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The MIROC4m AOGCM is used for several paleoclimate experiments and sensitivity experiments. (1) We performed a
transient penultimate deglaciation experiment. The Atlantic Meridional Ocean Circulation (AMOC) response to freshwater
runoff is important in the latter half of deglaciation. (2) We performed a transient last deglaciation experiment using
reconstructed changes in ice sheet. The ice sheet change strengthens the AMOC via heat effect, whereas it weakens the
AMOC via wind effect. (3) Our contribution to the Pliocene Model Intercomparison Project (PlioMIP) consisted of a
Pliocene simulation and some sensitivity experiments. (4) A new framework of longwave feedback decomposition
(T-FRAT) was proposed by analyzing tropical cloud behavior that follows the FAT-theory with the atmospheric
component of MIROC.

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

1. Transient simulation of the penultimate deglaciation %2:2 ] [
Following a method for a transient simulation of the last 5235

deglaciation using the atmosphere-ocean coupled climate model S /Z Egg
MIROC4m (Obase and Abe-Ouchi 2019, 0A2019), we 1

conduct a transient simulation of the penultimate deglaciation

(b) Insolation [W/m2]

(about 140 to 127 ka before present) using actual orbital and

greenhouse gas forcings (Fig. 1a-c, Menviel et al. 2019). A 0.1

freshwater flux, which is critical for the AMOC, was kept at the %g:;g i £ L
same level in the early part but increased in the later part based T0.00

on sea level reconstructions (Fig. 1d). The main results of the = % | [N
penultimate deglaciation experiment are (1) The AMOC g 27 |
switches to a strong mode in the early part of the deglaciation = 10

(Fig. 1e, red lines) probably due to slightly larger obliquity and oo

CO2, and (2) The AMOC switches to a weak mode in the later 52| I
part of the deglaciation and the peak in the Antarctic % S W I
temperature is significantly higher than in the last deglaciation % -56 -

(Fig. 1f) as in reconstruction. These results indicate the state of 19 18 17 16 15 14 13 12 1

137 136 135 134 133 132 131 130 129
the AMOC during the latter half of the deglaciation, affected by feagiaiey]
meltwater derived from Northern continental ice sheets, is Figure 1: Results of the last deglaciation (black lines)
and the penultimate deglaciation experiments (red
lines). (a-d) orbital, atmospheric CO2 and freshwater
forcing as the experimental design, (e-f) model results in
terms of the AMOC streamfunction and Antarctic
surface temperature. The shading corresponds to the
period between the onset of Belling-Allered and
Holocene (14.7 to 11.6 ka BP)

addition to orbital parameters and greenhouse gas concentration),

critical for the observed Antarctic temperature during the

penultimate deglaciation and the last interglacial.

2. Transient simulation of the last deglaciation using
time-evolving ice sheet reconstruction
This work constitutes the next step following the study of

0OA2019. Here the goal was to use the same setup as OA2019 by

incorporating transient evolution of the ice sheet shape (in

using the most recent reconstruction (PELTIER ICE-6G), while
it was fixed to its 21ka shape in OA2019. After running 8000
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Figure 2: Greenland temperature from 16 to 13 ka:
simulation (red, left axis) and reconstruction (black, right
axis). The abrupt warmth at about the 14.7 represent the
onset of the Belling-Allered warm event.

years with a different setup (Last Glacial Maximum to 13ka), our
main findings are 1) that an abrupt event still occurs at a timing
which is very close to the onset of the Bolling-Allered (about
14.7 ka, figure 2) with a similar magnitude in Greenland warmth
(+10°C) and 2) that the AMOC strong mode cannot be
maintained due to the gradual retreat of the Northern Hemisphere
ice sheet. Indeed, the principle reason is that the retreat is
accompanied by surface warming of the North Atlantic which
should favor convection in that region due to lower Arctic sea-ice
coverage. On the other hand, the shrinking of the Northern
Hemisphere ice sheet induces a northward shift of the westerlies
in the northern North Atlantic which favors the expansion of the
Arctic sea-ice and inhibits intermediate and deep-convection. It
is the latter mechanism which is more important for the AMOC
instability in our simulations

