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The aim of this project was to establish whether fine grid surge-tide models could improve forecast accuracy as compared with CS3, the shelf scale (12km grid) model on which the present national surge predictions are based. 

Surges affecting UK coasts are generated by wind and atmospheric pressure acting over the whole continental shelf, so local and large-scale models must be used in combination. Surges in local models have a large-scale component, introduced through open boundary conditions, and an internal component generated within the model domain. The fine grid models should improve the simulation of local variability, but can't reduce errors in the external component, which may dominate. Therefore, in seeking to improve forecast accuracy, both local and large scale components must be considered.   

The contract with MAFF required that the fine grid models were run for selected periods of up to a year and computed surges compared with those from CS3 to assess benefits. This involved a "standard" approach in which CS3 was run first and resulting surges interpolated to give surge inputs on open boundaries of the fine grid model, which was then run in turn to provide "basic" results. Further experiments and tests were carried out to establish how to make best use of the fine scale models. This additional work was carried out as part of POL's Science Programme on Sea Level Variability and Extremes, with funding from NERC.

Three regions: the central South Coast; the eastern Irish Sea; and the central East Coast were investigated. Each includes estuaries, embayments, and inter-tidal flats and channels that cannot be resolved properly by CS3. Existing 1.2km grid models for each region and, for the South Coast, a finer 240m grid "Solent" model were used. 

Model results were compared with surges derived from tide gauges of the national "A" class network (maintained by POL for DEFRA) and from additional gauges run by the Environment Agency (EA). The EA gauges provided information on local surge variations. Unfortunately, drying or "ponding" affected some EA sites and others had quality control problems, e.g. timing errors, which made some data unusable.

The model studies for each region are described in detail in separate sections of the report. The main conclusions were:

· Differences between surges computed from fine grid models and CS3 can be large (O(50cm)) in complex areas away from model open boundaries, and in rapidly changing storm situations. They are small near open boundaries of the local models and on open coasts, and generally when effects of local dynamics and forcing are less important.

· Comparison of model and observed surges for all coasts gave examples in which the fine grid model gave better results than CS3.

· Errors in the large-scale surge component affect both fine grid and CS3 surges, so when this component is large fine grid models can't significantly improve surge forecast accuracy.

· To resolve surge variations in rapidly varying cases, model output and observations should be provided at intervals of no more than 15 minutes, and preferably less.

· Finer scale models (100-200m) nested within local (1km) models are required to resolve narrow channels through drying areas and smaller estuaries where some EA gauges are located. These models could also account for effects of river flow on water levels, where this is significant.

From the additional experiments, intended to establish how to make best use of the fine scale models, it was concluded that: 

· External errors, entering the local models through the open boundary surge specified from CS3, are important and can dominate in some situations.

· These external errors can be eliminated or much reduced if the open boundary surge inputs can be corrected using observations.

· To provide sufficient lead-time for surge forecasts to be useful, would require the use of data assimilation in a larger scale model such as ECNS.

· Improvements in large-scale models (bathymetry, higher resolution, improved met. forcing, better physics) are needed to provide better boundary input to local models.

· Accurate meteorological forcing is essential in predicting both large scale and locally generated surge components. At fine-scales, it was found that the present hourly time resolution and 12km spatial resolution of the mesoscale atmospheric model data could underestimate the true forcing in local models and close to coasts. 

· Inconsistencies in the treatment of seasonal variations, examined in FD1202, affect surge model accuracy at large and small scales and should be corrected.

On the basis of the results the following recommendations are made:

· Improve the quality of local observations to match that of the national "A" class network. 

The accuracy of surge estimates from the local gauges needs to be consistently good enough to measure variations in surge and water level reliably. Gauges should, where possible, be sited to measure the full tidal range, i.e. avoid sites subject to drying or "ponding". 

· Implement local models for some or all of the areas investigated. 

The aim would be to gain experience of their use, to assess their value, and to identify aspects needing further development or improvement.

· Improve local models where there is a need. Specific aspect might include:

Bathymetry/resolution;

Tuning and adjustment to make accurate predictions of tide and thus water level (c.f. the Bristol Channel system);

Update processes – e.g. include effects of seasonal variations and possibly river flows.

· Review large-scale models and the system as a whole, taking account of:

Computing advances - the Met Office are buying a new supercomputer with 10( the speed of the present CRAY T3E; delivery spring 2003. 

Anticipated developments in atmospheric models at the Met Office; mesoscale at 6km resolution by the end of 2003, and 3km by 2006;

Possible new higher resolution surge models to match the improved resolution in the mesoscale atmospheric model. (It is more than ten years since the last major update of surge models, when CS3 was introduced.)

Possible improvement in model bathymetry, tides, processes etc. 

· Re-consider the use of 3D models

A 3D baroclinic shelf seas model, which includes effects of varying water density, has been run at the Met Office for about two years. Results should be examined to determine if surge predictions are as good or better than from existing 2D models. 

· Re-introduce data assimilation in an appropriate large-scale model (c.f. ECNS).

The aim would be to improve predictions generally and to provide more accurate estimates of large-scale surge for input to local models.
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The full scientific report is given in ..

Flather, R.A., Williams, J.A., Blackman, D. & Carlin, L. 2001. Fine grid surge model evaluation,

POL Internal Document No. 141, 52pp.

A copy is attached and electronic (Word and pdf ) versions accompany this final report.
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