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The mechanism of El Nifio Southern Oscillation modulation of the quasi-biennial oscillation was
investigated using the MIROC climate models and observational data. The problem of current non-
orographic gravity wave parameterization was also discussed.

A large-scale ice-sheet model with nesting a regional higher-order ice-sheet model has been developed
for high-resolution simulation around the summit. Computation performance of a spherical harmonics
transform library Flageolet is examined, which is shown to be enough practical for climate-modeling

purposes.
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1. El Nifio Southern Oscillation modulation of the QBO

Observational studies have shown that, on average, the quasi-
biennial oscillation (QBO) exhibits a faster phase progression
and shorter period during EI Nifio than during La Nifia. Here, the
possible mechanism of QBO modulation associated with ENSO
is investigated using the MIROC-AGCM with T106 (~1.125°)
horizontal resolution. The MIROC-AGCM simulates QBO-like
oscillations without any non-orographic gravity wave
parametrizations. A 100-year integration was conducted during
which annually repeating sea surface temperatures based on the
composite observed El Nifio conditions were imposed. A similar
100 year La Nifia integration was also conducted. The MIROC-
AGCM simulates realistic differences between El Nifio and La
Nifia, notably shorter QBO periods, a weaker Walker circulation,
and more equatorial precipitation during El Nifio than during La
Nifia. Near the equator, vertical wave fluxes of zonal momentum
in the uppermost troposphere are larger and the stratospheric
QBO forcing due to interaction of the mean flow with resolved
gravity waves (particularly for zonal wavenumber > 43) is much
larger during El Nifio. The tropical upwelling associated with the
Brewer—Dobson circulation is also stronger in the El Nifio
simulation. The effects of the enhanced tropical upwelling during
El Nifio are evidently overcome by enhanced wave driving,
resulting in the shorter QBO period. The schematic figure is
shown in Fig. 1. The integrations were repeated with another
model version (MIROC-ECM with T42 horizontal resolution)
that employs a parameterization of non-orographic gravity waves
in order to simulate a QBO. In the MIROC-ECM the average
QBO periods are nearly identical in the EI Nifio and La Nifia
simulations.

2. Development of an ice-sheet model with nesting
of a regional higher-order model

A typical ice-core drilling for paleo-climate
reconstruction is executed around ice-sheet summits.
In order to simulate ice-sheet dynamics around a
summit, a high resolution, higher-order mechanics
modeling is expected, which is still computationally
demanding and challenging topic.

In this project a numerical ice sheet model ICIES
(Saito and Abe-Ouchi 2010) has been extended to
include (nest) a regional higher-order ice-sheet model
(Saito etal, 2003). A preliminary experiment of the
nesting model is performed with the same 8km
resolution for both the large-scale and regional
models as an exercise.  With the nesting model over
10 times 10 gridpoints, embedded into 761 times 761
gridpoins large scale model, it took 3.6 times longer
computation time than the large-scale only model for
50,000 year simulation.  For practical experiments,
we are planning to perform hundred-thousand-year
simulation with a few times higher resolution for
wider region of nesting, which will demand even
more computing resources. An optimization for more
efficient computation is required, which is a next
target of the development.

3. Development of FLAGEOLET, a parallel
spherical harmonic transform library

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
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the computation efficiency of MIROC, in particular
for higher spatial resolution experiment.  Following
the Fourier transform modules and the Associate
Legendre transform module development last year, a
full spherical harmonics transform module has
completed and examined. Various domain
decomposition is designed to introduce, and the
performance checks show that an enough efficiency
for climate modeling purposes can be obtained with
proper domain decomposition over the wave-space
domain.

References

[1] Taguchi 2010: Observed connection of the

El Nifio

Tassnnnnnnns . jesssssssssssenn -
R strong upwelling o
o ’ o
...... }’,\\

sEssssssssnnnnns,
.

'a-.---.--

more waves e

wee 1k Walker

5 3
e

].-w‘

-lf
ISOE

7 o

(U3 90E 90W ow

stratospheric quasi biennial oscillation with EI Nifio—

Southern Oscillation in radiosonde data. J. Geophys.

Res., 115, D18120, 0i:10.1029/2010JD014325.

[2] Kawatani, Y., K. Hamilton, K. Sato, T. J. Dunkerton, S.
Watanabe and K. Kikuchi: ENSO modulation of the QBO:
Results from MIROC models with and without non-
orographic gravity wave parameterization, J. Atmos. Sci., 76,
3893-3917, https://doi.org/10.1175/JAS-D-19-0163.1, 2019

[3] Saito, F. and Abe-Ouchi, A., Modelled response of the
volume and thickness of the Antarctic ice sheet to the advance
of the grounded area. Ann. Glaciol. 51(55), 41—48, 2010

[4] Saito, F., Abe-Ouchi, A., and Blatter, H., Effects of first-order
stress gradients in an ice sheet evaluated by a three-
dimensional thermomechanical coupled model. Ann. Glaciol,
37,166—172, 2003

La Niia

.-:. ......... ‘ 1 Lo | ECLULLCLEECLER O M w
< weak upwelling o g
.,'.' ..... E .................. Jﬁ\. .................. f’ E §
- £ 0 s T
. H H H=3
: : QBO casterly : : %
- 1 -
E ‘.; QBO Westerl H 3 con nect
=
@]
°
o]
(%]
o
=
o
o
)

é'ow

ISOE

0E 90E ow

Fig.1 Schematic illustration of (thick vector) the Walker circulation, (black vector) gravity waves, (blue and pink) QBO zonal wind, and
(dashed vector) equatorial residual vertical velocity for (right) EI Nifio and (left) La Nifia.
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