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This research project has the objective of improving knowledge of the losses and gains of beach sediment around the coastline of England and Wales.  This will be an aid to more effective management of beaches as components of coastal defences against erosion and flooding by the sea.

Beach management is a highly cost-effective and environmentally acceptable coastal defence technique.  It is at the heart of the “soft” engineering approach now widely advocated as the preferred option for coast protection and flood defence in the U.K.  Recognising this, the concept of coastal “cells”, i.e. stretches of coastline wherein the beach sediment is self-contained, was applied to the coastline of England and Wales as a step towards better management of sand and gravel beaches.  These cells have proved useful as a basis for setting up Shoreline Management Plans in England and Wales, and in encouraging liaison and co-operation between neighbouring authorities with responsibilities for coastal defences.  Where large-scale beach management schemes are considered, i.e. stretching over a substantial length of coast, then this closer co-operation is particularly important.

These coastal cells also have provided a framework for the calculation of sediment “budgets” for the U.K. coastline. In a perfect coastal “cell”, in which there are no losses and gains of beach sediment, the sediment budget will remain in balance. Localised erosion in some areas is balanced by accretion elsewhere along the coast.  

Rapid changes in shoreline position are mainly caused by spatial variations in longshore sediment transport rates. Calculations of longshore drift rates, and their spatial variations, have been carried out for many of the coastal cells or sub-cells, either within Shoreline Management Plans or Strategy Plans. Modern studies of sediment transport processes over complete coastal “cells” are therefore available for many parts of the coastline of England and Wales and demonstrate the present methods used for assessing sediment budgets.  

However, the sediment budgets formulated often are not calibrated against, or do not agree with the volumes of beach material actually lost or gained, even when this information is available.  There are three main reasons for this.  First, there are inevitable inaccuracies in the calculations of longshore drift rates, which are always difficult to verify.  There are also problems in the accurate estimation of the volumes of sediment in a beach.

Imbalances in the sediment budget also arise because of losses or gains of sediment from the beaches.  In many areas, losses outweigh gains of sediment in coastal cells, with a consequential long-term beach lowering.  Deficiencies in such budgets are now often being treated by artificial nourishment, adding to the total beach sediment volume.

Finally, difficulties in balancing a sediment budget arise because of the imperfections of the coastal cell concept as applied to the U.K. coastline.  In many cases, the chosen boundary between cells cannot be guaranteed to be, and is often not, a total barrier to the longshore transport of beach sediment, especially fine-grained sand and smaller particles.    In addition, the existing cell concept encourages a rather “one-dimensional” view of beach sediment movement, implying that the only significant transport occurs along the narrow strip centred on the inter-tidal zone.   This narrow view is still useful, for example in anticipating the effects on the downdrift coast of a proposed new coastal defence scheme on a long straight beach, and this is reflected in many numerical models of the evolution of coastal morphology.  However, it is certainly insufficient to visualise, let alone explain, coastal sediment transport in more complex situations, for example near the mouth of an estuary or tidal inlet.

The weaknesses of the coastal cell concept transfer to many sediment budget calculations, particularly in that they often do not consider losses / gains of beach sediment (either to the landwards or seawards), or evaluate the transfer of sediments around headland or across the mouths of estuaries. While these omissions may be of little importance in the short-term, i.e. in comparison to the rates of longshore drift, they are often fundamental when long-term management of the coastline, and coastal defences, is being considered.

The main objective of this research is to investigate the shortcomings of the coastal cell concept, and in particular investigate long-term supplies and losses of beach sediments.  

Some of the commoner changes in beach volumes are:

· Gains from eroding cliffs, ancient dune systems, or shore platforms

· Gains from sediment brought to the coast from rivers or out of estuaries

· Losses inland to accreting dune systems 

· Losses to the seabed offshore

At present, of these mechanisms, those of greatest importance in the U.K. are the supply of sediment from cliff or dune erosion and the interchanges of sand and gravel between beaches and the seabed. 

The methods presently available for calculating such losses and gains are much poorer than those used for calculating transport of sediment along a beach.   If the transport mechanisms for reducing or increasing the total volume of beach sediment in a cell can be identified, described, verified and, ideally, quantified at least approximately, then existing calculations of sediment budgets will be significantly improved.  This would also lead to a much more realistic view of sediment transport and morphology changes than can be provided by the simple “linear coastal cell” concept that is presently being used.

With this knowledge, better decisions could then be taken regarding obtaining and / or conserving beach sediment, particularly sand and gravel.  Intervening to alter or counteract these natural processes may be beneficial, for example in planning and maintaining beach recharge schemes or in reducing an existing beach erosion problem.  This in turn should lead to reduced expenditure on coastal defence schemes.  For example, sediment that is lost from the shoreline, under natural processes, is not destroyed but simply re-located.  There are considerable attractions in locating, recovering and re-using such sediments, to make up for long-term deficiencies in sediment volume on eroding beaches.  Evidence of such re-location, its possible quantification, and the controlling processes need examination.  

The final report on this research provides:

· A critical review of the coastal cell concept and its imperfections

· A description of the processes involved in the supply and loss of beach sediments

· Examples from around the coast of the U.K. of such processes

· Recommendations for improving the knowledge of sediment supply and loss

Three sections of the coastline of England are examined in detail to demonstrate the concepts described in the research, and the difficulties encountered in practice when trying to balance a sediment budget.
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The final report is still in preparation (see remarks in Section 4 of accompanying CSG15A).  Until completed, please refer to the Executive Summary.
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