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Introduction

The annual JSC meetings are the occasions 
where progress in the various WCRP ac-
tivities are discussed, connections between 
the different activities are highlighted or 
stimulated, and where the strategic direc-
tion of WCRP is examined, together with 
its links to other international research 
programmes.

The 29th session marked a number of 
changes both in WCRP management 
and JSC composition. The new director, 
Ghassem Asrar, was introduced at the 
meeting by the outgoing Chair, J. Church. 
In a short introductory presentation, G. 
Asrar noted the importance of the over-
arching aims of the meeting, which were to: 
(a) address the future of WCRP and the 

implementation of the WCRP Strategic 
Framework (COPES, Coordinated Ob-
servation & Prediction of the Earth Sys-
tem), 

(b) prepare for the Sponsors’/Funders’ 
review of WCRP and the Earth System 
Science Partnership (ESSP) during the 
coming year. 

Two key objectives were proposed for the 
meeting:  
(1) to ensure that the WCRP has adequate 

support (commitment, people, funding) 
to implement the strategy and engage the 

sponsors in defining its future path and, 
(2) to seek the JSC’s guidance on ways for 

the WCRP to continue providing benefits 
to scientists and sponsors that would not 
have accrued if it did not exist. 

The agenda for the JSC meeting was very 
extensive and wide-ranging, with presenta-
tions and discussions on the whole range 
of activities, panels, working groups, and 
projects that are part of the WCRP. In the 
interest of brevity, we will report only on 
decisions and deliberations pertaining to 
SPARC and related cross-cutting activi-
ties, of which “Atmospheric Chemistry and 
Climate (AC&C)” is currently the most 
relevant. 

The new JSC Chair, Tony Busalacchi of the 
University of Maryland, and Vice-Chair, 
David Griggs of Monash University, were 
elected at the meeting. 

The evolution of the WCRP

Last year’s JSC report (SPARC Newsletter 
No. 29) discussed a number of challenges 
facing the WCRP. While these challenges 
remain, there was a distinct mood of op-
timism at this year’s JSC meeting, and a 
vigour to move ahead proactively. Over 
the past year it seems to have become an 
accepted consensus that by 2013, current 

WCRP core projects and working groups 
— most of which will then have been in 
existence for 20 years or more — will 
have wound up, and WCRP activities will 
have been reconfigured in a way that bet-
ter serves the mission of the WCRP and the 
future needs of society. This is not to fault 
the existing structure, but recognises that 
the world of climate science has changed 
dramatically in the last 20 years. In particu-
lar, there is a perception by many govern-
ments that the science of climate is “done” 
and that it is now time to move on to 
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applications, such as dealing with the im-
pacts of climate change. We climate sci-
entists know that this is not the case, but 
clearly the onus is on us to make the link 
between climate research and the quanti-
fication of uncertainties in climate predic-
tions and projections that policy-makers 
(and all users of climate information) are 
asking from us. In other words, we need 
to demonstrate the benefits of climate re-
search in a very tangible way.

The COPES framework which was devel-
oped several years ago had already envis-
aged such an “end to end” approach to 
climate research, and has been reaffirmed 
as the operative Strategic Plan for WCRP. 
However, COPES is really only a frame-
work; the challenge now is to develop, 
over the next five years, a detailed imple-
mentation plan for the next decade or more. 
Various cross-cutting initiatives (such as 
AC&C) have been introduced during the 
last few years with the aim of playing an 
important evolutionary role, helping to 
chart out new synergies and directions. The 
JSC meeting was structured to facilitate 
this process, with presentations from cross-
cutting initiatives, core projects, and panels 
and working groups.

Report on SPARC and on AC&C

The SPARC co-chairs presented the report 
on SPARC by first providing some general 
background on the development of this 
WCRP core project, which began with an 
orientation towards stratospheric dynam-
ics, but over time developed an equally 
strong focus on stratospheric chemistry, 
including links to the International Global 
Atmospheric Chemistry Project (IGAC, 
a core project of IGBP). In this context 
the important roles of SPARC’s Climate-
Chemistry Model Validation activity 
(CCMVal) and of the cross-cutting “Atmo-
spheric Chemistry and Climate” activity 
(AC&C), were highlighted. The co-chairs 
briefly addressed the status of the various 
activities within SPARC: DynVar and its 
focus on how stratospheric representation 
in GCMs affects tropospheric climate, vari-
ability, and climate responses; the Tropical 
Tropopause Layer initiative strengthening 
SPARC/IGAC/GEWEX links, e.g. with 
respect to cloud-resolving modelling and 
the new water vapour activities such as 
the AquaVIT campaign in the AIDA cloud 
chamber; the rejuvenated SPARC Grav-
ity-Wave Activity, which held its kick-off 

meeting in conjunction with the DynVar 
workshop earlier this year; the SPARC Tro-
popause Initiative, fostering work on the 
tropical and extratropical tropopause lay-
ers; and the SPARC Workshop on Ozone 
Recovery, which took place in May 2008.

The report provided a representative image 
of our vibrant project. It was also mentioned 
that while the Fourth IPCC Assessment Re-
port (AR4) had an unprecedented level of 
“SPARC-friendly” authorship, there was a 
discrepancy between what the AR4 says in 
terms of understanding and what is in the 
models. For the upcoming IPCC activities, 
we need to show modelling groups that 
the stratosphere is relevant if they are go-
ing to commit resources to it, and we need 
to provide information in a user friendly 
way (e.g. calculate forcings, give advice 
on model resolution). Some key gaps are: 
the necessary update of stratospheric ozone 
(last update was for the IPCC TAR), the 
uncertainties in stratospheric water vapour, 
the lacking evaluation of solar effects on 
chemistry, and the requirement to relate 
stratospheric changes to regional surface 
changes not just in Antarctica, but in other 
regions as well.

The report on AC&C was given by A.R. 
Ravishankara, coauthored by Phil Rasch 
and Sarah Doherty from IGAC. AC&C is 
a cross-cutting initiative run by SPARC 
and IGAC on behalf of WCRP and IGBP, 
respectively. Its goal is to improve the un-
derstanding and representation of chemical 
processes in climate. The main objectives 
of AC&C are: (1) understanding the role of 
emissions on atmospheric composition, (2) 
linking the concentrations to radiative forc-
ings and climate change, and (3) improving 
the representation of related processes in 
models. AC&C is strongly tied to CCMVal. 
Furthermore, it builds on existing activities 
such as AeroCom, HTAP, and ACCENT, 
adding value to all of these activities. With 
its topic “TropChem,” AC&C will focus on 
key tropospheric chemistry processes. The 
emphasis in Phase 1 of the initiative is on 
modelling of aerosols (formation, trans-
formations, cloud interaction, photolysis, 
and reactivity), ozone and deposition pro-
cesses and emissions (the latter mostly with 
GEIA), with a focus on distributions in the 
free troposphere, from 5 km up to the tropo- 
pause.  

Several proposals were made on how 
AC&C could interact with other groups. 

Possible candidates were the iLEAPS/
IGAC/GEWEX initiative “Aerosols, 
Clouds, Precipitation and Climate” (ACPC) 
and the Global Atmosphere Watch (GAW) 
programme. However, given the limited re-
sources it was also noted that keeping the 
existing level of commitment of the scien-
tists involved was of primary importance.

The JSC recognised that both SPARC and 
AC&C are working well. The JSC affirmed 
SPARC’s approach to identify “bite sized” 
deliverables in a well-defined strategic 
plan, and endorsed its 2007 results and its 
plans for 2008, noting especially the valu-
able contribution to the 2006 WMO/UNEP 
Scientific Assessment of Stratospheric 
Ozone Depletion. The increasingly close 
collaboration between SPARC and IGAC, 
including coordination of the SPARC Gen-
eral Assembly and the IGAC Conference in 
2008, and possible joint SPARC SSG/IGAC 
SSC meetings in 2009, was welcomed. The 
general recognition that AC&C was work-
ing very well was reinforced by K. Noone, 
Director of the IGBP, who was enthusiastic 
about AC&C from both a scientific and or-
ganisational perspective.  The JSC was of 
the opinion that AC&C provided a good 
model for a WCRP/ESSP cross-cut.  

