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CMIP5 multi-model 
mean zonal mean zonal 
wind, (1979-2005, DJF)

1st EOF of daily zonal 
mean zonal wind 

variability

CMIP5 multi-model mean 
zonal mean zonal wind 
RCP8.5 response (2070-
2099) - (1979-2005), DJF

SAM =	
  The	
  dominant	
  mode	
  of	
  variability	
  in	
  our	
  SH	
  jet	
  stream

Previous	
  studies	
  have	
  demonstrated	
  links	
  across	
  models	
  between	
  the	
  
Southern	
  Hemisphere	
  jet	
  stream	
  climatology,	
  Southern	
  Annular	
  Mode	
  
variability	
  and	
  the	
  Southern	
  Hemisphere	
  jet	
  stream	
  response	
  to	
  forcing	
  

Kidston	
  and	
  Gerber	
  (2010),	
  Son	
  et	
  al	
  (2010),	
  Wilcox	
  et	
  al	
  (2012),	
  
Bracegirdle	
  et	
  al	
  (2013)
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See also Son et al (2010) for CCMVal2 models

Focused	
  on	
  the	
  annual	
  mean
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Lower latitude jets:
(1) Shift further poleward under climate forcings

(2) Have longer annular mode timescales

Could be used as an emergent constraint on the real world.  
à Real world is likely to shift less than many of the CMIP5 
models since most models have an equatorward bias in the 
SH jet stream.
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Kidston and Gerber (2010)

Suggested that the relationship in summer breaks down because of the 
varying representation of ozone depletion/recovery among the models.

How does it look in the abrupt4xCO2 simulations?

§ piControl (200y), �o

§ abrupt4xCO2 (years 50-100) – piControl (200y), ��



Seasonal variation of the correlation between �!and ∆�

The relationship breaks down in summer, regardless of 
the representation of ozone depletion/recovery

Simpson	
   and	
  Polvani 2016
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  this	
  is	
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  really	
  true	
  in	
  the	
  winter	
  months

This	
  seasonality	
  doesn’t	
  fit	
  with	
  our	
  theoretical	
  
understanding	
  

Is	
  it	
  reasonable	
  to	
  use	
  emergent	
  constraints	
  like	
  this,	
  when	
  
we	
  don’t	
  fully	
  understand	
  them?	
  



Topics

SAM	
  (Southern	
  Annular	
  Mode)

QBO	
  (Quasi-­‐Biennial	
  Oscillation)

North	
  Atlantic	
  Jet

A	
  case	
  where	
  we	
  have	
  a	
  clear	
  emergent	
  constraint
Although	
   it	
  may	
  not	
  be	
  fully	
  understood

New	
  results	
  from	
  QBOi – models	
  are	
  all	
  over	
  the	
  place

A	
  case	
  where	
  we	
  need	
  to	
  be	
  careful	
  with	
  our	
  observational	
  uncertainty



QBO	
  =	
  Quasi-­‐periodic	
  oscillation	
  between	
  
easterly	
  and	
  westerly	
  winds	
  in	
  the	
  equatorial	
  
stratosphere.	
  	
  Period	
  or	
  roughly	
  2	
  years.

Historical	
  evolution	
   of	
  2S-­‐2N,	
  zonal	
  
mean	
  zonal	
  wind	
  from	
  MERRA2.

Monthly	
  mean	
  zonal	
  mean	
  zonal	
  
winds	
  in	
  the	
  tropical	
  stratosphere.
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BBC suggesting the 
westerly phase of the QBO 
might have played a role 

in the extremely wet 
winter of 2013/2014.

http://www.bbc.com/news/uk-­‐25962332 http://www.metoffice.gov.uk/learning/quasi-­‐biennial-­‐oscillation
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In	
  general,	
  a	
  possible	
  source	
  of	
  predictability	
  given	
  its	
  regularity	
  (?)	
  	
  

Why	
  care	
  about	
  the	
  QBO?



Unprecedented disruption 
of the QBO in early 2016

Osprey	
  et	
  al	
  (2016),	
   Newman	
  et	
  al	
  (2016)

Not predicted by seasonal 
forecasts

Disruption of the decending
westerly phase



The	
  QBO	
  in	
  models

CMIP3 1	
  model	
  (HadGEM1)

CMIP5 4 models	
  (MIROC-­‐ESM-­‐CHEM,	
  MPI-­‐ESM-­‐MR,	
  
HadGEM2-­‐CC,	
  CMCC-­‐CMS)

CCMVal2	
   5	
  models	
  (EMAC,	
  MRI,	
  UMSLIMCAT,	
  UMUKCA-­‐
METO,	
  UMUKCA-­‐UCAM)	
  

Models	
  with	
  an	
  internally	
  generated	
  QBO	
  



The	
  QBO	
  in	
  models

Schenzinger et	
  al	
  2017
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SPARC	
  activity	
  to	
  improve	
  our	
  understanding	
  of	
  the	
  
QBO,	
  its	
  impacts	
  and	
  its	
  representation	
  in	
  models

Lead	
  by	
  Scott	
  Osprey,	
  Neal	
  Butchart and	
  James	
  Anstey

17	
  models	
  participating

5	
  main	
  experiments
AMIP
Historical	
  climatological	
  SSTs
2xCO2	
  (Historical	
  climatological	
  SSTs	
  +	
  2K	
  +	
  2xCO2)
4xCO2	
  (Historical	
  climatological	
  SSTs	
  +	
  4K	
  +	
  4xCO2)
Hindcasts
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Present	
  day	
  QBO
In	
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How	
  is	
  the	
  QBO	
  going	
  to	
  
change	
  in	
  the	
  future?



