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The tenth session of the JSC/CLIVAR Working Group on Coupled Modelling (WGCM) was held 
during 25-26 September 2006, kindly hosted by the Canadian Centre for Climate Modelling and Analysis, 
Climate Research Division, Canada.  The session was opened at 0900 hours on 25 October by the  
Co-Chairs of WGCM, J. Mitchell and G. A. Meehl.  A joint session with IGBP/AIMES was held on  
27 September.  The list of participants is given in the Appendix A to this report. 

 
 The participants were welcomed by the Co-Chairs, J. Mitchell, G. A. Meehl and V. Satyan 
(Joint Planning Staff, WCRP, Geneva). 
 

On behalf of all participants, J. Mitchell expressed gratitude to Canadian Centre for Climate 
Modelling and Analysis, Climate Research Division, Canada, for hosting the tenth session of WGCM and the 
excellent arrangements made.  He further expressed his appreciation to G. Flato, ably assisted by his staff, 
for the efforts and time they had put into the organization of the session. The Co-Chairs looked forward to the 
joint WGCM/AIMES session scheduled for 27 September. 
 
1. REVIEW OF RELEVANT EVENTS IN THE WCRP AND DEVELOPMENTS IN MODELLING-

RELATED ACTIVITIES 
 

WGCM endeavours to maintain a broad overview of modelling activities in the WCRP in its basic 
task of building up comprehensive climate models.  WGCM was informed of the main discussions at and 
recommendations from the twenty-seventh session of the Joint Scientific Committee (JSC) for the WCRP 
(March 2006) and the fourteenth session of the CLIVAR Scientific Steering Group (April 2006).  In addition, 
updates of the recent developments within the JSC/CAS Working Group on Numerical Experimentation 
(WGNE), the WGCM/CLIVAR Working Group for Ocean Model Development (WGOMD), modelling activities 
within the WCRP core projects and the Regional Climate Modelling activities were provided. 

 
1.1 Twenty-seventh session of the JSC  
 

J. Mitchell briefed the session about the relevant items arising out of the twenty-seventh session of 
the JSC (Pune, India, 6-11 March 2006): 

 
a) JSC thanked WGCM for the successful international workshop on analyses of climate model 

simulations for the IPCC AR4 convened by US CLIVAR, hosted by IPRC (Univ. of Hawaii),  
March 1-4, 2005 and overseen by the WGCM climate simulation panel. JSC was pleased to note 
that this was the largest, most comprehensive, highest profile and the most successful project ever 
organized by WGCM. JSC also expressed its grateful thanks to Program for Climate Model 
Diagnosis and Intercomparison (PCMDI) for their invaluable contribution to the collection, archival 
and distribution effort for the IPCC multi-model analysis activity. 
 

b) JSC was pleased to note the great success of the WCRP/IPCC multi-model analysis activity.   
JSC expressed the view that synergy between WGCM and WGSIP will lead to fundamental 
advances in WCRP science and encouraged close collaboration.  JSC would like to see more 
collaborative research efforts between the other projects and WGCM, particularly in connection with 
modelling of climate change. 
 

c) JSC would like WGCM to lead a Pan-WCRP effort on decadal predictability as well as the 
development of a WCRP Task Team on ACC. 
 

d) JSC noted that a great deal of effort is going on in various ACC activities of WCRP but that WCRP 
needs to raise its ACC visibility to a higher profile. 
 

e) An initial roadmap for ACC Activity to be developed by a JSC task team recognizing the existing 
work of the WGCM (with contributions by the projects, groups, task teams etc) which proposes how 
WCRP can deliver on its objective to determine the effect of human activities on climate.  (JSC Task 
Team Members:  V. Ramaswamy (Lead), J. Mitchell, H. Le Treut, J. Marotzke; Timeline- first draft 
available for the next WCRP Officers, Chairs, and Directors(OCD) meeting).  Terms of Reference 
(ToR) for this Task Team are: - With the aid of the Projects and Working Groups; 

 
- To document current major activities being undertaken by WCRP that relate directly to ACC 
- To identify major gaps in WCRP activities that are required to narrow uncertainties regarding 

ACC 
- To propose new activities that could fill these gaps and thus reduce existing uncertainties 
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f) JSC also encouraged holding workshops with other WCRP groups on ACC e.g. with IPCC 
(ETCCDI). JSC suggested that WCRP co sponsorship of ETCCDI should be ensured. 
 

g) JSC discussed on how to deliver WCRP’s capability to the UNFCCC.  JSC recommended that a 
Task Team should come from WGCM and other activities and be established to develop and deliver 
WCRP’s capability to the UNFCCC. It should have in its Terms of Reference: 
 

- To make input to the IPCC emissions scenarios issue (now and for future mutual benefits) 
- To initiate thoughtful interactions in ESSP on people/physics/bio-geochemical scenarios 

(ultimately perhaps the Task Team becomes an ESSP task team) 
- To propose and organize world climate research for the AR5 so that results can be 

collected, accessed, analyzed and distributed (e.g. for impacts) (the follow-on to the “Hawaii” 
meeting) 

- To prepare WCRP’s strategy for the final publication of AR4 in 2007 so that WCRP plans are 
ready and can be publicized as soon as the AR4 is officially released 

 
- To work on the SBSTA submission, assist in preparations for the SBSTA-24 meeting (Bonn, 

May 2006), attend  and offer a side event at Bonn and then to follow-up regularly so that 
each SBSTA and COP sees WCRP fully up-to-date and, if possible, endorsed by COP  

 
- To have and continue a clear dialogue with IPCC on (i) evolving research needs 

(COP/UNFCCC), (ii) scenario constancy/improvement (IPCC WGs /WCRP) (iii) radiative 
forcing (historical improvement and analysis & modelling) (WCRP/GCOS) etc. 

  
1.2  CLIVAR Activities 
  

G. A. Meehl outlined the key outcomes of the CLIVAR SSG meeting held 19-22 April, 2006, in 
Buenos Aires, Argentina. The Co-Chairs were A. Busalacchi and T. Palmer.  There are four research foci for 
CLIVAR:  ENSO, Monsoons, Meridional Overturning Circulation (MOC)/Decadal Variability, and 
Anthropogenic Climate Change.  There is an effort to create a CLIVAR Science Road Map with time horizons 
of 2007, 2010, 2013 (the latter is “sunset date” for CLIVAR).  Road map elements include: 
 
ENSO 
 

- implement (Indian Ocean) and further develop and sustain (Pacific and Atlantic) tropical 
ocean  monitoring arrays 

- Perform key planned field experiments (Tropical Atlantic Climate Experiment, Pacific and 
Indian Ocean process studies) 

- Improve ENSO and other tropical modes of variability in coupled models in time for IPCC 
AR5 

- Improved seasonal predictions of tropical variability, operational thermocline decadal 
anomaly predictions and decadal predictions with Earth System Models(ESMs) 

- Paleo-ENSO with proxy data and coupled models 
 
Monsoons 
 

- GEWEX activity:  “Monsoon Asian Hydro-atmospheric Scientific Research and prediction 
Initiative (MAHASRI) to extend CEOP-II 

- Better understand and model diurnal cycle, intra-seasonal variability, and tropical mean state 
in monsoon regimes 

- Transition from research to operations/applications 
- Continue to analyze outputs from VAMOS and NAME, and continue to support AMMA 
- Year of coordinated observing, modelling and forecasting of the tropics (organized 

convection)(YOTC), joint with THORPEX;  WCRP contribution to UN International Year of 
Planet Earth in 2008 

 
Decadal variability and MOC  
 

- Continued and sustained monitoring of, and the identification of proxies for, the MOC 
- Establish extent to which prediction is possible on decadal timescales 
- Move to initialization-based approaches to decadal predictability studies 
- Improved understanding of the mechanisms of decadal-interdecadal MOC variability 
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Anthropogenic Climate Change (ACC)  
 

- More complex ESMs 
- Understand aerosol effects, carbon cycle dynamics and cryosphere changes in terms of 

feedbacks (coordinate with IGBP through WGCM) 
- Impact of ACC on natural modes of variability 
- Pan-CLIVAR review paper related to ACC 

 
Modeling road map elements include data assimilation for initial and boundary conditions, ensemble 

forecasting, improved integration of regional and global modelling, and theoretical studies on non-linear 
coupling between the time and space scales in the earth system.  Some additional modeling elements 
include: 
 

- WGSIP Seasonal Model Intercomparison project(SMIP) 
- Major seasonal predication experiment under JSC Task Force for Seasonal 

Prediction(TFSP) (passing to  WGSIP in 2007) 
- Wider community involvement in WGOMD’s Coordinated Ocean-ice Reference Experiments 
- Continued analysis of multi-model dataset at PCMDI 

 
There was discussion of a CLIVAR legacy that could be “Ocean data synthesis decade” whereby the 

goal for a CLIVAR legacy would be to develop a global description of subsurface ocean variability and have 
in place a permanent and truly global ocean observation system.   
 
 CLIVAR asks WGCM: What processes do we want to see better observed as input to the panels to 
plan field projects? 
  
1.3 Reports from WCRP Projects relevant to WGCM 
 
SPARC  
 
Chemistry-Climate Model Validation Activity (CCMVal) 
 (http://www.pa.op.dlr.de/CCMVal/)  
 
The ongoing activities include 

- Improvement of CCMs and their underlying GCMs through process-oriented validation 
- Follow on from GRIPS (GCM-Reality Intercomparison Project for SPARC) 
- Major contributions to the 2006 WMO/UNEP Scientific Assessment of Ozone Depletion 
- Underpinning for the WCRP/IGBP Atmospheric Chemistry and Climate Initiative 

 
SOLARIS (SOLAR Influence for SPARC)  
 
The ongoing activities include  

- Modelling and understanding the solar influence on climate through stratospheric chemical 
and dynamical processes  

- Cross-cutting collaborative activity with the SCOSTEP CAWSES (Climate and Weather of 
the Sun-Earth System) program.  

- First SOLARIS workshop will be held in Boulder CO, October 4-6, 2006.  
 (http://strat-www.met.fu-berlin.de/%7Ematthes/sparc/solaris.html)  
 
Questions addressed in SOLARIS: 
 

- What is the mechanism for solar influence on climate (dynamical and chemical response in 
the Middle Atmosphere (MA) and its transfer down to the Earth's surface)? 

- How do the solar cycle and QBO interact? What are the mechanisms? 
- What is the spatial structure of the solar signal in ozone and temperature? To understand 

discrepancies between observations and model experiments. 
- What is the influence of energetic particles in the Middle Atmosphere (MA) and Mesosphere 

& Lower Thermosphere (MLT) region? 
 

These questions will be addressed with a set of Chemistry Climate Model (CCM) experiments (time-
varying vs. perpetual solar max/min runs; multiple forcing, i.e. QBO, ENSO, volcanoes vs. solar only forcing), 
mechanistic model experiments and in collaboration with CAWSES a comparison with observed signals.  
 

http://www.bu.edu/cawses/theme1.htm
http://strat-www.met.fu-berlin.de/%7Ematthes/sparc/solaris.html
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Atmospheric Chemistry and Climate (AC &C) Initiative 
 

- Being led jointly by SPARC and IGAC on behalf of WCRP and IGBP.  
- Initial modelling phase builds on the CCMVal experience in SPARC and takes into account 

that many centers have already built or are building higher resolution global models with 
interactive chemistry.  

- Goals in this phase: 
i. defining gaps in the current representations of processes controlling chemistry 

climate interactions; 
ii. assisting in filling those gaps; 
iii. defining simulations relevant to the inter-comparison of AC&C models; 
iv. defining the metrics used to evaluate the behavior of AC&C models; 
v. facilitating the inter-comparisons; and  
vi. using models to better define observational strategies.  

 
Initial planning meeting was held during August 7-9, 2006 in Boulder, USA.  
 
Dynamical Modelling of the Troposphere-Stratosphere System 

 
This activity follows on from GRIPS and provides a framework for addressing a number of remaining 

first-order questions about GCM performance, e.g. ability to represent:  
a) Polar vortices, sudden warmings and final breakdowns 
b) Stratosphere-troposphere relationships and exchange 
c) Tropical dynamics including key processes in the Tropical Tropopause Layer(TTL) 
 

The activity will include a range of modelling approaches: simplified models + AMIP-style simulations with 
models with well resolved stratosphere (CCMVal models without active chemistry) to address a number of 
issues such as:  

a) Characterising variability (trends in context of natural variability) 
b) What is the role of the stratosphere in observed lower atmosphere variations? 
c) What is the impact of stratospheric resolution and upper boundary in models on these 

issues? 
d) Initial activity proposals to be considered at the upcoming SSG meeting (October 9-13, 

Boulder, CO) 
 
GEWEX 
 

 C. Jakob presented GEWEX activities that provide a potential for the closer collaboration between 
WGCM and GEWEX. He pointed out that modelling efforts in GEWEX very much focus on model 
development through process studies while WGCM efforts are largely focused on model application and 
evaluation. Outlining the model development process it was shown that these two major areas of research 
require better links. GEWEX input into WGCM could be improved through the extensive use of GEWEX data 
sets in the model evaluation in WGCM and through model improvements directly targeted at climate model 
problems. Tropical SST biases and clouds/convection were highlighted as examples for long-standing model 
issues that need resolving. It was pointed out that WGCM can and should provide input into the GEWEX 
model development work through the setting of priorities as they arise from findings in climate and climate 
change simulations. The recent results of the Cloud Feedback MIP conducted under WGCM auspices are a 
good example for such priority setting. C. Jakob proposed a more formal close collaboration between CFMIP 
and GCSS. This was seen as a good initiative and C. Jakob and S. Bony have been tasked to coordinate 
efforts. 
 
WCRP Observation and Analysis Panel (WOAP) 

 
G. Flato, the WGCM representative on the WCRP Observation and Analysis Panel (WOAP), 

provided a brief summary of their recent meeting in Ispra, Italy (28-30 August, 2006). WOAP serves as a 
forum to discuss observations and data assimilation issues, to promote new observational techniques and 
systems, and to develop common data management activities in support of data assimilation and climate 
analysis. WOAP is co-sponsored by GCOS. A full meeting report is available at: 
http://wcrp.wmo.int/pdf/woap2_report.pdf  
 
 
 
 

http://wcrp.wmo.int/pdf/woap2_report.pdf
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1.4 Reports from other WCRP modeling activities 
 
JSC/CAS Working Group on Numerical Experimentation (WGNE) 

 
On behalf of M. Miller, Chair of WGNE, K. E. Taylor reported on the most recent meeting of the 

Working Group on Numerical Experimentation (WGNE), which met jointly with the GEWEX Modelling and 
Prediction Panel (GMPP) in Boulder, USA, in November 2005.  The report highlighted areas of mutual 
interest between WGNE and WGCM, and included a few items needing action from WGCM which are 
summarized here: 

 
Building on its longstanding practice of monitoring and comparing model skill in forecasting weather, 

WGNE asked representatives of the Program for Climate Model Diagnosis and Intercomparison (PCMDI) to 
liaise with WGCM to develop metrics for climate models that might similarly serve the climate modeling 
community.  WGNE set up an informal committee to promote the more routine use of metrics in the 
evaluation of climate modeling and invited WGCM to appoint someone as its representative on the 
committee. 
 

Another common interest of both working groups is the promotion of systematic model 
intercomparison activities.  WGNE continues to encourage the NWP centers to subject their models to the 
Atmospheric Model Intercomparison Project (AMIP) experiment protocol, which was established by WGNE 
nearly twenty years ago.  Several NWP centers plan on performing AMIP experiments with their relatively 
high resolution models to explore the effects of higher resolution on climate simulations.  At the WGNE 
meeting, evidence was shown that higher model resolution improved forecast skill in, for example, the 
prediction of the frequency of extra tropical cyclones and the paths and intensity of tropical cyclones. 
 

The increased community participation in the evaluation of climate models demonstrated by 
widespread interest in the CMIP3 dataset was applauded by WGNE.  It recognizes the importance and value 
of establishing model data standards that make data from various models self-describing enough to permit 
common analysis of data generated by multiple models.  The success of the CMIP3 effort in support of the 
IPCC AR4 was made possible by modeling group acceptance of the Climate and Forecast (CF) metadata 
standard for net CDF files.  As a step toward a more uniform handling of data between NWP and climate 
models, WGNE indicated that it would welcome representation on the CF Governance Panel, which was 
expected to be appointed by WGCM. 
 
WGCM/CLIVAR Working Group for Ocean Model Development (WGOMD) 
 
 S. Griffies presented the two main foci of the WGOMD: (i) ocean model fundamentals, and (ii) ocean 
climate modelling fundamentals. Ocean model fundamentals refer to elements of the model core, such as 
the equations being integrated, the numerical algorithms, and the subgrid scale parameterizations.  There is 
a flurry of international activity aimed at improving the rigour of ocean model fundamentals in the process of 
unifying some of the previously disparate code efforts.  For example, at GFDL we are merging geopotential 
MOM development with the isopycnal and nonhydrostatic efforts. 
 
 The resulting unified models will facilitate just as much capabilities as the previously disparate 
efforts, but with far less overhead spent on learning the idiosyncracies of each different model.  Furthermore, 
and more importantly, maintaining multiple algorithms within the same model code will greatly enhance the 
community's ability to rationally test the scientific utility of the various algorithms and parameterizations 
presently available.  The present state of the art relies on different modelling groups comparing results from 
different model codes.  This approach, unfortunately, does not allow for the careful scientifically rigorous 
tests required to rationally examine the various methods employed in the models. 
 
 The WGOMD aims to provide a clearing house of work ongoing in the international community 
focused on improving ocean model fundamentals.  WGOMD has done so by writing a major review article 
published in Ocean Modelling (Griffies et al, 2000).  This paper presented a discussion of the then 
state-of-the-art in ocean climate model fundamentals.  WGOMD continues with this work through organizing 
workshops whereby various aspects of model fundamentals are explored.  In particular, WGOMD is 
sponsoring a workshop titled "Numerical methods in ocean modelling" to be held August 23-24, 2007 in 
Bergen, Norway, in conjunction with the next WGOMD committee meeting. 
 
 Ocean climate modelling fundamentals refers to the experimental design of global coupled ocean 
and sea ice models run for centuries to millenia.  Presently there is no community-wide approach to running 
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these models.  Furthermore, details of the experimental design have nontrivial impact on the simulation 
integrity and sensitivity.   This situation makes it nearly impossible to directly compare simulations run by 
different research groups, as there are too many differences, even beyond differences in model 
fundamentals. 
 
 The WGOMD has been working with the international community for the past five years to establish 
a common benchmark experimental design for global ocean and sea ice coupled models.  The result of this 
work is a proposal known as the Coordinated Ocean-ice Reference Experiments (CORE).  There are three 
COREs: 

 
1. a repeating annual cycle simulation run for order 500 years aiming to highlight 

quasi-equilibrium simulation characteristics, 
2. 50 year interannually varying simulation, aiming to explore features of the observational 

record, 
3. a Greenland ice melt fresh water perturbation experiment that examines the sensitivity of 

models to fresh water melt, with the design aimed at addressing possible impacts of global 
warming. 