In the following we highlight a few central 
discussion points resulting from the reports 
on SPARC and AC&C during the JSC.

Discussion on Geoengineering Proposals

The SPARC co-chairs reported on the dis-
cussion of geoengineering proposals that 
took place at the last SPARC SSG meet-
ing (SPARC Newsletter No. 30), which 
was stimulated by an editorial essay by 
Paul Crutzen (Crutzen, 2006). In a short 
but intense debate, the SPARC SSG had 
addressed the potential advantages and the 
various concerns about harmful side effects 
that such a measure, if indeed viable, may 
have. They concluded that this proposal 
may turn out to be an option to ameliorate 
climate change, but for the moment it re-
mains merely a substantially unexplored 
idea.

This prompted the JSC to discuss the posi-
tion of the WCRP with respect to the vari-
ous geoengineering proposals, and stirred 
discussion of the pros and cons. Some 
members wondered whether the whole is-
sue should be considered at all within the 
WCRP, since research on such proposals 
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could be easily misinterpreted by exter-
nal parties as an inherent interest in actu-
ally pursuing a geoengineering approach. 
However, others expressed the view that 
research on geoengineering would pro-
ceed whether the WCRP became involved 
or not, and that therefore the WCRP was 
better off assessing existing and upcoming 
work, and forming an authoritative opinion 
on the topic. 

A consensus emerged among JSC members 
that there was a need to review the subject 
in a comprehensive way before determin-
ing WCRP’s approach to it. It was decided 
to invite leading scientists on this subject 
to the next JSC session, and to create a 
small group to collect information, docu-
ment ideas, and suggest a way forward for 
WCRP in this area. All WCRP working 
groups, panels, and projects were asked 
to put the issue of geoengineering on their 
agendas and report the outcomes of their 
discussions to the JSC. Concerning the 
specific proposal of an albedo enhance-
ment by stratospheric sulphur injections, 
SPARC and WGCM agreed to consider 
common possibilities in this respect dur-
ing the upcoming WGCM annual meet-
ing in September in Paris. CCMVal might 
be a good platform for investigations on 
the topic, but existing obligations of the 
CCMVal modelling groups in support-
ing the upcoming WMO/UNEP and IPCC 
assessments on ozone and climate, respec-
tively, need to be considered carefully and 
must not be jeopardised.

Polar Activities beyond the 
International Polar Year

In the SPARC presentation, the role of the 
polar regions in climate was raised as an 
interesting and important cross-cutting 
scientific topic. There is currently no con-
sensus from CCMs as to whether climate 
change will act to warm or cool the polar 
lower stratosphere in the two hemispheres. 
Dynamical variability of the stratospheric 
polar vortex is large and exhibits consider-
able decadal power, whose mechanisms are 
poorly understood. This makes the detec-
tion and attribution of long-term changes a 
challenge, certainly in the real atmosphere 
but even in models. This high degree of 
dynamical variability seems to be linked 
to the sensitivity of the stratospheric polar 
response to climate change. 

Yet dynamical variability in the polar vor-

tex represents a key mechanism of strato-
sphere-troposphere coupling. Because the 
polar regions also exhibit the largest ozone 
depletion, chemical-dynamical coupling 
is highly nonlinear in this region. For the 
same reasons, the polar regions exhibit 
the strongest feedback of ozone depletion 
on climate; indeed, the delay in the break-
down of the Antarctic vortex in late spring 
represents the one unambiguous example 
of the impact of ozone depletion on the 
stratospheric circulation, with surface man-
ifestations. Recent studies have shown that 
the strengthening of the Southern Annular 
Mode over the last few decades, with cool-
ing of the Antarctic plateau and warming 
of the peninsula, can be expected to reverse 
in response to the recovery of the Antarctic 
ozone hole.

The rapid melting of Arctic sea ice points to 
the major differences between the response 
of the two polar regions to climate change, 
and has potential ramifications in terms of 
stratosphere-troposphere coupling. There 
is strengthening evidence of tropical-polar 
coupling within the stratosphere, and even 
evidence of inter-hemispheric coupling. 
Thus, the polar regions represent key ele-
ments within the global climate system, 
with highly nonlinear aspects involving 
strong chemistry-climate coupling. For all 
these reasons, it seems that the role of the 
poles in global climate would be a valu-
able focal point of research across WCRP. 
While there is a lot of polar research be-
ing carried out  (e.g. WCRP CliC and IPY 
— including significant SPARC IPY activi-
ties) it does not necessarily have a global 
perspective. Thus, the JSC welcomed this 
suggestion and set up a small ad hoc work-
ing group, to develop the ideas further and 
possibly organise a focused WCRP work-
shop on the topic.

Model Metrics

A final aspect of the SPARC presentation 
which elicited considerable discussion was 
that of model metrics, or “grading.” It was 
noted that the issue had come up at the 
CCMVal workshop in 2007, and that the 
intention was to try to apply the approach 
in the CCMVal report. The issue of model 
metrics has also come up in tropospheric 
climate modelling, where it is no less con-
troversial, and it was therefore no surprise 
that a lively discussion ensued. While  
everybody seems to agree that metrics are 
needed, there is concern about making sure 

they are done right, and don’t just turn into 
a “beauty contest.” 

However, there is no doubt that metrics can 
quantify and document model improve-
ments, to demonstrate steady progress over 
time. Furthermore, decision-makers are 
increasingly asking for climate projections 
— with uncertainties. The responsibility is 
on scientists to provide the best possible 
information. Using the spread of model 
projections as an estimate of uncertainty, 
as is the usual current practice, has little (if 
any) scientific justification. Thus in spite of 
potential misgivings, the scientific commu-
nity is obligated to tackle the question of 
metrics in order to provide the best qual-
ity scientific information. In fact the issue 
should really be viewed as that of quantify-
ing scientific uncertainty, rather than grad-
ing models. From this perspective, no mod-
el should be excluded from contributing to 
a community consensus; but likewise, no 
model should have the right to have an un-
due influence on the result. 

In terms of “doing it right”, CCMVal is ar-
guably leading the way with its focus on 
process-oriented diagnostics as the basis 
for model metrics, and involving the mea-
surement and process-oriented communi-
ties in the model assessment. The upcom-
ing CCMVal report will be an interesting 
experiment in whether the concept of using 
diagnostic-based metrics to quantify the 
uncertainty in model projections can be 
applied in a way that achieves broad com-
munity assent. 

Challenges Ahead

The SPARC International Project Office 
is currently funded from the Canadian 
Foundation for Climate and Atmospheric 
Sciences (CFCAS), for which we are very 
grateful.  However, this support will end in 
2010 with no current prospect for renewal. 
We have started to investigate possible new 
resources. In doing so SPARC also needs to 
avoid imposing too much overhead on all 
involved scientists. Independent of its of-
fice, SPARC science will likely need a new 
long-term “home” after the anticipated re-
structuring of WCRP, while new scientific 
issues will continue to arise. 

Challenges facing AC&C are to establish 
a timeline by which information will be 
fed into assessments (e.g. the next WMO/
UNEP and IPCC reports), the difficulty 
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of dealing with high pollution episodes in 
global chemistry models, and to establish 
links with human health issues which may 
be important. (This would provide an im-
portant input into IPCC Working Group II.) 
Another challenge for AC&C is a need to 
enhance its visibility through the briefing of 
national programme coordinators and fund-
ing agencies, to ensure the needed attention 
and support from various countries. 

