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Dig|tal—|mage processing to analyze grain size variation in ice core from Gregoriev Ice
Cap, Kyrgyz Tien Shan
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Post-depositional alteration of major ions under different accumulation environment in

Antarctica
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INagoya University?Institute of Low Temperature Science, Hokkaido Universilyational Institute of Polar Research

Major soluble ions and water stable isotopes are important for reconstructing paleo-environment and atmosphere circulatior
It is also known that ion and isotope signals are modified after deposition if firn or ice core samples are analyzed at high tempo
ral resolution such as seasonal scale. In inland Antarctica, we revealed that low accumulation rates have resulted in significa
post-depositional modification of ions and isotopes due to long time exposure of snow near the surface.

We further investigated relation between major ion concentration and accumulation rate using a several snow pits and firn core
taken from east and west Antarctica. To exclude the geographical factor (east or west), we analyzed correlations with ions again
oxygen stable isotope. Correlations of sea salt against oxygen stable isotope are gradually changed from no correlations unc
higher accumulation sites near coast to more negative correlations under dry environment in inland. On the other hand, correl:
tions of MSA (methanesulfonic acid) against oxygen stable isotope rapidly are changed from positive to negative correlations a
100 kg nT2 a~! of accumulation sites. Those different trends suggest different mechanisms of post-depositional modification

for these ion species.
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Greenland temperature variability over the past 2000 years inferred from NGRIP anc
GISP2 ice cores
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Kobashi, T., Severinghaus, J. P., Barnola, J. M., Kawamura, K., Carter, T., and Nakaegawa, T.: Persistent multi-decade
Greenland temperature fluctuation through the last millennium, Climatic Change, 100, 733-756, 2010.

Kobashi, T., Kawamura, K., Severinghaus, J. P., Barnola, J.-M., Nakaegawa, T., Vinther, B. M., Johnsen, S. J., and Box, J. E
High variability of Greenland surface temperature over the past 4000 years estimated from trapped air in an ice core, Geophysic
Research Letters, 38, 10.1029/2011GL049444, 2011.
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Greenland temperature variations in the last millennium climate simulation

EAR AT B !
YOSHIMORI, Masakaztr ; ABE-OUCHI, Ayako

LB URA RS ITET

L Atmosphere and Ocean Research Institute, The University of Tokyo

A series of climate simulations of the last millennium are conducted using the MIROC climate model. These include a
simulation under volcanic-only, solar-only, or total forcings. Sensitivity experiments using different strength of volcanic and
solar forcings are also conducted. With these dataset, we analyze the factors that influence Greenland temperature variatio
during the last millennium. Attention is paid to the effect of different external forcings and changes in the atmosphere and oceat
circulations such as the North Atlantic Oscillation and the Atlantic meridional overturning circulation.
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The variation of the Arctic cryosphere in the Last Millennium simulation using MIROC

and MIROC-ESM

AR PIhE Y KEEN 241 Sk A2 P JIVE L BB 22 4, K BER Y WS Fotet b 75 &8 b 88 | b o
BORAVE L BB 1 2

SUEYOSHI, Tetsub® ; OHGAITO, Rumi ; YOSHIMORI, Masakazt ; HAJIMA, Tomohird' ; ABE, Manabd ; O’ISHI,
Ryoutd‘ : OKAJIMA, Hideki! ; SAITO, Fuyuki ; WATANABE, Shingo' ; KAWAMIYA, Michio 1 - ABE-OUCHI, Ayako2

UISTATEOE NIEEIF ST BHFEREAS, 2 SO ARG ZET, ® ENLERESIET, 4 EN Mt 28
1Japan Agency for Marine-Earth Science and Technold4ymosphere and Ocean Research Institute, University of Tokyo,
3National Institute for Environmental Studigdyational Institute of Polar Research

1. ICBIC

AWFE TR, KRR ST TV MIROC B X UHIERY A5 LIFEEE TV MIROC-ESM % W i 25 10004F FEHH 52
5 (Last Millennium Experiment %% LM L850 OFRSRZ#T L. 7V THEI NS ZKBEOINEZITT 5, T
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A long-term'°Be record from Dome Fuji ice core and cosmic-ray stratigraphy
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Age synchronization between an Antarctic ice core and Northern Hemisphere marine
cores: with special focus on MIS 11
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INational Institute of Polar ReseardT,ohoku University?University of Tokyo,*JAMSTEC

Investigation of the roles of different forcings (e.g. orbital variations and greenhouse gases) on climate and sea level require
a paleoclimate chronology with high accuracy. Such a chronology for the past 360 ky was constructed through orbital tuning of
O2/N2 ratio of trapped air in the Dome Fuji and Vostok ice cores with local summer insolation (Kawamura et al., 2007). We
extend the O2/N2 chronology back to "500 kyr by analyzing the second Dome Fuiji ice core, and find the duration of 11 ka, 5 ka,
9 ka, and 20 ka for MIS 5e, 7e, 9e and 11c interglacial periods in Antarctica, with similar variations in atmospheric CO2. The
termination timings are consistent with the rising phase of Northern Hemisphere summer insolation.

