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WELCOME 

Welcome to the fourth 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 estuary-inlet open coast model compositions and the application 

to the Deben estuary, as well as Coastal State Indicators.  

Contact 

 If you would like to know 

more about the iCOASST 

Project please contact: Claire 

Burke c.burke@soton.ac.uk 

 iCOASST Website: 

www.icoasst.net 

Highlights in this issue: 

 Estuary-Inlet open coast model 
compositions 

 Coastal State Indicators 

 Reduced complexity modelling 

 Data Driven Modelling 

 Stakeholder engagement. 

Project Partners 
Project Lead:  
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Subcontractors: 

University of Liverpool 

Cardiff University 

Channel Coast Observatory 
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Estuary-Inlet Open Coast Model Compositions: Application to the Deben estuary 

Mike Walkden (WSP), Barend Van Maanen (University of Southampton), Gill Thornhill (University College London) 

Coasts, estuaries and the inlets linking them are often closely coupled, but tend to be analysed separately.  Models de-

scribing such features have traditionally been developed in isolation of each other because linking them is very challeng-

ing. The iCOASST project is tackling this problem, and an important step will be is the development of a computational 

‘composition’ of the Deben estuary (in Suffolk) and the adjacent coast.  

The movement and accumulation of shingle along the coast between Shingle Street and Bawdsey Manor is largely con-

trolled by wave action.  At the mouth of the Deben, however, this shingle collects in the Knolls (an ebb delta feature), and 

the size of these accumulations depend strongly on the flow of water in and out of the Deben estuary. Eventually material 

bypasses the estuary: some material moves to the south and some is recycled to the north.  

Because of this coupling, management of the coast or estuary (for 

example efforts to reduce erosion or to prevent flooding) may have 

unexpected effects in other places.  For example, land reclamation or 

managed realignment along the estuary margins may influence the 

estuary flows, and have an impact both on the scale of the Knolls, 

and the volume of shingle that bypass the Deben inlet and are sent 

to the downdrift coast. Similarly the response of an element of this 

system to climate change may be significantly influenced by the re-

sponse of another.  

The composition is being assembled using three computational mod-

elling tools; SCAPE (for the open coast), MESO_i (for the inlet) and 

ESTEEM (for the estuary).  Models constructed using these tools are 

being dynamically linked and used to simulate how these landscapes 

develop.  Dynamically linking models of these features may allow us 

to track their interactions, and so be much better placed to under-

stand the advantages and hazards of our interventions at the coast.  

 
Early (as yet uncalibrated) output of the Deben composition, showing long term supply of sediment from the 
open coast (top panel). This passes into the elements of the Deben inlet (bottom panel); first the updrift 
shoal (blue) then the downdrift shoal (red). Ultimately the material passes to the downdrift coast (shown in 
green). In this hypothetical simulation, coast protection structures are assumed to be present from 1950 to 
2050, which diminishes the supply of sediments from the coast.  This has the effect of significantly increasing 
the time period over which the shoals build and collapse. Fully coupled and calibrated simulations are being 
developed. 

 
The Deben composition 
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Coastal State Indicators for Large-Scale Flood and Erosion Management  

Andres Payo & Jim Hall (Both University of Oxford) 

What are Coastal State Indicators? 

Coastal State Indicators (CSIs) are a set of measurable parameters used by stakeholders as a benchmark to support manage-

ment process. CSIs for managing flood and coastal erosion risk can be related to the risk-source (e.g. highest water level), 

risk-pathway (e.g. beach width) or risk-receptor (e.g. population living within the flood and coastal erosion areas). They 

guide modellers as each model should be able to explain what CSI it provides and hence who would use it. ICOASST is fo-

cused on CSIs within the risk-pathway category, with which there is abundant world-wise experience at time scales from 

years to decades, but much less at longer time scales (i.e. 50 years to 100 years). 

 

What is the difference between short-term vs long-term CSIs? 

Table 1 shows a comparison of the requirements of short-term CSIs (STCSIs) relative to long-term CSIs (LTCSIs). STCSIs and 

LTCSIs are conceptually aimed to serve different management needs. While STCSIs are used to inform day-to-day coastal 

management at a given location, LTCSIs are used to ensure that the long-term risk of flooding and coastal erosion is sustain-

ably managed. Changes from desired STCSIs triggers localised human interventions (i.e. beach nourishments, seawall con-

struction/upgrade), while changes from LTCSIs triggers re-evaluation of the management philosophy (e.g. hold the line, 

managed realignment, abandon, etc…). 