Seasonal and Decadal Scale
 Prediction

(a) Seasonal Prediction

In 2005, the WCRP commissioned the Task 
Force on Seasonal Prediction (TFSP) to as-
sess, over a two-year period, current sea-
sonal prediction capabilities in reference 
to a range of practical applications. As part 
of the assessment process the TFSP, in col-
laboration with WCRP core projects and 
working groups, organised the First WCRP 
Seasonal Prediction Workshop (Barcelona, 
June 2007). Outcomes of this workshop 
were discussed at the JSC meeting and are 
summarised in the companion article by 
Kirtman et al., in this newsletter, which 
also highlights the importance of strato-
spheric processes in seasonal prediction. 
Within WCRP, the mandate of the TFSP is 
now being carried forward by the CLIVAR 
Working Group on Seasonal and Interan-
nual Prediction (WGSIP). The activities of 
WGSIP complement a wide range of other 
activities within the WMO dealing with 
various aspects of seasonal prediction and 
its applications. 

The Coupled Historical Forecast Project, 
now being carried out under the auspices 
of WGSIP, is one of the continuing proj-
ects initiated by the TFSP. Several model-
ling groups are undertaking numerical ex-
periments designed to address a number of 
issues including (a) providing a reference 
for the skill of today’s seasonal forecasts, 
(b) aiding the development of multi-model 
forecasting techniques, (c) enabling users 
to start working with numerical seasonal 
forecast data, and (d) establishing controls 
for sensitivity experiments. 

T. Palmer, who presented the report on 
seasonal prediction, called on SPARC to 
provide input to this project. 

(b) Decadal Prediction

The current WCRP activity on decadal 
predictability is being carried out mostly 
through a WGCM/WGSIP ad hoc group 
led by Gabriele Hegerl. The current activi-
ties of the group include assessing the skill 
of available decadal predictions. Two main 
objectives are to achieve useful decadal 
scale predictions of up to 30 years and to 
develop the science of multi-decadal pre-
diction in the context of a changing cli-
mate.  

One of the impressions that emerged from 
the discussion of this topic is that decadal 
prediction may well become a key feature 
of the future WCRP notwithstanding some 
significant challenges, such as the limita-
tions of coupled models and computing re-
sources, and the (currently) weak involve-
ment of young scientists.

Since stratospheric and tropospheric vari-
ability are linked on seasonal and longer 
time scales through a wide range of mecha-
nisms and modes of variability, seasonal 
and decadal scale prediction are important 
topics for SPARC. This perception moti-
vated the discussion of variability at the 
last SSG meeting (SPARC Newsletter No. 
30), and is also addressed in the companion 
article by Keenlyside et al., in the current 
newsletter. 

(c) Climate Extremes

A special session on Climate Extremes was 
held during the JSC meeting. The session 
was comprised of a number of presenta-
tions and concluded with a panel discus-
sion, chaired by Gordon McBean, on the 
topic of where WCRP should focus its re-
search efforts. The presentations included 
discussions of various conceptual and prac-
tical issues associated with identifying, 
quantifying, and predicting extreme events. 
Reports on recent meetings, workshops and 
other activities included: 
(a) the Forum of the US National Acad-
emy of Sciences on Extreme Events in 
a Changing Climate (held in September, 
2007 and discussed by T. Busalacchi), 

(b) climate extremes and the reinsurance in-
dustry (how can weather/climate research 
be integrated into catastrophe modelling? 
(discussed by J. Slingo),

(c) the Joint CCl/CLIVAR/JCOMM Ex-
pert Team on Climate Change Detec-
tion and Indices (ETCCDI) facilitating 

international collaboration on climate 
change detection and, together with rel-
evant programmes (e.g. GCOS/WCRP 
Atmospheric Observation Panel for Cli-
mate) and WMO Technical Commis-
sions, identifying observational needs for 
climate change detection (discussed by P. 

  Bessemoulin), 
(d) the new ICSU Programme “Integrated 

Research on Disaster Risk (IRDR)”, 
which aims at addressing the challenges 
posed by natural and human induced en-
vironmental hazards (discussed by G. 
McBean). 

The presentations and panel discussion 
highlighted many of the challenges that 
should be addressed by future WCRP ac-
tivities in identifying, studying, and pre-
dicting extremes. Among these are: devel-
oping meaningful definitions and indices of 
extremes; evaluating the ability of current 
models to represent extremes (very long 
time series of observations and large en-
sembles of model predictions are needed 
to address this question); and translating 
knowledge, analyses, and predictions into 
useful products.  Future needs to address 
these challenges include: high-end comput-
ing power for addressing the modelling of 
climate extremes; improvement of climate 
model physics to make the models capable 
of capturing the processes involved in the 
formation of extremes; attracting the at-
tention of governments to the need for 
developing the science and investing in 
corresponding services; and accounting 
for events that are so rare that the current 
observing system is not suitable for evalu-
ating them, for example, tropical cyclones 
in the Southern Hemisphere. 

All of the above issues are also relevant for 
extreme events in the stratosphere, where 
the challenges are perhaps greater than 
for the troposphere. Characterising strato-
spheric dynamical variability on seasonal 
and decadal time scales, a major focus of 
the SPARC DynVar activity, is a necessary 
first step toward being able to identify ex-
treme events. 

An action item emerging from this discus-
sion was to form a task force on Climate 
Extremes including representation from all 
of the WCRP core projects to determine 
foci and deliverables for this cross-cutting 
activity, and establish links with the WMO 
Climate Watch Programme.

     4
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Activities of WCRP Panels and 
Working Groups

As noted in the introduction, there were 
presentations by all of the WCRP panels 
and working groups. Here we summarise 
only those aspects that we deem to be of 
most interest to SPARC.  

The WCRP Modelling Panel (WMP) and 
the Modelling Summit

Organising the World Modelling Summit 
for Climate Prediction (May 6-9, 2008, at 
ECMWF) was a major preoccupation of 
the WMP during the past year. This meet-
ing was cosponsored by WCRP, the World 
Weather Research Programme (WWRP), 
and the International Geosphere Biosphere 
Program (IGBP). Among the key goals of 
the Summit were: (a) assessing the capabil-
ity of current modelling systems to address 
future climate prediction needs and expec-
tations, and (b) developing a strategy to ac-
celerate progress in modelling and predict-
ing regional climate variations and changes 
from days to decades.  

The discussion on the Summit preparations 
and expected outcomes was wide ranging 
and brought forward a number of questions 
concerning the focus of future model de-
velopment. For example, how much of the 
available and future resources for model-
ling should be devoted to improving rep-
resentation of the “physical” aspects of 
the climate system, and how much to en-
hancing resolution and improving numeri-
cal accuracy? There is a perceived need to 
consider the full Earth System in the de-
velopment of climate models. A desirable 
outcome of the Summit is to define a step-
wise approach that recognises the need to 
develop a broad modelling perspective that 
will include biogeochemical elements, and 
address economic and social issues in the 
future. An immediate action following the 
Summit will be the formation of a team to 
develop a mission statement based on the 
Modelling Summit, determine what will 
need to be done to implement this vision, 
and use it as input to the Third World Cli-
mate Conference (WCC3). This statement 
will be included in the report of the Summit 
that will be produced in the coming months 
and included in a future SPARC Newsletter. 

The Working Group on Coupled Models 
(WGCM)

A major focus of SPARC CCMVal over 
the past several years has been supporting 
the 2006 WMO/UNEP Ozone Assessment. 
In a similar capacity, a major focus of the 
WGCM has been to support the IPCC AR4.  
In carrying out these supporting activities, 
both groups have employed similar model-
ling strategies and in many cases common 
model components at the same modelling 
centres. This has led to increasing interac-
tion and cooperation between WGCM and 
SPARC in regard to modelling activities. 
Future WGCM activities will continue to 
include coordinating climate prediction 
experiments under the agreed scenarios in 
support of future IPCC Assessments. 

