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In September 2012, 476 scientists from 27 countries participated in the Third 
International Conference on Earth System Modeling (ICESM) in Hamburg. In 67 talks 
and 298 posters, scientific questions related to Earth System Modeling were discussed. 
The conference was jointly organized by the Max Planck Institute for Meteorology 
(MPI-M) and the EU-Project COMBINE. 
 
The 3rd ICESM actually dates back from the International Conferences on Modeling of 
Global Climate Change and Variability. This series of conferences was launched in 
1989 by Klaus Hasselmann (MPI-M) and by Günter Fischer, head of the Theoretical 
Meteorology group of University of Hamburg. The fifth conference was renamed by 



 

Guy Brasseur to highlight advancements in our ability to simulate the behavior of the 
Earth’s climate and its response to human-induced perturbations, using 
comprehensive Earth system modeling as the principal tool. 
 
At the 3rd ICESM, the largest session addressed “Seasonal to decadal climate 
prediction and predictability”. On seasonal timescales operational forecast systems 
have shown a general reduction of the bias and an increased forecast skill for key 
quantities such as ENSO. Decadal climate prediction systems provided consistent 
forecast skill in the North Atlantic for several years in advance. Further, some results 
indicated forecast skill of impact related quantities, such as global mean temperature, 
tropical cyclones or surface air temperature, which is an important step for future 
utilization of decadal predictions. 
 
The session “Changing patterns: shifting climate regimes and their extremes” 
assessed the mechanisms and feedbacks behind climate variability and teleconnection 
patterns in the ocean, atmosphere and on land and their changes in the past and in 
future projections. The contributions addressed the monsoon systems, ENSO, decadal 
to multidecadal variability in the Atlantic and Pacific Ocean and associated regional 
impacts. For the monsoon system, the focus of interest is on society-relevant features, 
such as the future shifts in the seasonal mean and sub-seasonal quantities as well as 
extremes in precipitation. A combination of observed and simulated patterns is 
necessary to evaluate mechanisms, such as the reduction in the Walker circulation 
over the last decades. Models need to be critically evaluated and downscaling to the 
regional scale is necessary for an adequate assessment of extremes 
 
The session "Clouds, convection and the global energy balance" assessed the 
importance of cloud processes for climate change, the importance of cloud 
microphysical processes for aerosol effects on clouds and climate and evaluated 
vertical distributions, optical properties and the critical relative humidity in models as 
compared to satellite observations. It was also shown that the absence of the 
hemispheric contrast in albedo despite the northern hemisphere being more polluted 
can be explained by the response of tropical clouds. Overall, when representing cloud 
processes and the resulting climate change, cloud feedbacks and forcings through 
cloud adjustments to atmospheric composition (aerosol and greenhouse gases) 
remains a major source of uncertainty in models of the earth system.  
 
The session "Carbon and beyond: coupled biogeochemical cycles in the Earth system" 
emphasized the need to consider more interacting Earth System processes than just 
climate-carbon cycle feedbacks. Talks and posters in this session addressed the 
multiple time scales of the fate of fossil fuel emissions. Several groups have now 
highlighted the need for a nitrogen cycle in carbon cycle projections showing a 
potentially of very large modulation (several 100s PgC) of terrestrial carbon uptake by 
2100 if N limitation is accounted for. Peat and permafrost emerged as an area where 
there is extensive new research. Overall it was really encouraging to see that Earth 
system processes are now accepted in the mainstream of climate modelling and being 
part of CMIP5 projections. 
 
In the session on “Cryospheric processes and changes” the ability of the CMIP5 
models to correctly simulate sea ice climate and variability was critically assessed. In 
general the models have substantially improved in comparison to CMIP3 models. It 
was stressed, however, that some of the satellite-derived data sets used for model 
validation show large differences and the outcome of the validation can be quite 
dependent on which satellite product is used. This is especially true for summer sea 
ice concentrations and sea ice area. It was demonstrated that very high horizontal 



 

resolution (better than 1 km) in ice sheet models is required to correctly simulate the 
movement of the grounding line in response to climate change. And that adaptive grid 
refinement could solve the problem. A long simulation with an ice sheet model 
coupled interactively to an AOGCM for the Last Glacial Maximum showed Heinrich 
event like stochastic variability. 
 
While in previous CMIP phases most participating models had their upper boundaries 
in the middle stratosphere, about half of the current CMIP5 models have upper lids 
above the stratopause. Additionally, many of them represent solar variability not just 
in terms of total but spectral solar irradiance. Several authors in the session on 
“Stratospheric and solar influences on surface climate” made, hence, use of the CMIP5 
archive. It was confirmed that a resolution of the stratosphere alters the surface 
climate change signal in particular in high latitudes. However, although a number of 
presented studies improve our understanding of vertical coupling mechanisms, the 
processes involved in the downward transfer of a stratospheric signal through the 
tropopause are not yet fully identified. The presentations have also confirmed that 
solar signals may propagate downward from the stratosphere. Difficulties concerning 
their simulation seem related to both the imperfectness of model dynamics and 
uncertain knowledge on the actual spectral variability of the sun. 
 
At the paleo-climate session “Lessons from the past: using and interpreting the paleo-
record”, the Marine Isotopic Stage 19 (MIS19) which occurred about 790,000 years 
ago was identified as the best analogue for present interglacial period, in terms of 
both orbital forcing and climate response. While the MIS19 climate was similar to the 
pre-industrial one, MIS19 had lower atmospheric CO2 concentration, leading to a 
question why the carbon cycle was functioning differently during that period. 
Furthermore, important progress by PMIP-3 and CMIP-5 has been made to have more 
precise model-data comparison. PMIP-3 has demonstrated its capability to provide a 
useful paleo benchmark for model to be used for the assessment of potential climate 
change in the future. 
 
The ultimate goal of the research conducted by many groups is to provide the 
information needed to protect societies from risks caused by climate and other 
environmental changes. This enterprise, discussed in the session “Imagining the 
future: integrated assessment modeling and impacts”, requires advances in 
fundamental understanding, some of which can only come from interdisciplinary 
approaches that for instance take into account the human dimension 
 
At the end of the 3rd ICESM a prediction was issued that based on the success of this 
conference, there will be a 4th ICESM, presumably in 2016. 
 
The conference was sponsored by CRAY Inc. Supercomputer Company, Deutsche 
Forschungsgemeinschaft (DFG), City of Hamburg, CliSAP (Excellence Cluster EXC 177), 
Universität Hamburg, WCRP – World Climate Research Programme. 
 


