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We have been performing several studies to understand the mechanism of climate variability in the Arctic and mid-latitudes.
Firstly, the potential effects of abnormal low Arctic sea-ice condition in the 2018 winter on the northern mid-latitudes climate
have been assessed through a set of ensemble experiments of a general circulation model (AGCM). It is suggested that the sea
ice decline in March has the potential to induce the WACE pattern, which includes a cold anomaly over the Eurasian continent.
Secondly, the quasi-biennial oscillation (QBO) impacts on the winter Northern Hemisphere stratospheric polar vortex have
been investigated using AGCM. Our research shows a pathway to weaken the stratospheric polar vortex via tropospheric
processes, which is active in the easterly phase of the QBO. Thirdly, we have studied the effect of spring sea-ice thickness
initialization on summer sea-ice extent predictability by using an atmosphere-ice-ocean coupled model. We indicate that Arctic

sea-ice thickness initialization in April, particularly in the Pacific sector, has a large impact on the prediction of sea-ice

concentration in September.

Keywords: Arctic sea ice, Climate model, WACE pattern, Quasi Biennial Oscillation, Sea-ice thickness

initialization

1. Introduction

Our research group has been performing interdisciplinary climate
studies focusing not only on the Arctic but also on more extensive
areas to understand a drastic change in the recent Arctic and its
impact. This article presents a study on the effects of a significant
sea-ice loss in the Arctic Ocean in the 2018 winter. Two other
research activities on the mechanism of the climate system are
also presented.

2. Northern Hemisphere Climate and Arctic sea ice
reduction in 2018 winter

Japan experienced frequent cold air outbreaks in 2018 winter.
Japan Meteorological Agency attributed these to the La Nina
event as well as sea ice reduction in the Barents Kara sea [1],
while another study [2] claimed that sea ice reduction to the north
of Bering Strait caused the cold winter. The aim of this study is
to investigate potential impact of the sea ice condition to the
wintertime climate in the 2018 winter through a set of ensemble
experiments of a general circulation model (AGCM).

We used an AGCM by the name of AFES (AGCM For Earth

Simulator) configured at horizontal resolution T119 (about
100km). We performed four kinds of AGCM experiments forced
with different lower-boundary conditions as follows. In
experiment A, we prescribed observed daily SSTs and sea ice. In
B, we prescribed observed daily SSTs and climatological sea ice.
In C, we prescribed climatological SSTs and observed daily sea
ice. In D, we prescribed climatological SSTs and sea ice. Each of
the four experiments has 100 ensemble members integrated from
September 1st, 2017 through March 31st, 2018.

Ensemble-mean and winter-mean (DJF) responses of surface air
temperatures (SATs) are calculated by two ways. One is by taking
difference between Exps. A and B, while the other is between
Exps. C and D. In both responses, warm responses are observed
around the Barents Kara sea, Bering Strait, the Sea of Okhotsk,
and Canadian Arctic Archipelago where sea ice declined has
been observed. However, our experiment failed to explain the
cold winter around Japan in this winter. In March, cold responses
are observed over Eurasian continent in association with warm
anomalies over the Barents Kara sea, whose pattern is similar to
the Warm-Arctic Cold Eurasia (WACE) pattern [3]. Our

-9-5



Annual Report of the Earth Simulator April 2019 - March 2020

experiment suggests that the sea ice decline in the March has
potential to induce the WACE pattern, although such pattern is
not observed presumably because atmospheric anomalies due to
SST anomalies and atmospheric internal variability might be
large in the real atmosphere.

3. A tropospheric pathway of the stratospheric QBO

The quasi-biennial oscillation (QBO) is quasiperiodic
oscillation of the tropical zonal wind in the stratosphere. When
the tropical lower stratospheric wind is easterly (westerly), the
winter Northern Hemisphere (NH) stratospheric polar vortex
tends to be weak (strong). This relation is known as the Holton—
Tan relationship [4]. Several mechanisms for this relationship
have been proposed, especially linking the tropics with high
latitudes through stratospheric pathway. Although QBO impacts
on the troposphere have been extensively discussed, a
tropospheric pathway of the Holton—Tan relationship has not
been explored previously. In a published paper [5], we propose a
tropospheric pathway of the QBO impact, which may partly
account for the Holton-Tan relationship in early winter,
especially in the November—December period.

