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(a) Scatter of T639L340M6
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(b) Scatter of T42L124M50
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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 ensemble prediction experiments targeting the middle atmospheric extreme
events, especially the sudden stratospheric warming (SSW) in January 2009. Comparisons 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, reconfirm the superiority of the high-resolution setting. The

representation of the easterly wind persistence in the stratosphere after the occurrence of SSW is improved in the high-resolution

predictions. There were also significant differences in the background fields and variability characteristics of the circulation

above the lower mesosphere.

Keywords : middle atmosphere, sub-seasonal to seasonal prediction, high-resolution atmospheric general
circulation model, stratospheric sudden warming, interhemispheric coupling

1. Introduction

In this project, we conduct sub-seasonal to seasonal prediction
experiments by using a high-top (extended to an altitude of about
150 km) model named Japanese Atmospheric General
circulation model for Upper Atmosphere Research (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.

In FY2021, we have revisited the benefits of a gravity wave
resolving setting of JAGUAR in reproducing a stratospheric
sudden warming (SSW) event in January 2009. By adopting the
ensemble methodology, we investigate differences stemming
from model settings in a more reliable manner.

2. Experimental Settings

We have conducted a series of 30-day ensemble 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
T421.124 (about 300 km horizontally, about 1 km vertically, with
gravity wave parameterizations) setting, with 6 and 50 members,
respectively. In both settings, five sets of ensemble predictions
are initialized from every five days around the onset date of SSW
(10, 15, 20, 25, and 30 January 2009). Initial conditions are
prepared by a Local Ensemble Transform Kalman Filter system
based on the T42L.124 version of JAGUAR (JAGUAR-DAS,
Koshin et al. 2020 [2], 2022 [3]), which assimilates conventional

and satellite observations.

3. Results

The reproducibility of the SSW is examined briefly by
overviewing the time evolutions of the zonal-mean zonal wind in
JAGUAR predictions (Figure 1). In both the high- and low-
resolution predictions, the SSW onset (the reversal of the zonal
wind from westerly to easterly in the middle stratosphere) and
subsequent development are reproduced in ensemble-mean
predictions initialized after 20 January. However, the persistence
of easterly winds in the middle and lower stratosphere until the
end of February is not reproduced well in both JAGUAR
predictions. Nevertheless, the high-resolution predictions still
show better representation of the SSW development (stronger
easterlies in predictions initialized around 20 January) and
recovery (weaker westerlies in predictions initialized after that)
compared to the low-resolution ones.

There are also significant differences in the background fields
and variability characteristics of the circulation above the lower
mesosphere, which is not covered by most reanalysis data. As
reported in the previous investigation of deterministic prediction
experiments, it is confirmed that the high-resolution predictions
show a weak westerly in this region, while the zonal wind in the
low-resolution predictions reverses to easterly around the
mesopause. Furthermore, it is revealed that the teleconnection
patterns associated with the onset of SSW is quite different
between the high- and low-resolution predictions by examining
the correlative variability among the ensemble members.
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(a) JAGUAR T639L340 EM FCST (init: 2009/01/10)

(f) JAGUAR T42L124 EM FCST (init: 2009/01/10)

(k) Aura MLS (Same as I114)
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Fig. 1: Time-height cross-sections of the zonal-mean zonal wind (averaged over 50-80°N). Colors indicate 6-hourly values, and
contours indicate 3-day running-averaged values. (a-¢) Ensemble-mean predictions by the high-resolution JAGUAR and (f5) those
of the low-resolution JAGUAR. The predictions initialized on 10, 15, 20, 25, and 30 January 2009 are shown from top to bottom,
respectively. (k) The zonal-mean zonal wind calculated from satellite observations (Aura MLS), assuming the gradient-wind wind
balance. (1) The analysis produced by the JAGUAR-DAS. (m) The reanalysis provided by Japan Meteorological Agency (JRA-55).
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