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Long-term	Records	for Climate	Understanding

How	can	the	impact	of	weather	
and	climate	be	reduced?

How	can	we	limit	the	future	impacts	of	
air	quality	and	climate?

What	is	happening	and	how	sure	
are	we	of	that?	
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Cite as: S. M. Osprey et al., Science 
10.1126/science.aah4156 (2016).  

 Aside from those variations governed by the changing sea-
sons or diurnal cycle, the quasi-biennial oscillation (QBO) is 
arguably the most repeatable mode of natural variability 
seen anywhere in the atmosphere. It was first discovered in 
the late 1950s (1, 2) and features alternating eastward and 
westward wind-jets descending through the equatorial 
stratosphere, at roughly 1 km per month (3), from ~50 km 
(~1 hPa) down to ~16km (~100 hPa), with the quasi-biennial 
periodicity being most evident in the ~20-40 km layer. Since 
the 1950s the period of the oscillation has varied between 22 
to 36 months. The oscillation is nearly zonally uniform and 
so is seen in both local observations and in longitudinally 
averaged data with roughly the same amplitude, at least for 
monthly means, and is confined to equatorial latitudes (4, 
5). On the other hand its influence is felt throughout the 
atmosphere. For example, the fate of ash and sulfur from 
large volcanic eruptions in the tropics is affected by the 
QBO (6) and there are known surface weather and climate 
impacts resulting from the QBO’s extra-tropical teleconnec-
tions (7–9); such teleconnections may provide an important 
source of predictability that can be exploited by seasonal 
and decadal prediction systems (10), due to the regularity of 
the QBO. Disruption to the regular QBO behavior is there-
fore expected to have potentially far-reaching consequences. 

In November 2015 the QBO winds were westward above 
30 km (~15 hPa) and eastward beneath. During November 
and December 2015 the westward phase propagated down-
ward as is typical (Fig. 1A), but by January 2016 its descent 
had stalled. While by itself this was not unusual (e.g., Fig. 
1A, during early 2009, just above 20 hPa), the stalling was 

followed by the unexpected formation of a second westward 
layer interrupting the lower stratospheric eastward phase 
(near 40 hPa). Subsequently, the descending westward 
phase in the upper stratosphere began to recede, while the 
anomalous westward jet below strengthened and began to 
descend. Here we quantify the extent to which this behavior 
is anomalous compared to the previous six decades of ob-
servations containing 27 QBO cycles. 

The state of the QBO is often characterized using an up-
dated time series of monthly-mean balloon observations of 
near-equatorial zonal winds (11). This record spans essen-
tially the entire era of operational tropical stratospheric 
wind soundings from January 1956 to present day and pro-
vides 724 monthly profiles of the equatorial zonal wind. For 
each of these profiles we identified a “best match” month 
having the smallest root mean square (rms) difference over 
7 levels spanning 70-10 hPa (Fig. 1B). For the vast majority 
of months there is a close match with another month in the 
record and rms differences are typically 2-3 ms−1. Before 
2016 the month with the largest rms difference with its best 
historical match was December1988 (4.8 ms−1). The unprec-
edented behavior in 2016 is apparent as February, March, 
and April 2016 have rms differences of 6.7, 10.1 and 6.8. 
ms−1, respectively. 

Canonical theory describes the QBO as driven by the in-
teraction of the zonal mean flow with a spectrum of vertical-
ly-propagating waves forced in the lower atmosphere and 
dissipated within the stratosphere (12, 13). Mean-flow driv-
ing is proportional to local vertical wind shear such that 
where there is westward vertical shear the mean flow is ac-

An unexpected disruption of the atmospheric quasi-
biennial oscillation 
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One of the most repeatable phenomena seen in the atmosphere, the quasi-biennial oscillation (QBO) 
between prevailing eastward and westward wind-jets in the equatorial stratosphere (~16-50 km altitude), 
was unexpectedly disrupted in February 2016. An unprecedented westward jet formed within the eastward 
phase in the lower stratosphere and cannot be accounted for by the standard QBO paradigm based on 
vertical momentum transport. Instead the primary cause was waves transporting momentum from the 
Northern Hemisphere. Seasonal forecasts did not predict the disruption but analogous QBO disruptions 
are seen very occasionally in some climate simulations. A return to more typical QBO behavior within the 
next year is forecast, though the possibility of more frequent occurrences of similar disruptions is 
projected for a warming climate. 
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QBO	disruption
Normally	the	most	predictable	phenomena….
Reversal	of	flow	due	to	northern	mid-latitide	wintertime	disturbance	– harbinger	of	more?



Highlights
Solving	the	Mystery	of	Carbon	Tetrachloride

Imbalance	between	reported	emissions	and	atmospheric	concentrations	(WMO	2014):
Better	agreement	– agree	at	edge	of	estimated	uncertainties….
Report	submitted	to	Parties	of	Montreal	Protocol



Highlights
SPARC	Data	Initiative	– Satellite	Intercomparisons
Last	15	years	- golden	age	of	atmospheric	satellite	measurements
Critical	to	know	if	measurements	agree



