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(a) w @ 200 hPa, JAGUAR

(b) w @ 10 hPa, JAGUAR
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(c) w @ 0.003 hPa, JAGUAR
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Using the atmospheric general circulation model JAGUAR with its model top extended to an altitude of about 150 km, we are
conducting sub-seasonal to seasonal prediction experiments targeting extreme events in the middle atmosphere. Since gravity
waves (GWs) play an important role in driving the circulation of the middle atmosphere, the reproducibility of GWs is a critical
issue. In this year, we have conducted experiments reproducing GWs excited by a super typhoon Hagibis (TY1919), with the
aim to validate the characteristics of GW generation and propagation in JAGUAR. By utilizing the spectral nudging technique,
JAGUAR succeeded in reproducing the typhoon with almost the same intensity as the operational global analysis of the Japan
Meteorological Agency. JAGUAR is capable of simulating the propagation of spiral or concentric typhoon-generated GWs
from the troposphere to the mesopause or above, which is not resolved in commonly used reanalysis data. It highlights an

advantage of GW-resolving simulation by JAGUAR.

Keywords : gravity wave, middle atmosphere, high-resolution atmospheric general circulation model,

typhoon, spectral nudging

1. Introduction

Gravity waves (GWs) play an important role in driving the
circulation of the middle atmosphere by transferring momentum
and energy from below. Although their effects have been
parameterized in general circulation models, explicit treatment of
them may provide new insights in the atmospheric science.

In this project, we conduct GW-resolving (or -permitting)
prediction experiments by using a high-top (extended to an
altitude of about 150 km) model named Japanese Atmospheric
General circulation model for Upper Atmospheric Research
(JAGUAR, Watanabe and Miyahara 2009 [1]). By investigating
the reproducibility of extreme events, we attempt to enhance
knowledge on details of phenomena in the middle atmosphere
and their practical predictability.

The target event of FY2020 is the propagation of spiral GWs
from a super typhoon Hagibis (TY1919), which provides
opportunities to validate the characteristics of GWs generated by
organized convections in JAGUAR.

2. Experimental Settings

We have conducted a reproduction experiment of the typhoon
for a period from 1 to 13 October 2019 using JAGUAR with a
high-resolution T639L340 (about 20 km horizontally, about 300
m vertically, no gravity wave parameterization) setting, by
adopting the spectral nudging technique. With this technique, the
small-scale flow evolves as the model drives, while the large-
scale flow is relaxed to a given reanalysis (ERAS). After a period

of strong constraint before the genesis of the typhoon (i.e., 1-5
October), the track of the typhoon is reproduced well with only a
weak constraint (relaxation time of 6 hours) of large-scale flow
(wavelengths longer than about 1800 km). The minimum central
pressure of the typhoon reproduced in JAGUAR is deepen about
30 hPa from that of EARS, which reaches almost the same as the
operational global analysis of the Japan Meteorological Agency.

3. Results

This report introduces how typhoon-generated GWs are
represented in the JAGUAR simulation compared with ERAS,
as shown in Figure 1, snapshots of vertical wind at the peak of
the typhoon. The strong upwelling of the typhoon itself in the
upper troposphere (Figs. 1a, d) is expressed more clearly in
JAGUAR, including fine wave structures around it, while the
synoptic environment (e.g., a front extending to the northeast of
the typhoon and active tropical convections in the southeast) is
reproduced well in both JAGUAR and ERAS.

In the middle stratosphere (Figs. 1b, €), we can find a gap in
the representation of GWs above the typhoon. The JAGUAR
simulation represents widespread concentric waves radiated
from the spiral motion of the typhoon. On the other hand, ERAS
does not show such a clear concentric pattern. Although there are
some wavy patterns on the eastern side of the typhoon, no evident
waves are observed on the western side. A comparison of
momentum fluxes also shows a consistent underrepresentation of
the upward propagating GWs in ERA5 compared with JAGUAR.
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Fig. 1: Gravity waves associated with Typhoon Hagibis (TY 1919). Horizontal distributions of vertical wind at 00 UTC on 10 October,

indicated by a red cross in the best track (black circles indicate

00 UTC for each day) in (f). Upper panels show the distributions in

the JAGUAR simulation, and lower panels show those in ERAS at (a, d) 200 hPa, (b, €) 10 hPa, and (c) 0.003 hPa. Color bars of
ERAS are the same as those in the upper panel. The JAGUAR simulation results (a) and (b) have been converted to the same grid as

in ERAS for comparison.

The upward-propagating GWs represented in JAGUAR reach
around the mesopause (Fig. 1c), which is not covered by the
current models in many operational numerical weather prediction
centers. At this altitude, the concentric wave structure centered
on the typhoon spreads further and covers a wider area. We can
also find a dispersive property of waves (i.e., short-scale waves
just above the typhoon and longer-scale waves propagating
outward) and an anisotropic propagating property due to the
filtering effect of the background wind (i.e., more pronounced
wave patterns in the western side of the typhoon survived under
the westerly condition in the upper stratosphere and mesosphere).

4. Concluding Remarks

We have conducted experiments reproducing GWs excited by
a super typhoon Hagibis to validate the characteristics of GW
generation and propagation in JAGUAR. By utilizing the
spectral nudging technique, JAGUAR succeeded in reproducing
the typhoon with almost the same intensity as the operational
global analysis of the Japan Meteorological Agency. JAGUAR
is capable of simulating the propagation of spiral or concentric
typhoon-generated GW's from the troposphere to the mesopause

or above, which is not resolved in reanalysis data. However, due
to the limited representation of convections in JAGUAR (which
adopts cumulus parameterizations), it is doubtful that the
resolved GWs are not affected by artificial settings. Further
investigations through comparisons with cloud-resolving models
and observations are demanded.
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