3. Climate model simulations of the mid-Pliocene
Warm Period

It is thought that the mid-Pliocene Warm Period (mPWP, ~3.3-
3.0 Ma) was the most recent time in Earth’s history when
atmospheric CO2 concentration was as high as that of present day.
Thus, studies of the mPWP climate may provide an insight into
The Pliocene Model
Intercomparison Project (PlioMIP) was established to allow such

how future climate can change.

a study by systematic comparisons of model simulations and
reconstructed data.  Given the wide range of uncertainty in CO2
values as suggested by numerous proxy data, we carried out a
core Pliocene experiment with 400ppm CO2 and a series of CO2
sensitivity experiments (Chan and Abe-Ouchi, 2020) with the
MIROC4m AOGCM, following the protocols of the second
phase of PlioMIP which focused on the interglacial peak, MIS
KMS5c (3.205 Ma) as it has near-modern orbital forcing.

These Pliocene simulations show that, globally, surface air and
ocean temperatures, as well as precipitation, increases near-
At all CO2 concentrations,
Pliocene boundary conditions alone (i.e. land mask, altitude,

linearly with CO2 concentration.

vegetation and ice sheet) are responsible for an increase in global
temperatures and precipitation. For example, the boundary

conditions contribute about 1.1°C and 0.5°C warming to surface
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Figure 3: The difference between model SST anomaly and
PRISM3-based proxy SST anomaly for Pliocene simulations
with different CO2 concentrations (K).

air temperatures and sea surface temperatures (SST), respectively.
Even at higher concentrations of CO2, model SST anomalies are
relatively small in the northern North Atlantic where large
warming at the sea surface is suggested by proxy-based
reconstructions. Warming is simulated in the tropics for all the
experiments whereas proxy-based reconstruction shows slight
cooling. The mismatches in these two regions demonstrate the
difficulty in reconciling model data with proxy data, but in terms
of global SST, 350ppm CO2 gives the best overall fit (Fig. 3).
Better agreement with more recent proxy reconstruction for the
Pacific Ocean is seen for higher values of CO2 concentration
(Chan and Abe-Ouchi, 2020).

Recent studies have also focused on comparisons of the core
Pliocene experiments by various modelling groups. These
show that the MIROC4m simulation exhibits global and large-
scale features which are very close to the multi-model mean, for
example, global surface air temperature and precipitation
increase in the mPWP, equilibrium climate sensitivity, Earth
system sensitivity (Haywood et al, 2020) and Arctic sea ice extent
(de Nooijer et al, 2020). The underestimate of the northern North
Atlantic surface warming in MIROC4m is also seen in most
other models (Zhang et al, 2021).

4. Global warming and tropical high-cloud feedback
Cloud change is one important source of uncertainty in
paleoclimate simulations and future climate projections. As
forthe tropical high-cloud response to global warming, there is a
first-order theory (FAT theory) which predicts that anvil cloud top
altitude (more precisely, detrainment level of anvil cloud)
increases so that it maintains nearly the same temperature after
global warming. In the current study, we investigated the
radiative effect of this cloud change using the atmospheric
component of the MIROC climate model, and obtained the
following two main conclusions (Yoshimori et al., 2020). As in
previous studies, it was shown that FAT-induced longwave cloud
altitude feedback is positive, but that the contribution to the

radiative impact is included as a negative feedback in the
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Figure 4: Longwave radiative feedback decompositions in
the conventional and new framework proposed in the
current study. RH: relative humidity; FAT: fixed anvil
temperature. Please see Yoshimori et al. (2020) for the
detail. Three terms indicated by red boxes in the
conventional decomposition are unified as a single term in
the new decomposition.

temperature feedback. Therefore, the net effect does not

contribute to the degree of simulated warming (or total feedback).

In addition, we proposed a new feedback decomposition (T-
FRAT) framework because the three feedbacks of temperature,
water vapor, and FAT-induced cloud altitude are co-dependent,
and demonstrated its usefulness (Fig. 4). Currently, we are
extending the study by conducting further experiments, and aim
to reach a more universal understanding of the co-dependency of
longwave feedbacks. It is worth noting that this study is also
relevant to simulations of paleoclimates warmer or colder than
today.
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