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e QBO (Quasi-Biennial Oscillation)

New results from QBOi — models are all over the place

e North Atlantic Jet

A case where we need to be careful with our observational uncertainty
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The Southern Annular Mode

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

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

Intermodel variability of the poleward shift of the austral jet
stream in the CMIP3 integrations linked to biases
in 20th century climatology

J. Kidston' and E. P. Gerber’

See also Son et al (2010) for CCMVal2 models
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Jet Latitude [], ‘ ‘ Jet Shift A[] ‘ ‘ Annular mode timescale
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See also Son et al (2010) for CCMVal2 models
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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.

- 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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The seasonality of these relationships
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Seasonal variation of the correlation between [],and A[]

Seasonal variation in Cor(¢,, Ad)

1.0 ' ‘ '

0.8/ al( )} )l( ,](
=1 0.6— ) - %
< 04— ¥
5 p 3
S o2l % X

0 3 RCP8.5 - hist
'02 1 1 * : 1 1 1 L 1 1 1 1
jan feb mar apr may jun jul aug sep oct nov dec

Simpson and Polvani 2016



Seasonal variation of the correlation between [],and A[]

Seasonal variation in Cor(¢,, Ad)

1.0

0.8/ al( )} )l( ,](
=1 0.6— ) - %
< 04— ¥
5 p 3
S o2l % X

0 . :
¥ RCP8.5 - hist
'02 1 1 1 1 1 1 1 L 1 1 L
jan feb mar apr may jun jul aug sep oct nov dec

SON DJF MAM JJIA Annual®

corr(®%°¢, Ad) 0.61 0.08 0.76 0.81 0.77
Kidston and Gerber (2010)

Simpson and Polvani 2016



Seasonal variation of the correlation between [],and A[]

Seasonal variation in Cor(¢,, Ad)

1.0

0.8/ al( )} )l( ,](
=1 0.6— ) - %
< 04— ¥
5 p 3
S o2l % X

0 . :
¥ RCP8.5 - hist
'02 1 1 1 1 1 1 1 L 1 1 L
jan feb mar apr may jun jul aug sep oct nov dec

SON DJF MAM JJIA Annual®
T e

corr(®%°¢, Ad) 0.61 0.08 0.76 0.81 0.77

Kidston and Gerber (2010)

Simpson and Polvani 2016



Seasonal variation of the correlation between [],and A[]

Seasonal variation in Cor(¢,, Ad)
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Suggested that the relationship in summer breaks down because of the
varying representation of ozone depletion/recovery among the models.

Simpson and Polvani 2016
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The Southern Annular Mode - Summary

We do have an emergent constraint...

Models with lower latitude climatological jets, shift further
poleward under climate change

BUT this is only 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

e QBO (Quasi-Biennial Oscillation)

New results from QBOi — models are all over the place



Pressure(hPa)

QBO = Quasi-periodic oscillation between
easterly and westerly windsin the equatorial

1
stratosphere. Period or roughly 2 years.
161
Monthly mean zonal mean zonal
100+ winds in the tropical stratosphere.
f\pj
1m | | 1 1 1
20 <16 0 10 20 Historical evolution of 25-2N, zonal
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BE n Sign in News Sport = Weather Shop Earth Travel M

NEWS

BBC suggesting the

e | e | o | U5 Coin | U | Do | Toch | Sre | Mapche | Ex westerly phase of the QBO
UK England N.lreland Scotland Wales  Politics .

— might have played a role
UK weather: Why has it been so wet? .

in the extremely wet
e f v oo m o winter of 2013/2014.

20 January 2014 UK

Nick Miller: "it's a weather pattern which has been relentless so far this winter and is set to stay with us
into February™

Al of this might just be down to the UK weather's natural variability. It seems to like
going from one extreme to another. This time last year there was p]enty of snow e When the QBO is easteﬂy, the chance of a weak Jet stream, sudden Stl'atOSpheriC

around and more was to come in March. warming events and colder winters in Northern Europe is increased.
e When the QBO is westerly, the chance of a strong jet, a mild winter, winter storms

But there might be another reason the jet stream is behaving as it is - the quasi- . .
and heavy rainfall increases.

biennial oscillation or @BO for short.

