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Note: the above Departments are combined as the School of Mechanical, Aerospace and
Civil Engineering in the ‘new” University of Manchester from October 2004. This report
should be read in conjunction with Part B, covering coastal simulator and biodiversity.

1. Non-technical summary

Many coastal regions around the UK are vulnerable to sea-level rise and climate
change and the East Anglian coast is probably one of the most vulnerable. One aim of
the Tyndall coastal simulator (see final report part B, Watkinson et al, 2005) is to
predict coastline recession and flooding and this requires simulations of wave climate
and tidal currents which determine morphodynamics and erosion. It is shown:

(a) how computer simulations predict wave climate and larger-scale tidal motions
quite efficiently and, importantly, how input data for bathymetry and tidal flow
boundary conditions may be obtained;

(b) how building up sandbanks may ameliorate inshore wave climate locally,
reducing the impact of increasing wave height due to sea-level rise;

(c) how available long-term histories of onshore wind data may be used to predict
offshore wave climate and thence inshore wave climate very efficiently by generating
data bases which may be curve-fitted and interpolated for each wind condition;

(d) how long-time histories of inshore wave climate input into cliff erosion models
may predict historical recession rates quite successfully.

2. Key research objectives

e To test and validate as far as possible computer codes for predicting tidal
flows and wave climate for the East Anglian coast. The finite-element codes
TELEMAC-2D and TOMAWAC respectively were used as meshes and may
readily be refined where necessary (e.g. where bathymetry is changing
markedly).

e To assess the influence of sea-level rise on inshore wave heights.

e To assess the influence of building up sandbanks (e.g. with dredged material,
on inshore wave heights with the view that the resulting local wave height
decrease will ameliorate the effect of sea-level rise on coastal erosion,
providing a potential component of an overall shoreline protection scheme).

e To develop methods for long-term inshore wave height prediction from long
term onshore wind data, based on the above modelling capabilities. Historical
wind data is available for many years for checking results and wind speed and
direction are considered to be among the more reliable outputs from climate
change models.

3. Work undertaken

Initially work was concerned with setting up computational fluid dynamics
simulations for tidal currents and wave propagation. The finite-element codes
TELEMAC-2D and TOMAWAC respectively were used. Digitised bathymetry from
Admiralty charts was obtained from METOC Ltd under licence. Computations were
undertaken for a domain along the coast extending into deep water about 30-40 km
offshore. For tidal currents, boundary conditions for this domain are required for
time-dependent depth and velocity (flux) and these were acquired for a period of 216



hours in year 2000 from the continental shelf model CS3 of the Proudman
Oceanographic Laboratory, again under licence. Results of inshore tidal level could
be compared with BODC data for Lowestoft. Kinematics from TELEMAC were used
to drive sediment transport and morphodynamics by the module SYSPHE. The
TOMAWAC code for wave propagation has been quite widely tested although not for
complex sandbank bathymetries of concern here. The physical mechanisms modelled
are: shoaling and refraction due to bathymetries and currents, energy losses due to
whitecapping and bottom friction, wave-wave interactions, and depth-induced
breaking. Diffraction is not included. Preliminary tests were made for wave
propagation over circular and elliptic shoals measured in (controlled) laboratory
conditions. Diffraction effects are included in the code ARTEMIS and this was run
for comparison. TOMAWAC was then applied to the East Anglia coastal domain to
investigate changes in inshore wave climate due to sea level rise and due to increasing
the height of sandbanks. Accretion or erosion of sandbanks due to tidal currents was
then assessed. These effects due to wave action are difficult/impossible to predict. It
was thought that sandbanks which accrete due to tidal action would also be good first
choices to provide coastal protection.

Long-term prediction of wave climate requires an efficient solver for wave
propagation and also an assessment of the relevance of various effects. The sensitivity
of TOMAWAC predictions to tidal currents, inshore wind forcing and directional
spread was thus tested. It was found that inshore wave climate was primarily
dependent only on offshore wave height and direction and not the above effects. This
enabled a number of runs covering the possible parameter range for offshore wave
height and direction to be made establishing a data base which, through curve fitting
and interpolation, may predict wave climate at specified inshore sites for each
offshore condition extremely efficiently. The offshore wave condition was
determined from onshore wind data using standard formulae. The resulting
algorithms and relevant data sets were supplied to Bristol University to input long
time series of wind data to produce nearshore wave climate for their cliff erosion
models.

Towards the end of the project recent inshore wave data for the East Anglia coast
became available from the Environment Agency. These data together with Wavenet
buoy data further offshore have enabled some preliminary analysis and comparisons
to be made. However the buoy positions do not coincide with positions already used
and the coastal wave climate calibration needs to be repeated.

4. Results

a. TELEMAC-2D with appropriate bathymetry and boundary conditions predicts
measured tidal levels well and generally may be expected to predict larger-
scale flow features well. However smaller scale features associated with
sandbank wakes will not be reliably reproduced (from related EPSRC
project).

b. TOMAWAC generally predicts wave propagation over shoals well for waves
with broad directional spread. Effects of diffraction appear negligible,



although this is not the case with narrow directional spread. In coastal
conditions effects due to currents, inshore wind forcing and directional spread
are generally small. Inshore wave climate may thus be defined by offshore
wave height, direction and tidal level through the application of TOMAWAC.
Although TOMAWAC was chosen for this study, the same conclusions will
apply to the widely used finite-difference code SWAN.

c. Building up sandbanks (e.g. through dredged material) will reduce inshore
wave heights locally and may be considered as part of a coastal protection
strategy. This would help to ameliorate increases in inshore wave height due
to sea level rise. Certain sandbanks appear to accrete naturally due to tidal
action.

d. Onshore wind data has been used to define offshore wave climate which is
then converted to inshore wave climate through TOMAWAC. By running
TOMAWAC over relevant parameter ranges, inshore wave data may be curve
fitted and interpolated to define inshore wave climate from onshore wind data
very efficiently. This enables long-time series of wind data to be input in order
to output long-time series of wave climate at pre-defined locations. This has
been fed into the Bristol University cliff erosion model giving good historical
predictions of cliff recession (undertaken by Bristol University).

5. Relevance to Tyndall Centre research strategy and overall Centre objectives
The Regional Coastal Simulator of Theme 4 is an important component of the
Tyndall research strategy. Wave climate determines coastal erosion and flooding with
obvious economic and social implications. It also provides an interface with tidal
inlets with their associated exchange processes. Implications for biodiversity may be
explored (see final report part B, Watkinson et al, 2005) .

6. Potential for further work

This is being investigated through a scoping study run by Bristol University with
Manchester and Southampton Universities, due to report in October 2004. There is
clearly potential to integrate efficient wave modelling into all aspects of the Regional
Coastal Simulator, including aspects associated with flooding which have yet to be
explored. An important ongoing specific aspect (presently part-time) is to compare
with inshore wave buoy data collected since 2002 by the Environment Agency (EA).
Indeed interaction with the EA concerning future deployment is to be investigated. A
further exciting possibility is to develop these methods for the prediction of sandbank
evolution, making some basic hypotheses about the driving excitation and transport
mechanisms. Such a scheme may be calibrated against bathymetries available from
the British Geological Survey (BGS) by running time ‘backwards’. Sandbanks are
important to the Coastal Simulator as they are a vital element in wave dissipation and
hence coastal protection.
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