The study is based on analyses of observational data using
ERA-interim reanalysis and NOAA OLR data. The phase of the
QBO was defined using the winter (DJF)-averaged zonal-mean
zonal wind at 50hPa averaged over 5¢ S to 5¢ N. The winters were
classified as WQBO or EQBO winters when the absolute values
exceeded 3 ms™.

Results from a linear baroclinic model (LBM) [6] and
atmospheric general circulation model (AGCM) simulations are
also used. In both models, anomalous convective heating was
placed over the western tropical Pacific centered at 5°N-150°E
and the Indian Ocean centered at 5S°N-70° E.

As a result of the study, we summarized the mechanism as
follows: the easterly phase of the QBO is accompanied with
colder temperature in the tropical tropopause layer, which
enhances convective activity over the tropical western Pacific
and suppresses it over the Indian Ocean (Figure 1), thus
enhancing the Walker circulation. This convection anomaly
generates a Rossby wave train, propagating into the midlatitude
troposphere (Figure 2), which constructively interferences with
the climatological stationary waves, especially in wavenumber 1,
resulting in enhanced upward propagation of the planetary wave
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Figure 1. October-November-December (OND) mean OLR
differences between easterly QBO and westerly QBO winters,
using NOAA OLR data. Green lines denote the statistically
significant value at the 95% confidence level.

and a weakened polar vortex.

4. Effect of spring sea ice thickness on the
predictability of summer sea ice extent

The Arctic sea-ice cover has decreased in all months since
satellite observations began in the late 1970s. The decline in
Arctic sea ice influences the climate system not only in the Arctic
region but also in the midlatitudes and economic activity via the
Northern Sea Route. Therefore, there is a need for accurate
seasonal-to-interannual sea-ice forecasts. The key variables for
improving predictive skill are sea-ice thickness (SIT) and
subsurface water temperatures, which are thought to be a
memory for sea-ice variability. Hence, the initialization of these
physical quantities is very important for seasonal-to-interannual
sea-ice forecasts.

In this study, based on the perfect model experiments
following APPOSITE [7] using the climate model MIROCS.2
[8], we investigated the effect and process of the initial SIT in
April on the predictability of the sea ice extent (SIE) in September.
Due to the persistence of SIT initialized in April, the September
SIE was predictable until the second year (blue line in Figure 3),
and the results were consistent with previous studies. On the
other hand, the large errors in experiments without initialization
(red line in Figure 3) can be attributed to the errors in sea ice
concentration and thickness in the Pacific sector from July to

September, which is caused by the imperfect initialization of

C1=20(m)

(a) Z250 ALL

20N 40N 60N 80N

R RN RIS,
QXPISKEL
25 X

%
%%
XD
KX

TRRRS
oo
%!

Figure 2. QBO signals (difference between easterly- and
westerly-QBO years) of November (a) geopotential height at
250 hPa and (b) zonal mean zonal wind, using ERA interim
reanalysis data. AGCM-simulated responses of November (c)
geopotential height at 250 hPa and (d) zonal mean zonal wind
to the given convective heating. Negative values are shaded and
the values statistically significant at 90 % and 95 % level are
hatched and double-hatched. Consistent results were obtained
between observational and simulation results.
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thickness in April (not shown). To confirm whether the April sea
ice fields in the Pacific sector determine the September SIE or
not, experiments in which the April SIT only in the Pacific sector
is initialized were conducted. The differences in the September
sea ice concentration and thickness errors between initialization
with and without quite decrease in the Pacific sector. Therefore,
this study suggests that initialization of the April SIT in the
Pacific sector contributes to the skillful prediction of the
September SIE [9].
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Figure 3. Time series of the normalized RMSE of sea-ice extent
in experiments with (blue) and without (red) initialization of sea
ice thickness on 1 April. Dots indicate where differences are
significant at the 5% levels based on a one-sided F test.
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