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WELCOME 

Welcome to the third twice yearly newsletter for the iCOASST 

project.  These newsletters will: 

· Provide a regular update on the project research and outcomes. 

· Communicate with a wide range of interested parties. 

· Encourage discussion and debate about the iCOASST project. 

 

What is the iCOASST Project? 

This four-year project (2012 to 2016) is funded by the Natural 

Environment Research Council (NERC) with the Environment Agency 

as an embedded stakeholder.  The consortium, led by Professor 

Robert Nicholls (University of Southampton), brings together 

leading UK universities, research laboratories and consultants in the 

fields of coastal geomorphology, engineering, oceanography and 

software development.  More details can be found at 

www.icoasst.net. 

 

Aims and Objectives 

The aim of this project is to improve our capability to predict 

erosion and accretion around the coast and estuaries of the UK over 

10 to 100 years. This is also designed to enhance strategic erosion 

and flood risk management, such as strategy studies and shoreline 

management. 

 

Who will benefit from the project? 

We envision the main beneficiary of this research will be Local 

Authorities and the Environment Agency (EA) in England and 

equivalent bodies around the UK, who have the main responsibility 

for delivering flood and coastal erosion risk management.  Other 

beneficiaries include the Department for Environment, Food and 

Rural Affairs (DEFRA - UK Government), specialist consultants who 

undertake the Shoreline Management Plans (SMPs), local 

stakeholders (including community groups, commercial concerns 

and the general public) and the national and international research 

communities. 

What’s new? 

This newsletter highlights important developments in iCOASST, such 

as the creation of a composition of Liverpool Bay with existing 

models and new model components that are being developed and 

will be linked in coastal compositions, initially in Suffolk. 

Contact 

 If you would like to know 

more about the iCOASST 

Project please contact: Jon 

Lawn j.lawn@soton.ac.uk 

 iCOASST Website: 

www.icoasst.net 
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Bed load sediment pathways offshore in Liverpool Bay 
Fay Luxford, Peter Stansby, Benedict Rogers (University of Manchester)  

 

A main aim of coastal area modelling in iCOASST is to determine long-term large scale residual sediment pathways. Work-

ing towards this aim, the figures below show residual bed load pathways for Liverpool Bay in 2008 from TELEMAC2D and 

POLCOMS. POLCOMS is 3D and includes the effects of temperature and salinity variations; TELEMAC2D is depth-averaged 

and so does not include these effects but it uses an unstructured model grid and hence can accurately resolve local fea-

tures such as the Mersey training walls. Here results are presented assuming a uniform sandy bed and without wave 

effects. Pathways are shown; magnitudes of sediment flux will be assessed later. 

Figure 1. Bed load residual transport streamlines (top) and flux arrows (bottom); length of arrow is independent of flux magni-
tude. On the left TELEMAC residuals for lunar year 2008; the background colour represents sediment transport magnitude; thick 
black lines in the top left image are the Mersey training walls. On the right POLCOMS residuals for calendar year 2008; back-
ground colour represents bathymetry. 

Bed load transport offshore is directed towards the east / 

south east in agreement with bottom drifter experimental 

data. Along the North Wales coast transport is also west 

to east in agreement with the North Wales Shoreline 

Management Plan (SMP) findings, with TELEMAC showing 

circulation cells behind the headlands around Llandudno. 

These images are not of high enough resolution to show 

the complicated residual circulation patterns in the estu-

aries where the two models are most likely to diverge but 

recirculation cells are apparent. Particularly in the TELEM-

AC model, the disruption of the offshore flow pattern due 

to the influence of the Mersey training walls can be seen. 

There are two notable places where the models are not in 

agreement with observations: along the Wirral coast the 

SMP states sediment is transported west to east and this 

behaviour is not seen in either model. It is also known that 

sediment transport diverges at Formby point; the POL-

COMS model does not show clear flux directions along the 

Sefton coast and TELEMAC gives northward transport 

north of Formby point but recirculation behind the train-

ing walls results in various directions. Adding waves 

should result in the correct behaviour along the Sefton 

coast. Future work will include: 

 Including waves 

 Using a range of sediments  

 Adding sediment sources (rivers/cliffs) 

 Long term simulations including sea level rise 

 Links to the Liverpool Bay coastal composition 
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ESTEEM – A hybrid model of Estuary Morphological Evolution 
Gill Thorhill (University College London) 

The iCOASST project aims to provide tools and models that 
will allow coastal managers and academics to predict scenari-
os of coastal evolution over the decadal time scale, and a 
significant part of the effort has been applied to the develop-
ment of new reduced complexity models. Estuaries pose a 
particularly interesting set of problems for modelling longer-
term coastal evolution, as they comprise a number of dispar-
ate systems that respond to hydrodynamic forcing in differ-
ent ways, and also interact with each other in complex ways.  