Topics

SAM	
  (Southern	
  Annular	
  Mode)

QBO	
  (Quasi-­‐Biennial	
  Oscillation)

North	
  Atlantic	
  Jet

A	
  case	
  where	
  we	
  have	
  a	
  clear	
  emergent	
  constraint
Although	
   it	
  may	
  not	
  be	
  fully	
  understood

New	
  results	
  from	
  QBOi – models	
  are	
  all	
  over	
  the	
  place

A	
  case	
  where	
  we	
  need	
  to	
  be	
  careful	
  with	
  our	
  observational	
  uncertainty
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  2012

850hPa	
  zonal	
  wind
Shading	
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Contours	
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  A1B	
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CMIP3

Winter	
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North	
  Atlantic	
  jet	
  stream	
  response	
  to	
  climate	
  change

Zappa	
  et	
  al	
  2013

Multi-­‐model	
  mean	
  change	
  in	
  storm	
  
track	
  density	
   in	
  cyclones/month
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Zappa	
  et	
  al	
  2013

Change	
  in	
  storm	
  track	
  density	
  under	
  climate	
  change	
  in	
  cyclones/month

CMIP5	
  multi-­‐model	
  mean
The	
  4	
  best	
  models	
  in	
  terms	
  

of	
  jet	
  location	
  and	
  tilt

“The	
  broad	
  features	
  of	
  the	
  North	
  Atlantic	
  and	
  
European	
  response	
  appear	
  to	
  be	
  weakly	
  
sensitive	
  to	
  the	
  historical	
  biases”	
  



But how well do we really know the 
climatology of the real world?

Is the climatology over the satellite 
record truly representative?

Is this really the climatology that we 
should be aiming for with our models?



A motivational example…jet tilt in March

CMIP5	
  multi-­‐model	
  mean	
  
climatology	
  (35	
  models,	
  
1979-­‐2005)

ERA-­‐Interim	
  	
  climatology	
  
(1979-­‐2005)
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Ensemble	
  mean	
  of	
  42	
  members

A motivational example…jet tilt in March

CESM	
  large	
  ensemble

1979-­‐2005
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A motivational example…jet tilt in March

Are the models biased or is the 1979-present 
climatology not truly representative of the 

real world climatology?
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Can we look at jet metrics further back in time?

Over the satellite ERA we have ~37 years of data (1979 – now)
ERA-Interim (1979-now), MERRA2 (1980-now), JRA-55 (using 1979-now)

We now have two 20th Century reanalyses

20th Century reanalysis, Compo et al 2011 (20thC)

ERA-20C, Poli et al 2016
From	
  1850	
  to	
  2014,	
  	
  assimilates	
  only	
   surface	
  pressure

From	
  1900	
  to	
  2010,	
  	
  assimilates	
  surface	
  pressure	
  and	
  marine	
  winds

If these two reanalyses agree on North Atlantic 
jet metrics further back in time then we can have 
some confidence that they are being adequately 
constrained by observations
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!!Note, March is an extreme 
example!!
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ERA-­‐Interim MERRA2 JRA-­‐55

CESM1-­‐
CAM5



37 year running means of March jet tilt

ERA-­‐Interim MERRA2 JRA-­‐55

20thC	
  reanalysis ERA20C
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The same but for JFM

ERA-­‐Interim MERRA2 JRA-­‐55

Jet	
  Tilt
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Does this spread in climatologies just reflect internal variability?

I think yes, because…

(1)Variability doesn’t resemble a long term GHG forced trend



Does this spread in climatologies just reflect internal variability?

I think yes, because…

(2) Model simulations with historical SSTs and forcings don’t 
reproduce the same variations in jet tilt…

Correlation	
  of	
  time	
  evolution	
  of	
  
37y	
  jet	
  tilts	
  between	
  10	
  ERA-­‐20CM	
  
members	
  and	
  ERA-­‐20C

ERA-­‐20CM	
  =	
  free	
  running	
  simulations	
  
with	
  prescribed	
  historical	
  SSTs	
  and	
  
forcings



Does this spread in climatologies just reflect internal variability?

I think yes, because…

(3) A similar degree of variability is present in long coupled 
control simulations (with the exception of March)

JFM,	
  Jet	
  Tilt

Jet	
  tilt	
  range	
  for	
  37y	
  
climatologies of	
  a	
  long	
  
(1600y)	
  1850	
  control	
  run	
  
with	
  CESM



North Atlantic Jet Summary

Over the North Atlantic, there is a wide spread among 
GCMs in their predicted climate change response.

More robust changes occur over Europe and the 
Mediterranean

Internal variability is likely an important contributor to 
this model spread

When assessing the fidelity of our models in the North 
Atlantic, we need to consider the uncertainty that’s 
present in the observed climatology

The 1979-present climatology may not necessarily be the 
true real world climatology that we should be aiming for
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Summary

Modes of variability allow us to assess the representation 
of processes within models
e.g., SAM timescales are too long in summer in general à biased eddy feedbacks

Also can result in signal/noise ratio’s being small and 
present day climatologies being uncertain.
e.g., Lots of variability in the North Atlantic à do we really know the climatology we 
need to aim for?

Modes of variability may change in the future.
e.g., QBO.  According to some models it may change a lot, others not so much. 

Need to understand the reason for these changes and 
model spread and understand the mechanisms behind 
emergent constraints that exist. 
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JFM, 37 year running means jet tilt
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