Marine sediment cores from northern North Atlantic contain millennial-scale signatures in various proxy records (e.g. SST,
IRD), including abrupt climatic shifts and bipolar seesaw. Based on the bipolar correlation of millennial-scale events, it is possible
to transfer our accurate chronology to marine cores from the North Atlantic. As a first attempt, we correlate the planktonic d180
and IRD records from the marine core ODP 980 with the ice-core d180 and CH4 around MIS 11. We find that the durations
of interglacial plateaus of planktonic d180 (proxy for sea surface environments) and benthic d180 (proxy for ice volume and
deep-sea temperature) for MIS 11c are 20 and 15 ka, respectively, which are significantly shorter than originally suggested. The:
durations are similar to that of Antarctic climate and atmospheric CO2. However, the onsets of interglacial levels in ODP980 for
MIS 11 are significantly later than those in Antarctic d180 and atmospheric CO2 (by as much as 10 ka), suggesting very long
duration (more than one precession cycle) for the complete deglaciation and northern high-latitude warming for Termination V.
Atmospheric CO2 may have been the critical forcing for this termination. The long duration of Termination V is consistent with
our new ice sheet simulations (extended from the work of Abe-Ouchi et al., 2013) in which an ice-sheet/climate model is forcec
by insolation and CO2 variations. In the presentation, comparisons for other interglacial periods will also be reported.

F—T— R mAOKIR a7, R 7, FARPGE, K - BPKETY o 70

Keywords: Antarctic ice core, Marine core, Chronology, Glacial-interglacial cycles
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What is the major factor which control global climate in the ice age?
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DT T OFEGHIIKIAICRE L7Icb D EFEZTIZ L.
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Keywords: organic carbon content, climate change, ice sheet, Japan Sea sediment, Milankovich hypothesis, pinge-purge mods
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The influence of glacial ice sheet on Atlantic Meridional Overturning Circulation through
atmospheric circulation change

DU TEZHE YL L AR ER Y B KR
SHERRIFF-TADANO, Sartfi ; ABE-OUCHI, Ayakd ; YOSHIMORI, Masakazli; CHAN, Wing-le'

LERRURA R KU ER T
! Atmosphere and Ocean Research Institute, University of Tokyo

In glacial period, huge ice sheet covered the North America and the Northern Europe. Also, the Antarctica Ice sheet hac
expanded and increased its altitude. It is well known that these ice sheets (hereafter glacial ice sheets) have large influence
climate, for example atmospheric circulation, surface air temperature, and sea surface temperature. On the other hand, rec
studies showed that wind stress changes play a crucial role on the AMOC under glacial climate. Moreover, increasing evidenc
suggests that glacial ice sheets have large influence on the Atlantic Meridional Overturning Circulation (AMOC). However the
process how the ice sheets cause such a large impact on the AMOC is yet fully understood. Thus, in this study, we aim to reve
the detailed process of the ice sheet affecting the AMOC through atmospheric circulation change.

Commonly, the Atmosphere-Ocean General Circulation Model (AOGCM) is used to assess the influence of the ice sheet on th
AMOC. However, as the atmospheric general circulation model (AGCM) and ocean general circulation model (OGCM) interacts
in this model, the wind change as well as other process affect the AMOC. Therefore, it is difficult to divide each effect. Using
the AGCM and the OGCM separately can overcome this problem because in this manner, they do not interact and the win
stress or other process can be treated as a boundary condition for the OGCM. This method consists of 2 steps. First, by usil
the AGCM, the effect of glacial ice sheets on the surface wind stress are evaluated by adding glacial ice sheets as a bounda
condition. Second, by using the wind stress result as a boundary condition for the OGCM, the influence of the wind stress chang
on AMOC is estimated. In addition, by analyzing the results from each model, the underlying mechanism is explored.

As aresult, glacial ice sheets largely intensified the AMOC under glacial climate. It was also found that the wind stress change
at North Atlantic was important, thus glacial ice sheets at northern hemisphere were important. On the other hand, the AMOC
was hardly influenced by wind stress change at Southern Ocean, which is mainly induced by the change in the Antarctica Ic
sheet. Therefore change in the Antarctica Ice sheet had small impact on AMOC through surface wind stress change.

By analyzing the results from the AGCM and OGCM, it revealed that two processes were crucial; first, the strengthening of
the northward salt transport, which resulted from enhanced westerly due to the North America Ice sheet. Second, the northwal
sea ice transport due to the southerly wind at Norwegian Sea forced by the Northern Europe Ice sheet. These two processes wi
found to drastically intensify the AMOC through affecting the sea ice distribution and shifting the NADW formation region.

