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Research of Resolution Dependency of Gravity
Waves using Global Non-Hydrostatic Model

by Shunji BABA

Abstract

Gravity waves had been removed as a noise, because they were not thought that
energy was too small to influence weather. But the importance of gravity waves was
admitted along with observation technology and calculation resource improvement.
Gravity waves have various source, for instance, mountains, convection, and fronts
etc. There are a lot of uncertain matter about non-geographical gravity waves
especially on propagation and interaction. Then, it is thought that the experiment
by the model is effective. But Zang (2004) described for the dependency to the
resolution to exist in reproduced gravity waves. The character of reproduced
gravity waves is different along with the used model resolution from resolution
dependency of gravity wave. When the model is used and analyzed, it is important
to understand the character of gravity waves with the resolution dependency. In
this study, the difference of reproduced gravity waves is compared by using NICAM
with horizontal resolutions from 224 km (glevel-5) to 28 km (glevel-8).

It divides into gravity modes and Rossby modes by using 3 dimensional normal
mode funcitons (Tanaka 1985) for NICAM. First, gravity modes zonal energy
spectrum of form glevel-5 to glevel-8 were calculated, and compared. As a result,
it was been understood that the data of higher resolution follows the -5/3 pawor
low. This is corresponding to Terasaki et al. (2011). Next, wavenumber was
divided into some areas. Geopotential height that had been obtained by divided
gravity modes was compared. As a result, gravity modes in low wavenumber
area indicates a negative value around low and high pressure of original data. In
other word, the low-pressure is strengthened, and the high atmospheric pressure
is weakened. This relation can be replaced with the relation between the gradient
wind and the geostrophic wind (Baba 2012). Gravity modes in high wavenumber
area is divided into 3 patterns. 1), it is distributed in low latitudes, and ITCZ
is corresponding to the region. 2), It is distributed in the mountain and river
district, and it has a strong signal in Andes, Himalayas and Greenland. 3), It is
distributed from midle latitude to the high latitude, and it has a strong signal
along the jet. To confirm this gravity waves have propagated from the lower layer
of the atmosphere, the relation between stability of some layer and gravity waves
intensity was examined. As a resulut, it was clarified that this gravity waves had

v



the source of wave in the lower layer, and propagates up, because the correlation
with the lower layer is the largest. From this, it was clarified that the dependency
to the resolution is caused the inaccrate gravity waves propagated from lower layer.

In this paper, NICAM from glevel-5 to glevel-8 were used for the analysis. Res-
olutions of these are insufficient for the reproduction of individual cumulus. Then,
Arakawa-Schuber scheme is used for this data. As a result, there is a possibility
that the wave in the equatorial area cannot be reproduced enough. Future tasks
are to do the analysis that uses the data of a high resolution. But, computational
complexity increases considerably if 3 dimensional normal mode funcitons is used
for high resolution model data. Therefore, It is future tasks to develop new method
of calculating super-higher resolution 3 dimensional normal mode.

Key Wards: Gravity mode, Resolution dependency, 3 dimensional normal
mode function
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0O 1: NICAMODO 20000, (a)glevel-0, (b)glevel-1, (c)glevel-2, (d)glevel-3 (Satoh
et al. 2008)
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Numerical Vertical Structure Function
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Gravity Wave Zonal Energy
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Gravity Wave Zonal Energy
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Gravity Wave Zonal Energy
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192 hPa Height
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192 hPa elem Height
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Height & B-V frecency
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192 Height-B Vfrequency
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192 Height-BVirequency
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192 Height-BVfrequency
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192 Height-BVfrequency
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192 Height-B Virequency
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192 Height-B Virequency
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192 Height-BVfrequency
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