 
 Six modelling groups have participated during the past years to iterate on the experimental design 
and test the proposed use of the Large and Yeager (2004) dataset.  This dataset was developed and 
continues to be supported for use in running ocean and sea ice models.  A manuscript describing the CORE 
proposal and model simulations should be submitted early 2007. 
 
References: 
 
Griffies, S.M., C. Boening, F.O. Bryan, E.P. Chassignet, R. Gerdes, H. Hasumi, A. Hirst, A.-M. Treguier,  
D. Webb, 2000: Developments in Ocean Climate Modelling, Ocean Modelling, vol. 2, pages 123--192. 
 
Large, W. G., and S.G. Yeager, 2004: Diurnal to decadal global forcing for ocean and sea-ice models: the 
data sets and flux climatologies, CGD Division of the National Center for Atmospheric Research, NCAR 
Technical Note: NCAR/TN-460+STR, 
 
CLIVAR Working Group on Seasonal to Interannual Prediction (WGSIP) 

 
B. Kirtman reported on the activities of the WGSIP.  Major WGSIP activities included: 

 
1. WGSIP-TFSP interactions 

a. NWP Models Used on Seasonal Problem (THORPEX) 
b. IPCC Class Models Used on Seasonal Problem (WGCM) 
c. Decadal Predictions (WGCM)  
 

2. Prediction Science Issues 

3. Regional panel interactions  

4. Planning/organizing WGSIP/TFSP seasonal prediction workshop early-mid 2007 

 involving SMIP2, SMIP2/HFP 

5. Developing strategy and standards for seasonal prediction 

6. Interaction with GEWEX - land initialization(GLACE2) 

7. Scientific needs/issues for Observing System Simulation Experiments (OSSE), observing 

system (OSE’s)  and data assimilation, coupled initialization  

TFSP-WGSIP Collaboration 
 

The Task Force on Seasonal Prediction (TFSP) was set up to coordinate and facilitate Seasonal 
Prediction Experiment with pan-WCRP perspective in order to provide: 

 
–best possible treatment of all the elements of the Climate System 
–assessment of skill as inputs  to WGSIP and Regional Panels 
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WGSIP aims to provide scientific guidance, hypothesis testing, basic research (process and predictability), 
forecast methodology and standards, observing systems, and model improvement. WGSIP-TFSP Seasonal 
Prediction Experiment involves: 
 

1. Experimental design including 

a. Coordination with ENSEMBLES and APCC 
b. Data output requirements 
c. Use IPCC Models and NWP Models 
 

2. Data distribution strategy 

3. Land initialization strategy - GLACE2 

4. Impact of sea-ice on predictability (CliC) 

5. Decadal Prediction 

6. Seasonal prediction workshop 2007 

 
Prediction Science issues address aspects such as: 
 

- Multi-Model Prediction 
- Importance of Coupled Feedbacks 
- Model Errors 

 
WGSIP-WGCM Interactions deal with the following: 
 

- Testing IPCC Class Models on Seasonal-to-Interannual Prediction (with TFSP) 
- Decadal Prediction and Predictability 
- Atlantic Multi-Decadal Variability 
- ENSO Modulation 
- Tropical Biases including: 

o Mean Errors 
o Errors in Variability 

 
1.5 Regional Climate Modelling  
 
 F. Giorgi presented a review of the status and recent developments in regional climate modeling and 
other regionalization techniques, such as variable resolution global modeling, time slice uniform resolution 
global modeling and statistical downscaling. The following points were highlighted: 
 
Regional Climate Modeling (RCMs) 
 

- The current target grid spacing of advanced RCMs is 10-25 km and most RCMs are being 
upgraded to non-hydrostatic dynamical cores. Decadal to multi-decadal simulation lengths have 
become the norm and some full transient centennial simulations are available. 

 
- A number of coordinated intercomparison experiments involving multiple RCMs over different 

regions of the World are continuing or have been initiated (PRUDENCE, ENSEMBLES, 
NEWBALTIC, QUIRCS, NARCCAP, PIRCS, NAMAP, PLATIN, RMIP, AMMA, ARCMIP). Also 
some coordinated efforts involving multiple regions are under way, such as the Model 
Transferability Project and the Regional Climate research NETwork, (RegCNET). 

 
- Interest is increasing towards the application of RCMs to seasonal climate prediction and impact 

assessment studies. 
 

- Not much progress has been reported on two-way nesting after the encouraging preliminary 
experiments at the MPI. 

 
- RCMs are increasingly recognised as important tools to engage developing country scientists in 

climate modeling research. Two modeling systems (the ICTP RegCM and the Hadley Centre 
PRECIS) have been developed for specific use by developing country scientists. 
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Variable Resolution Atmospheric Global Modeling (VARGCM) 
 

- At least 4 modeling groups have developed and successfully used VARGCMs in climate and/or 
climate change simulations 

 
- The current maximum regional resolution reached by current VARGCMs is similar to that of 

RCMs (a few tens of km). 
 

- One intercomparison project (SGMIP) is currently under way with 4 participating models. 
 
Uniform resolution time slice atmospheric global modeling (AGCM) 
 

- Increasingly viable technique for producing high resolution climate and climate change 
information. 

 
- The current horizontal grid spacing is in the range of 20-100 km.  

 
Statistical Downscaling (SD) 
 

- Many different approaches and SD models are today available, often tied to specific applications 
and local conditions. 

 
- Progress in SD is difficult to assess because of the multiplicity and diversity of approaches. Key 

issues appear to be the choice of suitable predictors, the availability of data for model calibration 
and the stationarity of the predictor-predict and relationships. 

 
- Some coordinated projects have been carried out which have increased the understanding of 

uncertainties associated with SD models (STARDEX, MICE, ENSEMBLES, AIACC). 
 
1.6 Intergovernmental Panel on Climate Change (IPCC) 
 
Fourth Assessment – update 
 
Workshops 
 
  G.A. Meehl reported on the Aspen Workshop, July 30-August 5, 2006. See section 9. 
 
Task Group on Climate Impact Assessment (TGCIA)  
 
 J. Mitchell gave a brief account of the TGCIA meeting held in South Africa, February 2006.  The 
meeting discussed about scenarios, on back engineering from concentration scenarios, and on the quality of 
daily data on extreme indices that can be made available from AR4 results. 
 

Task Group on New Emissions Scenarios (TGNES) 
 

N. Nakicenovic reported on the activities of the Task Group on New Emission Scenarios (TGNES) 
including Integrated Scenarios in AR4 and for AR5. 
 
Baseline Emissions Scenarios 
 

- SRES scenarios are widely used for the assessment of climate change and impacts 
(WG1&WG2)  

- WG3 has concluded, comparing new baseline emissions scenario literature with SRES (Ch 3), 
that: 

o there is no significant change in ranges (uncertainty) of future emissions and underlying 
driving forces compared to SRES  

o the main difference concerns downward correction of demographic projections (not yet 
implemented in the majority of new emissions scenarios) 

o the majority of the new emissions scenarios employ MER-based GDP assumptions. A 
few studies in the literature reporting PPP, indicate that the impact on emissions is small 
(problems: lack of comprehensive PPP data) 
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Stabilization and Mitigation Scenarios 
 

- Major difference to TAR: studies suggest that it is technically feasible to stabilize GHG 
concentrations at levels significantly lower than TAR (450 CO2-eq.) 

- Most of the low scenarios imply a temporal overshoot of the target 
- Potential challenge for consistency – climate outcomes of these low stabilization scenarios are 

not analyzed in WGI (TS and SPM) 
- New multi-gas literature indicates that for a specific stabilization target, emissions might peak 

later in time compared to TAR 
 
TGNES Recommendations 
 
The three IPCC WGs should use a common base: 
 

- The assessments of impacts, adaptation and vulnerability should be consistent with views on the 
evolution of climate change, which in turn should be consistent with views on emissions 
trajectories.  

 
- The assessment of emissions should be consistent with views of socio-economic drivers and 

land-use change and take account of feedbacks from climate change and response policies 
(e.g. stabilization)  

 
- Finally, impacts, adaptation and vulnerability are in their turn dependent on those socio-

economic drivers and land-use change. 
 
Three options for the role of IPCC in the development of scenarios:  
 

- B1A: Development left to the scientific community (may or may not self-organise, e.g. EMF) 
 
- B1B: IPCC involved in facilitating (catalyzing) the establishment of a coordinating mechanism for  
 
- development of new scenarios 
 
- B2: IPCC provides coordination of scenario development 

 
Chair Proposal on Actions of IPCC 
 
New Task Group on Scenarios: 
 

- Specify organization of  Scenario development; what level of involvement, by whom 
 
- Organize expert meetings in 2007: specify ‘ wish list’ and ‘interagency meeting’ 
 
- Technical Paper with ‘bench mark’ emission trajectories based on AR4 in second half of 2007 
 
- Scoping note for Special Report Integrated Scenarios (SRIS) for IPCC-26 

 
IPCC Plenary Decision 
 

- The Panel recognized that the development of scenarios for AR5 would be undertaken by the 
scientific community.  The IPCC may “catalyze” such work so as to promote its readiness in time 
for the AR5 cycle  

 
- Prepare a Technical Paper to summarize relevant material from the AR4 and to identify a small 

number of “benchmark” emission scenarios for potential use by climate modeling groups IPCC; 
Steering Committee to organize a meeting involving relevant communities. 

- IPCC to catalyze the establishment of a coordinating mechanism (The Earth System Science 
Partnership: DIVERSITAS, IGBP, IHDP and WCRP) 
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2. NEWS FROM RELEVANT NATIONAL AND MULTINATIONAL PROJECTS 
 
2.1 Global Modelling Activities, Japan  
 

M. Kimoto reported on recent activities of the Japanese climate modeling community.  The Ministry 
of Education, Culture, Sports, Science and Technology (MEXT),Japan has been promoting global warming 
projection studies using the Earth Simulator since 2002, under the Research Revolution 2002 (RR2002) 
Project, Project for Sustainable Coexistence of Human, Nature, and the Earth, in Japanese, Kyousei Project. 
A high-resolution AOGCM projections (by CCSR/NIES/FRCGC group), a high-resolution time slice 
experiment with a 20km-mesh AGCM (MRI/JMA), an overshoot scenario experiment (CRIEPI/NCAR), and 
development of an integrated earth system model (FRCGC/CCSR/NIES) have been successfully conducted. 

 
The MIROC AOGCM by the CCSR/NIES/FRCGC group showed impacts of both atmosphere and 

ocean resolutions in an experiment with various combination of component model resolutions, the highest 
T213 atmosphere and 1/4 x 1/6 degree ocean.  It has been noted, for this model, that the large-scale pattern 
of model error was not very sensitive to the resolution and the model bias was more dependent on model 
physics in the experiment in which most of the physics were kept unchanged.  With higher resolution models, 
the summertime East Asian rainband, so-called Meiyu/Baiu front has been successfully reproduced and 
increase in heavy precipitation events under global warming has become a societal concern in Japan.  The 
MRI/JMA 20km AGCM showed an increase in frequency of strong typhoons.  The FRCGC/CCSR/NIES 
group has established an integrated earth system model with aerosols, stratospheric/tropospheric chemistry, 
and a full carbon cycle.  Incorporation of a dynamic vegetation component is under way. An icosahedral 
global cloud resolving model is now a GCM, including land and ocean (it ran on an aqua-planet last year), 
although long integrations are not feasible on the Earth Simulator, which now has to cover wide-spread 
applications like solid earth, nano-tech, automobile, and holistic simulations. 

 
The Kyousei project ends in March 2007, but there is a plan for upgrading the Earth Simulator, 

2-5 times faster, hopefully, and another project for 10-petaflop computer is under way.  A post-Kyousei 
project has been discussed since the beginning of 2006, an outline of which has considerable consistency 
with the AR5 experimental plan that has been discussed in the Aspen meeting and in this WGCM-10/AIMES 
meeting.  Japanese community thinks it is important in the post-Kyousei program to focus on: 

 
(1) A 30-year quantitative prediction with high-resolution AOGCMs with initialization and time-slice 

AGCMs,  
 
(2) A 300-year projection with integrated earth system models including a full carbon cycle, 
 
(3) Quantifying and reducing uncertainties with high-resolution and physics ensembles, in the latter 

of which an application of ensemble Kalman filter is discussed, and 
 
(4) Projections with global cloud resolving model. The realizability of such an ambitious experiment 

depends on availability of the Peta-flop computer, but the use of cloud resolving simulation to 
test cloud parameterization is an important research subject. 

 
2.2  Australian Community Climate and Earth System Simulator (ACCESS)  
 

C. Jakob reported on a new Australian Initiative to build a community Earth System Model (ESM). 
The Australian Community Climate and Earth System Simulator (ACCESS) is a joint initiative of the 
Australian Bureau of Meteorology, the Commonwealth Scientific and Industrial Research Organization 
(CSIRO) and several Australian universities.  The ACCESS mission is to build an ESM that serves as the 
basis for all atmosphere, ocean, biosphere and coupled prediction and simulations applications.  This ranges 
from local/regional Numerical Weather Prediction (NWP), ocean prediction, and seasonal and intra-seasonal 
prediction to climate change and multi-century simulations.  The components envisaged for the system are 
the UK Met Office data assimilation system and atmospheric model, the Australian Community Ocean 
(based on the GFDL MOM) and sea-ice model, the Australian community land model (CABLE) coupled with 
LPJ dynamic vegetation model, and the new UK Met Office Chemistry and Aerosol scheme (UKCA).  All 
modules will be coupled using the OASIS coupler.  Work on all modules is underway and it is expected that 
ACCESS will be making a contribution to the next IPCC assessment report. 
 
2.3 Canadian Climate Change Model (CCCM) 
 

G. Flato provided an update on model development at the Canadian Centre for Climate Modelling 
and Analysis (CCCma).  He focused on development since the submission of model results to the WGCM 



 11

archive for the IPCC AR4.  In particular, he described recent improvements in the ocean model component 
which include increased horizontal and vertical resolution, updated vertical mixing scheme, a representation 
of tidal mixing, anisotropic viscosity, and constriction of flow through Bering Strait.  These improvements 
have allowed the coupled model to be run without flux adjustments.  He also described progress on the 
representation of the carbon cycle in the CCCma model.  This includes a new terrestrial ecosystem model 
(CTEM) and an ocean model with inorganic chemistry and ocean biology (CMOC). Initial simulations of the 
coupled climate/carbon system are currently underway.  Finally, he described work underway on 
representing the sulphur cycle and simulations done with the middle atmosphere version of the CCCma 
model undertaken for the WMO ozone assessment. 
 
2.4 Coupled Modelling Activities, France 
 

P. Braconnot reported on the coupled modeling work in France.  There has been much activity in 
France during the past years to analyse the results of the set of simulations with IPCC scenarios stored at 
PCMDI as part of the CMIP project.  The ESCRIM project, co coordinated by IPSL and CNRM aims to use 
the opportunity of having two French models participating in this intercomparison, and to provide a set of 
analyses of these two model results to better understand model responses to increase in greenhouse gases 
and model differences.  There are now 15 subprojects as part of ESCRIM covering a wide range of subjects, 
such as cloud feedback, hydrology, detection/ attribution over France, monsoon and Indian-Pacific ocean 
teleconnections, sea-ice evolution and ocean thermohaline circulation. 

 
Complementary activity was also developed in each of the groups. On the IPSL side, complementary 

scenarios have been run with interactive carbon cycle.  First simulations including a simplified version of the 
chemistry and aerosol model INCA should start this fall.  The parallelised version of the atmospheric model is 
now ready and the coupled system should follow very soon. In the coming years model development will 
follow two different directions.  The ESM version of the model includes a physical package close to the one 
used for AR4 simulations.  Work is however going on to analyse and correct when possible known model 
bias.  This model will serve as a basis to include the different biochemical cycles.  

 
New developments are on the way in the different IPSL laboratories to improve model physics 

(clouds, diurnal cycle, boundary layer, coupling scheme, etc.).  These new developments will be part of the 
new version of the coupled ocean-atmosphere model.  Key aspects of these new developments will be fixed 
in the coming year. 
 