Our scheme employs a raster-based approach based on Li-
DAR-derived digital elevation models (DEMs), which can have 
a spatial resolution as high as 5m. The DEMs (and other ancil-
lary data) are used to classify the estuary into its component 
landforms, e.g. tidal flats, salt marshes, channel, such that 
sub-models can be applied to the different landforms at an 
appropriate level of complexity.  

The response of estuary morphology to ocean forcing dic-
tates that a reasonable level of complexity is retained for the 
tidal model, and we have implemented a physically-based 1D 
tidal model to facilitate a more realistic representation of the 
tidal hydrodynamics. This combination of a more reductionist 
approach to the tidal model and a more abstracted or rule-

based implementation to the landform sub-models can be 
thought of as a ‘hybrid’ approach, as it combines both ap-
proaches in an optimal manner. 

The overall model is designed to run with a time step of the 
order of 1 year, but the sub-models are designed so that they 
can be run with different time steps where appropriate. The 
tidal model forms part of the model initialization for a user-
specified number of cycles to provide tide-averaged quanti-
ties, and subsequently is only run if there is a significant 
change in the estuary morphology that would alter the tidal 
hydrodynamics significantly. 

Human interventions that affect the morphodynamics will be 
included in the model, with structures represented as a vec-
tor within the 2D raster representation of the estuary. 

ESTEEM is initially being applied to the Deben estuary, 
Suffolk,  for testing and sensitivity analysis. In the longer 
term, the model will be coupled via OpenMI to other models 
that will cover the morphodynamics and sediment transport 
from the open coast and near-shore landforms such as ebb-
tidal deltas.  These include SCAPE+ and the inlet model, as 
described elsewhere in this newsletter. 

 

Figure 1: Schematization of ESTEEM architecture showing representation of tidal hydrodynamics and channel sediment 
flux, parameterized tidal flat sedimentation, and largely rule based high intertidal sedimentation. 
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Importance of morphodynamic feedbacks on cliff manage-

ment 

 

Figure 1. A wide range of landscapes occur along rocky coasts, 

so anticipating future erosion rates requires broad, systemic 

approaches. Panels 1 to 11 provide examples of different types 

of rock coasts around the UK: (1-3) cliffs fronted by shore 

platforms of varied width; (4) extensive shore platform; (5) cliff 

fronted by sandy beach and shore platform; (6) sandy beach 

between cliffed headlands; (7) chalk cliff fronted by shore 

platform; (8) cliff fronted by small beach and shore platform; 

(9) cliff fronted by sandy beach; (10) landslide complex fronted 

by mixed sand/gravel beach; (11) clay cliff fronted by sandy 

beach and unconsolidated shore platform. (Images from Fu-

turecoast, 2002).  

Historical erosion trends are used worldwide by coastal man-

agers to define erosion hazard zones, or setback areas, within 

which coastal development is restricted. Erosion trends are 

mostly controlled by trends on the external forcing, such as 

wave energy. However, interactions within a system may also 

signify emergence: bottom-up processes can interact at a local 

scale producing higher-level structures that are qualitatively 

different from their lower-level constituents, and are not ob-

tainable through simple aggregation of micro-level compo-

nents. These structures represent positive feedbacks or self-

reinforcing loops (i.e. initial changes are reinforced). When 

initial changes are restored the structure is known as a nega-

tive feedback or balancing loop.  

IPCC fifth assessment report (AR5) anticipates a range of plau-

sible sea level rise scenarios, and relatively minor changes, 

relative to past trends, of wave and wind energy. Hence, future 

cliff erosion trends may be controlled more by the overall 

feedback structure rather than trends on external forcing. 

