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Mo7va7on	

•  QBO	is	the	longest	predictable	atmospheric	
phenomenon	(~3	years)	which	when	coupled	
with	robust	extratropical	teleconnec;ons,	
provides	clear	scope	for	significantly	improved	
seasonal/interannual	predictability.	

•  Important	in	TTL	transport	and	processes	
(stratospheric	water	vapour),	posi;on	of	
subtropical	transport	barriers	and	their	
seasonality.	Important	in	Projec/ons	of	future	
stratospheric	composi;on	
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GCMs	with	a	
QBO:	4	

Job	done!	

…compared	to	just	1	
for	CMIP3	

Finally	people	realise	
how	important	the	
stratosphere	is!	

SPARC	SSG	
Of	45	models	submiBng	
results	to	CMIP5	14	were	
classified	as	High-top…	
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•  Mean	period	
•  Mean	amplitude	
•  Range	of	periods	
•  Depth	
•  Amplitude	asymmetry	(east	vs	

west)	
•  Asymmetry	in	descent	rates	
•  Stalling	of	easterlies	
•  La;tudinal	extent	
•  Level	of	maximum	(E/W)	
•  Temperature	amplitude	
•  w*	at	70hPa	
•  Total	momentum	flux	at	100hPa	

QBO	Phenomenology	Ques7onnaire	
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Model	Overview	
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Model	 Model	Resolu7on	Time	Range	 GW	Parameterisa7on	

CCMVal-2	&	CMIP5	



Profile	u	Timeseries	
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QBO	Characteris7cs	
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Period	(months)	
	
	
ZMZ	wind	maximum	
		
Mean	Amplitude	(m/s)	
		
Descent	rate	(km/yr)	
		
Extent	

Shortest	
Longest	
Mean	
Fourier	Amplitude	(m/s)	
Height	(hPa)	
East	
West	
Easterly	shear	zone	
Westerly	shear	zone	
La;tude	(o)	
Height	(hPa)	

26.9	±	9.1		
48.9	±	17.1		
35.9	±	10.7		
15.3	±	3.0		
12.0	±	3.5		
-32.9	±	3.6		
18.8	±	5.2		
7.8	±	2.9		
11.1	±	5.1		
19.2	±	1.1		
78.3	±	4.7	

22.9	±	0.3		
35.9	±	0.8		
27.9	±	0.1		
14.7	±	0.7		
20.0	±	0.0		
-34.9	±	0.5		
15.8	±	0.8	1	
5.9	±	3.0		
25.9	±	0.4		
21.1	±	0.4		
87.5	±	2.9	
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QBO	Period	–	Models	&	Reanalyses	
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QBO	Characteris7cs	
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Amplitude-Height	Structure	
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Amplitude-La7tude	Structure	
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Structure	Comparison	
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Reanalyses	mean	
Model	mean	
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QBO	Structure	Comparison	
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QBO	Characteris7cs	
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Stalling	of	Shear	Zones	
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Reanalyses	Mul7-model	mean	
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Stalling	of	Shear	Zones	
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•  Slower	descent	of	the	easterly	shear	zone		
•  Occasional	delay	(up	to	1	year)	of	the	easterly	
shear	zone	between	30	and	50	hPa	
•  Results	in	greater	range	of	easterly	descent	
rates	
•  Representa;on	differs	across	models	
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Annual	Synchronisa7on	
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Annual	Synchronisa7on	
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Preliminary	Conclusions	
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Common	biases	
✗	Long	periods	
✗	Slow	descents	
✗	Lille	asymmetry	in	descent	rates	
✗	Peak	too	high	in	al;tude,	not	deep	enough		
✗	Slightly	too	narrow	
Disagreements	
✗	Representa;on	of	stalling	
Good	representa;on	
✔	La;tudinal	structure	
✔	Asymmetry	of	easterly/westerly	amplitudes	

15/10/2015 



Remaining	Challenges	
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Where	do	the	differences	originate	from	?		
How	can	simula;ons	be	improved	?	
What	is	necessary	to	simulate	a	realis;c	QBO	in	
a	global	climate	model	?	
Are	these	diagnos;cs	sufficient	?	
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Some	Relevant	Issues	

•  Do	all	models	show	sensi;vity	to	the	same	range	of	ver;cal	
grid	spacings?		

•  Is	it	trivial	to	get	a	QBO	as	long	as	dz	<	1	km	and	resolved/
parameterized	nonorographic	gravity	waves	are	strong	
enough?	Will	this	just	work	in	any	model?		

•  What	determines	the	ver;cal	and	la;tudinal	structure	of	a	
simulated	QBO?		

•  Does	it	maler	which	gravity	wave	parameteriza;on	is	
chosen?		

•  Does	the	chosen	launch	level	of	the	parameterized	gravity	
waves	maler?		

•  Does	interac;ve	ozone	strongly	affect	the	QBO?		
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QBOi	Models	
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QBOi	Core	Experiments	

•  Present-Day	Climate:	Iden;fy	and	dis;nguish	the	
proper;es	of	and	mechanisms	underlying	the	different	
model	simula;ons	of	the	QBO	in	present-day	
condi;ons.	

•  Climate	Projec7ons:	Subject	each	modelled	QBO	
contribu;on	to	an	external	forcing	that	is	similar	to	
that	typically	applied	for	climate	projec;ons	

•  QBO	Hindcast	and	Process	Study:	Evaluate	and	
compare	the	predic;ve	skill	of	modelled	QBOs	in	a	
seasonal	predic;on	hindcast	context,	and	study	the	
model	processes	driving	the	evolu;on	of	the	QBO.	
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QBOi	7meline	

•  Experiments	outlined	and	Par;cipa;ng	groups	
implemen;ng	experiments	

•  Spring-summer	2016	comple;on	of	experiments	
and	upload	data	to	project	workspace	at	BADC	

•  First	discussion	and	dissemina;on	of	QBOi	results	
at	second	QBO	Modelling	and	Reanalyses	
Mee;ng,	Sept	26-30	2016,	Oxford	

•  Mee;ng	open	to	everyone,	including	impacts	
discussion,	planning	&	studies.	
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