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Module Decomp. Nodes/ranks Max real time (s)
MIROC compatible Trad=1  40/160 15.568
FLAGEOLET Trad=1  40/160 12.723
FLAGEOLE1 2 40/160 12.296
FLAGEOLET 2,1 40/160 11.713
FLAGEOLET 2 80/320 6.857

SCHR

[1] Xiao, F., Yabe, T., and Ito, T.: Constructing
oscillation preventing scheme for advection
equation by rational function, Comp. Phys. Comm.,
93, 1-12, 1996



Annual Report of the Earth Simulator April 2018 - March 2019

Development Research of a High-quality Climate Model for Long-term Climate

Change Projection Study

Project Representative
Michio Kawamiya

Department of Integrated Climate Change Projection Research,

Japan Agency for Marine-Earth Science and Technology

Authors

Yoshio Kawatani *!, Fuyuki Saito *!, Michio Kawamiya **
*1Department of Integrated Climate Change Projection Research, Japan Agency for Marine-Earth Science and Technology
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1. The effects of a well-resolved stratosphere on the
simulated boreal winter circulation

This study investigated the effects of including a
well-resolved stratosphere (and mesosphere) in the global
atmospheric  MIROC-AGCM  climate  model.  The
investigation examined the modeled climate from four
different configurations with model tops at ~27 km (L34), 47
km (L42), 47 km (L72), and 100 km (L168). The four
configurations had identical horizontal resolution (T106) and
identical vertical level structures in the troposphere, as well as
identical physical subgrid-scale parameterizations. Analysis of
the results focused on the Northern Hemisphere in winter.

Overall the circulation in the L168 model is most realistic
and successive degradations of the vertical grid to the L72,
L42 and L34 configurations result in progressively less
realistic simulations.

In the NH winter stratosphere even the T106L168 model
displays a cold pole bias relative to observations, but
successive degradations of the vertical level structure to L72,
L42 and L34 led to a worsening cold pole bias. As the cold
pole bias becomes more severe, the simulated polar night jet
becomes stronger and less realistic. The magnitude of the
winter cold pole bias is negatively correlated with the strength
of the simulated mean downwelling at high latitudes. The
analysis indicates that a lower model top and reduced vertical
resolution in the stratosphere both lead to suppression of the
BDC and so to stratospheric winter polar temperatures that are
closer to radiative equilibrium.

The effects of the reduced polar downwelling in degraded
vertical grid configurations extend into the troposphere and
affect even the circulation at the surface. The sense of this is
that the stronger mean westerlies in the lower stratosphere in
simulations with a poorly-resolved stratosphere are connected
with tropospheric circulations with a more positive AO phase.

Here we show the schematic illustration of differences
between L34 and L42 (L34-L42) in Fig. 1. Compared with

the L42 model, the L34 model produces a poorer simulation
of the stratospheric Brewer-Dobson circulation (BDC) in the
lower stratosphere, with weaker polar downwelling and
accompanying cold pole and westerly jet biases. The westerly
bias extends into the troposphere and even to the surface. The
tropospheric westerlies and zone of baroclinic wave activity
shift northward; surface pressure has negative (positive)
biases in the high (mid) Ilatitudes, with concomitant
precipitation shifts.

We also explicitly demonstrated that the vertical resolution in
the stratosphere (L42-L72) is of greater importance than the
inclusion of a mesosphere (L72-L168) when considering the
impact on the troposphere. The present study shows that the
stratospheric vertical resolution and inclusion of the full
middle atmosphere significantly  affect tropospheric
circulations.

stratosphere

coupling ‘

troposphere

Figure.1 Schematic illustration of some differences in
the simulated circulation between the model without
the stratosphere (L.34) and that with the stratosphere
(L42); ie., L34-142.
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2. Development of a numerical ice sheet model and
performance check of improvement on
advection/transport equation formulation.

Age computation in ice sheet is formulated using an Eulerian
advection equation. There are many schemes to solve it
numerically, which differ in stability, accuracy, diffusivity and
so on. Various methods have been presented for age
computation in ice-sheets, however, Constrained Interpolation
Profile method and its variants are not examined in this
context. This study introduces one of its variants, a Rational
function based Constrained Interpolation Profile to
one-dimensional ice age computation, and demonstrate its
performance with comparison with first- and second-order
upwind schemes. The results present that the RCIP scheme
preserves the pattern of input surface mass balance history in
terms of internal annual layer thickness profile better than the
other schemes.  Extension of this scheme on 3-dimension, as
well as on thermodynamics computation are expected to
significantly improve the ice-sheet model, which is the next
target of the development.

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

A spherical harmonics 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.
Following the Fourier-transform module development last
year, the Associate Legendre transform module is developed
and tested.  Various domain decomposition are designed to
introduce, and the performance checks show significant
improvement on computing speed.
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Figure 2. Demonstration of ice-dating computation using RCIP and

upwind schemes.





