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The MIROC4m AOGCM is used for several paleoclimate experiments and sensitivity experiments. (1) To
reproduce the past warm climate in the Pliocene, we used MIROC4m with boundary conditions provided by
Pliocene Model Interconparison Project Phase2 (PlioMIP2). The reproductivity of the sea surface temperature is
improved from PlioMIP Phasel. (2) The abrupt climate change between the Last Glacial maximum (LGM) and
the Interglacial is predicted by MIROC4m. (3) A vegetation coupled MIROC, MIROC-LPJ, is forced by
systematically changed earth’s orbital obliquity and precession. (4) The effect of glaciogenic dust upon
atmospheric CO; level and dissolved oxygen in the ocean is investigated by an ocean biogeochemical model.

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

1. Prediction of Pliocene climate by an AOGCM
The late Pliocene climate is investigated by using MIROC4m

with boundary conditions derived from PlioMIP2 [1]. An

important point about the boundary conditions is how they differ

Model ASST minus Proxy ASST: February

from those of PlioMIP1, namely, the smaller extent of the
Greenland ice sheet, the lower altitude of North America and
closure of the Bering Strait. The predicted SST is compared with
proxy data in Figure 1. As in PlioMIP1, the large increase in SST
in the Greenland-Iceland-Norwegian Seas inferred from proxy
data is underestimated and the warm tropical SST is

overestimated. However, the globally averaged SST has become

180° 120°W B0"W L'y BOE 120°E 180

Model ASST minus Proxy ASST. August

much closer to the value derived from proxy data due to an

improvement in the reproducibility of tropical SST in PlioMIP2.
It is also found that closure of the Bering Strait strengthens the
model AMOC so that the Pliocene AMOC is now stronger than
the Pre-Industrial AMOC, contrary to what was found in
PlioMIP1.

2. Abrupt climate change between the Last Glacial and

Interglacial
We reproduced the abrupt climate change between the LGM
20°8 T T T T T
and the interglacial by using MIROC4m. To focus on the role of 180° 20 8w o B0'E 120 1800
boundary conditions [2] on the abrupt climate change, we 10 8 6 -4 '2 '1 ; é é mc

performed two sensitivity experiments which are forced by fixed
orbital parameters and greenhouse gases (GHGs) at 18,000 B.P.
The resultant control experiment shows a recovery of the AMOC Figure 1: Modeled Pliocene minus Pre-Industrial SST anomaly is
(black line in Figure 2), which is delayed by about 300 years with compared with that from marine proxy evidence. The color of the circles
fixed orbital parameters (red in Figure 2). The AMOC does not gj\:::rt; s the sign of change in proxy data. February (upper) and August
recover with fixed GHGs (blue in Figure 2).

Proxy ASST: O Pliocene warmer O Pliocene cooler
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This result suggests that warming due to GHGs mostly
contributes to AMOC strengthening at 15,000 B.P, with
additional contribution from an increase in obliquity. The
strengthening of the AMOC is thought to arise from the change
in stratification in the deep Atlantic Ocean due to a warming
effect of the obliquity on the polar and deep oceans.

- Earth Simulator Proposed Research Project -

temperature response also depends on the orbital parameters. The
tundra-forest boundary shows a larger northward shift due to
higher temperatures induced by a greater summer solar irradiance
caused by the obliquity rather than precession/eccentricity. By
introducing a surface radiation balance analysis method (Lu and
Cai 2009) [5], the seasonal shortwave anomaly pattern due to
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Figure 2: (a) obliquity (boundary condition), (b) atmospheric CO,
concentration, used to represent GHGs (boundary condition), (c) AMOC
(model result), (d) Greenland temperature (model result) and (e) Antarctic
temperature (model result), (top right) difference in surface atmospheric
temperature at 15,000 B.P. between the control experiment (ALL) and
fixed orbit experiment (ORBfix), (bottom right) as in the top right, but for
the ocean temperature difference along a cross-section of the Atlantic
Ocean at 330°E.

3. Effect of Earth’s orbit on seasonal feedback
response over northern hemisphere land surface
MIROC-LP]J, a vegetation coupled AGCM with a slab-ocean
[4], is used for sensitivity experiments with different solar
irradiances induced by systematically modifying the earth’s
orbital parameters. Two representative results are shown in
Figure 3a. The seasonality of the temperature change over high
latitude land surfaces differ to that over the ocean. The
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increased obliquity amplifies the vegetation-snow albedo
feedback in spring through greater vegetation abundance caused
by spring and summer warming. On the other hand, the spring
shortwave reduction due to the precession/eccentricity effect
reduces vegetation growth, delays snow melt in the spring and
suppresses vegetation-snow albedo feedback.

4. Reduction of atmospheric CO2 and dissolved oxygen
due to glaciogenic dust

We applied an ocean biogeophysical model [6] to estimate the
effect of soluble glaciogenic dust on the atmospheric CO2 level
and ocean dissolved oxygen in the LGM, focusing on the change
in biological activity. The climate effect of the LGM reduces
atmospheric CO2 by 25ppm and underestimates the reduction of
the dissolved oxygen in the deep ocean (Figure 3a). The total
effect including LGM glaciogenic dust [7] reduces atmospheric
CO2 by approximately 60ppm and a reduction in the observed
dissolved oxygen in the deep ocean is predicted through the
enhanced biological pumping effect (Figure 3b). This result
indicates the importance of biological pumping in the LGM on
the reduction of atmospheric CO2 and dissolved oxygen in deep
ocean. However, underestimation of the reduction of dissolved
oxygen in the Southern Ocean suggests that stratification in the
Southern Ocean is important.
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Figure 3: The dissolved oxygen change in the LGM from present-day (a) with LGM climate only, and (b) with LGM climate and dust. The cross-sections
refer to the Atlantic Ocean (left), Indian Ocean (center) and Pacific Ocean (right). Circles and triangles indicate qualitative and quantitative proxy data,

respectively.
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