While in other fields, such as Global Climate Modelling, the 

reinforcing role of carbon emissions on global temperature is 

well understood, in coastal geomorphology the role of an in-

crease on sea level rise on the cliff erosion feedback structure 

is poorly understood.  

Quantifying overall cliff erosion feedback? 

Payo et al. (under review) have shown how a core set of pro-

cesses and feedback loops can be distilled from existing litera-

ture on rock coast morphodynamics. The structure has been 

represented using Causal Loop Diagrams, and a methodology 

has been developed to estimate the strength of a single feed-

back loop. 

The backwearing erosion rate (cliff horizontal erosion) has 

been found to be controlled by at least four feedback loops; 

three balancing (cliff toe wave energy depletion, ground-water 

pore pressure diminution and cliff deposit protection) and one 

positive loop (abrasion enhancement). The downwearing ero-

sion rate (vertical erosion) has been found to be controlled by 

at least three balancing feedback loops (weathering limited, 

shear depletion, cover-protection). Mean sea level directly 

influences the downwearing rate, through the water depth 

relative to the wave base, and indirectly influences the back-

wearing erosion rate through the wave energy dissipation that 

determines the amount of energy reaching the cliff toe. The 

offshore wave non-linearity parameter (instead of often use 

offshore wave energy) is proposed to capture the complex 

interaction between waves and shore platform geometries. 

The strength of the cliff toe energy depletion loop is assessed 

by reasoning on its causal pathway and found to be a weak 

balancing loop for poorly lithified rock coasts.  

By understanding how the individual and overall feedback 

strengths are influenced by different future environmental and 

human intervention scenarios we could provide better assess-

ment at the time scales needed for coastal management.  

Futurecoast, (2002). Final Project Report, DEFRA, 

www.defra.gov.uk/environ/fcd/futurecoast.htm. 

Payo, A., Hall, J., Dickson, M., Walkden, M. (under review). 

Feedback structure of cliff and shore platform morphodynam-

ics. Special Issue of Journal of Coastal Conservation. 

Cliff Erosion and Relative Sea Level Rise 
Andrés Payo, Jim Hall, (both University of Oxford) Mark Dickson (University of Auckland) & Mike Walkden (WSP Group) 

 

One of the most certain consequences of global warming is an increase of global (eustatic) sea level. The influence of this in-

creased sea level rise on cliff erosion rates trends is still an area of active research. Trends in cliff erosion rates are controlled by 

trends in the external forcing (e.g. sea level, wave height, period and direction) as well as the dominant morphodynamic feed-

backs that occur through time. While wave conditions may not change significantly over the next century, the influence of hu-

man interventions and sea level rise is expected to be increasingly important. In the following text we briefly introduce the im-

portance of feedbacks for cliff management and present a method to quantify the likely future cliff erosion trend.  

http://www.defra.gov.uk/environ/fcd/futurecoast.htm
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Towards a generic inlet model and application on the Suffolk Coast 
Barend van Maanen  (University of Southampton) 

One of the goals of iCOASST is to develop new models that are 

capable of capturing and simulating the dynamics at the inlets 

of estuaries. This is essential as iCOASST seeks to improve pre-

dictions of the evolution of coastal systems that stretch up to 

hundreds of kilometres, including parts of the coast that are 

interrupted by one or more estuarine inlets. The erosion of 

beaches and cliffs is significantly influenced by the presence of 

these inlets as they interrupt the continuity of longshore sedi-

ment transport. Although the interaction between estuarine 

environments and the open coast is critical in driving the mor-

phological evolution at the mesoscale (10 to 100 years and 10 

to 100 km), our knowledge of the governing processes at this 

interface is often limited. Where estuaries and the open coast 

meet, waves and tides as well as rivers move sediment around 

in a complex manner. This meeting area of hydrodynamic pro-

cesses is further influenced by the supply of sediment from a 

variety of sources. Sediment can be delivered from rivers, off-

shore, and adjacent shorelines. Altogether, estuarine inlets 

form a real challenge when it comes to the development of 

coastal morphodynamic models.     