2.5 Coupled Modelling Activities, Germany 
  

M. Giorgetta presented the ongoing coupled modeling efforts in Germany. 
 
Major goal: Global Earth System Model 
 

- Based on existing ECHAM5/MPIOM AOGCM as used for AR4 and further components 
 
- Carbon cycle: 

o Land vegetation model:13 PFTs, 4 pools 
[dynamical vegetation in development] 

o Ocean biogeochemistry: carbon chemistry, NPZD type 
 

- Aerosol system: 
o 7 modes 
o 5 species: dust, sea salt, sulfate, bc, part. organic matter 
 

- Chemistry: 
o Flexible, to be configured for trop.+strat. O3 
 

- System Integration: 
o All components + PRISM system 

 COSMOS ESM framework 
 
Tested/Used ESM configurations 
 

- AOGCM (= dynamic physical core) (IPCC AR4) 
o Troposphere, ptop=10hPa, L31 (IPCC AR4) 
o Middle atmosphere, ptop=0.01 hPa, L47 
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- Carbon cycle model  (experimental AR4) 
- Aerosol system model (experimental AR4) 

 
Tested/Used ESM chemistry atmosphere models 
 

- Atmosphere + troposphere chemistry (2x) 
- Atmosphere + troposphere  chemistry + aerosol 
- Whole atmosphere model incl. chem. (SOLARIS) 

 
 AR5: Integrate CC, aerosols, simple/cheap O3 chemistry 

 
Development lines beyond AR5: ICON models, (collaboration with DWD) 
 

- Basic Properties: 
o Icosahedral grids 
o Optional local grid refinement 
o Global or regional domain 
o Hydrostatic or non-hydrostatic 
o atmosphere and ocean model 

 
- Current status: 

o Shallow water model (completed) 
o Hydrostatic dyn. core (first tests) 

 
Other coupled model efforts in Germany: 
 

- Mojib Latif, IFM GEOMAR 
o ECHAM5/OPA 

 
2.6 Geophysical Fluid Dynamics Laboratory (GFDL), USA   

 
T. Delworth reported on the GFDL Climate Modeling activities: 
 
- The current “workhorse” model” is version CM2.1 (ATM: 2 degree, 24 levels; OCN: 1 degree, 

50 levels, model used for full suite of IPCC AR4 runs) 
- Recent activity is aimed  to create a “roadmap” to ESM3/CM3 (AR5 model) 
- Key emphasis is on Earth System Model 
- Current plan is to have model “ready” by January, 2009 

 
GFDL “Roadmap” to ESM3/CM3 
 

- One constraint: modest computational resources 
 
- Three streams of approach – computational resources and model maturity will dictate which 

stream is main model. Streams differ in resolution: 
o Atmosphere: 2 degree, 48 levels Ocean: 1 degree, 50 levels 
o Atmosphere: 1 degree, 48 levels Ocean: 1 degree, 50 levels 
o Atmosphere: 1 degree, 48 levels Ocean: 1/4 degree, 50 levels 

  
- Atmospheric physics/numerics changes under development: 

o Improved resolution in stratosphere 
o Trop/strat interactive chemistry 
o Convection, boundary layer, gravity wave drag 
o Indirect aerosol effect 
o Cubed-sphere grid 
 

- Ocean directions  
o Physics/numerics changes from ocean component of CM2.1. These include: 

a. Higher order advection (Prather) 
b. Smagorinsky biharmonic viscosity 
c. Enhanced tidal mixing, no Bryan-Lewis diffusivity -CM2.1.1 
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o Hallberg isopycnal model – has been successfully coupled to AM2.1 atmosphere - 
CM2.2 

o New ocean code under formulation – GUOM  (GFDL Unified Ocean Model)  
 

- Land model directions : 
o Far more comprehensive soil water treatment -Chris Milly, USGS 
o Much improved river routing and dynamics – Kirsten Findell, GFDL 
o Terrestrial carbon cycle – Elena Shevliakova, Sergey Malyshev 

 
GFDL’s current Earth System Model for coupled carbon-climate studies (courtesy John Dunne) 
 

- Coupled physical model (CM2.1): 
o AM2 atmosphere finite volume grid (2o horizontal, 24 levels) 
o MOM4 ocean model, 1o  horizontal, 0.3o at Equator, 50 levels) 
o Dynamic sea ice (SIS) 
o Dynamic land radiation and bucket hydrology with river routing (LM2) 
 

- Terrestrial vegetation (LM3v): 
o Carbon in leaves, sapwood, wood, fine roots, and 2 soil pools 
o Dynamic succession of vegetation types between tropical evergreen, coniferous 

evergreen, temperate deciduous, warm grasses (C4) and cold grass (C3) 
o Land use with pasture, crops, and secondary forestry (years 1700-2000) 
o Annual fire losses 
o Dynamic sub-gridscale heterogeneity 
 

- Ocean ecology and biogeochemistry (GOB): 
o Coupled elemental cycles of C, N, P, Si, Fe, O2 and alkalinity and lithogenic material 
o 3 Phytoplankton functional groups with co-limitation, flexible physiology and size-based 

grazing 
o Size-based detritus formation and mineral protection during sinking 
o 3 dissolved organic matter components 
o Solubility-based CaCO3 sedimentation and dissolution 
o N2-fixation and denitrification in sediments and the water column  
o Air-Sea gas exchange, atmospheric deposition, and runoff of C, N, Fe, O2, alkalinity and 

lithogenic material 
  
2.7 National Center for Atmospheric Research (NCAR), USA 
 

G. A. Meehl reported on the global coupled climate model efforts at NCAR which are coordinated 
nationally through the Community Climate System Model (CCSM) project in partnership with NCAR, 
universities and some government laboratories.  Ten working groups coordinate research and model 
development, and address: atmosphere, ocean, polar, land surface, biogeochemistry, climate change, 
climate variability, software engineering, paleoclimate, and chemistry. 

 
Currently active climate models at NCAR: 
 

1. Parallel Climate Model (PCM; still runs, but nearing retirement): atmosphere: CCM3.2, T42, 
18L; ocean: POP, 2/3 to 1/2 degree in eq. Tropics, 32L, biharmonic diffusion, 
Pacanowski/Philander mixing; sea ice: dynamic (EVP), thermodynamic; and land surface: 
LSM. 
 

2. Community Climate System Model version 2 (CCSM2; limited runs mainly with water hosing 
experiments and closed/open Bering Strait experiments): atmosphere: CAM2, T42, 26L; 
ocean: POP, 1 to 1/2 degree in eq. Tropics, 40L, GM, KPP; sea ice: dynamic (EVP), 
thermodynamic; and land: CLM. 
 

3. CCSM3 (main workhorse model, actively being run for black carbon-only, anthropogenic vs. 
natural forcings for 20th century, tropical thermosta low resolution run for paleoclimate 
experiments): atmosphere: CAM3, T85,  26L (also T31 and T42);  ocean: POP, 1 to 1/2 
degree in eq. Tropics, 40L, GM, KPP; sea ice: dynamic (EVP), thermodynamic, land: CLM.  
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4. WACCM (run for atmospheric chemistry experiments, stratosphere/troposphere interaction, 
solar influences, etc.): finite volume dynamical core, many more levels in the stratosphere, 
and coupled chemistry (not coupled to ocean yet). 
 

5. CSM1 with carbon cycle (currently running AOGCM with coupled carbon cycle): 
CAM1 atmosphere, T31, 3 degree ocean, terrestrial and ocean carbon cycle 
 

6. Prototype CCSM4: atmosphere: CAM4, finite volume, (1 degree and 2 degree versions), 
POP, 1 to 1/2 degree in eq. Tropics, 40L, GM, KPP; sea ice: dynamic (EVP), MOZART 
chemistry, terrestrial and ocean carbon cycle (and ocean ecosystem model), dynamic 
vegetation, sulfate indirect, mineral dust, other aerosols (GHAN scheme). 

 
3. REVIEW OF WGCM INITIATIVES 
 
3.1  Coupled Model Intercomparison Project (CMIP)  
   

G. A. Meehl presented an update on CMIP.  Significant accomplishments related to CMIP during the 
past year are: 
 

- PCMDI has collected, archived and distributed the model data (and will do so for next few 
years); the WGCM Climate Simulation Panel (Members: G.A. Meehl, J.F. Mitchell, McAvaney, 
M. Latif, C. Covey, R. Stouffer), set up by WGCM, has overseen and coordinated collection, 
archival, and analysis of model data for the IPCC AR4; over 683 scientists have registered to 
analyze the IPCC model data; well over 200 papers submitted to peer-reviewed journals, and 
177 have been published so far. 

 
- Coupled Model Evaluation Project (CMEP) to address drought proposed through US CLIVAR 

(July, 2006) 
 

- Catalogue of MIPs maintained with cooperation of WGCM and AIMES, and is maintained on 
WCRP web page with link from CMIP web page 

 
- Description of WCRP multi-model activity submitted: Meehl, G.A., C. Covey, T. Delworth,  

M. Latif, B. McAvaney, J.F.B. Mitchell, R.J. Stouffer, and K.E. Taylor, 2006: The global coupled 
climate multi-model dataset:  A new era in climate change research.  Bulletin of American 
Meteorological Society, submitted. 

 
- CMIP has produced significant contributions to IPCC AR4; There are 43 CMIP2+ subprojects 

currently active, in addition to 10 completed subprojects from CMIP1 and 22 from CMIP2;  
683 active projects now involve the multi-model dataset as CMIP has been encompassed in that 
larger dataset/effort. 

 
- Announcement soliciting modeling groups to submit natural and anthropogenic forcing 20th 

century simulations sent out in August, 2006 (contact person: D. Karoly) 
 

- Aspen Global Change summer session (August, 2006) organized to address next generation 
earth system models and propose a strategy for an experimental design for coordinated 
experiments for IPCC AR5. 

 
G.A. Meehl has been the chairman of CMIP since its inception in 1995.  During that time there have 

been several stages of CMIP (CMIP1, CMIP2, CMIP2+, and most recently CMIP3).  The latter, CMIP3, was 
an unprecedented effort to coordinate the international modeling groups to run a set of 20th and 21st  century 
climate change experiments, in addition to several climate change commitment experiments.  Output from 
these experiments was collected and archived at PCMDI, and CMIP then organized an ambitious 
international model analysis activity that made major contributions to the IPCC AR4.  So far over 170 papers 
have been published out of the well over 200 papers that have been written as outcomes of this activity.  
This level of scientific productivity as a direct consequence of CMIP3 has far exceeded even our most 
optimistic projections when we initiated the project.  Thus CMIP has brought global coupled climate model 
intercomparison and analysis to an internationally coordinated level never before achieved in the field of 
climate science.  As we begin to contemplate a strategy for earth system model experiments and analysis for 
a possible IPCC AR5, G.A. Meehl has decided to step down as chairman of CMIP and R. Stouffer (a CMIP 
Panel member since its inception) has agreed to become the new CMIP chairman.  Additionally, C. Covey 
(another original CMIP Panel member) has agreed to become CMIP vice-chair.  G.A. Meehl will stay on as a 
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CMIP Panel member in addition to his duties as co-chair of WGCM.  He would like to thank the CMIP Panel 
members for their dedication and support over the years for this very worthwhile activity, and he wishes  
R. Stouffer and C. Covey the very best as they lead upcoming CMIP activities related to earth system 
models. 
 
3.2 International Cloud Feedback Model Intercomparison Project (CFMIP)/Idealized experiments 

S. Bony reported on the activities of the first phase of CFMIP (set up in 2003 by B. McAvaney and  
H. LeTreut) as well as its outcome in terms of publications and of participation in the IPCC AR4  
(cf; http://www.cfmip.net for more information) including an overview of the current assessment on 
cloud-climate feedbacks.  The main conclusions were that (1) cloud feedbacks remain the largest source of 
uncertainty for equilibrium climate sensitivity estimates, the spread in cloud feedbacks leading to inter-model 
differences of roughly a factor of 2 among models, and that (2) thanks to recent model intercomparisons of 
cloud feedbacks (within the framework of CMIP and CFMIP), and to the development of new methodologies 
of analysis of cloud feedbacks, low-cloud cover has now been pointed out as a primary culprit of this spread. 
This shows that model comparisons of cloud feedbacks are useful to identify primary sources of uncertainty 
in climate models, and provide guidance for future observational and process studies (e.g. for 
GEWEX/GCSS).  However, to date we are still unable to determine which of the model cloud feedbacks are 
the more reliable, which would be necessary to narrow the uncertainty in climate sensitivity estimates. 

 
Preparations for the second phase of CFMIP (CFMIP2) are ongoing.  The main objective of CFMIP 

(which is now under new management) will be to allow for a better assessment of climate change cloud 
feedbacks for the AR5. This requires progress in three different areas: 

 
(1)  the evaluation of cloud fields,  
 
(2)  the understanding of climate change cloud feedbacks in climate models and of intermodel 

differences in cloud feedbacks,  
 

(3) our ability to determine which of the climate change cloud feedbacks seem the more reliable 
based on our physical understanding of cloud feedbacks and on the ensemble of evaluation 
tests applied to models' clouds.  

 
The aim of CFMIP2 is to encourage research in these 3 areas, to develop and to distribute tools that 

may be helpful for this purpose, and to strengthen the interaction between WGCM and other "cloud" 
communities, particularly GEWEX (GCSS, GRP). 

 
Specific plans and initiatives of CFMIP2 are: 
 

- To improve the evaluation of cloud fields in climate models, we think that both process-level 
evaluations as well as large-scale evaluations should be performed.  Process-level evaluations 
should be encouraged by interacting more with GCSS (see below).  To improve the evaluation of 
clouds from space observations, we plan to develop and to distribute to the GCM community a 
CFMIP CloudSat/CALIPSO Simulator (C3S) to simulate lidar and radar signals from model 
variables. By comparing these simulated signals to the new CloudSat (radar) and CALIPSO 
(lidar) data, it will be possible to evaluate the model cloud properties (including their vertical 
structure) in much more detail.  We propose to make the use of this simulator become part of 
IPCC requirements for the AR5 simulations. 

 
- To improve our understanding of climate change cloud feedbacks, we wish to encourage the 

analysis of cloud feedbacks by a wider community.  For this purpose, we wish to make available 
to the whole community (e.g. through the CMIP3 database at PCMDI) as much cloud 
diagnostics as possible (including daily data from CFMIP1). 

 
- To determine how we might determine which of the climate change cloud feedbacks are the 

more reliable based on physical understanding of the feedbacks and observational tests, we 
need to develop new methodologies. This issue will be addressed during CFMIP/ENSEMBLES 
workshop to be held in Paris on April 2007. 

 
Recommendations / Actions: 
 
It has been proposed that: 

-  WGCM may endorse the CFMIP2 project by March 2007. 

http://www.cfmip.net/
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-  using the ISCCP simulator (and eventually the combined ISCCP/radar/lidar simulator if 

available) in climate models should become an IPCC requirement for the AR5. 
 

-  in the future, CFMIP may have "two parents": WGCM and GEWEX. Interactions with C. Jakob 
on this issue will take place over the next few weeks. 

  
3.3 Model initialization and forcing scenarios 
 

R. Stouffer reported on this topic.  The process of designing the common experiments for AR5 is 
starting.  A white paper detailing the reasoning for the proposed experiments is available.  Two sets of 
integrations are proposed.  One is a short term forecast to address the topics of atmospheric chemistry, 
decadal predictability and regional climate change.  The second experiment closes the carbon cycle and 
investigates the impact of climate change on the carbon cycle and the feedbacks. 
 

The short term experiment will start from observed initial conditions (all components) near present 
day.  The integrations will be several decades in length and use atmospheric models with resolutions around 
½ to 1 degree, possibly with model tops above the stratosphere.  The atmospheric models will include 
chemistry modules. In addition to the climate response, air quality issues will also be investigated. 
 

The longer term experiment is similar in design to the AR4 integrations in the multi-model database 
at PCMDI.  Concentrations of GHG and aerosols will be used to force the models.  The model resolution and 
integration lengths will be similar to the AR4 models.  Fluxes of carbon will be archived and used to 
investigate the impact and feedback of including the carbon cycle. 
 
3.4 Climate Change Detection, ETCCD 
 

 D.Karoly reported on the activities of the Expert Team on Climate Change Detection (ETCCD). 
 
The main points were: 

- Major involvement in IPCC WGI Chapter 9 and WGII Chapter 1. 
 

- Request to modelling groups to add ANTHROP and NATURAL only forcing runs for 20C3M to 
MMD at PCMDI. 

 
- Official link with WMO CCl/CLIVAR/JCOMM Expert Team on Climate Change Detection and 

Indices (ETCCDI). ETCCD was reformed in 2006 for an additional 3 year term and will meet in 
Canada in November 2006. 

 
- ETCCD has unofficial link with IDAG (International Ad hoc Detection and Attribution Group) 

jointly funded by DoE and NOAA in US. It has secured new funding for an additional 3 years in 
2006.  The group will meet in March 2007 in US and the emphasis will be on regional attribution 
and on extremes. 

 
3.5 Palaeoclimate modelling  
 
 P. Braconnot reported on this agenda item.  The paleoclimate intercomparison project is now in its 
second phase.  Simulations of the Last Glacial maximum (LGM, 21ka BP) and of the mid-Holocene (6ka BP) 
are two key benchmarking periods for this project for which several modelling groups ran similar simulations 
that are stored in a common database at LSCE (France).  Several papers analysing these simulations were 
published or were submitted.  Some of them, concerning polar amplification, the comparison of LGM model 
results with proxy data over North Atlantic and the Eurasian continent, served as a basis for the IPCC AR4 
assessment.  Other studies concerning tropical cooling and deep ocean circulation are on the way.  New 
results in this second phase concern the analyses of interannual variability and climate sensitivity.  Several 
groups started to analyse changes in ENSO during mid-Holocene and LGM.  Published data reconstructions 
using coral data, tree rings, varved layers in lakes, suggest that the east Pacific was colder with less 
interannual variability whereas sites to the North of Australia are wetter.  These indications show that there 
was less ENSO variability and suggest larger tilt of the east –west SST gradient across the equatorial Pacific 
Ocean.  Previous studies using the Zebiak and Cane model reported that the increased SST gradient during 
mid-Holocene triggers the Berknes feedback (Clement et al. 1999), decreasing the ENSO activity and 
favouring a Niña state.  Nearly all PMIP simulations of the mid-Holocene produce reduced ENSO variability. 
It is however difficult to relate this to changes in the SST gradient.  A better relationship is found with 
enhanced trade winds in west Pacific induced by the late retreat of the Asian JJA monsoon.  Simulations of 
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the LGM climate do not produce such a consistent response between different models, more in the light of 
what is going on with future climate experiments.  Several new studies have appeared also in the literature 
trying to use information from LGM data to constrain climate sensitivity.  These studies differ by the 
complexity of the models used, the set of parameters that are varied in the climate models, and the 
assumption made on model errors.  They consider that there is a reasonable relationship between tropical 
cooling at LGM and future climate sensitivity.  The possibility of using LGM to better constrain climate 
sensitivity also started using PMIP2 simulations. Results show Antarctic regions are well suited to provide an 
answer and that there is also a tight relationship between tropical ocean cooling and climate sensitivity. 
There is however still a limited number of LGM simulations in PMIP2 data base and more groups are 
welcome to join and produce those simulations.  
 
3.6 Decadal Variability  
  
 T. Delworth reported on decadal variability and predictability.  Some of the key issues involved are: 
 

Atlantic variability and hurricanes 
 

-  Controversy about the relative roles of natural variability and forced climate change for recent 
increases in Atlantic hurricanes. 

 
-  Mann and Emmanuel (2006), Trenberth and Shea (2006) suggest little (if any) role for internal 

variability.   
  

-  If true, this has substantial implications for future projections of hurricane activity. 
 

Role of Atlantic in modulating Pacific/ ENSO. 
 

- Warm North Atlantic leads to weak ENSO variability (Dong et al., 2006).  The causal chain for 
this relationship is as follows: Warm North Atlantic  Caribbean Low  Enhanced Tropical 
Pacific Westerlies  More stratified eastern tropical Pacific  weaker ENSO  

 
Impact of Pacific on North American droughts 
 

-  Growing support for influence of a particular pattern of (mainly) Pacific SST anomalies on North 
American drought (Seager et al., Schubert et al.) 

 
-  Interaction between Pacific and Atlantic SST anomalies for North American drought.  Pacific 

and Atlantic SST anomalies are seen to be associated with major North American droughts. 
A common feature is the cool central and eastern tropical Pacific. Some Atlantic influence is 
also seen. 

 
 - Is there any predictability? 
 

Decadal predictability 
 

Several studies (from Griffies et al, 1997, to Latif et al, 2006) have documented decadal scale 
predictability of the MOC in the Atlantic as deduced from coupled ocean-atmosphere models.  Not as 
much decadal predictability has been shown in the Pacific.  This decadal predictability is one of the 
key underpinnings for the drive to initialize coupled climate models from observed state of the ocean. 

 
Key Issues: 
 

a) How much impact is there for continental climate? Results to date are mixed, even in perfect 
predictability experiments. 

b) Does this translate into predictability of atmospheric circulation of climatic relevance (i.e., tropical 
conditions relevant to hurricanes; Pacific SST patterns of relevance for North American 
drought)? 

c) Are our current models a fair evaluation of the actual predictability in the system? 
 

i. Are our models good enough?  
ii. Do model atmospheres interact with the ocean realistically?  
iii. Are we missing inherent types of oceanic variability? 
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d) Are observing and assimilation systems up to the challenge? 
 
Upcoming meetings 
 

November 15-17. 2006 “Multidecadal to Centennial Global Climate Variability” IPRC Honolulu 
April 30-May 3, 2007 “Seventh Workshop on Decadal Climate Variability” Kona, Hawaii 
CLIVAR Climate of the 20th Century Workshop March 3-5, 2007, Exeter, UK. 