 

What are the policy implications of these differences? 

LTCSIs are emerging from a more limited management-science nexus focussed on climate change and long-term morphody-

namics. In this context, local interpretations of STCSIs might quickly and irreversibly become divorced from the desired 

LTCSIs. The iCOASST framework provides the needed scientific sound evidences of connectivity between the locally man-

aged STCSIs and the national management philosophy.  

 

Table 1. Comparison of requirements of short-term vs long-term CSIs 

 
 

Short-term CSIs 
(seasonal to decadal) 

Long-term CSIs 
(decadal to centuries) 

Tactical and operational Strategic and about broad policy direction (response to cli-
mate change, management philosophy, etc.) 
  

Generally assumes linearity and simple systems Must recognise potential state changes, non-linear behaviour 
and ‘surprises’ 
  

Numerous operational CSIs being applied linked to a range of 
management issues 
  

Few CSIs proposed and only slowly becoming operational, as 
experience at these long-term scales grow 

Emerging and evolving from a wide and diverse management-
science nexus, with a strong management focus 

Emerging from a more limited management science nexus, 
focussed on climate change and long-term morphodynamics 
  

Successful CSIs linked to practise and operational issues 
(empirical basis) 

Yet to be developed but likely linked to short-term CSIs con-
nectivity and trends (simulation basis)-developing as experi-
ence with short-term CSIs grows, and provide methods to 
demonstrate broad strategies. 



  

 4 

The composition consists of the following models instances:  

UnaLinea model of Formby Point to Southport (U1).   

ASMITA model of the Ribble estuary (A1); 

UnaLinea model of the Blackpool frontage (U2),  

POLCOMS model results files from Liverpool Bay (P1). 

UnaLinea is a simplified, regional-scale one-line model of wave-driven beach plan-shape evolution, while ASMITA is an aggre-

gated model of estuary evolution that schematises an estuary into channel, flats, saltmarshes and a delta.  POLCOMS is a 

coastal area model of flows, waves and sediment transport. 

We also needed to define explicit linkages between models for the composition to work.  We have developed an explicit link-

age (X1, above) between UnaLinea and ASMITA that sees the potential littoral drift rates away from the ebb tidal delta as a 

demand on ASMITA that may be modified by sediment availability in the delta.  There is a two-way exchange of information 

between UnaLinea and ASMITA.  The exchange (X2) between the offshore model and UnaLinea is based on pre-computed re-

sults from POLCOMS at the offshore limits of UnaLinea.  A similar exchange (X3) has been defined between POLCOMS and 

ASMITA.   

UnaLinea models U1 (Formby) and U2 (Blackpool) have been set up and each simulates a decade within about five minutes.  

ASMITA has been set up for the Ribble and runs faster than UnaLinea.  The relative speed of the reduced complexity models is 

an advantage as this opens up the possibility of undertaking uncertainty analysis via many different simulations, so we can 

examine the key uncertainties in the system.  We are now working on running the models as a composition, to produce simu-

lations of historical evolution that conserve sediment within the system.   We will then move on to modelling future scenarios 

and are holding a workshop with local stakeholders in April 2015. 

Reduced complexity modelling of the coastal sediment system from Formby to 

Blackpool 

James Sutherland and Kate Rossington (Both HR Wallingford) 

 

 

We have developed a linked set of reduced complexity morphological models (known as a composition) which are coupled to 

allow two-way exchanges of sediment fluxes during run-time and which cover the coastline and inner shelf from Formby Point 

to Blackpool in Liverpool Bay, as shown below. 

Location map (left) and schematic representation of the composition (right) showing models and links 
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Data Driven Modelling 

Professor Dominic Reeve, Dr Harshinie Karunarathna, Dr Jose Horrillo (Swansea University), Dr Shunqi Pan (Cardiff University). 

