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(b) QBO forecast score at 70hPa
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The ability of models to predict the evolution of the quasi-biennial oscillation (QBO) is investigated through international QBO
model intercomparison project. All models have high skill in predicting the phase evolution of the QBO at 30 hPa, with
slightly more variable results at higher and lower levels. A multi-model ensemble can be used to give accurate and

reliable QBO forecasts up to at least a year ahead.

A higher-order semi-Lagrangian scheme RCIP is introduced into an ice-sheet model IcIES-2.

It is shown that the scheme is

efficient on ice-sheet dating issue, and will be expected to improve on 3d age/temperature computation.

A spherical harmonics transform library FLAGEOLET has been developed. The Fourier Transform is partly redesigned in

order to prepare for the coming next generation of the Earth simulator, particular for a scalar architecture.

Keywords : Quasi-Biennial Oscillation, Ice-sheet Modeling, Spherical Harmonics Transform Library

1. Prediction of the quasi-biennial oscillation (QBO)
The ability of models to predict the evolution of the quasi-
biennial oscillation (QBO) is investigated through international

QBO model intercomparison project (Butchart et al. 2018,
Stockdale et al. 2020). The MIROC-AGCM-LL, which was run
using the ES resources, is the only model that could simulate the
QBO without non-orographic gravity wave parameterization.
Other models simulated the QBO by using the
parameterization, which differ among models.

In this study, we have investigated how well the models
predict the QBO in seasonal time scales. Figure 1 shows the
anomaly correlation skill of the bias-corrected forecasts at 30
and 70 hPa for each model. Anomaly correlation is high in all
models in the core QBO region at 30 hPa, being above 0.9 out
to seven months. However, anomaly correlation drops off faster
during the first 3 months at 70 hPa, The MIROC-AGCM shows
worst scores, as the QBO could not be not “well-tuned” by the
parameterization and the amplitude of the QBO at this level is
underestimated.

In general, all models have high skill in predicting the phase
evolution of the QBO at 30 hPa, with slightly more variable
results at higher and lower levels. Simulated QBO easterlies are
too weak in all models at 20-50hPa, while westerlies can be
either too strong or too weak (not shown). This results in both a
reduced amplitude of the QBO and a westerly bias in zonal-
mean winds, notably at 30 hPa. At 70 hPa models tend to have
reduced QBO amplitude and an easterly bias. Despite these
failings, a multi-model ensemble can be used to give accurate

and reliable QBO forecasts up to at least a year ahead.

Most models used gravity wave parameterization with fixed
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wave sources. It means that even equatorial precipitation varies
in time and spaces associated with, for example, EI-Nino
Southern Oscillation, same amount of gravity waves is
considered. In order to get higher predict skills of the QBO,
variable sources in parameterization should be considered, as
well as investigating the QBO by models with much higher
resolution.
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Fig. 1. Anomaly correlation of zonal-mean zonal wind forecasts
for pressure levels at 30 and 70 hPa. Colours show individual
models.

2. Development of an Ice-sheet model

A numerical ice-sheet model describes the evolution of thickness,
temperature, and age using advection and/or transport equations.
Usually ice-sheet has discontinuity characteristics in particular in
thickness
representation of those features is strongly expected in order to

and internal temperature, therefore accurate
solve the equations effectively.

A numerical ice-sheet model called IcIES-2 has been improved
to use higher-order schemes on these equations to replace the
Saito et al. (2020) successfully

demonstrates the efficiency of RCIP scheme (Rational function

traditional numerical scheme.

based Constrained Interpolation Profile method, Xiao et al.,
1996) on idealized 1-d vertical dating situations.

RCIP is a variation of Semi-Lagrangian scheme, which possesses
attractive properties, such as convexity and monotone
preservation, as well as phase speed.

Saito et al. (2020) present an effective method to optimize the
discretization under prescribed (expected) resolution of
simulated age, which significantly improves the numerical
solution using the same number of levels.

After this pilot study of RCIP scheme on ice-dating issue,
implementation of RCIP or similar schemes on other equations,
such as 3-d age and temperature has already been set as the next

target of the development.
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Figure 2. Computed annual layer thickness vs age using

10

RCIP scheme with two different discretization, under a
typical configuration of an ice-sheet dating issue. The same
total number of levels are adopted, where the blue line shows
the result with a uniform discretization, while red line shows
that with non-uniform discretization computed using an

optimization method in Saito et al. (2020).

3. Development of a Spherical Harmonics Transfrom
Library (FLAGEOLET)
A spherical harmonic transform library, Flageolet, has been
developed. The library can perform the domain decomposition
not only in latitudinal direction but longitude, which is expected
to improve the computation efficiency of MIROC, in particular
for higher spatial resolution experiment. In order to prepare for
coming the Earth Simulator 4 application, the design of Flageolet
The
legacy Fourier Transform part in the Flageolet is upgraded to
Actually, the
legacy design is fastest on the Earth simulator 3 than the other

is reinvestigated, in particular for a scalor architecture.
apply three slightly different array storages.

designs, however, is may be expected to improve the
computation on scalar architecures.
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