This is a cycle involving a band of winds high above the equator. Every 14 months
or so these winds switch from easterly to westerly.

The Met Office believes a westerly phase is more likely to produce stormy winter
weather in the UK. There has been a westerly phase since early last year.

http://www.bbc.com/news/uk-25962332 http://www.metoffice.gov.uk/learning/quasi-biennial-oscillation
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Why care about the QBO?

Important component of variability in the stratospheric
circulation/ozone

Connectionsto NH polar vortex variability, with subsequent
troposphericimpacts (Holton-Tan effect, Holton and Tan 1980 )

Impacts on tropical deep convection (Nie and Sobel 2015)

Modulation of the Madden Julian Oscillation (MJO) (Marshall et
al 2016, Son et al 2017)

In general, a possible source of predictability given its regularity (?)



Science...

News Journals Topics Careers

Latest News

Sciencelnsider ScienceShots Sifter From the Magazine About News Quizzes

equ al os
Kingdom this past winter.

Unprecedented disruption to atmosphere's pacemaker
foretells wet winter for Europe

By Betsy Mason | Sep. 8, 2016, 2:00 PM

Unprecedented disruption
of the QBO in early 2016

Not predicted by seasonal
forecasts

Height (km)
Pressure (hPa)

=3
(=]

Height (km)
Pressure (hPa)

Height (km)
Pressure (hPa)

6
Time (years) v

Disruption of the decending
westerly phase

Zonal Mean Zonal Wind (m s 1)

<4 7
n -50 -40 -30 -20 -10 0 10 20 30 40 50

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



The QBO in models

Models with an internally generated QBO

CMIP3 1 model (HadGEM1)

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

CMIPS5 4 models (MIROC-ESM-CHEM, MPI-ESM-MR,
HadGEM2-CC, CMCC-CMS)



The QBO in models
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QBOI

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

e 17 models participating

* 5 main experiments

AMIP

Historical climatological SSTs

2xCO?2 (Historical climatological SSTs + 2K + 2xC0O2)
4xCO2 (Historical climatological SSTs + 4K + 4xCQO2)
Hindcasts
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4xC0O2 QBO
In the QBOi models

Figure: Yaga Richter
(NCAR)
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4xCO2 QBO -
In the QBOi models i
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Topics

e North Atlantic Jet

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



North Atlantic jet stream response to climate change

a) MEAN RESPONSE

Woolings and Blackburn 2012

lcmIP3 |

Winter (DJF)
850hPa zonal wind

Shading = 1960-1999 climatology
Contours=2060-2099 A1B - 1960-
1999 20C3M



North Atlantic jet stream response to climate change

a) MEAN RESPONSE

(a) Mean Response
Cysmazemmes) : — R 0.3 aneoceneca 03.

2070-2099 RCP8.5 —

1979-2005 historical

Woolings and Blackburn 2012



North Atlantic jet stream response to climate change

a) MEAN RESPONSE

(a) Mean Response
L e T W 03

b) STANDARD DEVIATION OF RESPONSE
~0.4+

Woolings and Blackburn 2012



North Atlantic jet stream response to climate change

Multi-model mean change in storm
track density in cyclones/month

track density

(a) Mean Response

Y 03 ..

Zappa et al 2013




Jet Shift

Emergent constraint on the North Atlantic jet stream response?

>

A jet latitude (deg. poleward)

2.5

1.5r

Jet Shift vs Jet Latitude
CMIP3, Annual Mean

(c) North Atlantic
R2=73%, slope=-0.83
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Emergent constraint on the North Atlantic jet stream response?

