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DATES:

13-15 June 2017

ORGANISERS:

CCMI co-chairs, CCMI Scientific Steering 

Group, Béatrice Josse, Virginie Marécal, 

Martine Michou, Isabelle Varin, Jean 

Maziejewski, Philippe Caille

HOST INSTITUTION: 

MétéoFrance, Toulouse, France

NUMBER OF PARTICIPANTS: 100

SPONSORS: 

BACKGROUND: 

CCMI is a joint SPARC/IGAC activity 

established to coordinate chemistry-

climate model evaluation in an effort to 

increase our process-based understanding of 

tropospheric and stratospheric chemistry-

climate interactions.. This is done through 

community-coordinated simulations and 

evaluations thereof using innovative methods 

and observations.

ACTIVITY WEBSITE: 

www.sparc-climate.org/activities/
ccm-initiative

The IGAC/SPARC Chemistry-Climate Model Initiative (CCMI) 
2017 Science Workshop was held from 13-15 June 2017 
at MétéoFrance in Toulouse, France. The presentations and 
discussions focused on multi-model analyses associated with 
the IGAC/SPARC CCMI Community Simulations (Eyring 
et al., 2013). The purpose of these simulations is to address 
emerging science questions in chemistry-climate modelling, 
improve process understanding, and support upcoming ozone 
and climate assessments.  Details of the models participating 
in the CCMI Community Simulations effort are given in 
Morgenstern et al. (2017) and on the CCMI website. The 
agenda also included a number of invited speakers, who spoke 
on various topics relevant and complementary to CCMI 
efforts. The presentations were grouped by theme: links to 
other communities, the stratosphere, observations for model 
evaluation, stratosphere-troposphere coupling, tropospheric 
chemistry and dynamics, and finally an impact-oriented session 
with a focus on air quality.  The oral sessions were complemented 
by three extended poster sessions, which provided ample time 
for discussion of exciting studies covering a range of topics 
related to chemistry-climate interactions, including both 
observational and modelling studies.  Around 100 participants 
attended the workshop. Alison Ming, tweeted live from the 
workshop, sharing some of the excitement and science from 
the workshop with the wider CCMI community who were not 
able to attend. The tweets from the workshop are summarised 
in a Storify (see weblink on http://blogs.reading.ac.uk/
ccmi). CCMI Scientific Steering Committee (SSC) meetings 
were held before and after the workshop.

CCMI and its Big Brothers

The workshop opened with a warm welcome by our French 
hosts, MétéoFrance (Marc Pontaud and Béatrice Josse), 
and an overview presentation on CCMI by Michaela Hegglin, 
who highlighted the purpose and status of the IGAC/SPARC-
led international activity. These were followed by presentations 
from representatives of the parent organisations of CCMI, 
IGAC (Colette Heald) and SPARC (Fiona Tummon). 
Both highlighted the importance of CCMI  to bring together a 
diverse range of scientists who work on scientific issues of an 
interdisciplinary nature. Guy Brasseur, current chair of the 

http://www.sparc-climate.org/activities/ccm-initiative/
http://www.sparc-climate.org/activities/ccm-initiative/
http://blogs.reading.ac.uk/ccmi/
http://blogs.reading.ac.uk/ccmi/
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WCRP Joint Scientific Committee and first keynote 
lecturer, shared his personal view of global change 
research. He started with highlighting the early 
achievements of individual climate scientists such as 
James Keeling, who started measuring CO2 in the 
atmosphere, and Syukuro Manabe, who performed 
the first climate change model simulations with 
results that are still valid today.  Their research 
raised awareness of global change problems and 
associated science questions that could only be 
addressed through international coordination 
of research efforts. This helped motivate the 
establishment of global observation and modelling 
systems. Subsequent developments led to the 
birth of WCRP and the International Geosphere-
Biosphere Project (IGBP), whose responsibility 
is not only to guide the direction of fundamental 
research needed to address the grand challenges in 
global change research, but more recently also to 
connect with and serve the user community.  

