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This project aims to physically elucidate the hierarchical structure of the atmosphere at various scales and the
coupling between the northern and southern hemispheres of the atmosphere by combining high-quality, high-
resolution continuous data obtained from the Japan-led international joint observation, which includes the Polar
Atmospheric Radar (PANSY), and numerical simulations using the high-resolution whole atmosphere model,
Japanese Atmospheric General circulation model for Upper Atmosphere Research, developed at JAMSTEC. In
this year, we established an initialization methodology of the high-resolution model by using the medium-
resolution atmospheric analysis data generated by a data assimilation system based on the medium resolution
version of the model, and conducted high-resolution hindcast simulations of the polar vortex splitting type
stratospheric sudden warming event that occurred in February 2018. The simulation results were verified against

the medium-resolution atmospheric analysis data for the large-scale field.
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1. Introduction

The main 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 of middle atmosphere is one
of the major factors involved in intraseasonal and interannual
variability of the climate system, including near-surface
variability, and a precise understanding of its mechanisms is
essential for long-range prediction of weather and climate
systems, although it is not yet fully understood.

The present study aims to physically elucidate the hierarchical
structure of the atmosphere at various scales and the coupling
between the northern and southern hemispheres of the
atmosphere by combining high-quality, high-resolution
continuous data obtained from the Japan-led international joint
observation, which includes the Polar Atmospheric Radar
(PANSY), and simulations using a high-resolution whole
atmosphere model.

2. Model and Experiments
The Japanese Atmospheric General circulation model for
Upper Atmosphere Research, abbreviated as JAGUAR in this

Middle Atmosphere, High-Resolution General Circulation Model, Data Assimilation,

report, 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 top of the model is set
at a high altitude (about 150 km), and the 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, ion drag, and so on. Another
important aspect of the model is that the vertical resolution is
extremely high to represent the vertical propagation of Rossby
and gravity waves as accurately as possible.

In this study, first, we use the JAGUAR-LETKF data
assimilation system implemented in the DA system of
JAMSTEC to generate a medium-resolution atmospheric
analysis data (an estimate of the horizontal wind speed,
temperature, etc., on the model grid with horizontal resolution of
about 300 km, vertical resolution of 1 km, and top of 150 km).
The data assimilation system assimilates the conventional
observation data from ground-based instruments, balloons,
aircraft, as well as the satellite observation data in the stratosphere,
mesosphere, and lower thermosphere (improving on Koshin et al.
2020 [2]). We then use them to generate initial values for the
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high-resolution version of model (20 km horizontal resolution,
300 m vertical resolution, and 150 km top). The high-resolution
version of JAGUAR does not use gravity wave parameterization
because most of the gravity waves generated in the troposphere
and propagated upward to the mesosphere and lower
thermosphere are explicitly resolved in the model. This is another
important feature of the present study.

We performed high-resolution hindcast simulations of the
polar vortex splitting type stratospheric sudden warming event
that occurred in February 2018, an international joint observation
period. Specifically, we conducted five 4-day hindcasts with
initial values of 4, 6, 8, 10, and 12 February, respectively.

3. Verification of the Zonal Averages

When verifying the simulation results, we first focused on the
latitude-altitude cross section of the zonal mean field, and defined
the error as the result of high-resolution hindcast simulations
minus the medium-resolution atmospheric analysis. Figure 1
shows the latitude-altitude cross-sections of the zonal mean east-
ward winds from 4 February to 15 February 2018, spanned every
few days. If we focus on the northern hemisphere stratosphere
and mesosphere (10-80 km altitude), we see that the wind was
westerly until 2/10, but changed to easterly on 2/12. This is the
development of the stratospheric sudden warming that occurred
in this year.

The errors indicated by colors are negligible below 50 km
altitude. This means that in the troposphere and stratosphere, the
high-resolution version of JAGUAR has the skill to predict the
time evolution of the zonal mean zonal wind for 1-4 days after
the initialization.

On the other hand, there is a structure of easterly and westerly
winds stacked vertically near the equator, where the errors tend
to increase above 50 km altitude. This may reflect either or both
1) the inadequate forecasting skills of the high-resolution version
of JAGUAR and 2) the inability to adequately constrain the zonal
winds in the medium-resolution atmospheric analysis by
assimilating the satellite-observed temperature data due to the
low Coriolis force at the equator. In mid- and high-latitudes, non-
negligible errors are generally found above 70 km altitude. This
suggests that physical processes important for the formation and

el b g

evolution in the mesosphere and lower thermosphere of the high-
resolution version of JAGUAR are inadequately represented. It
is anticipated that detailed analyses over the next year will
provide hints for model improvement. Such discoveries and
model improvements can only be made using the medium-

resolution atmospheric analysis generated in this study.

4. Concluding Remarks

In this year, we established the initialization methodology of
the high-resolution version of JAGUAR by using the medium-
resolution atmospheric analysis data generated by the JAGUAR-
LETKF data assimilation system based on the medium resolution
version of the model, and conducted the high-resolution hindcast
simulations of the polar vortex splitting type stratospheric sudden
warming event that occurred in February 2018. The simulation
results were verified with the medium-resolution atmospheric
analysis data for the large-scale field. The high-resolution
JAGUAR successfully reproduced the large-scale field during
the stratospheric sudden warming event below 50 km, while the
necessity of model improvement was suggested above 70 km.
Comparisons of the high-resolution GCM simulation data with
the radar observation data are also planned over the next year.
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Figure 1: Zonal mean eastward winds (contours) and errors from low-resolution analysis (colors). The solid (dashed) contours

represent the westerly (easterly) wind and the thick solid line represents zero wind speed.  Vertical axis: Geopotential height

(km). Horizontal axis: Latitude. The rightmost is the North Pole. The forecast day after initialization is shown at bottom right.

-9-6