 
4.0 OTHER ACTIVITIES 
 
4.1 Carbon Cycle modelling & the Coupled Carbon Cycle Climate Model Intercomparison  Project  

(C4MIP) 
 

C4MIP 
C. Le Quéré reported on the activities of the C4MIP.  The Phase 1 of C4MIP intended to compare 

forced simulations over the historical period.  This phase was temporarily abandoned because of the lack of 
time and the pressure to go ahead with Phase 2 and do fully coupled simulations.  Phase 2 is now finished. 
One summary publication came out in Climate Dynamics (Friedlingstein et al, 2006).  Most groups also 
published their own model results.  Planning for Phase 3 was supposed to take place during a strategy 
meeting in Exeter in October 2006.  C. Jones is to propose simple scenarios to allow a better analysis of the 
feedbacks. 
 
 There are both scientific and technical problems related to this exercise.  The scientific problems are 
first that we only have a fragmented understanding of some of the processes, second that there are only 
limited observations for validation, and finally that since the models are incomplete (e.g. no fires, no land 
use), they should not be expected to reproduce observations, which makes validation very difficult.  The 
technical problems are that there is no financial support for C4MIP activities, there are currently no 
standards, 3D fields are not shared, and there is no archiving strategy. 
 
Ongoing model developments: 
 

On land, most groups are working on including a representation of fires, land use, the methane and 
nitrogen cycles, and advanced ecosystem dynamics (including competition and succession). The unresolved 
issues include uncertainties regarding the importance of CO2 fertilization, forest re-growth, temperature 
dependence of soil respiration, and the balance of the methane budget. 
 

In the ocean, most groups are working on including more advanced ecosystem dynamics 
(incl. grazers and multiple Plankton Functional Types), flexible nutrient ratios and quota models.  Some 
groups are working on a global representation of the coastal ocean and on links with higher tropic levels.  
The observations are in much better shape in the ocean, with breakthroughs this year on the detection of 
Plankton Functional Types from satellite data, and on the analysis of decades of pCO2 data from ship 
surveys.  The unresolved issues are that we still do not know if marine ecosystems can have a significant 
impact on CO2 fluxes and other gases in the decades to come. 
 
4.2 Data Management Issues 

 
The recent WGCM CMIP3 activity, which made available an unprecedented amount of model output 

for widespread community scrutiny and was heavily relied upon in the preparation of the IPCC's Fourth 
Assessment report (AR4), demonstrated the value of establishing standards for the dissemination of model 
data.  K. E. Taylor summarized some of the ingredients to the success of CMIP3 and also brought up 
shortcomings of the present approach and issues of relevance to future exercises of this kind. 
 

The benefits and importance of the Climate and Forecast metadata standard (CF), which is 
increasingly being adopted by a variety of model intercomparison projects, was stressed as a critical element 
in making CMIP3 successful.  Although CF evolved largely as a grass-roots effort relying on voluntary 
contributions, the originators of the standard are now seeking a more permanent steward.  The active 
members of the CF community see the WGCM as the rightful home for CF.  In a white paper presented to 
the WGCM (http://cf-pcmdi.llnl.gov/future_of_cf_final), a governance structure is proposed in which  a panel 
appointed by WGCM would assume responsibility to 1) promote integration of CF across WCRP programs 
and encourage its appropriate use, 2) provide for CF continuity into the future by, for example, seeking 
organizations to voluntarily provide for the maintenance of CF should the currently support at the British 
Atmospheric Data Centre and the Program for Climate Model Diagnosis and Intercomparison (PCMDI) falter, 
and 3)  formally appoint volunteers to serve on the two working committees: the Convention Committee and 
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the Standard Name Committee.  The WGCM expressed support for CF and asked K. E. Taylor to provide a 
list of nominations for the CF Governance Panel. 
 

In planning for future model intercomparison activities, a number of issues were presented.  Some of 
these involved technical extensions needed to CF.  Plans were discussed for improvements to services 
associated with the CMIP3 database (e.g., improved notification of changes to the database, improved 
sub-setting capability, and more complete documentation of models and experiments in the database.  The 
importance of establishing benchmark experiments, such as AMIP and the CMIP control, 20th century, and 
1%/year CO2 increase simulations, was emphasized as it allows quantification of evolving changes in model 
performance.  Finally, plans for a potential Fifth Assessment Report by the IPCC are being made by PCMDI. 
Among the issues that are being addressed are 1) modifications to the list of standard output in response to 
needs of the "impacts" community and the inclusion of Earth System Model simulations, 2) less centralized 
storage of data and the development of a federated distributed dataset, and 3) accommodation of data on 
non-rectilinear grids. 
 
5. INTERACTIONS WITH OTHER PROGRAMMES 
  
5.1 Global Carbon Project (GCP):  
 
 C. Le Quéré also reported on the activities of the ESSP/Global Carbon Project.  The GCP is 
fostering several activities on: 
 

- the vulnerability of CO2 sinks. The general goal is to quantify the size of the pools, identify their 
location, understand key processes leading to the destabilization of the pools, and to quantify 
the potential CO2 release over this century. A synthesis is planned for 2008-09. The specific 
activities include the vulnerability of (1) fires and droughts, which are sensitive to water stress 
and vegetation change, and are affected by the interannual variability in extremes, (2) tropical 
peat-lands, which are sensitive to warming, land use practices, and fires, (3) permafrost, which 
is sensitive to warming, (4) air-sea CO2 fluxes, which are sensitive to changes in ocean physics 
and warming, marine ecosystems response to warming, pH, changes in nutrient and light 
availability, (5) methane hydrates, which are sensitive to warming and pressure, (6) coastal CO2 
fluxes, which are sensitive to warming, nutrient input, and change in water flow. Activities on 
other wetlands and peat-lands are not yet organized, 

 
- annual CO2 budget. The GCP has committed to publish CO2 budgets around the month of July 

each year. The analysis of the budgets for up to 2005 is submitted for publication, 
 

- regional carbon budgets (particularly China) and projects on carbon and water issues in Asia, 
 

- carbon management at the urban and regional levels. A conference took place in Mexico in 
September on connecting development decisions to global issues, 

 
- defining guidelines for offsetting your carbon emissions (coming this year). 

 
General issues regarding modeling of the carbon cycle: The estimated feedbacks between the 

carbon cycle and both climate and CO2 will probably increase some more before they can be constrained. 
Thus it is possible that the projections of temperature range from climate models simulations increases. 
Some separation of the range caused by the c-cycle feedbacks (which are poorly constrained) from that 
caused by the uncertainties in climate modeling may be appropriate. The feedback with climate is strongly 
dependent on the water cycle.  
 
6. ADMINISTRATIVE MATTERS 
 
6.1 Membership 
 

The JSC at its XXVII session in March 2006, considered the proposals submitted by the WGCM 
Co-chairs for the memberships of the group.  The terms of Drs P. Braconnot and A. Hirst, which expired on 
31 December 2005, were each extended by two years. Dr S. Griffies (GFDL, USA), Ex-officio, Chair of 
WGOMD replaced Dr C. Boening who stepped down as Co-Chair, WGOMD. The term of Dr T. Delworth, 
which was due to expire on 31 December 2006, was extended by three years. Dr B. McAvaney stepped 
down at the end of his term on 31 December 2005. Dr N. Nakicenovic, IIASA and Vienna University of 
Technology, Austria, was appointed a new member of the group for an initial term of four years, effective 
1 January 2006. The group was thus constituted as follows: 
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Membership      Expiry of appointment 
 
 J. Mitchell (Co-Chair)    31 December 2007 
 G. Meehl (Co- Chair)     " 2007 
 S. Griffies (ex-officio, Chair, WGOMD)   " 2008 
 S. Bony       " 2009 
 P. Braconnot      " 2007 

T. Delworth      " 2009 
G. Flato       " 2007 

 M.A. Giorgetta      " 2008 
F. Giorgi      " 2008 

 A. Hirst        " 2007 
 D. Karoly      " 2008 
 M. Kimoto      " 2008 
 C. Le Quéré      " 2008 
 N. Nakicenovic      ‘’ 2009 
 
7. DATE AND PLACE OF THE ELEVENTH SESSION OF WGCM 

 
At the kind invitation of Dr M.A. Giorgetta, Max Planck Institute for Meteorology, Germany, the next 

session of WGCM, the eleventh, would be held at Hamburg, Germany, 3-5 September 2007. 
 
8. CLOSURE OF THE SESSION 

 
The participants expressed their thanks to the local organizer  Dr G. Flato and to the staff of the 

Canadian Centre for Climate Modelling and Analysis, Climate Research Division, Canada , for hosting this 
session, for the excellent arrangements made and the facilities and hospitality offered.  The tenth session of 
WGCM was closed at 18.00 hours on 26 September 2006. 
 
9. WGCM-AIMES JOINT SESSION  
 

 The WGCM-AIMES joint session was opened by J. Mitchell and D. Schimel, Co-Chairs of WGCM 
and AIMES respectively, at 0845 hrs on 27 September.  The Co-Chairs outlined the aim and scope of the 
joint session.  The agenda for session essentially centred on the joint WGCM-AIMES Workshop held during 
July 30-August 5, 2006, at Aspen, Colorado, USA.  The agenda included (i) overview/summary of Aspen 
Workshop,(ii) modelling group responses to survey regarding near-future modelling plans, and (iii) discussion 
to formulate conclusions for the white paper.  The session included presentations and discussions led by  
J. F. Mitchell, D. Schimel and G.A. Meehl.  In his introduction, J. F. Mitchell referred to the new scenarios 
and issues connected with them such as: (i) loss of continuity, (ii) extra work with little scientific benefit, (iii) 
political issues, and (iv) fragility of socioeconomic assumptions, and outlined the new approach to the 
scenarios.  D. Schimel stressed the complexity of the problem involved in dealing with the Earth System 
Models and the special responsibility carried by the two groups which included: (i) taking control of the 
processes and dealing with the scientific uncertainties, (ii) issues of the 21st century, and (iii) policy 
imperatives.  Major topics discussed included: (i) the next generation earth System Models, (ii) the modeling 
data archives at PCMDI and Hamburg, (iii) the near term experimental designs(2005-2030), the long term 
experimental designs( 2100 and beyond), (iv) recommendations from the Workshop and (v) the next steps 
including  development of a white paper and recommendation to IPCC.  The white paper has since then 
been prepared: See Appendix D: ‘’A Strategy for Climate Change Stabilization Experiments with AOGCMs 
and ESMs – Report from Aspen Global Change Institute session, July 30-August 5, 2006 and joint 
WGCM/AIMES Steering Committee Meeting 27 September, 2006 by G. A. Meehl and K.Hibbard’’. This is 
also available at http://wcrp.wmo.int/documents/Aspen_WhitePaper_1final_000.pdf  

http://wcrp.wmo.int/documents/Aspen_WhitePaper_1final_000.pdf
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APPENDIX B 

 
Tenth session of the JSC/CLIVAR Working Group on Coupled Modelling (WGCM) 

Victoria, BC, Canada, 25-26 September 2006 
AGENDA 
 
DAY 1  Monday, September 25 
 
 
0900-0915 Welcome       -J. Mitchell, G. Meehl, G. Flato 
  Introductions 
  Times, local arrangements   
  Adoption of the agenda  
0915-0925 Review of WCRP events, developments:  

JSC-XXVII session, Pune, India      -J. Mitchell   
 
0925-0935 CLIVAR SSG session and International CLIVAR Project Office   -G. Meehl  
 

Input to the Regional Panels 
 
0935-1030 Reports from WCRP Projects relevant to WGCM (10 minutes each) 
 

Stratospheric Processes and their Role in Climate (SPARC)   -N. McFarlane  
Climate and Cryosphere (CliC)                   -D. Verseghy 
Global Energy and Water Cycle Experiment (GEWEX)  -C. Jakob 
Working Group on Surface Fluxes (WGSF)    -P. Braconnot 
WCRP Observation & Assimilation Panel (WOAP)   -G. Flato 
WCRP Modelling Panel (WMP)     - J. Mitchell 

 
1030-1100 Coffee break 

  
 

1100-1230   Reports from other WCRP modelling activities (10 minutes each) 
 

Working Group on Numerical Experimentation (WGNE)  -K. Taylor 
Working Group on Ocean Modelling (WGOMD)   -S. Griffies 
Working Group on Seasonal to Interannual Prediction (WGSIP) -B. Kirtman 
Regional Modelling-update                       -F. Giorgi 

 
IPCC      

Fourth Assessment – update       -G. Meehl  
Workshops            -J. Mitchell/G. Meehl/K. Taylor 
Task Group on Climate Impact Assessment (TGCIA)    -J. Mitchell  
Task Group on New Emissions Scenarios (TGNES)           -N. Nakicenovics 
Issues            -J. Mitchell/G. Meehl/K. Taylor 

Baseline emissions scenarios 
Scientific issues in interpolating between scenarios, including Extremes, 
Maximum no scenarios. Modelling groups could expect/ be willing to run for 
IPCC AR5 

    
 
1230-1345 Lunch break 
 
 
1345-1530 News from relevant national and multinational projects (10 minutes each) 
 

Earth Simulator, Japan                        -M. Kimoto   
Programme for Climate Model Diagnosis and Intercomparison (PCMDI), USA -D. Bader  
Program for Integrated Earth System Modelling (PRISM), Europe                   -J. Mitchell  

 
Australian Community Climate and Earth System Simulator (ACCESS)  -C. Jakob 
Canada Climate Change Model (CCCM)      -G. Flato  
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Coupled Modelling Groups, France                                              -P. Braconnot  
Coupled Modelling Groups, Japan                               -M. Kimoto  
Hadley Centre, UK                                             -J. Mitchell 
Geophysical Fluid Dynamics Laboratory (GFDL), USA        -T. Delworth  
o National Center for Atmospheric Research (NCAR), USA           -G. Meehl 

 
1530-1600   Coffee break 
 
1600-1630 Identification of priorities for the rest of the meeting            -J. Mitchell/G. Meehl 

 
1630-1700 Data Management issues                                                         -R. Stouffer/K. Taylor 

 
 Steering Committee for CF metadata conventions 

 
1700-1800 WGCM activities    
 

Coupled Model Intercomparison Project (CMIP)                    -G. Meehl/C. Covey  
CMIP/IPCC model analysis                                    -G. Meehl  
International Cloud Feedback Model Intercomparison  
Project (CFMIP)/Idealized experiments      -S. Bony 

 
1800              Listing of main issues and decisions of the day and Close of day’s session 
 
DAY 2 Tuesday, September 26 
 
0900-0930 WGCM activities (continued)  

 
Forcing scenarios       -R. Stouffer to lead  
Initialization of models      -R. Stouffer  
Climate Change Detection, ET/CCD    -D. Karoly  

 
1030-1100 Coffee break 
 
1100-1230          WGCM activities (continued) 
 

Paleoclimate Modelling     -P. Braconnot  
Atmosphere– Ocean variability and  

      and predictability on decadal timescales             -T. Delworth, M. Giorgetta  
Carbon cycle modelling     -C. Le Quéré 

 
1230-1400  Lunch break 

 
1400-1530 WGCM activities (continued) 
 

ESSP/Global Carbon Project(GCP)    -C. Le Quéré 
 Follow up actions from JSC-27 Recommendations 

• WGCM to lead Task Team on ACC 
• WGCM to lead Pan-WCRP effort on Decadal Predictability 
• WGCM and other activities to set up a Task Team to develop and deliver 

WCRP’s capacity to the UNFCCC 
1530 - 1600 Coffee break 
 
1600-1800 WGCM activities (continued) 

 
 Interaction with WMP, WGNE, WGSIP, WGOMD and WCRP projects 
 Workshop on Systematic Errors in Climate and NWP Models        -P. Gleckler 

February 12-16, 2007 
 Review of decisions, future directions 

 
Closed session 

 Membership issues 
 Next Session: venue, dates 
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 Preparations for the joint session with AIMES 
 
18.00 Close of day’s session 
 
 
 
Joint WGCM-AIMES session, Victoria, BC, Canada,  27 September 2006 
 
Agenda  
 
DAY 3 Wednesday, September 27 
 
0845-0900 Welcome and outline of joint WGCM-AIMES session (J. Mitchell, D. Schimel) 
0900-1230 Session: G. Meehl to lead 
0900-1000  

Overview/summary of Aspen Workshop  
 

Response/discussion from non-Aspen participants 
 
1000-1030 Discussion 
 
1030-1100 Coffee break 
 
1100-1200  Review of modelling group responses to survey regarding  

near-future modelling plans 
1200-1230 Discussion 
1230-1400  Lunch break 
1400-1500 Session: D. Schimel to lead 

 
Revisit experimental design from Aspen Workshop: Not only for  
scientific credibility but also for a design  that allows people to  
evaluate, in some scaleable way, the consequences of mitigation options 

 
1500-1530 Coffee break 
1530-1700 Session J. Mitchell to lead 

• Discussion and formulate conclusions for white paper 
• Next meeting of WGCM-AIMES   

 
1700  Closure of the session 
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APPENDIX C 
Working Group on Coupled Modelling: Tenth Session, Victoria BC, Canada, 23-27 September 2006 

 
MAIN ACTIONS/RECOMMENDATIONS 

  
Agenda item(s) 
 

Actions/Recommendations Responsibility 

CLIVAR CLIVAR wanted to know from WGCM what processes do WGCM want to see better 
observed as inputs to CLIVAR panels to plan field projects? Particularly, the ocean 
observations. 
 

Co-Chairs, WGCM 

CliC Interaction between  WGCM and CliC  to be enhanced  to address uncertainties  in 
sea level rise, in terms of  Advanced Spaceborne Thermal Emission and Reflection 
radiometer (ASTER) images. 
  
Some sort of MIP (on century time scales) is needed. 
Other issues are ice sheet modelling, regional patterns of sea level change. One 
doesn’t understand why they appear as they do in models and understand them. 
 

Co-Chairs, WGCM 

GEWEX There is need in WCRP to prioritize our activities. Need to identify major problem 
regimes and design model improvements. One way is to have metrics.  
Priorities to GEWEX: WGCM to provide cloud specifications  providing our 
expectations; WGCM to interact with Chair, GMPP 
 
 

Co-Chairs, WGCM 
Chair, GMPP 

WCRP Modelling 
Panel (WMP) 

Recommendations needed from WGCM to JSC on WMP issues 
 

Co-Chairs, WGCM 

Task Group on 
New Emission 
Scenarios, TGNES 

WGCM proposed that modellers should be on TGNES; these modellers should be of 
IPCC type. WGCM to interact with R. Moss, co-chair, Task Group on Data and 
Scenario Support for Impact and Climate Assessment (TGCIA)   

Co-Chairs, WGCM 

WGSIP WGCM to have a session in Seasonal Prediction Conference, Barcelona, June 2007. Co-Chairs, WGCM 
IPCC Letter from WCRP on scenarios to IPCC. DWCRP 
Earth System 
Modelling 
(ESM) 

ESM experiments G.A. Meehl 

CMIP G.A. Meehl) has decided to step down as chairman of CMIP and R. Stouffer (a CMIP 
Panel member since its inception) has agreed to become the new CMIP chairman.  
Additionally, C. Covey (another original CMIP Panel member) has agreed to become 
CMIP vice-chair.  G.A. Meehl will stay on as a CMIP Panel member in addition to his 
duties as co-chair of WGCM.  
  

