FD2117:  Development and Demonstration of Systems Based Estuary Simulators (EstSim)

Project Summary

The sustainability of flood and coastal management decisions are central to Defra’s Strategy for Flood and Coastal Defence.    The effects of natural change and anthropogenic interventions on an estuarine environment requires consideration over a range of space and time scales and robust and justified decisions can only be made with an understanding of morphological change and the ability to predict into the future. 

Supporting scientific investigations must consider the complexity of the whole system and its many functional attributes and the adoption of an ‘estuarine management’ approach attempts to meet the diverse aims of estuary users by considering the interlinking relationships within the estuary.  Once provided, such a management system will provide a coherent and consistent framework to be applied in exploring questions regarding the effects of change, policy planning and sustainability and hence inform balanced estuary management decisions.      

The overarching objective of the Estuary Research Programme (ERP) is to develop an Estuary Management System and a fundamental requirement will be to understand and predict estuarine morphological change over the medium to long-term.  The EMPHASYS Consortium undertook Phase 1 of this programme by evaluating existing morphological modelling approaches and the most promising of these approaches will be developed as part of ERP Phase 2.

On their own, numerical modelling approaches will provide quantitative outputs that can inform on trends and directionality of an estuarine system response.  Projects FD2107 and FD2116 will take forwards recommendations from ERP1 to further develop and research these methods.   However, there is a need to capture knowledge of estuary response from these quantitative methods with other complimentary morphological tools and expert knowledge within a qualitative framework that can enable an Estuary Management System to be developed. 

The principal aim of this project is therefore to research and develop a Systems based approach to estuarine morphology and provide a means of simulating the response of geomorphological features so that it can be encompassed within an Estuary Management System.   

The existing tools available for morphological prediction of whole estuarine systems were explored and evaluated as part of ERP Phase 1.  This phase of work made the distinction between ‘top down’, ‘bottom up’ and ‘hybrid’ modelling approaches and concluded in part that improved development of hybrid models was an important way forwards together with research of existing geomorphological concepts and alternative approaches to provide insight into longer term system behaviour.  The projects FD2107and FD2116 will address many of the needs arising from ERP1.  

This project addresses two important requirements, namely (i) an alternative Systems based approach of predicting estuarine morphology over the medium term; and (ii) a framework in the form of an estuarine simulation procedure that can be used as an integrating mechanism in the ultimate formulation of the Estuary Management System. 

A Systems based approach is appropriate in this context since flood and coastal defence issues are part of and influence the wider estuarine environment and there is a need to understand the behaviour of this system.  A change or action in one compartment or location of the system can have much wider-scale impacts such as with a change in flow conditions altering a sediment budget and the stability of engineering or defence works.     

Importantly, in adopting a Systems based approach to estuarine morphology this alternative method will also allow other information formats such as quantitative data from numerical modelling methods and qualitative/subjective expert opinion to be captured and synthesised in order to develop system models.  For this reason, the knowledge gained from development of other proposals (FD2107 and FD2116) and ongiong projects (i.e FD1905) is likely to provide an important input to research and development within this project.

The Systems based approach will act as a conceptual framework to understand and explain the behaviour of geomorphological features within an estuarine system and sub-systems and hence how they interact and evolve over time.    An understanding of leading management questions will allow a focus for the systems approach and is therefore likely to be the starting point for simulation (Pontee and Townend, 1999).   This approach may not only help to enhance understanding of morphological relationships but will also help to rationalise the process of synthesising quantitative and qualitative information.  

The rationale for applying a more formalised Systems based approach derives from the inherent complexity of interactions between physical processes, sediment transport and geomorphological form.   With incomplete knowledge of these relationships there is a benefit in developing and applying qualitative models and descriptions that do not solely rely on having precise knowledge of the physical laws governing ‘bottom up’ approaches.  Such methods do not preclude the use of quantitative information, but are more likely to use the knowledge gained from these methods in the development of the behavioural knowledge between systems.      The requirement for estuarine research in these fields has been discussed by Townend (2002) and Van Koningsveld et al. (2003).

The development of behavioural models that combine the physical elements (geomorphological features) and the dynamics of the interactions between elements provides a pathway to explore and populate the systems approach and this has been examined by Cowell &Thom (1994), Capobianco et al. (1999) and through the development of ASMITA by Stive et al (1998, 2002).

The concept of applying a ‘systems approach’ to understanding coastal behaviour was developed and explored during Defra’s Futurecoast study (Cooper and Jay, 2002 and Townend, 2003).  This was based on assessing past, large-scale, evolution over long time scales, together with identifying the critical controls and influences on coastal evolution.  Behavioural characteristics that led to knowledge on system response were developed for these large scale coastal features.  This was based in part on an understanding of the linkages and feedback mechanisms between geomorphological elements. 

The current project proposes to apply concepts developed as part of Futurecoast to estuarine environments but furthermore would propose to both translate behavioural statements into algorithmic form and simulate the process.  

The overall approach will aim to achieve: (i) an improved understanding of the behaviour of estuarine systems; (ii) the ability to predict trends in future behaviour, based on an understanding of the morphological states towards which the systems are tending to move; and (iii) provision of knowledge in a form consistent with other relevant projects (Futurecoast)
