TITLE

Formal methods for determining the appropriate level of complexity of ecosystem models.
SYNOPSIS

Empirical techniques are often used to establish whether a model can be simplified or not. This involves simplifying an aspect of a model and observing the model performance compared with the original. This is time-consuming, might not result in optimal complexity, and the experience gained in model simplification usually not transferable. In this project the aim is to develop a methodology for undertaking the task of reducing model complexity. Ideas from control theory, sensitivity analysis, other approaches from the literature, and some original ideas will be tested first on some small models and then on the suite of ecosystem models for Port Phillip Bay.

PROPOSED PROGRAM
The degree of detail that should be incorporated into a model of any complex system requires much experience and is often regarded as more of an art than a science. For this reason many models have been constructed that contain an inappropriate level of complexity. Some are too simple and miss some important system behaviour while others contain too much detail to be able to reveal the underlying causes of any important effects.  While the best time to address issues of complexity is during the formulation process it is not always possible to know the most appropriate level of detail beforehand. This proposal is therefore concerned with models that have already been constructed.

There are clear advantages to simplifying models. The data requirements are reduced; it is much easier to get an understanding of the underlying causes of system behaviour; and in some cases certain useful mathematical analysis become possible. The aim of this project is to investigate formal mathematical techniques for simplifying models while still capturing the essential dynamic behaviour of the components that the user wishes to observe. 

A number of formal techniques exist that might prove useful in the simplification task. For example, application of the concepts from control theory of controllability and observability might reveal that a whole subsystem of a model is unaffected by any of the driving variables and has no effect on the observed output. Such a subsystem is clearly redundant for the purposes of using the model for management or understanding purposes.

Large ecosystem models fell out of favour in the 80’s . (May commented that most would benefit by an online incinerator). However, modern environmental policy has experienced a shift in focus from species management to whole ecosystem management. A primary tool in such management is ecosystem modeling and large ecosystem models have again become prevalent

Unfortunately, some of the techniques that were used in the 70’s have been forgotten. Rose and Harmsen (1978) demonstrated that sensitivity analysis could be used for model simplification. Hearne (1985, 1987) showed a way to handle the parameter combination sensitivity problem even if systems have large numbers of parameters. Martin (1980) developed a technique for functional sensitivity of a model. This can be used to identify how important (sensitive) the choice of functions in a model is. No point debating the functional form of a relationship, or investigating alternative forms, when it does not have much effect on model out put.

It is proposed to do a thorough literature survey of formal methods that have been used to simplify models. The survey will also include the related concept of both parameter sensitivity and functional sensitivity. With ideas drawn from the literature and from control theory an initial formal methodology for model simplification of large models will be proposed.

The methodology will first be tested on some smaller models. A single species age/sex-structured population (Nyala) model comprising about 30 differential equations will be analysed and compared with lower order systems including one with a single state variable. This should generate some conclusions on aggregating groups in series. Similar exercises will be performed to understand the effect of aggregating two herbivores in competition for a common resource; and a predator with two prey. The above analyses will be performed using available models and data on African wildlife but might include other systems depending on availability of data. Once a better understanding of the effects of aggregating both in series and in parallel has been attained the original proposed methodology for model simplification might need to be modified. The methodology will then be tested on some larger ecosystem models.

A well-studied ecosystem is Port Phillip Bay (PPB) Victoria, Australia. Much physical and biogeochemical data has been collected from PPB over several decades, making it a suitable testing ground for ecosystem models. There has been some work done in the comparison of different ecosystem models, namely that of Fulton (2001). Fulton’s work is also concerned with model simplification issues but this is done empirically. A simplification tackled by formal methods would therefore provide a very useful comparison. 

The Integrated Generic Bay Ecosystem Model (IGBEM) is the most complex model considered for PPB. It is a conglomeration of the Port Phillip Bay Integrated Model (PPBIM), formulated by CMR and CSIRO Land and Water (CLW), and the European Regional Seas Ecosystem Model II (ERSEM II), originally conceived as a model for the North Sea. The parameters of each model were scaled where necessary so that they could be combined. Further, some modifications were made in order to tailor the model to PPB.

IGBEM involves more than 750 parameters describing physical and biogeochemical processes. According to Fulton (2001), the logistics involved in adequately estimating these parameters is expensive. Moreover, the uncertainty involved in measuring a parameter is amplified greatly by the number of parameters. This has lead to the consideration of models that are simpler in terms of scope and complexity. The simpler they are, the easier it is to estimate them. However, if they are too simple they are prone to under representation. That is, certain ecosystem dynamics will not be captured in the model and the conclusions drawn will be unreliable. Consequently, Fulton notes that there is a “humped” relationship between the level of model complexity and the model’s performance. That is, moderate levels of complexity seem to perform “better” than extreme levels.

Fulton’s doctoral thesis compared IGBEM to a more generic but less detailed bay model, Bay Model 2 (BM2). Some comparison was also made with ECOSIM, a dynamic simulation model. The comparisons were used to identify which model structures and assumptions provide the desired insight into the system’s dynamics, and which are ineffective. The areas of comparison included spatial and temporal resolution, the form of grazing and mortality parameters, aggregation and omission of variables, physiological detail, and a variety of nutrient and fishing loads. The methodology employed was the “deep-shallow” approach, where the complex (deep) model is set as the benchmark against which all simpler (shallow) models are compared. In essence, this is a trial and error approach. The proposed research seeks to formalize methods of comparison and obtain more rigorous guidelines for the model complexity to be employed. 
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COLLABORATION

The research will be carried out in the Department of Mathematics and Statistics at RMIT University under the supervision of John Hearne with input from the Control and Optimisation Group within the department. Discussions have also taken place with Tony Smith, Keith Sainsbury, Beth Fulton, David McDonald, and John Parlsow at CMR. They have expressed a willingness to provide expertise where appropriate and involvement with the PPB analysis. They will also make available the PPB models for the purposes of the project. 

