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By using the Earth Simulator, we have performed several studies in order to understand the mechanism of climate variability in the
Arctic and mid-latitudes. Regarding climate studies, we re-assess the contribution from the sea ice reduction to the long-term trend
observed in surface temperatures over wintertime Siberia. A set of AGCM ensemble experiments suggests that both sea ice changes
and tropical SST changes contribute to wintertime long-term trends over the Arctic and Eurasia. We also evaluate the impact of sea
ice boundary condition on simulated winter climate responses by using 6 different sea-ice datasets. A large ensemble simulation
suggests uncertainties in various AGCM sea-ice impact experiments may actually be a consequence of small yet significant
differences in the sea-ice forcing field. As for the development of novel numerical models, we participated in an international ice-
sheet model intercomparison project initMIP with our ice-sheet model. Based on the knowledge we have learned from the project, we

are now implementing more sophisticated surface mass balance scheme to the ice-sheet model.

Keywords: Arctic, Climate model, Sea-ice decline, Interaction between the Arctic and mid-latitudes, ice-sheet model

1. Introduction a cooling trend has been observed over wintertime Siberia.

The Arctic environment undergoes a drastic change as Some studies attribute this trend to the Arctic sea ice reduction,
symbolized by the rapid decrease in sea ice. Recent studies have while some others argue that it is just a manifestation of internal
shown that its impact is not limited in the Arctic region itself  variability of the atmosphere. In this study, we re-assess the
but spread globally via interaction processes between the Arctic contribution from the sea ice reduction to the long-term trend
and mid-latitudes, stratosphere-troposphere coupling processes, observed in surface temperatures over wintertime Siberia
and processes through the ocean. In order to understand such through a set of AGCM ensemble experiments. Global fields
a far-reaching change and take measures against its social and of sea surface temperature (SST) and sea ice based on satellite
economic impact, interdisciplinary climate studies focusing not measurements available from 1982 through 2013 were utilized
only on the Arctic but also on wider areas are needed. for the lower boundary condition for the AGCM. Interannually

Continuing from last year, our research group develops varying SST and sea ice are prescribed in the experiment A,
various kind of process models and schemes as well as a while climatologically-fixed SST and interannually varying sea
coupled climate model and performs climate studies by using ice are prescribed in the experiment B. In the experiment C, the
these models. In this article, we will present three main topics tropical SST is interannually varying, while the extratropical
from our research activities in this fiscal year. SST is climatologically fixed. Climatologically-fixed SST and

sea ice are prescribed in the experiment D.

2. Long-term trends of temperatures over the In wintertime, a warming trend is observed over the Arctic

Arctic and Eurasia continent while a cooling trend is observed over the central Eurasia in

In recent decades, a warming trend over the Arctic is the experiment A, which are consistent with the observation.

observed in association with the sea ice loss. At the same time, Although the location is slightly to the eastward of what is
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observed in reanalysis data, an increasing see level pressure
(SLP) trend is observed over Eurasia. Those long-term trends
of surface air temperatures and SLP are also observed in
experiment B, which suggests those observed trends are forced
by sea ice changes. It is interesting to note that such trends are
also observed in experiment C. The upper tropospheric height
field shows anticyclonic trends over the Norther Eurasia, which
is also observed in experiments A, B, C. Those results suggest
that both sea ice changes and tropical SST changes contribute to

wintertime long term trends over the Arctic and Eurasia.

3. A comparison of the Arctic sea ice-climate impacts
based on multiple sea ice concentration datasets
Impacts of Arctic warming on mid-latitude climate and

weather have recently been intensively studied. Simulated

winter atmospheric circulation responses to the Arctic sea ice
loss significantly differ among model studies, which makes
difficult to understand observed Arctic relations to mid-latitude

weather and climate and a future climatic role of the Arctic [e.g.,

1]. Validation studies of the sea ice concentration (SIC) dataset

have reported that errors among the datasets are large due to, for

example, different algorithm used for retrieval of the satellite
data [2,3]. Then, differences in SIC datasets arise as a possible
source for the simulated uncertainties in the model studies.

In this study we aim at evaluating an extent to which sea
ice impacts on simulated winter climate responses arise from
difference in sea ice boundary conditions using 6 SIC datasets
and 3 pairs of high and low sea ice definitions. Hereafter a
combination of a dataset and a definition of high/low sea ice
condition is referred to as sea ice configuration. Through a large
ensemble simulation of atmospheric response to the Arctic sea
ice loss from 3600 members consisting of 100-year integration
for each individual sea ice configuration, we found the following
aspect of the recent Arctic climate change.

The results from large ensemble size simulations using
multiple sea ice configurations provide strong evidence for
the negative AO-like pattern as a fundamental response to the
Arctic sea ice loss and for an active role of the stratosphere
leading to this AO-like response, consistent with the previous
reports [e.g., 4]. Nonetheless, inter-configuration variations
fluctuating around this basic response are surprisingly large
even within the cases where the definitions of high and low sea-
ice conditions are fixed and only differences in sea-ice datasets
are allowed to enter. We identified a systematic relationship
between the strength of the negative AO-like response with sea
ice variations in the northern North Atlantic. Analysis indicates
that this relationship is to an extent explained by a process in
which synoptic-scale eddy activity over the North Atlantic,
modulated by sea ice anomalies around Greenland, results in
variant intensity of AO-like response through eddy feedback
processes.

The most immediate implication of our results is that part
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of what has been interpreted as uncertainties in various AGCM
sea-ice impact experiments may actually be a consequence of
small yet significant differences in the sea-ice forcing field.
Further, our results hint at the importance of eddy feedback
processes over the northern North Atlantic, which acts to
modulate the background flow in the down stream region
including the Barents/Kara Seas and Eurasia. The results
presented here are from simulations on a single model. Taking
into account differences in model characteristics, it is clear that
we need more exploration by multi-model comparisons with

controlled SIC and SST experiments.

4. Development of Greenland ice-sheet model

An international ice-sheet model intercomparison project
initMIP is held under CMIP6/ISMIP6 design, which focus on
the uncertainties in variation of ice-sheet models, in particular
on the initialization methods. The result shows that relatively
large dispersion of Greenland ice-sheet response to a warming
scenario for 100 years, ranges from 75mm to 290mm of volume
changes in terms of global sea-level equivalent. It is concluded
that the dominant factor for this dispersion is the initialization
method [5]. Thus, it is important to simulate well the present-
day ice-sheet for precise projection, as well as to simulate well
the surface mass balance, which we are developing to replace
the current method with more sophisticated method such as
MATSIRO.
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