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• Holton-Tan Effect: EQBO (U50<0) => weak 
equatorward wave propagation 
(anomalous poleward wave propagation) 
=> weak polar vortex => negative NAM
and its downward propagation (negative 
AO) => Cold Eurasia

1. QBO-Polar Vortex-Negative AO
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2. QBO-MJO

Martin et al. (2021NREE)



2. QBO-MJO

• Stronger MJO activities in EQBO winters (U50<0) than in WQBO winters!

Yoo and Son (2016GRL)Liu et al. (2014JGR)
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2. QBO-MJO teleconnection

• More active MJO leads to a stronger MJO teleconnection in EQBO winters.

Son et al. (2017JCLI)



2. QBO-MJO teleconnection: East Asian Precip.

Precipitation Anomaly (lag +5 days)

EQBO-WQBO EQBO-WQBO

EQBO & MJO6-8 (269)EQBO & MJO2-3 (188)

WQBO & MJO2-3 (198) WQBO & MJO6-8 (296)

Kim et al. (2020JGR)

MJO P2-3
(mm day-1)

MJO P6-8
(mm day-1)

ALL 0.73 -0.26

EQBO 0.87 -0.44

WQBO 0.60 -0.26

(E-W)/ALL 37.0% 69.2%

Precipitation Anomaly (Area 2)

• Stronger MJO-induced East 
Asian precipitation anomaly 
in EQBO winters.

• Stronger MJO-related 
subseasonal variability in
EQBO winters



2. QBO-MJO: S2S models

• S2S models show an improved MJO prediction skill in EQBO winters. 
The skill improvement is often statistically insignificant. It could result 
from initial condition not from QBO. 

Martin et al. (2021NREE)



• In EQBO (U50<0) winters, MJO becomes stronger and more persistent 
than in WQBO winters. This causes a stronger MJO teleconnection and 
MJO-induced precipitation anomalies in East Asia.  

• QBO-MJO connection is only weakly reproduced by the models. The 
mechanism is still unclear.

2. QBO-MJO: Summary

Martin et al. (2021NREE)



3. QBO-Asia Pacific Jet

Garfinkel and Hartmann (2011JAS)



3. QBO-Asia 
Pacific Jet

Park et al. (2021 revised
)

• WQBO (U70>0) 
winters tends to 
accompany cold 
temperature in 
East Asia in Feb-
Mar.



3. QBO-Asia 
Pacific Jet

Park et al. (2021 revised)

• It differs from EQBO-polar vortex weakening-negative AO; WQBO indeed 
shows +AO signal in high latitudes. When +AO signal is removed, cold 
temperature in East Asia does not change much. East Asian temperature is 
more strongly influenced by QBO-Asia Pacific jet connection. 
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3. QBO-Asia Pacific Jet

• WQBO (U70>0) is accompanied by an equatorward shift of the Asia-Pacific 
jet in Feb-Mar.



3. QBO-Asia Pacific Jet

• An equatorward shift of the Asia-Pacific jet in Feb-Mar is accompanied by 
anticyclonic circulation anomaly in the North Pacific. The resultant cold 
advection from the north causes cold temperature anomaly in East Asia.

Park et al. (2021 revised
)



3. QBO-Asia Pacific Jet

• Warm anomaly in El Nino winter vs. warm anomaly in EQBO (U70<0) late 
winter and early spring. The latter has a Granger causality.

Park et al. (2021 revised
)



3. QBO-Asia Pacific Jet: Summary

Garfinkel and Hartmann (2011JAS)

• In EQBO (U70<0) winters, the Asia-Pacific jet shifts poleward. The 
associated surface circulation change results in warm surface air 
temperature anomaly in late winter in East Asia.  

• The mechanism is still unclear.



Klotzbach et al. (2019SR)

Park et al. (2021 revised)

Emergence of QBO downward influences

• QBO downward 
influence has only 
recently emerged!



Implication to 2021/22 winter climate

• In EQBO (U50<0) winters, MJO becomes stronger and more persistent 
resulting in a stronger MJO-related subseasonal variability in East Asia.  

• In EQBO (U70<0) winters, the Asia-Pacific jet shifts poleward which 
results in a warm temperature anomaly in late winter in East Asia.  

• QBO phase in 2021/22 winter is likely in transition. This may imply no 
significant impacts of QBO on East Asian surface climate this winter.  



QBO: Downward influences
Gray et  al. (2018ACP)
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