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Can we predict an unprecedented disruption of the equatorial stratospheric
circulation in 2016?
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The mechanism of the QBO disruption in 2016 was investigated by
high-resolution atmospheric general circulation model with high vertical resolution. Extratropical
Rosshy waves propagating from mid-latitude stratosphere to low latitudes play crucial roles in
forming the disruption. Ensemble experiments also implied the importance of EI Nino and decreasing
of sea ice on the disruption through making preferable condition for Rossby wave propagations.
Tropical upwelling in the stratosphere is essential for upward propagation of QBO easterly in the

middle stratosphere.




2 (Quasi-Biennial Oscillation: QBO)

QBO
MIROC-AGCM QBO QBO
(Kawatani et al. 2010a,b) QBO
(Kawatani et al. 2011) 60 19km QBO
60 30% QBO
(Kawatani and Hamilton 2013) 2016 QBO
QBO
2016 9 QBO 2016 QBO
QBO
QBO QBO
QBO
QBO
18 50km 2
QBO QBO 1961
Cx
U [Cx U
1953 QBO
2016 1 22km
QBO
2 Osprey et al.
2016, Science; Newman et al. 2016, GRL
)
2016 22km
2 1 km 1-3
(ECMWF) (Met Office) (IMA) QBO
QBO — _
QBO
QBO
QBO
QBO 2016 QBO
QBO QBO
2016 QBO
QBO 2015 12 22km  QBO
3
QBO QBO
MIROC-AGCM
JAGUR 3 1)



12 1 2016 1 1
2016 1
MIROC5 QBO
60km 300m
JAGUAR 2016 QBO
QBO
1 1 5 1 40
2 1
QBO QBO
EP-flux
2 1 21
40hPa
km
Watanabe et al. 2018
QBO 2015
1
QBO
11
17 QBO
QBO
QBO QBO
QBO 12 1
1 1
QBO
2016 QBO
MIROC5
QBO

50%
Hirotaet a. 2018

008 2009 2000 2011 2012 2013 2014
1

2 (QBO)
1 22km

QBO

2016

40hPa

2015 11 1
QBO

1 4 2

QBO

30-60 hPa

1

25

2015

3 QBO

1 4 24

40hPa

QBO

20hPa

2016




0 30 20 -0 0 10 20 30
Latitude (deg) Latitude (deg)
(c) i i (d) it

O NI

100 vz C// /
P »2‘0‘-1‘0 T e T o
© Latitude (deg) ® Latitude (deg)
101 ‘T;/:/}g/ A«‘/:‘x;u 10 R :L ) \’:#:;a -
rj /t/r'/“”'h)&li \N\L /}}/}«ééé/u:
£ NIRRT = iR
> RGN
L
§ ; 100+ \\/\{/1" j ) \ 2\ ?W
1007 »30’ Lz‘\o 0 0 10 2,0 5 »3; A S
Latitude (deg) Latitude (deg)
2 2006 1 3 3 7
MERRA2 27
1 4 11 18 2 1 1
40hPa
3 QBO
EP-flux
(ab) (cd) (ef)
(ace) 1 4 24 (bdf) 2 1 21
40hPa

Hirota, N., H. Shiogama, H. Akiyoshi, T. Ogura, M. Takahashi, Y. Kawatani, M. Kimoto and M. Mori,
2018: Theinfluences of El Nino and Arctic sea-ice on the QBO disruption in February 2016, npj Climate
and Atmospheric Science, 1, 10(2018).

Kawatani, Y., K. Sato, T. J. Dunkerton, S. Watanabe, S. Miyahara, and M. Takahashi, 2010a: The roles of
equatorial trapped waves and internal inertia-gravity wavesin driving the quasi-biennial oscillation. Part
I: Zonal mean wave forcing, J. Atmos. Sci., 67, 963-980.

Kawatani, Y., K. Hamilton and S. Watanabe, 2011: The Quasi-biennial oscillation in a double CO2 climate,
J. Atmos. Sci., 68, 265-283.

Kawatani, Y. and K. Hamilton, 2013: Weakened stratospheric Quasibiennial Oscillation driven by increased
tropical mean upwelling, Nature, 497, 478-481.

Newman, P. A., Coy, L., Pawson, S., & Lait, L. R. (2016). The anomalous change in the QBO in 2015
2016. Geophysical Research Letters, 43, 8791-8797.

Osprey, S., Butchart, N., Knight, J. R., Scaife, A. A., Hamilton, K., Anstey, J. A., Zhang, C. (2016). An
unexpected disruption of the atmospheric quasi-biennial oscillation. Science, 353(6306), 1424-1427.
Watanabe, S., K. Hamilton, S. Osprey, Y. Kawatani and E. Nishimoto, 2018: First Successful Hindcasts of

the 2016 Disruption of the Stratospheric Quasibiennial Oscillation, Geophys. Res. Lett., 45, 1602-1610.