Future WGCM activities aimed at climate 
model improvements are expected to in-
clude cloud feedbacks, the carbon cycle, 
and development of climate model metrics. 
It is expected that WGCM will extend its 
scope to contribute to development and 
improvement of ice sheet models, regional 
models, and prediction of air quality (to-
gether with AC&C). WGCM serves the 
community that studies climate change 
impacts and future emphases will be on 
decadal time scales, and providing input to 
climate projection downscaling.  

Future directions

In the short term, the COPES framework 
will represent the Strategic Plan for WCRP. 
It defines criteria for evaluation of the ef-
fectiveness of all WCRP activities. Cross-
cutting activities will be managed by the 
core projects, with oversight committees 
to provide advice and guidance. The new 
WCRP Director will be putting together 
an “accomplishments” document with up-
to-date examples, to sell the programme to 
funders. This can also be used to provide 
input to the WCC3 in 2009. This exercise 
needs to be used to align all WCRP activi-
ties more closely with the COPES frame-
work, and position WCRP for the future.

In the long term (post-2013), there is a 
consensus that the activities of WCRP will 
need to be restructured to better serve the 
needs of society. At the JSC meeting, the 
U.S. CLIVAR restructuring was present-
ed as a possible model to consider. (This 
consists of three coordinating panels: (1) 
process studies and model improvement; 

(2) predictability, prediction and applica-
tions interface; (3) observations and syn-
thesis. Working Groups with limited life-
times focus on topical issues (e.g. salinity, 
MJO, drought).) All projects are now being 
asked what functions will need to be main-
tained post-2013, and what science issues 
are emerging. All JSC members are being 
asked to list the three most important func-
tions or capabilities of WCRP, and to sug-
gest a possible new structure with no more 
than five elements. During the coming year, 
ideas will ferment. It is of course important 
that input be received from the grassroots, 
because to be successful the new WCRP 
structure must resonate with both scientists 
and national funding agencies, who actu-
ally carry WCRP science forward. 

While at this time last year there was 
much preoccupation with the possibility 
of a merger between WCRP and IGBP, the 
sense now is that WCRP’s core mission re-
mains valid — to determine and improve 
the predictability of climate (i.e. quantify 
the uncertainty in climate predictions) and 
to quantify and mitigate the impact of an-
thropogenic activity on climate — and 
that our first priority is to improve WCRP, 
before considering how WCRP and IGBP 
might work more closely together.

At the SPARC General Assembly in 
Bologna, we will have an informal session 
to help facilitate this discussion about the 
future of WCRP within the SPARC com-
munity. While to a young scientist such 
“science by committee” may seem bor-
ing compared with actually doing science, 
the existence of international coordinating 
bodies such as SPARC is enormously help-
ful to facilitate the best research, and it is 
in all of our interests to play a role in this 
discussion. So we look forward to your  
involvement.

References

Cruzen, P.J., 2006: Albedo enhancement by 
stratospheric sulfur injections: A contribu-
tion to resolve a policy dilemma?, Climatic 
Change, 77, 211-220.
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New SPARC Project: Gravity Wave Momentum Budget for 
Global Circulation Studies

26-27 March 2008, Toronto, Canada

M. J. Alexander, NWRA/CoRA, Boulder, USA (alexand@cora.nwra.com)

A new SPARC project has been initiated to 
take advantage of a number of recent de-
velopments in satellite observations, mod-
elling, and data assimilation that begin to 
quantify the role of gravity waves in the 
forcing of the global circulation.  A small 
workshop was held at the University of 
Toronto in Canada March 26-27 to initiate 
and plan the new project.

Background

Small-scale atmospheric waves, called 
gravity waves or buoyancy waves, have 
sources in the troposphere such as flow over 
topography, convection, and jet imbalance.  
As these waves propagate upward, they 
play an important role in the atmospheric 
circulation at altitudes near the tropopause, 
and well above in the stratosphere and me-
sosphere.  Global circulation models used 
for weather and climate forecasting derive 
the unresolved gravity wave momentum 
forcing terms for the momentum equations 
from parameterizations that must make 
assumptions about the wave properties.  
These assumptions are effectively tuning 
parameters, to adjust the circulation and 
temperature structure in the upper tropo-
sphere and middle atmosphere.  Differ-
ent models have different goals and apply 
different types of parameterizations with 
unique tunings.  For example, ozone fore-
casting models use non-orographic grav-
ity wave parameterizations to adjust their 
stratospheric circulation and polar temper-
atures sufficiently to allow realistic ozone 
chemistry to occur, while weather forecast-
ing models have traditionally used moun-
tain wave parameterizations to improve the 
structure of the winter jets and horizontal 
temperature gradients near the tropopause.  
The tuning of gravity wave parameteriza-
tions can be laborious for modellers since 
the parameters themselves are poorly con-
strained, and, for example, different param-
eter settings are required whenever model 
resolution is changed.  

Recent Developments

The requirements from observations 
to constrain the tuning parameters in 
gravity wave parameterization schemes 
has been impossible to achieve on the 
global scale until fairly recently.  What is 
needed is characterisation of the vertical 
flux of horizontal pseudomomentum, and 
three-dimensional (3-d) characterisation 
of the wave properties in order to define 
their vertical propagation.  These three-
dimensional properties include horizontal 
and vertical wavelength, as well as wave 
propagation direction.  In the last decade, 
this has been achieved using high-resolu-
tion satellite observations. However, each 
individual satellite measurement technique 
can only observe a portion of the full 3-d 
spectrum of gravity wave properties.  Er-
rors in the derived pseudomomentum flux 
(approximated as momentum flux in these 
studies) also remain large for global stud-
ies, although local case studies can now 
be quite accurate.  Some very high-resolu-
tion global modelling studies that include a 
middle atmosphere are also now resolving 
much of the gravity wave spectrum and are 
being used to study the wave sources, prop-
agation and dissipation, and the momentum 
forcing of the circulation without the use 
of any gravity wave parameterizations. In 
recent years, new methods for inferring the 
missing momentum forcing due to unre-
solved waves in lower resolution models 
have also been developed using advanced 
data assimilation methods.

Scientific Focus

With these recent developments, we can 
collectively begin to quantify the role of 
gravity waves in the momentum budget of 
the global circulation.  We have initiated 
the SPARC Project on the Gravity Wave 
Momentum Budget for Global Circulation 
Studies to bring together experts in these ar-
eas and to combine information from these 
various sources to map out the geography 
and seasonal variations of the gravity wave 

terms important to the global momentum 
budget.  The project is initially organised 
into three components: 
(I) Direct observational constraints on 

gravity wave momentum flux from the 
lower stratosphere; 

(II) Direct simulation of gravity waves and 
their role in the global circulation at 
middle atmosphere levels; and

(III) Constraints on gravity wave momentum 
forcing using assimilation methods.  

We solicited speakers for the planning 
workshop to examine the recent develop-
ments in these three areas of focus, and 
we also enlisted participation from a few 
members of the global modelling commu-
nity who will likely put the results of the 
project to use in future global model stud-
ies.  A portion of the workshop was held 
in conjunction with the SPARC DynVar 
Project, which held its own meeting March 
27-28, and which involves numerous 
members of the middle atmosphere mod-
elling community that will be interested in 
the results of the gravity wave project.

Meeting Summary

The first session invited several members 
of the global modelling community to give 
their perspective on the biggest issues in-
volving gravity waves in global circulation 
studies.