Links with Other Communities

This session kicked off with a second keynote 
lecture by Didier Hauglustaine on nitrate 
aerosol. Despite the importance of these aerosol 
for air quality, climate, and ecosystem health, there 
is a wide spread in column-integrated nitrate among 
models used within AeroCom. The differences are 
attributed to the representation of both wet and 
dry deposition processes, as well as to precursor 
gases, and the partitioning between fine- and coarse-
mode aerosol. Interestingly, a reduction in nitrogen 
emissions in future might accelerate the decline in 
ocean productivity, given that over 50% of the oceans 
are nitrogen-limited. Michael Schulz (invited) 
then introduced AerChemMIP, the CMIP6 model 
intercomparison project focusing on quantifying 
the change in composition, forcings, feedbacks, 
and the global-to-regional climate response from 
changes in emissions of near-term climate forcers 
including aerosols, tropospheric ozone, nitrous 
oxide, methane, and ozone-depleting substances. 
Simulations using fixed sea surface temperatures 
will be used to derive effective radiative forcing 
and coupled transient experiments will aim to 
quantify the regional climate response. In particular, 
AerChemMIP aims to provide the first consistent 
documentation and quantification of forcings in 
CMIP models. 

The next invited speaker was Stefano Galmarini 
who presented Phase 2 of the Hemispheric 

Transport of Air Pollution (HTAP-2) activity, and 
the Air Quality Modelling Evaluation International 
Initiative (AQMEII). Using an ensemble of global 
and regional models, the overarching aim of these 
international activities is to quantify source-
receptor relationships and to use them to estimate 
the impact of future emission strategies. Efforts 
have also focused on model evaluation: Error 
decomposition and apportionment to different 
timescales was presented as a methodology for 
novel model evaluation. 

Doug Kinnison (invited), presented an overview 
of the 2018 Assessment on Stratospheric Ozone 
Depletion. Key developments of the CCMI models 
since the last assessment were summarized to 
include ocean coupling, simulations with specified 
dynamics, representation of the quasi-biennial 
oscillation (QBO), and improved tropospheric and 
stratospheric chemistry. Initial analysis of the CCMI 
modelled past and future total column ozone shows 
good consistency with previous assessment results, 
but also highlighted the importance of documenting 
changes relative to the results obtained from the 
models used in the SPARC CCMVal-2 activity. 

Finally, Ramiro Checa-Garcia presented 
the methodology used to generate a new CCMI 
ozone forcing dataset for use in CMIP6 climate 
model simulations that do not include interactive 
chemistry. The dataset is aimed at replacing and 
improving the Cionni et al. (2011) ozone forcing 
database produced for CMIP5. The ozone dataset is 
based on two chemistry-climate models (the NCAR 
CESM/WACCM and the Canadian CMAM), uses 
updated emissions, solar, and volcanic forcings, and 
covers the 1850-2100 time period.  

Stratosphere

This session was mostly focused on stratospheric 
composition and transport in the CCMI historical 
(REF-C1) and the specified dynamics (REF-C1SD) 
simulations. The first speaker, Luke Oman, 
provided an overview of dynamical transport of 
stratospheric ozone and nitrous oxide (N2O) 
associated with the Brewer-Dobson circulation, the 
QBO, and the El Niño-Southern Oscillation (ENSO) 
in CCMI models. Both REF-C1 (see Figure 19) 
and REF-C1SD runs successfully reproduced the 
chemical loss of late-spring Antarctic ozone and 
the dynamical enhancement of summertime upper-
stratospheric ozone concentrations, although the 
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latter showed more realistic trends. The CCMI 
models also captured ENSO-induced stratospheric 
ozone changes and a QBO-induced time lag of one 
year between the late-winter middle stratospheric 
N2O and wintertime lower-stratospheric N2O 
concentrations. These results indicate that CCMI 
models are able to simulate the overall temporal 
variability and long-term trends of stratospheric 
chemical species. 

David Plummer presented a more detailed 
comparison between REF-C1 and REF-C1SD 
simulations. Both climatological and interannual 
variability of total column ozone are better 
simulated by the REF-C1SD than the REF-C1 runs, 
as would be expected from simulations forced by 
observed natural variability rather than using free-

running models. However, interestingly, the specified 
dynamics simulations do not narrow inter-model 
spread in tropical upwelling. However, analysis of 
the tropical to mid-latitude difference in age-of-
air suggests the specified dynamics simulations 
significantly narrow the estimates of mixing in the 
lower stratosphere. 

Björn-Martin Sinnhuber compared 
ozone concentrations in the REF-C1SD 
runs with ozonesonde observations at Ny-
Ålesund, Spitsbergen (79°N, 12°E), and aircraft 
measurements from the Polar Stratosphere in 
a Changing Climate (POLSTRACC) campaign. 
His study indicates that CCMI models generally 
underestimate wintertime Arctic ozone depletion, 
a deficiency partly attributable to Cly transport in 

Figure 20: REF-C1 simulations 

of the seasonal evolution 

of the Antarctic ozone hole 

from different CCMI models 

in comparison with ozone 

observations from the SBUV 

satellite instrument. Note, 

the contours used are every 

5% on the negative side and 

every 1% on the positive side. 