Work is under way to generate a model that can simulate the 

morphodynamic behaviour of inlets and associated ebb-tidal 

delta shoals. The first application will be at the mouth of the 

Deben estuary. This is located on the Suffolk coast (see figure); 

one of the case-study sites within the iCOASST project. This 

inlet system is distinct 

because sediments 

throughout the inlet, 

including the ebb-tidal 

delta itself, consist of a 

mixture of gravel and 

sand. Most inlets occur 

on sand-dominated 

coastlines and the oc-

currence of gravel with-

in the inlet system is 

rather rare. The ebb-

tidal delta shoals of the 

Deben exhibit cyclic 

behaviour whereby 

pulses of sediment are 

released to the 

downdrift coast every 

20 years or so. The 

newly developed model 

clearly needs to ac-

count for the key processes and feedbacks that govern the 

bypassing of sediment. 

The Deben inlet model will first be coupled with SCAPE 

(discussed elsewhere within this newsletter), which is a nu-

merical model that can simulate beach-cliff dynamics on the 

open coast. Coupling of these models will allow us to study 

broader scale coastal evolution, including dynamics at the 

open coast, the estuarine inlet, and their interaction. The 

model composition will be used to reproduce historic change 

and assess the influence of past human interference. Future 

morphological change will be explored under scenarios of sea 

level rise, changing wave climate, alterations in the estuarine 

tidal prism, and different management strategies. A model for 

the Deben estuary itself could be added to this composition 

with a link to ESTEEM (discussed elsewhere in this newsletter). 

After this, the next step is to extend the inlet model so that it 

can also be used to simulate the inlet dynamics of some of the 

other estuaries that can be found on the Suffolk coast.   

The underlying applicability of this approach is also being con-

sidered for the Liverpool Bay case study with its large trumpet 

shaped estuaries. 

Figure 1. Location and morphology of the Deben inlet, Suffolk 
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Upcoming activities 

 iCOASST Consortium meeting 12-14 Nov 2014, Swansea  

 Liverpool Bay composition results; Workshop in the Ribble area—early 2015 

 iCOASST Consortium meeting 27-29 Jan 2015, Oxford (inc Advisory Board Meeting) 

 Suffolk composition results; Workshop in Suffolk—Spring 2015 

 iCOASST Session and Coastal Sediments 2015 conference, 12-15 May 2015, San Diego, USA 

The iCOASST integrating COASTal Sediment Systems project is fund-
ed by the Natural Environment Research Council (NERC) and sup-
ported by the Environment Agency for England.  

SCAPE+, an Open Source Model for the Open Coast 

Mike Walkden  (WSP Group) 

A key objective of the iCOASST project is to provide 

modelling tools capable of representing large scale and 

long term coastal change (also called ‘Mesoscale’ 

change). 

One of the ways that the project is working to achieve 

this is by building on an existing tool (named Soft Cliff 

And Platform Erosion, or SCAPE), which has proven ca-

pabilities at the Mesoscale, both in research and ap-

plied coastal management. SCAPE is being extended to 

represent new processes, and restructured to simplify 

its use. This improved tool (SCAPE+) will be made 

‘Open’ for general use and for development by others. 

 

 

Central to the development of such long term models is 

the problem of stability; even small modelling errors 

cascade to create large differences between model be-

haviour and reality.  The approach that was followed to 

develop SCAPE was to represent a relatively broad 

coastal system (shore platforms, cliffs, and beaches that 

respond to waves, tides and changing sea levels) and to 

focus on the feedback between them that regulate their 

behaviour. Detail is, necessarily, sacrificed and this in-

creases the initial level of error in the model.  However, 

when successfully applied, the approach is more relia-

ble over the medium to long term because the different 

elements in the model influence and regulate each oth-

er via realistic feedbacks.  The aim is not to produce a 

model that is ever precisely right, but one that never 

deviates far from reality.  

This approach is currently being used to develop a new 

module for SCAPE+ to represent the behaviour of barri-

er coasts.  This will be trailed for sections of the 

Suffolk coast, focussing on how the barriers in-

teract with neighbouring cliffs, and their joint 

response to accelerated sea level rise. SCAPE+ 

will support the representation of coastal man-

agement approaches, including nourishment, 

seawalls, and groyne fields.  

Having demonstrated SCAPE+ for the Suffolk 

coast, it will be made generally available for use 

by others beyond the iCOASST project. The hope is that 

this open access will result in developments to repre-

sent new coastal types and additional coastal manage-

ment techniques, and support sharing by  a community 

of users.  

Figure 1. A single SCAPE simulation representing 

5000 years of shore profile change  


