern North
Atlantic during year 3000 to 3500. Black and red lines show the
response of the AMOC under large and small glacial ice sheets.
Results of partial couple experiments are shown in green and
blue lines. Blue: the surface wind of Small ice sheet experiment
(red line) is applied to the Large ice experiment (black line).
Green: the surface wind of Small ice sheet experiment (black
line) is applied to the Large ice experiment (red line).
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strength of the wind effect and the cooling effect. Further
information on the detailed mechanism is published in Sherriff-
Tadano (2017, PhD thesis) and Sherriff-Tadano et al. (2018).

3. Abrupt climate change induced by glacial melt

water flux

Climate reconstructions indicate that there were abrupt
climate changes characterized by abrupt warming and cooling
in Greenland during the last deglaciation (20000 years ago).
Previous climate modeling studies reproduced these climate
signals by an abrupt deep ocean circulation change. However,
the glacial meltwater fluxes were reduced prior to the abrupt
climate change in their experiments, which contradicted ice
sheet reconstructions. In the present study, using an atmosphere-
ocean coupled climate model MIROC 4m, a transient simulation
from the Last Glacial Maximum to the present interglacial was
conducted by changing insolation, greenhouse gases and glacial
meltwater flux based on ice sheet reconstructions. It is shown
that the abrupt deep ocean circulation change, abrupt Greenland
warming and subsequent Antarctic cooling could occur under

a continuous glacial meltwater. The results indicate that abrupt

>
g‘g 460 3
= 420 240 o
w < 220 ©
200 o
& 02 ] 180 ~
g 3
Eé 0.1 0.1 E
S o0 e 00 £
. (d) North Atlantic _
2 5
s S
©
s <
—_ o
[3) e
o, 0 (e) Greenland =36 4
s 3 §
2 -45 -40 3§
g -5 -42 §
3 —_—
@ =521 (1) Antarctica =ar o
T -5 38 4
o -5 -39 §
= _s8 -40 F
a5 41 §
M9 18 17 16 15 14 13
Year [ka BP]

Fig. 3 The model experimental designs and results (red, blue, green
lines represents three different experiments) were compared
with climate reconstructions (black lines). (a) summer insolation
at 65N, (b) atmospheric CO, concentration, (c) meltwater flux
due to melting of Northern Hemisphere ice sheets, (d) volume
transport of Atlantic Meridional Overturning Circulation, (e)
Greenland surface temperature, (f) Antarctic surface temperature.
The blue and red shades (17.8-15.2 ka BP and 14.7-13 ka
BP) represent the periods characterized by colder and warmer
climates in the Northern Hemisphere.
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Fig. 4 Late Pliocene vegetation and surface elevation difference based on PlioMIP2 data.
40 of proxy data (Fig 5). However, warming over parts of the
35 northern high latitudes is less than that of PlioMIP1, due to the

Zonal mean sea surface temperature ("C)

10 .
5
- Pliocene (PlioMIP2
0 ~ —— PRISM data (zonal mean) o
- @ PRISM data (at each site) i
-5
90°S 60°S 30°S 0 30°N 60°N 90°N
Latitude

Fig.5 Late Pliocene zonal mean sea surface temperature and proxy data
values.

increases in the deep ocean circulation in the North Atlantic
can be caused by gradual changes in insolation and greenhouse
gas concentrations without changes in meltwater flux. These
results suggest that the abrupt climate changes in the deep ocean
circulation can be reconciled with ice sheet reconstructions, and
the timing of the abrupt climate changes is shown to depend on
the flux of meltwater. This study is a portion of the Doctoral

Thesis (Obase 2018), and is to be submitted to a refereed journal.

4. Climate simulation of the Late Pliocene warm

period

Warm periods of the past provide an ideal opportunity to
assess the ability of models to simulate climates under relatively
extreme forcings, especially when paleoclimate proxy data are
abundant. One such period examined with the mid-resolution
MIROC4m AOGCM is the Mid-Piacenzian Warm Period
(~3Ma, within the Late Pliocene) which was the most recent
time when CO, levels were thought to be close to that of today,
about 400ppm. Climate simulations are carried out following
the protocols set in the second phase of the Pliocene Model
Intercomparison Project (PlioMIP2) (Haywood et al, 2016).
Figure 4 shows the vegetation and land elevation changes
adopted in PlioMIP2. The zonal mean sea surface temperatures,

like previous PlioMIP1 experiments, fall within the range
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higher elevation across North America. Both changes in CO,
and surface albedo contribute greatly to warming, especially the
latter at high latitudes. However, at these high latitudes, cloud

albedo has a strong opposite effect.
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