The models show different 

degrees of agreement with the 

observations, however most of 

them are still suffering from a 

long-standing issue of a too late 

vortex breakup in spring. [Figure 

courtesy Luke Oman, NASA] 
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the models. Martin Dameris examined short- 
and long-term fluctuations of stratospheric ozone 
and water vapour in EMAC simulations. The timing 
of full ozone recovery in the different simulations 
was shown to vary from region to region, and to 
be strongly influenced by the respective emissions 
scenario chosen. Unlike stratospheric ozone, lower 
stratospheric water vapour shows no significant 
trend over the past 50 years. It is, however, projected 
to increase in a warming climate. 

The last speaker, Lucien Froidevaux, compared 
REF-C1 and REF-C1SD runs from WACCM to 
upper stratospheric observations from the Aura-
MLS limb satellite instrument. Consistent with 
other presentations, the REF-C1SD run shows 
more realistic interannual, semi-annual, and annual 
variability of upper-stratospheric ozone than the 
REF-C1 run. The specified dynamics also results 
in more realistic temporal variability of chemical 
species (e.g., HNO3, N2O, H2O, and HCl) and 
temperature in the polar lower stratosphere. 
However, both REF-C1 and REF-C1SD runs failed to 
reproduce the wintertime enhancement of upper-
stratospheric nitric acid. Water vapour variability is 
also underestimated in both simulations, suggesting 
that there still is room to improve the model. 

Observations for Model Evaluation

The CCMI Steering Committee invited five 
researchers to give presentations on various 
observational datasets given the importance of 
observations for CCM trace gas and aerosol 
evaluations and constraining model processes.  
Jonathon Wright presented the origins and 
impacts of differences in reanalysis diabatic heating 
rates in the tropical tropopause layer. He showed 
that the sources of these differences include 
both variables that are well constrained by data 
assimilation (e.g., temperature, tropospheric water 
vapour) and variables that are not (e.g., clouds, 
stratospheric water vapour). 

Valérie Thouret presented the 20-year 
record of IAGOS ozone data collected aboard 
commercial aircraft. This unique record of ozone 
in the troposphere and upper troposphere/lower 
stratosphere provides long-term constraints on 
stratosphere-troposphere exchange (STE) and 
tropospheric chemical and dynamical processes. 
IAGOS also offers simultaneous measurements 
of CO, NOx, NOy, cloud droplets, aerosols, and 

greenhouse gases. Martin Schultz discussed the 
potential of the tropospheric ozone assessment 
report (TOAR) database, the “world’s largest 
collection of surface ozone data”, and introduced 
useful web tools that could be beneficial for 
supporting CCMI efforts. 

Roisin Commane discussed the value of 
various aircraft datasets for evaluating CCMs.  Her 
presentation focused on the HIPPO and ATom 
campaigns, which sampled numerous tropospheric 
trace gases, including greenhouse gases, and aerosols 
over the Atlantic and Pacific Oceans during several 
seasonal deployments. Finally, Colette Heald 
discussed observationally-driven constraints on 
model studies of tropospheric aerosol, including 
black carbon (BC), secondary organic aerosol, and 
brown carbon. 
 

Stratosphere-Troposphere Coupling

The session on stratosphere-troposphere coupling 
featured a number of presentations investigating the 
dynamical response to changes in radiative forcing. 
An invited presentation by David Ferreira put 
forward the idea that the response of sea surface 
temperatures and sea-ice around Antarctica to 
ozone depletion is governed by an initial transient 
response due to increased equatorward mixing of 
cold water with an associated increase in sea-ice 
extent. This is followed by a longer-term response 
related to increased mixing of warmer sub-surface 
ocean water that results in decreases in sea-ice. 
An analysis of CMIP5 simulations suggests a large 
spread across models in the timing of the transition 
to the longer-term response. 