2.5

>

A jet latitude (deg. poleward)

Jet Shift vs Jet Latitude
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Jet Shift

Jet latitude: A1B - 20C (" N)

Jet Shift vs Jet Latitude
CMIP3, DJF

a) Role of the control state
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Woolings and Blackburn 2012



A concerning bias?
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A concerning bias?

One particular contour of
500hPa geopotential
height during DJF —>

(Indicates the location of
the jet stream)

— ERA-40
1957-2001

_ High resolution
models

Woolings 2010



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

The 4 best modelsin terms
CMIP5 multi-model mean of jet location and tilt

1.5
'0.9
- 10.3
1-0.3

-0.9
-1.5

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

Zappa et al 2013



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

ERA-Interim, tilt=19.27

CMIP5, tilt=12.21

ERA-Interim climatology
(1979-2005)

CMIP5 multi-model mean
climatology (35 models,
1979-2005)
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Jet Tilt
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A motivational example...jet tilt in March

ERA-Interim, tilt=19.27 CMIP5, tilt=12.21

CESM large ensemble
Ensemble mean of 42 members
1979-2005
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A motivational example...jet tilt in March

ERA-Interim, tilt=19.27 CMIP5, tilt=12.21

.............

LENS, tilt=16.55 LENS, ilt=20.18 LENS, tilt=11.87

o]
=

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

real world climatology?

'SR AEREE R S gy
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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 20t Century reanalyses

® 20t Century reanalysis, Compo et al 2011 (20thC)

From 1850 to 2014, assimilates only surface pressure

®* ERA-20C, Poli et al 2016

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



Comparing model climatologies with reanalysis, placing the
climatology of the satellite era within the context of the full
20t Century
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Comparing model climatologies with reanalysis, placing the
climatology of the satellite era within the context of the full
20t Century
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37 year running means of March jet tilt

March jet tilt
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The same but for JFM

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

| think yes, because...

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

March jet tilt
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Does this spread in climatologies just reflect internal variability?

| think yes, because...

(2) Model simulations with historical SSTs and forcings don’t
reproduce the same variationsin jet tilt...

Cor(ERA-20CM, ERA-20C)

Correlation of time evolution of 1.0

37y jet tilts between 10 ERA-20CM —>

members and ERA-20C 0.5
S
© 00
ERA-20CM = free running simulations 8
with prescribed historical SSTs and i
forcings -0.5}

-1.0L

Member



Does this spread in climatologies just reflect internal variability?

| think yes, because...

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

JEM, Jet Tilt

25[

‘ Jet tilt range for 37y
20 | climatologies of along

, (1600y) 1850 control run
15:— l l
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00
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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

e 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.gd., SAM timescales are too long in summer in general - 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 - 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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(a) constructed A vs actual Ad (b) K, and K, (c) Cor(d,.K") (d) Structural component
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Figure 5. Relating the jet shift to the first two EOFs of natural variability in (top row) DJF and (bottom row) JA. (a and e) constructed jet shift based on (1) versus
actual jet shift. This does not work well for the two circled models in Figure 5e, so these are omitted from the remaining panels. (b and f) multimodel mean
projection of the Future-Past difference onto EOFs 1 and 2 and (c and d) the correlation between the projection onto EOFs 1 and 2 and ¢,,. Shaded bars are
statistically significant at the 95% level by a students t test in Figures 5b and 5f and by the Fisher transform in Figures 5¢ and 5g. (d and h) The relationship
between A¢ and ¢, obtained from the structural effect alone, i.e., omitting the last two terms in (2).
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Figure 1: The composite difference (Westerly - Easterly) in zonal mean zonal wind at
10hPa. The QBO phase has been defined based on the sign of the equatorial zonal winds
at 50hPa in January. This is a reproduction of Figure 3 of Anstey and Shepherd (2014)
but using 36 years of MERRA2 data.
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JFM, 37 year running means jet tilt
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