Do sudden stratospheric warmings boost convective activity in the tropics?
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Introduction

of large sample number is needed.

o

S-T coupling in the tropics: SSW-tropical convection

Recent studies have shown robust relationships in tropical stratosphere-
troposphere coupling especially in QBO-MJO (e.g., Yoo & Son, 2016; Marshall
et al., 2017; Nishimoto & Yoden, 2017; Son et al., 2017; Lim et al., 2019),
partly thanks to historical data accumulation and model development.
Influence of a stratospheric circulation change related to sudden stratospheric
warming (SSW) on the tropical troposphere is examined many previous
studies (e.g., Kodera, 2006; Eguchi et al., 2015). However, SSW is low frequent
and short period phenomena, so that to separate the influence of SSWs on
tropical troposphere from the internal tropospheric variation, analysis by use

In this study, we examine impact of the stratospheric circulation change
related to SSW on the tropical troposphere using large ensemble simulations
with a 60 km global atmospheric model MRI-AGCM3.2 (d4PDF).
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Future climate change (Mizuta et al., BAMS, 2017)
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Why is tropical upwelling metric used?
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|s convective activity amplified during SSW?
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Fig. 4 Time-height cross section of (a) EP flux divergence averaged over 30N-
50N, (b) residual mean vertical velocity averaged over 20S-20N, and (c) (color)

static stability (contour) same as (b).
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e EP flux divergence anomalies averaged over
30N-50N largely explain time evolution of

tropical upwelling.

e EP flux convergence upwelling in the
troposphere precedes that in the stratosphere.

e Tropical upwelling in the stratosphere and
upper troposphere decreases temperature
and reduces static stability.

dots indicate 99% significant level Error bars are calculated from 1000 sets of corresponding number of

ensembles chosen by the bootstrap method. Color dot of black line means
99% statistically significant in corresponding ensemble members.

* Tropical mean OLR and precipitation amplify and « Although statistically significant differences are
reach their peaks on day -2 (Fig. 5). shown in convection related variables, their
amplification is small (e.g., S/N ratio ~0.1in TC

e TC genesis number (peak day -1), TC occurrence
related metrics).

frequency, and accumulated TC energy (peak day

+4) are also enhanced during SSW events (Fig. 6). ¢ Large increase (more than 30% increase) occurs
in probability of extreme TC activity events (>

e TC occurrence frequency increases in the
3000 m?/s?, Fig. 8).

western Pacific and southwestern Indian Ocean

(Fig. 7).
Summary Future work
> During SSW events (6117 events), associated with Large ensemble simulation study brings many findings.
strong wave dissipation in the extratropical However, there is a question “is cumulus convection signal
stratosphere, tropical upwelling is induced in both due to SSW quantitatively realistic?”
stratosphere and troposphere. * Asseen in seasonal NAO prediction, models tend to
> Around upwelling peak, cumulus convection related underestimate S/N ratio.
variables like OLR, precipitation, and tropical cyclone * Vertical resolution of this model (MRI-AGCM3.2H) might

activities amplify in whole tropics (statistically
significant but low S/N ratio).

not enough, and QBO is not driven spontaneously.
e Difficulty to reproduce very intense tropical cyclone

» Relative probability in extreme TC activity events (e.g., (Category 4-5)
high accumulated energy events) increases significantly * Better models might bring better (higher?) estimation of

(more than 30 % increase).

S/N ratio.
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