 



CFMIP CFMIP to be co-owned by GEWEX and GMPP Chair GMPP, 
Chair GCSS 

 Decadal 
Predictability 

WGCM should interact with WGSIP. T. Delworth to be WGCM contact to coordinate 
with WGSIP in contact with WGSIP chair, B. Kirtman. 
 
SPARC has great interest in decadal predictability and will raise it in the SPARC SSG 
meeting. The issue of chemistry coupled models for the next round of WCRP decadal 
simulations was discussed. SPARC was requested to provide stratospheric Ozone 
projections. It was recommended that M. Giorgetta should represent WGCM in 
SPARC SSG meetings. 
GEWEX should be in the context of drought. 
WGCM also recommended that PMIP should be in as they have the data. 
WGCM should also contact the CPC Merged Analysis of Precipitation (CMAP). 
WGCM expressed the need for Pan-WCRP group on Decadal prediction. 
 

T. Delworth 
 
 
N. Macfarlane 
 
 
 
M. Giorgetta 
 
Chair, GMPP 
P. Braconnot 
G. A.Meehl 
 
T. Delworth,  
B. Kirtman 

C4MIP WGCM was requested to help in 
1. increased coordination on the water cycle 
2. archiving strategy for C-cycle runs. 
 
WGCM was informed that PCMDI is dealing this issue with NCAR. 
WGCM suggested that C. Le Quéré should contact K. Taylor, PCMDI. 
 
 

Co-Chairs, WGCM 
 
 
 
 
C. Le Quéré  

Data Management 
(DM) 

1. CF Governance Panel: to be appointed by WGCM 
WGCM to set it up and review it next year 

2. Should a set of benchmark experiments be established for climate models? 
      WGCM agreed to this and asked for list to be proposed. 
3. Should data base be opened up further? 
       WGCM expressed that this data base need not be thrown open to public; only for
       research purposes 
4. What DM issues /concerns are there related to preparation? 
      WGCM expressed that there should be responsibility imposed on data users.  

 
 

Co-Chairs, WGCM 
K.A. Taylor 
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Executive summary 
 
We are now on the threshold of including Earth system model (ESM) components in “standard” global coupled 
climate models used for climate change projections.  At present, these standard models (referred to generically as 
atmosphere-ocean general circulation models or AOGCMs) include components of atmosphere, ocean, land and  
sea ice. Some modeling centers have incorporated simple carbon cycle models into AOGCM’s (e.g., Cox et al. 2000, 
Friedlingstein et al. 2006), and additional candidate components include aerosols, chemistry, and dynamic 
vegetation (Figure 1), as discussed below. 
  
Modeling groups are now making decisions on what form their next generation models will take to be used for 
climate change projections as well as a possible IPCC Fifth Assessment Report (AR5). The integrated assessment 
modeling community and others continue to develop new emission scenarios (e.g. mitigation/adaptation, also 
referred to as stabilization). The 25th IPCC Session (April 2006) recommended that the following four elements be 
addressed in the development of new scenarios: (1) Consistency between scenarios used for studying climate 
change, climate change impacts and adaptation and mitigation,  (2) Comparability of scenarios by using comparable 
definitions and assumptions (the content of the definitions and assumptions should be entirely defined by the 
scientific community itself), (3) Transparency and openness of the development process; and (4)  Substantive 
involvement of experts from developing countries and economies in transition in the scenario development process. 
The climate modeling community, however, does not have the expertise to evaluate and choose the appropriate 
subset of scenarios to run.  Therefore, it has become evident that a new set of experiments be designed as part of a 
coordinated research strategy to address the climate changes associated with possible stabilization of atmospheric 
CO2 concentrations. The experimental design proposed in this report reflects a coordinated effort between the 
climate modeling and integrated assessment communities to address the first three recommendations, with an extra 
effort needed towards the fourth.  The new scenarios will come to bear on coordinated climate change projection 
experiments for possible assessment in the IPCC AR5 with the new emerging Earth system models.   

There has therefore been a confluence of activities in climate model and scenario development that must be 
communicated and coordinated across various groups and scientific communities in a timely fashion to begin a next 
assessment process.  To this end, a session of the Aspen Global Change Institute was convened from July 30-August 
5, 2006, to address four major objectives: 

1. Identify new components that are currently under implementation or will be ready in the next six months 
for inclusion as first generation Earth System Models in Atmosphere-Ocean General Circulation Models 
(AOGCMs).  

2. Establish communication through WCRP, IGBP, IPCC, the climate impacts community, and integrated 
assessment (IA) modeling teams to coordinate activities in preparation for climate change simulations that 
will be performed with this next generation of climate system models for a possible IPCC AR5.  

3. Propose an experimental design for 21st century climate change experiments with these models (near term 
and longer term time frames).  

4. Specify the requirements for these new models in terms of time series of constituents from new 
stabilization scenarios (particularly with regard to impacts, mitigation, and adaptation).  
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Updates for emerging Earth system models regarding current status of new components, along with scientific issues 
involved with coupling these components were discussed.  The status of carbon cycle and dynamic vegetation to be 
incorporated in AOGCMs include: 
 

• Empirical evidence indicates that the carbon cycle responds to climate change, and first generation coupled 
carbon cycle models indicate the possibility of a large positive carbon cycle feedback to global change 
(Cox et al. 2000, Fung et al., 2005, Friedlingstein et al. 2006, Meehl et al. 2007a).  This makes the 
challenge of achieving any particular stabilization target more difficult to achieve.   Therefore, the 
community is moving towards including aspects of the terrestrial and ocean carbon cycle and dynamic 
vegetation in the next generation Earth system models. 

 
• Some models already include a closed carbon cycle, but none have yet consistently included the impacts of 

land use change, land management, and wild land fires.  These dynamics are under development in some 
groups and will be a priority. 

 
• We also expect some models to include a representation of ocean biology. 

 
• Although all models won’t include other potentially important processes such as micronutrient limitations 

on ocean ecosystems, ocean bottom chemistry, nutrient limitations on terrestrial ecosystems (e.g., 
nitrogen), impact of anthropogenic management on fires and increases in tropospheric ozone, it is 
anticipated that some models may be implementing some or all of these. 

 
• Modeling groups are also implementing various strategies for biogeography and successional processes.   

 
Summary points for aerosols and chemistry to be incorporated in AOGCMs include: 
 

• Aerosols and chemistry need to be considered in Earth system models for a number of reasons, including 
aerosol composition, effect of pollution on the biosphere and air quality.  Indeed, a new consideration is the 
ability of the ESM to provide insight into air quality trends, for use by impacts and scenario communities. 

 
• Most models will have a representation of the indirect effect of aerosols.  However, mixed phase and ice 

phase cloud-aerosol interactions are likely to be handled rather crudely and are a subject of ongoing 
research. 

 
• The representation of aerosols and chemistry is likely to be more comprehensive for near-term (2005-2030) 

than for long term (2100 and beyond) experiments partly due to computational resource limitations and 
computing demands.  In addition, the climate effects of aerosols and chemistry are expected to be 
particularly important over the near-term time frame. 

 
Another important new component under development relates to prognostic interactive ice sheet models.  However, 
these components, though likely to be included in some next generation models, will not be part of the coordinated 
experiments discussed here.  
 
Taking into account the state-of-the-art of these new components, session participants (who represented relevant 
communities involved with WCRP, IGBP, the former Task Group on New Emissions Scenarios (TGNES), and 
IPCC Working Groups I, II and III), proposed an experimental design for coordinated community climate change 
experiments that would be relevant to a next IPCC assessment. Subsequent to the AGCI session, a joint meeting 
between WGCM and AIMES in September, 2006 further discussed the proposed experimental design for the 
community climate change experiments that fell into two timescales involving different scientific problems, policy 
considerations, scenario issues, and model configurations.  This report summarizes the experimental design 
proposed at the Aspen Global Change Institute session and further developed during the joint meeting. 
 
Proposed AR5 Experimental Design for Coordinated Climate Change Projections 
 
1. Near term (2005-2030) 
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The primary goal of projections for the next 25 years is to provide better guidance as to the likelihood of changes in 
extremes on the regional scale.  This depends on scientific questions involving understanding the physical processes 
that produce such extremes related to the hydrological cycle, and relevant atmospheric and oceanic processes 
operative on that timescale.   To produce such regional scale predictions could require finer resolution models (at 
least ½ to 1 degree latitude/longitude in the atmosphere, but other resolutions are possible, as well as increased 
vertical resolution and domain) with the inclusion of simple chemistry, aerosols, and dynamic vegetation, but an 
interactive carbon cycle is not required on this timescale.  Both improved process representation and higher 
resolution are important and compromises will be required to make the simulations computationally feasible.   
 
To determine the significance of regional changes, especially those of extremes, will require numerous simulations 
in an ensemble approach. Given that scenarios of long-lived greenhouse gases do not differ substantially prior to 
2030, a single, mid-range scenario is anticipated to be used in model predictions for this near-term timescale. For 
this time frame, the relatively small magnitude of climate change will make signal to noise discrimination even more 
difficult. The number of ensemble simulations to be performed is somewhat uncertain, but a minimum of 
10 ensemble members for each case should be performed and discriminating changes in hydrologic processes that 
contribute to precipitation extremes may require even more. 
 
Two options for additional experiments were identified:  (1)  Several  scenarios for pollutants (aerosols and short-
lived gases) to study their effects on weather could be provided for low, medium and high emission projections as 
perturbations around the standard scenario,  and  (2)  Testing geo-engineering hypotheses (e.g., injecting sulfur into 
either the stratosphere or troposphere) with model experiments to mitigate climate change.  Interactions and 
feedbacks to the climate system would nevertheless need to be explored with ESMs to try and ascertain unintended 
consequences on other Earth System model components such as ecosystems and atmospheric chemistry.  
 
These near-term simulations could use a coupled initialized state close to the present-day state of the climate system. 
This would require accurate representation of, for example, ocean salinity data and soil moisture which are currently 
problematic due to sparse observations, and improved initialization datasets of sea ice may be required. Simulations 
should start during the latter half of the 20th century in order to incorporate past climate forcings to account for: (1) 
radiative imbalances that produce short-term committed climate change, (2) facilitate model verification and 
evaluation; and (3) the logistics involved with the coupled assimilation/initialization process. 
 
2  Long term (2005-2100 and beyond) 
 
The goal for longer term projections is to quantify the various feedbacks in the climate system involving Earth 
system components related to climate outcomes for different scenarios that could be affected by various socio-
economic and policy considerations (e.g., stabilization).   Therefore, coupled initialization would not be 
recommended for long term runs (e.g., 1850-2100/2300) as the model initial conditions for a time in the late 1800s 
are from pre-industrial control runs.  A lower resolution AOGCM (roughly 2o) could be used with a more 
conventional pre-industrial spin-up, followed by a 20th century experiment with natural and anthropogenic forcings 
(at least 10 member ensembles would be required for detection/attribution studies), leading to an A1B-type mid-
range 21st century experiment as a single member.  This set-up would correspond to what was done for the IPCC 
AR4 and would provide a reference to earlier experiments, as well as supply a multi-model ensemble of a mid-range 
scenario for analysis. Two benchmark stabilization scenario experiments would then be performed:   

1. high forcing, perhaps A2-type stabilization scenario 

2. low forcing, perhaps B1-type stabilization scenario 

At least one ensemble member would be run for each, with carbon cycle and biogeography active, and prescribed, 
transient chemistry and aerosols.  Initially the experiments would be run to 2100, then concentrations stabilized after 
2100 following the prescribed concentration scenario, and the models run out to 2300.  Two experiments from 2005 
to 2100 would be run for each scenario: 

Experiment 1:  Long term benchmark stabilization.  Both AOGCM and AOGCMs coupled to the carbon 
cycle (ESMs) run with a time series scenario of prescribed CO2 concentrations.  In this run, the climate system is 
allowed to respond to prescribed CO2 concentrations. Coupled carbon cycle-climate ESMs produce time series of 
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CO2 fluxes from the land-atmosphere and ocean-atmosphere that do not enter the atmosphere or impact the climate 
system response. The internally calculated land/ocean CO2 fluxes plus the prescribed increase in atmospheric CO2 
produce an implied CO2 emission rate (F1(t)) and are provided to WG3 and IA modeling groups to derive mitigation 
policies to achieve those allowed emissions.  Non-ESM groups (standard AOGCMs) without a carbon cycle 
component can also run this experiment to derive climate system response to changing CO2 concentrations as 
occurred in the AR4. 

Experiment 2:  Carbon cycle response to increasing concentrations. This experiment evaluates the carbon 
cycle response to increasing CO2 concentrations without climate change feedbacks. It is similar to Experiment 1, 
with the exception that the atmospheric CO2 concentrations are held constant at pre-industrial levels for radiative 
calculations in the atmosphere, but the other ESM components respond to the increasing CO2 concentrations from 
Experiment 1 (Figure 2). The derived emissions from Experiment 2 represent the carbon cycle feedback reacting 
only to the prescribed increasing atmospheric CO2 concentrations. Comparing the derived emissions from 
Experiments 1 and 2 provides an indicator of the magnitude of the carbon cycle/climate feedback in terms of those 
different emissions. .  
 
Experiment 3:  Emissions driven carbon cycle/climate.  Though not finally determined, a couple of options 
for a third experiment are proposed that involve an emissions-driven carbon cycle/climate simulation driven by 
emissions rather than concentrations to quantify the climate response with an active carbon cycle. One option would 
be for this experiment, to be compared to the 1% per year CO2 increase experiments which are now standard for 
AOGCMs, is to quantify the transient climate response (TCR), or the globally averaged surface air temperature 
increase at the time of CO2 doubling.  This experiment would then use an emission time series comparable to 1% per 
year CO2 concentration increase, and then run with fully interactive carbon cycle feedbacks that can change the 
atmospheric CO2 concentrations.  The difference between this experiment and the 1% per year CO2 increase 
experiment would give the magnitude of the carbon cycle feedback in terms of the climate response (e.g. 
temperature). Such an experiment would provide a direct connection to the C4MIP experiments (e.g., Friedlingstein 
et al. 2006) as well as to the standard idealized 1% per year CO2 increase experiments run with AOGCMs.  Another 
possibility being discussed for this experiment would be to take the emissions used to derive the benchmark 
concentration scenarios in experiment 1, run the fully coupled ESMs with those emissions, and compare the climate 
response to experiment 1 to assess the magnitude and nature of the climate feedbacks involved with the carbon 
cycle. 
  
This experimental design has a number of desirable features as well as requirements: 
 

• Different timescales of climate change projections require different approaches in terms of model 
configurations and scientific and policy problems of interest.   

 
• Relatively few future climate projection simulations would be required of the ESMs using two new 

benchmark stabilization scenarios (for high and low forcing).   For the AR4 there were three future climate 
projection simulations.  For the proposed new coordinated experiments, there would be a minimum of three 
simulations for groups with ESMs, and two for groups with AOGCMs.  If it is desired to run an 
intermediate stabilization scenario as well, that would be one more additional experiment. 

 
• Non-ESM results can be directly compared with the ESM results for the physical climate system (modeling 

groups without new Earth system components (e.g., no carbon cycle) can still participate by running either 
the near-term projection, the longer term projection (just Experiment 1), or both. 

 
• Using benchmark stabilization concentration scenarios allows the WG3 community to provide these 

scenarios to the WG1 community in a timely manner without the WG1 community having to evaluate and 
choose individual scenarios, this being outside their area of expertise.  The development of a complete new 
set of scenarios would take several years and WG3 have assessed revised SRES and some new scenarios 
(from the literature) that are available immediately.  Based on these revised SRES and corresponding 
stabilization scenarios, WGI supplies emission time series back to WG3 scientists, who derive socio-
economic constraints to achieve those emissions stabilization pathways.  This is the reverse of what has 
typically been done up to now (i.e. with socio-economics as the starting point, generating emissions, 
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concentrations, climate response, impacts analysis).  Impacts are analyzed from the climate response 
experiments as before. WG3 will therefore evaluate socio-economic assumptions to achieve stabilization. 

 
• The process involved with this experimental design establishes pathways for necessary interactions 

between WG1 and WG3 communities.  Community groups that can coordinate activities across their 
respective communities (e.g. the WCRP Working Group on Coupled Models (WGCM) for the AOGCMs, 
the IGBP Analysis, Integration and Modeling of the Earth System (AIMES) for biogeochemistry and 
biogeography) need to be formed for WG2 and WG3 to allow better overall coordination of these types of 
activities. 

 
Overall Recommendations: 
 

• An integrated effort is needed to produce past/current/future emissions of aerosols and ozone precursors 
that would ensure the use of consistent and documented data relevant to climate/carbon 
cycle/aerosol/chemistry communities. 

 
• To assess regional climate change effects will require gridded emission data for aerosols and short-lived 

trace gases.  A concerted effort will be necessary to produce these datasets.  
 

• In order to use more up to date model projections for impacts results reported in IPCC WG2 assessment, 
model simulations need to be made available to impacts modelers several years before the production of the 
WG2 report. This could be done by either staggering the WG1 and WG2 reports or by producing new 
climate change simulations as soon as possible (about 2009-2010). 

 
• There is a need for a PCMDI-equivalent for WG2 and WG3 communities where relevant climate model 

output can be collected, archived, and tailored for use by scientists in these communities.  This could 
include an expanded role for the IPCC Data Distribution Center.  A WGCM-type community organization 
mechanism is also needed for the WG2 and WG3 communities. 

 
• WG2 and WG3 scientists need to have input to the selection of fields to be archived for analysis in the new 

integrations for the AR5, in particular a list of fields related to the carbon cycle. 
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1. Introduction 
 
In IPCC Fourth Assessment Report (AR4), a common or core set of integrations was performed by sixteen climate 
modeling groups (Meehl et al. 2007b). These integrations allowed the assessment of model response uncertainty to 
changes in the radiative forcing. The simulation of past climate changes led to identification of model errors in the 
simulation of present day climate and improved estimates of the human impact on climate. The future climate 
projections sampled the range of uncertainty associated with the various scenarios used to drive the climate models, 
and the uncertainty associated with the model response to the imposed forcing changes.  
 
In the AR4 common set of integrations, three future scenarios were used by most modeling groups: the draft or 
marker SRES A2, A1B and B1 scenarios. Twenty-three different climate models were used to make the future 
climate projections. The range of model responses for a given scenario represents a measure of the model response 
uncertainty. 
 