Highlights
Trends	from	multi-instrument	records
Trend	uncertainties	depend	on	assumptions	of	independence	of	data	sets	and	derived	trends
Ozone	from	SI2N	– could	easily	have	used	T,	H2O	or	aerosols	as	example	insteadN. R. P. Harris et al.: Past changes in the vertical distribution of ozone 9977
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Figure 8. Ozone trends derived from combining the satellite trend estimates shown in Figs. 4 and 6 for the periods before 1998 (top row)
and after 1998 (bottom row). The pre-1998 trends are calculated from the trends for 1979–1997 for the two SBUV records and GOZCARDS
together with 1984–1997 trends for SAGE–OSIRIS, SAGE–GOMOS and SWOOSH. The post-1998 trends are calculated from all the
satellite data sets analysed here. The error bars show the 95% confidence level calculated in three ways. The thick blue lines show the central
estimates and their associated most likely range for the ozone trends found by propagating the individual trend errors assuming the SWM
distribution. The light blue line, based on the same analyses, additionally includes a term for the possible drift of the overall observing system
(Hubert et al., 2015). The thick red lines show the possible range for the ozone trends calculated assuming the J distribution. See text and Ko
et al. (2013) for more details. The conversion to a common pressure scale of trends derived from instruments whose natural measurement
coordinate is altitude was made using MERRA temperature profiles.

Looking at the different approaches together, the trends
seen in the upper stratosphere before 1997 in all three latitude
bands are negative and statistically significant. Small positive
trends are seen in the period after 1998: they are significant
when assuming the SWM distribution but not when assum-
ing the J-distribution or drift-adjusted SWMdistribution. The
differences between the peak trends in the two periods are
significant for all approaches. In the lower stratosphere, the
differences in the trends are insignificant, with the trends in
the later period being close to zero.

4 Discussion and summary

Trends are reported for a number of data sets for the periods
before and after the peak in EESC in 1997. The findings for
the period prior to 1997 are broadly similar to those reported
elsewhere with decreases in the upper stratosphere at all lat-
itudes and in the lower stratosphere over mid-latitudes. The

values found here at 45 km for the combined SAGE I/II data
set (1979–1997) are slightly larger than those found else-
where for the SAGE II data set (Remsberg, 2014; Damadeo
et al., 2014) and those for the merged data sets which rely
primarily on SAGE II in this period (Kyrölä et al., 2013;
Bourassa et al., 2014; Tummon et al., 2015). There is rea-
sonably good agreement in the lower stratosphere where the
trends using just SAGE II measurements, i.e. from 1984, are
smaller than the ones reported here starting in 1979. Consid-
erable benefits would be gained if the SAGE I record could
be revised to be consistent with the SAGE II record without
having to use the altitude correction fromWang et al. (1996),
as it would lead to better knowledge of the changes in ozone
in the lower stratosphere in this early period.
Looking at the second half of the record, it is clear that the

downward trend in upper stratospheric ozone has not con-
tinued and it is likely that there has been an increase since
1998. However, there is disagreement about both the size and
the statistical significance of that increase. In particular, we

www.atmos-chem-phys.net/15/9965/2015/ Atmos. Chem. Phys., 15, 9965–9982, 2015
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Highlights
Co-organisation of	the	workshop	on:
“Drag	Processes	and	their	Links	to	Large-scale	Circulation”

ECMWF,	Reading,	UK
12-15	September

WCRP/SPARC	workshop	on:
“Grand	Challenges	in	Climate	Science”

Berlin,	Germany
31	October

+		increasing	emphasis	on	tropospheric	
composition	and	dynamics



Future	Aims

• Provide	guidance	for	next-generation	reanalysis	systems	with	the	S-RIP	report.
• Assess	data	sets	for	model	validation,	with	careful	quantification	of	uncertainties	
• Enhance	understanding	of	troposphere-stratosphere	coupling	in	the	tropics	and	

effects	on	convection	
• To	better	understand	the	impact	of	the	monsoon	convection	systems	on	the	

composition,	radiation,	and	dynamics	of	the	troposphere.
• Promote	research	in	preparation	of	various	assessment	reports	(IPCC	AR6,	

WMO/UNEP	2018	Ozone	Assessment).
• Contribute	to	model	development	by	identifying	model	requirements	to	resolve	strat-

trop	teleconnection	pathways,	
• Help	facilitate	the	new	Grand	Challenge	on	Carbon	and	Climate	and	develop	a	

complementary	SPARC	initiative	on	the	short-lived	climate	forcers.
• Lead	the	new	focus	on	“How	will	storm	tracks	change	in	a	future	climate?”	within	the	

Grand	Challenge	on	Clouds,	Circulation,	and	Climate	Sensitivity.
• Enhance	understanding	on	the	role	of	the	stratosphere	in	tropospheric	prediction	on	

the	S2S	time	scale.

Mainly	internal	business,	on-going



Plans

Kyoto,	Japan,	2-6	October	2018



Plans

SPARC	Office	will	transition	to	DLR,	Germany

Hans	Volkert,	Office	Director



For	discussion	here

• SPARC	uses	its	funding	only	to	cover	travel	to	activity	workshops	(and	training	
schools),	with	the	aim	of	providing	support	for	early	career	researchers	and	
researchers	from	developing	countries	mainly.	The	reduced	funding	means	a	
much	reduced	ability	to	get	these	people	to	our	activity	workshops.

• A	further	major	issue	in	terms	of	the	reduced	funding	is	support	of	the	2018	
SPARC	general	assembly.

• Working	with	existing	groups	on	tropospheric	composition	and	defining	a	
clear	WCRP/SPARC	contribution.	(IGAC,	ILEAPS…;	HTAP;...)

• A	high	level	promotion	of	the	value	of	WCRP	coordination	of	international	
climate	research	would	greatly	help	raise	profile	in	national	agencies	(as	well	
as	direct	finance).
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Thank	You!