Sabine Haase presented a comparison of 
the Southern Annular Mode (SAM) response to 
interactive or specified ozone in WACCM. While 
both interactive and specified ozone simulations 
overestimate the stratospheric dynamical response 
to ozone depletion, the response is considerably 
better in a more recent version of the model with 
a modified gravity wave drag parameterization that 
has resulted in a reduced climatological cold bias 
in austral winter/spring polar temperatures. Seok-
Woo Son looked at the influence of long-lived 
greenhouse gas and aerosol forcing on the Southern 
Hemisphere. Earlier studies conducted on a small 
number of models had shown that aerosol-only 
forcing, though it is largely limited to the Northern 
Hemisphere, can have significant effects on the SAM. 
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The larger set of models analysed here showed only 
a weak and inconsistent effect of aerosol forcing on 
SAM trends. 

Invited presentations by Susann Tegtmeier 
and Ryan Hossaini focused on very short-lived 
substances (VSLS). Susann detailed recent work to 
develop an improved mechanistic understanding 
of fluxes of sulfur compounds that contribute 
to stratospheric sulfur, underlining a significant 
discrepancy between top-down and bottom-
up estimates of the total flux of sulfur to the 
stratosphere. The talk by Ryan discussed possible 
future impacts of dichloromethane on Antarctic 
ozone recovery. While only a small fraction of 
stratospheric chlorine is currently derived from 
dichloromethane, if tropospheric trends seen over 
the last decade continue the contribution could 
reach 20 to 30% by 2050 and result in a decades-
long delay in recovery of Antarctic spring-time 
ozone. 

A presentation by Amanda Maycock looked at 
the effect of the solar cycle on ozone in available 
observations, CCMI simulations, as well as the 
historical ozone datasets for CMIP5 and CMIP6. 
There continues to be significant uncertainty in the 
observational constraints on the response of ozone 
and significant variability across models. The CMIP6 
ozone database shows a considerably weaker 
response of ozone to the solar cycle than the CMIP5 
database, particularly around the stratopause. A pair 
of presentations also looked at large-scale transport 
in the CCMI models, with a particular focus on 
simulations using specified dynamics. 

Andreas Chrysanthou showed that while 
specified dynamics simulations from different 
models reproduce the interannual variability in 
tropical upwelling, they do not reduce the spread 
across models in terms of the magnitude of tropical 
upwelling. At longer timescales, similar to the earlier 
CCMVal models, all CCMI free-running simulations 
show an acceleration of the Brewer-Dobson 
circulation to 2100 with a continued large spread 
across models in the projected magnitude of the 
acceleration. Clara Orbe presented an analysis of 
tropospheric transport using a variety of idealised 
tracers specified for the CCMI simulations. Her 
analysis showed that the transport of Northern 
Hemisphere mid-latitude surface air to the Arctic 
and inter-hemispheric transport to the Southern 
Hemisphere is significantly influenced by the strength 

of deep convection in the model, particularly at 
lower latitudes and over the oceans. Somewhat 
analogous to the findings for the stratosphere, 
the specified dynamics simulations show as large, 
or larger, differences across models in large-scale 
transport timescales as the free-running simulations.

Troposphere Chemistry and Dynamics

The session began with an invited talk by Kengo 
Sudo, who presented a study using the CHASER-
MIROC model on the causes, including climate 
change and changes in emissions, of interannual 
variability and long-term trends in global 
tropospheric chemistry (e.g., ozone, methane) and 
aerosols over the last few decades. 

The subject of Fiona Tummon’s presentation 
was attributing changes (e.g., air pollution emissions, 
STE) in European free tropospheric ozone over the 
last several decades. She concluded that the observed 
increase in the 1990s was not likely associated with 
increasing STE, but rather from changes in in situ 
ozone production rates and possibly in tropospheric 
circulation patterns.  She explained that the lack 
of trend since 2000 was due to a combination of 
factors, including some increase in STE, but larger 
changes in in situ production because of changing 
chemistry regimes.  Increases in the contribution of 
Asian and tropical sources may also have played a 
role.  

A presentation by Alok Pandey focused on a 
comparison of satellite-derived and UKCA model-
simulated air pollution over India.  He used numerous 
satellite datasets, including for NO2, CO, fire-counts, 
formaldehyde, aerosol optical depth, SO2, and total 
column ozone, to give a first assessment of the 
fidelity of the model over India. 

The next speaker, Miyazaki Kazuyuki, presented 
the potential for a spatio-temporal evaluation of 
ACCMIP and CCMI model performance using 
a multi-constituent chemical reanalysis. This 
study highlighted that using such a combined 
measurement-model dataset could significantly 
reduce uncertainties introduced in model validation 
exercises using only in situ observations at certain 
locations. 

