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Description:
To understand complex systems like the one used to model earth environment, data generated by different systems with different level of details have to be integrated and analyzed at the scale of the entire system. Often these experiments require a rather complex infrastructure in term of computing resources and data sources, Scientific workflows proved to be very useful in hiding this complexity from the domain scientists such that he can focus on the logic of the experiments without going into low-level details. Moreover, workflow system can 1) manage the processes for integrating various source of semantically annotated data 2) process and track the evolutions of the data, and 3) find optimal computing resources and information that meet the quality requirements of the experiment.
The experiments in environmental science are inherently multidisciplinary, and often require input from a number of scientists with different expertise; workflow systems must not only support the cooperative computing of processes in an experiment, but also log the activities of workflow execution and provide provenance model for post analysis of the execution. The latter is especially needed for 1) the reproducibility of scientific results, which is becoming a point of interest of the scientific community these days, 2)  the attribution of credit to users and groups involved in their creation of successful scientific experiments and 3) the increase of sharing and re-use within and across scientific fields
Approach:

One approach to address these challenges and design the appropriate workflow management system is to follow a Service Oriented Approach, which leads to the development of a collection of services capable to solve each of above mentioned challenges, such as:

1. A service for selecting workflow components and composing a workflow based on a high level description which hides low level details from the domain scientists

2. a dissemination service which allows scientists to publish results, tools, methods and techniques to make them available to others
3. a service for tracking the provenance of the workflow execution allows post execution user analysis. The execution paths and logs to reproduce the workflow execution, but also requires a semantic integration between different models of the provenance data from different domains. 
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Shuffled Complex Evolution Metropolis algorithm (SCEM)

For long, research on parameter optimisation algorithms aimed at enhancing the efficiency of local search procedures. Increase of computing power and the awareness of the problem of getting stuck in local minima has led to the development of global optimisation techniques. The SCEM algorithm is a general-purpose global optimisation algorithm. It operates by merging the strengths of the Metropolis algorithm, controlled random search, competitive evolution, and complex shuffling in order to continuously update the proposed prior distribution of the parameter space and evolve the sampler to the posterior target distribution. SCEM thus does not only provide optimal parameter sets for a given objective, but it also allows us to analyse the correlation structure of these parameter sets. From this we gain insight into the relation between the complexity of our model and the complexity of the behaviour of the prototype system, and the potentials and limitations to identify the model parameters, and the system properties, from a given set of observations. Using SCEM and a mixing model for the dielectric behaviour of soils, we were able to assess the dielectric permittivity profile along the length of a probe, inserted in the soil. We proved to be capable of simultaneously identifying 40 parameters in a measured Time-Domain-Reflectometry waveform. This was supposed to be impossible before, and opens a new venue of hydrologic research to derive soil physical properties at the scale of interest. 

Simultaneous Optimisation and Data Assimilation (SODA)

Discrepancies that occur when confronting model results with observations originate from input, output, parameter, and model structural errors. With classical model calibration all discrepancies are attributed to the unknown parameters and thus the obtained parameter values are biased as they were optimised to tune the erroneous model results to the observations. In sequential data-assimilation the assumptions on a correct model structure and error-free input and output measurements are relaxed, and systematic deviations are reduced by sequentially updating the model states to produce the best performing forecast. SODA is based on the simultaneous estimation of state variables and model parameters. It combines the strengths of the parameter search efficiency and explorative capabilities of the SCEM algorithm with the power and computational efficiency of the Ensemble Kalman Filter to provide a better treatment of the input, output, parameter, and model structural uncertainties. The application of SODA forces a paradigm shift because the goal is no longer to obtain the best possible model forecast. Instead, the method aims at gaining insights into model structural errors, so as to facilitate the development of improved theories of the functioning of our system of interest. We hypothesize that the application of SODA will result in 1) meaningful prediction uncertainty bounds of simulation models, 2) parameter estimates that better represent the system properties and are not corrupted by model errors thereby increasing the prospects of the interpretation of model parameters, and 3) a time series of recursive state and output adjustments, whose interpretation again will generate the inspiration needed to improve our model concepts and our understanding of the functioning of systems.
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