An Earth System Model (ESM) simulates processes in the climate system involving the major components of 
atmosphere, ocean, land and sea ice, and also includes forcings and feedbacks involving the biosphere, and 
composition and chemistry of the atmosphere and ocean of potential importance to the physical climate (e.g. carbon 
cycle, aerosols, chemistry, and dynamic vegetation) (Figure 1).   Such ESMs can be used as tools to study climate 
impacts which are dependent on climate change, to inform climate mitigation strategies such as avoiding dangerous 
climate change (e.g. Amazon dieback) or verifying plausibility and providing consistency with scenarios (e.g. air 
quality control policy, food production, biofuels, and costs of adaptation).   The ultimate ESM would include every 
known process in the physical and biogeochemical earth system.  Clearly at this stage we are not yet at that point, so 
we will be discussing ESM-type configurations with simplified biogeochemical components.  For simplicity, we 
will refer to these models as “ESMs”. 
 
The current status of modeling the Earth system is characterized by sophisticated global coupled climate models of 
the physical climate system including components of atmosphere, ocean, land surface and sea ice (Fig. 1, upper left).  
These are often referred to simply as atmosphere-ocean general circulation models or AOGCMs.  The climate 
modelling community is now considering expanding these already complex models to encompass chemical and 
biological aspects of the Earth System. In particular, AOGCMs are now beginning to implement detailed sub-
models, or components, of atmospheric chemistry, the carbon cycle, aerosols, and dynamic vegetation (Fig. 1, lower 
left).   
 
Ice sheet models are also being considered for inclusions in ESMs by some groups, though their implementation has 
lagged somewhat the other components.  Thus, though some form of dynamic ice sheet models will be included in 
some versions of the next generation ESMs, they remain as elements of purpose-driven experiments to test the 
responses of ice sheet dynamics and will not be encompassed in the coordinated experiments proposed here. 
 
Currently, output from AOGCMs can either used to produce information on climate change impacts on line if the 
impact is dependent on the weather that is being simulated (e.g. heat waves), or if the impact feeds back on climate 
(e.g. soil moisture changes).  If the impact is just dependent on the climate being simulated, the impacts can be 
determined separately or offline using various types of impact models or methodologies (Fig. 1, right).  These can 
include models directly using AOGCM or ESM output (e.g. crop models) or, if higher resolution information is 
required, statistical downscaling or embedded regional models driven by output from the AOGM can be employed.   
 
Earth System Models of Intermediate Complexity (EMICs) offer a complementary approach for long-term 
simulations.  EMICs span a wide range of a hierarchy of more simplified models, but usually include coupled 
processes in a reduced domain (e.g. two dimensional), and can capture some of the essential feedbacks while using 
far less computer resources than a typical AOGCM or ESM.  EMICs can therefore be used to run many more 
scenarios for much longer time periods than typical AOGCMs or ESMs, and can provide first order information on 
global temperature and sea level response (but not information on changes of variability or extremes).  More 
holistic, exploratory models are being developed for the investigation of the interaction of human societies with the 
other components of the Earth System. 
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Figure 1:  Schematic diagram of an AOGCM (oval at upper left), and Earth System Model (encompassed by orange 
oval), and various types of impact models (right). 
 
 
 
We are entering a crucial period of climate model development where several communities now have functioning 
components, beyond the traditional global coupled model components of atmosphere, ocean, land surface and sea 
ice, that could be included in global coupled ESMs.  These new components include carbon cycle, dynamic 
vegetation, aerosols and atmospheric chemistry.  Developments across these disparate communities have been rapid, 
and it is urgent that these communities communicate closely regarding the form the next generation ESMs will take, 
with particular application for a possible IPCC Fifth Assessment Report (AR5).   
 
Scientists working in these fields as well as members of a number of international panels representing these various 
communities met in July 2006 at an Aspen Global Change Institute (AGCI) session.  Participants represented the 
Working Group on Coupled Models (WGCM) and Stratospheric Processes and their Role in Climate (SPARC) from 
the World Climate Research Program (WCRP), and Analysis, Integration and Modeling of the Earth System 
(AIMES) and the International Global Atmospheric Chemistry program (IGAC) from the International Geosphere-
Biosphere Program (IGBP).  In addition, representatives from the emissions scenario (IPCC WG3 and the now-
disbanded Task Group on Next Emission Scenarios (TGNES)), climate change impacts (IPCC WG2, and Task 
Group on Data and Scenario Support for Impact and Climate Analysis (TGICA)), and the integrated assessment 
communities were present. The purpose of this workshop was to define a roadmap to accelerate progress in ESMs at 
the international level. Several scientific issues were considered at this workshop, for example, aerosol/ cloud/ 
climate coupling, and vegetation/ ocean/ biogeochemistry/ climate feedbacks. The central question for the workshop 
was: what should be the strategy to improve our ability to model with more certainty these processes, what form will 
these processes take in the next generation of earth system-type models, and what would be an experimental design 
to address future climate change in these models with new scenarios?  
 
The outcomes and recommendations from the joint AGCI session provided fuel for discussion at a joint 
WGCM/AIMES meeting in September 2006 as well as the Earth System Science Partnership (ESSP) Open Science 
Conference in Beijing in November 2006. The objective of the workshop was to establish a coherent approach 
through WCRP and IGBP (jointly), and to "distribute" the responsibilities and tasks between the different IGBP and 
WCRP Projects in preparation for climate change simulations that would be performed by this next generation of 
models for the IPCC AR5.  The workshop had four general objectives: 
 
1.  Identify new components that are currently under implementation or will be ready in the next six months for 

inclusion in AOGCMs. 
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2.  Establish communication through WCRP, IGBP, IPCC, the climate impacts community, and integrated 
assessment (IA) modeling teams to coordinate activities in preparation for climate change simulations that will 
be performed with this next generation of climate system models for the IPCC AR5  

3. Propose an experimental design for 21st  century climate change experiments with these models (near term and 
longer term time frames)  

4. Specify the requirements for these new models in terms of time series of constituents from new stabilization 
scenarios (particularly with regard to impacts, mitigation, and adaptation).  

 
This report outlines a strategy for the new AOGCM/ESM modeling components in terms of aerosols/atmospheric 
chemistry and carbon cycle/dynamic vegetation components that are under development and implementation in 
ESMs that involves a proposed experimental design that integrates impacts and scenarios (represented in IPCC WG2 
and WG3, respectively) and physical climate science (WG1).  We summarize with a suite of recommendations for 
the joint WGCM, AIMES and IPCC communities.  An abbreviated version of this white paper has already appeared 
(Hibbard et al., 2007). 
 

2. New ESM components for inclusion in AOGCMs 
 
Aerosols and Chemistry  

 
Aerosols are important to the climate system for many reasons.   They have a direct effect on heating and photolysis 
rates in the atmosphere by scattering and absorbing radiation. They influence the climate system indirectly by 
modulating cloud drop size, cloud lifetime, and precipitation, and there are other processes such as the “semi-direct” 
effect involving subtle modulations of the dynamical and physical processes of the atmosphere.  Aerosols also act on 
other components of the climate system by reducing energy reaching the surface, and by transporting nutrients from 
one place to another. There are well documented changes in aerosol distributions due to mankind during the last few 
hundred years and some more changes are anticipated in the future. 
 
There are also many photochemical processes taking place in the atmosphere which are affected by mankind. These 
processes influence aerosol formation and properties, and affect the climate system directly. The changes in the 
chemistry of the troposphere are of concern for a variety of reasons.  Air quality near the Earth’s surface affects 
humans and ecosystems. Many aerosols are formed or influenced by chemistry (the oxidation of precursor gases to 
sulfate, nitrate, and secondary organic aerosols is an obvious example). 
 
Simulating the chemistry of the atmosphere, the interactions with aerosols, and the interactions of these components 
with other components of the climate system are enormously complex, and computationally very costly. These 
components cannot be represented comprehensively in today’s AOGCMs. Simplifications must be made, and many 
aspects of their interactions must be ignored to be able to include them in the emerging ESM-type models. We 
recognize that complexity could be different for short- (up to 2030) and long-term simulations (to 2100 and beyond).  
In this section, we discuss some of the properties of aerosols and chemistry of the climate system which we believe 
are needed for the next generation of ESMs, and identify the simplifications that are appropriate in their treatment. 
 

1. The radiative forcing by tropospheric ozone is believed to be globally small, however, it is not negligible 
regionally. Some representation for this effect should be employed. One way to implement this is through 
“time slice” photochemistry, where a reasonably comprehensive photochemical model is occasionally 
employed off line (e.g. a one year simulation performed once every 10 years). There may be other 
alternative efficient methods of producing photochemical information in the model.  

 
2. One simplification to represent tropospheric O3 that is frequently used in today’s ESMs is the use of 

prescribed oxidant distributions (OH and O3 for example in the oxidation of SO2 to sulfates). Alternatively, 
extreme simplifications to the photochemistry can be employed (the chemistry of peroxides in the oxidation 
of SO2 to SO4 in clouds). While limited treatment of most aerosols can be achieved though the use of these 
off-line oxidants, it is clear that an improved treatment may be required for the formation of secondary 
organic aerosols. 
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3. A number of climate feedbacks should be explored more thoroughly for the climate change problem 

including, but not limited to:  

• Temperature => isoprene emission => ozone => temperature 
• Temperature => monoterpenes emission => SOA => temperature 
• Climate change => DMS= > sulfates=> temperature 
• Climate change => lightning, fires, wetlands=> O3, CH4, aerosols 
• Climate change => vegetation cover => dust emissions => climate 
• Preliminary studies indicate however that these feedbacks are likely to be not very strong; but 

many are positive and may add up to something larger. 
 

4. Aerosols and some reactive chemical species (mostly ozone, carbon monoxide and nitrogen oxides) are 
important for impact assessments of air quality as they have a large impact on human health and crop (and 
more generally vegetation) yield. The occurrence of ozone episodes and nitrogen deposition can strongly 
impact the carbon cycle. These species should be considered in this context for the present proposed 
modeling strategy. 

 
5. Interactive modeling of stratospheric ozone would alleviate the current difficulties of merging independent 

characterizations of ozone from tropospheric and stratospheric chemistry at the tropopause. 
 

6. It is estimated that air quality controls may result in additional heating over the next two or three decades 
(because of the removal of cooling aerosols). These controls may also have an impact on precipitation over 
the same time scales. Feedbacks involving the vegetation (mostly ozone poisoning and nitrogen deposition) 
operate over multi-decadal to century timescales. Overall, the consideration of aerosol and chemistry in the 
next set of coordinated climate change simulations will require more interaction with the integrated 
assessment modeling community. For this effort to be successful, consistency with assumptions made in 
emission scenarios (including land use) will also be required. 

 
 

A. Representing aerosols and chemistry in the near- and longer-term 
 
In many climate modeling centers, the capability for simulating aerosols exists but the computational cost of 
additional tracers and processes is an issue that limits their applicability to climate assessment exercises.  This is 
becoming even more of an issue when more complex aerosol formulations are being considered.  Furthermore, it is 
important to keep in mind that the knowledge of driving inputs (e.g. characterizing the number of primary aerosol 
particles emitted, individual VOC species emissions, and the vertical profiles of emissions) might be insufficient to 
run the most complex versions over the historical or future periods. It is unclear at this point if the full complexity is 
required for IPCC-type simulations.  Therefore simplified versions are currently under investigation. For instance 
(1) bulk versus modal approach for aerosols, (2) simplified versus comprehensive gas-phase chemistry, and (3) 
asynchronous versus full reactive chemistry coupling. 
 
An evaluation of these different alternatives is well underway through the participation of the various modeling 
groups who are involved in intercomparison exercises such as AEROCOM, CCMval, ACCENT, and the new 
Atmospheric Chemistry and Climate (AC&C) initiative under the auspices of SPARC and IGAC. However, it is 
recognized that there is a need for more coordinated intercomparison studies and common diagnostics.  This should 
lead to more insight into what should be included in the next generation of ESMs.  
 
The following table summarizes the status of the developments planned within the various groups represented at the 
Aspen workshop with respect to the aerosol and chemistry packages that will most likely be included in the core 
version of their climate models to be used for the next set of coordinated climate change experiments.  This is only a 
subset of the total number of modeling groups making plans for such experiments, but this list is representative of 
the activities at the larger number of modeling groups. 
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 Model Center:/Aerosols Chemistry 
Within about  
1 year  
(ready to run  
for next IPCC) 
 
 

GISS: Sulfate / BC / OC / dust / sea-salt 
Hadley: bulk, sulfate /BC / OC / dust
driven from DGVM / sea-salt / SOA 
climatology 
NCAR: Both bulk and modal approaches
are available and being considered 
MPI: A seven-category modal approach
predicting total number and species mass
in each category (M7) 
 
Limited ability to represent aerosol
indirect effect processes, especially in
mixed phase, ice and convective clouds.  

Cost is under evaluation for all groups. 
 
At least snapshots / asynchronous coupling 
will be done with full chemistry 
(tropospheric and stratospheric) with a 
coupling every 5/10/20 years? 
 

Beyond AR5 Full aerosol scheme 
Comprehensive mixed and ice phase
cloud microphysics 

Full chemistry 

   
 
 
In summary, most models will have a representation of the indirect effect of aerosols and the considered aerosol 
schemes will be much more comprehensive than in AR4, including more species, and treating their temporal change 
from past to the future. The representation of chemistry has to be more comprehensive for the near-term (2005-
2030) than for the long-term (2100 and beyond) experiments. Beyond the next set of coordinated experiments, it is 
expected that all modeling centers will have access to enough computer power to be able to have a full 
representation of aerosols (for both mass and number) and gas-phase chemistry. 
 
B. Aerosol and chemistry considerations for an experimental design 
For the simulation of aerosols and chemistry, a critical item is the knowledge of historical and future emissions, 
which have to be consistent. In particular, because of the developments in the simulation of aerosols, it is necessary 
to build and assess historical emissions beyond sulfur.  These include black carbon and primary organic carbon 
(with some information on size if possible) and ozone precursors. The more comprehensive chemistry schemes will 
also require the development of a detailed speciation of volatile organic compounds (VOC) emissions. For both 
gaseous species and aerosols, the knowledge of emissions for different sectors is needed as emission factors and 
speciation depend on the emission type. In all cases, the knowledge of injection heights (smoke stacks, airplanes, 
biomass burning, etc.) is an important additional piece of information. 
 
Recent studies of the carbon cycle indicate that over the past 100+ years, as a result of fire suppression policies, 
large areas of the western US and Canada (and possibly other parts of the world) have experienced a large decrease 
in fires and open burning, in contradiction with the usual assumption of an increasing number of fires over the 
industrial period made in previous studies. The negative trend in fire emissions at mid-latitudes could have very 
significant impact on the present estimate of the radiative forcing of ozone and biomass burning over the 
pre-industrial to present-day period. In addition, the intensity of contemporary wildland fires, because of fire 
suppression practices, are not representative of historic low-to-moderate intensity, but rather, are becoming more 
catastrophic in nature for many forested systems. These higher intensity fires have different characteristic injection 
and emissions profiles than either pre-industrial or experimental and prescribed burns.  In addition, the knowledge of 
historical and future land use (incl. ecosystem knowledge) is necessary for the representation of past dust and 
biogenic emissions. 
 
Because of the existence of a variety of historical emissions, it is unclear what the appropriate level of guidance 
could or should be for defining whether a single set of emissions should be used and, if so, which one.  In order to 
minimize the amount of simulations of interest to a variety of communities (IPCC, CLRTAP), a strong effort will be 
required to ensure consistency in the used past/present/future emissions. 
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There is a strong and urgent need for an increased dialogue and collaboration between the observation, 
measurement, modeling and scenarios communities that utilise past and current emissions relevant to gas-phase 
chemistry, aerosols and carbon cycle (e.g., GEIA and IGAC).  An integrated assessment or a synthesis document 
discussing these emissions and providing expert evaluations would be extremely useful. Such a process should be 
coordinated at the highest level (IPCC, IGBP, WCRP, IHDP, CLRTAP), which would ensure the existence of a 
consistent set of input data usable by all the communities interested in climate change science and impacts over the 
historical and future periods. 
 
C. Computer cost 
Very rough estimates of the additional cost (with the atmospheric model using the same model resolution serving as 
a reference) of a fairly simple aerosol scheme range from 30% (Hadley Center) to 100% (NCAR).  For tropospheric 
chemistry the overhead ranges from 50 % (for simple chemistry version of the GISS model) up to a factor of 3 
(NCAR) or 4 (Hadley) increase compared to the atmosphere model.  It is clear that computer cost depends on how 
the atmospheric model is optimized and on the type of platform.  In the case of NCAR, it has been estimated that, 
for transport only and ignoring other costs, there is an additional cost of 2-3% per added tracer. 
 
D. Recommendations for implementing aerosols and chemistry components 

• Aerosols and chemistry need to be considered in ESMs for a number of reasons. A new consideration for a 
coordinated experimental design is the ability of the ESM to study air quality trends, and to be used by the 
impact (WG2) and the scenarios (WG3) communities.  

• For this next generation of models, most will have a representation of the indirect effect of aerosols using 
more comprehensive schemes than in AR4, and will treat their temporal change from past to the future.  

• The representation of aerosols and chemistry is likely to be more comprehensive for the near-term (2005-
2030) than for the long-term (2100 and beyond) experiments partly due to computational limitations. 

• The expectation is that effects from aerosols and chemistry would be particularly important over this near-
term time frame.  

• Mixed phase and ice phase cloud-aerosol interactions are likely to be handled rather crudely in these new 
simulations. This is a subject of on-going research. 

• An integrated effort to produce past/current/future emissions of aerosols and ozone precursors would 
ensure the use of consistent and documented data relevant to climate/carbon cycle/aerosols/chemistry 
communities. 

 
Dynamic Vegetation and the Carbon Cycle 
 
A.  Model Strategies 
“Core” components of the carbon cycle in new ESMs  
The majority of major global models are expected to include several additional components into their carbon cycle 
modeling strategy.  Taken together, these components “close” the global carbon cycle (i.e. allow calculation of the 
net land-atmosphere and ocean-atmosphere exchanges of CO2 online within the ESM): 

• Ocean biogeochemistry including simple ocean ecosystem (e.g. Nutrient–Phytoplankton–Zooplankton–
Detritus (NPZD)) models. 

• Terrestrial carbon cycle model (typically without nitrogen limitations) that simulates the water, energy, and 
carbon fluxes at the land surface. 

• Vegetation dynamics – re-growth following disturbance including age class succession with limited Plant 
Functional Types (PFTs) (e.g. 5-15 PFTs) and in some cases dynamic biogeography (i.e. the ability to 
change the geographical distribution of PFTs). 

• Anthropogenic land-use change (transient) with corresponding translation into net carbon fluxes including 
wood harvest. 

• Land management – agricultural activity on cropland (e.g. irrigation, tilling), pasture and forestry. 
• Fire - wildfire including affects on vegetation and soil carbon stocks. 