C. McLandress spoke about the role of 
orographic gravity wave drag in driving 
the Brewer-Dobson circulation in 140-
year climate simulations (CCMVal REF2)  
performed with the Canadian Middle 
Atmosphere Model (CMAM).  Using the 
downward mass flux at 70 hPa as an indi-
cator of the strength of the circulation, the 
simulations showed that orographic gravity 
wave drag was responsible for 60% of the 
average 10 kt/yr trend seen in the simula-
tions.  The trend in wave drag was not due 
to changes in wave sources, but was instead 
associated with changes in the zonal mean 
circulation near the tropopause.  F. Sassi 

Figure 2: The flights of super-pressure balloons from Vorcore (left) and the probability of observation (right), 
a measure of the intermittent nature of wave events.

ρ0<u’||w’> intermittency: Bernoulli
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addressed the issue of tuning gravity wave 
parameterizations in chemistry-climate 
model studies.  He noted that realistic ozone 
chemistry simulations require not only re-
alistic stratospheric zonal-mean winds and 
temperatures, but they also require accurate 
simulation of the timing of the seasonal cy-
cle.  He also noted that despite the use of 
orographic gravity wave schemes in global 
models for over twenty years, even modest 
changes in the tuning parameters in these 
schemes have big effects on model vari-
ability.  J. Scinocca described the tropo-
spheric climate response to doubled CO

2 

in models with differing top pressure levels 
(10 hPa for a low top model and .001 hPa 
for a high top model).  Through carefully 
controlled experiments, they found that 
differences in the tuning parameters in the 
orographic gravity wave drag schemes were 
responsible for  most of the differences in 
the doubled CO

2
 mean sea-level pressure 

response patterns in models with high tops 
and low tops.  By using identical gravity 
wave parameters, the high top and low top 
models gave similar response patterns.  T. 
Shaw stressed the importance of conserv-
ing momentum and energy in the applica-
tion of gravity wave parameterizations in 
global models.  In climate change studies, 
differing portions of the gravity wave mo-
mentum flux spectrum may remain at the 
model upper boundary (i.e. the waves are 
not dissipated before they reach the top of 
the model atmosphere).  These remaining 
fluxes should be dissipated at or near the 
upper boundary to conserve momentum 
and to achieve reliable model responses in 
climate change studies.

The second session invited presentations on 
direct observational constraints on gravity 
wave momentum fluxes in the stratosphere.  
J. Alexander described gravity wave 
observations from AIRS (Atmospheric 
Infrared Sounder) and HIRDLS (High 
Resolution Dynamics Limb Sounder).  The 
different viewing geometry (AIRS using 
nadir, HIRDLS using limb) make the two 
measurements sensitive to waves in dif-
ferent parts of the gravity wave spectrum.  
Global gravity wave momentum fluxes can 
be inferred from both data sets, but with po-
tentially large errors that make these only 
reliable lower limit estimates.  Case studies 
using auxilliary information can produce 
much more accurate momentum flux esti-
mates.  S. Eckermann discussed AMSU 
(Advanced Microwave Sounding Unit) 
observations of gravity waves (see SPARC 
Newsletter No. 26).  These have similar 
vertical resolution to AIRS, reduced hori-
zontal resolution, and the measurements 
extend to lower altitudes.  AMSU instru-
ments currently fly on 6 satellite platforms 
that give 12 overpasses per day and much 
higher temporal resolution than AIRS.  
AMSU temperature measurements are 
fully 3-d and allow accurate calculation of 
gravity wave momentum fluxes.  M. Geller 
described constraints for gravity wave 
parameterizations derived from US high-
resolution radiosonde data.  These results 
give information on low-frequency inertia-
gravity waves in the lower stratosphere.  At 
mid-latitudes, the zonal momentum flux is 
negative (roughly 1-3 mPa) with the largest 
fluxes at mid- to high-latitudes in winter.  
In summer there are positive zonal momen-

tum fluxes at low- to mid-latitudes.  Me-
ridional momentum fluxes are negative at 
low latitudes (largest in summer) and posi-
tive at mid-latitudes (largest in winter).  P. 
Preusse described gravity wave momentum 
fluxes derived from CRISTA (Cryogenic 
Infrared Spectrometers and Telescopes for 
the Atmosphere) data and their characteri-
sation of the errors in these estimates.  The 
results showed good agreement with super-
pressure long duration balloon estimates of 
momentum flux.  His presentation included 
general comments on satellite observations 
of gravity waves with a map of the cover-
age of the gravity wave spectrum by vari-
ous satellite instruments.  (Figure 1, colour 
plate I)   

R. Vincent described gravity wave prop-
erties derived from long-duration super-
pressure balloon flights near 18-km alti-
tude during the Vorcore campaign at high 
southern latitudes in spring through late 
summer.  These measurements give reli-
able vector momentum fluxes versus wave 
intrinsic phase speed and are very unique 
in this regard.  A momentum flux phase 
speed spectrum was also derived from this 
data, although phase speeds tended to be 
over-estimated.  These balloon measure-
ments are sensitive to waves with low to 
medium frequencies that may have a wide 
range of horizontal and vertical wave-
lengths.  A. Hertzog described informa-
tion on intermittency in gravity wave mo-
mentum fluxes that can be inferred from 
these balloon measurements.  The largest 
amplitude events exceeded zonal means 
by a factor of 400.  The larger fluxes were 

associated with flow over 
the topography of the Ant-
arctic peninsula, but these 
fluxes also show the high-
est intermittency.  Non-
orographic waves over 
open ocean are associated 
with weaker fluxes but oc-
cur almost nearly continu-
ously. (Figure 2 and Fig-
ure 3; colour plate I)   
 

S. Eckermann led a fo-
cused discussion on con-
straints for mountain wave 
parameterizations, noting 
that major uncertainties 
remain in the gravity wave 
momentum flux.  Results 
from recent field cam-

Figure 2: The flights of super-pressure balloons from Vorcore (left) and the probability of observation (right), 
a measure of the intermittent nature of wave events.

ρ0<u’||w’> intermittency: Bernoulli
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paigns show that surface processes like 
low-level wind shear, latent heat release, 
and upstream blocking are all important, 
however no direct comparisons with pa-
rameterized orographic gravity wave fluxes 
were performed.  A proposal to combine 
satellite observations of mountain wave 
events with mesoscale model simulations 
and offline mountain wave parameteriza-
tion calculations was discussed to better 
constrain the parameterizations with the 
newest observations.

A third session focused on high-resolution 
global model studies of gravity waves and 
their effects in the middle atmosphere us-
ing the Earth Simulator, with horizontal 
resolution of ~60 km and vertical resolu-
tion of 300 m from the surface to 85 km.  
The presentations described results from a 
three-year simulation with no parameter-
ized gravity waves.   K. Sato presented nu-
merous comparisons to observations.  The 
zonal-mean structure and seasonal cycle 
are very realistic despite the absence of 
parameterized wave forcing.  A QBO-like 
oscillation with 1.5-yr period appeared in 
the tropical lower stratosphere with a very 
realistic semiannual oscillation above in 
the stratosphere and mesosphere.  Wave 
events from orographic and jet sources 
show very realistic structure in comparison 
to observations.  Wave momentum fluxes 
show very similar magnitudes and seasonal 
cycles compared to radar observations.  S. 
Watanabe described the three-dimensional 
characteristics of the gravity wave drag in 
the model, and derived the parameters nec-
essary for input to the Hines parameteriza-
tion.  The assumption that waves propagate 
only in a vertical column (common to all 
parameterizations) caused significant dif-

ferences between the high-resolution model 
drag and the parameterized drag, emphasis-
ing the importance of lateral propagation of 
gravity waves.  Y. Kawatani described an 
analysis of the waves that drive the QBO in 
the model.  The equatorially trapped waves 
in the model show very realistic properties 
compared to observations.  In the westerly 
shear phase, Kelvin waves dominate the 
equatorially trapped waves, but wavenum-
bers 1-11 contribute only 30% of the total 
QBO forcing.  Higher wavenumber gravity 
waves contribute the remaining 70% with 
wavenumbers greater than 42 contributing 
50%.  In the easterly phase, the forcing due 
to equatorially trapped modes is very small 
with gravity waves contributing nearly all 
of the forcing.

