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Abstract
Introduction and background to the Stratosphere–troposphere Processes And
their Role in Climate (SPARC) project, the QBOi, and the papers contained in
this Special Section.
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Following its establishment in 1992, the Stratosphere–
troposphere Processes And their Role in Climate (SPARC)
core project of the World Climate Research Programme
(WCRP) has included several initiatives designed to
evaluate and potentially improve the representation of
the stratosphere in general circulation models (GCMs).
With the benefit of contributions from these initiatives,
rapid advances have been made over the last 25 years in
our capability to model the influences of, and changes

in, stratospheric processes. Notably, developments in
chemistry–climate models (CCMs) first supported by
the SPARC CCM-evaluation activity (CCMval) and more
recently by the SPARC CCM-Initiative (CCMI) have
enabled models to play a key role in strengthening the
scientific foundations of World Meteorological Organi-
sation (WMO)/United Nations Environment Programme
(UNEP) ozone assessments. Nonetheless, shortcom-
ings in the representation of the stratosphere in models
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remain and likely affect the representation of interan-
nual variability as well as the two-way coupling between
the stratosphere and troposphere. The Quasi-Biennial
Oscillation initiative (QBOi) was conceived as a grass-
roots initiative in 2012 to focus on the fidelity of tropical
variability in model stratospheres and the possible
influence of this variability on other parts of the atmo-
sphere. QBOi was formally adopted as a SPARC activity
in 2015.

An early SPARC initiative to assess the dynamics
underpinning the performance of middle atmosphere
climate models was the GCM–Reality Intercomparison
Project for SPARC (GRIPS), established in 1996. By the
early 2000s GRIPS analysis had shown models were
typically deficient in wave drag, leading to climatolog-
ical biases in mean temperatures and winds through-
out the extratropical middle atmosphere. Subsequently,
many modelling groups alleviated these circulation defi-
ciencies by implementing non-orographic gravity wave
parametrizations to supply the missing wave drag and
drive the corresponding adiabatic heating. GRIPS also
identified clear issues in the simulation of the tropi-
cal middle atmosphere, notably the lack of a QBO in
virtually all models at the time. Increasingly, however,
QBO-like oscillations of descending eastward and west-
ward winds appeared in model tropical stratospheres as
non-orographic gravity wave parametrizations were intro-
duced, provided that suitable parameter settings were
used. In fact, due to a lack of strong observational con-
straints, these wave drag parametrizations can be tuned
to simulate oscillations having similar amplitude and
period to the observed QBO. Alongside the development
of non-orographic gravity wave parametrizations in the
1990s, resolved wave forcing in the tropical lower strato-
sphere was found to improve with increased vertical res-
olution and the first realistic simulation of the QBO was
actually by a GCM without parametrized non-orographic
wave drag. Nowadays it is accepted that the QBO is forced
by a spectrum of large- and small-scale tropical waves,
and that both high vertical resolution and parametrized
non-orographic gravity wave drag are important ingredi-
ents for simulating a QBO.

Over the last twenty years, this rather simple recipe of
improving vertical resolution and including parametrized
non-orographic gravity wave drag has led to a signif-
icant increase in the number of stratosphere-resolving
GCMs simulating realistic QBOs. In addition, a few mod-
els (including one participating in QBOi) have sufficient
resolved wave forcing to simulate a QBO without the
use of parametrized drag. While this progress has been
very encouraging, it also raises important questions about
whether these models produce realistic QBOs for realis-
tic reasons, and how sensitive the simulated QBOs are

to changes in model characteristics or external forcings
(such as increased greenhouse gas concentrations). Hence
there is a need for in-depth analysis and intercomparison
of simulated QBOs in contemporary models using a more
extensive range of QBO diagnostics, and this provided
the initial motivation for QBOi. Longer-term objectives
of QBOi are to reduce biases in the simulated circula-
tion of the tropical stratosphere with a focus on those
aspects of the QBO identified as being important for tele-
connections with extratropical and tropospheric climate
variability.

