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This project is linked to the EU MAST-3 project entitled COAST3D, led by HR Wallingford.  Together, the projects have made measurements of waves, currents, sediment transport and seabed/beach evolution at sites at Egmond in the Netherlands in 1998, and at Teignmouth, south Devon in 1999.  The resulting data has been used to test computational models of morphological evolution, and will lead to tools for coastal zone management.

A great deal of research has been devoted in recent years to modelling and measurements of waves, sediment transport and morphodynamic evolution on coastlines that are notionally straight and uniform, and these are now reasonably well understood.  However, many of the coastlines that are of importance in practical applications do not conform to this ideal, but either have imposed non-uniformities such as headlands, river mouths, and manmade structures, or they spontaneously depart from two-dimensionality due to morphological non-uniformities such as rip-channels leading to dissected breaker bars.

These types of coastline are being addressed by the COAST3D project, a collaborative project co-funded by the European Commission’s MAST-III programme and national sources (including this MAFF project), running from October 1997 to March 2001.  A consortium of 11 partners from five EU states (UK, Netherlands, France, Spain and Belgium) is undertaking the project, which has the following objectives: 

· to improve understanding of the physics of coastal sand transport and morphodynamics

· to remedy the present lack of validation data of sand transport and morphology suitable for testing numerical models of coastal processes at two contrasting sites

· to test a representative sample of numerical models for predicting coastal sand transport and morphodynamics against this data

· to deliver validated modelling tools, and methodologies for their use, in a form suitable for coastal zone management

This is being achieved by making field measurements purpose-designed for numerical model evaluation, with adequate boundary conditions and a dense horizontal array of measurement points, in conditions typical of the European coastline.  Previous coastal experiments in Europe and elsewhere have placed their main emphasis on hydrodynamics; an innovative feature of the present project is that the emphasis throughout is on sand transport and morphodynamics.  Another distinctive feature is that the focus is on non-uniform (3D) coasts, rather than on the relatively well understood (but possibly unrealistic) uniform 2D case.  

Four field experiments have been successfully performed, resulting in large amounts of high quality data on water-levels, currents, waves, sediment transport and bathymetric changes.  The first two experiments took place at Egmond-aan-Zee on a quasi-2D sandy stretch of the Dutch coast, with a pilot and main experiments in spring and autumn 1998 respectively. Although the coastline and bathymetric contours appear on charts to be nearly straight, on direct inspection it is seen that there is a natural three-dimensionality produced by rip-channels intersecting a bar system that has a major effect on the hydrodynamics and sediment dynamics of the coast.  The site is regarded as “2.5–dimensional” as a result of these sedimentary non-uniformities, and the departures from 2-dimensionality are an important aspect of this experiment.

The second two experiments took place at Teignmouth on the south coast of England in spring and autumn 1999, where a rocky headland and a river mouth provide a strong three-dimensionality to the coastline and bathymetry, which in turn result in complex patterns of flow and waves.  A complicated re-curving spit adjacent to the river mouth, and a series of offshore sandbanks, are very active morphodynamically.  This site, which additionally has a wide range of grain-sizes, stretches the capabilities of present day coastal morphodynamic numerical models to their limits, and provides a very exacting test of these and future models.

The data from these experiments will provide new understanding of coastal physical processes, which are valuable for coastal management both directly, and through the improvement of hydrodynamic and morphodynamic numerical models.  Numerical modellers are working interactively with the experimenters, at the planning, experiment, and evaluation phases.  Very successful “Modellers’ Weeks” were held at both sites during the experiments, when the project’s modellers, supplemented by others from outside the project, ran their models together at the site they were modelling.

The data from the experiments is currently (April 2000) being analysed.  A number of interesting results are already apparent.  At the notionally uniform site at Egmond, analysis of the bathymetric changes during the autumn experiment revealed that the bed changes associated with the along-shore non-uniformity were actually greater than those associated with along-shore uniform behaviour, so that an assumption of 2D behaviour would not be appropriate.  Coastal Profile models have so far only been run for the pilot experiment at Egmond, when there was very little morphological change.  Their predictions of wave-heights, set-up and long-shore currents showed large differences between models.  Next they will be run with the main experiment data, when large changes in morphology occurred.  As well as making runs with single transects, tests will be made to investigate whether such models give better results if they are run in a long-shore averaged fashion.  Coastal Area models run for the Egmond site predicted circulation cells and rip systems.

At the complex Teignmouth site the current-meter data show large pulses as vortices are produced at the edge of the jet emerging from the estuary mouth.  Some of the Coastal Area models are also able to predict such vortices, with at least qualitatively the right features.  Detailed measurements in the swash-zone show that this is a very active area, advecting up and down the beach with the tidal rise and fall.  Ripple profiles taken acoustically in the strong estuarine outflow and inflow show a rapid migration and reversal of asymmetry.  Sidescan surveys at both sites show a remarkably complex pattern of bedforms, not all of which are easily explained.  The autumn experiments at both sites encountered storms that produced large changes in the bathymetry which the morphological models will endeavour to simulate.

An important aspect of the consortium is that national regulatory authorities from UK (Environment Agency, in conjunction with MAFF) and NL (RIKZ/Rijkswaterstaat) are partners, to ensure that the project is focused on practical tools for Coastal Zone Management (CZM).  The means by which results from the project can be made use of in CZM applications was addressed from the outset of the project.  It has been found to be by no means straightforward: there is a gap between the problem-driven requirements of CZ Managers and the science-driven goals of the researchers.  All partners are keen to find methods of bridging this gap.  To aid this, a questionnaire has been prepared by the CZM Tools Group and distributed to all the consortium partners, requesting them to answer a number of questions that relate to CZM in terms of the results that their data analysis and/or modelling will provide.

The COAST3D project will provide the following products, some freely available and some available commercially:

· Data-sets: (CD-ROM), from the two contrasting coastal sites, available publicly in October 2001 

· Reports and papers: on coastal processes, morphological models, and innovative instrumentation

· CZM tools and guidelines: a report describing WHEN to use WHAT tools and HOW to use these tools, illustrated by case studies at Egmond and Teignmouth

· Models: improved, validated, morphodynamic numerical models 

· Instruments: innovative instrumentation and systems for measuring bathymetry, waves and sediment transport

Although the funding from MAFF for this project is now finished, the COAST3D project will continue up to 31 March 2001.  Many new results will emerge in this time, which will continue to be passed to MAFF.  The COAST3D project, which is additionally supported by the Environment Agency, demonstrates the substantial gearing that can be obtained by participating in collaborative EU research projects.  Up to the minute knowledge from other countries about coastal issues is rapidly made available to the UK, and the totality of results arising from the project is much greater than the sum of the parts.

European coastal managers have expressed concern that depth profiles around the coastline of the North Sea have become significantly steeper over the past 50 years or so.  At a series of international meetings, in which HR participated, evidence was collected to support this observation, causes were discussed, and possible consequences of the resulting increased wave penetration for beaches and coastal defences were identified.  For example, overtopping rates for seawalls on the UK North Sea coast during extreme storms are predicted to increase by 25% over the next 20 years as a result of coastal steepening.  The five nations involved produced a combined report for the North Sea Coastal Managers meeting in June 1999.
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MAFF were providing matching funds for the EU collaborative project COAST3D which will not be completed until 31 March 2001.  MAFF has received a Volume of Abstracts describing in detail the work of all the partners up to October 1999, and will receive another in June 2000.  A final report will be submitted to both the European Commission and MAFF in March 2001, which will serve as the final report from this project.  Until then please refer to the Executive Summary.
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