The fourth session looked at constraints on 
gravity wave forcing derived using global 
data assimilation techniques.  M. Pulido 
described the use of 4D-var (four-dimen-
sional variational) assimilation tools with 
the UK Met Office model.  The technique 
minimises the cost function, described as 
the mismatch between the observations and 
the model, using an adjoint model.  Using 
this method, the non-divergent component 
of the gravity wave drag at stratospheric 
levels can be estimated with reasonable ac-
curacy.  Gravity wave drag versus latitude, 
longitude, and height at daily time intervals 
can be derived.  S. Polavarapu discussed 
methods to constrain the gravity wave mo-
mentum budget using models with a full 
mesosphere but with observations assimi-
lated only at stratosphere levels and below, 
noting that the large scales in the meso-
sphere are predictable due to propagation 
of information from below.  An example 
using 1D-var at 68oS latitude during the 
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2002 sudden warming event was shown.  
Although observations were applied only 
below 1 hPa, the gravity wave drag in the 
mesosphere is constrained through its ef-
fects on the zonal-mean zonal wind and 
planetary waves.  The momentum flux 
spectrum input to the chosen gravity wave 
parameterization can also be constrained 
with this method.

Results of the Meeting

In the short term, the group decided to pre-
pare a review paper summarising the scien-
tific results presented at the meeting.  For 
2009, we also plan to hold a focused work-
shop to assemble observational constraints 
on the gravity wave momentum flux spec-
trum from different measurement tech-
niques in the stratosphere.  Focus groups 
on constraints for orographic wave drag 
and high-resolution global model studies 
are also planned.  

Project Coordinator: M. Joan Alexander
Planning Committee: Stephen Eckermann, 
Manfred Ern, Marvin Geller, Saroja Po-
lavarapu, Peter Preusse, Manuel Pulido, 
Kaoru Sato, Robert Vincent
Additional Key Participants: Albert 
Hertzog, Yoshio Kawatani, Charles McLan-
dress, Fabrizio Sassi, John Scinocca, 
Tiffany Shaw, Shingo Watanabe
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Summary

The Chapman Conference was held 24-28 
September 2007 on the Greek Island of 
Santorini. It was a follow-on to a meet-
ing held in Whistler, BC, in spring 2003. 
Since the Whistler meeting, several aspects 
of stratosphere-troposphere coupling have 
become more prominent, most notably 1) 
stratospheric chemistry-climate coupling, 
including the effect of ozone changes on 
climate, and of climate change on the ozone 
layer; and 2) the role of stratosphere-tropo-
sphere coupling in recent climate change. 
Over the past few years, considerable prog-
ress has also been made in understanding 
the physical mechanisms that underlie 
stratosphere-troposphere coupling. 

The Chapman Conference in Santorini fo-
cused on how stratospheric processes affect 
tropospheric climate and weather. It provid-
ed an opportunity to discuss the latest re-
search ideas regarding the mechanisms for 
stratosphere/troposphere coupling. It also 
provided a forum for discussing emerging 
ideas regarding the importance of strato-
spheric chemical processes, anthropogenic 
forcing, and even oceanic processes in the 
observed coupling between the stratospher-
ic and tropospheric circulations. 

Overview

To first order, the coupling between the 

stratosphere and troposphere is medi-
ated by wave dynamics. Planetary-scale 
Rossby waves, gravity waves, and equa-
torially trapped Kelvin and mixed Rossby-
gravity waves typically originate in the 
troposphere, propagate upward into the 
stratosphere, and then dissipate causing 
variability of the stratospheric flow. The 
conventional view through the 1990s was 
that the resulting interactions are princi-
pally one way, i.e. that tropospheric waves 
influence the stratospheric circulation, but 
that stratospheric circulation anomalies did 
not have significant effects on tropospher-
ic weather and climate. However, in the 
past ~5-10 years, the prevailing view has 
changed, and variability in the extratropi-
cal atmospheric flow is now recognised to 
reflect “two-way” interactions between the 
stratospheric and tropospheric circulations. 

The observed coupling between the strato-
spheric and tropospheric circulations is 
most clearly evident as deep vertical cou-
pling in the “annular modes” of extra-
tropical climate variability (Thompson 
and Wallace, 2000).  The annular modes 
extend from the surface to the stratosphere 
in both hemispheres, and are characterised 
by meridional vacillations in the geopoten-
tial height field between the polar regions 
and surrounding middle latitudes. During 
the cold season in the stratosphere, the an-
nular modes correspond to fluctuations in 
the strength of the polar vortex, while at 

the surface the annular modes correspond 
to meridional shifts in the extratropical 
storm track. The stratospheric and tropo-
spheric components of the annular modes 
are closely coupled in both hemispheres, 
but the reasons for this coupling are still 
not understood.

On intra-seasonal time scales, observa-
tions show that large amplitude anomalies 
in the strength of the Northern Hemisphere 
wintertime stratospheric polar vortex 
frequently precede long-lived (up to ~2 
months) changes to the tropospheric cir-
culation (Baldwin and Dunkerton, 1999; 
2001). These changes modulate not only 
average weather, but also the likelihood of 
extreme events on time scales longer than 
the limit of deterministic weather predic-
tion (Thompson et al., 2002).

Another example of the vertical coupling 
inherent in the annular modes is evident in 
recent trends in the Southern Hemisphere 
circulation. Ozone-induced trends in the 
temperature and geopotential height field 
in the Southern Hemisphere lower strato-
sphere are reflected in surface climate over 
Antarctica. The associated tropospheric 
circulation trends during austral sum-
mer strongly resemble the pattern of the 
Southern Annual Mode (SAM). That a 
similar seasonally varying pattern of trends 
is found in climate models run with pre-
scribed stratospheric ozone losses (Gillett 
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and Thompson, 2003) lends credence to the 
hypothesis that the observed trends in the 
Southern Hemisphere tropospheric flow 
during austral summer reflect a remote re-
sponse to the Antarctic ozone hole.

On longer time scales, several stratospheric 
processes affect the troposphere. The strato-
spheric quasi-biennial oscillation (QBO) 
has been found to exhibit a signature in 
surface climate (Coughlin and Tung, 2001; 
Thompson et al., 2002). On time scales of 
several years, volcanic eruptions that inject 
sulphate aerosols into the stratosphere also 
noticeably influence tropospheric climate 
both radiatively and dynamically (Robock 
and Mao, 1992; Graf et al., 1994; Kodera 
and Yamazaki, 1994; Stenchikov et al., 
1998; 2004). On decadal to century time 
scales up to centuries, stratospheric mecha-
nisms have been proposed to explain a 
larger than expected impact of solar vari-
ability at the surface. 

Despite widespread observational evidence 
that stratospheric processes impact surface 
climate, many key aspects of stratosphere/
troposphere coupling have proven remark-
ably difficult to understand. For example, 
we still do not fully understand the process-
es whereby changes in the stratospheric 
flow influence the troposphere, nor do we 
fully grasp how changes in the stratospher-
ic flow influence the vertical propagation of 
waves (and thus the source of stratospheric 
variability) in the first place. We hence do 
not fully understand how the stratospheric 
circulation will respond to anthropogenic 
climate change; consequently, our confi-
dence in model simulations of stratospheric 
climate change remains low. The latter is 
of particular concern, since it is expected 
that future changes in the climate of the 
stratosphere will affect future changes in 
the troposphere, and will also affect ozone 
and ozone recovery. 