From its inception, QBOi has been community-driven
and at the start-up workshop in Victoria, Canada in 2015
the participants, including many of the world's leading
QBO experts, prioritised five key areas to focus on during
phase one of the initiative:

• 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

time-scales;
• Simulation of vertically propagating equatorial waves

contributing to driving the QBOs;
• QBO teleconnections.

Collaborative research in these priority areas was facil-
itated by the community agreeing on the design of a suite
of coordinated GCM experiments. Details of this suite of
experiments are presented in a separate paper (Butchart
et al., 2018). Seventeen models completed some or all
of these experiments, and output was uploaded to the
QBOi data archive hosted by the UK's Centre for Envi-
ronmental Data Analysis (CEDA). Since many of these
models are closely related to the coupled GCMs partic-
ipating in phase 6 of the Coupled Model Intercompari-
son Project (CMIP6), analysis of the QBOi database pro-
vides an opportunity for interpreting and understanding
the behaviour of the CMIP6 models. However, unlike the
CMIP6-endorsed MIPs, QBOi is a more focused, flexible
and independent community-driven activity, providing an
alternative approach for researchers with perhaps lim-
ited resources to contribute to coordinated experiments
helping to address policy-relevant scientific questions
and issues.

The Special Section that follows contains five core
papers that provide an overview of the main research find-
ings using the QBOi multi-model ensemble in each of
the priority areas identified above, as well as an addi-
tional paper analysing the stratospheric semi-annual oscil-
lation (SAO) in the QBOi models. In-depth follow-up
analysis, and other studies using the QBOi data archive,
will appear in a corresponding Special Collection of the
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Quarterly Journal of the Royal Meteorological Society. The
first core paper (Bushell et al., 2022) evaluates key met-
rics of the QBO under present-day forcing conditions,
providing an overview of the multi-model ensemble per-
formance. The relative roles of resolved and parametrized
waves in driving the QBO are also evaluated, but a detailed
breakdown of the momentum budget is reserved for a
follow-up study. The second paper (Richter et al., 2022)
examines the QBO response to idealised climate change
scenarios and the correlation to changes in the QBO
drivers. Again a detailed analysis of the momentum bud-
get in a changing climate is postponed to a later pub-
lication. The QBO's inherent predictability and the pre-
dictability of its stratospheric teleconnections is exam-
ined in the third paper of the collection (Stockdale et al.,
2022). Analysis of equatorial Kelvin and Rossby-gravity
waves in the models and their associated forcing of the
mean flow is the main focus of the fourth paper (Holt
et al., 2022). Conclusions relating to the QBOs impact
on other parts of the atmosphere through teleconnec-
tions are elaborated in the fifth core paper (Anstey et al.,
2022). Finally, Smith et al. (2022) examine how the strato-
spheric SAO, an equatorial oscillation located above the
QBO in the region of the stratopause, is represented by the
QBOi models.

The Special Section is guest edited by the QBO
authority Mark Baldwin. The QBOi Phase One Coor-
dinators, James Anstey, Neal Butchart, Kevin Hamilton
and Scott Osprey, would like to express their appre-
ciation to the six lead authors for agreeing to organ-
ise and lead the write-up of the analysis of the Phase
One simulations. We gratefully acknowledge the Nat-
ural Environment Research Council (NERC), UK, for
the original QBOnet grant which funded the first two
workshops (March 2015 in Victoria and September 2016
in Oxford). The generosity of the Canadian Centre for
Climate Modelling and Analysis at Environment and
Climate Change Canada, the sub-department of Atmo-
spheric, Oceanic and Planetary Physics in the Department
of Physics, University of Oxford, and the University of
Kyoto, for hosting QBOi workshops in Victoria (2015),
Oxford (2016) and Kyoto (2017), was very much appre-
ciated. The Kyoto workshop was held jointly with the
SPARC Stratospheric And Tropospheric Influences On
Tropical Convective Systems (SATIO-TCS) and Fine-Scale
Atmospheric Processes and Structures (FISAPS) initia-
tives. Special thanks go to WCRP-SPARC for providing
support for early career scientists to attend the work-
shops, and finally to the UK Centre for Environmental
Data Analysis (CEDA) for hosting the QBOi Phase One
data archive and providing a shared online collaborative
work space.
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