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North Atlantic Oscillation 
Response to the QBO

• QBOi Expt 1 (AMIP SSTs): 
• No consistent response.
• QBOi Expt 2 (climatological SSTs): 
responses mostly positive.
• Models are more consistent with the 
observed response, which is a weak 
effect 
• Correlation ~0.2

(includes ENSO)

(excludes ENSO)
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What is the Quasi-Biennial 
Oscillation?

(excludes ENSO)

• 70-10 hPa layer (20-32 km)
• Westerlies (W) and Easterlies (E) descend over time
• QBO period: ~ 28 months
• QBO amplitude: W: ~15 m/s, E: ~30 m/s
• Regular cycling of winds were disrupted in 2016 and again in 

2020Freie Universitat Berlin

“The quasi-biennial oscillation (QBO) is a 
regular switching between eastward and 

westward winds in the tropical stratosphere. It 
has predictability on seasonal through to 

multi-annual timescales & has global impacts”



Key Research 
Foci of QBOi
Phase 1

Quantitative assessment of simulated QBOs 
using an extensive suite of metrics 

Response of simulated QBOs to climate change 

Predictability of the QBO on seasonal to annual 
timescales

Simulation of vertically propagating equatorial 
waves contributing to driving the QBOs

QBO teleconnections



QBO Representation in 
Phase 1 Experiments 
5 experiments in QBOi Phase 1



QBO 
Amplitudes

• Most models show peak 
QBO winds above ERA-
Interim (~15hPa)

• Most models have smaller
peak values than ERA-
Interim

• 10hPa amplitudes OK BUT 
underestimated at 50-70hPa

3hPa

300hPa

Bushell et al, QJRMS, 2020



Predictability 
of the QBO 

within Models

• High skill in predicting the 
phase evolution of the QBO at 
20-30 hPa

• Easterly phase too weak at 20-
50 hPa

• Relationships between the 
QBO and the NH winter polar 
vortex present in first forecast 
month of all models, but then 
rapidly diverge

Stockdale et al, QJRMS, 2020



Stratospheric Vortex 
Response to the QBO
• Overall, the multi-model ensemble 
shows a response.
• Response is generally weaker than 
observed.
• Models show wide range of 
correlations, but within sampling 
uncertainty most models are consistent 
with each other.

(includes ENSO)

(excludes ENSO)

Anstey et al, QJRMS, 2021

(includes ENSO)

(excludes ENSO)
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Conclusions

Ø Model QBOs too weak (amplitude) and narrow
(latitude) in lower stratosphere. 

Ø Weak amplitude impacts seasonal predictability (QBO 
east phase).

Ø QBO influence on stratospheric polar vortex is generally 
weak (c.f. observations)

Ø QBO impact on the NAO not robust across models, 
whereas a strong response is observed



Future work
Multi-model studies pose new questions about 
the QBO and its teleconnections which require 
new approaches – Nudging or Pacemaker 
Experiments:
q Nudged QBO experiments to show how QBO 

errors impact teleconnections (e.g. NAO)
q Nudged experiments will assess QBO 

downward influence on tropical deep 
convection (e.g. MJO)

q Nudging the tropical troposphere to improve 
representations of tropospheric wave sources 
and filtering

q What role does the polar vortex have in 
supporting disruptions to the QBO?