The overall motivation for the Chapman 
Conference was to better understand the 
mechanisms whereby stratospheric pro-
cesses impact surface climate. This is a 
topic of considerable interest to interna-
tional organisations such as the World Cli-
mate Research Programme through two 
of its projects: Stratospheric Processes 
and their Role in Climate (SPARC, www.
atmosp.physics.utoronto.ca/SPARC/) 
and Climate Variability and Predictability 
(CLIVAR, www.clivar.org/); and through 
the WCRP’s overarching framework, 

Coordinated Observation and Prediction 
of the Earth System (COPES, copes.ipsl.
jussieu.fr/), as well as International Polar 
Year (IPY, www.ipy.org/). 

Meeting Summary

Dynamical understanding

We still do not fully understand what pro-
cesses drive stratospheric variability. And 
we also do not fully understand how the re-
sulting stratospheric variability is commu-
nicated to tropospheric levels. A wide vari-
ety of dynamical topics was covered at the 
meeting. Stratospheric effects on the tropo-
sphere may be (at least in part) explained 
by geostrophic and hydrostatic adjustment 
of the tropospheric flow to anomalous wave 
drag (Haynes et al., 1991). P. Haynes sum-
marised and clarified our current under-
standing of downward “influence” on the 
troposphere, and he explained how appar-
ent downward influence may not involve 
the downward propagation of “informa-
tion,” as in the QBO. A. Plumb provided 
a theoretical viewpoint of the dynamical 
response to stratospheric perturbations. D. 
Thompson summarised modelling work 
which shows that long-lasting thermal per-
turbations to the lowermost stratosphere can 
act to decelerate tropospheric winds during 
that period. (Thompson et al., 2006). 

The stratosphere-troposphere system is 
arguably viewed as a single dynamical en-
tity, rather than a troposphere coupled to 
a stratosphere (A. O’Neill). C. Fletcher 
showed evidence that the state of the strato-
sphere can, in effect, alter the seasonal 
cycle. Siberian snow cover anomalies dur-
ing autumn appear to affect the state of the 
polar vortex later in the winter, which can 
then feed back to affect the troposphere. In 
the spring, when the Northern polar vor-
tex breaks down, L. Sun showed that the 
timing of the breakdown affects the tropo-
sphere, in effect imposing a seasonal tran-
sition from the stratosphere.

G. Vallis examined the NAO and annular 
patterns, and concluded that although these 
patterns would occur in the absence of an 
active stratosphere, stratospheric variabil-
ity does contribute a lot toward their tropo-
spheric character (e.g. the long time scale 
of the NAM in winter). C. Chan discussed 
results from idealised simple GCM models 
with unrealistically long decorrelation time 
scales, and found then to be overly sensitive 

to external forcing. Therefore, such mod-
els may be exaggerating responses from 
forcings. A. Charlton-Perez and T. Kunz 
investigated annular mode time scales in 
models. Changing the stratospheric radia-
tive time scale in the model changes the 
dynamical time scale throughout the lower 
stratosphere and troposphere. R. Black dis-
cussed vertical high-latitude coupling of the 
“polar annular mode,” the second EOF of 
zonally-averaged zonal wind. It appears to 
play an important role in final warmings.

R. Scott described the existence of a deep 
barotropic mode. Recent research suggests 
the existence of an external or barotropic 
mode whose potential impact on the strato-
spheric circulation can be significantly 
larger than that of upward propagating 
waves. Esler and Scott (2005) and Esler et 
al., (2006) demonstrated the relevance of 
this mode in wavenumber-2 major warm-
ings in which the vortex is split throughout 
the full depth of the stratosphere. 

Stratospheric variability has long been 
viewed as being caused by the configuration 
of tropospheric waves (e.g. Quiroz, 1986), 
which determine the flux of wave activity 
into the stratosphere. But stratospheric vac-
illations can exhibit internal variability even 
if the source of the tropospheric waves re-
mains constant. The current understanding 
is that the configuration of the stratosphere 
itself plays an important role in determin-
ing the vertical flux of wave activity from 
the troposphere. R. Scott also concluded 
that the wave flux through the tropopause 
is mainly controlled by the stratosphere. 
But A. Haklander pointed out that the tro-
posphere is important, e.g. in where geo-
graphically the wave flux originates. 

How will climate change affect the 
stratospheric circulation, and how will 

stratospheric changes affect 
surface climate?

There is evidence that stratospheric vari-
ability will change in response to anthro-
pogenic forcing. For example, tropospheric 
climate change may alter the generation 
of planetary-scale waves which, in turn, 
may alter the strength of the stratospheric 
large-scale Brewer-Dobson circulation 
(M. Dameris, M. Giorgetta), and there-
fore the net mass exchange between the 
troposphere and stratosphere. There is 
growing evidence from models that the 
Brewer-Dobson circulation will increase 
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in strength (N. Butchart). If the Brewer-
Dobson circulation were to increase, some 
simulations show the resulting changes in 
the descent and adiabatic heating in the po-
lar stratosphere may partly compensate for 
the greenhouse-gas induced radiative cool-
ing of the Northern polar stratosphere dur-
ing winter and spring (Schnadt et al., 2002; 
Schnadt and Dameris, 2003; Butchart et al., 
2006). W. Randel presented observations 
and modelling results suggesting that waves 
in the tropics, forced by convection, con-
tribute to the forcing, while Y. Kawatani 
described results of a GCM simulation of 
tropical gravity waves. D. Siedel discussed 
observational evidence that the global tro-
popause has risen and cooled since 1980, 
and that the tropical belt has expanded. 

The climate models used by the IPCC to 
understand past and future climate change 
allow the coupled atmosphere-ocean sys-
tem to evolve, but they generally do not 
have substantial interactive chemistry or 
even well-represented stratospheres. The 
current models are simply not designed to 
predict changes to the ozone layer or the 
dynamics of stratosphere/troposphere cou-
pling. While the radiative effects of ozone-
destroying substances (ODSs) and ozone 
depletion have generally been included to 
some extent, this has not been done con-
sistently among the models. In fact, many 
of the models used for the recent IPCC re-
port held stratospheric ozone forcing con-
stant during the 21st century. And without a 
well-represented stratosphere, it is unlikely 
that the dynamical response to the strato-
spheric radiative changes would be realis-
tically captured (Baldwin et al., 2007). E. 
Cordero and J. Perlwitz discussed sys-
tematic differences in stratospheric tem-
perature and circulation trends between 
CCMs and the AOGCMs used in the IPCC 
Assessment. These studies provide addi-
tion evidence that both full ocean models 
and stratospheric chemistry will be desir-
able in future IPCC Assessments.

Additionally, any changes in the large scale 
stratospheric overturning will influence the 
temperature profile of the tropical strato-
sphere, and also the global distribution of 
stratospheric ozone. But despite the evident 
importance of any predicted changes in the 
stratospheric flow, M. Baldwin pointed out 
that our confidence in the model simula-
tions is limited. In fact, even the sign of po-
lar stratospheric temperature change during 
winter and spring is unclear. 

How has ozone depletion affected 
tropospheric climate and how will climate 

change affect ozone recovery?
 
Ozone depletion, especially in the 
Southern Hemisphere (A. Agosta), has 
affected surface climate (N. Gillett, K. 
Sato) and the extratropical circulation (K. 
Grise), but our understanding is incom-
plete. We still do not fully understand the 
roles of radiation vs. dynamics, or the extent 
to which zonal asymmetries in the ozone 
distribution are important (T. Nathan). 

During the past 25+ years the composition 
of the stratosphere has changed signifi-
cantly, with higher abundances of anthro-
pogenic greenhouse gases and ODSs, to-
gether with a concomitant thinning of the 
ozone layer. T. Shepherd pointed out that 
with the recent stabilisation of stratospher-
ic ODSs following the Montreal Protocol 
we are near the turnaround point in ozone 
depletion, so that the past climate impacts 
of ODSs and ozone depletion are about to 
change sign against a background of con-
tinued increase in most greenhouse gases 
(Baldwin et al., 2007). A.R. Ravishanka-
ra provided an overview of past and future 
changes to the ozone layer, emphasising the 
difficulties in defining ozone “recovery.”

