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This project aims to physically elucidate the hierarchical structure at various scales and the coupling between the northern and
southern hemispheres of the atmosphere by combining continuous observation data with high-accuracy and high-resolution
from the Japan-led international joint observation, which includes an Antarctic Atmospheric Radar (PANSY), and numerical
simulations using the high-resolution whole neutral atmosphere model, Japanese Atmospheric General circulation model for
Upper Atmosphere Research (JAGUAR), developed at JAMSTEC. In this year, improvements were made to mitigate a model
drift of the amplitudes of gravity waves in high-resolution hindcast simulations in which the reanalysis data generated by a data
assimilation system, JAGUAR-DAS, was used as initial values. Using the updated method of the simulation, we conducted
hindcasts in December and January from 2015/16-2019/20. Using outputs from hindcasts of December 2018, we conducted

spectral analysis of gravity waves. The contribution of gravity waves to the commonly-observed universal vertical wavenumber

spectra and global distribution of characteristics of gravity waves were estimated.

Keywords : Middle Atmosphere, High-Resolution General Circulation Model, Data Assimilation, Atmospheric

Radar Network

1. Introduction

The focus of this study is the general circulation of middle
atmosphere, which consists of the stratosphere, mesosphere, and
lower thermosphere, and the hierarchical structure embedded in
it, which spans several orders of magnitude (hundreds of meters
to tens of thousands of kilometers). The general circulation in the
middle atmosphere is one of the major factors involved in
intraseasonal and interannual variability of the climate system,
including near-surface variability. Thus, better understanding of
its mechanisms is essential for long-range prediction of weather
and climate systems, although it is not yet fully reached.

The present study aims to physically elucidate the hierarchical
structure of the atmosphere at various scales and the coupling
between the northemn and southern hemispheres of the
atmosphere by combining continuous observation data with
high-accuracy and high-resolution from the Japan-led
international joint observation, which includes an Antarctic
Atmospheric Radar (PANSY), and simulations using a high-

resolution whole neutral atmosphere model.

2. Model and Experiments

The Japanese Atmospheric General circulation model for
Upper Atmosphere Research (JAGUAR) was developed as a
hybrid of two atmospheric general circulation models (GCMs),
the MIROC-AGCM and the Kyushu-GCM, which have been

independently developed in Japan (Watanabe and Miyahara
2009 [1]). In contrast to GCMs used for weather and climate
studies, the model top is set at a very high altitude, which is about
150 km. Physical processes that are important in the mesosphere
and lower thermosphere are parameterized, e.g., infrared
radiation processes in non-local thermodynamic equilibrium,
molecular conductivity, molecular diffusion, chemical heating,
and ion drag. Another important aspect of the model is that the
vertical resolution is quite high to represent the vertical
propagation of gravity waves as accurately as possible.

In this study, we used the JAGUAR-Data Assimilation System
(JAGUAR-DAS) implemented in the DA system of JAMSTEC
to generate medium-resolution atmospheric reanalysis data
including three-dimensional winds, temperature, geopotential,
etc., on the model grid with a horizontal resolution of ~300 km
and a vertical resolution of 1 km. JAGUAR-DAS assimilates the
conventional observation data from ground-based instruments,
balloons, and aircraft, as well as the satellite observation data in
the stratosphere, mesosphere, and lower thermosphere (Koshin
et al. 2020 [2], 2022 [3]). We then use the reanalysis data for
initial values for the high-resolution version of the model (i.e., 20
km and 300 m for horizontal and vertical resolutions,
respectively). The high-resolution JAGUAR does not use gravity
wave parameterization because most gravity waves generated in
the troposphere and propagating upward to the mesosphere and
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lower thermosphere are explicitly resolved in this model.

In this year, we improved the initialization method to mitigate
an unrealistic increase in amplitudes of atmospheric gravity
waves during a high-resolution hindcast simulation. Adopting
this update, we performed hindcast simulations of December and
January from 2015/16-2019/20, which are included in
international joint observation periods. In addition, we conducted
spectral analysis of gravity waves in December 2018. The results
of this analysis (Okui et al. in press[4]) are described below.

3. Contribution of gravity waves to universal vertical
wavenumber spectra

Radar, lidar, and radiosonde observations have revealed that
vertical wavenumber (m) power spectra of horizontal wind and
temperature fluctuations have common shape with a steep slope
proportional to ~m 3. Several theoretical studies have explained
this universality by assuming that these spectra are composed of
saturated gravity waves. To confirm the validity of this
assumption, spectral analysis was conducted based on outputs
from high-resolution hindcasts from 5-20 December 2018 (Okui
et al. 2021[5]). The m spectra of gravity waves, defined as
fluctuations having higher total horizontal wavenumbers than 21,
were compared with those of all model-simulated fluctuations,
extracted from a single vertical profile by removing its linear
trend. The extraction method of all fluctuations is an imitation of
the methods used in observational studies mentioned above. Fig.
1 shows zonal-mean m spectra for a height region of 18-25 km
of gravity waves and all fluctuations. Although the gravity wave
spectra accord well with the all-fluctuation spectra at high ms,
the difference between these two spectra is substantial at low ms

even in the m™3

range of all-fluctuation spectra. This fact
shows that disturbances other than gravity waves significantly
contribute to the spectra in a low-m part of the steep slope.
Moreover, spatial variations of characteristics of gravity wave
spectra were examined (not shown). It is inferred that not only
wave saturation but also strong vertical shear below the middle
atmosphere jets is responsible for the formation of the steep
slopes of gravity wave spectra. In addition, strong shear prevents
gravity wave saturation. As well as deepening our understanding
of gravity waves, these findings may provide useful guidelines

for improving gravity wave parameterizations in climate models.
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Fig. 1 Zonal-mean and +5° latitude-mean meridional wind m

spectra. Gray lines are theoretical spectra (Smith et al. 1987[6]).

4. Concluding Remarks

In this year, the initialization method of hindcast simulations
performed with the high-resolution JAGUAR was updated to
mitigate a model drift in the amplitudes of gravity waves in the

mesosphere and lower thermosphere. Using this updated method,
hindcast simulations in December and January from 2015/16—
2019/20 were performed. Moreover, spectral analysis of gravity
waves was conducted by using outputs from hindcasts of
December 2018. The results showed that commonly-observed
universal vertical wavenumber (11) spectra, having a steep slope

-3

proportional to ~m ™2, are mainly composed of gravity waves

in their high m range, while disturbances other than gravity
waves significantly contribute to the lowest m part of the m =3
range. Global distributions of characteristics of gravity waves
were also described. It was shown that strong vertical shear
below the middle atmosphere jets causes steepening of gravity
wave spectra and preventing wave saturation. These findings
may contribute to updates of some nonorographic gravity wave
parameterization schemes.

High-resolution hindcast simulations in boreal winters from
2012/13-2021/22 are planned over the next year. By analyzing
outputs from these simulations and combining them with long-
term JAGUAR-DAS reanalysis data, climatological studies
including gravity waves will be conducted quantitatively, which
are unique outcomes of such high-resolution long-term hindcasts.
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