To round off the session, Julie Nicely gave a 
presentation on using a neural network to diagnose 
the causes of very large differences in model 
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simulations of tropospheric OH. She highlighted the 
causes (e.g., J(O1D), water vapour, CO) of differences 
in models participating in the CCMI simulations. 

Final session – Impacts of air pollution 

In the final session, Kentaroh Suzuki (invited) 
discussed the significance of cloud and precipitation 
processes for aerosol-climate interactions. He found 
that the climate response to BC is much smaller than 
expected, with absorbing and scattering aerosols 
having distinctly different impacts on climate and 
the hydrological cycle. He also showed that indirect 
effects are still the largest source of uncertainty. 

The last two talks, both invited, focused on air 
quality. Loretta Mickley’s highlighted the 
sometimes-overlooked health effects of greenhouse 
gas emissions via the impact of climate change 
on air quality. She discussed the benefits of both 
statistical (e.g., low computational expense) and 
CCMs (e.g., able to investigate physical processes), 
including how statistical models can provide a means 
to test the sensitivity of air quality to changing 
meteorology in CCMs. Jordan Schnell set out 
to answer questions about global air pollution 
episodes, including “What are they?”, “What causes 
them?”, and “How will they change?”.  He identified 
the primary drivers of these episodes. From the 
CCMI perspective, current CCMs would need to 
also simulate the feedbacks of temperature on both 
anthropogenic and biogenic emissions, soil moisture/
drought, and possible hourly variations in emissions 
to properly predict future pollution episodes.

Updates on Directions and Plans of CCMI

CCMI has been running for five years now, so the 
CCMI SSC decided to use some time during the 
workshop to reflect and discuss possible re-direction 
of the activity, soliciting the input of the entire 
CCMI community. Extended discussions were held 
on the questions of ‘What went well?’ and ‘What did 
not go so well?’ within Phase-1 of the activity.  An 
overarching and positive message was that CCMI 
is perceived as having very successfully built up a 
strong sense of community among chemistry-climate 
modellers and in providing an appreciated platform 
for discussions on chemistry-climate related 
science issues. The strong links to the WMO ozone 
assessment and CMIP efforts were also highlighted. 
On the other hand, still more effort is needed to 
involve observationalists in multi-model evaluation. 
Also, more scientific progress is needed to find 
relevant evaluation approaches and diagnostics for 
the models in the troposphere. Other main issues 
concern the storage and accessibility of model data, 
as well as the choice of model output requested. 
(Note for the time being we encourage you to 
contact the modellers directly for help if you cannot 
find the data you need on the BADC website). This 
and further input received will be used to define 
future plans for CCMI, which will be reviewed by 
the IGAC Scientific Steering Committee in late 
2017 and thereafter communicated to the CCMI 
community. If you were not at the workshop and 
would like to help shape the future of CCMI, please 
do not hesitate to send your input to the co-leads 
Bryan Duncan (Bryan.N.Duncan@nasa.gov) and 
Michaela Hegglin (m.i.hegglin@reading.ac.uk).

Figure 21: Participants of the CCMI workshop held at MétéoFrance, Toulouse, France, from 13-15 June 2017. 
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In the near-term, of particular importance to the 
CCMI community are the deadlines imposed by the 
WMO/UNEP Ozone Assessment schedule. Authors 
of assessment-related studies should make the lead-
authors of the various chapters aware of their work 
by 15 September 2017. More importantly, studies 
need to be accepted by 15 May 2018 to be citable 
in the assessment. Also, the CCMI community will 
become heavily involved in the production and 
evaluation of the CCMI Phase-2 AerChemMIP 
simulations in strong collaboration with the 
AeroCom community. This will happen between 
early 2018 and late 2020. How to get involved in 
this activity will be announced later in 2017 through 
the quarterly CCMI e-News. If you are not on the 
CCMI emailing list, but would like to sign up, send a 
message to m.i.hegglin@reading.ac.uk.

Finally, the next CCMI workshop will likely take 
place in 2019, with exact dates and location to be 
determined. (Please contact the CCMI co-chairs if 
you are keen to host this meeting). However, in the 
meantime, we encourage a strong CCMI community 
participation in the 2018 joint 14th iCACGP 

Quadrennial Symposium and 15th IGAC Science 
Conference to be held from 25-29 September 
2018 in Takamatsu Kagawa, Japan, as well as in the 
subsequent 6th SPARC General Assembly to be held 
from 1-5 October 2018 in Kyoto, Japan.
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