It is important to stress that the response (and sensitivity) of the terrestrial carbon cycle depends heavily on the 
simulated precipitation and temperature of the climate model.  A short set of climate metrics that need to be met in 
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order for a meaningful simulation of the carbon cycle to be possible should (and in some cases have already) be 
identified and delivered to developers of the physical model as early in the model development cycle as possible.  
The Köppen and/or Holdridge classifications may be useful diagnostic tools to help identify inconsistencies between 
the simulated temperature and precipitation regimes and the expected vegetation class.  In the case where a solution 
to a temperature or precipitation bias that is detrimental to the vegetation distribution simulation cannot be found, it 
is preferable to avoid tuning the land or dynamic vegetation model to get the correct vegetation types (e.g. rainforest 
in the Amazon) and consider the resulting problems during analyses. 
 
While many groups have already implemented, or are developing the above model components, there are technical 
and philosophical challenges when it comes to integrating the components.  Coupling of the components should also 
occur relatively early in the development cycle to identify and counter unforeseen problems (e.g. programming 
errors, model instabilities). 
 
Not all modeling groups will incorporate all of the DGVM and carbon cycle components in time for the planned 
coordinated climate change experiments.  We may therefore wish to provide prescribed fields (e.g. of the CO2 fluxes 
from land-use change), that will allow these models to participate in an intercomparison.  Careful design of the 
model experiments are critical in this respect (see text on “Proposed Experimental Design”). 

 
 “Vanguard” components of the carbon cycle in ESMs by the time of IPCC AR5  
The following “vanguard” elements are not likely to be incorporated into the majority of carbon cycle models but 
may be present in some models, and will therefore be used in “research-type” model experiments: 
 

• Nitrogen cycling and nitrogen limitations on the terrestrial carbon cycle. 
• Anthropogenic impacts on fire (including ignitions, suppression). 
• More sophisticated ocean ecosystem models, with resolution of more phyto- and zoo- plankton functional 

groups. 
• River biogeochemistry (especially dissolved organic carbon (DOC) fluxes from land-to-ocean). 
• Micronutrient limits (e.g., Fe) on ocean biogeochemistry. 
• Ocean bottom carbon chemistry, calcite formation (only important on 300-1000 yr timeframe, e.g. for 

stabilization scenarios) 
• Interactive biogenic fluxes of methane, VOCs etc. (for coupling to atmospheric chemistry). 
• Advanced vegetation dynamics with improved succession based-on more PFTs and possibly explicit 

dispersal mechanisms (the latter is only applicable in high-resolution ESMs). 
• Multiple agriculture (crop x management) PFTs and associated local/regional land use practices 
• Transient urban fractional cover. 
• Improved spatial resolution of the land-surface based on either a higher resolution regular-grid and/or an 

irregular land-grid defined by river-catchments. 
• Impact of tropospheric ozone on vegetation. 
• Improved treatment of organic soils including carbon dynamics and links to thermal and hydraulic impacts 

of peatlands. 
 
Coupling frequency 
The land-atmosphere carbon fluxes need to be determined at every land-model timestep (typically 30 minutes) to 
ensure consistency with energy and water fluxes. Ocean-atmosphere fluxes will typically be calculated on the 
timestep of the ocean model and increment atmospheric CO2 (in runs with prescribed emissions) on every ocean-
atmosphere coupling period (typically 1 hour to 1 day). The terrestrial and ocean carbon cycle models will therefore 
be coupled synchronously, although a hierarchy of timescales is often used within the DGVM component (daily to 
weekly for phenology, monthly to yearly for dynamic biogeography). 
 
Timescale of feedback 
Although global carbon cycle feedbacks may not be readily apparent for 30 or so years, the biophysical response 
(e.g., albedo) to disturbances (fire, drought, timber harvest, etc) is detectable on much shorter timescales, e.g. 
annual, timescales.   
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B. Computer resources 
The cost of adding the terrestrial carbon cycle may be around 20% of the atmosphere-land model (3-5% (GFDL); 
and as high as 30% (NCAR’s CCSM)), with most of this associated with the calculation of CO2 fluxes on each 
timestep of the land model. By contrast, vegetation dynamics will be computationally cheap because it only needs to 
be updated fairly infrequently (monthly to yearly). Storage requirements for the land model increase significantly 
due to large increase in number of prognostic variables, but this increase is likely to be fairly insignificant in the 
context of the ESM as a whole. 
 
Ocean biogeochemistry is likely to require a 2- to 5-fold increase to the computational cost of the ocean model due 
to a large increase in the number of tracers. Storage requirements will also increase considerably.  
 
It is important to note that to bring the carbon cycle into equilibrium, computational requirements for a coupled 
carbon cycle model development and spin-up will significantly increase over those for a standard AOGCM. 
 
C. Scenarios requirements and new requirements from the atmosphere model 

• Global mean CO2 concentrations for 1850-2100 (for runs with prescribed CO2 but diagnosed anthropogenic 
emissions, see “Proposed Experimental Design”). 

• Global anthropogenic CO2 emissions from fossil fuel burning plus cement production for 1850-2100 (for 
runs with interactive CO2). 

• Global net CO2 emissions from land-use change for 1850-2100 (for runs with interactive CO2 in models 
that do not calculate land-use fluxes internally). 

• Gridded land-use and land management information, including consistent disturbance history and future 
disturbance. It is critically important that the history and scenarios of land-use are consistent (i.e. without a 
discontinuity in going from past to future!). 

• Gridded fire history reconstruction including area burned (disturbance) and emissions to the atmosphere 
from fires. 

• National-level CO2 emissions for the carbon cycle validation period (say 1960-2000). These emissions will 
be used in the coupled climate-carbon cycle models to assess their ability to reproduce seasonal changes 
and latitudinal gradients of atmospheric CO2 concentration. 

• Gridded nitrogen deposition fields for 1850-2100. 
• Gridded near-surface ozone concentration fields for 1850-2100. 
 

D. Validation and Model Improvements 
A number of missing observational datasets can be readily identified that would speed-up and augment the carbon 
cycle model development.  These include satellite measurements of column integrated CO2, soil moisture, and 
vegetation structure as well as a general increase in the southern hemisphere data (e.g. carbon stocks, land 
use/management, surface ocean-atmosphere CO2 fluxes). 
 
The representation of agriculture (crop types, crop phenology, management including irrigation and tiling) and fire 
can clearly be identified as a weak point of many current models and requires further development.  
 
Historical reconstructions of globally gridded land-use change including crop, pasture, shifting cultivation, and 
wood harvest have recently been completed for use in this class of models. A major need is the development of 
future global gridded-land use change products that are consistent with both the gridded historical reconstructions, 
and the future scenarios developed by scenario teams. 
 
More constraints on the simulated carbon cycle are required to validate the models.  These constraints could include 
observations or other methods (e.g. the Tracer Transport Model (TransCom) and Ocean Carbon Model 
Intercomprison Project (OCMIP) modeling strategies). 
 
Ocean flux of CO2 at the air-sea interface is likely to improve as eddies are resolved or as eddy mixing 
parameterizations are improved (e.g., through the use of ARGO float density, salinity and temperature information 
to validate models).  In general, and as noted above, it is critical that the carbon cycle modelers identify critical 
aspects of the physical models that require further attention before realistic carbon cycle simulation can be achieved. 
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3. Proposed Experimental Design  
The pathways of model development over the next ten years will not be parallel across groups.  There are specific 
questions that will require high-resolution (in space, time, complexity) model runs, and those that will need to 
address longer-term questions with regard to impacts and mitigation.  Therefore, we propose an experimental design 
that leverages near-term and longer-term model runs with appropriate classes of model complexity to address 
specific science questions.  
  
I. Near-Term Experimental Design – Climate Change to 2030 
 
A. Scientific Questions and Relevant Models 
It is anticipated that model capability is now sufficient to provide some regional guidance as to the effects of climate 
change out to 2030. Of particular interest are regional changes in water availability (soil moisture), affected by 
changes in precipitation, evaporation and melting of the snow pack. Also of interest are local daily and seasonal 
temperature changes. With regard to societal impacts, it is the changes in extremes in both of these categories - 
floods, droughts, extended heat waves, hurricane frequency and intensity are primary concerns. Effects of climate 
change on human health, through alterations in air pollution (aerosols, ozone) or the migration and adaptation of 
disease vectors (e.g., carried by insects) could have significant societal impact. Many of these changes have 
ramifications for agriculture; in addition, climate change will also impact fishery industries. Conversely, the 
(unintended) consequences of large-scale conversion of forested and pastures to biofuels production on the coupled 
climate system are largely unkown. Stratospheric ozone recovery from chlorine loading will also impact the climate 
system during this time frame. In addition, an assessment of historical and near-term aerosol forcing, compared with 
on-going aerosol and temperature observations, may allow us to better understand aerosol climate forcing, and hence 
climate sensitivity.  
 
Both AOGCM and ESM models will be useful for near-term simulations, although development of each requires 
significant computational and manpower resources. How to divide those resources remains an issue.  
 
At one extreme, AOGCMs  run at relatively high resolution (on the order of 0.5° for latitude and longitude) would 
allow for a better regional assessment of climate change and is necessary to simulate the statistics of observed storm 
systems that affect regional processes (Jung et al., 2006) as well as improved simulation of precipitation extremes 
(M. Wehner, personal communication), although additional downscaling to even finer resolution might be required 
for some climate change impact studies. Most AOGCMs currently have about 2° resolution.  An increase of spatial 
resolution by a factor of 4 would increase computational time by close to a factor of 60. Additional increases in the 
vertical resolution, to optimize the dynamical advantages of the finer horizontal resolution, would bring the 
computational burden to greater than 100 times (i.e., two orders of magnitude). Such an approach would strongly 
inhibit the inclusion of additional physics to explore alternate aspects of the Earth system, some of which (aerosols, 
ozone, vegetation health) would be having direct effects on regional climate that would be omitted.  
 
At the other extreme, ESMs could be run at close to the current resolution but with expanded physics packages for 
aerosol, atmospheric chemistry and dynamic vegetation. These additions likewise require significant computing 
time.  Aerosol and atmospheric chemistry calculations can each double the computational time or add even more, 
depending on the sophistication of the routine. Simulations of stratospheric ozone chemistry could require greater 
resolution in the stratosphere and a higher top of the model. Their inclusion would allow for a more complete 
assessment of the physics of climate change, but would not provide more regional discrimination.  
 
As a compromise approach, it is suggested that models for this time period utilize a somewhat finer horizontal 
resolution (on the order of 0.5º to 1° latitude/longitude) along with simplified aerosol and chemistry packages. 
Dynamic vegetation would be included to assess the health of the vegetation and possible in-place succession. Other 
longer-time scale processes, such as ocean biogeochemistry, land ice and ecosystem migration would be omitted or 
performed off-line since their feedbacks related to climate change operate on a longer timescale. A crude estimate is 
that for the various simulations suggested, even this model version would require some 4 dedicated computer-years 
using current computer capabilities, and developing finer resolution models is itself a non-trivial task. While the 
Japanese experience has been that their model parameterizations did not have to be changed (just tuned), and climate 
sensitivity was relatively invariant when going to significantly finer horizontal resolution, this has not been the 

 



 48

experience of, say, GFDL, and may not be true with much finer vertical resolution. Developing this new model may 
require significant time and resources prior to its use in these proposed experiments.  
 
B. Relevant Emission Scenarios 
Given that the different scenarios for well-mixed gases do not vary greatly prior to 2030, it is suggested that only 
one such scenario be employed. For aerosols and short-lived gases, several emission scenarios (including a low and 
a high estimate) should be provided. For example, consistent global, gridded data for reactive gases (CH4, NOx, 
major classes of NMVOCs, CO, NH3), aerosol precursors (SO2), and aerosols (BC, OC) are needed. The ideal 
emissions input data set would: 

1. Extend continuously from historical to future projection years 
2. Be gridded at the finest resolution being considered (e.g. 0.5 degrees) 
3. Exhibit appropriate spatial changes over time 
4. Resolve appropriate injection heights (ground, 100m, aircraft) 
5. Resolve large seasonal effects (biomass burning in particular) 

 
Decisions on exactly what emissions are required will need to be made by the Earth system modelers, and providing 
these emissions will be the responsibility of Integrated Assessment modelers.  

 
Some shorter-term projections (e.g. GAINS, RAINS, Streets et al.) produce emissions at a temporal and spatial scale 
that may be consistent with most of the ideal requirements listed.  The integrated assessment models (IAMs) used to 
produce long-term emissions scenarios (up to 2100) generally produce emissions at a large spatial scale. The SRES 
exercise produced long-term emissions that were gridded at a level of four meta-regions, with a fixed pattern within 
each meta-region.  
 
However, in general, producing consistent and globally gridded historical, near-term, and long-term input data sets 
is not a capability that exists at present. A first step toward this capability would be to conduct a census of available 
inventories and projections, their characteristics, and level of detailed data availability. Using this information, the 
actions and capabilities that would be needed to produce the necessary emissions data sets could be detailed. 
 
The next generation of ESMs will also require scenarios of anthropogenic land use changes as input data.  Gridded 
input data sets of land-use conversions (changes from one category to another) and management (agriculture, 
perhaps specific crops or classes of crops, forestry, pasture, etc.) will be needed. Methodologies to convert the 
output of IAMs to land-use change data sets that are consistent with the historical land-use change data sets used in 
the ESMs can carbon cycle models will also need to be developed. Ideally, biogenic emissions of VOCs would be 
produced by the ecosystem component of the ESM. In this manner, the effect of anthropogenic land-use and 
vegetation changes would be reflected in biogenic emissions. The same is true for methane, although this will likely 
remain in the research domain for the near future. 
 
Additional experiments could be done to investigate suggested geoengineering attempts at mitigating climate 
warming. For this time frame, one option being discussed is that of injecting sulfur into the atmosphere, either into 
the stratosphere or troposphere, to help cool the climate. The climate consequences of such injections could be 
explored in ESMs; unintended consequences might be harder to ascertain. 
  
C. Experimental Design and Ensembling/Scenario Simulations 
Assuming the 'compromise' modeling approach is adopted, the attempt would be to provide the most realistic 
predictions possible for the regional scale. While the predictions would extend from the present to 2030, climate 
change over this time period is affected by what has happened in the past due to the committed warming in the 
system. The past decades will also provide the possibility of hind-casting, or evaluating the model for historic to 
current regional scale projections. These simulations will be affected by the initial conditions at the start of the 
experiment, particularly in the ocean (temperature, salinity) but also on land (soil moisture, ground temperature). 
Ocean initial conditions could conceivably be provided by ocean data assimilation exercises currently underway, 
and ideally using coupled initialization, but lack of observed salinity data sufficient for such a data assimilation 
exercise remain a significant problem. Additionally, there is no direct way to provide soil moisture or ground 
conditions at this time. The potential errors induced by incorrect initial conditions should become less important in 
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later years but could still be evident through the course of these simulations. If model simulations are started prior to 
the availability of the ocean initial conditions, the model ocean would have to be 'nudged' toward the observed 
values; how strongly this should be done, and what it implies about energy conservation are research issues that will 
have to be explored.  There is also the science question of whether or not starting the model with something close to 
the present observed initial state matters, both in terms of decadal predictability, regional signal to noise, and climate 
change commitment. 
 
In addition, as noted above, gridded emission data for aerosols and short-lived gases would need to be provided on 
this same fine regional scale, for both the historical times of concern as well as future projections. The "natural 
forcings" would be handled conservatively. The total solar irradiance for this time period could either remain 
unchanged, or specify an average observed 11-year cycle. The mean value for volcanic aerosol loading over the past 
25 years could be employed, or a stochastic occurrence of major volcanoes, based on the last 100 years of data 
might be added.  
 
To determine the significance of regional changes, especially those of extremes, will require numerous simulations 
in an ensemble approach. For this time frame the relatively small magnitude of climate change will make signal to 
noise discrimination even more difficult. We therefore propose that there could be one base-case scenario for the 
well-mixed gases along with low, medium, and high air pollution estimates (i.e., aerosol and short-lived gas 
emissions). The number of simulations to be performed is somewhat uncertain, but it should be at least 10-15 for the 
base case in order to discriminate changes in hydrologic extremes and to assess regional signal to noise for climate 
changes.  
 
D. Initialization and Model Spinup Considerations 
While historical simulations for spin-up and model evaluation are necessary, there are various factors to consider 
regarding the starting date for these runs. The atmosphere is in better radiative balance starting in 1950 than at later 
times, so starting the coupled initialization then should provide a better cumulative state of climate change 
commitment in the system.  Ocean data initialization is currently being done from 1970 onward, although it is better 
in more recent years due to a larger number of observations; and emissions data improves greatly after 1980. The 
addition of the ARGO float data provide a better three-dimensional structure for ocean salinity after about 2004.  
However, the earlier the start time, the greater the computational burden being assumed. This may already be a 
problem (even without considering the longer-term simulations anticipated), and so the starting time may have to be 
1980 for practical computing considerations.  
 
II. Longer-Term Experimental Design – 2100 and Beyond 
Longer-term runs provide an opportunity to contribute a policy perspective on avoiding the consequences of climate 
change in terms of stabilization strategies.  In addition, experiments would provide a basis for evaluating the 
feedbacks and contributions of the carbon cycle to the climate system. The recommended experimental design 
indicates that WG1 and WG3 be staggered in time.  The long-term simulations would be with lower resolution 
AOGCM and ESM’s (roughly 2o) with a pre-industrial spinup including a 20th century forced experiment that 
consists of natural and anthropogenic forcings.  Two, possibly three greenhouse gas (GHG) and aerosol 
concentration scenarios would be supplied by WG3: (1) a high radiative forcing stabilization (e.g., A2-type), (2) a 
low radiative forcing stablization (e.g., B1-type); and possibly (3) mid-range scenario (A1B-type) to provide a swath 
of possible outcomes.  At least one ensemble member for each scenario would be considered, and the models would 
include as core, the terrestrial and ocean carbon cycle, biogeography and successional processes as implemented.  
Chemistry and aerosols would be prescribed to 2100 and stabilized after 2100 until 2300, although a few models 
may run interactive aerosols and chemistry as well.  The first two experiments are considered ‘core’ for all groups to 
participate in, with a third, optional carbon cycle feedback calibration experiment.  WG3 would provide time series 
of concentrations of GHGs for these experiments. 
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Figure 2:  Schematic of traditional forward approach starting with socio-economic variables to derive emissions, 
concentrations and then temperature and other climate changes from climate models (top), and new proposed 
methodology where the starting point is concentrations run in climate models, that are used to derive emissions and 
then socio-economic factors to achieve those emissions.  Traditionally, the forward approach is characterized by 
uncertainty (indicated by the wedge-shaped ranges for future climate) growing in the direction of the response of the 
climate system (i.e. left to right).  The reverse approach, where anthropogenic emissions are equal to the difference 
between prescribed concentrations and simulated Earth system CO2 fluxes shows uncertainty growing in the 
direction of the socio-economic factors required to achieve the concentration targets (i.e. right to left).   
 
