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This project aims to understand the precursors of sudden stratospheric warmings, which significantly changes the
intensity of the Antarctic polar vortex, and the surface climate impact of sudden stratospheric warmings under the
comprehensive perspective of stratosphere, troposphere, and ocean using the coupled ocean-atmosphere
chemistry-climate model (CCM). In this year, a large ensemble experiment (1000 ensemble experiments) was
performed with the coupled ocean-atmosphere CCM. The atmosphere CCM experiments were also performed
with the fixed climatological SST, and the SSTs in 2002, 2019, in which the sudden stratospheric warming were
observed. The experiments with the 2002 and 2019 SST conditions, a frequency of sudden stratospheric warming

was significantly increased.

Keywords : Antarctic polar vortex, sudden stratospheric warmings, coupled ocean-atmosphere model,

chemistry-climate model, a large ensemble experiment

1. Introduction

The focus of this study is the general circulation and
planetary waves in the stratosphere, as well as their impact on
surface climate and the interactions with ocean. The intensity of
the polar vortex in the Southern Hemisphere (SH) is related to
the Sea Surface Temperature (SST) and atmospheric
phenomena in the troposphere, and it is thought to be influenced
on troposphere and ocean circulation.

The polar vortex's strength increases from winter to summer
and decreases from summer to winter. In the Northern
Hemisphere, a complete reversal of the upper stratospheric
westerlies occurs 6 times per decade in association with sudden
stratospheric warming (e.g., Labitzke 1977 [3]). In the SH, such
dramatic change of the stratospheric jet had not occurred due to
the stable polar vortex. The exceptions are major warming in
2002 and minor warming in 2019.

Yamashita et al. (2018) [5] analyzed the factors important for
the variation of zonal wind of the SH polar vortex and
suggested the importance of El Nifio-Southern Oscillation
(ENSO) as well as quasi-biennial oscillation (QBO) and recent
ozone hole changes. This implies that the ocean phenomena are
related to the variation of SH polar vortex.

The purpose of this study is to investigate the precursors of
sudden stratospheric warmings, and the ocean-atmosphere
impact of sudden stratospheric warmings. The coupled ocean-
atmosphere chemistry-climate model (CCM) was used, and a
large ensemble experiment (1000 ensemble experiments) was
performed. The atmosphere CCM experiments were also
performed with the prescribed SST.

2. Model and Experiments

The CCM used in this study has been developed in National
Institute for Environmental Studies (Akiyoshi et al. 2009[1];
2016[2]; Yamashita et al. 2017[4]). The horizontal resolution is
T42 and 34 vertical layers with the upper boundary located at
approximately 80 km. The experiments were performed with the
2000 conditions for greenhouse gas (GHG) and ozone-depleting
substance (ODS), and a large ensemble experiment (1000
ensemble experiment) was performed.
The following conditions were used in four different types of
experiments. (D The control experiments of atmosphere CCM
with fixed climatological SST around 2000 (hereafter CNTL).
@ coupled ocean-atmosphere CCM (CGCM). The experiments
with the @ 2002 (2002SST) and @ 2019 SST conditions
(2019SST).

3. Results

The intensity of the SH polar vortex increases from winter to
summer and decreases from summer to winter, in agreement with
the observation. In the winter, the maximum westerly wind is
much stronger than observed. In CNTL and CGCM, the year-to-
year variability of the SH polar vortex is smaller than observation.
In 2002SST and 2019SST, the year-to-year variability is
consistent with the observation.

The lowest value of zonal wind intensity in CNTL and CGCM
is greater than 0 m/s (Fig. 1), with no major warmings. In contrast,
the lowest value of zonal wind is less than CNTL and CGCM,
reaching less than 0 m/s. The conditions for major warmings
were met in three cases out of 1000 years for 2002SST and
2019SST, indicating that the frequency of the event is related to
oceanic phenomena in particular years.
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The minor warmings are also increased and occurs in August
and September for 2002SST and 2019SST. A frequency of final
warmings is 13 times in CNTL, 11 times in CGCM, 80 times in
2002SST, and 79 times in 2019SST, indicating the relationships
between the frequency of sudden stratospheric warmings and the
seasonal change of polar vortex.

4. Concluding Remarks

In this year, a large ensemble experiment (1000 ensemble
experiment) was performed, and the results of sudden
stratospheric warmings were analyzed. A frequency of sudden
stratospheric warming was much smaller than observation in
CNTL and CGCM. In contrast, a frequency of sudden
stratospheric warming was significantly increased with the 2002
and 2019 SST conditions.

These results suggest that the frequency of occurrence of
sudden warming increased depending on the oceanographic
phenomena in particular years. The future analysis of the 2002
and 2019 experiments will be helping to understand the
precursors of sudden warming and its impacts on the surface

climate.
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Figure 1:

The mean zonal wind at 60°S, 10 hPa for the 1000 ensemble experiments (thick line) with 1o of year-to-year variability

(shading) and maximum and minimum (broken lines). (a) CNTL, (b) CGCM, (c) 2002SST, and (d) 2019SST.

-16-6