In the last Newsletter article on data driven modelling the process through which we derive mathematical models of nature 

was described. Starting with a ‘gut feel’ this becomes modified by observation and analysis to understanding of patterns of 

change, which is turn may evolve into formal theory when sufficient observations, tests and experiments have been accumu-

lated, as shown in figure 1. below.  

 

Data driven methods are most suitable where there are many data but little understanding leading to unreliable predictions. 

Where physical understanding is developed but there are few measurements physics-based modelling can be helpful. Where 

there is reasonable understanding and good data both methods can be used and may be mutually beneficial in providing new 

insights. Where there is little data and poor understanding forecasts are likely to be unreliable. 

As far as medium to long term understanding of coastal morphological change is concerned we are at the ‘correlation’ stage, 

and making some steps towards the ‘causation’  stage. This process can be formalised in the context of coastal systems by 

treating measurements of beach levels, waves, tides and so on as ‘observations’, using sophisticated statistical techniques and 

historical records for analysis and advanced forecasting for prediction. 

As part of iCOASST, we are examining datasets from around the world with a specific focus on study sites in Suffolk, UK. We are 

analysing historical measurements of beach levels and waves in a search for patterns of behaviour that may allow us to make 

predictions of future changes in the beach position. The Suffolk coast is complex, exhibiting both sandy and gravel beaches, 

many tidal inlets as well as salt marshes and mud flats. Our historical data set covers the open coast beaches as well as one 

inlet, the Deben Estuary, described earlier in this newsletter by Mike Walkden and others.         

We are analysing them to look for patterns of behaviour that link various sequences or combinations of waves and tides with 

particular beach responses. Then, given forecasts or scenarios of future wave and tide conditions we can extrapolate how 

beaches may respond in the future, using the patterns.  

Figure 2. below shows the locations where measurements of levels across the beach have been taken twice a year over twenty 

years (i.e. 40 samples per profile). There are almost 80 such locations; the figure shows three of them. The right-hand panel 

shows a composite picture of the surveys (beach profiles) at each site. At the northern site the beach is retreating. At the mid-

dle site it is more or less stable but shows some vertical changes and at the southernmost site the beach is accreting. These are 

general trends upon which more subtle variations are superimposed. 

Figure 1.  

Figure 2. 

Deben estuary 
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By analysing such sequences of measurements it is possible in many cases to find periodic behaviour hidden within a noisy 

picture of beach movements. One analysis technique is the Empirical Orthogonal Function method. This expresses the beach 

level observations into separate patterns of variation in time and space. The spatial patterns may often be associated with the 

typical shape of the beach, sandbars and troughs and ridge/runnel features. The corresponding patterns of temporal varia-

tion often pick out seasonal, annual or interannual cycles in behaviour.  

Figure 3. below shows the spatial patterns found in the southernmost profile in Suffolk. It is customary to label each pattern 

according to its relative importance to the totality of variation in the observations. Here, the order, in decreasing order of 

importance, is green, red, cyan. These functions represent variations about the average beach shape. The horizontal axis is 

the distance across the profile and the vertical axis is normalised amplitude. The large amplitude of the green curve towards 

the right-hand edge signifies a propensity for large changes in the level of the lower beach. 

 

 

 

The corresponding patterns of time variation are shown in the figure 4, using the same colouring convention. The horizontal 

axis is now time, running from 1991 on the left to 2013 on the right. The vertical axis is again normalised amplitude. The blue 

curve corresponds to the variation of the mean beach profile – that is, it is virtually constant. The green curve shows an al-

most uniform rise over the period – corresponding to the gradual accretion of the beach over the same period. The red and 

cyan curves vary between positive and negative values, reflecting the variations in beach levels over and above the mean 

profile shape and the long term accretionary trend.  

No information about waves or tides is used directly in the analysis, although this analysis may suggest possible links to be 

investigated. We are currently applying another type of analysis that includes concurrent information about the waves. This 

second technique is called Canonical Correlation Analysis, (CCA). It is designed to search for patterns of behaviour between 

two or more different variables, such as, the beach profile and wave heights. The reason for considering this type of analysis 

is that predicting beach changes is difficult. Predicting waves is also hard but less so.  

Wave forecasts are now routinely produced by weather bureaux such as the UK Meteorological Office. The CCA method may, 

if there are patterns to be found, allow us to relate wave conditions to particular beach shapes. We can therefore think of 

making forecasts of beach levels by using wave forecasts together with the relationships determined from the CCA results. 