F—T— R IKIK, KIS, KRPETETFIIEER, EUS /]
Keywords: Ice sheet, Glacial climate, AMOC, wind stress
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Reconstruction of paleo-vegetation distribution by using an atmosphere ocean couple
GCM and a DGVM
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Arctic amplification and the Greenland ice sheet at the Last Interglacial: the role of vege-

tation feedback
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ABE-OUCHI, Ayako* ; O’ISHI, Ryoutd ; TAKAHASHI, Kunio? ; SAITO, Fuyuk?

R RURAE RGBT ZET, 2JAMSTEC
1University of Tokyo AORI,2ZJAMSTEC

We calculated the climatic conditions, mass balance and the transient volume of the Greenland ice sheet in the last interglaci
period using the atmosphere slab-ocean vegetation general circulation model ASVGCM MIROC-LPJ and ICiES ice sheet mode
Taking into account the vegetation feedback, the annual mean temperature anomaly increases from +1 K to +2 K, and of sun
mer temperature anomaly from +4 K to +6 K in central Greenland. This is close to the +5 K at NGRIP and +8 K at NEEM
as inferred from ice core isotope data, which takes into account that summer precipitation contributes more to oxygen isotop
valueqreferencé. The vegetation feedback, also increases precipitation by 20% averaged over the entire ice sheet and by 30 9
in northwestern Greenland. The combination of the sea ice-temperature feedback and the vegetation feedback amplifies both t
temperature and precipitation changes in the Eemian.

The increased ablation caused by high temperatures in central Greenland is partly compensated by the increased precipitatic
The ice volume loss of Greenland in the Eemian compares to present day amounts to 1 to 2.5 meters sea level equivalent o
pending on the inferred present day reference climate and model parameters, such as lapse rate. The spatial pattern of increa
temperature and increased precipitation is supported by the fact, that the modeled Eemian Greenalnd ice sheet covers all locatic
of ice core cites (GRIP/GISP, NGRIP, NEEM and Dye3), for which the existence of Eemian ice is confirmed. The reconstructed
sea level elevations in the Eemian range from 6 to{®@aference} above present day sea level. Thus, our results imply that the
larger part of the difference in sea level between Eemian and present day stems from the Antarctica ice sheet.
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Sensitivity of Greenland ice sheet to climatic parameters during the last interglacial
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In the last interglacial (LIG), sea level was 5 to 9 m above present, including contribution from Antarctica. Whole melting of
the Greenland ice sheet (GIS) can contribute to the global sea-level rise of up to 7 m. It is important source of sea-level change
In the previous IPCC report in 2007 (IPCC AR4), estimates the GIS contribution to sea-level change during LIG range betweer
4to 6 m. New IPCC ARS5 points out that based on ice-sheet model simulations consistent with elevation changes derived form
new Greenland ice core, the Greenland ice sheast likely contributed between 1.4 to 4.3 m sea level equivalent.

In this study, we present numerical experiments of GIS from 140 ka to 110 ka by using anomaly approach (present-day cli-
mate + perturbation obtained from MIROC-AGCM simulations including dynamic vegetation). We focus on the influence of the
climatic parameters such as AMOC or northern hemisphere ice sheets. Our results are consistent with IPCC AR5. Considerin
of transient response to transient climate change are important to moderate ice melting. Several uncertainties remain howev
such as the reference climate condition (influence melt from south, north or both?). and related the ice sheet model itself, mor
numerical studies are required.
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Sea-level changes and crustal deformations in Greenland based on the loading histori
derived from 3D ice sheet model
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We study the implications of a recently published ice sheet history in Northern hemisphere and Greenland ice sheet, derive
from the 3D thermo-mechanical ice sheet model (Ice Sheet for Integrated Earth system Studies: ICIES developed by Abe-Oucl
et al. 2013). To characterize the effects of this glaciologically consistent ice sheet history, we examine the time-variations of
various geophysical quantities in response to the ice and water mass redistributions. They include vertical uplift and subsidenc
global patterns of sea-level change, and regional sea-level variations along the coasts of Greenland. Relative sea-level (RS
changes in response to past ice and water load variations are obtained solving the sea-level equation, which accounts for t
crustal deformation due to glacio-isostatic adjustment (GIA). In this study, we report the predictions of RSL and geodetic signals
in Greenland induced by GIA process based on the glaciologically and climatologically consistent ice loading history. And
also, we show the temporal and spatial characteristics of predicted geophysical signals in Greenland in comparison with thes
observations. We expect that using the ice sheet histories derived from ICIES as input in GIA model may put better constraint:
on postglacial rebound and current rates of crustal deformation.

F—TU—F: TV—=2F 2 FIKIK, KAEZLE), Mg 2os), 7V AR —
Keywords: Greenland ice sheet, relative sea-level change, crustal deformation, isostasy

1/1