Because these changes in the lower strato-
sphere over the last 25+ years appear to have 
been mainly driven by changes in ODSs 
and ozone depletion, they can be expected 
to begin to reverse as the ozone layer be-
gins to recover. These future changes may 
obscure, or even alter, the climate-change 
signal from non-ODS greenhouse gases. 
Therefore, it is important for both attribu-
tion and prediction of climate change to 
properly account for the combined effects 
of climate change and ozone recovery. 

2D models, as well as 3-D Chemistry-Cli-
mate Models (CCMs), consistently show 
that the global amount of total ozone will 
recover more quickly if stratospheric tem-
peratures decrease in the future. CCM 
simulations up to 2050, which compare cli-
mate change scenarios to a constant level 
of well-mixed greenhouse gases (i.e. CO

2
, 

CH
4
, and N

2
O), indicate that a full recov-

ery of total ozone, i.e. a return to 1980 
values, will be reached approximately 15 
years sooner due to human-induced climate 
change (Chapter 5 in WMO, 2007). 

To what extent do volcanoes, the QBO, and 
the solar cycle affect surface climate via 

stratosphere/troposphere coupling?

Volcanic eruptions have strong impacts on 
the lower stratospheric thermal structure 
because volcanic aerosols absorb infrared 
radiation (e.g. Stenchikov et al., 1998; 
2004). Heterogeneous chemistry occurring 
on aerosol surfaces affects ozone concen-
tration, producing an additional indirect ra-
diative impact depending on the concentra-
tion of atmospheric chlorine. The 11-year 
solar cycle modulates UV radiation, and 
therefore ozone concentrations, with im-
plications for tropospheric climate (Gleis-
ner and Thejll, 2003). L. Hood presented 
observational evidence for 11-year solar 
cycle changes to the stratospheric circula-
tion, and K. Labitzke discussed the role 
of the 11-year solar cycle on teleconnec-
tions between the tropics and the Arctic. 
I. Simpson discussed the modelled tropo-
spheric response to stratospheric heating, 
and how eddy momentum fluxes and winds 
could be affected. The QBO modulates the 
distribution of both volcanic aerosols and 
ozone. These effects are seen in both ob-
servations and models (e.g. Shindell et al., 
2001; Steinbrecht et al., 2006). S. Yoden 
discussed a parameter sweep experiment, 
which combined the effects of the QBO 
and the solar cycle. He found a systematic 
effect of the phase of the QBO, and a solar 
effect consistent with observations.

How will the tropopause layer change?

The tropical tropopause layer is the body 
of air extending from the level of the 
lapse rate minimum at 11-13 km to the 
level of highest convective overshoot, at 
~17 km (Gettelman and Forster, 2002). The 
tropical tropopause layer appears to have 
changed within the last few decades but 
future changes are uncertain. Such changes 
are important because concentrations of 
stratospheric water vapour may change. 
The situation regarding transport of water 
vapour into the stratosphere is complex 
(S. Fueglistaler), but our understanding 
may be aided by studying isotopes. The 
height of the extratropical tropopause has 
been identified as a climate-change finger-
print  (Santer et al., 2003), and D. Seidel 
presented observational evidence that the 
height has been increasing. T. Birner dis-
cussed the dynamics of the stratospheric 
residual circulation and tropopause struc-
ture. Changes to both the tropical  and 
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extratropical tropopause layers have im-
plications for coupled-chemistry-climate 
effects, but our ability to predict these ef-
fects is limited. K. Krüger pointed out that 
ENSO, volcanoes and the solar cycle have 
zonally asymmetric effects on the TTL, 
while the QBO is more zonally symmetric.

Will a well-represented stratosphere 
improve weather and climate forecasts? 
What is necessary in models to include 

stratospheric effects?

A key question is to consider is whether im-
proving the stratosphere will improve sim-
ulations of past changes in surface climate, 
and in particular the NAO/AO. Although 
the exact answer depends on the choice of 
variable and time frame, there is a broader 
question of how future increases in com-
putational power should be used (e.g. add 
interactive chemistry, give better represen-
tation of boundary layer processes, or give 
better representation of the stratosphere). 

How much improvement in forecast skill 
can we expect by improving the strato-
sphere in models for extended-range, sea-
sonal, and decadal forecasts? Observations 
(e.g. Baldwin et al., 2003b) show statistical 
skill, and modelling studies (e.g. Charlton 
et al., 2003; 2004; Mukougawa et al., 2005) 
have demonstrated that changes to initial 
conditions in the stratosphere have a signif-
icant effect on medium to extended range 
forecasts. Christiansen (2005) showed that 
a simple statistical forecast based on strato-
spheric information performs as well as a 
state-of-the-art dynamical seasonal forecast 
model when forecasting the surface zonal 
mean zonal wind at 60°N and the tempera-
ture in Northern Europe. 

Improvements in weather forecasting skill 
were discussed by T. Reichler and K. 
Kodera, while seasonal forecasting im-
provements were discussed by Y. Kuroda 
and B. Christiansen. T. Hirooka pointed out 
that improved tropospheric forecasts first 
require models that can simulate strato-
spheric sudden warmings. S. Ineson dis-
cussed the role of the stratosphere in com-
municating the effects of ENSO to Europe. 
A good representation of the stratospheric 
polar vortex appears to be necessary to 
communicate the ENSO signal.

P. Kushner gave an overview of 
the SPARC DynVar project (www.
sparcdynvar.org), which is an interna-

tional climate modelling project that stud-
ies the influence of the stratospheric cir-
culation on the global climate system. M. 
Sigmond detailed the effects of removing a 
well-resolved stratosphere on tropospheric 
climate and on climate change. E. Manzini 
discussed the differences between high-top 
and low-top simulations. Although there 
are clear differences in simulations with 
altered stratospheres, it is not yet clear pre-
cisely what is required of models to do a 
realistic job of simulating stratosphere-tro-
posphere coupling.

A final note

Although the topic is not specific to strato-
sphere-troposhere coupling, M. McIntyre 
demonstrated repeatedly throughout the 
conference that the attendees (and presum-
ably scientists in general) are easily duped 
by elementary statistical/probability tricks. 
If effect, we lack good critical thinking 
skills. He made the case that the problem 
is rooted in how probability is taught, and 
it may be wise to be skeptical of statisti-
cal significance tests. But, by realising that 
all probabilities are conditional, and by us-
ing careful reasoning, there may be some 
hope for us. A brief essay on the topic 
can be found at www.atm.damtp.cam.
ac.uk/people/mem/mcintyre-thinking-
probabilistically.pdf
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New SPARC Project: Gravity Wave Momentum Budget for 
Global Circulation Studies

 ^ Figure 1
Summary of the different satellite instruments showing which part of the gravity wave 
spectrum can be observed by each.

 ^ Figure 3
The wave momentum fluxes from Vorcore: Zonal (left) and meridional (right).
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      ^ Figure 1
Map of absolute Potential Vorticity advected by the high-resolution MIMOSA model (Hauchecorne et al., 2002) using 
ECMWF ERA40 reanalysis on the 700K potential temperature surface, for 5 July 2003. Low-PV values (in blue) depict 
air-masses originating from the tropical pipe, while high-PV values (in red) correspond to polar air-masses.  The superim-
posed black line shows the subtropical barrier location as discussed by Guillaume Kirgis based on the Nakamura criterion 
(high PV gradient and low effective diffusivity).  From the figure, one can see a large-scale isentropic exchange event in the 
Southern Hemisphere and locations of copper smelters. (Simon et al., 2007.)
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