Workshop on Model Data Integration for Soil Carbon Dynamics

25-27th of October, 2007 at Jena, Germany
Summary by Thomas Wutzler & Markus Reichstein
In an opening talk Markus Reichstein, gave an overview over the key problems in biogeochemical model data-integration (model overparameterization, model equifinality, and effective parameters caused by model structural deficiencies) and short introduction to concepts to address these issues (Bayesian inverse modeling, multiple-constraint concepts, robust parameter estimation).
The modelling session started with two contrasting talks from Thomas Wutzler and Jari Liski. Thomas emphasized that various competing hypotheses on soil carbon dynamics that will lead to qualitatively different long-term consequences to global warming are not considered in current national scale carbon models. Hence more combined experiments and model development is necessary to discriminate between competing hypotheses. Contrary, Jari presented a new version of the YASSO model that emphasized the identifiability of model parameters. For a reliable accounting of the carbon sink at national scale, it is better to include only the established processes and modelling concepts and to not add uncertain descriptions and parameters. These different perspectives are attributed to the different goals of the models, namely process understanding and prediction versus national accounting for the soil carbon sink. The next speakers Hans-Peter Portner and Pia Gottschalk presented studies that used the established LPJ-guess and RothC models. Those studies showed difficulties in representing the simultaneous dynamics of both fast and slow kinetic pools in a general way without specific parameterizations. In the last talk, Martin Wattenbach pointed to how we can model agricultural systems that are apart from equilibrium. 
Within the integration session Claire Chenu, Tobias Rütting, and Oleg Chertov presented experimental results regarding different turnover times of soil carbon with soil aggregation, the soil profile and enhanced atmospheric CO2 concentrations.

The workshop continued with series of three methodological talks by Thorsten Wiegand and Christian Hoffmann on general aspects of using data to identify not appropriate models from within a set of competing models or to drive model development. Patterns are “defining characteristics of a system and are indicators of essential underlying processes and structures”. A model is regarded appropriate, if there exists a reasonable set of parameters so that the observed patterns can be simulated by the model across the conditions for which the model is developed.  Optimal experimental design is a way to plan experiments in a way so that it “will most strain the incorrect model to explain the data”. In other words an experimental set up is sought for where predictions of alternative models differ most.. The set of patterns, which needs to be considered, depends first on the goal of the model. In the following discussion it was discussed that for example the Yasso model simulates patterns of decomposition of fresh organic matter (FOM) and observed carbon stocks. The former patterns are important for national scale carbon accounting. Regarding the long-term consequences of soil carbon to global warming, however, current models rely on assumptions about the temperature sensitivity of the old soil organic matter. These assumptions are still uncertain, because the processes of stabilizing old organic matter and their importance are not well understood. We discussed, which patterns might be helpful to constrain these processes and stated (i) decay rates, isotopic ratios, and  C/N ratios across the soil profile and size and aggregate classes, (ii) time-series of soil carbon (iso-)flux after an addition of fresh material or wetting (priming and birch effects)
The experimental session started with a talk by Hana Šantrůčková which introduced isotopic methods and presented further isotopic patterns. There are possibly more important processes in soil that are not well understood yet. She suggested developing soil carbon models for process understanding by taking the perspective of the soil microbes. The usage of isotopic methods to trace the fate of carbon in from plant to soil to respiration was shown by the talks of Stefany Schulze, Michael Bahn, Jens-Arne Subke, and Daniel Metcalfe. One observed pattern that was emphasized by several speakers was the fast link of above ground production and soil respiration including the different effects on root and microbial respiration. 
The plenary discussion on Friday was opened by Jens-Arne Subke who proposed to set up small closed model-biospheres and a model competition. In order to better match experiments and models, models should rather concentrate on respiration originating from fresh or soil organic matter instead of conceptual terms such as autotrophic and heterotrophic respiration. In order to gain better understanding, it becomes necessary to better experimentally constrain the different inputs to the soil by below ground litter and root exudates across the soil profile. Another issue, which was discussed with several talks, was the role of nutrients, especially nitrogen. The feedback by plants in both litter quality and litter quantity changes the short term behaviour of the system and limits the long-term ecosystem carbon sequestration. Within the discussion also the mismatch of conceptual views of the soil by many modellers and experimentalists became obvious by using the term “microbial activity”. Is microbial activity just a part of decay rates and allocation to CO2 and other pools? Is it related to microbial biomass, to different microbial communities, or to specific respiration rates?
Finally, the plenary session discussed about interactions and cooperation. Martin Wattenbach initiated the idea for “worked examples” for several topics of the model-data-integration. The participants can discuss about them, and to take part in preparing them. Then, in 1-1.5 years there should be another hands-on workshop or summer school possibly in Pete Smith’s group.
Markus Reichstein summarized the areas where mutual interactions between experimentalist and modellers should be pursued more strongly. Interactions can be useful to 
· test different fundamental model hypothesis and parameterizations (Model structural development)
· test model and parameter identification techniques (methodological  development, that could be done with artificial data, but where real data provides added “real-world” tests)
· test the ‘information content‘ of experimental designs via identification of sensitive and uncertain parameters and optimal experimental design strategies 
· separate pattern/signals in experiments and to help to interpret experimental data (with ‘established’ models)
Important prerequisites for successful model-data integration were mentioned in the discussion, i.e. to harmonize the terminology between modelers and experimentalists and to clearly disclose errors/uncertainties in models and experimental data.
Models without data are like fairy tales.

Data without models are like chaos.
