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(a) T (70—90N) [K]: JAGUAR-LETKF Analysis Ver.1
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(c) 240 [K] contour of T (70-90N): JAGUAR T42L124 FCST
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Using the atmospheric general circulation model JAGUAR with its model top extended to an altitude of about 150 km, we
conducted a series of sub-seasonal to seasonal prediction experiments targeting the middle atmospheric extreme events,
especially the sudden stratospheric warming in January 2009 and the subsequent elevated stratopause event. The comparison
between two JAGUAR settings, a high-resolution (about 20 km horizontally, no gravity wave parameterization) setting and a
low-resolution (about 300 km horizontally, with gravity wave parameterizations) setting, confirms the high-resolution setting’s
superiority. In the high-resolution setting, the reformed stratopause after sudden stratospheric warming persists at high altitudes
and shows a more realistic structure. On the other hand, in the low-resolution setting, the thicker stratopause is formed at earlier
timings due to inappropriate behavior of the non-orographic gravity wave parameterization, which causes excessive

deceleration of westerly wind and too strong polar residual downwelling in the mesosphere and lower thermosphere.

Keywords :
general circulation model, gravity wave, predictability

1. Introduction

Recently, atmospheric phenomena in the middle atmospheric
region, including the stratosphere, mesosphere, and lower
thermosphere, have been shown to affect the troposphere.
Consequently, there is a great deal of interest in the predictability
of these phenomena on the sub-seasonal to seasonal (S2S)
timescale.

In this project, we conduct S2S 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 Researches (JAGUAR, Watanabe and
Miyahara 2009 [1]). By investigating the reproducibility of
extreme events in various settings of JAGUAR, we attempt to
enhance knowledge on the practical predictability in the middle
atmosphere.

The target event of FY2019 is a sudden stratospheric warming
(SSW) in January 2009 and the subsequent elevated stratopause
event, which provides opportunities to check the benefits of a
gravity wave resolving setting of JAGUAR.

2. Experimental Settings

We have conducted a series of 30-day prediction experiments
with two JAGUAR settings, a high-resolution T639L.340 (about
20 km horizontally, about 300 m vertically, no gravity wave
parameterization) setting and a low-resolution T42L.124 (about
300 km horizontally, about 1 km vertically, with gravity wave
parameterizations) setting. In both settings, four predictions are
initialized from every five days around the onset date of SSW (15,

middle atmosphere, sub-seasonal to seasonal prediction, high-resolution atmospheric

20, 25, and 30 January 2009). Initial conditions are prepared by
a Local Ensemble Transform Kalman Filter system based on the
T421.124 version of JAGUAR (JAGUAR-LETKF, Koshin et al.
2020 [2]), which assimilates conventional and satellite
observations.

3. Results

In this report, the reproducibility of the SSW and subsequent
elevated stratopause event is examined briefly by overviewing
the time evolutions of the stratopause in the JAGUAR-LETKF
analysis and all JAGUAR predictions (Fig. 1).

In both settings, the descent and subsequent disappearance of
the stratopause around 25 January (i.e., SSW) are reproduced
well in predictions initialized after 20 January, while the
prediction initialized 15 January does not show such behavior
with the correct timing. This short predictable period of SSW is
consistent with a previous study (Noguchi et al. 2016 [3]), which
examined the details of the deterministic predictable limit of this
SSW.

The subsequent reformation of the stratopause at higher
altitude in early February is also represented in predictions
initialized after 20 January. This fact is reminiscent of the first-
order importance of the lower stratospheric large-scale condition
(e.g., the filtering effect by the basic state) for the formation of
the elevated stratopause, and it was already capable of
reproducing such effects even in the T42L.124 setting.

However, there are also significant differences in the structure
of the reformed stratopause between the T6391.340 and T42L.124
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(a) T (70—90N) [K]: JAGUAR—LETKF Analysis Ver.1
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Fig. 1: (a) Time-height cross section of the north polar-cap (70-
90°N) temperature represented in the JAGUAR-LETKF
preliminary analysis from 10 January to 28 February 2009. The
thick black lines show the isolines of 240-K temperature. (b)
Time evolutions of the stratopause in all T639L.340 JAGUAR
forecasts. The regions of north polar-cap temperature higher
than 240 K are shaded to represent the shape of the stratopause.
The color of the 240-K contour line (and shading) is set to
become lighter to darker as the initial date of forecasts
progressed. Thick vertical lines show the initial dates of the
forecasts (15, 20, 25, and 30 January 2009). (c) Same as (b),
except for those in all T42L.124 JAGUAR forecasts.

settings. The T639L340 setting (especially the prediction
initialized January 30) shows a thin stratopause that persists at
high altitude, while the T42L.124 setting shows a thicker, quickly
returning stratopause. The stratopause reformation timing is also
much earlier than that of the analysis and T639L.340 predictions,
just after the disappearance of the pre-existing stratopause at the
beginning of February. This indicates that the T42L124
JAGUAR predictions have problems in reproducing the realistic
behavior of the elevated stratopause, and in particular, they tend
to form the stratopause more strongly.

Further analyses on the circulation-driving forcing of waves
(both resolved and unresolved) revealed that the non-orographic

gravity wave parameterization in the T42L124 setting is
excessive over the polar region in the mesosphere and lower
thermosphere. As a result, the residual downwelling over the
polar region at about 80 km in the T42L 124 setting became twice
as large as that in the T639L340 setting. Indeed, additional
sensitivity experiments also confirmed that this poor
reproducibility of the stratopause behavior (due to unrealistically
large action of the gravity wave parameterization) could be
alleviated by weakening the source intensity of the non-
orographic gravity wave parameterization. However, the
problem was not completely resolved, which suggests that there
is certainly a benefit of explicitly resolving gravity waves that
cannot be properly represented by the current framework of
gravity wave parameterization.

4. Concluding Remarks

We showed the superior performance of the T639L340
explicit gravity wave resolving setting in reproducing the realistic
structure of the reformed stratopause after SSW, compared to the
T421.124 setting with gravity wave parameterizations.

However, it should be noted that the T639L.340 setting also has
a problem. As shown in Figs. 1 (a) and (b), the reformation
altitude of the stratopause in JAGUAR is just below 80 km,
which is slightly lower than that of the analysis (80-90 km).
Although the T639L340 setting of JAGUAR could explicitly
simulate the propagation of gravity waves generated from lower
layers, there would still be room for improvement in the
JAGUAR's settings of the dissipation process in upper layers.
Further effort to sophisticate them is desirable.
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