As noted in Fig. 2, using benchmark concentration scenarios as the starting point is different from the more 
traditional starting point of socio-economic variables used to derive emissions, and then concentrations that are run 
in the models (left to right in the top part of Fig. 2).  However, by using benchmark concentration scenarios that are 
then applied to derive emissions and then socio-economic factors to achieve them (right to left in lower part of Fig. 
2), WG1 does not have to evaluate socio-economics before running scenarios in climate models, and WG3, who 
have expertise in socio-economics, can determine the factors that would produce the emissions from the 
concentrations that have an associated climate change outcome.  There will be multiple socio-economic pathways 
leading to the concentrations resulting in a rich ensemble of WG3 scenarios. 
 
It is important that any proposed set of integrations be easily integrated by non-ESM (AOGCM) models. This will 
allow groups who do not have an ESM to participate in these experiments. The number of proposed integrations is 
also important. Due to the large amount of computer resources required to time integrate ESMs, it is important to 
prescribe only a few required integrations. Groups are always free to integrate other scenarios and other models (e.g. 
including ice sheet models), but these would be for research and not part of the common set.  
 
A second type of constraint involves the scenarios used to drive the ESMs. Policymakers are increasingly focused 
on stabilization scenarios and the ways to achieve climate stabilization. All proposed scenarios assume stabilization 
after 2100. To implement this strategy, experiments are proposed which use given benchmark concentration 
scenarios that represent a high and a low radiative forcing.  
 
Control Simulation (required): This is a long-term control run for diagnosing model drift in terms of climate and 
carbon fluxes.   
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Experiment 1: Long-term benchmark stabilization:  An AOGCM or ESM is run with time series of specified 
benchmark concentrations provided by WG3. The idea is to use prescribed concentrations of the GHGs and aerosols 
(Note: Aerosol concentrations will depend on spatial emissions patterns, these will have to be specified for the 
scenarios, as was the case in SRES. How these are developed and by whom needs to be determined; In the case of 
SRES this was a joint WG1 and WG3 effort). Each scenario would also include the prescribed changes in the future 
land use in accordance with the scenario characteristics. The ESMs would be initialized in a manner similar to what 
was used in AR4. After the model is developed, the radiative forcing constituents are set to “pre-industrial” (usually 
mid-1800s) conditions. The model is allowed to come into a quasi-equilibrium state with those radiative conditions 
(usually after several centuries of integration). At some point in this integration, the start of the pre-industrial control 
is declared (i.e. year 1 of the pre-industrial control). One evaluation criterion to be used  for the fidelity of the carbon 
components will be the rate of drift of the carbon system in this control (e.g. some modelling groups try to achieve 
long-term mean land-atmosphere and ocean-atmosphere fluxes of CO2  within 0.2 GtC/yr of zero net flux).   
However, the 10% level of the current sink is not totally relevant here. The main point is that the long term mean of 
the sum of land and ocean fluxes should be close to zero (0.1 to 0.2 GtC/yr).  The sum is what really matters for 2 
reasons: a) in the ‘real world’, there is a net CO2 flux from the land to the ocean through rivers, this means that the 
net atmosphere-land flux is a sink and the net atmosphere-ocean flux is a source, but the sum of the two is zero;  b) 
emissions will be function of the sum of the ocean and land fluxes, and any long term imbalance in the land+ocean 
flux will translate to a non-zero emission.   As in the AR4 exercise, it would be good to have a long control run from 
the ESMs in order to estimate the carbon drift, and remove it from the inferred emissions for a given scenario if 
necessary. 
 
At various points in the pre-industrial control, historical integrations of 20th century climate can be started to 
generate an ensemble. This ensemble is useful for detection/attribution studies and other comparisons to the 
observed climate changes. The inputs needed for this type of integration are the time series of anthropogenic (GHG, 
ozone, and aerosol concentrations and land use changes) and natural (solar and volcano) forcings. This is similar to 
what was done for the coordinated integrations assessed by the IPCC AR4. 
 
The future projections start from the end of the historical integrations. The concentrations of GHGs (including CO2) 
and aerosols and the future land use changes are prescribed according to the input scenario (see below for details). 
The prescribed atmospheric CO2 concentrations are used in the radiation calculation and to compute the carbon 
fluxes from the land and ocean. This prescription allows non-ESM models to be forced in a manner similar to the 
ESMs and allows for easier intercomparison of the physical climate response among all the models in the common 
set.  
 
The ESMs that include an interactive carbon cycle will calculate land and ocean CO2 fluxes which are the response 
to the prescribed CO2 concentration scenario and the climate change as a result of those changing concentrations.  
These CO2 fluxes do not enter the atmosphere, so the atmospheric temperature responds only to the prescribed 
concentrations.  The CO2 fluxes are saved and, in combination with the prescribed CO2 concentrations, are used to 
calculate the “permissible CO2 emissions” time series using an approach already adopted applied to some first 
generation coupled climate-carbon cycle models (Jones et al., 2006): 
 

E(t) = dCO2/dt  + FA-O + FA-L 

 
where E(t) is the time series of anthropogenic emissions calculated from the prescribed rate of carbon dioxide 
concentration increase dCO2/dt, and the modelled atmosphere-land and atmosphere-ocean fluxes of CO2 are FA-O 
and FA-L respectively.  This applies to models not computing land use change fluxes, so, e.g. carbon fluxes from 
deforestation would be lumped in with those from fossil fuel burning.  Other models could estimate carbon fluxes 
from imposed land use changes as part of the last term on the right, and the residual would be only from fossil fuel. 
The profile of permissible emissions diagnosed from each ESM can be used by IPCC WG3 to determine the policy 
measures consistent with the prescribed concentration scenario and the particular model projection.  In some cases 
the permissible emissions may not be feasible, or could be inconsistent with the assumptions implicit in the 
concentration scenario (e.g. by assuming land-use changes that are inconsistent with the implied net CO2 emissions). 
Here a WGIII-WGI-WGIII iteration could be desirable to derive achievable stabilization scenarios. Related 
guidance on the realism or otherwise of stabilization scenarios will be very useful information for policymakers.  
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That is, the rate of change of CO2 concentration (which is prescribed) is dCO2/dt = Femissions – Fo-a – Fl-a, or, the 
change in CO2 with time = emissions minus CO2 fluxes from the ocean-atmosphere and land-atmosphere. The WG3 
scenarios group would also provide prescribed concentrations for other gasses as well as aerosols that would be used 
by the models. 
 
The stabilization concentration scenario produces climate change with either an AOGCM or an ESM, whereas 
diagnoses for the carbon cycle and compatible emissions are performed by either an ESM or offline carbon cycle 
model.   
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Figure 3.  Schematic of Experiment #1.  The carbon cycle sees increasing CO2 concentrations and resulting changes 
in temperature.  The land and ocean CO2 fluxes are saved to derive emissions for WG3 scientists.  The land and 
ocean CO2 fluxes are saved for that purpose and do not enter the atmosphere to influence the atmospheric 
concentrations. Computed compatible  anthropogenic emissions are equal to the prescribed atmospheric CO2 
concentration changes plus Earth system (land + ocean) CO2 fluxes. Since the concentration changes are prescribed 
and the fluxes are computed in the model, the experiment allows the calculation of the model-dependant compatible 
anthropogenic emissions 
 
 
 
Experiment #2:  Carbon cycle response to increasing concentrations:   A second integration is designed to 
evaluate the impact of the changes in prescribed atmospheric CO2 on the carbon cycle response.  For this 
experiment, atmospheric CO2 is fixed for the radiation code in the atmospheric model only.  That is, the atmosphere 
sees a constant CO2 concentration throughout the experiment.  Therefore, no forced climate change occurs, and the 
temperature response to that constant CO2 will remain about the same throughout (except for internal climate 
variability and climate change commitment).  However, the CO2 concentrations from Experiment 1 are seen by the 
carbon cycle component, and the resulting CO2 fluxes are saved as they were in Experiment 1, but the carbon cycle 
only responds to the increasing CO2 since the temperature remains about the same.  Consequently, the CO2 fluxes 
from the carbon cycle (along with the specified concentrations) can be used to derive emissions, and the difference 
between the two derived time series of emissions in experiments 1 and 2 is a measure of the carbon cycle feedback 
in terms of emissions (emissions consistent with a given concentrations scenario).  The CO2 concentrations from 
Experiment 1 are very important, since the impact of emissions on stabilization at a given level for a given 
benchmark scenario provides WG3 with information regarding which socio-economic options would be required to 
reach that level of stabilization.  The derived emissions likely will be noisy, and WG3 will have to fit, or smooth the 
time series of emission pathways.  
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Figure 4. Schematic of Experiment #2.  The carbon cycle (land and ocean) sees CO2 concentrations from 
Experiment #1 (top left).  Atmospheric CO2 is held constant for the radiation calculation so there is little temperature 
change (top right).  Earth system (land and ocean) CO2 fluxes are saved to derive emissions (lower) for the 
integrated assessment modeling groups.  The land and ocean CO2 fluxes are NOT radiatively interactive with the 
atmosphere. Anthropogenic emissions from experiment 2 (blue line in lower panel) are calculated as in experiment 1 
(red line in lower panel) where the change in anthropogenic emissions is equal to the prescribed atmospheric CO2 
changes plus Earth system (land + ocean) CO2 fluxes.  Calculation of carbon cycle fluxes and compatible emissions 
are simulated by ESMs or offline carbon cycle models.  The difference in emissions between experiment 2 and 
experiment 1 represents the effect of carbon cycle feedbacks on compatible emissions for a given stabilization 
concentration scenario. 
  
 
 
A minimum of two stabilization concentration scenarios are required to be integrated by the models: a high and a 
low case, with the possibility of a medium range case. As noted above, these are all GHG stabilization scenarios. 
The high case could stabilize near 700 ppm CO2 (or about 950 ppm in terms of equivalent CO2) concentration in the 
atmosphere corresponding to about 6.5 W/m2 radiative forcing relative to present day. The low case could stabilize 
near 400 ppm CO2 (or about 500 ppm equivalent CO2) concentration corresponding to about 3 W/m2.  Each 
scenario would take into account land use changes changes (and other driving forces) consistent with the GHG 
emission profiles.  
 
 
Experiment 3:  Emissions-Driven Carbon Cycle/Climate: Though still under discussion, this simulation is 
designed to evaluate ESM response to climate change that is driven by emissions rather than concentrations.  One 
option for this experiment would be to prescribe a standard emissions time series (comparable to the idealized 1% 
per year CO2 increase experiments run with AOGCMs) with a fully interactive carbon cycle.  Each model will 
produce a slightly different concentration trajectory and result in different climate changes that represent the carbon 
cycle feedback compared to the standard 1% per year CO2 increase experiment in terms of quantities like 
temperature. This would provide a direct connection to simulations from the C4MIP experiments as well as to the 
standard idealized 1% per year CO2 increase experiments run with AOGCMs.   Another possibility being discussed 
for this experiment would be to take the emissions used to derive the benchmark concentration scenarios in 
experiment 1, run the fully coupled ESMs with those emissions, and compare the climate response to experiment 1 
to assess the magnitude and nature of the climate feedbacks involved with the carbon cycle. 
 

(T~ 0 
Constant CO2 seen by atmosphere

CO2 fluxes saved 

Emissions 

#1 
#2 
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If a modeling group has only an AOGCM (i.e. no carbon cycle), the near-term and/or the long term Experiment 1 
could still be run to obtain climate change outcomes, thus widening the participation.  This experimental design also 
provides consistent analyses across models such that caveats of model-specific inputs will not have to be 
documented later.  Results from AOGCMs can be directly compared with the ESMs for the physical climate system 
response.  WG3 scientists would supply the benchmark concentration scenarios to the modeling groups.  In turn, 
WGI modeling groups would supply emission time series back to WG3 to derive socio-economic considerations to 
achieve those emissions stabilization pathways.   
 
These experiments are designed to be community-coordinated, and do not rule out different experiments with 
different scenarios and different model formulations that could be run by individual modeling groups. This 
experimental design allows an ESM to diagnose the feedback of the carbon cycle in terms of emissions from 
Experiments 1 and 2, and Experiment 3 explores the quantification of the carbon cycle feedback in terms of climate 
change.  This experimental design also provides consistent analyses across models such that caveats of model-
specific inputs will not have to be documented later.   
 
Advantages of a three-phase long-term stabilization approach include: 
 
1. Relatively few future climate projections required of the ESMs. In AR4, three future integrations were integrated 
by most groups. The two required benchmark integrations per scenario with two required scenarios yield four future 
integrations (with the optional fully coupled carbon cycle feedback experiment 3, and a possible mid-range scenario 
experiment). Modeling groups that have only an AOGCM would have only two required future integrations. 
2. AOGCM results can be directly compared with ESM results for the physical climate system as in AR4. 
 
3. Using benchmark scenarios allows the WGIII community to supply new scenarios to the WGI community in a 
timely manner. The development of a complete new set of scenarios would take place in parallel to the climate 
modeling groups running the benchmark concentration scenario experiments. At the same time, WGII and III can 
use the climate outcomes of benchmark scenarios to better assess the resulting impacts and possible mitigation and 
adaptation measures and policies. All of this together can help improve the integrated assessment models. 
 
4. The process involved with this experimental design establishes pathways for the necessary interactions between 
the WGI, WGII and WGIII communities and shortens the time frame required for developing new scenarios and 
climate projections. 

5.  Overall Recommendations 
 
• The development of Earth System Models (ESMs) prompts addressing a new set of scientific questions 

with a coordinated set of experiments that could also be assessed as part of a possible Fifth IPCC 
Assessment (AR5). Here we view this generation of ESMs to include components of the terrestrial and 
ocean biology to close the carbon cycle. The ESM may include other components such as atmospheric 
chemistry, prognostic aerosol components or dynamic vegetation. The input scenarios should supply 
information (emissions or concentrations) so that models of varying sophistication can be integrated.  
Gridded land use changes must also be incorporated.  Ice sheet components will likely be included in 
experimental versions of the models but are not included in the coordinated experiments. 

 
• An integrated effort is needed to produce past/current/future emissions of aerosols and ozone precursors to 

ensure the use of consistent and documented data relevant to climate/carbon cycle/aerosol/chemistry 
communities.  

 
• To assess regional effects in short-term predictions will also require gridded emission data for aerosols and 

short-lived trace gasses as well as land use.  A concerted effort will be necessary to produce these datasets.   
 

• For longer-term runs, ideally the WG2 and WG3 IPCC reports need to be lagged about 2 years behind a 
WG1 report. At present, the WG2 and WG3 reports use relatively outdated (up to six years) model 
simulations from the previous assessment while WG1 uses relatively outdated emissions scenarios. It 
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would be more desirable if all three working groups are using as close to current generation model 
projections as possible.  An alternative would be for the modeling groups to make new climate change 
projections with benchmark concentration scenarios as soon as possible (about the 2009-2010 timeframe), 
and delay the next full assessment by about 2 years (to 2015).  

 
• There is a need for a PCMDI equivalent for WG2 and WG3 communities, or an expanded role for the IPCC 

DDC, and a WGCM-type community organizing mechanism for WG2 and WG3.   
 

• WG2 and WG3 need to have input to selection of fields to be archived for analysis in the new integrations, 
in particular a list of fields related to the carbon cycle. 

 
• Earth System Models of Intermediate Complexity (EMICs) could be used to interpolate between the 

benchmark scenarios, or to run many more stabilization scenarios that will be generated by the IA modeling 
groups.  

 
 
6. Emerging Issues 
After the joint WGCM/AIMES meeting in Victoria, B.C., Canada, in September, 2006, a number of issues were 
raised, first where there was agreement with the strategy posed so far, and where there were science questions 
related mainly to the short-term experiment: 
 
Agreement so far for long term experiments: 

a. A “reverse approach” for scenarios with WG3 supplying a few benchmark concentration scenarios, and 
WG1 supplying emissions back to WG3 to derive socio-economics.    
b. Experiments 1 and 2 for long term climate to get carbon cycle feedback in terms of emissions, and 
carbon cycle calibration experiment  
c. Option for AOGCMs and ESMs to participate 

 
Science Questions for short term experiments: 

a.  Does a coupled initialized observed state matter? (i.e. Is there decadal predictability from an observed 
initial state that would improve projections for the 25 year time frame?) 

b. What is signal to noise for climate changes on the regional space scale for the 25 year time scale?  
Would such changes be detectible? 

c. Is time-evolving chemistry necessary or time slice, and/or how important is time-evolving 
chemistry/aerosols for regional climate change?   

d. Is it better for more ensemble members and lower resolution, or fewer ensemble members and higher 
resolution?    

e. What about details of land use change (e.g. need to coordinate land use changes in IA models, carbon 
cycle models, and ESMs)?   

f. In lieu of chemistry, specified stratospheric ozone? 
 
Current status: 

a.  An abbreviated summary version of this white paper has been published in EOS (Hibbard et al., 
2007), and this white paper includes more detailed descriptions and discussions.  The EOS article 
and this white paper are to receive wide distribution throughout the WCRP and IGBP 
communities, and comments are being solicited from the modeling community regarding the 
proposed experimental design.  

b. The proposed strategy will be considered over by the relevant communities, and research will 
occur to address issues raised by the science questions involved with the strategy 

c. The approaches and issues involved with ESMs are new to  the WCRP community and need time 
to consider;  therefore revisit this plan and revise/alter as needed at the next WGCM meeting 
(September, 2007, Hamburg)  
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d. Research activities:  short term regional signal/noise quantification; coupled initialization and 
decadal predictability; EMICs used to test feasibility of experimental design, with possible low 
resolution ESM experiments to follow. 

e. Currently, there are several venues where this strategy will be further discussed and developed:   
i. An Integrated Assessment Model Scenarios meeting early August, 2007 to coordinate 

land-use datasets with WG1, 
ii. An IPCC Expert Scenarios Meeting: ‘Towards New Scenarios for Analysis of Emissions, 

Climate Change and Response Strategies’. The meeting will be held in Noordwijkerhout, 
The Netherlands, 19-21 September 2007, and will be hosted by the Dutch Government. 
The objective of this meeting is to identify requirements and plans for the development of 
new scenarios of emissions, climate change, and adaptation and mitigation (including 
underlying socio-economic conditions that shape emissions and vulnerability), and to 
recommend the benchmark concentration scenarios for use in the experimental design 
described in this report. The scenarios will be of interest to the research and user 
communities, and will assist in the coordination of research assessed in a possible IPCC 
Fifth Assessment Report (AR5). The meeting will provide a unique forum for various 
groups and scientific communities to meet and discuss plans and coordination 
requirements for new scenario development. 

f. There is probably a need for a similar activity to engage WG1 and WG2 scientists as well as the 
observing network communities that addresses lessons learned from the AR4 towards reducing 
uncertainties in the climate system observations and projections. A joint WCRP/GCOS and IGBP 
workshop will be held in Sydney, early October to establish future observing system and climate 
change research requirements based on gaps and uncertainties identified from the IPCC Fourth 
Assessment Report’s (AR4); to determine observation and research requirements that lead to 
better climate change risk analyses and adaptation measures; and result in lower vulnerability and 
impacts to a changing climate; and to outline observation and research priorities for possible input 
into future IPCC assessments with regard to risk management/vulnerability issues.  
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