Data Driven Modelling (cont.) 

Professor Dominic Reeve, Dr Harshinie Karunarathna, Dr Jose Horrillo (Swansea University), Dr Shunqi Pan (Cardiff University). 

Figure 3.  
Figure 4.  
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Opportunities for local policymakers to share learning, ideas and experiences 

with iCOASST during 2015/2016  

Andres Payo, Claire Burke, (Both University of Southampton) Jonathan Simm (HR Wallingford), Robert Nicholls (University 

of Southampton) 

 

Upcoming activities 

 iCOASST Consortium Meeting July 2015, Wallingford 

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

Liverpool Bay 

 iCOASST will be represented at the North West National Coastal Practitioners in April 2015, by Elenor 
Heron from the Environment Agency and Jenny Brown from NOC Liverpool. Jenny will give an oral 
presentation on modelling research in Liverpool Bay. 

 iCOASST is arranging a meeting with 10 experts to discuss the results of the Formby to Blackpool 
coastal model (this issue). This meeting will take place on 22nd April 2015 . 

 The project will arrange a workshop for stakeholders with the final Liverpool Bay outputs, which will 
take place in late 2015. 

Suffolk 

 The consortium will arrange an informal discussion with stakeholders on the results of the Suffolk 
Coast coupled run in autumn 2015. 

 Representatives from the consortium will then return in late 2015 to show stakeholders the final out-
puts for the Suffolk composition. 

Reducing the threats of flooding and coastal change is con-

sidered both a complex policy issue, and the trigger of a 

chain of stressful events. Government figures suggest that 

nearly one in six properties in England is at risk of flooding 

and that flood damage cost £1.1 billion a year in England 

alone. Annual flood damage across the UK could total more 

than £27 billion by 2080 due to the effects of climate 

change on sea levels and extreme weather and the inevita-

ble ageing of current flood defence mechanisms. Affected 

properties lose stability in the aftermath, and that has 

knock on effects on many levels (i.e. children, school, 

health, stress,…) that are difficult to quantify, but are also 

anticipated to increase.  

iCOASST is seeking to better understand coastal morpho-

logical change and its impact on flood and coastal erosion 

risk. To this end, knowledge exchange with local experts 

and policymakers based in the region of the study sites is 

considered to be essential, and several events have already 

been held. At this stage of the four year project, with one 

year to completion, this knowledge exchange is anticipated 

to be more effective at the level of local stakeholder inter-

pretation of the available facts. Interpretations, are often 

more powerful than facts in policy decision-making and 

hence it becomes essential to understand potential inter-

pretations of the often limited number of facts. This will 

support the iCOASST project’s aim to provide a sound 

framework which mitigates the over-reliance on interpreta-

tions (i.e. expert judgement) and maximises the use of facts 

regarding coastal changes and responses to interventions.  

The project has already engaged throughout the model-
building process with stakeholders at both the Suffolk and 
Liverpool Bay case study sites. Recent activities have includ-
ed: 

 Helene Burningham prepared an iCOASST stand for 
the Suffolk Coastal Forum in October 2014, dissemi-
nating aspects of project progress and research find-
ings. iCOASST newsletters, flyers and research arti-
cles were made available, and posters presenting 
the project and related investigations prompted a 
range of discussions with delegates, connecting with 
the broad stakeholder community. 

 iCOASST presented at the EA East Anglian Coastal 
Group meeting on 18th March in Norwich. Helene 
Burningham presented on the usability and benefits 
of iCOASST outputs for coastal managers and users. 

 Jenny Brown attended the Cell 11 Regional Monitor-

ing Strategy (CERMS) meeting at Sefton Council 

Offices in May 2014. This was a meeting for all 

coastal managers to discuss monitoring needs for 

management purposes and identify how this could 

link with research. In August 2014, Paul Wisse from 

Sefton MBC visited the NOC for an update on re-

search in Liverpool Bay in relation to coastal erosion 

and flood risk. 

iCOASST would benefit from further stakeholder contribu-

tions and there are a number of planned knowledge ex-

change activities in which you can still contribute (see Table 

below). 

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.  