9 9 8 9

Kawatani Yoshio Hamilton Kevin Gray Lesley J. Osprey Scott M. Watanabe Shingo Yamashita 76

Yousuke

The Effects of a Well-Resolved Stratosphere on the Simulated Boreal Winter Circulation in a 2019

Climate Model

Journal of the Atmospheric Sciences 1203 1226
DOl

10.1175/JAS-D-18-0206.1

Watanabe S. Hamilton K. Osprey S. Kawatani Y. Nishimoto E. 45

First Successful Hindcasts of the 2016 Disruption of the Stratospheric Quasi-biennial 2018

Oscillation

Geophysical Research Letters 1602 1610
DOl

https://doi.org/10.1002/2017GL076406

Hirota, N., H. Shiogama, H. Akiyoshi, T. Ogura, M. Takahashi, Y. Kawatani, M. Kimoto and M. -

Mori

The influences of ElI Nino and Arctic sea-ice on the QBO disruption in February 2016 2018

npj Climate and Atmospheric Science
DOl

doi:.10.1038/s41612-018-0020-1, 2018

Kawatani Yoshio Hamilton Kevin Sato Kaoru Dunkerton Timothy J. Watanabe Shingo Kikuchi 76

Kazuyoshi

ENSO Modulation of the QBO: Results from MIROC Models with and without Nonorographic Gravity 2019

Wave Parameterization

Journal of the Atmospheric Sciences 3893~3917

DOl
https://doi.org/10.1175/JAS-D-19-0163.1




Richter Jadwiga H. Butchart Neal Kawatani Yoshio Bushell Andrew C. Holt Laura Serva
Federico Anstey James Simpson Isla R. Osprey Scott Hamilton Kevin Braesicke Peter
Cagnazzo Chiara Chen Chih- Chieh Garcia Rolando R. Gray Lesley J. Watanabe Shingo Yoshida
Kohei Yukimoto Seiji et al.

Response of the Quasi- Biennial Oscillation to a warming climate in global climate models 2020

Quarterly Journal of the Royal Meteorological Society -
DOl

Butchart Neal Anstey James A. Kawatani Yoshio Osprey Scott M. Richter Jadwiga H. Wu a7

Tongwen

QBO Changes in CMIP6 Climate Projections 2020

Geophysical Research Letters -
DOl

10.1029/2019GL086903

Richter Jadwiga H. Anstey James A. Butchart Neal Kawatani Yoshio Meehl Gerald A. Osprey 125

Scott Simpson Isla R.

Progress in Simulating the Quasi- Biennial Oscillation in CMIP Models 2020

Journal of Geophysical Research: Atmospheres -
DOl

10.1029/2019JD032362

Bushell A. C. Anstey J. A. Butchart N. Kawatani Y. Osprey S. M. Richter J. H. Serva F. -

Braesicke P. Cagnazzo C. Watanabe S. et al.

Evaluation of the Quasi- Biennial Oscillation in global climate models for the SPARC QBO- 2020

initiative

Quarterly Journal of the Royal Meteorological Society

DOl
https://doi.org/10.1002/qj - 3765




Smith A. K. Holt L. A. Garcia R. R. Anstey J. A. Serva F. Butchart N. Osprey S. Bushell
A. C. Kawatani Y. Kim Y.- H. Lott F. Braesicke P. Cagnazzo C. Chen C.- C. Chun H.- Y.
Gray L. Kerzenmacher T. Naoe H. Richter J. Versick S. Schenzinger V. Watanabe S. Yoshida
K.

The equatorial stratospheric semiannual oscillation and time- mean winds in QBOi models

2020

Quarterly Journal of the Royal Meteorological Society

DOl
10.1002/qj - 3690

7 0 2

Shingo Watanabe, Kevin Hamilton, Scott Osprey, Yoshio Kawatani, Eriko Nishimoto

Hindcasts of the 2016 Disruption of the Stratospheric QBO

SPARC General Assembly 2018

2018

Shingo Watanabe, Kevin Hamilton, Scott Osprey, Yoshio Kawatani, Eriko Nishimoto

Hindcasts of the 2016 Disruption of the Stratospheric QBO

2018

2018

Shingo Watanabe, Kevin Hamilton, Scott Osprey, Yoshio Kawatani, Eriko Nishimoto

Hindcasts of the 2016 Disruption of the Stratospheric QBO

Asia Oceania Geosciences Society 15th Annual Meeting

2018




2015-2016 QBO

2018

Shingo Watanabe, Kevin Hamilton, Scott Osprey, Yoshio Kawatani, Eriko Nishimoto

Hindcasts of the 2016 Disruption of the Stratospheric QBO

2019

2019

Shingo Watanabe, Kevin Hamilton, Scott Osprey, Yoshio Kawatani

Hindcasts of the 2016 Disruption of the Stratospheric Quasi-biennial Oscillation

DynVarMIP workshop on Atmospheric circulation in a changing climate

2019

, , Kevin Hamilton, Scott Osprey

2015/2016 QBO

2019

2019




Yoshio Kawatani
https://sites.google.com/site/yoshiokawatani/
https://sites.google.com/site/yoshiokawatani/

(Watanabe Shingo)

(50371745) (82706)




