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Fig. 1. Conversion diagram for the six-class microphysical scheme.
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By using the Earth Simulator, we have performed climate studies and developed novel numerical models in order to understand
mechanism of climate variability in the Arctic and mid-latitudes. Firstly, 4 sensitivity experiments with different combinations of sea
surface temperature and sea-ice distribution have been conducted. Results show sea-ice decline in the Arctic Ocean can cause cooling
trend over the Eurasian continent, whereas observed sea surface temperature change leads to the warming trend there. Secondly, an
impact of sea-ice distribution in the Arctic Ocean has been evaluated by changing the Arctic sea ice stepwise from the present-day
range to an ice-free range. In all the cases, the tropospheric response exhibited a negative Arctic Oscillation (AO)-like pattern, which
leads to warming in the Arctic region and cold winters in mid-latitudes. On the other hand, troposphere response and stratosphere-
troposphere coupling process are different among the cases. Thirdly, we incorporated stable water isotopes into a global cloud-
resolving model, NICAM, to develop NICAM-isotope. A globally 14km resolution NICAM-isotope run shows consistent results with

the global in-situ observation dataset for precipitation isotope.

Keywords: Arctic, Climate model, Sea-ice decline, Interaction between the Arctic and mid-latitudes, stable water isotope scheme

1. Introduction over wintertime Siberia through a set of AGCM ensemble
The Arctic climate is changing rapidly. The impact is not experiments. Global fields of sea-surface temperature (SST) and
limited in the Arctic region but spread globally via interaction sea ice based on satellite measurements available from 1982
processes between the Arctic and mid-latitudes, stratosphere- through 2013 were utilized for the lower boundary condition for
troposphere coupling processes, and oceanic response. In order the AGCM, and four different combinations of climatologically-
to understand such a change that can have an impact on the fixed and interannually varying SST and ice were prescribed
global climate, interdisciplinary climate studies focusing on not as follows. Out of the 20 ensemble members, only 4 members
only the Arctic but also wider areas are needed. simulate a cooling trend over Siberia in an experiment in which
By using the Earth Simulator, our research group develops observational SST and sea ice are prescribed (experiment A),
various kind of process models and schemes as well as a and the corresponding cooling trend was simulated by only 2
coupled climate model, and performs climate studies by using members in an experiment where only SST varies as observed
these models. In this article, we will present 3 main topics from with the sea ice fixed to the climatology (experiment B). By
our research activities in this fiscal year. contrast, 13 out of the 20 members simulate a cooling trend
in another experiment where SST is fixed to its climatology
2. Cooling trend over wintertime Siberia and sea while sea ice varies as observed (experiment C). Those results
ice reduction suggest that observed SST change leads to the warming trend
In recent decades, a cooling trend has been observed over of wintertime Siberian, while the observed sea ice change can
wintertime Siberia. Some studies attribute this trend to the contribute to the cooling trend (Fig. 1).
Arctic sea ice reduction, while some others argue that it is just
a manifestation of internal variability of the atmosphere. In this 3, On the atmospheric response experiment to a
study, we re-assess the contribution from the sea ice reduction Blue Arctic Ocean

to the long-term trend observed in surface temperatures We examined atmospheric responses to a reduction in Arctic
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Fig. 1 Difference in DJF-mean 2 m temperature between 2003/04-2012/13 mean and 1982/83-1992/93 mean. From left to right: JRA-55 reanalysis,
experiment A, experiment B, and experiment C. Shade indicates the difference is significant at the 95% confidence level.

sea ice via idealized simulations using AGCM for Earth Simulator

(AFES) version 4.1, which had successfully captured the negative

AO-like responses to a reduction in sea ice [1-3]. In the simulation

[4], Arctic sea ice was prescribed stepwise from the present-day

range to an ice-free range. In all cases, the tropospheric response

exhibited a negative Arctic Oscillation (AO)-like pattern (Fig. 2).

Our analysis revealed that there are two processes that control the

association between Arctic sea ice changes and the polarity of the

winter AO, which are described below.

The stratosphere-troposphere coupling process followed
by a negative AO-like pattern is dominated by an

intensified climatological planetary-scale wave structure

CNTL AICE

Im30

(the stratospheric pathway). This is mainly due to the
intensification of the lower stratospheric Siberian trough
associated with a reduction in Arctic sea ice on the Atlantic
side of the Arctic Ocean.

The tropospheric process is controlled by the eddy heat flux
due to a planetary-scale wave response in the troposphere
(the tropospheric pathway). Increased meandering of the
tropospheric jet stream, corresponding to the response of
the stationary Rossby wave to Arctic sea ice reduction, is
related to a negative AO-like pattern. The associated eddy
momentum flux response is consistent with the conventional

understanding of AO dynamics.

a SIT in ASO

E;

CI=5(K-)-

Cl= .5K)7

Fig. 2 (a) Autumn (ASO average) sea ice distribution used as boundary condition of respective experiment. (b) Winter (DJF average) geopotential

height anomaly at 300 hPa. (c) Winter temperature anomaly at 850 hPa.

246



HERY I 2 L — FFrNEE — Barth Simulator JAMSTEC Proposed Project —

The resultant negative AO-like response is accompanied
by secondary circulation in the meridional plane and increased
atmospheric heat transport into the Arctic, leading to the

acceleration of the Arctic amplification.

4. Development of NICAM-isotope

Because their concentration is sensitive to phase changes of
water during circulation, stable oxygen and hydrogen isotopes in
water (H,"*O and HDO) have been used as paleoclimate proxies
[5]. In present climate, too, by using isotopic information in
precipitation and vapor, one can investigate atmospheric vapor
transport and origin.

Stable water isotopes have been incorporated into AGCMs
[e.g., IsoGSM; 6], and the large scale spatial variability has been
reproduced by those global models. On the other hand, there are
a few cloud-resolving limited-area models with isotopes, too [7].
However, there is no global hydrological study based on state-
of-the-art cloud microphysical processes. Here, we incorporated
stable water isotopes into the single moment 6-class cloud
microphysics scheme, NSW6 [8] in the global cloud-resolving
model, NICAM [9] to develop NICAM-isotope. With
NICAM-isotope, we expect to further understand the detailed
atmospheric hydrological processes from tropics to poles.

We are conducting a globally 14km resolution NICAM-
isotope run with ES. The preliminary result for February 2013
(Fig. 3) seems consistent with the global in-situ observation
dataset for precipitation isotope. We plan to extend the
simulation period and make more comprehensive validation

with observations.

NIGAM—isq, d180 ip precip, feb 20]3

-40-38-36-34-32-30-28-26-24-22-20-18-16-14-12-10 -8 -6 -4 -2 0
Fig. 3 Monthly mean stable water isotopic ratio in Feb. 2013 simulated
by NICAM-isotope.
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